
DESCRIPTION  TEST EQUIPMENT FOR IMAGE SENSOR  TECHNICAL
FIELD The present invention relates to an image sensor test apparatus
bringing  input and output terminals of a CCD, CMOS, or another image
sensor into  electrical contact with a contact part of a test head, emitting
light from  a light source to the light receiving surface of the image sensor,
and inputting  and outputting electrical signals to and from the input and
output terminals  of the image sensor so as to test the optical
characteristics of the image  sensor. BACKGROUND ART An electronic
device test apparatus referred to as a "handler" places  a large number of
semiconductor integrated circuit chips or other electronic  devices on a
tray, conveys the tray to the inside of the handler, brings  each electronic
device under test into electrical contact with the test head,  and tests it at
the electronic device test apparatus body (hereinafter referred  to as a
"tester). Further, when finishing this test, it ejects each electronic  device
from the test head and reloads it on a tray in accordance with the  test
results so as to thereby classify it into a good device or defective  device.
In tests of CODs, CMOS' s, and other image sensors among these
electronic  devices, in the same as the above, each image sensor is
brought into electrical  contact with the test head and classified in
accordance with the test results.  Further, in this test, the image sensor is
brought into electrical contact  with the test head and the light receiving
surface of the image sensor is  irradiated with light from a light source so
as to conduct a pupil examination  to examine whether the amount of
received light of the image sensor is constant  - 1  or not fixed or other test
of the optical characteristics. In this type of image sensor test, for
example, when the lot of the  



image sensors under test is changed or the type of image sensors is
otherwise  changed, the relationship of the optical axis of each image
sensor in the  state positioned above the light source and the optical axis
of the light  source changes before and after the change of the type, so
when running a  test after the change of the type, the optical axis of the
light source must  be matched coaxially with the optical axis of the image
sensor after the  change of the type in the state positioned above the light
source by aligning  the optical axis of the image sensor and the optical
axis of the light source  in advance. To conduct this type of alignment, a
conventional image sensor test  apparatus is provided with a fine
adjustment mechanism moving the light  source itself to the XY -directions
and positions the optical axis of the  light source with respect to the optical
axis of the image sensor by  using this fine adjustment mechanism to
move the light source itself. Therefore, with this image sensor test
apparatus, space allowing  provision of this fine adjustment mechanism
and movement of the light source  was required around the light source,
thus the image sensor type apparatus  could not be sufficiently reduced in
size. DISCLOSURE OF THE INVENTION Example embodiments of the
present invention relate to an image sensor  test apparatus testing the
optical characteristics of a CCD, CMOS, or  other image sensor and seek
to provide an image sensor test apparatus enabling  reduction of the size
of the hardware. According to a first aspect of the present invention, there
is  provided an image sensor test apparatus bringing input and output
terminals  of image sensors into contact with contact parts of a test head,
emitting  light on light receiving surfaces of the image sensors, and
inputting and  outputting electrical signals with respect to input and - 2
output terminals of the image sensors from the test head so as to test at  



least one image sensor for optical characteristics, the image sensor test
apparatus provided with at least a contact arm holding the image sensor
and  bringing the image sensor into contact with a contact part of the test
head,  a moving means provided at a base side and moving the contact
arm, a light  source emitting light to a light receiving surface of the image
sensor, a  calculating means for calculating a relative amount of deviation
of an optical  axis of the light receiving surface of the image sensor to an
optical axis  of the light source, and a correcting means for correcting the
position of  the contact arm in the state holding the image sensor based
on the relative  amount of deviation of the optical axis of the image sensor
calculated by  the calculating means ;wherein each contact arm is
provided with a  holding side arm holding said image sensor, a root side
arm fixed to said  moving means, and a lock-and-free means provided
between said holding  side and said root side arms and able to lock or free
planar movement of  said holding side arm with respect to said root side
arm in an X-Y plane  substantially parallel to said contact part. In example
embodiments, the calculating means calculate the relative  amount of
deviation of the optical axis of the image sensor with respect to  the optical
axis of the light source, and the correcting means corrects the  position of
the contact arm in the state holding the image sensor based on  the
relative amount of deviation of the optical axis of the image  sensor. When
aligning the optical axis of the light source and the optical  axis of the
image sensor in this way, by correcting the position of the contact  arm in
the state holding the image sensor, a fine adjustment mechanism moving
the light source itself in the XY directions becomes unnecessary at the
light  source side, so it may be possible to reduce the size of the image
sensor  test apparatus and reduce the cost of the image sensor test
apparatus. - 3  In particular, in a test apparatus provided with a plurality of
light  



source and able to test a plurality of image sensors, since fine adjustment
mechanisms for moving the light sources in the XY directions become
unnecessary  at the light source side, it may be possible to easily narrow
down the  pitch between the plurality of light sources, possible to reduce
the  size of a test apparatus able to test a plurality of image sensors, and
possible to -3a reduce the cost of the test apparatus. In the example
embodiments, while not particularly limited to this,  preferably the
apparatus is further provided with a first image capturing  means for
capturing an image of an image sensor in the state held at the  contact
arm from the light receiving surface side and an image processing  means
for recognizing the relative position of the image sensor in the state  held
at the contact arm with respect to the contact part based on image
information captured by the first image capturing means, the correcting
means  provided at the base side and correcting the position of the
contact arm in the  state holding the image sensor based on the relative
amount of deviation of  the optical axis of the image sensor calculated by
the calculating means  and the relative position of the image sensor
recognized by the image  processing means (see claim 2). In addition to
the calculation of the amount of deviation using the  calculating means,
the first image capturing means may capture an image of the  image
sensor held at the contact arm from the light receiving surface side, the
image processing means may recognize the relative position of the image
sensor in the state held by the contact arm with respect to the contact part
based on the captured image information, and the correcting means may
correct  the position of the contact arm holding the image sensor based on
the relative  amount of deviation of the optical axis of the image sensor
and the relative  position of the image sensor with respect to the contact
part. When the correcting means provided at the base side corrects the
position  



of the contact arm based on the relative position of the image sensor with
respect to the contact part in this way, by considering the relative amount
of  deviation of the optical axis of the image sensor with respect to the
optical axis of the light source for alignment of the position of each image
sensor, it may be possible to add the function of aligning the optical axis
of the light source and the optical axis of the image sensor to the
correcting  means for aligning the position of the contact arm based on the
relative -4 position of the image sensor with respect to the contact part
and there is  no longer a need to provide a fine adjustment mechanism
exclusively for the  light source, so the image sensor test apparatus can
be reduced in size and  the image sensor test apparatus can be reduced
in cost. In particular, in a test apparatus provided with a plurality of light
sources and able to test a plurality of image sensors, a fine adjustment
mechanism moving each light source itself in the XY directions becomes
unnecessary at the light source side, so it may be possible to easily
narrow down the pitch between the plurality of light sources, possible to
reduce the size of a test apparatus able to test a plurality of image
sensors, and possible to reduce the cost of the test apparatus. Further,
along with the narrowing of the pitch between the plurality  of light
sources, the pitch between the plurality of contact arms arranged  with
respect to them is also narrowed, so the weights of movable heads moved
by the moving means are reduced, high speed movement of the moving
means  becomes possible, and poor contact of the contact parts and the
input and  output terminals of the image sensors can be prevented. In the
example embodiments, while not particularly limited to this,  preferably the
calculating means calculates the relative amount of  deviation of the
optical axis of the image sensor with respect to the  optical axis of the light
source based on the electrical signals  outputted from the input and output
terminals of the image sensor with  



respect to the contact part of the test head while emitting light from  said
light source toward the light receiving surface of said image sensor  in the
state contacting said contact part (see claim 3) By calculating the relative
amount of deviation of the optical axis  of an image sensor based on
electrical signals actually outputted from the  image sensor on which a
light source emits light, it may be possible to  obtain an accurate grasp of
the amount of deviation. In the example embodiments, while not
particularly limited to this,  preferably - 5  the image processing means
recognize the relative position of the image sensor  with respect to the
contact part based on a chip of the image sensor in the  image information
captured by the first image capturing means (see claim 4)  or preferably
the image processing means recognizes the relative position of  the image
sensor with respect to the contact part based on input and output
terminals of the image sensor in the image information captured by the
first  image capturing means (see claim 5). By having the image
processing means recognize the relative position of  an image sensor with
respect to the contact part based on the chip or the  input and output
terminals of the image sensor in the image information  captured by the
first image capturing means, it may be possible to prevent  poor contact
even when a package is deviated from the chip itself or the  input and
output terminals in the image sensor. in the example embodiments, while
not particularly limited to this,  preferably the apparatus is further provided
with a transparent carrying  surface on which the image sensor is carried,
the contact arm has an upper  contact for electrically connecting the input
and output terminals led out to  the surface of the image sensor opposite
to the light receiving surface to the  contact part, and the carrying surface
is movable to any position in an X-Y  plane substantially parallel to the
contact part (see claim 6) . 



By a contact arm having an upper contact, it may be possible to also  test
a type of image sensor with input and output terminals led out to the
surface opposite to the light receiving surface. Further, by placing an
image  sensor which had been held by a contact arm temporarily on a
transparent  carrying surface and making the input and output terminals of
the image sensor  match the upper contact of the contact arm by driving
and positioning the  carrying surface, it may be possible to prevent poor
contact. In the example embodiments, while not particularly limited to this,
preferably the apparatus is further provided with a second image capturing
means for capturing an image of the contact part, and the image
processing  means 6  recognizes the relative position of the image sensor
in the state held at  the contact arm with respect to the contact part based
on image information  captured by the first image capturing means and
the second image capturing  means (see claim 7) . By having the second
image capturing means capture an image of the  contact part and
recognizing and the relative position of the image sensor in  the state held
the contact arm with respect to the contact part based on  this image
information and image information captured by the first image  capturing
means, it may be possible to obtain an accurate grasp of the  relative
position of the image sensor. In the example embodiments, while not
particularly limited to this,  preferably each contact arm is provided with a
holding side arm holding the image  sensor, a root side arm fixed to the
moving means, and a lock-and-free means  provided between the holding
side and the root side arms and able to lock  or free planar movement of
the holding side arm with respect to the root  side arm in an X-Y plane
substantially parallel to the contact part (see  claim 8) . When a contact
arm is corrected by the correcting means, the lock- 



and-free means may be set to free to enable the holding side arm to move
relative to the root side arm, then, after the correction is finished, the
lock-and-free means may be set to lock to fix the holding side arm relative
to the root side arm. Due to this, it is possible to provide the correcting
means at not at each contact arm, but at the body side and the weight of
each contact arm is reduced, so high speed movement of the moving
means may  become possible and poor contact can be prevented. In the
example embodiments, while not particularly limited to this,  preferably
each contact arm is further provided with a tilting means able  to rotate the
image sensor about any axis parallel to the X-Y plane (see  claim 9) .
When an image sensor contacts a contact part, even if the contact part is
inclined, this tilting means can make the image sensor tilt to match the
contact part, so it is possible to prevent poor contact. - 7  In the example
embodiments, while not particularly limited to this,  preferably the
correcting means has drive units moving the holding side  arm freed by
the lock-and-free means to any position in the X-Y plane  (see claim 10) .
Further, preferably the drive units may include a first  drive unit moving the
holding side arm in the X-axial direction in the X-Y  plane, a second drive
unit moving the holding side arm in the Y-axial  direction, and a third drive
unit rotating the holding side arm about any  point within the X-Y plane
(see claim 11) . In the example embodiments, while not particularly limited
to this,  preferably the carrying surface is moved in the X-Y plane by the
drive  units provided in the correcting means (see claim 12). By driving the
carrying surface by the drive units of the correcting  means, it is no longer
necessary to provide drive units for driving the carrying  surface, so it may
be possible to reduce the size of the image sensor test  apparatus and
possible to reduce the cost of the image sensor test  



apparatus. In the example embodiments, while not particularly limited to
this,  preferably each holding side arm has one or more abutting members
contacting  the correcting means (see claim 13) , and each abutting
member is provided  with either a projection or recess formed at a front
end of the abutting  member, and the correcting means is provided with
the other of the  projection or recess engageable with the above projection
or recess  (see claim 14). By driving the correcting means in the state with
the holding side  arm of a contact arm and the correcting means engaged
by an abutting member,  the contact arm can be made to accurately track
the movement of the correcting  means, so it is possible to accurate align
of the position of the contact  arm by the correcting means. In the example
embodiments, while not particularly limited to this,  preferably a reflecting
means reflecting an image is provided on the  optical axis of the first
image capturing means (see claim 15). By interposing the reflecting
means on the optical axis of the first  - 8  image capturing means, it may
become possible to place the first image  capturing means on the base
horizontally and it may be possible to keep the  height of the image sensor
test apparatus low and reduce the size. According to a second aspect of
the present invention, there is  provided a method for testing an image
sensor test method bringing input and  output terminals of image sensors
into contact with contact parts of a test  head by contact arms, emitting
light on light receiving surfaces of the image  sensors from light sources,
and inputting and outputting electrical signals  with respect to input and
output terminals of the image sensors from contact  parts of the test head
so as to test at least one image sensor for optical  characteristics, the
method for testing an image sensor provided with at  least a calculating
step of calculating a relative amount of deviation of an  



optical axis of the image sensor with respect to an optical axis of the light
source and a first correcting step of correcting the position of the contact
arm in the state holding the image sensor based on the relative amount of
deviation of the optical axis of the image sensor calculated in the
calculating step;wherein said first correcting step includes a step of
moving  a holding side contact arm of said contact arm made to be
non-restricted on a  planar movement with respect to a root side contact
arm of said contact arm  on the X-Y plane substantially in parallel with
said contact portion, then  locking said holding side contact arm with
respect to said root side contact  arm. In example embodiments, in the
calculating step the relative amount of  deviation of the optical axis of the
image sensor with respect to the optical  axis of the light source is
calculated and in the first correcting step the  position of the contact arm in
the state holding the image sensor based on  the relative amount of
deviation of the optical axis of the image sensor with  respect to the optical
axis of the light source is corrected. - 9  When aligning the optical axis of a
light source and the optical axis  of an image sensor in this way, by
correcting the position of a contact arm  in the state holding the image
sensor, a fine adjustment mechanism moving  the light source itself in the
XY directions becomes unnecessary at the light  source side, thus it may
be possible to reduce the size of the image sensor  test apparatus and
reduce the cost of the image sensor test apparatus.  -9a In particular, in a
method of testing using a plurality of light sources  to test a plurality of
image sensors, since fine adjustment mechanisms for  moving the light
sources in the XY directions become unnecessary at the 'light  source
side, it may be possible to easily narrow down the pitch between the
plurality of light sources, possible to reduce the size of a test apparatus
able to test a plurality of image sensors, and possible to reduce the  



cost of the test apparatus. In the example embodiments, while not
particularly limited to this,  preferably the apparatus is further provided
with a first image capturing step  of capturing an image of the image
sensor in the state held at the contact  arm from the light receiving surface
side and a first recognizing step of  recognizing the relative position of the
image sensor in the state held at  the contact arm with respect to the
contact part based on image  information captured in the first image
capturing step, in the first  correcting step the position of the contact arm
in the state holding the  image sensor is corrected based on the relative
amount of deviation of the  optical axis of the image sensor calculated in
the calculating step and  the relative position of the image sensor
recognized in the first  recognizing step (see claim 17). In addition to the
calculating step, in the first image capturing step  an image of the image
sensor held at the contact arm from. the light receiving  surface side may
be captured, in the first recognizing step the relative  position of the image
sensor in the state held by the contact arm with  respect to the contact
part may be recognized based on the captured image  information, and in
the first correcting step the position of the contact  arm in the state holding
the image sensor may be corrected based on the  relative amount of
deviation of the optical axis of the image sensor with  respect to the optical
axis of the light source and the relative position of  the image sensor with
respect to the contact part. When correcting the position of the contact
arm based on the relative  position of the image sensor with respect to the
contact part in this way,  - 10  by considering the relative amount of
deviation of the optical axis of the  image sensor with respect to the optical
axis of the light source for alignment  of the position of each image sensor,
it may be possible to align the  position of the contact arm based on the
relative position of the image  



sensor with respect to the contact part and simultaneously align the
optical axis of the light source and the image sensor, and there is no
longer  a need to provide a fine adjustment mechanism exclusively for the
light  source, so the image sensor test apparatus can be reduced in size
and the image  sensor test apparatus can be reduced in cost. In the
example embodiments, while not particularly limited to this,  preferably in
the calculating step the relative amount of deviation of the  optical axis of
the image sensor with respect to the optical axis of the  light source is
calculated based on the electrical signals outputted from  the input and
output terminals of the image sensor with respect to the  contact part of
the test head (see claim 18). By calculating the relative amount of
deviation of the optical axis  of the image sensor based on electrical
signals actually outputted from the  image sensor on which the light
source emits light, it may be possible to  obtain an accurate grasp of the
amount of deviation. In the example embodiments, while not particularly
limited to this,  preferably in the first recognizing step the a relative
position of an  image sensor with respect to a contact part is recognized
based on a chip  of the image sensor in the image information captured at
the first image  capturing step (see claim 19) or preferably in the first
recognizing step the  relative position of the image sensor with respect to
the contact part is  recognized based on input and output terminals of the
image sensor in the  image information captured in the first image
capturing means (see claim  20). By recognizing the relative position of
the image sensor with respect  to the contact part based on the chip or the
input and output terminals of  the image sensor in the image information
captured in the first recognizing  - 11  step, it may be possible to prevent
poor contact even when a package is  deviated from the chip itself or the
input and output terminals in the image  



sensor. In the example embodiments, while not particularly limited to this,
preferably the method is further provided with a second imaging step of
capturing an image of the contact arm in the state not holding the image
sensor, a third image capturing step of capturing an image of the image
sensor in a state not held by the contact arm from the light receiving
surface side, a second recognizing step of recognizing a relative position
of  the image sensor with respect to the contact arm based on image
information  captured in the second imaging step and image information
captured in the  third imaging step, and a second correcting step of
correcting the position  of the image sensor in the state not held by the
contact arm based on the  relative position of the image sensor with
respect to the contact arm  recognized in the second recognizing step
(see claim 21). By recognizing the relative position of the image sensor
with respect to  the contact arm and correcting the position of the image
sensor based on  this, it may be possible to prevent poor contact even
when testing a type  of image sensor with input and output terminals led
out to the opposite side of  the light receiving surface. In the example
embodiments, while not particularly limited to this,  preferably in the first
recognizing step the relative position of the image  sensor in the state held
at the contact arm with respect to the contact part is  recognized based on
the image information capturing the contact part (see  claim 22) . In this
way, by recognizing the relative position of the image sensor in  the state
held by the contact arm with respect to the contact part based on  the
image information capturing the contact part in addition to the image
information capturing the image sensor in the state held by the contact
arm,  the relative position of the image sensor with respect to the contact
part  can be accurately recognized. In the example embodiments, while
not particularly limited to this,  



preferably - 12  the first correcting step may include a step of correcting a
root side  contact arm of the contact arm by making it move relative to a
holding side  contact arm of the contact arm in an X-Y plane substantially
parallel to the  contact part of the root side contact arm in the free state,
then locking  the root side contact arm with respect to the holding side
contact arm  (see claim 23) . By this, a correcting means for correcting the
position of the contact  arm in the state holding the image sensor is
provided on the base side without  being provided at each contact arm
and the weight of the contact arms is  reduced, so high speed movement
of the moving means may become possible  and poor contact can be
prevented. BRIEF DESCRIPTION OF THE DRAWINGS Below,
embodiments of the present invention will be explained with  reference to
the drawings. FIG. lA is a plan view showing an image sensor under test
of an image  sensor test apparatus according to a first embodiment of the
present invention.  FIG. IB is a cross-sectional view of the image sensor
along the I-I  line of FIG. IA. FIG. 2 is a schematic plan view showing the
image sensor test apparatus  according to the first embodiment of the
present invention. FIG. 3 is a cross-sectional view of the image sensor
test apparatus  along the II-II line of FIG. 2. FIG. 4 is a schematic
cross-sectional view showing contact arms and  test head of the image
sensor test apparatus according to the first embodiment  of the present
invention. FIG. 5 is a schematic cross-sectional view showing contact
arms and  alignment systems of the image sensor test apparatus
according to the first  embodiment of the present invention. 



FIG. 6 is a schematic cross-sectional view showing the contact arms  and
alignment systems of the image sensor test apparatus in another example
- 13  of the first embodiment of the present invention. FIG. 7 is a top plan
view showing a lock-and-free mechanism used for  a contact arm in the
first embodiment of the present invention. FIG. 8 is a cross-sectional view
of the lock-and-free mechanism along  the III-III line of FIG. 7. FIG. 9 is a
cross-sectional view of the lock-and-free mechanism along  the IV-IV line
of FIG. 7. FIG. 10 is a schematic side view showing the contact arms in
still  another example of the first embodiment of the present invention.
FIG. 11 is a view explaining an image sensor DUT profiling operation  by
the contact arm shown in FIG. 10. FIG. 12 is an enlarged perspective view
of a tilting function used  in the contact arms shown in FIG. 10. FIG. 13A
and FIG. 13B are views explaining a profiling operation about  the X-axis
in a profiling operation of the contact arms shown in FIG. 10,  where FIG.
13A is a view showing the state before the profiling operation,  and FIG.
13B is a view showing the state after the profiling operation. FIG. 14A and
FIG. 14B are views explaining a profiling operation about  the Y-axis in a
profiling operation of the contact arms shown in FIG. 10,  where FIG. 14A
is a view showing the state before the profiling operation,  and FIG. 14B is
a view showing the state after the profiling operation. FIG. 15 is a top plan
view showing the drive unit of the alignment  system of the first
embodiment of the present invention. FIG. 16 is a cross-sectional view of
a drive unit along the V-V line  of FIG. 15. FIG. 17 is a cross-sectional
view of the drive unit along the VI-VI  line of FIG. 15. 



FIG. 18 is a block diagram showing the overall configuration of a control
system of the image sensor test apparatus according to the first
embodiment  of the present invention. - 14 FIG. 19 is a view showing the
relationship of the optical axis of a  light source and the optical axis of an
image sensor in a pretest of the  image sensor test apparatus according to
the first embodiment of the present  invention. FIG. 20 is a view showing
the relationship of the optical axis of a  light source and the optical axis of
an image sensor in a main test of the  image sensor test apparatus
according to the first embodiment of the present  invention. FIG. 21 is a
view showing state of capturing an image of a contact  part by a second
camera when changing the type of device in the first embodiment  of the
present invention. FIG. 22 is a view showing the state of positioning two
image sensors  of the second column and first row and the second column
and second row above  the alignment system during an alignment
operation by the image sensor test  apparatus according to the first
embodiment of the present invention. FIG. 23 is a view showing the state
of insertion of an image sensor  into the alignment system from the state
of FIG. 22. FIG. 24 is a flowchart showing processing for alignment of the
position  of an image sensor in the first embodiment of the present
invention.  FIG. 25A is a view showing an example of an image of the
state before alignment in the first embodiment of the present invention,
while FIG. 25B  is a view showing an example of an image of the state
after alignment of  the first embodiment of the present invention. FIG. 26 is
a view showing the state of the completion of the alignment  of two image
sensors of the second column and first row and the second column  and
second row from the state of FIG. 23. 



FIG. 27 is a view showing the state of four image sensors raised from  the
state of FIG.. 26. FIG. 28 is a view showing the state of positioning the two
image sensors  of the first column and first row and first column and
second row above the  - 15  alignment system from the state of FIG. 27.
FIG. 29 is a view showing the state of insertion of an image sensor  in the
alignment system from the state of FIG. 28. FIG. 30 is a view showing the
state of the completion of alignment  of the two image sensors of the first
column and first row and the first  column and second row from the state
of FIG. 29. FIG. 31 is a view showing the state of four image sensors
raised from  the state of FIG. 30. FIG. 32 is a view showing the state of
running tests on four image  sensors from the state of FIG. 31. FIG. 33A
and FIG. 33B are views showing a centering operation of the  contact arm
by the lock-and-free mechanism in the first embodiment of the  present
invention. FIG. 34A is a top plan view showing an image sensor under test
of an  image sensor test apparatus according to a second embodiment of
the present  invention, FIG. 34B is a lower plan view of the image sensor
shown in FIG.  34A, and FIG. 34C is a cross-sectional view of the image
sensor along the  VII-VII line of FIG. 34A. FIG. 35 is a schematic
cross-sectional view showing contact arms and  atestheadof the image
sensor test apparatus according to the second embodiment  of the
present invention. FIG. 36 is a schematic cross-sectional view showing
the contact arms  and alignment systems of the image sensor test
apparatus according to the  second embodiment of the present invention.
FIG. 37 is an enlarged schematic cross-sectional view of an upper contact



of a contact arm shown in FIG. 35 and FIG. 36. FIG. 38 is a plan view of
the upper contact shown in FIG. 37. FIG. 39 is a flowchart showing the
processing for alignment of the  position of an image sensor in the second
embodiment of the present invention.  FIG. 40 is a view showing the state
of a first camera capturing an  16  image of an image sensor carried on a
carrying surface of an alignment system  in the second embodiment of the
present invention. FIG. 41 is a view showing the state of positioning of an
image sensor  at an upper contact from the state of FIG. 40. FIG. 42 is a
view showing a contact arm holding an image sensor positioned  from the
state of FIG. 41. FIG. 43 is a detailed view showing the positional
relationship of a  contact arm, image sensor, and alignment system in the
state of FIG. 42.  BEST MODE FOR WORKING THE INVENTION Below,
embodiments of the present invention will be explained with  reference to
the drawings. FIG. IA is a plan view showing an image sensor under test
of an image  sensor test apparatus according to a first embodiment of the
present invention,  while FIG. 1B is a cross-sectional view of the image
sensor along the I-I  line of FIG. lA. First, explaining the image sensor
under test in the first embodiment  of the present invention, this image
sensor DUT is a type of image sensor  such as a CCD sensor, CMOS
sensor, etc. having a chip CH having a microlens  arranged at its
approximate center part, having input and output terminals  HB led out
from its outer circumference, and having the chips CH and HB packaged
as shown in FIG. 1A and having the input and output terminals HB led out
to a plane the same as the light receiving surface RL where the microlens
is formed in the chip CH as shown in FIG. 1B. FIG. 2 is a schematic plan
view showing the image sensor test apparatus  



according to the first embodiment of the present invention. FIG. 3 is a
cross-sectional view of the image sensor test apparatus along the II-II line
of FIG. 2. The image sensor test apparatus 1 according to the first
embodiment  of the present invention is an apparatus for testing image
sensors DUT of  the type shown in the FIG. 1A and FIG. 1B. As shown in
FIG. 2 and FIG. 3,  17  it is provided with a handler 10 having a test unit
30, a sensor storage  unit 40, a loader unit 50 and an unloader unit 60, a
test head 300, and a  tester 20 and simultaneously tests four image
sensors DUT. Further, this image sensor test apparatus 1 aligns pretest
image sensors  DUT, fed from the sensor storage unit 40 of the handler
10 through the loader  unit 50 to the test unit 30, relative to the contact
parts 301 of the test  head 300 and axially aligns them with the light
sources 340, then pushes  them against the contact parts 301, emits light
to the light receiving surfaces  RL of the image sensors DUT from the light
sources 340, inputs and outputs  electrical signals to the image sensors
DUT by the tester 20 to test them,  then classifies and stores the image
sensors DUT finished being tested in  the sensor storage unit 40 through
the unloader unit in accordance with the  results of the tests. Below, the
units of this image sensor test apparatus 1 will be explained  in detail.
Sensor Storage Unit 40 The sensor storage unit 40 is a means for storing
the image sensors  DUT before and after the tests and is configured by
feed tray stockers 401,  classification tray stockers 40, an empty tray
stocker 403, and a tray conveyor  system 404. Each feed tray stocker 401
holds a plurality of stacked feed trays  on which pluralities of pretest image
sensors DUT are carried. In the present  embodiment, as shown in FIG. 2,
two feed tray stockers 401 are provided. 



Each classification tray stocker 402 holds a plurality of stacked
classification trays on which pluralities of tested image sensors DUT are
carried. In the present embodiment, as shown in FIG. 2, four classification
tray stockers 401 are provided. Byproviding these four classification tray
stockers 402, image sensors  DUT can be classified and stored to a
maximum of four classifications in  accordance with the test results. That
is, they may be classified into not  18  only "good device" and "defective
device" classifications, but also, among  the "good devices", devices with
high operating speeds, medium operating  speeds, and low operating
speeds or, among "defective devices", devices  requiring retesting. Note
that, for example, among the four classification  tray stockers 402 of FIG.
2, the two classification tray stockers 402 close  to the test unit 30 may
store image sensors DUT having test results with  relatively low
frequencies of occurrence, while the two classification tray  stockers 402
far from the test head 300 may store image sensors DUT having  test
results with relatively high frequencies of occurrence. The empty tray
stocker 403 stores the empty trays after all of the  pretest image sensors
carried in the feed tray stockers 401 are fed to the  test unit 30. The tray
conveyor system 404 is a conveying means movable in the X-axial  and
Z-axial directions in FIG. 2 and is configured by an X-axial rail 404a,  a
movable head 404b, and four suction pads 404c and has a range
including  the feed tray stockers 401, part of the classification tray
stockers 402,  and the empty tray stocker 403 as its range of operation.
Further, in this tray conveyor system 404, the X-axial rail 404a fixed  on
the base of the handler 10 supports the movable head 404b to be
movable  in the X-axial direction in a cantilever fashion. This movable
head 404b  is provided with a not particularly shown Z-axial actuator and
four suction  pads 404c at its front end. 



The tray conveyor system 404 picks up and holds an empty tray emptied
in a feed tray stocker 401 by the suction pads 404c, raises it by the Z-axial
actuator, and slides the movable head 4 04b on the X-axial rail 40 4a to
transport  the tray to the empty tray stocker 403. Similarly, when the
post-test image sensors DUT are fully loaded on  a classification tray, the
classification tray stocker 402 picks up and holds  an empty tray from the
empty tray stocker 4 03, raises itby the Z-axial actuator,  and slides the
movable head 404b on the X-axial rail 404a to transport it  - 19  to the
classification tray stocker 402. Note that while the drawing is omitted,
each of the stockers 401 to  403 is provided with an elevator capable of
raising a tray in the Z-axial  direction. The tray conveyor system 404, as
shown in FIG. 3, is provided  so that its range of operation does not
overlap the ranges of operation of  the later-mentioned first and second
conveyor systems 501 and 601 in the  Z-axial direction, so the operation
of the tray conveyor system 404 and the  operation of the first and second
XYZ conveyor systems 501 and 601 do not  interfere with each other.
Note that the number of stockers in the present invention is not
particularly limited to the number explained above and can be suitably set
according to need. Loader Unit 50 The loader unit 50 is a means for
feeding image sensors DUT from a  feed tray stocker 401 of the sensor
storage unit 40 to the test unit 30 and  is comprised of the first XYZ
conveyor system 501, two loader buffers 502,  and a heat plate 503. The
first XYZ conveyor system 501 is a means for moving the image sensors
DUT carried on a feed tray of a feed tray stocker 401 of the sensor
storage  unit 40 to the heat plate 503 and moving image sensors DUT
given predetermined  thermal stress on this heat plate 503 to a loader
buffer 502. It is comprised  



of Y-axial rails 501a, an X-axial rail 501b, a movable head 501c, and
suction  pads SOld and has a range including the feed tray stockers 401,
the heat  plate 503, and two loader buffers 502 as a range of operation.
As shown in FIG. 2, the two Y-axial rails 501a of this first XYZ conveyor
system 501 are fixed on the base 12 of the handler 10. Between these,
the  X-axial rail 501b is supported slidably in the Y-axial direction. Further,
this X-axial rail 501b supports a movable head 501c having a (not shown)
Z-axial actuator slidably in the X-axial direction. Further, this movable
head 501c has four suction pads 501d at its bottom end and drives the
Z-axial  20  actuator to enable the four suction pads 501d to be raised in
the Z-axial  direction. The first XYZ conveyor system 501 positions the
four suction pads 501d  over four image sensors DUTS carried on a feed
tray, picks up the four image  sensors DUT all at once, moves them to the
heat plate 503, positions them  at wells 503a formed in the surface, then
releases the DUTs. The heat plate 503 is a heating means for applying
predetermined thermal  stress to the image sensors DUT and is, for
example, a metal plate provided  with a heat source (not shown) at its
bottom. The upper surface of this heat  plate 503 is formed with a plurality
of wells 503a into which the image sensors  DUT can be dropped. The
pretest image sensors DUT are moved by the first  XYZ conveyor system
501 from the feed tray stocker 401 to the wells 503a.  Further, after the
image sensors DUT are heated to a predetermined temperature  by the
heat plate 503, the image sensors DUT are moved by the first XYZ
conveyor  system 501 to a loader buffer 502. Note that, as later explained,
before the test, alignment systems 320  align the positions of the image
sensors DUT, so it is also possible not  to provide the heat plate 503 with
the wells 503a, but to make the surface  of the heat plate 503 a simple flat
surface and make the first XYZ conveyor  system 501 place the image
sensors DUT on this flat surface. Further, it  



is also possible to make the surface of the heat plate 503 a flat surface
provided with suction pads with suction surfaces facing vertically upward,
have one XYZ conveyor system 501 place the image sensors DUT on the
suction  pads, and have the image sensors DUT picked up by the suction
pads provided  on the heat plate 503. Each loader buffer 502 is a means
for moving backwards and forwards  the image sensors DUT between the
range of operation of the first XYZ conveyor  system 501 and the range of
operation of the YZ conveyor system 310 (later  explained) of the test unit
30 and is comprised of a movable part 502a and  an X-axial actuator
502b. 21  The movable part 502a is supported at one end of the X-axial
actuator  502b fixed on the base 12 of the handler 10. The top surface of
this movable  part 502a is formed with four wells 502c in which the image
sensors DUT can  be dropped. The first XYZ conveyor system 501 picks
up, holds, and moves  four pretest image sensors DUT heated to a
predetermined temperature on the  heat plate 503 all at once and releases
the image sensors DUT in the wells  502c of a loader buffer 502. The
loader buffer 502 holding the four image  sensors DUT extends its X-axial
actuator 502b to move the image sensors DUT  from the range of
operation of the first XYZ conveyor system 501 to the inside  of the range
of operation of the YZ conveyor system 310. Note that it is also possible
not to provide the wells 502c on the  movable part 502a, but, for example,
make the surface of the movable part  502a a flat surface provided with
suction pads with suction surfaces facing  vertically upwards. In this case,
the first XYZ conveyor system 501 places  the image sensors DUT on the
suction pads, has the suction pads pick up the  image sensors DUT, then
extends the X-axial actuator 502b. When the movement  within the range
of operation of the YZ conveyor system 310 is finished,  it releases the
suction of the suction pads and the YZ conveyor system 310  holds the
image sensors DUT. 



By providing the loader buffers 502, it is possible for the first XYZ
conveyor system 501 and the YZ conveyor system 310 to be operated
without  interfering with each other. Further, by providing two loader
buffers 502 as in the present embodiment,  it is possible to feed the image
sensors DUT to the test head 300 efficiently  and improve the operation
rate of the image sensor test apparatus 1. Note that, in the present
invention, the number of loader buffers 502  is not particularly limited to
two and can be appropriately set from the  time required for alignment of
the positions of the later explained image  sensors DUT and the time
required for testing of the image sensors DUT.  Test Unit 30 22  FIG. 4 is
a schematic cross-sectional view showing contact arms and  test head of
the image sensor test apparatus according to the first embodiment  of the
present invention, FIG. 5 is a schematic cross-sectional view showing
contact arms and alignment systems of the image sensor test apparatus
according  to the first embodiment of the present invention, and FIG. 6 is a
schematic  cross-sectional view showing the contact arms and alignment
systems of the  image sensor test apparatus in another example of the
first embodiment of  the present invention. The test unit 30 is a means for
aligning the positions of the image  sensors DUT, then bringing the input
and output terminals HB of the image  sensors DUT into electrical contact
with the contact pins 302 of the contact  parts 301, emitting light to the
light receiving surfaces RL of the image  sensors DUT, and inputting
electrical signals to the image sensors DUT from  the tester 20 through
the contact parts 301 of the test head 300 so as to  test the image sensors
DUT for optical characteristics to determine whether  the amounts of light
received by the image sensors DUT are constant and is  comprised of the
YZ conveyor system 310, four alignment systems 320 (correcting
means), and four light sources 340. 



First, the test head 30 used in this test unit 30 will be explained.  As
shown in FIG. 4, this test head 300 is comprised of four contact parts  301
arrayed on a board in two columns and two rows. These are arranged in
an array that substantially matches the array of the four contact arms 315
of the movable head 312 of the later explained YZ conveyor system 310.
Each contact part 301 is provided with a plurality of contact pins  302.
These contact pins 302 are arranged so as to substantially match the
array of the input and output terminals HB of the image sensor DUT under
test. This test head 300, as shown in FIG. 3, is detachably attached to the
handler 10 so as to shut the opening 11 formed in the base 12 of the
handler  10. Each contact part 301, as shown in the same figure, is
electrically connected  23  to the tester 20 through a cable 21. Further, in
the image sensor test apparatus 1 according to the present  embodiment,
as shown in FIG. 4, openings 303 are formed in the approximate  centers
of the contact parts 301 of the test head 300 so that it is possible  to emit
light toward the light receiving surfaces RL of the image sensors  DUT
from the bottom. Each opening 303 has a size of an extent enabling visual
confirmation of the light receiving surface from the bottom. When the
shapes of the image sensors DUT or the array of the input  and output
terminals HE are changed due to a change of the type of the image
sensors DUT, it is possible to change to another test head 300 matching
with  the image sensors DUT after the change to enable one image
sensor test apparatus  to test various types of image sensors DUTS. The
test unit 30 of the image sensor test apparatus 1 according to  the present
embodiment, as shown in FIG. 3 and FIG. 4, is provided with light
sources 340 able to emit light vertically upward fixed relative to the base
12 of the handler 10 below the openings 303 formed at the contact parts
301.  Further, the light sources 340 can simultaneously emit light through
the  



openings 303 formed in the four contact parts 301 to the light receiving
surfaces RL of the four simultaneously tested image sensors DUT. The
YZ conveyor system 310 of the test unit 30 is a means for moving  the
image sensors DUT between the alignment systems 320 and the test
head  300 and supports the alignment of the positions of the image
sensors DUT  by the alignment systems 320 and supports the testing of
the image sensors  DUT by the test head 300. This YZ conveyor system
310, as shown in FIG. 2 and FIG. 3, supports  two X-axial direction
support members 311a at a pair of Y-axial rails 311  fixed on the base 12
of the handler 10 slidably in the Y-axial direction.  Further, each X-axial
direction support member 311a supports a movable head  312 at its
approximate center and has a range including the alignment systems  320
and the contact parts 301 of the test head 300 as a range of operation.  24
This YZ conveyor system 310 is provided with two movable heads 312,
so by having one movable head 312 running a test and, during this,
having  the other movable head 312 aligns the positions of the image
sensors DUT,  it becomes possible to raise the operating rate of the test
head 300. Note  that, during this, the movable heads 312 simultaneously
operating on the  pair of Y-axial rails 311 and supported on the two X-axial
direction support  members 311 are controlled so that they do not interfere
with each other's  operations. Each movable head 312, as shown in FIG. 4
and FIG. 5, is provided with  a camera support member 312a, a second
camera 312b (second image capturing  means), one Z-axial actuator 313,
one root part 314, and four contact arms  315 corresponding to the array
of the contact parts 301. The four image sensors  DUT supported on the
contact arms 315 can be moved in the Y-axial direction  and the Z-axial
direction. Further, each contact arm 315 is provided with  a holding side
arm 317, a lock-and-free mechanism 318, and a root side arm  316. Note
that, the four image sensors DUT of the present embodiment will  



be explained according to the following arrangement with, in FIG. 2, the
two contact arms 315 positioned in the Y-axial positive direction as the
first row, the two contact arms 315 positioned in the Y-axial negative
direction  as the second row, the two contact arms 315 positioned in the
X-axial negative  direction as the first column, and the two contact arms
315 positioned in  the X-axial positive direction as the second column.
One end of the body 313a of the Z-axial actuator 313 of each movable
head 312 is fixed to an X-axial direction support member 311a, while the
other end supports the camera support member 312a. Further, at an end
of  this camera support member 312a at the test head 330 side, the
second camera  312b for capturing an image of the contact parts 301 of
the test head 300  is provided so that its optical axis becomes the Z-axial
negative direction. Note that, the position of provision of the second
camera in the present  invention is not particularly limited to the above
position of provision.  -25 For example, it is also possible to provide the
second camera 312b at the  end of the root part 314 at the test head 300
side. Due to this, the second  camera 312b can be moved by the Z-axial
actuator 313 in the Z-axial direction,  so it is possible to change the focus
of the second camera 312b along with  the drive operation of the Z-axial
actuator 313 or adjust the luminance when  the second camera 312b has
a lighting function. The front end of a movable rod part 313b of the Z-axial
actuator 313  of the movable head 312 has the root part 314 fixed to it. In
accordance  with the drive operation of this Z-axial actuator 313, the root
part 314  is raised or lowered in the Z-axial direction. Further, four root
side arms  316 are fixed at the root part 314 by pitches corresponding to
the four contact  parts 301 of the test head 300. Each root side arm 316 is
provided at its  bottom end face with a holding side arm 317 through a
lock-and-free mechanism  318. Each holding side arm 317 has a suction
pad 317c for picking up an  



image sensor DUT at the center of its bottom. Further, this holding side
arm 317 has a heater 317a and a temperature sensor 317b embedded in
it. By  maintaining the high temperature thermal stress applied at. the heat
plate  503 by the heater 317a and having the temperature sensor 317b
detect the  temperature of the holding side arm 317, the temperature of
the image sensor  DUT is indirectly detected and used for ON/OFF control
of the heater 317a. Further, each holding side arm 317 is provided at its
bottom end with  an abutting member 317d projecting out in the Z-axial
negative direction.  By the holding side arm 317 having an abutting
member 317d in this way, when  the movable head 312 applies
predetermined pressure to the alignment movable  stage 321, the holding
side arm 317 is supported at the alignment system  320 by this abutting
member 317d. When the lock-and-free mechanism 318 is  in the free
state, the holding side arm 317 can track the motion of the movable  stage
321 (explained later) of the alignment system 320 (for example, see  FIG.
26). 26 Note that, as shown in FIG. 6, by forming a recess 317e at the
front  end of the abutting member 317 d and providing a project ion 321d
corresponding  to this recess 317e around the first opening 321a of the
movable stage 321  of the alignment system 320 and engaging the recess
317e andprojection 321d,  the trackability in alignment of the position of
the image sensor DUT can  be improved. Further, the edge of the opening
of the recess 317d or the outer  circumference of the front end of the
projection 321d may be tapered to  facilitate positioning of the holding side
arm 317 with respect to the movable  stage 321. Further, for example, it is
possible to provide a suction pad,  magnet, etc. at the front end of the
abutting member 317d and edge of the  first opening 321a of the movable
stage 321 to further improve the trackability  of the position of an image
sensor DUT. FIG. 7 is a top plan view showing a lock-and-free mechanism
used for  a contact arm in the first embodiment of the present invention,
FIG. 8 is  



a cross-sectional view of the lock-and-free mechanism along the Ill-Ill line
of FIG. 7, and FIG. 9 is a cross-sectional view of the lock-and-free
mechanism  along the IV-IV line of FIG. 7. The lock-and-free mechanism
318 used for each contact arm 315 in the  present embodiment is a
means for freeing or locking planar motion of the  holding side arm 317 in
the state picking up and holding an image sensor  DUT with respect to the
root side arm 316 in a plane substantially parallel  to the contact part 301,
that is, movement in the X-axial and Y-axial directions  and 8-rotation
about the Z-axis. Further, as shown in FIG. 33A and FIG. 33B,  it has a
centering function of releasing the image sensor DUT, then making  the
centerline CLH of the holding side arm 317 substantially match with the
centerline CLROf the root side arm 316 by returning the holding side arm
317 to the origin. As shown in FIG. 7 to FIG. 9, this lock-and-free
mechanism 318 is comprised  of a fixed part 3181, a movable part 3182,
locking pistons 3183, centering  pistons 3184, and centering balls 3185.
27  The fixed part 3181 of the lock-and-free mechanism 318 has a
substantially rectangular columnar outer shape and receives part of the
movable part 3182 by being formed with a hollow part at the inside of its
bottom side. A circular opening 3181a is provided at the center of the
bottom  surface of the fixed part 3181 so as to hold the movable part 3182
received  in that hollow part in a manner enabling planar motion. Further,
this fixed part 3181 is formed inside it with holding parts  for holding two
locking pistons 3183, two centering pistons 3184, and two  centering balls
3185. Further, this fixed part 3181 is formed at one side  surface with a
locking use air feed port 3181b for supplying air to the locking  pistons
3183 and is formed with a locking use air passage 3181c from the  locking
use air feed port 3181b to the two locking pistons 3183. Further, this fixed
part 3181 is formed at one side surface with a  



centering use air feed port 3181d for feeding air to the centering pistons
3184 and is formed with a centering air passage 3181e from the centering
use air feed port 3181d to the two centering pistons 3184. Note that the
locking use air passage 3181c and the centering use air passage 3181e
do  not intersect. The movable part 3182 of the lock-and-free mechanism
318 has a  substantially cylindrical shape constricted at its middle. The
part above  this constricted part is received in the hollow part inside the
bottom of  the fixed part 3181, while the constricted part is positioned at
the opening  3181a, whereby this movable part 3182 is heldbythe
fixedpart 3181, suppressed  in motion in the Z-axial direction, and allowed
movement in the X-axial and  Y-axial directions and 0 rotation about the
Z-axis. Further, this movable part 3182 has two bearing parts 3182a with
top  surfaces with concave arcuate shapes for supporting the centering
balls 3185.  These bearing parts 3182a can support the centering balls
3185. These bearing  parts 3182a are provided at the top surface of the
movable part 3182 so that  the centers of the concave arcuate shapes
match with the centerlines of the  - 28  centering pistons 3184 at the time
of centering. The locking pistons 3183 of the lock-and-free mechanism
318 are held  in holding parts formed in the fixed part 3181. The bottom
end faces of the  locking pistons 3183 contact the top surface of the
movable part 3182. Further, the centering pistons 3184 are held in holding
parts formed  in the fixed part 3181 and abut against the centering balls
3185 at their  bottoms. The centering balls 3185 of the lock-and-free
mechanism 318 have  substantially spherical shapes. Movement in the
X-axial and Y-axial directions  is constrained by the inside walls of the
holding parts formed in the fixed  part 3181. Further, the centeringballs
3185 abut against the centering pistons  3184 at their tops and abut
against the bearing parts 3182a provided at the  



top surface of the lock-and-free movable part 3182 at their bottoms. When
setting the lock-and-free mechanism 318 in the free state, none  of the
pistons, that is, the two locking pistons 3183 and the two centering
pistons 3184, are supplied with air and the movable part 3182 is set to
enable  planar movement with respect to the fixed part 3181. When
setting the lock-and-free mechanism 318 in the lock state, the  two locking
pistons 3183 are supplied with air and the movable part 3182  is fixed to
the fixed part 3181. Note that the two centering pistons 3184  are not
supplied with air. When centering the lock-and-free mechanism 318, the
supply of air to  the two locking pistons 3183 is stopped and the movable
part 3182 is set  once to the free state, then the two centering pistons
3184 are supplied  with air to push against the centering balls 3185 and
match with the concave  arcuate shapes formed at the top surfaces of the
bearing parts 3182a to be  positioned at the centers of the concave
arcuate shapes. By the operation  of these two centering balls 3185, the
movable part 3182 is centered with  match with the fixed part 3181. This
lock-and-free mechanism 318 is attached to the bottom end face  29  of
the root side arm 316 by the top end face of the fixed part 3181 and is
attached to the top end face of the holding side arm 317 by the bottom
end  face of the movable part 3182. The lock-and-free mechanism 318 is
provided  between the root side arm 316 and holding side arm 317 to
thereby configure  a contact arm 315. By providing such a lock-and-free
mechanism 318 between the root side  arm 316 and the holding side arm
317, a drive means for the alignment of  the position of an image sensor
DUT does not have to be provided at each  holding side arm 317, the
weight of each movable heads 312 of the YZ conveyor  system 310 can
be lightened, high speed movement of the movable head 312  is made
possible, and the frequency of occurrence of poor contact between  



image sensors DUT and contact parts 301 can be reduced. Further, as
shown in FIG. 10, each contact arm 315 may be provided  with a tilting
mechanism 330 between the root part 314 and the root side  arm 316.
Due to this, even if the contact part 301 is somewhat inclined,  the contact
arm 315 can be tilted to match with the contact part 301 and  thereby
enable an image sensor DUT to be effortlessly brought into contact  with
the contact part 301. This tilting mechanism 330 is a suspended type
tiltingmeans for tilting  an image sensor DUT held at the suction pad 317c
of the holding side arm  317 with respect to an X-Y plane parallel to the
contact part 301. As shown  in FIG. 11, this enables a.rotation about an
X-axis substantially parallel  to the X-Y plane parallel to the contact part
301 in the image sensor DUT  and R rotation about a Y-axis substantially
parallel to the plane. This tilting mechanism 330, as shown in FIG. 12, is
comprised of a  Y-axial rotation receiving member 331 and Y-axial rotating
member 332 for  rotating about the y-axis, an X-axial rotation receiving
member 333 and(-axial  rotating member 334 for rotating about the X-axis,
a bolt 335 and nut 336  for fastening these together in a slidablemanner, a
spring 337 for giving  suitable elastic force for centering, and a linking
member 338 for linking  30  the base member 340 and the tilting
mechanism 330. As shown in FIG. 12, the Y-axial rotation receiving
member 331 is formed  at its bottom surface with a first concave arcuate
shape 331a along the  peripheral direction about the Y-axis and is formed
at its approximate center  with a first through hole 331b through which a
bolt 335 is passed. As opposed  to this, the Y-axial rotating member 332 is
formed at its top surface with  a first convex arcuate shape 332a with a
shape corresponding to the first  concave arcuate shape 331a of the
Y-axial rotation receiving member 331 and  is formed at its approximate
center part with a second through hole 332b  through which a bolt 335 is
passed. 



The concave arcuate shape 331a of the Y-axial rotation receiving member
331 and the first convex arcuate shape 332a of the first Y-axial rotating
member 332 are set, to enable rotation of the center of an image sensor
DUT,  so that, as shown in FIG. 14A and FIG. 14B, the center C02 of the
circle  C2 of the extension of these arcuate shapes substantially matches
the center  position of the image sensor OUT. The first through hole 331b
of the Y-axial rotation receiving member  331 has a diameter smaller than
the inside diameter of the spring 337. A  spring 337 can be interposed
between the bolt 335 inserted in the through  hole 331b and the Y-axial
rotation receiving member 331. To smooth the sliding operation between
the Y-axial rotation receiving  member 331 and the
Y-axialrotatingmember332, a flexible spacer332ccomprised  of for
example Teflon(r) or another synthetic resin and a plurality of bearings
332d are provided. The spacer 332c is formed at its approximate center
with  third through hole 332e for passing a bolt 335. As shown in FIG. 12,
the Y-axial rotating member 332 is formed on its  top surface with a
plurality of grooves 332f running along the peripheral  direction of the first
convex arcuate shape 332a. Further, the spacer 332c  is formed with a
plurality of small diameter holes 332g into which a plurality  of bearings
332d are inserted at positions corresponding to the plurality  - 31  of
grooves 332f formed in the Y-axial rotating member332. Further, the
Y-axial  rotation receiving member 331 is formed at its bottom surface with
a plurality  of grooves 331c at positions facing the plurality of grooves 332f
of the  Y-axial rotating member 332. Further, when mating the arcuate
shapes 331a and 332a of the Y-axial  rotation receiving member 331 and
Y-axial rotating member 332, the plurality  of bearings 332d inserted into
the small diameter holes 332g of the spacer  332c are interposed between
the grooves 331c of the Y-axial rotation receiving  member 331 and the
grooves 332f of the Y-axial rotating member 332. By the  



bearings 332d turning along the grooves 332f, the Y-axial rotating
member  332 smoothly slides with respect to the Y-axial rotation receiving
member  331. In the above-mentioned way, the first arcuate shapes 331a,
332a of these  members 331, 332 match in their center of rotation C32
with the center of  the image sensor DUT, so the above sliding operation
results in (3 rotation  of the image sensor DUT about the Y-axis. As shown
in FIG. 12, the Y-axial rotating member 332 is provided at  its bottom
surface with an X-axial rotation receiving member 333. This X-axial
rotation receiving member 333 is formed at its bottom surface with a
second  concave arcuate shape 333a running along the peripheral
direction about the  X-axis and is formed at its approximate center with a
fourth through hole  333b through which a bolt 335 passes. As opposed to
this, the X-axial rotating  member 334 is formed at its top surface with a
second convex arcuate shape  334a of a shape corresponding to the
second concave arcuate shape 333a of  the X-axial rotation receiving
member 333 and is formed at its approximate  center with a fifth through
hole 334b through which a bolt 335 passes. The second concave arcuate
shape 333a of the X-axial rotation receiving  member 333 and the second
convex arcuate shape 334a of the X-axial rotating  member 334 are set, to
enable rotation of the center of an image sensor DUT,  so that, as shown
in FIG. 13A and FIG. 13B, the center CO, of the circle  Clof the extension
of these arcuate shapes substantially matches the center  32  position of
the image sensor DUT. To facilitate the sliding operation, a flexible spacer
334c made of  for example Teflon(r) or another synthetic resin and a
plurality of bearings  334d are provided between the X-axial rotation
receiving member 333 and the  X-axial rotating member 334. The spacer
334c is formed at its approximate  center with a sixth through hole 334e
for passage of a bolt 335. As shown in FIG. 12, the X-axial rotating
member 334 is formed on its  top surface with a plurality of grooves 334f
along the peripheral direction  



of the second convex arcuate shape 334a. Further, the spacer 334c is
formed  with a plurality of small diameter holes 3348 into which a plurality
of bearings  334d are inserted at positions corresponding to the plurality of
grooves  334f formed in the X-axial rotating member 334. Further, the
X-axial rotation  receiving member 333 is formed at its bottom surface with
a plurality of  grooves 333c at positions facing the plurality of grooves 334f
of the X-axial  rotating member 334. Further, when mating the arcuate
shapes 333a and 334a of the X-axial  rotation receiving member 333 and
X-axial rotating member 334, the plurality  of bearings 334d inserted into
the small diameter holes 334g of the spacer  334c are interposed between
the grooves 333c of the X-axial rotation receiving  member 333 and the
grooves 334f of the X-axial rotating member 334. By the  bearings 334d
turning along the grooves 334f, the X-axial rotating member  334 smoothly
slides with respect to the X-axial rotation receiving member  333. In the
above-mentioned way, the second arcuate shapes 333a, 334a of  these
members 333, 334 match in their center of rotation Col with the center  of
the image sensor DUT, so the above sliding operation results in a rotation
of the image sensor DUT about the X-axis. The thus configured tilting
mechanism 330 is provided at the contact  arm 315 with the top surface of
the root side arm 316 attached to the bottom  surface of the X rotating
member 334. Note that this tilting mechanism 330  may also be provided
between the lock-and-free mechanism 318 and the holding  -33 side arm
317. Further, in the present embodiment, the Y-axial rotating member  332
and the X-axial rotation receiving member 333 are comprised of separate
independent members fastened to each other by for example bolting or
another  method, but this is based on working restrictions. The invention is
not limited  to this. The Y-axial rotating member 332 and the X-axial
rotation receiving  member 333 may be integrally formed. The thus
configured members 331, 332, 333, and 334 are joined with  



their first arcuate shapes 331a, 332b and their second arcuate shapes
333b,  334 with arc axes offset by 90 degrees. They are assembled
together by  interposing a spring 337 at the top surface of the Y-axial
rotation receiving  member 321, inserting the bolt 335 through the through
holes 331b, 332b,  333b, and 334b, and fastening them by a nut 336 at
the bottom surface of  the X-axial rotating member 334. Note that the bolt
335 sticks out from the  top surface of the Y-axial rotation receiving
member 331 to an extent enabling  it to impart sufficient elastic force to
the spring 337. Further, at the top surface of the Y-axial rotation receiving
member  331, a linking member 338 formed with an inside space of a size
sufficient  for holding the bolt 335 and spring 337 sticking out from the top
surface  of the Y-axial rotation receiving member 331 is attached by for
example bolting  etc. to the Y-axial rotation receiving member 331.
Further, this linking  member 338 is attached by for example bolting etc. to
the root part 340 of  the movable head 312, and the contact arm 315 is
linked with the movable  head 312. Explaining the tilting operation by a
rotation of this tilting mechanism  330 about the X-axis, as shown in FIG.
13A, in the state wherean image sensor  DUT does not contact the
contact part 301 such as for example before running  a test, no external
force is applied to the image sensor DUT, so the elastic  force of the
spring 337 causes the X-axial rotating member 334 to be axially  aligned
with the X-axial rotation receiving member 333 for centering. In  this state,
the centerline CL of the holding side arm 317 matches with the  34
vertical direction (Z-axial direction in FIG. 13A and FIG. 13B). As opposed
to this, as shown in FIG. 13B, at the time of running the  test, if the image
sensor DUT contacts the contact part 301 on a ao inclined  plane PL, the
X-axial rotating member 334 slides relative to the X-axial  rotation
receiving member 333 in a direction substantially parallel to the  pushing
force at the time of contact. Due to this sliding operation, the  



root side arm 316, lock-and-free mechanism 318, and holding side arm
317  attached to the X-axial rotating member 334 rotate about the center
position  CO, of the image sensor DUT and the image sensor DUT is tilted
with respect  to the inclined contact part 301. In this state, the centerline
CLH of the  holding side arm 317 is inclined by a0 with respect to the
vertical direction.  Further, in this state, the spring 337 is compressed by
the sliding operation  of the X-axial rotating member 334. When the image
sensor DUT and the contact  part 301 are in a noncontact state after
running the test, the spring 337  elongates due to the elastic force and the
X-axial rotating member 334 is  centered, that is, is returned to the origin.
Next, explaining the tilting operation by (3 rotation centered about  the
Y-axis of this tilting mechanism 330, as shown in FIG. 14A, in the state
with an image sensor DUT not contacting the contact part 301 like before
running the test, in the same way as the above FIG. 13A, no external
force  is applied to the image sensor DUT, so the elastic force of the
spring 337  causes the Y-axial rotating member 332 to be axially aligned
with the Y-axial  rotation receiving member 331 for centering. In this state,
the centerline  CL of the holding side arm 317 matches with the vertical
direction (Z-axial  direction in FIG. 14A, FIG. 14B). As opposed to this, as
shown in FIG. 14B, when an image sensor DUT  contacts the contact part
301 on a po inclined plane PL at the time of running  a test, the Y-axial
rotatingmember 332 slides relative to the Y-axial rotation  receiving
member 331 in a direction substantially parallel to the pushing  force at
the time of contact. Due to this sliding operation, the Y-axial  35  rotating
member 332 and the attached X-axial rotation receiving member 333,
X-axial rotating member 334, root side arm 316, lock-and-free mechanism
318,  and holding side arm 317 rotate about the center position Coe of the
image  sensor DUT and the image sensor DUT is tilted to match with the
inclined  contact part 301. In this state, the centerline CL2 of the holding
side arm  



317 is inclined by (3o with respect to the vertical direction. Further, in  this
state, the spring 337 is compressed by the sliding operation of the  Y-axial
rotating member 332. When the image sensor DUT and the contact part
301 enter a noncontact state after running the test, the spring 337 extends
due to the elastic force and the Y-axial rotating member 332 is centered.
When an image sensor DUT contacts the contact part 30a on a plane PL
inclined about the X-axis by ao and about the Y-axis by Poo, the Y-axial
rotating member 332 slides relative to the Y-axial rotation receiving
member  331 and the X-axial rotatingmember 334 slides relative to the
X-axial rotation  receiving member 333 attached to the sliding Y-axial
rotating member 332  so that the image sensor DUT is tilted to match with
the plane substantially  parallel to the contact part 301. Each alignment
system 320 in the test unit 30 of the image sensor test  apparatus 1
according to the present embodiment is a means for aligning the
positions of the holding side arms 317 sous to align the positions of the
image sensors DUT. As shown in FIG. 2, in the present embodiment, a
set of  two alignment systems 320 are provided for one movable head 312
and therefore  a total of two sets, that is, four, alignment systems 320 are
provided in  the handler 10. Therefore, among the four image sensors
DUT held at one movable  head 312, the positions of two image sensors
DUT are aligned simultaneously.  As a result, two alignment operations
are performed to align the four image  sensors DUT. For example, by
having one movable head 312 of the YZ conveyor system  310 execute a
test and during this having the other movable head 312 align  the
positions of the two image sensors DUT of the second column and first
36  row and the second column and second row, then align the positions
of the  two image sensors DUT of the first column and first row and the
first column  and second row by one set of two alignment systems 320, it
is possible to  efficiently supply aligned image sensors DUT to the test
head 300 and raise  



the operating rate of the test head 300. Note that the number of alignment
systems in the present invention is not particularly limited to the above
number and may be suitably set from the time required for alignment of
the  image sensors, the time required for testing the image sensors, the
number  of contact parts, etc. Each alignment system 320, as shown in
FIG. 5, is comprised of a movable  stage 321, a drive unit 322, a sensor
side light 323, a reflection mirror  324 (reflecting means) , a camera side
light 325, and a first camera 326 (first  image capturing means). The first
camera 326 of the alignment system 320 is a CCD camera for  capturing
images of image sensors DUT from the light receiving surface sides  when
aligning the positions of the image sensors DUT. This first camera 326 is
provided so that light along the optical axis  OLc of the camera 326 is
reflected at the reflection mirror 324 and directed  toward the Z-axis
positive direction. In this way, by providing the reflection  mirror 324 on the
optical axis OLc of the first camera 326, the first camera  326 can be set
horizontal with respect to the body 12 and the height of the  handler 10
itself can be kept low. Further, a ring shaped sensor side light 323 and a
similar ring shaped  camera side light 325 are provided on the optical axis
OLc of this first  camera 326 so as not to block the progression of light
along the optical  axis OLy and to enable the first camera 326 to view all
of the input and  output terminals HB of the image sensors DUT. Due to
this, sufficient luminance  for enabling the input and output terminals HB of
the image sensor DUT to  be viewed by the first camera 326 can be
secured. Note that this first camera 326 and the second CCD camera
312b are  -37 calibrated with each other at the time of production of the
handler 10.  As the specific method of this calibration, for example, a
transparent calibration gauge having the shape of the image sensors DUT
and drawn with  



XY coordinate axes is placed at an alignment system 320 so that it can be
seen by the first camera 326, an image of this gauge is captured by the
first  CCD camera 326, and the XY coordinate axes drawn on the
calibration gauge  and its center position are read. Next, the second
camera 312b is positioned  above the gauge, an image of this gauge is
captured by the second camera  312b, and the XY coordinate axes and
center position of the calibration gauge  are read. The XY coordinate axes
of this calibration gauge become the reference  XY coordinate system
between the two cameras 326 and 312b. Above the sensor side light 323
of the alignment system 320, a movable  stage 321 having a first opening
321a is provided. The first opening 321a  formed at this movable stage
321 has a size sufficient for an image sensor  DUT to pass and has a size
not passing the abutting member 317d provided  at the bottom end of the
holding side arm 317 of the movable head 312. Further,  this movable
stage 321 is set so that this first opening 321a does not block  the
progression of light along the optical axis 0L0 and the first camera  326
can view at least all of the input and output terminals HB of the image
sensor OUT. This movable stage 321 is attached through stage support
members 321b  to a movable flat surface 3224 (explained later) of the
drive unit 322 and  is able to move in the X-axis and Y-axial directions and
rotate by 8 about  the Z-axis. The stage support member 321b is formed
with a second opening  321c of a size not blocking progression of light
along the optical axis OIL  of the first camera 326 and enabling the first
camera 326 to view at least  all input and output terminals HB of the
image sensor OUT. Note that, the sensor side illumination 323, reflection
mirror 324,  camera side light 325, and first camera 326 are kept from
being moved due  to the drive operation of the drive unit 322 by being
separately and 38  independently supported by the body 12 side of the
handler 10 from the movable  stage 321, stage supportmember 321b,
andmovable flat surface 3224. As opposed  



to this, the holding side arm 317 holding an image sensor DUT tracks the
drive operation of the drive unit 322 in the state with the lock-and-free
mechanism 318 in the free state and with the Z-axial actuator 313 of the
movable head 312 giving a predetermined pressure to the movable stage
321  and can move in the X-axial and Y-axial directions and rotate by 0
rotation  about the Z-axis. The drive unit 322 of the alignment system 322,
as shown in FIG. 15,  is a means for moving the movable stage 321 on
the XY plane in the X-axial  and Y-axial directions and for 0 rotation about
the Z-axis and is comprised  of three drive motors 3221, 3222, and 3223,
a movable flat surface 3224,  flat surface support members 3225, and a
board 3226. Three drive motors 3221, 3222, and 3223 are provided on the
board 3226.  The first drive motor 3221 has a first eccentric shaft 3221a.
The center  (xo, yo) at the eccentric side of the first eccentric shaft 3221a
is at a  position a distance L from the center (xa, ya) of the drive shaft of
the  first drive motor 3221. Similarly, the second drive motor 3222 has a
second eccentric shaft  3222a. The center (x1, y1) at the eccentric side of
the second eccentric  shaft 3222a is at a position a distance L from the
center (xb, yb) of the  drive shaft of the second drive motor 3222.
Similarly, the third drive motor 3223 has a third eccentric shaft 3223a.
The center (x2, y2) at the eccentric side of the third eccentric shaft 3223a
is at a position a distance L from the center (xc, y,) of the drive shaft  of
the third drive motor 3223. The movable flat surface 3224 of this drive unit
322 is, for example,  a rectangular shape plate member provided at its
center with a rectangular  second opening 3222b having long sides in the
X-axial direction. Further,  this movable flat surface 3224 is provided atone
end along they-axial direction  39  ------- - --- 



with a rectangular first opening 3221b having long sides in the Y-axial
direction. Further, the movable flat surface 3224 is provided at the other
end along the Y-axial direction with a rectangular third opening 3223b
having  long sides in the Y-axial direction. As will be understood from FIG.
16, at the center of the first opening  3221b, the first eccentric shaft 3221a
of the first drivemotor 3221 is inserted  in a movable and rotatable
manner. Similarly, at the center of the second opening 3222b, the second
eccentric shaft 3222a of the second drive motor 3222 is inserted in a
movable  and rotatable manner. Similarly, at the center of the third
opening 3223b, the third eccentric  shaft 3223a of the third drivemotor
3223 is inserted in a movable and rotatable  manner. In this way, by the
insertion of the three eccentric shafts 3221a,  3222a, and 3223a in a
movable and rotatable manner, movement of the movable  flat surface
3224 in the X-Y plane becomes possible. The flat surface support
members 3225 of this drive unit 322 are members  supporting the
movable flat surface 3224 to enable X-Y-B movement and are  provided at
three locations at the drive unit 322 shown in FIG. 15. As shown  in FIG.
17, positions of the movable flat surface 3224 where the flat surface
support members 3225 are provided are formed with support openings
3224a  of circumferences smaller than the outer circumferences of the flat
surface  support members 3225, while the constricted parts of the flat
surface support  members 3225 are positioned at the openings 3224a.
Due to this, the drive  operations of the drive motors 3221, 3222, and
3223 enable stable support  of the moving and rotating movable flat
surface 3224. In FIG. 15, when moving the movable flat surface 3224 of
the drive  unit 322 of the alignment system 320 in the X-axial positive
direction, the  first drive motor 3221 is driven to rotate in the -B direction
and the third  drive motor 3223 is driven to rotate in the +B direction. The
second drive  



40  motor 3222 is not driven. Further, when moving the movable flat
surface 3224 in the X-axial  negative direction, it is sufficient to drive the
rotation of the first drive  motor 3221 in the +8 direction and drive the
rotation of the third drive  motor 3223 in the -8 direction. In this case as
well, the second drive motor  3222 is not driven. In FIG. 15, when moving
the movable flat surface 3224 of the drive  unit 322 of the alignment
system 320 in the Y-axial positive direction, the  first drive motor 3221 and
third drive motor 3223 need not be driven. It  is sufficient to drive the
rotation of only the second drive motor 3222 in  the +0 direction. Further,
when moving the movable flat surface 3224 in the Y-axial  negative
direction, the first drive motor 3221 and third drive motor 3223  are not
driven. It is sufficient to drive the rotation of only the second  drive motor
3222 in the -8 direction. In FIG. 15, when rotating the movable flat surface
3224 of the drive  unit 322 of the alignment system 320 in the +8 direction
about the second  eccentric shaft 3222a, the first drive motor 3221 is
driven to rotate in  the +8 direction and the third drive motor 3223 is driven
to rotate in the  +0 direction. The second drive motor 3222 is not driven.
Further, when rotating the movable flat surface 3224 in the -8 direction
about the second eccentric shaft 3222a, the first drive motor 3221 is
driven  to rotate in the -8 direction and the third drive motor 3223 is driven
to  rotate in the -0 direction. The second drive motor 3222 is not driven.
Note that by driving the rotation of the first drive motor 3221, second  drive
motor 3222, and third drive motor 3223 in accordance with the 8o, 81,
and 02 calculated by the following equations, the movable flat surface
3224  may be moved to the target position x, y and rotated at the target
posture  8. Note that, the center of rotation at the target posture 0 is the
center  



(xi, yi) of the second eccentric shaft 3222a. - 41  In the case of 0=0, the
first drive motor 3221 should be made to drive  the rotation off 01  the
second drive motor 3222  01 and the third drive motor 3223  02 L Further,
when e>0, the first drive motor 3221 should be made to drive  the rotation
of c~  I~ z the second drive motor 3222  f r- ~  and third drive motor 3223
w  Further, when 0<0, the first drive motor 3221 should be made to drive
the rotation of the second drive motor 3222 42  and the third drive motor
3223  i ' ~i 7 where, in the above equations, a, b, c, and n are  x, -x+ -
1_n,)'a 1 -77 '71 L -47 277 Further, for example, in FIG. 15, when making
the centers of the drive  shafts of the three drive motors 3221, 3222, and
3223 (xa, ya)=(0, 50), (xb,  Yb) _(-10, 0), and (xc, yc)_(0, -50), to move
the center of rotation 8 of the  



movable flat surface 3224 from the center (xl, yl) of the second eccentric
shaft =(0, 0) to (10, 10), it is possible to enter (xa, ya) =(-10, 40), (xb,  yb)
=(-20, -10), (xe, yc) =(-10, -60) into the above-mentioned equations to
enable X-Y-B movement about the center of rotation of the movable flat
surface  3224 as (10, 10). By using the drive unit 322 of this alignment
system 320, the positions  of the holding side arms 317 holding the image
sensors BUT can be moved and  the alignment of the positions of the
image sensors DUT is achieved. The board 3226 supporting the three
drive motors 3221, 3222, and 3223  of the drive unit 322 of this alignment
system 320 is fixed to the body 12  side of the handler 10. Further, the
movable flat surface 3224 is connected  through the stage support
member 321b to the movable stage 321 and, in the  initial state shown in
FIG. 15, is set so that the center of the center axis  of the second drive
shaft 2222 and the optical axis OLD of the first camera  326 match. Note
that the first drive unit, second drive unit, and third drive  unit referred to in
the claims are functional expressions corresponding to  43  X-axial
direction operation, Y-axial direction operation, and 9 rotation  operation
about the Z-axis in the above-mentioned movable flat surface 3224  and
do not correspond to the first drive motor 3221, second drive motor 3222,
and third drive motor 3223. FIG. 18 is a block diagram showing the overall
configuration of a control  system of an image sensor test apparatus
according to the first embodiment  of the present invention. Next,
explaining the overall configuration of the control system in  an image
sensor test apparatus 1 according to the present embodiment, as  shown
in FIG. 18, this apparatus is comprised of the first and second cameras
326, 312b, the tester 20, a central control system 71 having a deviation
calculating unit 71 (calculating means) and an image processing unit 72
(image  



processing unit), a YZ conveyor system use control system 80 controlling
the YZ conveyor system 310, and an alignment system use control
system 90  controlling the alignment system 320. The first and second
cameras 326, 312b are able to transmit the captured  image information to
the central control system 70 by being connected to  the central control
system 70. Further, the central control system 70 can  centrally control the
image sensor test apparatus I as awhole bybeing connected
tothetester20, the YZ conveyor system use control system 8 0,
andthealignment  system use control system 90. In particular, it can
receive the output signals  acquired from the image sensors DUT at the
time of a test from the tester  20. As explained above, in a test of the
image sensors, when the type of  the image sensors is changed, a pretest
must be run to align the optical  axis OLD of each image sensor DUT and
the optical axis OL of each light  source 340 so as to make the optical axis
OLL of the light source 340 coaxially  match with the optical axis OLD of
the image sensor DUT after the change  of the type in the state positioned
above the light source 340. As opposed to this, the deviation calculating
unit 71 of the central  44  control system 70 in the present embodiment
receives output signals acquired  by the tester 30 from an image sensors
DUT in the pretest right after change  of the type of the image sensors
DUT, derives the distribution of the light  striking the image sensor DUT
from the received signals, and extracts the  optical axis OLLOf the light
source 340 from this distribution so can calculate  the amount of deviation
D of the optical axis OLD of the image sensor DUT  with respect to the
optical axis OLL of the light source 340 shown in FIG.  19. The amount of
deviation D calculated in this way is fed back to the  main test after the
pretest. Specifically, in the main test, when an alignment  system 320
aligns the positions of image sensors DUT, the positions of the  



image sensors DUT are aligned considering the amounts of deviation D
so that  amounts of deviation D are cancelled. As shown in FIG. 20, at the
time of  the test, the optical axis OLL of each light source 340 and the
optical axis  OLD of the image sensor DUT substantially match, so a high
precision test  of the image sensors DUT can be performed. The image
processing unit 72 of the central control system 70 in the  present
embodiment has for example an image processing processor etc. and
can processing the image information captured by the first camera 326
and  second camera 312b, recognize the positions and postures of the
contact parts  301 and image sensors DUT on the image, and calculate
the amounts of alignment  of the image sensors DUT. Further, at the time
of a change of type of the image sensors DUT,  the image processing unit
72 processes the image information captured by  the second camera 312b
so as to extract the positions of the plurality of  contact pins 302 of the
contact parts 301 and calculates the center positions  of the contact parts
301 and the XY coordinate axes at the contact parts  301 from the
extracted positions so as to calculate the positions and postures  of the
contact parts 301 on the image captured by the CCD camera 312b. Due
to this, it becomes possible to recognize the changes in the positions of
45  --- ----- - ---------------- ------- ----- the contact parts 301 caused by a
change in the test head 300 etc.  Further, at the time of the main test, this
image processing unit 72 processes the image information captured by
the first camera 326 and recognizes  the positions and postures of the
image sensors DUT on the image. Further,  it calculates the amounts of
alignment in the X-axial and Y-axial directions  and e rotation about the
Z-axis required for the image sensors DUT so as  to make the positions
and postures of the image sensors DUT on the image  match the
recognized positions and postures of the contact parts 301. Note  that the
coordinate systems on the images captured by the first camera 326  



and second camera 312b are linked by calibration between the cameras
326,  312b as explained above. The amounts of alignment calculated in
this way are transmitted from  the central control system 70 to the YZ
conveyor system use control system  80 and alignment systemuse control
system 90. The alignment systemuse control  system 90 controls the
actuators of the drive unit 322 of the alignment system  320 based on this
transmitted amount of alignment whereby the positions of  the image
sensors DUT are aligned. At this time, as explained above, when  the
amounts of deviation D are determined in the pretest, the amounts of
deviation D are added to the amounts of alignment transmitted from the
central  control system 70 to the alignment system use control system 90.
Unloader Unit 60 The unloader unit 60 is a means for ejecting tested
image sensors DUT  from the test unit 30 to the sensor storage unit 40
and is comprised of a  second XYZ conveyor system 601 and two
unloader buffers 602. Each unloader buffer 602 is a means able to move
back and forth between  the range of operation of the YZ conveyor system
310 and the range of operation  of the second XYZ conveyor system 601
and is comprised of a movable part  602a and an X-axial actuator 602b. A
movable part 602a is supported at the  front end of the X-axial actuator
602b fixed on the body 12 of the handler  10. The movable part 602a is
formed at its top surface with four wells 602c  46 in which the image
sensors DUT can be dropped. Further, when the YZ conveyor system 310
drops tested image sensors  DUT into the wells 602c of the movable part
602a of an unloader buffer 602  positioned in the range of operation of the
YZ conveyor system 310, the unloader  buffer 602 can retract the X-axial
actuator 602b so as to move the movable  part 602a in the range of
operation of the second XYZ conveyor system 601. Note that the movable
part 602a need not be provided with the wells  602c. For example, the
surface of the movable part 602a may also be made  



a flat surface provided with suction pads with suction surfaces facing
vertically upward. In this case, the YZ conveyor system 310 places the
image  sensors DUT on the suction pads, picks up the image sensors
DUT by the suction  pads, retracts the X-axial actuator 602b, moves inside
the range of operation  of the second XYZ conveyor system 601, and,
when finishing this, releases  the suction of the suction pads, whereby the
second XYZ conveyor system 601  holds the tested image sensors DUT.
Byproviding the unloader buffers 602 in this way, the secondXYZ
conveyor  system 601 and the YZ conveyor system 310 can be
simultaneously operated  without interference with each other. Further, by
providing two unloader  buffers 602, it becomes possible to eject image
sensors DUT from the test  head 300 efficiently and improve the operating
rate of the image sensor test  apparatus 1. Note that, the present
invention is not limited to two unloader  buffers. The number may be
suitably set from the time required for alignment  of the image sensors, the
time required for testing the image sensors DUT,  etc. The second XYZ
conveyor system 601 is a means for moving and placing  the image
sensors DUT on an unloader buffer 602 to a classification tray  of a
classification tray stocker 402 and is comprised of Y-axial rails 601a,  an
X-axial rail 601b, a movable head 601c, and suction pads 601d and has  a
range of operation including two unloader buffers 602 and the
classification  tray stocker 402. -47 As shown in FIG. 2, the two Y-axial
rails 601a of this secondXYZ conveyor  system 601 are fixed to the body
12 of the handler 10. Between them, the  X-axial rail 601b is supported
slidably in the Y-axial direction. Further,  this X-axial rail 601b supports the
movable head 601c provided with a Z-axial  actuator (not shown) slidably
in the X-axial direction. Further, this movable  head 601c has four suction
pads 601d at its bottom. By driving the thus prepared  Z-axial actuator, it
becomes possible to raise and lower the four suction  



pads 601d in the Z-axial direction. The second XYZ conveyor system 601
can position the four suction pads  601d above the image sensors DUT on
an =loader buffer 602, pick up the four  image sensors DUT at one time,
move them above the classification tray of  the classification tray stocker
402, position them, then release the image  sensors DUT above the
classification tray. Below, FIG. 21 to FIG. 33B will be referred to so as to
explain a method  of testing image sensors DUT by the image sensor test
apparatus 1 according  to the present embodiment. Note that the tests by
the image sensor test apparatus 1 according  to the present embodiment
include not only the main test for actually testing  the image sensors DUT,
but also a pretest for the purpose of aligning the  optical axis OIL of each
light source 340 and the optical axis OLD of the  image sensor DUT at the
time of the change of type of the image sensors as  explained above, but
in the following explanation, the case of the pretest  and the case of the
main test will be explained together and only the parts  differing in
processing will be explained. FIG. 21 is a view showing state of capturing
an image of a contact  part by a second camera when changing the type
of device in the first embodiment  of the present invention, FIG. 22 is a
view showing the state of positioning  two image sensors of the second
column and first row and the second column  and second row above the
alignment system during an alignment operation by  the image sensor test
apparatus according to the first embodiment of the  48 present invention,
FIG. 23 is a view showing the state of insertion of an  image sensor into
the alignment system from the state of FIG. 22, FIG. 24  is a flowchart
showing processing for alignment of the position of an image  sensor in
the first embodiment of the present invention, FIG. 25A is a view  showing
an example of an image of the state before alignment in the first
embodiment of the present invention, while FIG. 25B is a view showing an



example of an image of the state after alignment of the first embodiment
of the present invention, FIG. 26 is a view showing the state of the
completion of the alignment of two image sensors of the second column
and  first row and the second column and second row from the state of
FIG. 23,  FIG. 27 is a view showing the state of four image sensors raised
from the  state of FIG. 26, FIG. 28 is a view showing the state of
positioning the  two image sensors of the first column and first row and
first column and  second row above the alignment system from the state
of FIG. 27, FIG. 29  is a view showing the state of insertion of an image
sensor in the alignment  system from the state of FIG. 28, FIG. 30 is a
view showing the state of  the completion of alignment of the two image
sensors of the first column  and first row and the first column and second
row from the state of FIG.  29, FIG. 31 is a view showing the state of four
image sensors raised from  the state of FIG. 30, FIG. 32 is a view showing
the state of running tests  on four image sensors from the state of FIG. 31,
and FIG. 33A and FIG. 33B  are views showing a centering operation of
the contact arm by the lock-and-free  mechanism in the first embodiment
of the present invention. Note that, FIG. 21 to FIG. 23 and FIG. 26 to FIG.
32 are schematic  cross-sectional views of the test unit 30 seen toward
the X-axial negative  direction in FIG. 2. The movable head 312 illustrates
the movable head 312  in the Y-axial positive direction in FIG. 2, while the
alignment system 320  illustrates the set of two alignment systems 320 in
the Y-axial positive  direction in FIG. 2. Further, the image sensors DUT
shown at the right in  FIG. 21 to FIG. 23 and FIG. 25 to FIG. 32 show the
image sensors DUT of the  49  first column and first row and the first
column and second row, while the  image sensors DUT shown at the left
in the figures show the image sensors  DUT of the second column and
first row and the second column and second row  (same for contact arms
315). However, the image sensors DUT of the first  column and first row
and the second column and first row overlap with those  



of the first column and second row and the second column and second
row,  so are not shown. Another alignment system 320 is provided at the
far side  of the illustrated alignment system 320, but overlaps this system,
so is  not illustrated. First, the first XYZ conveyor system 501 uses four
suction pads 501d  to pick up and hold four image sensors DUT on the
feed tray positioned at  the topmost level of a feed tray stocker 401 of the
sensor storage unit 40. Next, the first XYZ conveyor system 501, in the
state holding the four  image sensors DUT, uses the Z-axial actuator
provided at the movable head  501c to raise the four image sensors DUT
and slides the X-axial rail 501b  on the Y-axial rails 501a and slides the
movable head 501c on the X-axial  rail 501b to move the loader unit 50.
Further, the first XYZ conveyor system  501 positions the sensors above
the wells 503a of the heat plate 503, extends  the Z-axial actuator of the
movable head 501c, and releases the suction of  the suction pads 501d to
drop the image sensors DUT in the wells 503a. The  heat plate 503 heats
the image sensors DUT to a predetermined temperature,  then again the
first XYZ conveyor system 501 holds the heated four image  sensors DUT
and moves them above one waiting loader buffer 502. Further,  the first
XYZ conveyor system 501 positions them above the movable part 502a
of one waiting loader buffer 502, then extends the Z-axial actuator of the
movable head 501c and releases the suction of the suction pads SOld so
as  to drop the four image sensors DUT in the wells 502c formed in the
top surface  of the movable part 502a. Next, the loader buffer 502 extends
the X-axial actuator 502b while  holding the four image sensors DUT and
moves the four image sensors DUT from  50  the range of operation of the
first XYZ conveyor system 501 of the loader  unit 50 to the range of
operation of the YZ conveyor system 310 of the test  unit 30. Note that,
when the type of the image sensors DUT to be tested is changed,  



before or simultaneously with the above operations, as shown in FIG. 21,
the test unit 30 moves a movable head 312 of the YZ conveyor system
310 over  the contact parts 301 and uses the second camera 312b to
capture the images  of the contact parts 301. This image information
captured by the second camera  312b is processed in the image
processing unit 72 of the central control  system 70 and the positions and
postures of the contact parts 301 on the  images are recognized from this
image information. Next, the Z-axial actuator 313 provided at the one of
the movable heads  312 of the YZ conveyor system 310 positioned above
the loader buffer 502  is extended and the four suction pads 317c
provided at the movable head 312  are used to pick up and hold the four
image sensors DUT positioned at the  wells 502c of the movable part
502a of the loader buffer 502. At this time,  the image sensors DUT are
picked up by the suction pads 317c of the YZ conveyor  system 310 at the
surfaces opposite to the light receiving surfaces RL. Next, the movable
head 312 rises while holding the four image sensors  DUT by the Z-axial
actuator 313 provided at the movable head 312. Next, as shown in FIG.
22, the YZ conveyor system 310 slides the X-axial  direction support
member 311a supporting one movable head 312 on the Y-axial  rails 311
and positions the two holding side arms 317 of the second column  and
first row and second column and second row above an alignment system
320. Next, as shown in FIG. 23, the movable head 312 extends the Z-axial
actuator 313, whereby an image sensor DUT held by a holding side arm
317  is inserted into a first opening 321a formed in the movable stage 321
of  the alignment system 320 and the abutting member 317d of the
holding side  arm 317 abuts against the movable stage 321 of the
alignment system 320 and  51  pushes against it by a predetermined
pressure. Next, at step S100 of FIG. 24, in the state with the Z-axial
actuator  313 maintaining a predeterminedpressure, the first camera 326
of the alignment  



system 320 captures the images of the two image sensors DUT at the
second  column and first row and second column and second row. The
image information  captured by the first camera 326 is sent to the image
processing unit 72  of the central control system 70. Next, at step S110 of
FIG. 24, the image processing unit 72 of the  central control system 70
extracts the positions of the input and output  terminals HB of the image
sensors DUT from the image information by image  processing. Next, at
step S120 of FIG. 24, the image processing unit 72 calculates  the sensor
center position DC of each image sensor DUT and one of the coordinate
axis DA of the XY coordinate axes in each image sensor DUT from the
positions  of the extracted input and output terminals HB and calculates
the position  and posture of each image sensor DUT on the image
captured by the first camera  326. Note that the present invention is not
limited to a method of calculating  the position and posture of each image
sensor DUT based on the input and  output terminals HB and can also
calculate them based on the chip of the  image sensor DUT. In this way,
the image processing unit 72 recognizes the relative  position of each
image sensor DUT with respect to a contact part 301 based  on the chip
CH or input and output terminals HB of the image sensor DUT on  the
image information captured by the first camera 326, so poor contact can
be prevented even when the package is deviated from the chip CH or
input  and output terminals HB in the image sensor DUT. The method of
calculation of one of the coordinate axes DA of an image  sensor DUT, for
example, comprises, at step 5110, calculating approximation  lines
passing through the centers of the input and output terminals HB forming
long columns in the extracted input and output terminals HB for each
column  52  and calculating the average line of the plurality of
approximation lines.  Note that the precision of the positions and postures
of the image sensors  



DUT with respect to variations in the positions of the input and output
terminals  HB caused in production of the image sensors DUT may be
improved by calculating  another coordinate axis by a method similar to
the method of calculation  of the above one coordinate axis DA. Here,
when the test is a main test, at this step 5120, the amount of  deviation D
of the optical axis OLD of each image sensor DUT with respect  to the
optical axis OLL of each light source 340 is cancelled out by considering
the amount of deviation D in calculation of the position and posture of the
image sensor OUT. As opposed to this, when the test is a pretest, the
amount of deviation  D after the change of type of the image sensors DUT
is still not calculated,  so the amount of deviation D is not considered in
the calculation of the  position and posture of each image sensor DUT. In
this way, in the alignment of the positions of the image sensors  OUT, by
considering the relative amount of deviation D of the optical axis  OLD of
each image sensor DUT with respect to the optical axis OLL of each  light
source 340, it is possible to give the alignment system 320 for alignment
of the positions of the contact arms 315 based on the relative positions  of
the image sensors DUT with respect to the contact parts 301 the function
of aligning the optical axis OLL of each light source 340 and the optical
axis OLD of each image sensor DUT and there is no longer a need to
provide  a fine adjustment function for each light source 340, so the image
sensor  test apparatus 1 can be reduced in size and the image sensor test
apparatus  1 can be reduced in cost. In particular, in the present
embodiment, four image sensors DUT are  simultaneously tested, so the
light sources 340 can be arranged in proximity.  Along with this, the pitch
between the contact parts 301 can be reduced and  the pitch between the
contact arms 315 correspondng to these contact parts  -53 301 can be
reduced, so the image sensor test apparatus 1 can be made much  



smaller in size. Further, along with the above narrowing of the pitch of the
contact  arms 315, the contact arms 315 themselves are reduced in
weight, high speed  movement of the YZ conveyor system 310 becomes
possible, and poor contact  of the contact parts 301 and the input and
output terminals HB of the image  sensors DUT can be prevented. Next,
at step S130 of FIG. 24, the image processing unit 72 compares  the
positions and postures of each contact part 301 on the image and the
positions and postures of each image sensor DUT. In the comparison of
this  step S130, when the positions and postures match (YES at step
S130), the  alignment of the position of the image sensor DUT is ended.
Note that the positions and postures of the contact parts 301 on the
image for comparison at this step S130 are captured by the second CCD
camera  312b in advance at the time of change of type of the image
sensors DUT. The  positions and postures of the contact parts 301 on the
image recognized by  the image processing of the image processing unit
72 are linked with the  positions and postures of the first camera 326 on
the image. FIG. 25A shows  an example of an image displaying the
extracted input and output terminals  HB of an image sensor DUT before
alignment, the calculated sensor center  position DC, and one coordinate
axis DA of the image sensor DUT for convenience  (same in FIG. 25B) .
Note that the center position and the XY coordinate axes  of each contact
part 301 on the image, for convenience in explanation, match  the origin
on the image, that is, the optical axis OIL and the XY coordinate  axes of
the first camera 326. When the positions and postures of the contact part
301 on the image  do not match the positions and postures of the image
sensor DUT (NO at step  S130of FIG. 24) , at step S14 0 of FIG. 24, the
image processing unit 72 calculates  the amounts of alignment required
for movement in the X-axial and Y-axial  directions and e rotation about
the Z-axis to make the positions and postures  54  



of the image sensors DUT match the positions and postures of the contact
parts 301. For example, the amounts of alignment required in FIG. 25A
are the  +x motion in the X-axial direction, the -y motion in the Y-axial
direction,  and -y rotation in the 0 rotation direction about the Z-axis. Next,
at step 5150 of FIG. 24, the central control system 70 sends  to the YZ
conveyor system use control system 80 an instruction for setting  in the
free state the lock-and-free mechanisms 318 holding the image sensors
DUT of the second column and first row and the second column and
second row.  The YZ conveyor system use control system 80, based on
this instruction,  performs control for supplying air to the locking pistons
3183 of the  lock-and-free mechanisms 318 and, after the lock-and-free
mechanisms 318  are set in the free state, sends a completion signal to
the central control  system 70. Note that, for example, when a recess
317e is formed at the abutting  member 317d and a projection 321c is
formed at the movable stage 321 in another  embodiment of the present
invention, the engagement between the recess 317e  and projection 32 1c
maybe facilitated by setting eachlock-and-free mechanism  318 in the free
state before engagement. Next, at step S160 of FIG. 24, the central
control system 70 receives  a completion signal from the YZ conveyor
system use control system 80, then  transmits the amounts of alignment
calculated at step S140 to the alignment  system use control system 90.
Further, the alignment system use control system  90, as shown in FIG.
26, drives the first drive motor 3221, second drive  motor 3222, and third
drive motor 3223 of the drive unit 322 of the alignment  system 320 based
on the amounts of alignment for the alignment of the positions  of the
image sensors OUT. The alignment system use control system 90
transmits  this completion signal to the central control system 70 when the
drive operation  is completed. When the alignment by each alignment
system 320 is completed, at step  



55  S170 of FIG. 24, the central control system 70 again compares the
positions  and postures of the image sensors DUT and the positions and
postures of the  contact parts 301 and, when not matching (NO at step
3170), returns to step  3140 and calculates the required amounts of
alignment. Note that it is also  possible not to perform the comparison at
this step 3170 and to proceed from  step 5160 to step 3180. Due to this, it
is possible to improve the processing  speed of the flowchart shown in
FIG. 24. In the comparison of step 5170 of FIG. 24, when it is judged that
the  positions and postures of the image sensors DUT and the positions
and postures  of the contact parts 301 match (YES at step S170), at step
S180 of FIG. 24,  the central control system 70 transmits an instruction for
setting to a lock  state the lock-and-free mechanisms 318 holding the
image sensors DUT of the  second column and first row and the second
column and second row to the YZ  conveyor system use control system
80. The YZ conveyor system use control  system 80 performs control
based on this instruction to supply air to the  lockingpistons3183of the
lock-and-free mechanisms 318 and ends the alignment  of the positions of
the image sensors DUT. Note that the above alignment  work is
simultaneously executed by the two alignment systems 320 with respect
to the two image sensors DUT of the second column and first row and the
second  column and second row. When the alignment of the positions of
the image sensors DUT of the  secondcolumn and f irst row and the
secondcolumn and second rowby the alignment  systems 320 is
completed, as shown in FIG. 27, the Z-axial actuator 313 of  the movable
head 312 raises the four image sensors DUT while they are held.  The
Z-axial actuator 313 is driven to move the image sensors DUT away from
the alignment systems 320, then the drive unit 322 returns the movable
stage  321 to the initial state. Next, as shown in FIG. 28, the YZ conveyor
system 310 moves the movable  head 31 in the Y-axial negative direction
by the pitch between the base side  



arm 316 of the first column and first row and the base side arm 316 of the
56  second column and first row and positions the holding side arms 317
holding  the two image sensors DUT of the first column and first row and
the first  column and second row finished being aligned above an
alignment system 320. Next, as shown in FIG. 29, the movable head 312
extends the Z-axial  actuator 313 to insert an image sensor DUT held at a
holding side arm 317  into a first opening 321a formed in the movable
stage 321 of the alignment  system 320, makes the abutting member 317d
of the holding side arm 317 abut  against the movable stage 321 of the
alignment system 320, and pushes against  it by a predetermined
pressure. Next, as shown in FIG. 30, in the state with the Z-axial actuator
313  maintaining a predetermined pressure, the central control system 70,
the  YZ conveyor system use control system 80, and the alignment
system use control  system 90 perform the processing of step 5100 to
step S180 of the flowchart  of FIG. 24 and align the positions of the two
image sensors DUT of the first  column and first row and the first column
and second row by an alignment  system 320. Note that this alignment
work is substantially simultaneously  executed by the two alignment
systems 320 with respect to the two image sensors  DUT of the first
column and first row and the first column and second row. Here as well,
when the test is a main test, at step S120 of FIG. 24,  the amount of
deviation D of the optical axis OLD of each image sensor DUT  with
respect to the optical axis OLL of each light source 340 is cancelled  by
considering the amount of deviation D in the calculation of the position
and posture of the image sensor DUT. As opposed to this, when the test
is a pretest, the amount of deviation  D after the change of type of the
image sensors DUT is still not calculated,  so the position and posture of
each image sensor DUT are calculated without  considering the amount of
deviation D. The alignment system 320 completes the alignment of the
positions of  



the two image sensors DUT of the first column and first row and the first
column and second row, then, as shown in FIG. 31, the Z-axial actuator
313  57  of the movable head 312 raises the four image sensors DUT
while held. The  Z-axial actuator 313 moves the image sensors DUT away
from the alignment  system 320, then the drive unit 322 returns the
movable stage 321 to its  initial state. As explained above, the set of two
alignment systems 320 aligns four  image sensors DUT by a total of two
operations. Note that in the main test, while one movable head 312 of the
YZ conveyor  system 310 is aligning the four image sensors DUT, the
other movable head  312 runs the test at the test head 300 to thereby
improve the operating rate  of the image sensor test apparatus 1. Next,
the YZ conveyor system 310 slides the X-axial direction support  member
311a supporting the movable head 312 on the Y-axial rails 311 and
positions the four image sensors DUT held at the suction pads 317c of the
front end of the movable head 312 above the four contact parts 301 of the
test head 300. Next, as shown in FIG. 32, the movable head 312 extends
the Z-axial  actuator 313 to make the input and output terminals HB of the
four image  sensors DUT contact the contact pins 302 of the four contact
parts 301. Further, bymaking the input and output terminals HB of the
image sensors  DUT contact the contact parts 301, simultaneously with
this having the light  sources 340 emit light to the light receiving surfaces
RL of the image sensors  DUT, and while doing so inputting and
outputting electrical signals from  the tester 20 from the contact parts 301
to the input and output terminals  HB of the image sensors DUT, the four
image sensors DUT are simultaneously  tested. Here, where the test is a
pretest, the deviation calculating unit 71  of the central control system 70
receives the output signals acquired by  



the tester 30 from each image sensor DUT at the time of the test, derives
the distribution of the light striking the image sensor DUT from the output
signals, and derives the optical axis OLL of the light source 340 from the  -
58 distribution of the striking light and thereby calculates the amount of
deviation D of the optical axis OLD of the image sensor DUT with respect
to the optical axis OLL of the light source 340 shown in FIG. 19. In this
way, this amount of deviation D can be accurately determined by
calculating  the relative amount of deviation D of the optical axis OLD of
the image sensor  DUT based on the electrical signals output from the
image sensor DUT to which  light is emitted from the light source 340. As
opposed to this, when the test is a main test, as explained above,  in the
alignment of the positions of the image sensors DUT, the amounts of
deviation D are considered, so as shown in FIG. 20, the optical axis OLL
of each light source 340 and the optical axis OLD of each image sensor
DUT  substantially match and a high precision test of the image sensors
DUT can  be executed.. When the four image sensors DUT finish being
tested, the YZ conveyor  system 310 uses the Z-axial actuator 313
provided at the movable head 312  to raise the tested four image sensors
DUT while holding them, slides the  X-axial direction support member
311a supporting the movable head 312 on  the Y-axial rail 311, and
positions the held four image sensors DUT above  the movable part 602a
of the unloader buffer 602 waiting in the range of  operation of the YZ
conveyor system 310. Next, the movable head 312 extends the Z-axial
actuator 313 and releases  the suction of the suction pads 317c so as to
drop four image sensors DUT  into the wells 602c formed in the top
surface of the movable part 602a. Note that, as shown in FIG. 33A and
FIG. 33B, after ejecting the tested  image sensors DUT, the movable head
31 of the YZ conveyor system 310 stops  supplying air to the locking
pistons 3183 of the lock-and-free mechanisms  



318 so as to make the centerlines CLH of the holding side arms 317
match  with the centerlines CLR of the root side arms 316 so as to center
the holding  side contact arms 317. Next, the unloader buffer 602 drives
the X-axial actuator 602b while  -59 holding the tested four image sensors
DUT and moves the image sensors DUT  from the range of operation of
the YZ conveyor system 310 of the test unit  30 to the range of operation
of the second XYZ conveyor system 601 of the  unloader unit 60. Next,
the Z-axiai actuator provided at the movable part 602c of the  second XYZ
conveyor system 601 positioned above the unloader buffer 602 is
extended and the four suction pads 601d provided at the movable part
602c  pick up and hold the tested four image sensors DUT positioned in
the wells  602c of the movable part 602a of the unloader buffer 602. Next,
the second XYZ conveyor system 601 raises the tested four image
sensors OUT, while held, by the Z-axial actuator provided at the movable
head 601c, slides the X-axial rail 601b on the Y-axial rails 601a, slides
the movable head 601c on the X-axial rail 601b, and thereby moves the
four  image sensors DUT over a classification tray stocker 402 of the
sensor storage  unit 40. Here, the image sensors DUT are placed on the
classification trays  positioned at the topmost levels of the di f fe rent clas
sif ication tray stockers  402 in accordance with the test results of the
image sensors DUT. Second Embodiment FIG. 34A is a top plan view
showing an image sensor under test of an  image sensor test apparatus
according to a second embodiment of the present  invention, FIG. 34B is a
lower plan view of the image sensor shown in FIG.  34A, and FIG. 34C is
a cross-sectional view of the image sensor along the  VII-VII line of FIG.
34A, FIG. 35 is a schematic cross-sectional view showing  contact arms
and a test head of the image sensor test apparatus according  to the
second embodiment of the present invention, FIG. 36 is a schematic  



cross-sectional view showing the contact arms and alignment systems of
the  image sensor test apparatus according to the second embodiment of
the present  invention, FIG. 37 is an enlarged schematic cross-sectional
view of an upper  contact of a contact arm shown in FIG. 35 and FIG. 36,
and FIG. 38 is a plan  view of the upper contact shown in FIG. 37. 60
First, explaining the image sensors to be tested in the second
embodiment  of the present invention, this image sensor DUT', as shown
in FIG. 34A to  FIG. 34C, is a CCD sensor or CMOS sensor with a chip
CH arranged at the approximate  center part and with input and output
terminals HB arranged at the outer  circumference. It is similar to the
image sensor DUT in the first embodiment,  but differs from the image
sensor DUT in the first embodiment in the point  that the input and output
terminals HB are led out to the opposite side of  the light receiving surface
RL where the micro lens is formed at the chip  CH. Along with this, in the
image sensor test apparatus according to the  second embodiment of the
present invention, as shown in FIG. 35 and FIG.  36, the structure of the
contact arms 315' and the structure of the movable  stages 321' of the
alignment systems 320' differ from the image sensor test  apparatus 1
according to the first embodiment, buttherestof theconfiguration  is the
same as the configuration of the configuration of the image sensor  test
apparatus 1 according to the first embodiment. Below, the image sensor
test apparatus according to the second embodiment will be explained
focusing  on only the points of difference from the image sensor test
apparatus 1 according  to the first embodiment. The contact arms 315' of
the image sensor test apparatus according  to the present embodiment
differ from the contact arms 315 in the first  embodiment in the point of
being provided with upper contacts 317f for  electrically connecting the
input and output terminals HB of the above type  of image sensors DUT' to
the contacts 301'. 



Each upper contact 317f, as shown in FIG. 37 and FIG. 38, is comprised
of sensor side connection lines 317fl provided around the suction pad
317c  and arranged corresponding to the input and output terminals HB of
the image  sensor DUT', expansion use connection lines 317f2 electrically
connected  to the sensor side connection lines 317f2 and arranged to
expand in pitch  toward the outer circumference of the contact arm 315',
and contact side  61  connection lines 317f3 electrically connected to the
expansion use connection  lines 317f2 and arranged corresponding to the
contact pins 302 of the contact  part 301'. The connection lines 317fl to
317f3 are comprised of for example  a metal material or other material
excellent in conductivity. An image sensor DUT' of a type with input and
output terminals HB led  out to the opposite surface to the light receiving
surface RL structurally  cannot be directly brought into contact with the
contact part 3011 at the  time of a test. As opposed to this, in the image
sensor test apparatus according  to the present embodiment, by providing
each contact arm 315' with such an  upper contact 317f, when the input
and output terminals HB of the image sensor  DUT' picked up by the
suction pads 317c of the contact arm 315' contact the  front ends of the
sensor side connection lines 317f1 of the upper contact  317f and, as
shown in FIG. 37, the contact pins 302 of the contact part 301'  are
contacted by the front ends of the contact side connection lines 317f3  of
the upper contact 317f, and the input and output terminals HB of the
image  sensor DUT' and the contact pins 302 of the contact part 301' are
electrically  connected through the sensor side connection lines 317f1,
expansion use  connection lines 317f2, and contact side connection lines
317f3. Note that, in the image sensor test apparatus 1 according to the
first  embodiment, from the viewpoint of prevention of poor contact, the
amount  of deviation D of the optical axis OLD of each image sensor DUT
with respect  to the optical axis OLL of each light source 340 is not
allowed unless not  more than the diameter of the contact pins 302 of the
contact parts 301,  



but in the image sensor test apparatus according to the present
embodiment,  as shown in FIG. 38, the pitch between the contact side
connection lines  317f3 of the upper contact 317f contacting the contact
pins 302 becomes  remarkably broader compared with the pitch between
the input and output  terminals HB of the image sensor DUT' . The
diameter of the contact pins 302  of the contact parts 301 cannot be made
greater, so a large amount of deviation  D can be allowed. 62  The
movable stage 321' of each alignment system 320' of the image sensor
test apparatus according to the present embodiment, as shown in FIG. 36,
positions the input and output terminals HB of each image sensor DUT'
with  respect to the upper contact 317f by fitting a transparent carrying
surface  321e' comprised of for example glass, a synthetic resin, etc. in
the first  opening 321a'. It can capture the image of each image sensor
DUT' carried  on this carrying surface 32le' through the carrying surface
321e' by the  first camera 326 and can move the image sensor DUT'
carried on the carrying  surface 321e' on the XY plane in the X-axial and
Y-axial directions and rotate  it by e about the Z-axis by drive operations of
the drive unit 322. Note  that it is also possible to embed suction lines etc.
into this carrying surface  321e' to reliably hold the carried image sensors
DUT'. Below, FIG. 39 to FIG. 43 will be referred to so as to explain a
method  of testing image sensors DUT by an image sensor test apparatus
according  to the present embodiment. FIG. 39 is a flowchart showing the
processing for alignment of the  position of an image sensor in the second
embodiment of the present invention,  FIG. 40 is a view showing the state
of a first camera capturing an image  of an image sensor carried on a
carrying surface of an alignment system in  the second embodiment of the
present invention, FIG. 41 is a view showing  the state of positioning of an
image sensor at an upper contact from the  state of FIG. 40, FIG. 42 is a
view showing a contact arm holding an image  



sensor positioned from the state of FIG. 41, and FIG. 43 is a detailed view
showing the positional relationship of a contact arm, image sensor, and
alignment system in the state of FIG. 42. Themethodof testing image
sensors DUT' byan image sensor test apparatus  according to the present
embodiment differs from the method of testing image  sensors DUT
according to the image sensor test apparatus 1 according to the  first
embodiment in the point that, along with the input and output terminals
HB of the image sensors DUT' being led out to the opposite surfaces to
the  63  light receiving surfaces PL, provision is made of a step of
positioning the  image sensors DUT' with respect to the upper contacts
317f of the contact  arms 315' (steps S10 to S80 at FIG. 39), but the other
steps of the test  method (steps S100 to S180 at FIG. 24 and FIG. 39) are
similar to the test  method in the first embodiment. Below, the method of
testing image sensors  DUT' in a second embodiment will be explained
focusing on only the points  of difference with the test method in the first
embodiment. In the same way as the first embodiment, image sensors
DUT' given  predetermined thermal stress through the heat plate 503 are
supplied from  the sensor storage unit 40 of the handler 10 by a loader
buffer 502 to the  test unit 30. Image sensors DUT' supplied to this test
unit 30 are picked up and  held by the contact arms 315' of a movable
head 312 of the YZ conveyor system  310 by suction pads 317c. The four
contact arms 315' of each movable head 412 hold the image  sensors
DUT', then position the two holding side arms 317 of the second column
and first row and the second column and second row above the alignment
system  3201. Next, the movable head 312 extends the Z-axial actuator
313 and releases  the suction of the suction pads 317c, whereby, as
shown in FIG. 40, the image  sensors DUT' are placed on the carrying
surface 321e' of the movable stage  



321 of the alignment system 320'. Next, at step S10 of FIG. 39, the image
of each image sensor DUT' carried  on the carrying surface 32le' of the
movable stage 321' is captured by the  first camera 326. The image
information captured by the first camera 326  is transmitted to the image
processing unit 72 of the central control system  70. Next, at step S20 of
FIG. 39, the image processing unit 72 of the central  control system 70
extracts the position of the chip CH of the image sensor  DUT' by image
processing from the image information and, at step S30 of FIG.  64  39,
calculates the position and posture of the image sensor DUT' based on
the extracted position of the chip CH. Note that the present invention is
not limited to only a method of calculating the positions and postures of
the image sensors DUT' based on the chips CH and may calculate them
based  on the outside shapes (packages) of the image sensors DUT'.
Next, at step S40 of FIG. 39, the image processing unit 72 compares  the
position and posture of each upper contact 317f on the image and the
position and posture of each image sensor DUT'. In the comparison at this
step 540, when the positions and postures match (YES at step S40), the
positioning of the image sensors DUT' with respect to the upper contacts
317f ends, then the routine proceeds to 5100 of FIG. 39 where the
positions  of the image sensors DUT' are aligned. Note that the positions
and postures of the upper contacts 317f on  the image compared at this
step S40 are calculated before the main test by  the image sensor test
apparatus is started by positioning the contact arms  315' of each movable
head 312 above the alignment system 320', capturing  an image of the
upper contacts 317f in the state not holding the image sensors  DUT' by
the first camera 326, and performing image processing by the image
processing unit 72. When the positions and postures of the upper contacts
317f on the image  



and the positions and postures of the image sensors DUT' do not match
(NO  at step S40 of FIG. 39), at step S50 of FIG. 39, the image processing
unit  72 calculates the amounts of correction required in the X-axial and
Y-axial  directions and e rotation about the Z-axis so as to make the
positions and  postures of the image sensors DUT match the positions
and postures of the  upper contacts 317f. Next, at step S60 of FIG. 39, the
central control system 70 transmits  the amounts of correction to the
alignment system use control system 90.  Further, the alignment system
use control system 90, as shown in FIG. 41,  drives the first drive motor
3221, second drive motor 3222, and third drive  65 motor 3223 of the drive
unit 322 of the alignment system 320' based on the  amounts of correction
so as to position the image sensors DUT' with respect  to the upper
contacts 317f. The alignment systemuse control system 90 transmits  a
completion signal to the central control system 70 when the drive
operation  is completed. By recognizing the relative positions of the image
sensors DUT' with  respect to the upper contacts 317f of the contact arms
315' in this way and  correcting the positions of the image sensors DUT'
based on this, it is possible  to prevent poor contact even when testing
image sensors DUT' of a type with  input and output terminals HB led out
to the opposite surfaces from the light  receiving surfaces RL. Further, by
driving the carrying surface 321e' to position the image  sensors DUT' with
respect to the upper contacts 317f by the drive unit 322  of each alignment
system 320, there is no longer a need to provide a drive  unit exclusively
for driving the carrying surface 321e', the image sensor  test apparatus
can be reduced in size, and the cost of the image sensor test  apparatus
can be reduced. When the alignment by each alignment system 320 is
completed, at step  S70 of FIG. 39, the central control system 70 again
compares the positions  



and postures of the image sensors DUT' and the positions and postures of
the upper contacts 317f. When they do not match (NO at step S70), the
routine  returns to step S50 where the necessary amounts of correction
are calculated.  Note that it is also possible not to perform the comparison
at this step  S70 and proceed from step S60 to step 580. Due to this, it is
possible to  improve the processing speed of the flowchart shown in FIG.
39. In the comparison of step S70 of FIG. 39, when judging that the
positions  and postures of the image sensors DUT' and the positions and
postures of  the upper contacts 317f match (YES at step S70), at step S80
of FIG. 39,  the central control system 70 sends the YZ conveyor system
310 an instruction  to hold the positioned image sensors DUT' by the
contact arms 315' of the  66  movable head 312. The YZ conveyor system
310, based on this instruction,  as shown in FIG. 42, extends the Z-axial
actuator 313 to bring the contact  arms 315' close to the image sensors
DUT' and picks up and holds again the  image sensors DUT' by the
suction pads 317c. Note that due to the processing of the
above-mentioned steps S10 to  570, the image sensors DUT' are
positioned with respect to the upper contacts  317f, so in this picked up
state, in the image sensor test apparatus according  to the present
embodiment, the input and output terminals HB of the image  sensors
DUT' contact the sensor side connection lines 317fl of the upper  contacts
317f. In the above way, when the positioning of the image sensors DUT'
with  respect to the upper contacts 317f ends, the alignment of the
positions of  the image sensors DUT' is started. At step S80 of FIG. 39, in
the state with  the suction pads 314c of the contact arms 315' picking up
the image sensors  DUT', as shown in FIG. 43, the distance Ll from the
front ends of the abutting  members 317d of the contact arms 315' to the
movable stage 321' of the alignment  system 320' and the distance L2
from the light receiving surfaces RL of the  picked up image sensors DUT'
to the movable stage 321' become substantially  



the same (L1 =L2). By making the contact arms 315' descend from this
state  by the amounts of the distance L1, the abutting members 317 can
be made to  abut against the alignment system 320'. After making the
abutting members 317 of the contact arms 315' abut  against the movable
stage 321' of the alignment system 320' and push against  it by a
predetermined pressure, in the same way as steps S100 to S180 of  FIG.
24 in the first embodiment, the processing of steps S100 to S180 of  FIG.
39 is performed and the positions of the image sensors DUT' are aligned.
After the positions of the four image sensors DUT' finish being aligned,
the YZ conveyor system 310 slides the X-axial direction support member
311a  supporting the movable heads 312 on the Y-axial rails 311 and
positions the  four image sensors DUT' held by the suction pads 317c at
the front end of  - 67 - -- - -- ----- --- ---- the movable head 312 above the
four contact parts 301' of the test head 300.  Next, the movable head 312
extends the Z-axial actuator 313 and brings the  contact side connecting
parts 317f3 of the contact arms 315' into contact  with the contact parts
302 of the contact parts 301', whereby the input and  output terminals HB
of the four image sensors DUT' are electrically connected  to the contact
pins 302 through the electrically connecting parts 317fl to  317f3. Further,
the light sources 340 emit light to the light receiving surfaces  RL of the
image sensors DUT' and the tester 20 inputs electrical signals  from the
contact parts 301' to the input and output terminals HB of the image
sensors DUT' to simultaneously test the four image sensors DUT'. After
the four image sensors DUT' finished being tested, the YZ conveyor
system 310 ejects the image sensors DUT' to an unloader unit 60 and
classifies  them at the sensor storage unit 40 in accordance with the test
results. Note that the embodiments explained above were provided for
facilitating  the understanding of the present invention and were not
provided for limiting  



the present invention. Therefore, elements disclosed in the above
embodiments  include all design modifications and equivalents within the
technical scope  of the present invention. For example, the image sensor
test apparatus according to the  above-mentioned embodiments were
explained as testing image sensors having  microlenses, but the present
invention is not particularly limited to this.  For example, it may also test
lens modules including related circuits for  receiving image information
from chips and calculating data for automatic  focusing and further
combined with lenses. and other optical means. 68  CLAIMS  1. An image
sensor test apparatus bringing input and output terminals of image
sensors into contact with contact parts of a test head, emitting  light on
light receiving surfaces of said image sensors, and inputting and
outputting electrical signals with respect to input and output terminals  of
said image sensors from said test head so as to test at least one image
sensor for optical characteristics, said image sensor test apparatus
provided with at least a contact arm holding said image sensor and
bringing the image  sensor into contact with a contact part of the test
head, a moving means provided at a base side and moving said contact
arm, a light source emitting light to the light receiving surface  of said
image sensor, a calculating means for calculating a relative amount of
deviation  of an optical axis of the light receiving surface of. the image
sensor to  an optical axis of said light source, and a correcting means for
correcting the position of said contact  arm in the state holding said image
sensor based on the relative amount of  deviation of the optical axis of
said image sensor calculated by said  



calculating means; wherein each contact arm is provided with a holding
side arm  holding said image sensor, a root side arm fixed to said moving
means, and  a lock-and-free means provided between said holding side
and said root side  arms and able to lock or free planar movement of said
holding side arm with  respect to said root side arm in an X-Y plane
substantially parallel to said  contact part 2. An image sensor test
apparatus as set forth in claim 1, further  provided with a first image
capturing means for capturing an image of an image  69 sensor in the
state held at said contact arm from said light receiving surface  side and
an image processing means for recognizing the relative position  of said
image sensor in the state held at said contact arm with respect to  said
contact part based on image information captured by said first image
capturing means, 69a said correcting means provided at said base side
and correcting  the position of said contact arm in the state holding said
image sensor based  on the relative amount of deviation of the optical axis
of said image sensor  calculated by said calculating means and the
relative position of said image  sensor recognized by said image
processing means. 3. An image sensor test apparatus as set forth in claim
1 or 2, wherein  said calculating means calculates said relative amount of
deviation of the  optical axis of the image sensor with respect to the optical
axis of the  light source based on the electrical signals outputted from the
input and  output terminals of said image sensor with respect to the
contact part of  said test head while emitting light from said light source
toward the light  receiving surface of said image sensor in the state
contacting said contact  



part. 4. An image sensor test apparatus as set forth in claim 2 or 3,
wherein  said image processing means recognize the relative position of
said image  sensor with respect to said contact part based on a chip of
said image sensor  in the image information captured by said first image
capturing means. 5. An image sensor test apparatus as set forth in claim 2
or 3, wherein  said image processing means recognizes the relative
position of said image  sensor with respect to said contact part based on
input and output terminals  of said image sensor in the image information
captured by said first image  capturing means. 6. An image sensor test
apparatus as set forth in any one of claims  2 to 5, wherein the apparatus
is further provided with a transparent carrying  surface on which said
image sensor is carried, said contact arm has an upper contact for
electrically connecting  the input and output terminals led out to the
surface of said image sensor  opposite to the light receiving surface to
said contact part, and said carrying surface is movable to any position in
an X-Y plane  70 substantially parallel to said contact part. 7. An image
sensor test apparatus as set forth in any one of claims  2 to 6, wherein the
apparatus is further provided with a second image capturing  means for
capturing an image of said contact part, and said image processing
means recognizes the relative position  of said image sensor in the state
held at said contact arm with respect to  said contact part based on image
information captured by said first image  capturing means and said
second image capturing means. 8. An image sensor test apparatus as set
forth in claim 1, wherein  each contact arm is further provided with a tilting
means able to rotate  



said image sensor about any axis parallel to said X-Y plane. 9. An image
sensor test apparatus as set forth in claim 1 to 8,  wherein said correcting
means has drive units moving said holding side arm  freed by said
lock-and-free means to any position in said X-Y plane. 10. An image
sensor test apparatus as set forth in claim 9, wherein  said drive units
include a first drive unit moving said holding side arm  in the X-axial
direction in said X-Y plane, a second drive unit moving said  holding side
arm in the Y-axial direction, and a third drive unit rotating  said holding
side arm about any point within said X-Y plane. 11. An image sensor test
apparatus as set forth in claim 9 or 10,  wherein said carrying surface
moves in said X-Y plane by the drive unit provided  in said correcting
means. 71 12. An image sensor test apparatus as set forth in any one of
claims  1 to 11, wherein each holding side arm has one or more abutting
members  contacting said correcting means. 13. An image sensor test
apparatus as set forth in claim 12, wherein  each abutting member is
provided with either a projection or recess formed  at a front end of said
abutting member, and said correcting means is provided  with the other of
the projection or recess engageable with the above projection  or recess.
14. An image sensor test apparatus as set forth in any one of claims  1 to
13, wherein a reflecting means reflecting an image is provided on the
optical axis of said first image capturing means. 15. A method for testing
an image sensor test method bringing input  and output terminals of image
sensors into contact with contact parts of  a test head by contact arms,
emitting light on light receiving surfaces of  said image sensors from light
sources, and inputting and outputting electrical  signals with respect to
input and output terminals of said image sensors  from contact parts of
said test head so as to test at least one image sensor  



for optical characteristics, said method for testing an image sensor
provided with at least  a calculating step of calculating a relative amount of
deviation  of an optical axis of said image sensor with respect to an optical
axis of  said light source and a first correcting step of correcting the
position of the contact  arm in the state holding said image sensor based
on the relative amount of  deviation of the optical axis of said image
sensor calculated in said  calculating step; wherein said first correcting
step includes a step of moving a holding  side contact arm of said contact
arm made to be non-restricted on a planar movement  with respect to a
root side contact arm of said contact arm on the X-Y plane  substantially in
parallel with said contact portion, then locking said holding  72 side
contact an. with respect to said root side contact arm. 16. An image
sensor test method as set forth in claim i5, further  provided with a first
image capturing step of capturing an image of said image  sensor in the
state held at said contact arm from said light receiving surface  72a side
and a first recognizing step of recognizing the relative position  of said
image sensor in the state held at said contact arm with respect to  said
contact part based on image information captured in said first image
capturing step, in said first correcting step, the position of said contact arm
in the state holding said image sensor is corrected based on the relative
amount of deviation of the optical axis of said image sensor calculated in
said calculating step and the relative position of said image sensor recogni
zed  in said first recognizing step. 



17 . An image sensor test method as set forth in claim 15 or 16, wherein
in said calculating step, said relative amount of deviation of the optical
axis of the image sensor with respect to the optical axis of the light source
is calculated based on the electrical signals outputted from the input and
output terminals of said image sensor with respect to the contact part of
saidtest headwhile emitting light f roma light source towarda light receiving
surface of said image sensor in the state contacting said contact part. 18.
An image sensor test method as set forth in claim 16 or 17, wherein  ,in
said first recognizing step, the relative position of said image sensor  with
respect to said contact part is recognized based on a chip of said image
sensor in the image information captured in said first image capturing
step. i9. An image sensor test method as set forth in claim 16 or 17,
wherein  in said first recognizing step, the relative position of said image
sensor  with respect to said contact part is recognized based on input and
output  terminals of said image sensor in the image information captured
in said  first image capturing step. 20. An image sensor test method as set
forth in any one of claims  16 to 19, further provided with 73 a second
imaging step of capturing an image of said contact arm  in the state not
holding said image sensor, 73a a third image capturing step of capturing
an image of said image  sensor in a state not held by said contact arm
from the light receiving surface  side, a second recognizing step of
recognizing a relative position  of said image sensor with respect to said
contact arm based on image information  captured in said second imaging
step and image information captured in said  third imaging step, and a
second correcting step of correcting the position of said image  



sensor in the state not held by said contact arm based on the relative
position  of said image sensor with respect to said contact arm recognized
in said  second recognizing step. 21. An image sensor test method as set
forth in any one of claims  16 to 20, wherein in said first recognizing step,
the relative position  of said image sensor in the state held at said contact
arm with respect to  said contact part is recognized further based on the
image information  capturing said contact part. 74 ABSTRACT  An image
sensor test apparatus that emits light to a light receiving surface of an
image sensor (DUT) and inputs and outputs electrical signals  from a
contact part to input and output terminals of the image sensor so  as to
test the image sensor (DUT) for optical characteristics, which captures  an
image of the image sensor (DUT) in the state held by a contact arm (315)
by a first camera (326), recognizes a relative position of the image sensor
(DUT) with respect to the contact part by image processing, adds
aprecalculated  amount of deviation of an optical axis of the image sensor
(DUT) with respect  to an optical axis of a light source to that relative
position to calculate  an amount of alignment of the image sensor (DUT),
drives a drive unit (322)  based on this, and moves a holding side arm
(317) abutting against a movable  stage (321) with a lock-and-free
mechanism (318) in a free state. 75  








