
BACKGROUND OF THE INVENTION           1. Field of the Invention   5
The present invention relates to a semiconductor device       testing
apparatus for testing various types of semiconductor       devices
including, among others, semiconductor integrated       circuits (which
will be hereinafter referred to as IC). More       particularly, in a
semiconductor device transporting and  10   handling apparatus incorporated
in a semiconductor device       testing apparatus for transporting various
types of       semiconductor devices, the present invention relates to
control of X-Y transport means and Z-axis drive means for
transporting semiconductor devices to a test section and  15   bringing
them into contact with testing sockets arranged in       the test section.
The X-Y transport means is also called       horizontal transport means as
it is designed to move devices       in a right-to-left (X axis) direction
and in a to-and-fro or       back-and-forth (Y axis) direction in a
horizontal plane. The  20   Z-axis drive means is designed to move devices
in a vertical       direction.             2. Description of the Related
Art           As is well known in the art, the semiconductor device  25
testing apparatus (commonly called IC tester) for testing       various
types of semiconductor devices including, among       others, semiconductor
integrated circuits typically employs a                  semiconductor
device transporting and handling apparatus       (commonly called handler)
for transporting semiconductor       devices to be tested (commonly called
DUT) to a test section       and bringing them into electrical as well as
physical contact  5   with device testing sockets of the semiconductor
device       testing apparatus disposed in the test section, and upon
completion of the test carrying the tested semiconductor       devices from
the test section to a desired location. In the       following disclosure
the present invention will be described  10   by taking Ics typical of
semiconductor devices by example for       clarity of explanation.
Various types of semiconductor device transporting and       handling
apparatus (hereinafter referred to as handler) to       accommodate various
package configurations or structures of  15   ICs to be tested are
currently in practical use.  When the       packages of ICs to be tested
are either of configuration       having terminals protruding in four
directions such as the       surface mounting type QFP (Quad Flat Package)
or of       configuration having terminals (electrodes) leading out of  20
almost the entire surface of the component side (bottom       surface of
the package) such as the PGA (Pin Grid Array)       package or BGA (Ball
Grid Array) package, the handler       designed for handling the ICs housed
in such packages include       X-Y transport means provided with one to
about four carrier  25   heads such as vacuum pick-up heads, and Z-axis
drive means       for moving the carrier heads of the X-Y transport means
vertically upwardly and downwardly, the arrangement being
such that the carrier heads may grasp one to about four ICs       being
tested at a time, followed by the carrier heads being       carried by the
X-Y transport means horizontally to a       predetermined position
overlying the testing sockets'disposed  5   in the test section where the
carrier heads are moved by the       Z-axis drive means down to the testing
sockets to bring the       ICs to be tested into good electrical and
physical contact       with the corresponding testing sockets to effect the
testing.           Fig. 4 illustrates the general construction of one  10
example of the conventional handler of the type described       above. The
X-Y transport means includes an X-axis drive       means 17, Y-axis drive
means 18, and an X-Y drive head 16       adapted to be moved in X-axis and
Y-axis directions in a       horizontal plane by the X-axis and Y-axis
drive means 17 and  15   18, respectively.  A carrier head in the form of a
vacuum       pick-up head 11 in this example is mounted to the X-Y drive
head 16 by means of a support member 19. While only one       vacuum
pick-up head is shown in Fig. 4 for brevity of       illustration, about
four identical vacuum pick-up heads are  20   typically provided.  It
should be noted here that since Fig.       4 is a side elevational view,
the X-axis direction appears to       be the to-and-fro direction passing
through the plane of the       drawing of Fig. 4 (which would be the
right-and-left       direction in a front view, as will be appreciated from
the  25   plan view of Fig. 1) while the Y-axis direction appears to be
the right-and-left direction in Fig. 4 (which would be the       to-and-fro
direction passing through the plane of the drawing                  in a
front view, as will be appreciated from the plan view of       Fig. 1).
The support member 19 has a generally horizontally       extending arm 19A
the outer end of which is vertically  slidably supported by a Z-axis guide
12 which is in turn       secured to the X-Y drive head 16. (In Fig. 4 the
Z-axis       direction is a vertical direction perpendicular to the X-axis
and Y-axis directions.) The vacuum pick-up head 11 is       mounted to the
support member 19 at its forward (lower) end.  10   It is thus to be
appreciated that the vacuum pick-up head 11       is lowered in unison with
the support member 19 as the latter       is moved downwardly toward the
testing socket 14 by a Z-axis       drive means 15 which will be described
below. It is to be       noted that Fig. 4 illustrates an IC 10 to be
tested as being  15   attracted against the vacuum pick-up head 11.
A tension spring 13 extends between the extension arm 19A       of the
support member 19 and a horizontal overhead arm       affixed to the top of
the X-Y drive head 16 to urge the       support member 19 upwardly so that
the vacuum pick-up head 11  20   is normally resiliently biased away from
the testing socket       14.           The Z-axis drive means 15 is
disposed in axially opposed       relation with the top of the support
member 19 above the       testing socket 14. The Z-axis drive means 15 in
this example  25   comprises an air cylinder 15A fixed to the horizontal
leg of       an angular support 20 and having a piston rod 15R extending
downwardly therefrom, and a Z-axis guide 15B, a push rod 15C
connected to the lower end of the piston rod 15R, a movable       arm 15D
secured at one end to the push rod 15C adjacent its       upper end and
mounted at the other end to the Z-axis guide       15B for sliding
movements therealong in a vertical direction.  5       With the
construction described above, as the cylinder       15A is actuated to
extend its piston rod 15R downwardly, the       forward end of the push rod
15C is brought into abutment       against the top end of the support
member 19 carrying the       vacuum pick-up head 11 thereon to depress the
latter. The  10   support member 19 is thus lowered so that the vacuum
pick-up       head 11 affixed to the forward end of the support member is
lowered to bring an IC 10 vacuum attracted thereagainst into       contact
with the testing socket 14. It should be noted that       in Fig. 4 the
space between the forward end of the push rod  15   15C and the top end of
the support member 19 as well as the       space between the IC 10 to be
tested and the testing socket       14 are both exaggeratedly shown only
for the purpose of       illustrating the various members and components
more clearly.       Actually, as the piston rod 15R has been extended out
over  20   about half the length thereof, the forward end of the push
rod 15C is in abutment with the top end of the support member       19
while the IC 10 to be tested is in its further lowered       position
considerably closer to the testing socket 14.           The X-axis drive
means 17 is designed to move the X-Y  25   drive head 16 in the X-axis
direction (perpendicularly to the       plane of the drawing, that is,
to-and-fro as viewed in Fig.       4) in a horizontal plane, and in this
example comprises a                 ball screw or thread 17T having a
ball-threaded portion      threadedly engaged with the X-Y drive head 16
and a drive      source (not shown) such as a servo motor for rotatively
driving the ball screw 17T. The ball-threaded portion  5   comprises a
spiral groove and balls received in the spiral       groove, the spiral
groove being defined between external       threads formed on the side of
the ball screw and internal       threads formed on the side of the head
16. Rotation of the       ball screw 17T will move the X-Y drive head 16
threadedly  10   engaged therewith in the to-and-fro direction as viewed in
Fig. 4 to position the same in the X-axis direction.           Likewise,
the Y-axis drive means 18 is designed to move       the X-Y drive head 16
in the Y-axis direction (right-to-left       direction as viewed in Fig. 4)
in a horizontal plane, and in  15   this example comprises a ball screw 18T
having a ball-       threaded portion 18N threadedly engaged with the X-Y
drive       head 16 and a drive source (not shown) such as a servo motor
for rotatively driving the ball screw 18T. The ball-threaded       portion
18N has secured thereto a bearing rotatably  20   journaling the free end
(forward end) of the ball screw 17T.       Rotation of the ball screw 18T
will move the ball-threaded       portion 18N threadedly engaged therewith
in the Y-axis       direction. The movement of the ball-threaded portion
18N in       unison with the ball screw 17T slidably carried by a Y-axis
25   guide (not shown) will move the X-Y drive head 16 in the Y-       axis
direction to thereby position the same along the Y-axis       direction.
-7-            It will thus be understood that the vacuum pick-up head
11 attached to the X-Y drive head 16 by means of the support       member
19 may be moved in the X and Y directions via the X-       axis and Y-axis
drive means 17 and 18, respectively to that  5   the vacuum pick-up head 11
may be located at a predetermined       position defined by the X, Y
coordinates overlying the       testing socket 14 where upon the vacuum
pick-up head 11 being       lowered, the IC 10 under test grasped by the
vacuum pick-up       head ought to be in good contact with the testing
socket 14.  10       The testing socket 14 is mounted to an insulation
board       21 which is called performance board in the art with the
contacts 14A of the socket 14 electrically connected with the       print
wiring pattern formed in the insulation board 21. The       print wiring
pattern is in turn electrically connected with  15   the test head 23 of
the semiconductor device testing       apparatus. The insulation board 21
is attached to this test       head 23 while the testing socket 14 is
disposed in the test       section of the handler.           Surrounding
the testing socket 14 is an abutment block 24  20   which is in the form of
a rectangular frame in this example.       The top surface of the abutment
block 24 and the top surface       27A of a shim 27 for adjusting the
stroke of the Z-axis drive       means 15 is adapted to be abutted by the
lower end face of       the vacuum pick-up head 11 to take up any impact
generated as  25   the pick-up head is lowered to thereby permit the IC 10
under       test to contact the testing socket 14 without exerting any
impact on the latter. In addition, the abutment block 24 has
a pair of guide pins 25 upwardly extending therefrom. As is       well
known, the shim 27 is designed to adjust the force with       which the IC
10 being tested comes into contact with the       testing socket 14 by
selecting the thickness of the shim, but  5   it is not necessarily needed.
It is seen that the vacuum pick-up head 11 is formed with       a pair of
guide holes 26 in alignment with the pair of guide       pins 25 such that
upon the vacuum pick-up head 11 being       lowered, the guide holes 26 are
fitted over the corresponding  10   guide pins 25 to thereby guide the
vacuum pick-up head 11       into accurate alignment with the testing
socket 14 to ensure       electrical and mechanical contact between the
terminals of       the IC 10 being tested and the corresponding contacts
14A of       the testing socket 14.  15       When the type of IC to be
tested has been changed with       another type of IC different in the
number of terminals, it       is necessary to exchange the testing socket
14 with an       appropriate one. To this end, it has heretofore been one
practice to have a number of types of insulation boards 21  20   having
mounted thereon testing sockets 14 to accommodate       various types of
ICs so that one type of insulation board may       be bodily exchanged with
another one depending on the type of       IC to be tested. An alternative
practice has been to replace       only the testing socket 14 mounted on
the insulation board  25   21.           With either one of the
alternatives, there may be some,       although slight, misalignment in the
position (X, Y                  coordinates position) of the testing socket
14 whenever the       type of IC to be tested is changed.  The X-axis drive
means       17 and the Y-axis drive means 18 have the position of the
testing socket 14 stored therein as X, Y coordinates'   5   position, so
that they may drive the X-Y drive head 16 from       the position where an
IC being tested was picked up by the       vacuum pick-up head 11 to the
memorized X, Y coordinates       position over the testing socket 14 to
transport the IC 10 to       be tested to a predetermined position
overlying the testing  10   socket 14.           Upon the X-axis drive
means 17 and Y-axis drive means 18       being de-activated to stop the IC
10 to be tested at the       predetermined position over the testing socket
14, the Z-axis       drive means 15 is actuated to lower the vacuum pick-up
head  15   11.  It will thus be appreciated that even a slight
misalignment in the position of the testing socket 14 would
undesirably result in failure to establish good contact       between the
IC 10 to be tested and the testing socket 14.           Accordingly, when
the testing socket 14 is replaced, it  20   is required to change the
position information of the testing       socket 14 stored in the X-axis
drive means 17 and Y-axis       drive means 18 with a new position
information.           For this reason, it has heretofore been a practice
to       update the position information of the testing socket 14  25
stored in the X-Y transport means (X-axis drive means 17 and       Y-axis
drive means 18) in the mode called teaching mode, when       the testing
socket 14 is replaced. In this teaching mode,                  after the
vacuum pick-up head 11 has been located at a       predetermined position
overlying the corresponding testing       socket 14 by the X-Y transport
means, the operator manually       lowers the vacuum pick-up head 11 to fit
the guide holes 26  5   of the vacuum pick-up head 11 over the guide pins
25 of the       abutment block 24. During this operation, the drive motors
(not shown) for the X-axis drive means 17 and Y-axis drive       means 18
are de-energized to allow the X-Y drive head 16 to       be manually moved
in the X-Y directions with a small force.  10   Specifically, as indicated
above, since the X-axis drive       means 17 and Y-axis drive means 18 are
configured to drive       the X-Y drive head 16 by rotation of the
ball-screws, de-       energization of the drive motors for rotatively
driving the       ball screws will permit free rotation of the ball screws
to  15   thereby allow the X-Y drive head 16 to be moved lightly with
a slight force.           In this manner, the manual alignment may be
carried out       in which the X-Y drive head 16 is manually lowered so as
to       engage the guide holes 26 over the guide pins 25. Once the  20
X-Y drive head 16 has been manually re-aligned with the       position of a
new testing socket 14, the X-axis drive means       17 and Y-axis drive
means 18 have the new position       information stored therein. In the
illustrated example, the       ball screws of the X-axis drive means 17 and
Y-axis drive  25   means 18 are equipped with position information signal
generators such as rotary type encoders mounted for rotation       in
unison with the ball screws, so that with the movement of
the X-Y drive head 16, these position information signal       generators
will generate pulses corresponding in number to       the distance through
which the X-Y drive head 16 has       travelled from the origin of the X, Y
coordinates. It is  5   thus possible to store the position information in
the X-axis       drive means 17 and Y-axis drive means 18 in terms of the
number of pulses.           In this manner, when the testing socket 14 has
been       replaced, the position information already stored in the X-  10
axis drive means 17 and Y-axis drive means 18 has heretofore       been
updated with the position information of a new testing       socket in the
teaching mode.           However, since the operation of engaging the guide
holes       26 of the vacuum pick-up head 11 over the guide pins 25 of  15
the abutment block 24 is manually effected, there is some       individual
variation among operators in the skill with which       they move the X-Y
drive head 16 up and down. Consequently,       in some instances, they may
replace the position information       already stored in the X-axis drive
means 17 and Y-axis drive  20   means 18 with the position information of a
new testing       socket with some offset in the engagement between the
guide       holes 26 and the guide pins 25. Because of difficulty in
sizing the guide pins 25 and guide holes 26 so as to engage       with each
other or fit one over the other snugly with no  25   play, they are usually
formed to fit one over the other with       play therebetween.
Consequently, if there is even a slight       offset in the engagement, the
engagement and disengagement                  repeated an enormous number
of times between the guide holes       26 and the guide pins 25 after the
initiation of the IC       testing may cause wear on the guide holes 26 and
the guide       pins 25 due to friction, resulting in the serious  5
inconvenience that they may fail to perform the locating       function.
Fig. 5 illustrates the general construction of another       example of the
conventional handler. The handler illustrated       in Fig. 5 is
essentially identical to that shown in Fig. 4  10   except that only the
construction of the Z-axis drive means       15 is different from that
shown in Fig. 4. Accordingly, the       corresponding parts or elements of
the Fig. 5 configuration       are indicated by the like reference numerals
and will not be       further described.  15       In the handler
illustrated in Fig. 5 as well, the X-Y       transport means includes an
X-axis drive means 17, Y-axis       drive means 18, and an X-Y drive head
16 adapted to be moved       in to-and-fro (X-axis) and right-to-left
(Y-axis) directions       (Fig. 5 is also a side view) in a horizontal
plane by the X-  20   axis and Y-axis drive means 17 and 18, respectively.
A       carrier head in the form of a vacuum pick-up head 11 in this
example is mounted to the X-Y drive head 16 by means of a       support
member 19.           The Z-axis drive means 15 is disposed in axially
opposed  25   relation with the top of the support member 19 above the
testing socket 14. The Z-axis drive means 15 in this example
comprises an air cylinder 15A fixed to the horizontal leg of
an angular support 51 and having a piston rod 15R extending
downwardly therefrom, and a Z-axis guide 52, a movable       generally
U-shaped frame 53 connected to the piston rod 15R       and supported by
the Z-axis guide 52 for sliding movements in  5   a vertical direction
therealong guide 52, a motor 54 secured       to the top of the motor 54, a
ball screw 55 carried by the U-       shaped frame 53 to extend parallel to
the Z-axis direction       and drivenly connected to the rotary output
shaft of the       motor 54, a horizontal arm 56 having at one end, a
movable  10   portion 56A threadedly engaged with the ball screw 55 and at
the other end a slide portion 56B slidable along the Z-axis       guide
15B, and a push rod 15C secured to the undersurface of       the horizontal
arm 56 generally at a midpoint between its       opposite ends. The motor
54 is operative to lower the vacuum  15   pick-up head 11 mounted to the
support member 19 down to a       predetermined position near the testing
socket 14, and the       air cylinder 15A is operative to move the vacuum
pick-up head       11 by a predetermined amount downwardly further from the
position to which it was depressed by the motor 54.  20       More
specifically, in this example, the push rod 15C for       pressing the
support member 19 carrying the vacuum pick-up       head 11 thereon is
initially moved by a predetermined amount       downwardly in the Z-axis
direction through the horizontal arm       56 by the ball screw 55 which is
in turn rotatively driven by  25   the motor 54 before it is stopped at a
position where the       vacuum pick-up head 11 is located near but not in
contact       with the surfaces of the shim 27 and abutment block 24.
Then, the air cylinder 15A is actuated to lower the frame 53      and arm
56 by a predetermined amount downwardly further from      the stop
position, whereby the vacuum pick-up head 11 is      brought into abutment
against the shim 27 to urge th4 IC 10  5   to be tested against the testing
socket 14 with a force       determined by the thickness of the shim 27. It
is seen in       Fig. 5 that a tension spring 58 extends between the top of
the frame 53 and an angular arm 57 affixed to the top of the       angular
support 51 to normally resiliently bias the frame 53  10   upwardly in the
Z-axis direction.           In the prior art example as illustrated in Fig.
5, the       air cylinder 15A is actuated to bring the vacuum pick-up into
abutment against the surfaces of the shim 27 and abutment       block 24 so
that the contact force of the IC 10 to be tested  15   against the testing
socket 14 may be regulated by the       thickness of the abutment block 24
and shim 27.       Specifically, various thicknesses of shims 27 are kept
in       hand so that whenever the testing socket 14 is changed, the
previously used shim 27 may be replaced with an appropriate  20   thickness
of a shim to regulate the contact force of the IC       10 to be tested
against the new testing socket 14 to a proper       level.           In
other words, with the contact force against the       testing socket 14 set
in a temporary condition, testing is  25   conducted on ICs.  In view of
the fact that if the test       results exhibit a high percentage of
rejects, it may often       mean an improper contact force, regulations
have to be made                  so as to reduce the reject rate. It is
thus to be       appreciated that the regulation of the contact force has
required much labor and time, forcing troublesome work on the
operator.   5       Another disadvantage is that since the air cylinder 15A
is employed to achieve the contact force of the IC 10 to be       tested
against the testing socket 14, the contact force is       likely to change
due to variation in the pressure of a       pressurized air source for
supplying the pneumatic pressure  10   to the air cylinder.           While
it is conceivable to use a combination of a pair of       air cylinders as
the Z-axis drive means 15 in place of the       combination of the motor 54
and the air cylinder 15A, in       either case it is not possible to
eliminate the inconvenience  15   that change in the contact force may be
occasioned by       variation in the pressure of the air source.
SUMMARY OF THE INVENTION           It is an object of the present invention
to provide a  20   semiconductor device transporting and handling apparatus
which has overcome the drawbacks with the prior art as       discussed
above.           It is an another object of the present invention to
provide a semiconductor device transporting and handling  25   apparatus
provided with a Z-axis drive means which is capable       of determining,
in the first place, the downward stroke of       the carrier head for
grasping a device under test, easily                  setting the contact
force of the device against the testing       socket, and yet achieving a
constant contact force.           According to a first aspect of the
present invention,       there is provided a semiconductor device testing
apparatus  5   utilizing a semiconductor device transporting and handling
apparatus including a carrier head for grasping a       semiconductor
device, an X-Y transport means for moving said       carrier head in X-Y
directions in a horizontal plane, said X-       Y transport means
comprising X-Y drive means, and a Z-axis  10   drive means for lowering
said carrier head so as to bring the       semiconductor device grasped by
said carrier head into       contact with a testing socket upon said
carrier head being       transported to a position overlying said testing
socket by       said X-Y transport means, said semiconductor device testing
15   apparatus being configured to guide the semiconductor device
grasped by said carrier head toward said testing socket to       accurately
contact the semiconductor device into contact with       said testing
socket by engaging first and second cooperating       guide means provided
on said carrier head and said testing  20   socket, respectively, with each
other, said testing apparatus       being characterized by a control means
which comprises: means       for setting said X-Y drive means for moving
said carrier head       in the X-Y directions in a natural state in which
said X-Y       drive means may be freely moved manually; means for
actuating  25   only said Z-axis drive means to lower said carrier head so
as       to bring said first and second cooperating guide means on
said carrier head and said testing socket into engagement
with each other, while maintaining said X-Y drive means in      the natural
state; means for correcting the engagement      between said first and
second guide means so that those guide      means are in concentric
alignment with each other; add  5   storage means for storing therein the
corrected position       information of said testing socket for controlling
said X-Y       drive means.           According to a second aspect of the
present invention,       there is provided a semiconductor device testing
apparatus  10   utilizing a semiconductor device transporting and handling
apparatus including a carrier head for grasping a       semiconductor
device, an X-Y transport means for moving said       carrier head in X-Y
directions in a horizontal plane, said X-       Y transport means
comprising X-axis drive means and Y-axis  15   drive means, and a Z-axis
drive means for lowering said       carrier head so as to bring the
semiconductor device grasped       by said carrier head into contact with a
testing socket upon       said carrier head being transported to a position
overlying       said testing socket by said X-Y transport means, said  20
semiconductor device testing apparatus being configured to       guide the
semiconductor device grasped by said carrier head       toward said testing
socket to accurately contact the       semiconductor device into contact
with said testing socket by       engaging first and second cooperating
guide means provided on  25   said carrier head and said testing socket,
respectively, with       each other, said testing apparatus being
characterized by a       control means which comprises: means for setting
said X-axis                  drive means and said Y-axis drive means for
moving said       carrier head in the X-Y directions in a natural state in
which said X-axis drive means and said Y-axis drive means may       be
freely moved manually; means for actuating only said z-  5   axis drive
means to lower said carrier head so as to bring       said first and second
cooperating guide means on said carrier       head and said testing socket
into engagement with each other,       while maintaining said X-axis drive
means and said Y-axis       drive means in the natural state; means for
correcting the  10   engagement between said first and second guide means
so that       those guide means are in concentric alignment with each
other; and storage means for storing therein the corrected       position
information of said testing socket for controlling       said X-axis drive
means.  15       According to a third aspect of the present invention,
there is provided a semiconductor device testing apparatus       utilizing
a semiconductor device transporting and handling       apparatus including
a carrier head for grasping a       semiconductor device, an X-Y transport
means for moving said  20   carrier head in X-Y directions in a horizontal
plane, said X-       Y transport means comprising X-axis drive means and
Y-axis       drive means, and a z-axis drive means for lowering said
carrier head so as to bring the semiconductor device grasped       by said
carrier head into contact with a testing socket upon  25   said carrier
head being transported to a position overlying       said testing socket by
said X-Y transport means, said       semiconductor device testing apparatus
being configured to                  guide the semiconductor device grasped
by said carrier head       toward said testing socket to accurately contact
the       semiconductor device into contact with said testing socket by
engaging first and second cooperating guide means provided on  5   said
carrier head and said testing socket, respectively, with       each other,
said testing apparatus being characterized by a       control means which
comprises: means for setting said X-agis       drive means and said Y-axis
drive means for moving said       carrier head in the X-Y directions in a
natural state in  10   which said X-axis drive means and said Y-axis drive
means may       be freely moved manually; means for actuating only said Z-
axis drive means to lower said carrier head so as to bring       said first
and second cooperating guide means on said carrier       head and said
testing socket into engagement with each other,  15   while maintaining
said X-axis drive means and said Y-axis       drive means in the natural
state; means for correcting the       engagement between said first and
second guide means so that       those guide means are in concentric
alignment with each       other; and storage means for storing therein the
corrected  20   position information of said testing socket for controlling
said Y-axis drive means.           According to a fourth aspect of the
present invention,       there is provided a semiconductor device testing
apparatus       utilizing a semiconductor device transporting and handling
25   apparatus including a carrier head for grasping a       semiconductor
device, an X-Y transport means for moving said       carrier head in X-Y
directions in a horizontal plane, said K-
-20-        Y transport means comprising X-axis drive means and Y-axis
drive means, and a Z-axis drive means for lowering said       carrier head
so as to bring the semiconductor device grasped       by said carrier head
into contact with a testing socket upon  5   said carrier head being
transported to a position overlying       said testing socket by said X-Y
transport means, said       semiconductor device testing apparatus being
configured to       guide the semiconductor device grasped by said carrier
head       toward said testing socket to accurately contact the  10
semiconductor device into contact with said testing socket by
engaging first and second cooperating guide means provided on       said
carrier head and said testing socket, respectively, with       each other,
said semiconductor device testing apparatus being       characterized in
that: a drive source for said Z-axis drive  15   means comprises a
pulse-driven motor; and that said       semiconductor device testing
apparatus includes a control       means for defining the stroke of said
Z-axis drive means in       the Z-axis direction by the number of pulses
provided to said       pulse-driven motor.  20       According to a fifth
aspect of the present invention,       there is provided a semiconductor
device testing apparatus       utilizing a semiconductor device
transporting and handling       apparatus including a carrier head for
grasping a       semiconductor device, an X-Y transport means for moving
said  25   carrier head in X-Y directions in a horizontal plane, said X-
Y transport means comprising X-axis drive means and Y-axis       drive
means, and a Z-axis drive means for lowering said                  carrier
head so as to bring the semiconductor device grasped       by said carrier
head into contact with a testing socket upon       said carrier head being
transported to a position overlying       said testing socket by said X-Y
transport means, said  5   semiconductor device testing apparatus being
configured to       guide the semiconductor device grasped by said carrier
head       toward said testing socket to accurately contact the
semiconductor device into contact with said testing socket by
engaging first and second cooperating guide means provided on  10   said
carrier head and said testing socket, respectively, with       each other,
said semiconductor device testing apparatus being       characterized in
that: a drive source for said Z-axis drive       means comprises a
pulse-driven motor; and that said       semiconductor device testing
apparatus includes a control  15   means which comprises: means for setting
said X-axis drive       means and said Y-axis drive means for moving said
carrier       head in the X-Y directions in a natural state in which said
X-axis drive means and said Y-axis drive means may be freely       moved
manually; means for actuating only said Z-axis drive  20   means to lower
said carrier head so as to bring said first       and second cooperating
guide means on said carrier head and       said testing socket into
engagement with each other, while       maintaining said X-axis drive means
and said Y-axis drive       means in the natural state; and means for
defining the stroke  25   of said Z-axis drive means in the Z-axis
direction by the       number of pulses provided to said pulse-driven
motor.           According to a sixth aspect of the present invention,
-22-       there is provided a semiconductor device testing apparatus
utilizing a semiconductor device transporting and handling      apparatus
including a carrier head for grasping a      semiconductor device, an X-Y
transport means for moving said  5   carrier head in X-Y directions in a
horizontal plane, said X-       Y transport means comprising X-axis drive
means and Y-axis       drive means, and a Z-axis drive means for lowering
said       carrier head so as to bring the semiconductor device grasped
by said carrier head into contact with a testing socket upon  10   said
carrier head being transported to a position overlying       said testing
socket by said X-Y transport means, said       semiconductor device testing
apparatus being configured to       guide the semiconductor device grasped
by said carrier head       toward said testing socket to accurately contact
the  15   semiconductor device into contact with said testing socket by
engaging first and second cooperating guide means provided on       said
carrier head and said testing socket, respectively, with       each other,
said semiconductor device testing apparatus being       characterized in
that: a drive source for said Z-axis drive  20   means comprises a
pulse-driven motor; and that said       semiconductor device testing
apparatus includes a control       means which comprises: means for setting
said X-axis drive       means and said Y-axis drive means for moving said
carrier       head in the X-Y directions in a natural state in which said
25   X-axis drive means and said Y-axis drive means may be freely
moved manually; means for actuating only said Z-axis drive       means to
lower said carrier head so as to bring said first
-23-        and second cooperating guide means on said carrier head and
said testing socket into engagement with each other, while
maintaining said X-axis drive means and said Y-axis drive       means in
the natural state; means for correcting the'  5   engagement between said
first and second guide means so that       those guide means are in
concentric alignment with each       other; storage means for storing
therein the corrected       position information of said testing socket for
controlling       said X-axis drive means and said Y-axis drive means,  10
respectively; and means for defining the stroke of said Z-       axis drive
means in the Z-axis direction by the number of       pulses provided to
said pulse-driven motor.           In a preferred embodiment, said X-Y
drive means or said       X-axis drive means and said Y-axis drive means
are driven by  15   motor means and said Z-axis drive means is driven by
air       cylinder means, said X-Y drive means or said X-axis drive
means and said Y-axis drive means being adapted to be set in       the
natural state in which they can be freely moved manually       when said
motor means is brought into unexcited state.  20       According to a
seventh aspect of the present invention,       there is provided a
semiconductor device testing apparatus       utilizing a semiconductor
device transporting and handling       apparatus including a carrier head
for grasping a       semiconductor device, an X-Y transport means for
moving said  25   carrier head in X-Y directions in a horizontal plane, and
a       Z-axis drive means for lowering said carrier head so as to
bring the semiconductor device grasped by said carrier head
into contact with a testing socket upon said carrier head       being
transported to a position overlying said testing socket       by said X-Y
transport means, said semiconductor device       testing apparatus being
characterized in that: a drive source  5   for said Z-axis drive means
comprises a pulse-driven motor;       and said semiconductor device testing
apparatus includes a       control means for defining the stroke of said
Z-axis drive       means in the Z-axis direction by the number of pulses
provided to said pulse-driven motor.  10       In a second preferred
embodiment, said control means       includes means for storing, as the
number of pulses provided       to said pulse-driven motor, the downward
distance of travel       through which said carrier head is moved from said
position       overlying said testing socket to which the carrier head has
15   been transported by said X-Y transport means to a lower       position
to which said carrier head is lowered by said Z-axis       drive means to
come into abutment against an abutment block.           In accordance with
the present invention, since position       informations stored in the
position storage means of the X-  20   axis drive means and Y-axis drive
means are manually updated       with position informations of a new
testing socket, only the       Z-axis drive means is automatically operated
a plurality of       times following the updating of the position
information.       The automatic operation of the Z-axis drive means
permits the  25   engagement between the guide pins and the guide holes to
be       stabilized in a natural state (in which the guide pins and
the guide holes are in concentric alignment) without being
affected by individual variations among operators in the       manual
skill.  The arrangement is such that upon automatic       operation of the
Z-axis drive means being effected, the       position information is
written and stored in each of the  5-  position storage means of the X-axis
drive means and Y-axis       drive means.           In this manner the
present invention allows for       eliminating individual variations in the
manual skill and       storing the position informations of the X-axis
drive means  10   and Y-axis drive means with the engagement between the
guide       pins and the guide holes being in their natural state. It
can thus be appreciated that the present invention provides       an IC
testing apparatus which is unlikely to cause accidents       such as
distorting the guide pins and the guide holes due to  15   wear even after
an enormous number of tests are carried out.        BRIEF DESCRIPTION OF
THE DRAWINGS           Fig. 1 is a diagrammatical view illustrating a first
embodiment of the semiconductor device testing apparatus  20   according to
the present invention;           Fig. 2 is a schematic side view, partly in
cross-section,       illustrating the general construction of an example of
the       conventional semiconductor device transporting and handling
apparatus used in a second embodiment of the semiconductor  25   device
testing apparatus according to the present invention;           Fig. 3 is a
block diagram illustrating an electrical       control circuit employed
with the second embodiment shown in                   Fig. 2;
Fig. 4 is a side view illustrating the general       construction of an
example of the conventional semiconductor       device transporting and
handling apparatus used in a  5   semiconductor device testing apparatus;
and           Fig. 5 is a side view illustrating the general
construction of another example of the conventional       semiconductor
device transporting and handling apparatus used       in a semiconductor
device testing apparatus.  10       DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS           Fig. 1 is a diagrammatical view illustrating a first
embodiment of the semiconductor device testing apparatus       according to
the present invention, with the general  15   construction of the handler
being shown in a top plan view.       Since this handler is of construction
identical to that of       the handler illustrated in Fig. 4, the parts and
elements       corresponding to those in Fig. 4 are designated by the like
reference numerals.  20       The X-Y transport means includes an X-axis
drive means       17, Y-axis drive means 18, and an X-Y drive head 16
adapted       to be moved in X-axis and Y-axis directions in a horizontal
plane by the X-axis and Y-axis drive means 17 and 18,       respectively. A
carrier head in the form of a vacuum pick-up  25   head 11 in this example
is mounted to the X-Y drive head 16       by means of a support member 19
(see Fig. 4). While only one       vacuum pick-up head is shown in Fig. 1
for brevity of                  illustration, about four identical vacuum
pick-up heads are       typically provided.           The X-axis drive
means 17 for moving the X-Y drive head       16 in the X-axis direction
(right-to-left direction as viewed  5   in Fig. 1) in a horizontal plane
comprises, in this example,       a ball screw 17T having a ball-threaded
portion threadedly       engaged with the X-Y drive head 16 and a drive
source 17A       such as a servo motor for rotatively driving the ball
screw       17T. Likewise, the Y-axis drive means 18 for moving the X-Y  10
drive head 16 in the Y-axis direction (vertically as viewed       in Fig.
1) in a horizontal plane comprises, in this example,       a ball screw 18T
having a ball-threaded portion 18N and a       drive source 18A such as a
servo motor for rotatively driving       the ball screw 18T. The
ball-threaded portion 18N has  15   secured thereto a bearing rotatably
journaling the free end       of the ball screw 17T of the X-axis drive
means 17.           The ball screw 17T is rotatably journaled at its free
end       in the bearing secured to the ball-threaded portion 18N as
noted above, while the other end of the ball screw 17T  20   connected to
the drive source 17A is rotatably journaled in a       bearing 17D which is
in turn supported on a Y-axis guide 28       for sliding movement. With
this arrangement, rotation of the       ball screw 18T of the Y-axis drive
means 18 will move the       ball-threaded portion 18N in the Y-axis
direction, which will  25   move the ball screw 17T of the X-axis drive
means 17 in the       Y-axis direction to thereby position the X-Y drive
head 16       along the Y-axis direction.                      The drive
sources 17A and 18B of the X-axis and Y-axis       drive means 17 and 18
are provided with position information       signal generators such as
rotary type encoders, respectively.       These position information signal
generators 17B, 18B are  5   connected with the associated X-axis drive
means 17 and Y-       axis drive means 18, respectively for rotation
therewith such       that those signal generators will generate pulses, say
about       10 pulses with a phase corresponding to direction of the
rotation of the ball screws 17T and 18T which are one of the  10   elements
constituting the X-axis and Y-axis drive means 17       and 18,
respectively each time the ball screws make one       revolution to thereby
define the X, Y coordinates position of       the vacuum pick-up head 11
mounted on the X-Y drive head 16.           The pulses as outputted from
the position information  15   signal generators 17B, 18B are inputted into
a controller 30       where the number of the pulses generated is counted
and       summed up either additively or subtractively depending on the
phase corresponding to direction of the rotation of the ball       screws
to store the X, Y coordinates position in X-axis  20   position storage
means 33A and Y-axis position storage means       33B. With a point P shown
as an origin of the X, Y       coordinates, it is possible to control all
positions with       respect to this origin within the X-Y transport region
"A"       covered by the X-Y drive means by the use of pulses generated  25
by the position information signal generators 17B, 18B.           The
controller 30 may comprise a microcomputer which is       commonly known as
microprocessor. The microcomputer
-29-       comprises a central processing unit (CPU) 31, a read-only
memory (ROM) 32 storing a special program, etc., a writable      and
readable random access memory (RAM) 33 for temporarily      storing
position informations, etc., an input port 34, an  5   output port 35, and
the like.           The RAM 33 includes X-axis position storage means 33A,
Y-       axis position storage means 33B, teaching mode execution part
33C, and Z-axis automatic operation means 33D storing a       program for
effecting only the automatic operation of the Z-  10   axis drive means 15
which is an additional feature according       to the present invention.
The central processing unit 31 is operative in accordance       with a
program written in the ROM 32 for example to actuate       the vacuum
pick-up head 11 to vacuum attract an IC to be  15   tested in the vicinity
of the origin P and transport the       attracted IC to the testing socket
14 to conduct the testing.           It should be pointed out here that if
the testing socket       14 has been replaced, the vacuum pick-up head 11
is moved to       the location of the testing socket 14 by utilizing the
20   position informations previously stored in the X-axis       position
storage means 33A and Y-axis position storage means       33B. In this
condition, the teaching mode execution means       33C is activated to
effect the teaching mode of operation.           In the teaching mode, the
drive sources 17A and 18A are  25   not excited and they are controlled to
be in unexcited state,       whereby the vacuum pick-up head 11 becomes
free to be moved       manually in the X-Y directions. This allows the
operator to                  preliminarily move the vacuum pick-up head 11
manually into       somewhat rough alignment with the position of the
testing       socket 14 to the extent that the guide pins 25 as shown in
Fig. 4 may be inserted into the guide holes 26.   5       With the position
of the vacuum pick-up head 11 aligned       with the position of the
testing socket 14 by the manual       operation, the X, Y positions of the
X-axis drive means 17       and Y-axis drive means 18 are stored in the
X-axis position       storage means 33A and Y-axis position storage means
33B,  10   respectively.  This storing operation may be performed by
temporarily turning on a storage command switch 36 provided       in the
input port 34 for example.           Once the rough position of the vacuum
pick-up head 11 has       been determined, the Z-axis automatic operation
means 33D is  15   activated to effect the automatic operation of the
Z-axis       drive means 15. Specifically, the air cylinder 15A shown in
Fig. 4 is driven and the driving power of the air cylinder       15A is
used to move the vacuum pick-up head 11. It should be       noted that when
the downward movement of the vacuum pick-up  20   head 11 is carried out by
the air cylinder 15A, the Z-axis       drive means 15 provides no biasing
force with respect to the       X-Y directions against the vacuum pick-up
head 11.       Accordingly, the vacuum pick-up head 11 may be slightly
moved       in the X-Y directions depending on the engagement between the
25   guide pins 25 and the guide holes 26 so that it is settled       into
position where it will provide the least resistance when       the guide
pins 25 are engaged in the guide holes 26. It will                 be
appreciated that when the automatic operation of the Z-      axis drive
means 15 is terminated, the slight movement in the      X-Y directions of
the vacuum pick-up head 11 caused by the      engagement between the guide
pins 25 and the guide holes 26  5   is corrected, and hence the corrected
proper position       informations can be stored in the X-axis and Y-axis
position       storage means 33A and 33B, respectively.           According
to the first embodiment described above, in       determining the stop
position in the X-Y directions of the  10   vacuum pick-up head 11 (where
it is opposite to the testing       socket 14), the Z-axis drive means 15
is actuated by the       automatic operation so that the guide holes 26 may
be engaged       over the guide pins 25 to position the vacuum pick-up head
11       while only the Z-axis directed force is exerted on the vacuum  15
pick-up head 11. This permits the engagement between the       guide pins
25 and the guide holes 26 to be stabilized in a       natural state. This
in turn provides an insurance that no       tests are carried out in such
condition that there may be       relative offset sliding movement between
the guide pins 25  20   and the guide holes 26.  The guide pins 25 and the
guide       holes 26 are prevented from being deformed, thereby ensuring
a stable operation for an extended period of time.           In addition,
the vacuum pick-up head 11 with no slight       offset in position is
capable of accurately contacting the IC  25   under test with the testing
socket 14.  Occurrence of contact       failure is thus minimized, which
contributes to providing a       highly reliable semiconductor device
testing apparatus.                                        -32-
In the firstt embodiment described above, the X, Y       positions of the
X-axis drive means 17 and Y-axis drive means       18 in the teaching mode
are stored in the X-axis position       storage means 33A and Y-axis
position storage means 13B,  5   respectively.  However, the same
functional effects as those       of the first embodiment may be obtained
by storing only the       position information of the testing socket for
controlling       the X-axis drive means 17 in the X-axis position storage
means 33A, or storing only the position information of the  10   testing
socket for controlling the Y-axis drive means 18 in       the Y-axis
position storage means 33B. Alternatively, a       common storage means may
be provided in place of the X-axis       position storage means 33A and
Y-axis position storage means       33B and the position information of the
testing socket for  15   controlling both the X-axis drive means 17 and the
Y-axis       drive means 18 may be stored in the common storage means.
Fig. 2 is a side view illustrating the general       construction of
another example of the handler used in a       second embodiment of the
semiconductor device testing  20   apparatus according to the present
invention.  Since this       handler is of construction identical to that
of the handler       illustrated in Fig. 5, the parts and elements
corresponding       to those in Fig. 5 are designated by the like reference
numerals, and no description thereof will be repeated unless  25
required.           The X-Y transport means includes an X-axis drive means
17, Y-axis drive means 18, and an X-Y drive head 16 adapted
-33-        to be moved in X-axis and Y-axis directions in a horizontal
plane by the X-axis and Y-axis drive means 17 and 18,       respectively. A
carrier head in the form of a vacuum pick-up       head 11 in this example
is mounted to the X-Y drive head 16  5   by means of a support member 19.
While only one vacuum pick-       up head is shown in Fig. 2 for brevity of
illustration, about       four identical vacuum pick-up heads are typically
provided.           The X-axis drive means 17 for moving the X-Y drive head
16 in the X-axis direction (to-and-fro direction as viewed in  10   Fig. 2)
in a horizontal plane comprises, in this example, a       ball screw 17T
having a ball-threaded portion (not shown)       threadedly engaged with
the X-Y drive head 16 and a drive       source (not shown) such as a servo
motor for rotatively       driving the ball screw 17T. Likewise, the Y-axis
drive means  15   18 for moving the X-Y drive head 16 in the Y-axis
direction       (left-to-right as viewed in Fig. 2) in a horizontal plane
comprises, in this example, a ball screw 18T having a ball-       threaded
portion 18N and a drive source (not shown) such as a       servo motor for
rotatively driving the ball screw 18T. The  20   ball-threaded portion 18N
has secured thereto a bearing       rotatably journaling the free end of
the ball screw 17T of       the X-axis drive means 17.           The ball
screw 17T of the X-axis drive means 17 is       rotatably journaled at its
free end in the bearing secured to  25   the ball-threaded portion 18N of
the Y-axis drive means 18 as       noted above, while the other end of the
ball screw 17T       connected to the drive source 17A is rotatably
journaled in a                 bearing (not shown) which is in turn
supported on a Y-axis      guide 28 for sliding movement.  With this
arrangement,      rotation of the ball screw 18T of the Y-axis drive means
18      will move the ball-threaded portion 18N in the Y-axis  5
direction, which will move the ball screw 17T of the X-axis       drive
means 17 in the Y-axis direction to thereby position       the X-Y drive
head 16 along the Y-axis direction.           In this second embodiment, a
pulse-driven motor such as a       pulse motor or servo motor capable of
defining the amount of  10   rotation by the number of pulses is employed
as the Z-axis       drive motor 54 which is one of the elements
constituting the       Z-axis drive means 15.           The use of a
pulse-driven motor as the Z-axis drive motor       54 makes it possible to
control by the number of pulses the  15   distance of travel of the vacuum
pick-up head 11 from the       starting position where the Z-axis drive
means 15 is started       to the desired lower position (the lowermost
position) where       it is stopped. When the testing socket 14 has been
replaced,       it is thus possible to set the downward distance of travel
of  20   the Z-axis drive means 15 along the Z axis simply by placing
a new abutment block 24 for protecting the testing socket 14       from
being damaged, starting the Z-axis drive motor 54 to       bring the vacuum
pick-up head 11 into abutment with the new       abutment block 24, and
then storing in an appropriate storage  25   means the number of pulses
provided to the Z-axis drive motor       54 from its starting until it is
stopped. Once the distance       or amount of travel along the Z axis is
set, the abutment                 block 24 is not necessarily needed, but
the subsequent      operation may be carried out without the abutment block
since      the Z-axis drive motor 54 is stopped without fail upon the
vacuum pick-up head 11 reaching the position preliminarily  5   defined by
the height of the abutment block.           Fig. 3 illustrates an example
of the drive control system       for the Z-axis drive motor 54. In this
example, Z-axis drive       control system designated generally at 40 is
consisted of a       microcomputer. As is well known, the microcomputer
comprises  10   a central processing unit (CPU) 41, a read-only memory
(ROM)       42 storing a special program, etc., a writable and readable
random access memory (RAM) 43 for temporarily storing input       data,
etc., an input port 44, an output port 45, an input       means 46, and the
like.  15       In the second embodiment of the present invention, the
RAM 43 is equipped with a downward stroke storage means 43A       which is
adapted to store the number of pulses provided to       the Z-axis drive
motor 54 from its starting until the vacuum       pick-up head 11 comes
into abutment with the abutment block  20   24.  In other words, the
downward stroke (the amount of       downward movement) of the vacuum
pick-up head 11 is stored in       the downward stroke storage means 43A.
By the storage of the       downward stroke of the vacuum pick-up head 11,
when the Z-       axis drive means 15 is activated to lower the vacuum
pick-up  25   head 11 and the vacuum pick-up head 11 is brought into
abutment with the abutment block 24 or shim (spacer) 27, the       Z-axis
drive motor 54 is stopped even if it does not attain                  the
stored downward stroke. At this point, by operating a       return key R on
the input means 46, the number of pulses       provided to Z-axis drive
motor 54 (the total number of       counted pulses) during the downward
movement of the Vacuum  5   pick-up head 11 can be stored in the downward
stroke storage       means 43A. Accordingly, a new downward stroke of the
vacuum       pick-up head 11 can be stored therein.           If desired,
it is also possible to display the number of       pulses stored in the
downward stroke storage means 43A on a  10   display 47 through the output
port 45.           Further, it is possible to correct the downward stroke
already stored in the downward stroke storage means 43A to       any
desired value by inputting a numerical value       corresponding to the
desired number of pulses by means of the  15   input means 46.
Accordingly, if the testing on some ICs with       a certain downward
stroke set in the manner described above       should result in a
considerably high reject rate, then it is       possible to make an
alteration of the stroke along the z       axis, equivalent to the stroke
change by the replacement of  20   the shim 27, by changing the number of
pulses stored in the       downward stroke storage means 43A by inputting a
numerical       value through the input means 46. In this regard, it should
be noted that in the case of regulation by the use of shim       27, the
downward press stroke is adjusted with a 0.05 mm  25   pitch by replacement
of shims, whereas the use of the pulse-       driven motor permits setting
of the downward stroke with a       pitch as fine as about 0.01 mm, thereby
provides the                  advantage of higher precision.
According to the second embodiment described above, since       the
downward distance of travel of the vacuum pick-up head 11       can be set
by the number of pulses provided to the Z-axis   5   drive motor 54, it is
possible to set the distance of travel       (downward movement) of the
Z-axis drive means 15 by initially       lower the vacuum pick-up head 11
into abutment with a new       abutment block 24 to thereby determine the
lowest position of       the vacuum pick-up head 11 and then simply
counting the  10   number of pulses for application to the motor 54
required to       move the vacuum pick-up head 11 down to its lowest
position.       The amount of movement (the amount of downward movement)
required along the Z axis may thus be easily set.           In addition, it
is to be appreciated that since the Z-  15   axis drive motor 54 is
maintained in the de-activated state       when the vacuum pick-up head 11
has been lowered and stopped       at its lowest position, the contact
pressure against the       testing socket 14 is maintained constant. This
permits the       IC under test to contact the testing socket 14 with a  20
constant contact pressure.           Moreover, if the testing on some ICs
should result in a       high percentage of rejects, in contrast to the
prior art as       illustrated in Fig. 5 which required changing thickness
of       the shim 27, the second embodiment of the present invention  25
need not replace the shim 27, but only requires adjusting the       number
of drive pulses, permitting fine adjustments of the       contact pressure
to be readily performed.                       In the first embodiment
mentioned before, if Z-axis drive      means having the same structure or
construction as the Z-axis      drive means shown in Fig. 2 is used in the
handler, that is,      the air cylinder 15A of the Z-axis drive means 15
of'the  5   first embodiment is replaced by a pulse motor or stepping
motor capable of defining the amount of rotation by the       number of
pulses, the teaching mode of operation can be also       effected in
respect to the Z-axis drive means 15 of the first       embodiment.  10
In this teaching mode, as already described with       reference to the
second embodiment, when the testing socket       14 has been replaced, it
is possible to set the downward       distance of travel of the Z-axis
drive means 15 along the Z       axis simply by placing a new abutment
block for protecting  15   the testing socket 14 from being damaged,
starting the Z-axis       drive motor to bring the vacuum pick-up head 11
into abutment       with the new abutment block, and then storing in an
appropriate storage means the number of pulses provided to       the Z-axis
drive motor from its starting until it is stopped.  20       This teaching
mode may be carried out simultaneously with       the operation of
correcting the engagement between the guid       pins 25 and the guide
holes 26 so that those guide pins 25       and holes 26 are in concentric
alignment with each other. It       is preferred that when the teaching
mode regarding the Z-axis  25   drive means 15 is performed, the X-axis
drive means 17 and       the Y-axis drive means 18 are maintained in a
natural state       in which these drive means are freely moved manually.
While in the above the present invention has been  described as being
applied to the IC tester, it is needless  to say that the present invention
is also applicable to  various semiconductor devices other than ICs and
produces the  same functional effects as those described above.
WHAT IS CLAIMED IS:      1. A semiconductor device testing apparatus
utilizing a  semiconductor device transporting and handling apparatus
including a carrier head for grasping a semiconductor device,  an X-Y
transport means for moving said carrier head in X-Y  directions in a
horizontal plane, said X-Y transport means  comprising X-Y drive means, and
a Z-axis drive means for  lowering said carrier head so as to bring the
semiconductor  device grasped by said carrier head into contact with a
testing socket upon said carrier head being transported to a  position
overlying said testing socket by said X-Y transport  means, said
semiconductor device testing apparatus being  configured to guide the
semiconductor device grasped by said  carrier head toward said testing
socket to accurately contact  the semiconductor device into contact with
said testing  socket by engaging first and second cooperating guide means
provided on said carrier head and said testing socket,  respectively, with
each other,      said testing apparatus being characterized by a control
means which comprises:          means for setting said X-Y drive means for
moving  said carrier head in the X-Y directions in a natural state in
which said X-Y drive means may be freely moved manually;          means for
actuating only said Z-axis drive means to  lower said carrier head so as to
bring said first and second  cooperating guide means on said carrier head
and said testing  socket into engagement with each other, while maintaining
said X-Y drive means in the natural state;          means for correcting
the engagement between said  first and second guide means so that those
guide means are in  concentric alignment with each other; and
storage means for storing therein the corrected  position information of
said testing socket for controlling  said X-Y drive means.       2. The
semiconductor device testing apparatus according  to claim 1, wherein said
X-Y drive means comprises X-axis  drive means and Y-axis drive means, and
said storage means  comprises X-axis position storage means in which the
corrected position information of said testing socket  relating to X-axis
is stored and Y-axis position storage  means in which the corrected
position information of said  testing socket relating to Y-axis is stored.
3. The semiconductor device testing apparatus according  to claim 1,
wherein said X-Y drive means comprises X-axis  drive means and Y-axis drive
means, and said storage means  stores therein both of the corrected
position information of  said testing socket relating to X-axis and
relating to Y-  axis.       4. A semiconductor device testing apparatus
utilizing a  semiconductor device transporting and handling apparatus
including a carrier head for grasping a semiconductor device,
an X-Y transport means for moving said carrier head in X-Y  directions in a
horizontal plane, said X-Y transport means  comprising X-axis drive means
and Y-axis drive means, and a  Z-axis drive means for lowering said carrier
head so'as to  bring the semiconductor device grasped by said carrier head
into contact with a testing socket upon said carrier head  being
transported to a position overlying said testing socket  by said X-Y
transport means, said semiconductor device  testing apparatus being
configured to guide the semiconductor  device grasped by said carrier head
toward said testing  socket to accurately contact the semiconductor device
into  contact with said testing socket by engaging first and second
cooperating guide means provided on said carrier head and  said testing
socket, respectively, with each other,      said testing apparatus being
characterized by a control  means which comprises:          means for
setting said X-axis drive means and said Y-  axis drive means for moving
said carrier head in the X-Y  directions in a natural state in which said
X-axis drive  means and said Y-axis drive means may be freely moved
manually;          means for actuating only said Z-axis drive means to
lower said carrier head so as to bring said first and second  cooperating
guide means on said carrier head and said testing  socket into engagement
with each other, while maintaining  said X-axis drive means and said Y-axis
drive means in the  natural state;                     means for correcting
the engagement between said  first and second guide means so that those
guide means are in  concentric alignment with each other; and
storage means for storing therein the corrected  position information of
said testing socket for controlling  said X-axis drive means.       5. A
semiconductor device testing apparatus utilizing a  semiconductor device
transporting and handling apparatus  including a carrier head for grasping
a semiconductor device,  an X-Y transport means for moving said carrier
head in X-Y  directions in a horizontal plane, said X-Y transport means
comprising X-axis drive means and Y-axis drive means, and a  Z-axis drive
means for lowering said carrier head so as to  bring the semiconductor
device grasped by said carrier head  into contact with a testing socket
upon said carrier head  being transported to a position overlying said
testing socket  by said X-Y transport means, said semiconductor device
testing apparatus being configured to guide the semiconductor  device
grasped by said carrier head toward said testing  socket to accurately
contact the semiconductor device into  contact with said testing socket by
engaging first and second  cooperating guide means provided on said carrier
head and  said testing socket, respectively, with each other,      said
testing apparatus being characterized by a control  means which comprises:
means for setting said X-axis drive means and said Y-             axis
drive means for moving said carrier head in the X-Y  directions in a
natural state in which said X-axis drive  means and said Y-axis drive means
may be freely moved  manually;          means for actuating only said
Z-axis drive means to  lower said carrier head so as to bring said first
and second  cooperating guide means on said carrier head and said testing
socket into engagement with each other, while maintaining  said X-axis
drive means and said Y-axis drive means in the  natural state;
means for correcting the engagement between said  first and second guide
means so that those guide means are in  concentric alignment with each
other; and          storage means for storing therein the corrected
position information of said testing socket for controlling  said Y-axis
drive means.       6. A semiconductor device testing apparatus utilizing a
semiconductor device transporting and handling apparatus  including a
carrier head for grasping a semiconductor device,  an X-Y transport means
for moving said carrier head in X-Y  directions in a horizontal plane, said
X-Y transport means  comprising X-axis drive means and Y-axis drive means,
and a  Z-axis drive means for lowering said carrier head so as to  bring
the semiconductor device grasped by said carrier head  into contact with a
testing socket upon said carrier head  being transported to a position
overlying said testing socket             by said X-Y transport means, said
semiconductor device  testing apparatus being configured to guide the
semiconductor  device grasped by said carrier head toward said testing
socket to accurately contact the semiconductor device into  contact with
said testing socket by engaging first and second  cooperating guide means
provided on said carrier head and  said testing socket, respectively, with
each other,      said semiconductor device testing apparatus being
characterized in that:      a drive source for said Z-axis drive means
comprises a  pulse-driven motor; and that      said semiconductor device
testing apparatus includes a  control means for defining the stroke of said
Z-axis drive  means in the Z-axis direction by the number of pulses
provided to said pulse-driven motor.        7. A semiconductor device
testing apparatus utilizing a  semiconductor device transporting and
handling apparatus  including a carrier head for grasping a semiconductor
device,  an X-Y transport means for moving said carrier head in X-Y
directions in a horizontal plane, said X-Y transport means  comprising
X-axis drive means and Y-axis drive means, and a  Z-axis drive means for
lowering said carrier head so as to  bring the semiconductor device grasped
by said carrier head  into contact with a testing socket upon said carrier
head  being transported to a position overlying said testing socket  by
said X-Y transport means, said semiconductor device             testing
apparatus being configured to guide the semiconductor  device grasped by
said carrier head toward said testing  socket to accurately contact the
semiconductor device into  contact with said testing socket by engaging
first and second  cooperating guide means provided on said carrier head and
said testing socket, respectively, with each other,      said semiconductor
device testing apparatus being  characterized in that:      a drive source
for said Z-axis drive means comprises a  pulse-driven motor; and that
said semiconductor device testing apparatus includes a  control means which
comprises:          means for setting said X-axis drive means and said Y-
axis drive means for moving said carrier head in the X-Y  directions in a
natural state in which said X-axis drive  means and said Y-axis drive means
may be freely moved  manually;          means for actuating only said
Z-axis drive means to  lower said carrier head so as to bring said first
and second  cooperating guide means on said carrier head and said testing
socket into engagement with each other, while maintaining  said X-axis
drive means and said Y-axis drive means in the  natural state; and
means for defining the stroke of said Z-axis drive  means in the z-axis
direction by the number of pulses  provided to said pulse-driven motor.
8. A semiconductor device testing apparatus utilizing a  semiconductor
device transporting and handling apparatus  including a carrier head for
grasping a semiconductor device,  an X-Y transport means for moving said
carrier head in X-Y  directions in a horizontal plane, said X-Y transport
means  comprising X-axis drive means and Y-axis drive means, and a  Z-axis
drive means for lowering said carrier head so as to  bring the
semiconductor device grasped by said carrier head  into contact with a
testing socket upon said carrier head  being transported to a position
overlying said testing socket  by said X-Y transport means, said
semiconductor device  testing apparatus being configured to guide the
semiconductor  device grasped by said carrier head toward said testing
socket to accurately contact the semiconductor device into  contact with
said testing socket by engaging first and second  cooperating guide means
provided on said carrier head and  said testing socket, respectively, with
each other,      said semiconductor device testing apparatus being
characterized in that:      a drive source for said Z-axis drive means
comprises a  pulse-driven motor; and that      said semiconductor device
testing apparatus includes a  control means which comprises:          means
for setting said X-axis drive means and said Y-  axis drive means for
moving said carrier head in the X-Y  directions in a natural state in which
said X-axis drive  means and said Y-axis drive means may be freely moved
manually;          means for actuating only said Z-axis drive means to
lower said carrier head so as to bring said first and second  cooperating
guide means on said carrier head and said testing  socket into engagement
with each other, while maintaining  said X-axis drive means and said Y-axis
drive means in the  natural state;          means for correcting the
engagement between said  first and second guide means so that those guide
means are in  concentric alignment with each other;          storage means
for storing therein the corrected  position information of said testing
socket for controlling  said X-axis drive means and said Y-axis drive
means,  respectively; and          means for defining the stroke of said
Z-axis drive  means in the Z-axis direction by the number of pulses
provided to said pulse-driven motor.       9. The semiconductor device
testing apparatus according  to claim 1, wherein said X-Y drive means is
driven by motor  means and said Z-axis drive means is driven by air
cylinder  means, said X-Y drive means being adapted to be set in the
natural state in which it can be freely moved manually when  said motor
means is brought into unexcited state.       10. The semiconductor device
testing apparatus according  to any one of claims 4 to 8, wherein said
X-axis drive means                                      -49-  and said
Y-axis drive means are driven by motor means,  respectively, and are
adapted to be set in the natural state  in which they can be freely moved
manually when said motor  means are brought into unexcited state.       11.
The semiconductor device testing apparatus according  to any one of claims
4 and 5, wherein said X-axis drive means  and said Y-axis drive means are
driven by motor means,  respectively, and said Z-axis drive means is driven
by air  cylinder means, said X-axis drive means and said Y-axis drive
means being adapted to be set in the natural state in which  they can be
freely moved manually when said motor means are  brought into unexcited
state.        12. The semiconductor device testing apparatus according  to
claim 6, wherein said control means includes means for  storing, as the
number of pulses provided to said pulse-driven  motor, the downward
distance of travel through which said  carrier head is moved from said
position overlying said  testing socket to which the carrier head has been
transported  by said X-Y transport means to a lower position to which said
carrier head is lowered by said Z-axis drive means to come  into abutment
against an abutment block.         13. The semiconductor device testing
apparatus according  to any one of claims 7 and 8, wherein said means for
defining  the stroke of said Z-axis drive means includes means for
-50-  storing, as the number of pulses provided to said pulse-driven
motor, the downward distance of travel through which said  carrier head is
moved from said position overlying said  testing socket to which the
carrier head has been transported  by said X-Y transport means to a lower
position to which said  carrier head is lowered by said Z-axis drive means
to come  into abutment against an abutment block.
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