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*TESTING APPARATUS"

Background of the Invention

The present invention'relates to a testing

apparatus for testing an object, e.g., a semiconductor

wafer or an LCD substrate, on Which semiconductor

devices are formed.

In the semiconductor’ manufacturing process,

a large number of semiconductor chips (semiconductor

devices) each having a predetermined circuit pattern

are formed on a semiconductor wafer in accordance with

micropatterning or the like.

The semiconductor chips

on the wafer are subjected to electrical characteristic

tests while they are on the wafer by using a testing

apparatus, e.g., a probing apparatus.

Only chips that

are determined to be non-defective from the result of -

the tests are sent to the subsequent bonding and

packaging steps, thereby imbroving the yield of final

products.

A probing apparatus of this type has, e.g., a work

table for placing a wafer thereon and movable in the X,

Y, %, and 0 directions, a probe card having a

plurality of probe needles that are brought into

electrical contact with the wafer by the movement of

the work table, and a test head electrically connected

The work table is moved to bring

a plurality'of electrode pads on the wafer and

a plurality of corresponding probe needles into



10

15

20

25

electrical contabt with each other, and the eléctricalq
test of the wafer is performed by.an external'tester
connected through the test head. At this time, when 
performing accurate ﬁafer test,'the needle points of

the respective probe needles must accurately come into

‘contact with the electrode pads with a substantially

uniform needle pressure.

Fdr this purpose, cbnventionally, a holding
mechanism for holding'the test head is provided to oné
side of the apparatus body of a probing apparatus, and
the test head is held by the holding mechanism. The
test head is pivoted from the maintenance region to
a position above the apparatus body by the rotating
mecﬁgnism of the test head. The test head is
positioned on a ﬁead plate disposéd on the upper
surface of the apparatus body, and the probe card
arranged in the head plate is electrically connected to
the test head. )

As the integration degree of the IC chips. formed
on the wafer is increased to 16M, 64M, or furthermore
256M, a high-speed operation-becomes necessary. .To
achieve this, the tester also réquires good high-
frequency characferistics, so that the distance between
the test head and thé wafer should be reduced to
shorten the length of the ﬁiring from the test head to

;he wafer, for performing high-precision test with

an high-frequency test signal. In order to respond to
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this requirement, various studies-have been made,'and
a technique disclosed in Jpn. Pat. Appln. KOKAI
Publication No. 5-335385 has been proposed. According
to this technique, the probe card is diiectly connectgd
to the test head, any inclination of the probe card
with respect to the work table that supports-a wafer W
is detected, and the inciination of the.work table is
corrected based on the detection information.

'In a conventional probing épparatus, however, as
shown in fIé. 10, merély a test head 72 is horizontally

held on an apparatus body 70 by a holding mechanism 71,

‘and the test head 72 on the apparatus body 70 is not

fixed about movement in X and Y directions. Thereforé,
the needle péints (each having a diameter of, e.g.,
30.# m) of probe needles 75 of a probe card 74 easily
cause positional shift.with respect to the electrode |
pads (e.g., 80 z m square) of a wafer W on a work table
73, making positioning very difficult. Also, the probe
needles 75 are apt to be influenced by the vibration of
the apparatus body 70 upon step feeding of the work

table 73 between -tests, so that the contact state of

the probe needles 75 is not stable, leading to a

difficulty in attaining stable test. 1In addition, in
the conyentional probing apparatus, the parallel degree
between the probe card 74 and the wafer W on the work

table 73 cannot be accurately adjusted and variations

occur in the needle pressures of the probe needles 75}
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making it difficult to perform accurate test.

Summary of the Invention

The present invention has been made in view of the

above problems, and has as its object to provide a

‘testing apparatus in which all the contact elements

fixed to the test head are accurately brought into

contact with the electrodes of the object to be tested,

. thereby allowing highly reliable test.

It is another object of the present invention to
provide a testing apparatus in which the adverse
influence of vibrations of the test head is prevented

during step-feeding the object to be tested, and all

.the contact elements fixed to the test head are

accurately brought into contact Qith the electrodes of
the object to be tested without causing a positional
shift, théreby allowing highly reliable test.

According to a first aspect of the present
invention, there is provided a probing apparatus which
has an apparatus body and a test head detachable from
the apparatus body and is used for testing electrigél
characteristics of a substrate to be tested,
comprising:

a probe card having a plurality of contact
elements to be brought into contact with the substrate,
the probe card being supported by the test head;

first, second, and third engaging portions

disposed on the test head around the probe card to
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receive a load of the test head in a distributed
manner;

" a work table which is vertically movable and
disposed on the apparatus body to place the substrate
thereon; and . .

first, secsnd, and_third'supports disposed on the
apparatus body around the work table to support the |
test head such that the probe éard opposes the work
table, by respectively and detachably engaging with the
first,.second, and third engaging portions and
supporting the test head through the first, second, and
third engaging portions, respectively, the firs£ and
second supports having first and second vertical |
drivers to move the fest head in a vertical direction
through the first and second engaging portions;
respectively, wherein an inclination of the probe card
with respect to the substrate placed on the work table
is adjusted while the test“ﬁead is moved by the
firét and second vertical drivérs.

According to a second aspect of the present.
invention, there is provided a testing apparatus which
has an apparatus bgdy and a movable head detachable
from the apparatus body, and is used for testing a
substrate to be tested, éomprisingz

a testihg member supported by the movable head;

first, second, and third engaging portions

disposed on the movable head around the testing
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member to receive a load of the movable head in
a distributed manner; |

a work table which is vertically movable and
disposed on the apparatuslbody to place the substrate
thereon;

first, second, and third supports dieposed on the

apparatus body around the work table to support the

. movable head such that the testing member opposes the

work table, by respectively and detachably engaging
with the first, second, and third engaging portions and
supporting the movable head through the first, second,
and third.engaging portions; respectively, the first
and second supports having first and second vertical
dri&ers to move the movable head in a vertical
direction_through the first and second engaging
portions, respectively, wherein ah inclination of the
testing member with respect to the substrate placed on
the work table is adjusted while the movable head is
moved by the first and second vertical drivers; and
first and second intermediary members respectively

interposed between the first engaging portion and the

first vertical driver and between the second engaging

portion and the second vertical driver, the first and
second intermediary members being supported by the

first and second vertical drivers to be rotatable

freely within a horizontal plane.

According to a third aspect of the present
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invention, the:e is provided-a testing apparatus which”
has an'apparétus body and a'movable_head detachable
from the apparatus body, and is used for testing a
substrate to be tested, comprising:

a testing member,supported by the movable head;
first, second, and third ehéaging portions |
disposed on the movable head around the testing member'

to receive a load of the test head in a distributed
manner; | |

a wofk table which is vertically movable and
disposed on the apparatus” body to place the substfate
thereon;

first, second, and third supports disposed on the

. apparatus body around the work table to support the

movable head such that the testing member opposes the
work table, by respectively and detachably engaging
with the first, second, and third engaging portions and
supporting the movable head through the first, second,
and third engaging portions, respectively, the first

and second supports having first and second vertical

drivers to move the movable head in a vertical

direction through the first and second engaging
portions, respectively, wherein an inclination of.the
testing member with respect to the substrate placed on
the work tablelis adjusted while the movable head is
moved by the first and secdnd vertical drivers;

first and second intermediary members respectively
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interposed bétween the first engaging portion and.the
first vertical driver and between the second engaging
portion and the second vertical driver, the first and
second intermediary members being able -to be expanded
and contractéd in the horizontal direction in
accordance with a load thereto in the vertical
direction; and . |

first .and second recéptaéles respectively fixed to
the first and second supports or the first and second
engaging.portions for respectively surrounding the
first and second intérmediary membefs, wherein when the
first and second intermediary members are expanded upon
reception of a load of the test head, the first apd
second intgrmediary members respectively come into
contact with inner sides of the first and second
receptacles to restrain a movement of the test head in
the horizontal direction.
| According to the present invention, all the
contact elements fixed to the test head are accurately
brought iﬂto contact with the electrodes of the object
to be tested, therebf allowing highly reliable test.
Also, the adverse influence of the vibration of the
test head is.prevented during step-feeding the object
to be tested, and all the contact elements fixed to
the test head'are aécurately broﬁght'into contact with
Fhe electrodes of the object to be tested without

causing a positional shift, thereby allowing highly
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reliable test.

Brief Description of the Drawings

FIG. 1 is a3partially cutaway perspective view
showing a probing appgratus according to an embodiment
of thé present invention;

FIG. 2 is a sectional view showing the probing
apparatus shown in FIG. 1;

FIG. 3 is a sectional view showing a first support
mechanism of the probing apparatus shown in FIG. 1;

FIG..4A is a sectional view, perpendicular to that
of FIG. 3, showing the first support mechanism of the
probing apparatus shown in FIG. 1, and FIG. 4B is
a plan view showing the lock mechanism of the first
support mechanism; | |

FIG. 5 is a sectional view showing the second
support mechanism of the probing apparétus shown in
FIG. 1;

' FIG. 6 is a perspective view showing the
relationship among the first engaging members of the
first support mechanisms, the second engaging member of
the second support mechanism, and the engaging rods of
the test. head;

FIG. 7 is an explanatory view for explaining the
relatiohship of the inclination of the plane defined by

the needle points of probe needles with respect to the

wafer surface;

FIG. 8 shows the position recognition mechanism of
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the probing apparatus shown in FIG. 1;

.FIGS. 9A to 9D afe explanatory views showing how
to detect the height of a probe needle by using the
position recognitidn mechanism shown in FIG. 8;

FIG. 10 is a side view showing a conventional

-probing apparatus;

FIG. 11 is a paitially cutaway perspective view
showing a probing apparatus according to another
embodiment of the present invention; |

FIG.:12 is a sectional view showing the probing
apparatus shown in FIG. 11;

FIG. 13 is a sectional view shoWing a support
mechanism of the probing apparatus shown in FIG. 11;

FIG. 14 is a sectional-view, perpendicular to that
of FIG. 13, showing the support mechanism of the
probing apparatus shown in FIG. 11;

FIG. 15 is a perspective vigw showing a chuck of
the probing apparatus,shown ih FIG. 11; |

FIGS. 16A and 16B are explanatory views showing a.
manner of corfecting the inclination of the test head
with the probing apparatus shown in FIG. 11;

FIGS. 17A ahd-l?B are explanatory views showing
another manner of correcting the inclination of the
test head with the.probing apparatus shown in FIG. 11;

FIG. 18 is a sectional view showing a staté

wherein the diameter of the chuck of the probing

apparatus shown in FIG. 11 is decreased with no load
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being applied to iﬁ;
FIG. 19 is a sectional view showing a state

wherein the diameter of the chuck of the probing

‘apparatus shown in FIG. 11 is increased with a

pressure;

FIG. 20 is a sectional view showing the main part

of a probing apparatus according to still another

embodiment of the present invention; ahd

FIG. 21 is a sectional view showing the main part
of a probing apparatus according to still another
embodiment of the present invention.

Detailed Description of the Preferred Embodiments

FIG. 1 shows a probing apparatﬁs according to an
embodiment of the present invéntion. This probing |
apparétus has an apparatus body 1 and a test head 2
detachably placed oﬁ the apparatus body i; A probe
card 3 having a plurality of probe needles 4 is fixed
to the lower surface of the test head 2. During test,
the probe needles 4 are électrically connected to the
electrodes of semicohductor chips formed on an object
to be tested, e.g., a semiconductor wafer W. " In this
state, an electric signal is supplied from a tester
connected to the test head 2 to the chips through the
probe needles 4, and the electrical characteristics of
the chips are tested.

A work table 5 for placing thé wafer W fherebn is

disposed in a probing area 6 of the apparatus body 1,
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i.e., below the test head 2. During test, the.work
table 5 is moved in the X, Y, 2, and ¢ directions and
positioned under the ébntrol of a controller,‘e.g., a
CPU 66 (see FIGS. 6 and 8) or the like. The work table
5 is step-fed foi a diStanée corresponding to one IC
chip mainly in the X direction to bring the electrode
pads of the ihdividual IC.chips into electrical contact
with the correspohding probe needles 4, thefeby testing
the IC chips gne'by one. | | |

As shown in FIG. 1, a loading area 7 is arranged
on the right side of the probing area 6. The wafer W
is transferred betweéﬁ the work table 5 and a cassette
rest area 8 by a transfer mecﬁanism (not shown) in the
1oadin§ area 7. A displéy 9 is diéposed'to display
an operation éanel used for operéting the probing
apparatus or for displaying the state of the wafer W in
the apparatus body 1. | .

The apparatus body 1 has a base 10 formed of
a 680 mm (width) x 830 mm (depth) x 120 mm (thickness)
cast iron material. A work table driving mechanism 60
ié disposed on the base 10.

More specifically, a pair of guide rails 10A
extending in the Y direction are disposed on the base
10. A Y stage 61 is disposed to be movable in the Y
direction along the guide rails 10A. A pair of guide

rails 61A extending in the X direction are disposed on

the Y stage 61. An X stage 62 is disposed to be
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movable.in the X diréction along £he guide rails 61A.
A 2 stage 63 is diéposed on the X stage 62 to be
movable in the Z direction (vertical direction). A
mounting plate 64 is fi#ed on the 2 stage 63, and the
work table 5 is rotatably (in the 6 direction) |
supported by the mohnting plate 64. The Z stage 63.can
vertically move a maximum of about 100 mm. The X and Y
stages 62 and 61, the Z stage 63, and the work table 5
that are movable in the X, Y, 3, and ¢ directions,
respectivély, are cdupled to the rotating shafts of
stepping motors and various other motors. |

A means, e.g., three projecting pins (not shown),
for automatically loading and unloading the wafer W are
arranged in the work table 5 to be ejectable and
retractable. When loading and unloading the wafef W,
the wafer W is transferred'between the projecting piné
and the transfer mechanism (not shown) of the loading
area 7. |

First and second support mechanisms 11 and 12 for
supporting the test head 2 are disposed at three
positions on the_base 10. As shown in FIGS. 1 and 2,
the first support mechanisms 11 are arranged as support
columns each haﬁing a firm structure at two positions
on the left side of the probing area 6 with a
predetermined distance between them in the Y direction.
The second support mechanism 12 is arranged at only one

position on a support member 13 having a firm structure
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on the right side of the probing area 6 to
sﬁbstantially oppoée the middle position between the
two first support mechanisms 11. The first support
mechanisms il have elevating mechanisms, as will be
described later, and can adjust the support height'of
the test heéd 2 throuéh'these elevating mechanisms with
reference to the.support height_of the second suppoft
mechanism 12. | | .

A support frame 14 is attadhed to the test head 2.
Engaging projections (e.g., engaging rods) 15 are
vertically attached to the support frame 14 through
brackets 16 to face downward. .A spherical portion 15A
is formedlon the lower end of. each engaging rod 15. Tﬁe'
respective spherical portions 15A can be fitted in the
first and second support mechanisms 11 and 12. The
first and second support mechanismslll and 12 will be
describéd in detail hereinafter.

As shown in FIGS. 3, 4A, and 4B, each first
support mechanism 11 has a receptor 17 which is
vertically movable to receive the corresponding
engaging rod 15 of the fest heéd 2. A guide mechanism
18 is suppoxted by a stétionary portion 19 to guide the
recéptor 17 in the vertical direction. An elevating

mechanism 20 is disposed in the space of the stationary

_ portion 19 to move the receptor 17 in the vertical

direction.

A fitting hole 21 in which the spherical portion
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15A of the corrgsponding engaging rod 15 is loosely .
fitted is formed iﬁ the center of the receptor 17 to
extend in the vertical direction. Part of a first
engaging member 22 with which the spherical porfion 15a
of the engaging rod 15 engages is fitted in the fitting
ﬁole 21 from below. A V-shaped grdove 22A is formed in
the upper surface of the first engaging member 22, and
the spherical portion 152 of the engaging rod 15

engages with the V-shaped groove 22A through point

. contact. A lock mechanism 23 for locking the engaging

rod 15 is mounted in the fitting hole 21 of the
receptor_l?.

As shown in FIG. 4A, the lock méchanism 23 has
three hard balls 24 disposed inside a collar member 28
equiangularly in the circumferential direction. A lock
actuator 25 is disposed to urge the respective hard
balls 24 in the radial direction into the constricted
portion of the engaging rod 15 above the spherical
portion 15A. A driving cylinder (not shown) is
disposed to rotate the loék actuator 25 about thé axis
of the fitting hole 21 as the center in the forward and
reverse directions through a link mechanism 26 (see
FIG. 4B).

The lock actuator 25 is constituted by the collar

.member 28 mounted in the fitting hole 21 and having a

lever, and small balls 29 mounted between the outer

circumferential surface of the collar member 28 and the
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inner circumferential surface of the fitting hole.21.
Recessed portions 28A are formed in the inner .
circumferential éurface of the collar member 28 to
correspond to the hard balls 24, as shown in FIG. 4B.
When the respective recessed portions 28A coincide with
the hard balls 24, the hard balls 24 allow the
spherical pprtion 15A of the engaging rod 15 to ffeely
pass through. When the lock actuator 25 is rotated by
the cylinder as shown in FIG. 4B, the recessed portions
28A move Away from the hard balls 24. Thus, the hard

balls 24 are pushed by the inner surface of the collar

member 28 to proceed to the constricted portion above

the spherical portion 15A, thereby locking the engaging
rod 15.

The first engaging member 22 is forﬁed of an .
engaging portion having the V-shaped groove 22A formed
in its upper side and a lower shaft portion vertically
continuous to the-lower'surface of the engaging
portion. The shaft portion of the first engaging
member 22 is mounted in the recessed portion of a
receptot 31 through a ball bearing 30. 1In the recepfor
31, the first engaging member 22 is rotatable through
the shaft portion. The axis of the engéging rod 15 is
slightly eccentric from the axis of the shaft portion
of the first engaging member 22, as shown in FIG. 3.

When the engaging.rod 15 engages with the V-shaped

groove 22A, a moment corresponding to the distance of
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eccentricity écts on the first engaging member 22 to
direct the V-shaped groove 22A in a certain direction,
as shown in FIG. 6. |

"A ball screw 32 constituting the eievating
mechanism 20 is coupled to the lower surface of the
receptor 31. Thé elevating ﬁechanism 20 is
accommodated in the internal space of the stationary
po;tion 19, as describéd above. The elevating
mechanism 20 has, e.g., a nut member 33 threadably
engaging ﬁith the ball screw 32, a rotary cylinder 34
for fixing the nut member 33, a worm wheel 35 mounted
on the upper portion of the rotary éylinder 34, a wofm
36 meshing with the worm wheel 35, and a stepping motor
37 for driving the worm 36 to rotate.

Thé rotary cylinder 34 is rotated by the stepping

motor 37 in the forward and reverse directions in the

internal space of the stationary portion 19 through a

ball bearing 38. Then, the first engaging member 22 is
vertically moved in the Z direction for a predetermined
distance through the nut member 33 and the ball screw
32. The stepping motor 37 rotates in the forward and
reverse directions for a predetermined amount based on

a command signal from the controller 66 which is based

on a detection value obtained upon detection of the

height of the needle point of a probe needle 4, as will
be described later. |

A rotary encoder 39 is disposed below the rotary
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cylinder 34, and the rofation émount of the rotary
cylinder 34 is detected by the rotary encoder 39. When
the rotation amount of the rotary cylinder 34 reaches
the command value, the controller 66 outputé a stop
signal to the stepping motor 37 to étop the elevating
mechanism 20. | | o

~ Bs shown in FIG. 3, the guide mechanism.ls has
a pair of right and left guide rods 18AICOup1ed t6 the
lower surface of the receptdr 17, and guide bushes 18B.
The guide;rods 18A can move in the vertical direction
to fit in the Quide bushes 18B. When the receptor 17 -
is_#ertically moved by the'elevating mechanism 20, the
guide rods 18A move vertically while they are guided by
the guide busheé'lBB.

As shown in FIG. S,Ithe secénd support mechaﬂism

12 is mainly constitﬁted by.a receptor 41 disposed on
a stationary portion 40 to receive the engaging rod 15
of the test head 2. A fitting hole 42 in_which the
spherical portion 15A of the'engaging rod 15 is loosely
fitted is formed fo extend through suﬁstantially the

center of the receptor 41. A lock mechanism 43 for

‘locking the engaging rod 15 is mounted in the fitting

hole 42. The lock mechanism 43 has three hard balls

‘44, a lock actuator 45 having a collar member 48, and

the like, as shown in FIG. 5, and is formed in the same

manner as the lock mechanism 23 of the first support

- mechanism 11. A second engaging member 46 is
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interposed between the stationary portion 40 and the

' receptor 41. The spherical portion 15A of the engaging

rod 15 fitted through the fitting hole 42 engages with
an inverted circular conical hole 46A formed in the
projecting portion at.the center of the second engaging.
member 46. | -

Accordingly, the first engaging members 22 of the
two first support mechanisms 11 and the second engaging
member'46'of the one second support mechanism 12 engage
with the éorresponding engaging rods 15 of the test
head 2 on the apparatus body 1; as shown in FIG. 6.
The engaging members 22 move in the vertical direction
through the respective elevatinglmechanisms 20 with
reference to the height of the'second'eﬁgaging member
46. Hence, any inclinatién of the test head 2 is
corrected to set the probe card 3 and the wafer W‘dn
the work table 5 pérallel to each other.

.When the test head 2 is supported by the first and .
second support mechanisms 11 and 12, as shown in FIG. 2,
the érobe card 3 fixed to the test head 2 and the wafer
W on.the work table 5 are not sometimes held to be
parallel to each other dependihg on the inciination of
the test head 2. FIG.-7 shows.an example of this case.
Referring to FIG. 7, on the probe card 3, e.g., a plahe
B defined by the four probe needles 4A to 4D has an
inclination Dn in the X direction and an inclination Dm

in the Y direction.with respect to a plane A of the
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wafer W on the work.table 5. These inclinations can bé
detected by a position recognition meéhanism 50 shown
in FIG. 8. For this purpose, the position rebognition
mechanism 50 calculates the heights of a plurality of,
e.g., the four probe needles 4A to 4D, with respect to
the surface of the wafer W.

The position recognition mechanism 50 has a first
camera 51, a target 52, and a second camera 53, as
shown in FIG. 2. Thg_first camera 51 comprises a CCD
camera'or-the like disposed on the mounting plate 64
integral with the Z stage 63. 'The.target.52 is _
disposed to be able to move-towérd and away from the
focal point of the first camera 51. The second camera
53 comprises-a CCD camera or the like supported by a
bridge 54 which reciprocates in the horizontal
direction above the'work table 5.

The bridge 54 is provided to extend between a pair
of guide rails 55 disposed to oppose each other.

A ball screw 56 is disposed to correspond to the
intermediate portions of the guide rails 55 to be
parallel to them, and a pulse motor 57 is directly
coupled to the ball screw 56. A ball nut (not shown)
provided to the bridge 54 threadably engages with the
ball screw 56. An encoder 58 is connected to the pulse
motor 57. When a single pulse is input to the pulse

motor 57, the moving amount of the encoder 58 is

determined, and the second camera 53 is moved by, e.g.,
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5 microns.

As another manner of driving the bridge 54, the
bridge 54 can be driven by an air cylinder (not shown)
to move horizontally to a étopber (not shown) fixed at
a predetermined position.

FIGS. 9A to 9D are views showing a method of
detecting ﬁhe heights of the needle points of the probe
needles 4 with respect to the wafer W.

First; as shown in FIG. 9A, the second camera 53
is moved fo é position.under the center of the probe
card 3. Subsequently, the work table 5 is moved td
align the target 52 with the focal point of the second
camera 53, so that the optical axes of the first and
secbnd cameras 51 and 53 are caused to coincide with
each other to deteci the referénce coordinate point
(X0,Y0,20) of each bf the two cameras 51 and 53 on fhe
X-Y-Z coordinate system.

The work table 5 is moved to below the second
camera 53, as shoﬁn'in FIG. 9B. Then, the work.table 5
is moved upwafd as shbwn in FIG. 9C to cause an
electrode péd on the surface of the wafer W to coincide
with the focal point of the second camera 53, and the
coordinate point'(xC,Yc,Zc) of this.elecﬁrode pad is
detected. The work table 5 is moved as shown in
FIG. 9D to align the focal point of the first camera 51

with the needle point of a probe needle 4, and a

coordinate point (Xp,Yp,Zp) of this needle point is
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detected.

' The position of the needle point of the probe
needle 4 (e.g,; the probe needle 4A) with respect to
the electrode pad on the surface of the wafér W in the
three-dimensional coordinate system is obtained by.
using the arithmetic calculating means of the
controller 66 based on the coordinate points detected
in this manner. The positions of thé neédle points of

other probe needles 4B to 4D are obtained in accordance

with the same sequence. The focal point of the first

camera 51 and the position of the target 52 are
adjusted in advance to coincide with each other with
good reproducibility.

Thereafter, the inclination of the test head 2, if
any, is calculated by the arithmetic calculating means
baséd on the height differences among the needle points_
of these probe needles 4A to 4D. The controller 66
transmité command signals representing these differences
to the étepping motors 37 of the first support
mechanisms 11 to move the first engaging members 22 in
the vertical direction, thereby correcting the
inclination of the probe card 3. 1In this manner, the
probe caid 3 and the wafer W can be adjusted to be
parallel to each other.

The operation of the probing apparatus shown in
FIG. 1 will be described.

Prior to the start of test of the wafer W, the
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test head 2 is moved to above the apparatus body i by
using a predetermined'moving unit (not shown), and is
placed on the apparatus body 1. . During the placement,
the engaging rods 15 at the th;ee positions of the
lower surface of the teét head 2 are aligned with the
fitting holes 21 and 42 of the first and second support
mechanisms 11 and 12 standing up at the three positions
of the base 10 of the'apparatus body 1. In this state,

when the test head 2 is moved downward, the three

" engaging rods 15 fit in the collar members 28 and 48 of

the corresponding fitting holes 21 and 42.

When the sphericél portions 15A of the two
engaging rods 15 engage with the V-shaped grooves 22A
of the first engaging members 22 of the first support
mechanisms 11, the first engaging members 22 rotate in
the receptors 31 through the béll bearings 30 to direct
the V-shaped grooves 22A in predetermined directidns,
as shown in FIG. 6. Thé spherical portion 15A of the
remaining engaéing rod 15 engages with the inverted
circular conical hole 46A of the second engaging member
46 of the second support mechanism 12 to determine the
support point of the second engaging.member 46.
Sﬁbsequently, the lock mechanisms 23 and 43 are driven
to lock the corresponding engaging rods 15 in the
fitting holes 21 and 42. Hence, the test head 2 will
not disengage from the first and second support

mechanisms 11 and 12.



10

15

20

25

At this time point, however, the test'head 2 is
often inclined with reepect to the work table 5 so that
the probe card 3 is not'perallel to the surface of the
work table 5. Therefore, the position recognition
mechanism 50'operates'to detect the needle points of
the predetermined proﬁe needles 4A to 4D of the probe
needles 4 of the probe card 3. The height differences
emong the respective needle points are obtained by the
arithmetic calculating means of the conrroller 66, and
the inclination of the test head 2 is calculated based
on these calculation results. The controller 66
transmits command signals based on these calculation
results to the stepping motors 37 of the first support
mechanisms 11 to drive the elevating mechanisms 20.

When the stepping'motors 37 of the first support
mechanisms 11 are'driven, the correspondihg rotary
cylinders 34 rotate through the ﬁorms 36 and the worm
wheels 35. The ball screws 32 are vertically moved
through the nut members 33 by'the rotation of the
corresponding rotary cylinders 34, thereby vertically
moving the first engaging members 22. Accordingiy, the
test head 2 engaging with the .first engaging members 22
through the engaging rods 15 ie vertically moved by the
two first support mechanisms 11. As a result, the
inclination of the test head 2 can be corrected with

reference to the support point of the second support

mechanism 12, so that the probe card 3 can be set
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parallel to the work table 5.

If the probe card 3 of the test head 2 becomes
parallel to the work table 5, when the wafer W is
placed on the wﬁrk table 5,.the-electrodes pads of the
wafer W can be reliably brouéht into cbnﬁaét.with the
correspbndiﬁg plurality of probe needles 4. Accordingly,
the electrical test of the wafer W can be performed
reliably;

Subsequently, the Qafer W serving as the object to
be tested-is placed on the work table 5 in the probing.
area 6 from the loading area 7 by the transfer |
mechanism. The work table 5 is moved in the X, Y, %,

and 9 directions under the control of the controller

66 to position the wafer W. ' The electrical

characteristics of the respective IC chips of the wafer
W are tested while moving the work table 5.

During the test, the work table 5 performs step
feeding for a distance corresponding to, e.g., one IC
chip in the X direction. During this step feeding,

a Qibratioﬁ is generated mainly in this feed direction,
i.e., in the X direction, in the base 10 by the
inertial force of the work table 5. This vibration is

transmitted to the test head 2 through the base 10 and

- the first and second support mechanisms 11 and 12.

~ However, the test head 2 is supported while the
two engaging rods 15 are locked with the two first

support mechanisms 11 separatéd apart from each other
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in the Y direction and the_reméining engaging rod 15 is
iocked with the one second support mechanism 12
separated apart from the first support mechanisms 11 in
the X direction. Thus, the vibration of the test head
2 in the X direction is suppressed or prevented by the
first and second support mechahisms 11 and 12. The
Qibration in the Y direction is Iargely smaller than
that in the X direction along which sFep feeding is
performed. Regarding the vibration of the fest head 2
in the Y &irection, as the test head 2 is supported '
while the two engaging rods 15 are locked with the two
first support mechanisms 11 separated apart from each
other, also this vibration can be prevented.

Therefore, the vibration of the test head 2 becomes
drastically smaller than thaf of the conventional
probing apparatus.. Acéordingly,'the probe needles 4
will not shift from the corresponding electrode pads:
due to vibrations caused by step feeding during test. .
Hence, the probe needles 4 and the electrode pads come
into reliable contact with each other to allow reliable
test of the IC chips.

Aé described above;‘aécording to this embodiment,
the probe card 3 is directly fixed by the test head 2,
the test head 2 is supported by the first and second
support mechanisms 11 and 12 at three positions, and

any inclination of the test head 2 can be adjusted.

Therefore, high-frequency measurement can be performed
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reliably. More specifically, the rotatable fiﬁst
engaging members 22 which engage with the engaging rods
15 of the tést head 2 to be movabie relative to the
engaging rods 15, and the elevating mechanisms 20 for
vertically moving the first engaging members 22 are
disposed in the first suppaft mechanisms 11. The
second engaging member 46 which engages with the
corresponding engaging rod 15 of the test head 2 is
disposed in the second support mechanism 12.
Accordingiy, the inclination of the test head 2, if
any, is adjusted through the elevating mechanisms 20.

'Even if the parallel state between the probe card
3 fixed to the test head 2 and the wafer W on the work
table.5 is disturbed due ﬁo an assembly error or the
like, the inclinatibn of the test head 2 can be |
adjusted by the elevating mechanisms 20 of the first
Support mechanisms 11. Consequently, the probe needles
4 can be reliably brought into contact with the |
electrodes pads of the wafer W, so.that the electrical
characteristics of the individual IC chips of the wafer
W can be tested reliably.

When adjusting the inclination of the test head 2,
in the first support mechanisms 11, the engaging fods
15 can move along the V-shaped grooves 22A of the first
engaging members 22. For this reason, the head
inclination can be adjusted smoothly.

The two first support mechanisms 11 are arranged
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in a direction perpendicular to the direction alqhg
which the work table 5 is continuously step-fed. The

second support mechanism 12 is arranged at a position

-opposite to the first support mechanisms 11 through the

moving region of the.work table 5. Therefore, even
when the work table 5 is sﬁep-fed in the X direction
during test, the vibration of the test head 2 in the X
direction can be reliably suppressed or prevented by
the two first support mechanisms 11 and the one second
support mechanism 12. As a consequence, positional
shifts of the probe needles 4 from the electrode pads
of the wafer W are eliminated, so that the electrical
characteristics of the individual IC chips of the wafer
W can be tested reliably.

The engaging rods 15 of the test head 2 have the
spherical portions 15A at their lower ends. Meanwhile,
the first engaging members 22 of thé first support
mechanisms 11 have V-shaped gréoves that engage with
the spherical portions 15A. The second engaging member
46 of the second support mechanism 12 has.an inverted

circular conical hole which engages with the

_corresponding spherical portion 15A. Therefore, when

adjusting the inclination of the test head 2, the first
engaging members 22 of the first support mechanisms 11
are moved in the vertical direction with reference to

the support point of the engaging rod 15 supported by

the second support mechanism 12, thereby adjusting the
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inclination of the test head 2 smoothly and reliably.
The first and second support méchanisms 11 and 12

have the lock mechanisms 23 that protrude onto the

"spherical portions 15A of the corresponding engaging

rods 15 to fix the test head 2. Thus, even during
test, the test he;d 2 can be reliably fixed at a
position adjusted by the first support mechanisms 11,
thereby preventing positional shifts of the probe
needles 4 more reliably. |

In the probing apparatus of.this embodiment, the
first support mechanisms 11 are provided at two
positions, &nd the second support mechanism 12 is_
provided at one position. Howéver,lfirst support
mechanisms 11 may be provided at two right positions
and two left positions, i.e., a total of four
positions.

FIGS. 11 to 19 show a probing apparatus according
to another embodiment of the present invention. 1In
FIGS. 11 to 19, portions that are identical to those in
FIGS. 1 to 9 are denoted by the same reference
numerals, and a detailed description thereof will be
made only when necessary. |

In this probing apparatus, a pivotal driving
mechanism 2A is disposed on one side portion of an
apparatus body 1. A test head 2 connected to a tester
is supported by an arm 2B of the pivotal driving

mechanism 2A. When the arm 2B of the pivotal driving
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mechanism 2A is pivoted, the test head 2 can move
between the use position and the retreat position, as
shown in FIG. 12.

Support mechanisms 1097, 109B, and 109C for
supporting the test head 2 are disposed at least at
three pésitions in the peripheral portion of the
apparatus body 1. The support.meéhanisms 109a, 109B,
and 109C are preferably arranged at equal distances
from the center of a work table driving mechanism 60
and equiahgularly from each other. As the support
mechanisms 1092, 109B, and 109C have the same
structure, only one of them will be described with
reference to FIGS. 13 and'14. '

A circularly columnar poie 117 having an outer
diameter of, e.g., 45 mm, vertically stands on a base
10. A smali-diameter-portion 118 having an outer
diameter of, e.g., 35 mm, is disposed on the upper
portion of thé pole 117. Three stages of hollow
portions 117C to 117E are vertically disposed in the
lower portion of the pole 117 through partitioning
walls 117A and 117B. The upper side hollow portion
117C communicates with a fhrough hole 119 extending
through the axial portion of the pole 117.

A ball bearing 120 shown in FIG. 14 is inserted in
the through hole 119. The ball bearing 120 is
constituted by a sleeve 120B having a flange 120A, and

a plurality of balls 120C arranged inside the inner
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circumferential surface of the sleeve 120B in thé axial
direction. The flange 120A is fixed on the upper -
surface of the upper side hollow portion 117C with

a bolt 121. |

A through hole 122 is formed in the upper
partitioning wall 117A to be concéhtric_with the
through hole 119, and a screw bush 123 is inserted in
the through hole 122. The screw bush 123 is
constituted'by a sleeve 123B having'a flangé 123A, and
a trapezoidal screw portion 123C formed on the inner
circumferential surface of the sleeve 123B. The flange
123A is fixed on the lower surface of the uppér hollow
portion 117C with a bolt 124.

A cylindrical, first up-and-down member 125 is
fitﬁed in the ball bearing 120 to be movable in the
vertical direction. 'A screw cyiindér 126 is fitted in
the screw bush 123 to threadably engage with the screw

portion 123C. The precision of the vertical movement

is determined by the screw pitch of the screw portion

123C. A thrust bearing 127 'is interposed between the
lower end face of the first up-and-down member 125 and
the upper end face of the screw cylinder 126.

The lower end portion of the screw cylinder 126
projects as far as to the middle hollow portion 117D,
and a driven gear 128 is fitted on the lower end
portion of the screw cylinder 126. The driven gear 128

meshes with a driving gear i30 of a motor 129 disposed
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in the hollow. portion 117D.

.A shaft 131 extends through the first up-and-down
mémbers 125 and the screw cylinder 126 to be vertically
movable. A éap G is formed between the shaft 131 and

the first up—and-down.membef 125. The lower end

portion of the shaft 131 projects as far as to the

middle hollow portion 117D, and this lower end portion
is coupled to a rod 133 of a cylinder 132, vertically
fixed to the lower partitioning wall 117B, through
a joint 134. |

The upper end pbrtion of the shaft 131 projects
fﬁrther upward from the upper end portion of the first

up-and-down member 125, and a screw portion-135 is

| disposed on this upper end portion. A second up-and-

down member 136 is fixed to the screw portion 135 with

.a nut 137. Accordingly, the first and second up-and-

down members 125 and 136 are disposed separated from
each other in the vertical direction, and a chuck 138
serving as a positioning and fixing member is disﬁosed
between the first and second up-and-down members 125
and 136 to fit on the shaft 131.

The ghuck 138 is used to absorb slight shifts of
the test head 2 in the X and Y directions when the test
head 2 is move in the Z direction, and also to fix the
position of the test head 2 in the X and Y directions.

As shown in FIG. 15, the chuck 138 has an outer

circumferential wall formed of a cylinder 139 of
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32 mm (outer diameter) X 8.5 mm (inner diameter) X

35 mm (height) and made.of a tool steel or a bearing
steel. Slots 140 are formed in the outer
circumferential wall of the cylinder 139 at 16 equal
angular intervals (with an angle of 22.5 degrees)
alternately from the upper side to the lower side aﬁd
vice versa while éartially lea?ing the outer
circumferential surface to reach the inner surface from
the outer surface. Recessed portions 141 each having
the shape;of a frﬁstum of cone are formed on the upper

and lower end faces, respectively, of the cylinder 139.

- Tapered portions 139A each having a small-diameter

distal end are formed on the outer peripheral portions
of the upper and lower ends, respectively, of the
cylinder 139 to cover slight shifts in the X and Y
directions. |

The chuck 138 having the above arrangement can be
manufactured by forming the slots 140 in the cylinder
139 as described above, winding a wire on the outer
surface of the cylinder 13§ and clamping the cylinder
139 with the wire to reduce the diameter, quenching the
cylinder 139, and thereafter forming the cylinder 139
into a barrel. The chuck 138 can be radially expanded
and contracted, and its diameter is increased upon
application of a pressure in the axial direction to
determine the position of the test head 2 in the X and

Y directions.
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The chuck 138 is interpdséd between the first and’
second up-and-down members 125 and 136 while it is
fitted on the shaft 131 shown in FIG. 14. A spherical
surface 125A having a point Cj3 on the axis as the.
center of curvature is formed on the upper end portion
of the first up-and-down member 125. The-spherical
surface 125A abuts against one tapered inner
circumferential surface 141A formed on the_corresponding
recessed portion 141 of the chuck 138. A spherical
surface 136A having a point C; on the axis as the
center of curvature is formed on the lower end portion
of the second up-and-down member 136. The spherical
surface 136A abuts against the other tapered inner
circumferential surface 141A formed on the other
corresponding recessed portion 141 of the chuck 138.
Corrugated washers 142 are respectively interposed
between the first up-and-down member 125 an& the chuck
138, and between the chuck 138 and the second
up-and-down member 136.

A receptacle 143 serving as an éngaging member is
fixed to the lower surface of the test head 2, as shown
in FIG. 14. The receptacle 143 is formed into such
a size that its cylinder 145 having a flange 144 can
enclose the chuck 138 entirely. When no load is
applied to the chuck 138, i.e., when the chuck 138 is
in a diameter-contracted state, the chuck 138 looéely

fits in the cylinder 145. When, however, the diameter
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of the chuck 138 is expanded as will be described
latef, the chuck 138 engages with the cylinder 145 to
be able to fix the test head 2.at an optimum position
in the X and Y directions and further in the axial
direction (i.e., in the vertical direction). Note that
a chuck 138 may be attached to a flange 144 and a
cylinder 145 ﬁay be attached to- the top portion of
a pole 117. | |

A chamfered portion 145A is férmed on the open end
of the cyiinder 145. A recessed portion 146 for
receiving the upper end portion of the shaft 131
including the nut 137, and an abutting portion 147 for

abutting against the upper end face of the chuck 138

~are formed deep in the cylindef 145.

When the three receptacles.l43 disposed on the
lower surface of the test head 2 are supported by the
three support.mechanisms 109A, 109B, and 109C diSposed
in the apparatus body 1, as showﬁ in FIG. 12, the probe
card 3 fixed to the test head 2-énd the wafér W on the
work table 5 are sometimes held not parallel to each
other depending on the inclination of the test head 2.
FIG. 7 described above shows an example of this case.
As described above, this inclination can be detected by
the position recognition mechanism 50 shown in FIG. 8
in accordance with the method shown in FIGS. 9A to 9D.

The CPU 66 corrects the inclination of the test

head 2 in the following manner by utilizing the
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defection results obtaiﬁed by the method shown in
FIGS. 9A to 9D.

For example, assume that the distance between the
probe needles 4A and 4B is set to 2d = 6 mm and that
the distance betwgen;the support mechanisms 109A and
109B is set to 2L = 600 mm, as shown in FIGS. 16A and

16B. 1In this case, if a height difference P between

" the probe needles 4A and 4B is 20 microns, -500 pulses

ére input to the motor 129 in order to move the first
up—and-ddwn member 125 of the support mechanism 109B
downward for 2,000 micronsf

Similarly, for example, assume that the distance
between the probe needles 4B and 4C is set to 2d = 6.mm
and that the distance between the support mechanisms
109B and 109C is éet to 2M = 400 mm, as shown in
FIGS. 17A and 17B. In this case, if a height
difference Q between the probe needles 4B and 4C is
25 microns, -417 puises are input to the motor 129 in
order to move the first up-and-down member 125 of the
support mechanism 109C downward for 1,667 microns.

A method of positioning the test head of this
probing apparatus will be described.

When the pivotal driving mechanism 2A shown in
FIG. 11 is.driven to pivot the arm 2B, the test head 2

retreated aside the apparatus body 1 pivots to be

loaded on a predetermined position on the apparatus

body 1 together with the probe card 3.
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As described'above, the support mechanisms 109A to
109C are disposed at the three positions in the
apparatus body 1 to support the test head 2, and the
rebeptacles 143 are disposed on the fest head 2 to

correspond'to the respective support mechanisms 109A to

©109C. Accordingly, the test head 2 is supported by the

apparatus body 1 at three points.

The chucks 138 are disposed in the support
mechanisms 109A to 109C. As shown in FIG. 18, since
the Chuck.l38 is in a diameter-contracted state when no
load is applied to it, it loosely fits in the cylinder

145 of the corresponding receptacle 143. More

~specifically, even if the poéitions of the chuck 138

and the receptacle 143 relatively shift from each other
more or less, as the chuck 138 has a smaller diameter
than that of the corresponding cylinder 145, the chuck
138 is formed with the tapered portion 139A, and the
chamfered portion 145A is formed on the cylinder 145,
the chuck 138 reliably fits in the cylinder 145 to
allow rough positioning.

When the chucks 138 and the receptacles 143 fit
with each other, the load of the test head 2, e.g.,
500 kg, acts on the chucks 138 as the pressufe in the
axial direction through the abutting portions 147. The
chucks 138 are sandwiched by the first and sécond
pp-and—down members 125 énd 136 with this pressure.

Therefore, as shown in FIG. 19, the spherical
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surface 125A at the upper end portion of the first
up-and-down member 125 ufges the tapered inner

circumferential surface 141A formed on the inner wall

surface of the recessed portion 141 of the chuck 138

outward. Thus, the lower portion of the chuck 138 is
radially expanded and is pressed against the inner
circumferential surface of the cylinder 145 of the
receptacle 143 to be fixed temporarily. More
specifically, upon application of the load, the test
head 2 is.positioned.in the X and Y directions.

In this case, even if the test head 2 inclines
with respect to the.work table 5 serving as the
horizonﬁal reference plane of the apparatus body 1 and
the cylinder 145 of the support frame 143 inclines with
respect to the vertical line, the test head 2 can be
held well by the chuck 138. More specifically,
although the chuck 138 inclines with respect to the
shaft 131, as shown in FIG. 19, it can be held reliably
due to the presence of the spherical surfaces 125A and
136A on the first and second up-and-down membefs 125
and 136.

- A case will be described wherein the test head 2
is inclined with respect to the horizontal reference
plane of the apparatus body 1 and this inclination is
to be corrécted, i.e., wherein the height of the test
pead 2 is to be adjusted.

First, when the motor 129 is driven to rotate the
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dri&en gear 128 through the driving gear 130, the screw
cylinder 126 rotatés. As the screw cylinder 126
threadably engages with'thé screw portion 123C of the
bush 123, the screw cylinder 126 moves upward or
downward while rotating.

The upward or downward movement of the screw

cylinder 126 is transmitted to the chuck 138 through

the first up-and—down member 125, and is then to the
test head 2 through the receptacle 143, so that the
height of.the test head 2 can be adjusted. More
specifically, when the support mechanisms 109A to 109C
are driven independently 6f each other, the inclination
of the test head 2 can beﬂcorrected to a desired state,
e.g., to a horizontal state, and can be maintained in
this state. |

Then, the rod 133 is moved downward by the
cylinder 132 of each of the support mechanisms 109A to
109C, so that the second up-and-down member 136 is
moved downward by the shafts 131, and the spherical
surface 136A urgés the tapered inner circumferential
surfaces 141A of the chucks 138 strongly. Therefore,
the upper portion of the chuck 138 is rédially expanded
to be locked by the receptacles 143, so that the.test
head 2 is fixed with respect to the support mechanisms

109A to 109C. That is, positioning of the test head 2

on the X-Y plane is completed.'

When retreating the test head 2 from the apparatus
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body 1, the shaft 131 is.pushed upward by the cylinder"
132, and the second up-and—doﬁn member 136 is separated
from the chuck 138. This reduces the aiameter of the
chuck 138 to unlock it. Theresfter, the pivotal
driving mechanism 2A is driven.

In the probing apparatus shown.in FIG.'11, the
support mechanisms are provided at three positions to
support the test head at three poinﬁs, and the
respective support mechanisms are moved upward or - .
upward. However, the height of the test head 2 can be
adjusted at least by moving the two support mechanisms
upward or downward. More specifically, fsr example,
one support mechanism is set to pivotally axially
support the test head 2 through spherical bearings,
pivot bearings, or the like, while the remaining two
support mechanisms are set to be movable in the
vertical direction, in the same manner as in the
probing spparatus shown in FIG. 11. 1In this case, the
remaining two support mechanisms are moved upward or
downward with reference to the.spherical bearing, the
pivot bearing, or the like at one position. Note that
the number of positions where the support mechanisms
are provided is not limited to three; but can be four
or more.

In the above embodiment, the support mechanisms
are provided on the base of the apparatus body.

However, the support mechanisms may be supported by
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a frame separate from the apparatus'body, Also, the

support mechanisms may be supported on a plate provided

on the upper surface of the apparatus body. The

support mechanisms may be attached at any positions as
far as they do not interfere with other members
disposed in the apéaratus body.

FIG. 20 shows the main part of a probing apparatus
according to still another embodiment of the present
invention. In FIG. 20, portions that are identical to
those in fIGS. 11 to 19 are denoted by the same
reference numerals, and a detailed description thereof
will be omitted.

In this probing apparatué, a head plate 160 is
loaded on the upper portion 6f an apparatus body 1, and
a probe card 3 is disposed in the head plate 166.
Support mechanisms 109A to 109C are disposed at three
positions in the apparatus body 1. The head plate 160
is supported by these support mechanisms 10§A to 109C
to be movable in the vertical direction. In this
probing apparatus as well, one support mechanism can be
set to pivotally axially support the head plate 160
through a spherical bearing, a pivot bearing, or the
like, while the iemaining two support mechanisms can be
set to be movable in the vertical direction. 1In this
case, the remaining two support mechanisms are moved
Yertically with reference to the spherical bearing, the

pivot bearing, or the like at one position. The number
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of positions where the'support_mechanismé are provided-“
is not limited to three, but can be four or more.

FIG. 21 shows the main part of a probing apparatus
according to still anothei embodiment of the present
invention. In FIG. 21, portions identical to those in
FIGS. 11 éo 19 are deﬁoted by the same reference
numerals, and a detailed description thereof will be
omitted.

In the probing apparatus shown in FIGS. 11 to 19,
the recepﬁacles 143 are fixed to the,lower'surface of
the test head 2. In the probing apparatus shown in
FIG. 21, receptacles 143 are swingably supported by a
test head 2. More specificallj,_spherical members 161
made of stainless steel or the like are disposed on the
lower surface of the test head 2, and spherical
recessed portions 162 that fit on the sphefical members
161 are disposed in the receptacles 143. Furthermore,
coil springs 163 are interposed in a compressed state
between the lower surface of the test head 2 and the
upper surfaces of the receptacles 143. The receptécles
143 are directed in the vertical direction by the
biasing force of the coil springs 163. Accordingly, the
receptacles 143 and chucks 138 can fit with each other
smoothly.

In the above embodiments, the present invention is
applied to a wafer prbbing apparatus. However, the

present invention is not limited to a wafer probing



apparatus, but can be applied to various types of
testing apparatuses each of which consists of a
stationary portion and a movable portion having a test
head and must position the-movable portion in the X, Y,

and Z directions at high precision.
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This Sheet Has

Claims: |

1. A probing apparatus which has an appargtus
body and a test head detachable from said apparatus
body and is used for testing electrical characteristics
of a substrate to be tested, comprising:

a probe card having-a plurality of contact
elements to be brought into contact with the substratg,
said probe card being supp0rted by said test head;

first, second, and third engaging portions

disposed 6n said test head around said probe card to

receive a load of said test head‘in a distributed

manner;

a work table which is vertically movable and
disposed on said apparatus body to place the substraté
thereon; and

first, second, and third Supports disposed on'said
apparatus body around said work table to support said
test head such that- said probe card opposes said work
table, by respectively and detachably engaging with
said first, second, and third engaging pdftions and
supporting said test head through said first, second,
and third engaging portions, respectively, said first
and second supports having first and second vertical
drivers to move said test head in a-vertical direction
through said first and second engaging portions,

respectively, wherein an inclination of said probe card

‘with respect to the substrate placed on said work table

U
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is adjusted while said test head is moved by said
first and second vertical drivers.
2. An apparatus according to claim 1, further

comprising a position recognition mechanism for

detecting an inclination of said probe card with

respect to the substrate.

3. An apparatus according to claim 2, wherein
said first and second vertical drivers and said
position recognition mechanism are connected to a
controilef, and said controller controls said first and
second vertical drivers based on detection information
output from said position recognition mechanism.

4. An apparatus according to claim 3, wherein
said work table is supported on a stage which is
movable in directions of three-dimensional axes and
which can drive said work table to rotate within a
horizontal plane, and said position recognition
mechanism has first image pickup means attached to said
stage such that a field of view thereof is directéd
upward to pick up an image of said contact elements,
second image pickup meahs.disposed above said work
table such that a field of view thereof is directed

downward to pick up an image of the substrate, and a

'target supported by said stage to align focal points

and optical axes of said first and second image pickup
means with each other.

5. An apparatus according to claim 4, wherein the

eplaced

i
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substrate has a plurality of regions to be tested, said
wofk table sequentially brings the regions to be tested
into contact'with said contact elements while moving in
a first horizontal direction, said first and second
supports are arranged with a space therebetween in a
direction perbendicular to the first horizontal
direction, and said third support is arraﬁged te_oppose
said first and-second supports fhrough said work table.

6. An apparatus according.to claim 1, further
comprisiné first and second intermediary members
respectively interposed between said first engaging
portion and said first vertical driver and between said
second engaging portion and said.second vertical
driver, said first and second intermediary members
being supported by said first and second vertical
drivers to be rotatable freely within a horizontal
plane. |

7. An apparatus according to claim 6, wherein
said first and second intermediary members are disposed
on said first and second vertical drivers, respectively,
such that a center of rotation of.eech of said first
and second intermediary members and a center of a load
applied to each of said first and second intermediary
members by a corresponding one of said first and second’
engaging portions are eccentric. from each other.

8. An apparatus according to claim 7, wherein

said first and second engaging portions respectively

This Sheet Has Been' Reilace
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have first and second projections having spherical
surfaces at lower ends thereof, and said first and
second intermediary members have V-shaped grooves

having inner sides against which said spherical

'surfaces of said first and second projections abut.

9. An apparatus according to claim 8, wherein
said third engaging portion has a third projection _
having a spherical surface at a lower end thereof, and
said fhird support has a circular conical hole having
an. inner §ide against which said spherical surface of
said third projection abuts.

10. An apparatus according to claim 9; wherein
said first, second, and third projections have
constricted portions, respectively, and said first;
second,'and third supports have lock members,
respectively, to enter corresponding ones of said
constricted portions to lock a vertical movement of
said first, second, and third engaging portions.

| 11. An apparatus according to claim 1, further
comprising first and second intermediary members
respectively interposed between said first engaging
portion and said first vertical driver and between said
second engaging portion and said second vertical |
driver, said first and second intermediary members

being able to be expanded and contracted in the

‘horizontal direction in accordance with a load.thereto

in the vertical direction, and first and second
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receptacles respectivelj fixed to. said first and second
supports or said first and second engaging portions for
respectively surrounding said first and second
intermediary members, wherein when said first and
second intermediary members are expanded upon reception
of a load of said test head, said first and second
intefmediary members respectively come into contact
with inner sides of said first and second receptacles
to restrain a movement of said test head in the |
horizontal direction.

12.l An apparatus according to claim 11, wherein
said first and second intermediary members comprise
cylinders which have a plurality of slots in outer
circumferential surfaces thereof to extend in an axial
direction and which can be expanded and contracted in
a radial direction.

13. An apparatus according to claim 12, wherein
said first end second supports respectively further
comprise means for clampihj said first and second
intermediary members in the vertical direction to apply
a load thereto, thereby expanding said first and secoﬁd
intermediary members in the radial direction. |

14. A testing apparatus which has an apparatus
body and a movable head detachable from said apparatus
body, and is used for testing a.substrate to be tested,
compr1s1ng.

a testing member supported by said movable head;

T



* Cc L M 0§ x

10

15

20

25

first, second, and third engaging portions
disposed on said movable head around said testing
member to receive a load of said movable head in
a disfributéd manner;

a work table which is verﬁically movable and
disposed on said apparatus bodj to place the substrate
thereon; .

first, second, and third supports disposed on said
apparatus body around said work table to support sai&
movable héad such that said testing member opposes said
work table,'by respectively and detachably engaging
with séid first, second, and third engaging portions
and supporting said movable head through said firsﬁ,
second, and third engaging portions, réspectively, said
first and second supports having first and second
vertical drivers to move said movable head in a
vertical direction through said first and second
engaging portions, respectively, wherein an inclination
of said testing member with respect to the substrate
placed on said work table is adjusted while said
movable head is moved by said first and second vertical
drivers; and

first and second intermediary members respectively
interposed between said first engaging pbrtion and said
first vertical driver and betﬁeen said second engaging
portion and said second vertical driver, said first and

second intermediary members being supported by said

This Sheet Has Been Re.

ilaced




\

AN 0 o

10

15

20

25

first and second vertical drivers to be rotatable
freely within a horizontal plane.
15. An apparatus according to claim 14, wherein

said first and second intermediary members are disposed

‘on said first and second vertical drivers, respectively,

;uch that a center of rotation of each of said first
and second intermediary members and a center of a.load
applied to each of said first and second intermediary
members by.a corresponding one of said first and second
engaging portions are eccentric from each other.

16. An apparatus according to claim 15, wherein
said first and second engaging portions respectively
have first and second projections having spherical
surfaces ét_lower ends thereof, and said first and
second intermediary members have V-shaped grooves .
having inner sides against which said spherical
surfaces of said first and second projections abut.

17. An apparatus accdrding to claim 16, wherein
said third engaging portion has a third projection
having a spherical surface at a lower end thereof, and

said third support has a circular conical hole having

an inner side against which said sphérical surface of

said third projection abuts.

18. An apparatus according to claim 17, wherein

"~ said first, second, and third projections have

constricted portions, respectively, and said first,

second, and third supports have lock members,
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respectivély; to enter corresponding ones of said
constricted portions té lock a vertical movement of
said first, second, and third engaging portions.

19. A.testing apparatus which has an épparatus
body and a movable head detachable from said apparatus
body, and is used for testing a substrate to be tested,
comprising: |

a testing member supported by said movable head;

first, second, and third engaging portions
disposed on said movable head around said testing
nember to receive a load of said test head iﬁ a |
distributed manner;

a work table which is vertically movable and
disposed on said apparatus body to place the substrate
thereon; |

‘first, second, and third supports disposed on said
apparatus body around said work table to support said
movable head such that éaid testing member opposes said
work table, by respectively and detachably engaging |
with said first, second, and third engaging portions
and supporting said movable head through said first,
second, and third engaging portions, respectively,-said
first and second supports having first and second
vertical drivers to move said movable head in a
vertical direction through said first and second
engaging'portions, respectively, wherein an inclination

of said testing member with respect to the substrate
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placed on said work table is adjusted while said .
movable head is moved by said first énd second vertical
drivers;

first and second intermediary members respectively
interposed betWeen-séid first engaging portion and said
first vertical driver.and between sai& secoﬁd engaging
portion and said second vertical driver; said first and
second intermediary members being able to be expanded
and contracted in thé horizonfal direction in
accordance with a load thereto in the vertical
direction; and |

first and second receptacles respectively fiied to

said first and second sﬁpports of said first and second

engaging portions for respectively surrounding said

first and second intermediary members, wherein when
said first and second intermediary members are expanded
upon reception of a load of said test head, said first
and second intermediary members respectively come into
contact with inner sides of said first and second
receptacles to restrain a movement of said test head in
the horizontal direction.

20. An apparatus according to claim 19, wherein
said first and second intermediéry members compriSe
cylinders which have é plurality of slots in outer
circumferential surfaces thereof to extend in an axial
direction and which can be expanded and contracted in

a radial direction.
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21. An apparaﬁus according to claim 20, wherein
said first and second supports respectively further
comprise means for clamping said first and second
intermediary members_in the vertical direction to apply

5 - a load thereto, thereby expanding said first and second
intermediary members in the radial direction.

22. A testing apparatus, substantially as
hereinbefore deséribed with referenée to FIGS. 1 to 9

and FIGS. 11 to 21 of the accompanying drawings.
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