"TESTI NG APPARATUS" Background of the Invention The.present lnventf%n ad{xﬁ&
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m cropatterning or the like. The sem conduct or ch|Q§wgp é&%

subjected to electrical characteristic tests whileé€ LhC" e mafpr by

using a testing apparatus, e.g., a p@@@ngGaﬁppgﬁA@ganhly chlps t hat 15
are determ ned to be non-defective fromthe result of the tests are sent to
the subsequent bonding and packpgérgr&af@Seof! bRéebiveARiOMI Ng the yield of
final products. A probing apparatus of this type has, e.g., a work 20
table for pIaC|ng a wafre phesent andenﬁﬂablfelatébet% aYteEtlagd [err]
directions, a probe card having a

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

5 wafer or an LCD subst;ate, on Which semiconduqtor
devices are formed.
In the semiconductorfmanufacturing-process,
a lérge number of semiconductor chips (semiconductor
devices) each having a prédetermined circuit pattern
10 are formed on a semiconductor wafer in accordance with
micropatterning or the like. The semiconductor chips
on the wafer are subjected to electrical characteristic
tesﬁs while they are on the wafer by using a testing
apparatus, e.g., a prbbing apparatué. Only chips that
15 are determined to be non-defective from the result of '
the teéts are sent to the subsequent bonding and
packaéinglsteps, thereby imbroving the yield of final
products. ' '
| A probing apparatus of this type has, e.g., a work
20 table for placing a wafer thereon and movébie 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
25 ' to the probe card. The work table is moved to bring
a plurality'of electrode pads on the wafer and

a plurality of corresponding probe needles into



plurality of probe needles that are brought into electrical contact with
the wafer by the novenent of the work table, and a test head electrically

connected 25 "to the probe card. The work table is noved to bring a
plurality of electrode pads on the wafer and a plurality of corresponding
probe needles into - 2 - electrical coptact with each other, and the

electrical test of the wafer is perfornmed by an external tester connected
through the test head. At this tinme, when perform ng accurate wafer test,
t he needl e points of 5 the respective probe needl es’ nmust accurately

cone into contactifééFﬁiggleégﬁ£éggewP@ﬂs h?ﬁhéybséﬁﬁdlﬂélglg LE0ER

needl e pressure pur pose conven I ona ng I'TEC anismfor
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The connected through the test head. At this time, when 
performing accurate ﬁafer test,'the needle points of
5 the respective probe peedles 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
10 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
mecﬁanism of the test head. The test head is
15 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
20 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
25 shorten the length of the ﬁiring from the test head to
;he wafer, for performing high-precisiqn test with

an high-frequency test signal. In order to respond to



test head is pivoted fromthe nmaintenance region to a position above the
appar atus body by the rotating nechani smof the test head. The test head is
15 posi tioned on a head plate di sposed on.the upper surface of the

~ appar atus body, and the probe card arranged in the head plate is _
~electrically connected to the test head. _Aszthe integration degree of the

| C chips fornmed 20 on the wafer is increased to 16M 64M or
furthermore 256M a hi gh-speed operation becomes necessary. To achieve
this, the tester also requires good high- frequency characteristics, so

that the distancectheswepequibembft! P8Rflodddsth@idsf Ravehpeb Rede§daAgd 1o
25 shorten the length of the wiring fromthe test head to the wafer,

for performng hi ghtgenaighendisslosbdhiansphohpit coaspt. tRokasi gnal . In

order to respond to -3- this requirenment, various studies have been

made, and Publication No. 5-335385 has been proposed. According
to this technique, the probe card is diiectly connectgd

5 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

10 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. Theréforé,
the needle péints (each having a diameter of, e.g.,

15 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

20 . the apparatus body 70 upon step feeding of the work
table 73 befween-tests, so that the contact state of
the probe needles 75 is not stable, 1eadihg to a
difficulty in attaining stable test. In addition, in
the conyentional probing apparatus, the parallel degree

25 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}



a technique disclosed in Jpn. Pat. Appln. KOKAl Publication No. 5-335385
has been proposed. According to this technique, the probe card is directly
connected 5 to the test head, any inclination of the probe card w t.h
respect to the work table that supports a wafer Wis detected, and the
inclination of the work table is corrected pased on the detection
informati.on. In a conventional probing appafatus, however, as 10 ‘shown
in FIG 10, nerely a test head 72 is horizontally held on an apparatus body
70 by .a hol ding nechanism 71, and the test head 72 on the apparatus body 70

is not fixed aboqﬁami@e_nie@tdiftf%{%@f@ %dﬁéfgh@r& E{tgz,_;éef t he needl &

poi nts (each having a di aneter r] m of probe _
needl es 75 of a probe card 74 eag;&ﬂ,,ya L@pmlfﬂmlcﬁhlft with respect to
the el ectrode pads (e.g., 80 [erf] msquare) of a wafer Won a work table
73, making positioni nrheprébdit Citventicv, hdd g hradweii asietb off &hrpt
to be influenced by the vibration of 20 t he apparatus body 70 upon
step feeding of tdwwergrdlalems /anktheerad ests obsjedthato tprowintd act state
of the probe needles 75 is not stable, leading to a
5 ‘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
10 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 flxed to the test head are
accurately brought into contact with the electrodes of
15 - the object to be tested without causing a positional
shift, thereby 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

20 the 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 substrate,

25 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



difficulty in attaining stable test. In addition, in the conventional

probi ng apparatus, the parallel degree 25 bet ween the probe card 74
and the wafer- Won the work table 73 cannot be accurately adjusted and
vari ations occur in the needl e pressures of. the probe needl es 75, -4-

making it difficult to performaccurate tes? Summary of the Invention The
present invention has been made in view of fhe above problens, and has as
its object to provide a 5 testing apparatus in which all the contact
elenents fixed to the test head are accurately brought into contact with

the el ectrodes of rL.ES OBJ 8Cliok@ B2 the! edstt h8RALYnak! avsegibugbly reliable
test. It is another Ject o? he present invention to 10 provi de a

testing apparat usphfingpkch the adverse influence of vibrations of the test
head i s prevented durlng step-feeding the object to be tested, and all
" a work table which is vertically movable and

disposed on the apparatus body to place the substrate
5 . 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

10 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

15 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.

20 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

25 a testihg member supported by the movable head;

first, second, and third engaging portions

disposed on the movable head around the testing



the contact elenents fixed to the test head are accurately brought into
contact with the el ectrodes of 15 the object to be tested w thout
causing a positional shift, thHereby allowing highly reliable test.
According to a first aspect of the present invention, there is provided-a
probi ng apparatus which has an appar at us bogy and a test head detachable
from20 t he apparatus body and is uSed for testing electrical
characteristics of a substrate to be tested, conprising: a probe card
having a plurality of contact elenents to be brought into contact with the

substrate, 25 = mehBlErPE8PEeERIH E! 10a8UBROLHRINBYAbNG hesk head: first,

second, and thirdmengaglng portions disposed on the test head around the

probe card to aSaikerehlited haadeet the test head in a distributed
manner ;

a work table which is vertically movable and
disposed on the apparatuslbody to place the substrate
5 thereon; _
first, second, and third supports di;posed on the
apparatus body around the work table to support the
. movable head such that the tesfing member opposes the
work table, by respectively and detachably engaging
10 with the first, second, and ﬁhird engaging portions and
supporting the movable head through the first, second,
and third.engaging portions; respectively, the first
and second supports having firsﬁ and second vertical
dri&ers to move the movable head in a vertical
15 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
20 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
25 first and second vértical drivers fo be rotatable
freely within a horizontal plane.

According to a third aspect of the present



a work table which is vertically novable and dlsposed on t he apparatus body
to place the substrate thereon; and first, second, and third supports

di sposed on t-he apparatus body around the work table to support the test
head such that the probe card opposes the work table, by respectively and
det achably engaging with the 10 first 7second and third engagi ng
portions and supporting the test head through the first, second, and third
engagi ng portions, respectively, the first and second supports having first
and second vertical drivers to nove the test head in a vertical direction

15 through tfie At fdn 2NEhSFE 0N SRIRDAST. &Oféé@ﬂﬁ?oéﬁﬂﬁstﬁyedmich "

wherein an inclination of the probe card wth respect e substrate

pl aced on the mrﬁ%éaé}leapﬁaféjtﬁ'étl@éh i@ & NBov&ble hhesdi detavkabby t he

first and second vertical drivers. According to a second
aspect of the presedm tﬁé/espp@ﬁatﬁ@as@dyﬁ Mavisegsadt ot i tgstpparat us

whi ch has an apparatus body and a novabl e head detachable fromthe
appar at us body, antbstsratsedcd dbetessted), acomprisings:
5 ' 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;

10 . 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
15 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

20 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

25 the work table is adjusted while the movable head is
moved by the first and secdnd vertical drivers;

first and second intermediary members respectively



substrate to be tested, conprising: 25 a testing nenber supported
by the novable head; first, second, and third engagi ng portions di sposed on
t he novabl e head around the testing -6- nenber to receive a |load of the
novabl e head in a distributed manner; a work table which is vertically
movabl e and di sposed on the apparatus body éo_place the substrate 5
thereon; first, second, and third supports di sposed on the apparatus body
around the work table to support 'the novabl e head such that the testing
menber opposes the work table, by respectively and detachably engagi ng 10

with the first, sgpoiboRR BdtwdbENIRY MO AR AP bSHEDOR tand the
novabl e head through the first, second, and third engaging portions,

resF_ect : vely, theffigs tveitth GelC A v P RAid DeBrddly thd SSectnid setgaging
e portion and the second vertical driver, the first and

second intermediary members being able -to be expanded

5 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

10 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 intermediary members respectively come into

15 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

20 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

25 ~ the test head'are aécurately broﬁght'into contact with
the electrodes of the object to be tested without

causing a positional shift, thereby allowing highly



drivers to nove the novable head in a vertical 15 direction through the
first and second engagi ng portions, respectively, wherein an inclination of
the testing nmenber with respect to the substrate placed on the work table

i s.adjusted while the novabl e head is noved by the first -and second
vertical drivers; and 20 - first_anﬂ second intermedi ary nembers
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 internedi ary nmenbers being supported
by the 25 : fif?ii?ﬂﬂesﬁ gpd vertical drivers to be rotatable freely”
within a horizontal plane. According to a third aspect of the present

-7- invention, there is provﬁgggfaDégéfi?gigﬁpgfafué pehwlingas an appar at us
body and a novable head detachabl e Trom the apparatus body, and is used for
testing a FIG. 1 is a partially cutaway perspective view '
showing a probing apparatus according to an embodiment
5 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;

10 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;

15 " 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

20 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

25 fhe needle points of probe needles with respect td the
yafer suiface;

FIG. 8 shows the position recognition mechanism of



subhstrate to be tested, conprising: 5 a testing nenber supported
by the novable head; first, second, and third engagi ng portions di sposed on
t he novabl e head around the testing nmenber to receive a | oad of the test
head in a distributed manner; 10 a work table which is vertically
novabl e and di sposed on the apparatus body §g§ pLace the substrate thereon;
first, second, and third supports di sposed on the apparatus body around the
work table to support the 15 novabl e head such that the testing nenber
opposes the work table, by respectively and detachably engaging with the

first, second, anghéhprébengadpparaeuki SA6wANEnSEPEOr Likng the novabl e héad
through the first, second, and third engaging portions, respectively, the

first 20 and.- secongIGSpPPOAt 8ohBaDi agef explanatiosgcondwseshowdhgdhbwer s
to nove the novable head in a vertical direction through the first and
second engagi ng pbotdebectr ehpeheightypfwhaepeoheaneedtei byt nedngf thee
testing nenber with respect to the substrate placed on
position recognition mechanism shown in FIG. 8;
5 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; |
10 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
15 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
thé probing apparatus,shown ih FIG. 11;
FIGS. 16A and 16B are explanatory views showing a.
20 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;
25 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



- 25 the work table is adjusted while the novable head is noved by the
first and second vertical drivers; first and second internediary nenbers
respectively -8- interposed between the first engagi ng portion and the
first vertical driver and between the second engagi ng portion and the
second vertical driver, the first. and seconﬂlinternediary menbers bei ng
able to be expanded 5 and contracted in~the horizontal direction in
accordance with a {oad thereto in the vertical direction; and first and
SﬁCOPd recep;acles respectively fixed to the first and second supports or
the first and sec 0 =\g! I ortions for respecti-vely surroundin
the first and secgg n%n?@?%é&?a?%g%g gﬁs, wherei n mheg t he fiyst and °

eet head, the 11Tt A s eaana B e o S oA o ety cone i nt 0

wherein the diameter of the chuck of the probing
‘apparatus shown in FIG. 11 is increased with a

5 . pressure;
| FIG. 20 is a sectional viéw showing the main part
of a probing apparatus according ﬁo still another
embodiment of the present invention; ahd

FIG. 21 is a sectional view showing the main part
10 ) 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 |
15 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
20 electrodes of semiconductor 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
25 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,



15 contact with inner sides of the first and second receptacles to
restrain a novenent of the test head in the horizontal direction. According
to the present invention, all the contact elenents fixed to the test head
are accurately 20 brought into contact with the el ectrodes of the
object to be tested, thereby allowng highly,reliable test. Al so, the
adverse influence of the vibration of thé tégt Read is prevented during
step-feeding the object to be tested, and all the contact elenents fixed to

25 "the test head are accurately brought into contact with the.
el ectrodes of the;ofjec beyLe o4t CAUILHE ReBES! thendbrkhi f 1,
t hereby al |l ow ng ki gﬁr BeiBw ?h%eﬁ%gglgb%gs? B?Pg? %esgrlptlon of “the

Drawings FIG 1 'Eaﬁleast §8! pved! JHA¥nBeRSPLS! By CaKtiey SAIWeBE i8nBr ahNg
apparatus according to an enbodi nent
positioned under the control of a controller, e.g., a
CPU 66 (see FIGS. 6 and 8) or the like. The work table
5 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. | | |
10 ' 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
15 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)
20 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
25 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



5 of the present invention;, FIG 2 is a sectional view showi ng the
probi ng apparatus shown in FIG 1; FIG 3 is a sectional view show ng a
first support mechani sm of the probing apparatus shown in FIG 1; 10

FIG 4A is a sectional view, perpendicular to that of FIG 3, show ng the
first support mechani sm of the probing appargtus shown in FIG 1, and FIG
4B is a plan view showi ng the |ock nechaﬁis&1of'the first support
mechani sm 15 FIG 5 is a sectional view showi ng the second
support nechani sm of the probing apparatus shown in FIG 1; FIG 6.is a

perspective view showig §hechsl 2t HARsRERoATRAGALNenEI bRl d8NYA1RY 6TATDET S

of the 20 first support necﬁaannB, tﬂe secOnd engagi ng nenber of the

second support neghansggyeasd. EQedQBEBGEHQOhQ@heO_R BRageesh heage FIG 7 is
an explanatory view for éxplaining the relationship of the inclination of

the plane definedmbyaBbe in thBezndadketponniveetipatbdireedion)with
respect to the - - '
mounting plate 64 is fixed on the 2 stage 63, and the
5 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,
10 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
15 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
20 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
25 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



waf.er surface; FIG 8 shows the position recognition nmechani sm of - 10
- the probing apparatus shown in FIG 1; FIGS. 9A to 9D are expl anatory

vi ews showi ng how to detect the height of a probe needle. by using the
position recognition nmechanismshown in FIG 8; 5 FIG 10 is a
side view showi ng a conventional probing_appgratus; FIG 11 is a partially
cut away perspective view show ng a probing apparatus according to anot her
enbodi ment of the present invention; 10 FIG 12 is a sectional

vi ew showi ng the probing apparatus shown in Fi G 11; FIG 13 is a sectional

vi ew showi ng a supaotheneefnei siuef othehergbbnﬂngpaééat gstehown in FIG -11;
FIG 14 is a sectional view, perpendicular to that 15 of FIG 13,
show ng the suppostbstahahalilyobppbee the middle position between the
two first support mechanisms 11. The first support :
mechanisms il have elevating mechanisms, as will be
5 described later, and can adjust the support height'of
the test head 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.
10 . 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
15 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
20 vertically movable to receive the corresponding
engaging rod 15 of the fest head 2. A guide mechanism
18 is suppoxted by a stationary portion 19 to guide the
recéptor 17 in the vertical direction. An elevating
mechanism 20 is disposed in the space of the stationary.
25 _ portion 19 to move the receptor 17 in the vertical

direction.

A fitting hole 21 in which the spherical portion



probi ng apparatus shown in FIG 11; FIG 15 is a perspective view showing a
chuck of the probing apparatus shown in FIG 11; FIGS. 16A and 16B are

expl anatory views showi ng a 20 manner of. correcting the inclination of
the test head with the probing apparatus showmn in FIG 11; FIGS. 17A and
17B are explanatory views show ng anot her ner of correcting the

I nclination of the test head with the perrgg apparatus shown in FIG 11;
25 FIG 18 is a sectional view show ng a state wherein the

di aneter of the chuck of the probing apparatus shown'in FIG 11 is .

deoreased W th N0y bRags thocdoEraRpLhaing CehdagHhé? +3d 18 dsesbbengl view

showi ng a state wherein the dianet he Thuck™of the probing apparatus
shown in FIG 11 {sii88' £@SeGriedhiR fhe cenBéLSSEN €heFréreplorsia to

sectional view show ng the nmain part
extend in the vertical direction. Part of a first
engaging member 22 with which the spherical porfion 15a
5 of the engaging rod 15 engages is fitted in the fitting
ﬁole 21 from below. A V-shaped grdove 22A is formed in
fhe 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
10 . contact. lA lock mechanism 23 for locking the engaging
rod 15 is mounted in the fitting hole 21 of the
receptor 17. | '
As shown in FIG. 4A, the lock méchanism 23 has
three hard balls 24 disposed inside a collar member 28
15 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
20 disposed to rotate the loék actuator 25 about thé axis
of the fifting 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
25 .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



of a probing apparatus according to still another enbodi ment of the present
I nvention; and FIG 21 is a sectional view showng the main part 10 of
a probing apparatus according to still another enbodi nent of .the present .

i nvention. Detail ed Description of the Preferred Enbodinents FIG 1 shows a
probi ng apparatus according to an enbodigeng of _the present invention. This
probi ng 15 appar atus has an apparatus body 1 and a test head 2

det achably pl aced on the apparatus body 1. A probe card 3 having a
plurality of probe needles 4 is fixed to the | ower surface of the test head

2. During test, tEﬁnegoéﬁrEﬁﬁébﬁanﬂiaiesﬁkeabéi63!hneceaﬁe@hgdthetua.zo
el ectrodes of sem conductor chips formed on an object to be tested, e.g., a

sem conduct or waf gec¥sskl pBirtidhat @8AaArel €bkhked $ngehk danewpplied froma
tester connected to the test head 2 to the chips through the probe needl es

4, and the el ectrigzbupifaraatanilssuefact 3% the cbhdachmpmbare 28esbed. A
work table 5 for placing the wafer Wthereon is disposed in a probing area
6 of the apparat usol@dgpdnd to the hard balls 24, as shown in FIG. 4B.

5 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

10 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
iod 15. _

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

20 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

25 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



- 12 - i.e., belowthe test head 2. During test, the work table 5 is
noved in the X Y, Z and [err] directions and positioned under the control
of a controller, e.g., a CPU 66 (see FIGS. 6 and 8) or the like. The work
table 5 5 is step-fed for a distance corresponding to one IC chip
mainly in the X direction to bring the eLecHgodg pads of the individual IC
chips into electrical contact with the corréspondi ng probe needl es 4,
thereby testing the I C chips one by one. 10 As shown in FIG 1, a
| oading area 7 is arranged on the right side of the probing area 6.. The

wafer Wis transf i ialiiasy 4 W kHeAHigsh andadisRs ity o3t ¥ ed 8

by a transfer mechanism (not “"shown) in the | oading area7. A display 9 is
di sposed to displ @irket the Ashipedl igrdoRanelaused af eerapdmiidit@dtion,

probi ng apparatus or for displaying the state of the wafer Win the
apparatus body 1. as shown in FIG. 6.
"A ball screw 32 constituting the eievating

5 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

10 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.

15 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

20 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'bbtained upon detection of the

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

A rotary encoder 39 is disposed below the rotary



The, apparatus body 1 has a base 10 fornmed of a 680 mm (wi dth) x 830 mm
(depth) x 120 nm (thickness) 20 - cast iron material. A work table
driving mechanism 60 is disposed on the base 10. Mre specifically, a pair
of guide rails 10A extending in the Y direction are di sposed on the base
10. A Y stage 61 is disposed to be novabl e ﬁg the Y 25 direction along
the guide rails 10A. A pair of guide rail s 61A extendlng Ih the X
direction are disposed on the Y stage 61. An X stage 62 is disposed to be

- 13 - novable in the X direction along the guide rails 61A. A Z stage 63

| s disposed on t hé%;%lﬁiiéﬂeﬁz hﬁdb%PED?ég'EE‘ElbﬁeE@SuﬂtdBkeghle 8@'5%? | cal

direction). A nmounting plate 64 is fixed on t stage 6
work table 5 is reyainfey éun1hhae9eétéabe0ehesyaeakyeénéksdb&e390un’Wheﬁ

plate 64. The Z stage 63 can vertically nove a maxi num of about 100 mm The
X and Y the rotation amount of the rotary cylinder 34 reaches
the command value, the controller 66 outputé a stop
5 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.
10 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.
15 As shown in FIG. 5,.the 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
20 fitted is formed fo extend through suﬁstantially the
ceﬁter'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
25 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



stages 62 and 61, the Z stage 63, and the work table 5 that are novable in
theé X, Y, Z, and [err] directions, 10" respectively, are coupled to the
rotating shafts of stepping notors and various other notors. A neans, e.g.,
three projecting pins (not shown), for automatically |oading and unl oadi ng
the wafer Ware arranged in the work table to_be ejectable and 15
retractable. Wen |oading and unloading thé"wafer W the wafer Wis
transferred between the projecting pins and the transfer nechani sm (not :
shown) of the |oading area 7. First and second support nechanisns 11 and 12
for 20 suppoht8gpbied! geltweend theakeatiiznasrgdpairtibhedopasdt kaas on

t he ‘base 10. As shown Tn FIGS. 1 and 2, the first support mechanisns 11 are
arranged as suppOi:écéﬁwﬂm1eachhba%bh@ra_ctai1r Poztivat 164 of the pagayings
on the left side of the probing area 6 with a 25 pr edet er m ned

di stance between gbdmibnflikeed dhreaghotheTlfdttdagntiodepd@r engagleanivithl 2
Is arranged at only one position on a support nenber 13 having a firm '

structure - an inverted circular conical hole 46A formed in the
5 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

10 - 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

15 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,

20 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

25 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



- 14 - on the right side of the probing area 6 to substantially oppose the
m ddl e position between the two first support nmechanisns 11. The first
support. nmechani sns 11 -have el evating nmechani snms, as will be 5

described | ater, and can adjust the support height of the test head 2

t hrough t hese elevatlng mechani sms with refﬁbenge to the support height of
the second support nmechanism 12. A support ane 14 is attached to the test
head 2. 10 Engagi ng projections (e.g., engaging rods) 15 are
vertically attached to the support frame 14 through brackets 16 to.face

downvard. A sphergaly DT bhOPndS@ok £aRTBIsON WHBsLOYRE19MAtIbnRAEAN DS

engagi ng rod 15 e respective spherica portlons e fitted in the
15 first andysesepdasy pargogeehlaﬁl §5§oéﬁ1ﬁﬂénlﬁech-£?ﬁsm 59t sABWn

second support nechanisns 11 and 12 w | escribed in detai
hereinafter. As sfigwrgD &l CSro@. thifs Bl€plBe,c8R8 pobition recognition
mechanism 50 calculates the heights of a plurality of,
5 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

10 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

15 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

20 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

25 motor 57. When a single pulse is input to the pulse
potor 57, the ﬁoving amount of the encoder 58 is

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



© support mechani sm 11 has a receptor 17 which is 20 vertically novabl e
to receive the correspondi ng engaging rod 15 of the test head 2. A guide
mechani sm 18 is supported by a stationary portion 19 to guide the receptor
17 in the vertical direction. An el evating mechanism 20 is disposed in the
space of the stationary 25 portion 19 #3 move the receptor 17 in the
vertical direction. Afitting hole 21 in“whi*ch tthe spherical portion -
15 - 15A of the correspondi ng engaging rod 15 is loosely fitted is fornmed
in the center of the receptor 17 to extend in the vertical direction. Part
of a first engagl gm?§ 22 with which the spherical portion 15A 5

of the engaging ro engages I's fitted in the fitting hole 21 from bel ow.

A V-shaped groove 22A | upgearivihacene’ vfitige '5at, @meagi ng
nmenber 22, and the sphééléngggftﬂghh%gA of th eleggaglng rogE

bridge 54 can be driven by an air cylinder (not shown)
to move horizontally to a étopber (not shown) fixed at
5 a predetermined position.

FIGS. 9A to 9D are views showing a method of
detecting the helghts 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

10 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

15 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

20 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

25 FIG. 9D to align the focal point of the first camera 51
yith the needle point of a probe needle 4, and a

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



engages with the V-shaped groove 22A through point 10 - contact. A lock
mechani sm 23 for |ocking the engaging rod 15 is nounted in the fitting hole
21 of the receptor 17. As shown in FIG 4A, the |ock mechani sm 23 has three
hard balls 24 di sposed inside a collar nenber 28 15 equi angul arly in
the circunferential direction. A |ock actuﬁé) 25 is disposed to urge the
respective hard balls 24 in the radial diTe on into the constricted
portion of the engaging rod 15 above the spherical portion 15A. A driving
cylinder (not shown) is 20 - di sposed to rotate the | ock actuator 25
about the axis Ofdé%%éﬂé%“ng hole 21 as the center in the forward and
reverse directions through a Iink mechanism 26 (see FIG 4B) The | ock

actuator 25 is constit uytrRd gas it Y4 éifhezrheedle £6bén the
fitting hole 21 and having a | ever, and small baIIs 29 nDunted et ween the
outer circunferentnieddlsldl gea f, e qRidRs GRS 429) aftkh heespect to
the electrode pad on the surface of the wafér W in the
5 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 the needle points of
other probe needles 4B to 4D are obtained in accordance
10 ewith 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
15 any, is calculated by the arithmetic calculating means
based on the height differences among the needle p01nts_
of these probe needles 4A to 4D. The controller 66
transmits command signals representing these differences
to the stepping motors 37 of the first support
20 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 catd 3 and the wafer W can be adjusted to be
parallel to each other.
25 The operation of the probing apparatus shown in
FIG. 1 will be described.

Prior to the start of test of the wafer W, the



- 16 - inner circunferential surface of the fitting hole 21. Recessed
portions 28A are fornmed in the inner circunferential surface of the collar
menber 28 to correspond to the hard balls 24, as showmn in FIG 4B. 5
When the respective recessed portions 28A coincide with the hard balls 24,
the hard balls 24 allow the spherical poLtigg 15A of the engaging rod 15 to-
freely pass through. Wien the lock actuator™25 is rotated by the cylinder
as shown in FIG 4B, the recessed portions 10 . 28A nove away fromthe
hard balls 24. Thus, the hard balls 24 are pushed by the inner surface of
the coll ar nenber t oge e+ §0 LC ' abgwavt hep
spheri cal portiont§gk,H?ﬁgrgbggl%§¥%§9?§hgﬁéﬁgagﬁﬁgagggk%EP 15 ¥ Y
first engagi ng neghehg28 peelot8RslifbdoeDEgILATLPPAOLOBhBMM)Ngahkdeis -
V-shaped groove 22A formed in its upper side and a |Iower shaft portion
vertical ly contingpageioohh€hbouppagatiasachodyy Lhe pagapgnghpopiliacemenity
shaft. portion of the first engagi ng

the engaging rods 15 at the three positions of the

The

5 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 dowhward, the three

10 R engaging £ods iS 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

15 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

20 - 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

25 fitting holes 21 and 42. Hence, the test head 2 will
not disengage from the first and second support

mechanisms 11 and 12.



20 . menber 22 is nounted in the recessed portion of a receptor 31
through a ball bearing 30. In the receptor 31, the first engagi ng nmenber 22
is rotatable through the shaft portion. The axis of the engaging rod 15 is
slightly eccentric fromthe axis of the shaft portion 25 of the first
engagi ng nenber 22, as shown in FIG 3. whea4thg engagi ng rod 15 engages

wi th the V-shaped groove 22A, a nonent corrésponding to the distance of

- 17 - eccentricity acts on the first engagi ng menber 22 to direct the

- V-shaped groove 22A in a certain direction, as shown in FIG 6. A ball

- screw 32 constituting hRergligvalimdIpdint, hBReVaR,SPhel tiestCHeRled tig t e
| ower surface of the receptor 31.-Tﬁe el evati ng nechanism 20 is

. acconmodat ed in t bEtieht €htalinedrea taf reBpestatboRaky wodk! itabl95 @ that
descri bed above. The el evati ng mechanism 20 has, e.g., a nut nenber 33 -
t hr eadabl y the probe card 3 is not parallel to the surface of the
. work table 5. Therefore, the position recognition
5 mechanism 50'operates'to detect the needle points of
the predetermined prope needles 4A to 4D of the probe
needles 4 of the probe card 3. The height differences
smong the respective needle points are obtained by the
arithmetic calculating means of the conrroller 66, and

10 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.

15 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

20 ' 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 is vertically moved by the
two first support mechanisms 11. As a result, the

25 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



10 engaging with the ball screw 32, a rotary cylinder 34 for fixing
the nut nenber 33, a worm wheel 35 npunted on the upper portion of the
rotary cylinder 34, a worm 36 nmeshing with the worm wheel. 35, and a
stepping notor- 37 for driving the worm 36 to rotate. 15 The :
rotary cylinder 34 is rotated by the steppigg 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 menber 22 is vertically
noved in the Z direction for a predeterm ned 20. di stance through the

nut menber 33 a”dgéPglféiltéciﬁ #8rk IBEpB&egpi ng notor 37 rotates in the
r

forward and reve ITections tor a predeterm ned anount based on a

conmand si gnal fro”‘tthCEHéerbBé éﬁr&hBCBflﬁhéaﬁedtoneaddztBéébmésvalue
obt ai ned upon detection of the hei ght of the needle point of a

probe needl e 4, aﬁaﬁhllebetdeﬁﬁélbsﬂk|ﬁhBLe B, rehenythecwdfer3W is dlsposéd
bel ow t he rotary
placed on the work table 5, the-electrodes pads of the
5 wafer W can be rellably brought into contact with the
correspondlng 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

10 ~ 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 6 directions under:the control of the controllef
66 to position the wafer W. ' The electrical

15 ' 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,

20 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.

25 ~ 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



- 18 - cylinder 34, and the rotation anount of the rotary cylinder 34-is
detected by the rotary encoder 39. Wien the rotation anount of the rotary
cylinder 34 reaches the command val ue, the controller 66 outputs a stop 5
sighal to the stepping notor 37 to stop the el evating nechani sm 20. As
shown-in FIG 3, the guide nmechanism 18 has g pair of right and left guide
rods 18A coupled to the | ower surface of'thg receptor 17, and gui de bushes
18B. 10 ~The guide rods 18A can nove in the vertical. direction to fit
in the gui de bushes 18B. When the receptor 17 is vertically noved by the

el evating mechani s gfle ¥ha s 9dedgohodhal Be R REhLCBhGN gAY 2olNTs 36
gui ded by the guide bushes 18B. 15 - - As sho I n FFG. 5, the second

support nmechani smaddkea Wath! ¥heobabi E8E6HdP¥uppbeEcCRbehaftisfli 3p0sed on a
stationary portion 40 to receive the engaging rod 15 of the test head 2. A

fitting hole 42 isephrabetdhapapkefiromnl ther Eiest 154ppbrthReengndsmng 10dihd
Is | oosely 20 fitted is formed to extend through substantially the
the X direction. Thus, the vibration of the test head
5 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
10 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
15 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
20 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
- 25 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



center of the receptor 41. A |l ock nechanism 43 for | ocking the engagi ng rod
157 s nounted in the fitting hole 42. The | ock nechani sm 43 has three hard
balls 44, a |lock actuator 45 having a collar nmenber 48, and 25 t he .

li ke, as shown in FIG 5, and is fornmed in the sane manner as the |ock
mechani sm 23 of the first support nechanisn1%1. A second engagi ng nenber 46
S - 19 - interposed between the statrbngry 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 circul ar conical hol e 46A forned

inthe 5 pr OirS‘iﬁbﬂayggf Mo®d pelFiEa1IY, e RocatamIe Fdag nY
léh

menber 46. According ngagi ng ers 22 of the two first
support mechani S”énélgiﬂg hBRLRSE0NS HRdRH R4 gERED VI thd tie diRyayings eeaad
ngag

support nechanism 1 e 10 wi th the correspondi ng engagi ng rods 15
of the test 15 of the test head 2 to be movable relative to the
engaging rods 15, and the elevating mechanisms 20 for
.5 | 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.
10 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
15 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
20 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
25 engaging members 22. For this reason, the head
inclination can be adjusted smoothly.

The two first support mechanisms 11 are arranged



head 2 on the apparatus body 1, as shown in FIG 6. The engagi ng nenbers 22
move in the vertical direction through the respective el evating mechani sns
20 with reference to the height of the second engagi ng nenber 15 46.
Herice, any inclination of the test head 2 is corrected to set the probe
card 3 and the wafer Won the work table 5 allel to each other. Wen the
test head 2 is supported by the first and SQ@LHJ support nechani snms 11 and
12, as showmn in FIG 2, 20 the probe card 3 fixed to the test head 2
and the wafer Won the work table 5 are not sonetines held to be parallel

Lo each ot her depqnigonctie] pelidiald el 1Woe shiss ik fon fidhg 7

shows an exanple 0 hi‘s Case gto on the probe card 3,

e g, aplane 25 y lchBt‘ilx%fWE'ﬁ:‘ic apiee 5f QW centagusRdleS b fedD hese an
inclination Dn in e X direction and an inclination Dmin the Y direction
with respect to ad@c@@@.éu@bdﬁﬂEmechaﬂﬁ%mj12 is arranged at a position
-opposite to the first support mechanisms 11 through the
5 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

10 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.

15 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

20 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 firét support mechanisms 11

25 are merd in -the vertical direction with reference to
the support point of the engaging rod 15 suppdrted by

‘the second support mechanism 12, thereby adjusting the



wafer Won the work table 5. These inclinations can be detected by a

posi tion recognition nechanism50 shown in FIG 8. For this purpose, the
position recognition nmechani sm 50 cal cul ates the heights of a plurality of,
5 . e.g., the four probe needles 4A to 4D, with respect to the surface
of the wafer W The position recognition neggﬁnisn150 has a first canera
51, a target 52, and a second canera 53, Tas owh in FIG 2. The first
canmera 51 conprises a CCD 10 canera or the like disposed on the
nounting plate 64 integral with the Z stage 63. The target.52 is disposed

Lo be able to mve LML K A 'L HRd PPl Pladd St parer o

51. The second canera conpri’ses a camera or Ke supportie

ok cans SEred L SRS P S O YR

work table 5. The brid I'S provi ween a pair of gulde

~rails 55 di sposed A, PRIRS A RAE miMisnS B trid ProtGide BrdPsath {0
correspond to the 20 I ntermedi ate portions of “the guide rails 55 to be
paral l el to them spHérEdl For®ids A64 DiRCIdarresponding engaging
5 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. |
10 - 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
15 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
20 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
25 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



coupled to the ball screw 56. A ball nut (not shown) provided to the bridge
54 "t hreadably engages with the ball screw 56. An encoder 58 is connected to

- the pul se 25 “notor 57. Wen a single pulse is i-nput to the pul se
notor 57,-the noving anount of the encoder 58 is determ ned, and the second

~ canmera 53 is noved by, e.g., - 21 - 5_mgpons. As anot her nmanner of

~driving the bridge 54, the bridge 54 can be driven by an air cylinder (not

. shown) to nove horizontally to a stopper (not shown) fixed at 5 a

- predeterm ned position. FIGS. 9A to 9D are views showing a nethod of

- detecting the hei apli sil'2anaedi vereal s thk kBetPhedd needinemoden th

- respect to the warer W First, as shown in FIG 9A the second camera 53 10
is noved to a posijdiedidde Wi qREIioal ahde theoketaat posStlicequers |y,

the work table 5 is noved to _
shown in FIG. 12.
Support mechanisms 1097, 109B, and 109C for
5 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
10 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
15 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
20 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
25 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



align the target 52 with the focal point of the second canera 53, so that
the optical axes of the first and second caneras 51 and 53 are caused to
coincide with 15 each other to detect the reference coordi nate point
(XQYQ, ZzO) of each of the two caneras 51 and 53 on the X-Y-Z coordinate
system The work table 5 is noved to bel ow the second camera 53, as shown

. in FIG 9B. Then, the work table 5 20 i'S" moved upward as shown in FIG
' 9C to cause an el ectrode pad on the surface of the wafer Wto coincide with
i the focal point of the second camera 53, and the coordi nate point

 (Xc, Ye, Ze) of thi & iQlRirfidndng | sui&’e e thid & Mve BT ﬁi&MiaS

shown i.n 25 FIG 9D to align the focal point of the first canera 51
with the needl e pQitectich pr oigge neetidqe 4200004 £ Kioaddlididtthd diper XPYp, Zp)

of this needle point is - - det ect ed.

surface of the upper side hollow portion 117C with
a bolt 121. |

5 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

10 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

15 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

20 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,

25 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 130 of a motor 129 disposed



The position of the needle point of the probe needle 4 (e.g., the probe
neédl e 4A) with respect to the el ectrode pad on the surface of the wafer W
inthe 5 . three-dinensional coordinate systemis obtained by using the
~arithnetic calculating nmeans of the controller 66 based on the coordinate
poi nts detected in this manner. The positiong, of_the needl e points of other
. probe needles 4B to 4D are obtained in accordance 10 wth the sane

. sequence. The focal point of the first canmera 51 and the position of the

"~ target 52 are adjusted in advance to coincide with each other w th good

reproduci bi lity. TGherapd tH11dhporcidnaiiay, of the test head 2, if 15
any, is calculated by the arithnetic cal cul ati ng neans based on the hei ght

~differences among the neesH£FH0i N etferdde iyt tired BsstlAg-ard.dovihe
controller 66 transmts command signals representing these differences to

t he steppi ng not omenberd 1I3B dnd Sthe gapevw Al inder Mfhatn s vidrt iccablye
the first engaging nenbers 22 in the vertical direction, thereby correcting
the inclinati on ofmaveblE.obd cyapl G.is nfarmexd atvaen tthe shaft 131 and
5 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 poption
is coupled to a rod 133 of a cylinder 132, vertically
fixed to the lower partitioning wall 117B, through
10 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-énd-
15 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
20 between the first and second up-and-down members 125
and 136 to fit on the shaft 131.

The chuck 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

25 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



probe card 3 and the wafer Wcan be adjusted to be parallel to each other.
25 ° The operation of the probing apparatus shown in FIG 1 wll be
described. Prior to the start of test of the wafer W the - 23 - test
head 2 is noved to above the apparatus body 1 by using a predeterm ned
noving unit (not shown), and.is placed on_th§3apparatus body 1. During the
pl acenment, the engaging rods 15 at the three positions of the 5 | ower
surface of the test head 2 are aligned with the fitting holes 21 and 42 of

. the first and second support mechanisnms 11 and 12 standing up at the three

~positions of the B euml(sitdNeqPlRRSESE H'Sx 00X mm ( Inddi Sdshfié€er RN the

;_test head 2 i s noved downward, the three 10 engaging rods 15 fit in the
- collar menbers 28 356t § 1 igHE) Caxid aen b N0a fEtddl ngtd@l esr2d Badring Wen

"~ the spherical portions 15A of the two .
steel. Slots 140 are formed in the outer
circumferential wall of the cylinder 139 at 16 equal
5 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
10 - 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
15 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
20 surface of the cylinder 13§ and clamping the cylinder
139 with the wire to reduce the diameter,-quenchiﬁg 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
25 application of a pressure in the axial direction to
determine the position of the test head 2 in the X and

Y directions.



engagi ng rods 15 engage with the V-shaped grooves 22A of the first engaging
menbers 22 of the first support 15 mechani sns 11, the first engagi ng
menbers 22 rotate in the receptors 31 through the ball bearings 30 to

di rect the V-shaped grooves 22A in predeterm ned directions, as shown in
FIG 6. The spherical portion 15A of the rﬁqaiging engagi ng rod 15 engages
with the inverted 20 circul ar conical hole 46A of the second engagi ng -
menber 46 of the second support mechanism 12 to determ ne the support point
of the second engagi ng nenber 46. Subsequently, the | ock nmechani sns 23 and

43 are driven to |ock ©he enueRsSA8BdiBJiARERPoBEd Bdtwbten RheNEiz3t and”
fitting holes 21 and 42. Hence, the test head 2 will not disengage from

the first and secosdofdpiprandeabafii membétsandsland 136 #hileAlit! Riss tine

poi nt, however, the test head 2 is often inclined with respect to the work

table-5 so that fitted on the shaft 131 shown in FIG. 14. A spherical
surface 125A having a point Cj3 on the axis as the.

5 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

10 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

15 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.

20. 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

25 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



the probe card 3 is not parallel to the surface of the work table 5.
Therefore, the position recognition 5 mechani sm 50 operates to detect

" the needl e points of the predeterm ned probe needles 4A to 4D of the probe
needl es 4 of the probe card 3. The height differences anong the respective
needl e points are obtained by the arithnetic.calculating nmeans of the
controller 66, and 10 the inclination offthe test head 2 is cal cul ated
based on these calculation results. The controller 66 transmts conmand

- signals based on these calculation results to the stepping notors 37 of the

first support mechgniges c%%’ctko 1978 4§ %’*@aﬂd@&atajsng,ﬂqclwiﬁgbﬁggedw

- When the stepping notors he fi support nechani sns 11 are driven,

- the correspondi ng14@ka,Y the b%@x@:lks 138 eoigaigest WitkghHeh & yimde8361481¢td he
. worm wheel s 35. The bal'l screws 32 are vertically noved through the nut

- nenbers 33 by thepeobdlleORo0fikheh0 test G@faidep@tdiarg opttiarym qas idiers 34,
. thereby vertically noving the first engagi ng nenbers 22. Accordingly, the

. test head 2 engagiing tihet X bhd ¥ ddtreetdagisnande fuethed? irhricheyraxiel

- engagi ng rods 15 is vertically noved by the

5 5 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

10 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 thé upper end face of the chuck 138
~are formed deep in the cylindef 145.

15 _. 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 wafer W on the

20 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

25 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



two first support nmechanisns 11. As a result, the 25 I nclination of
the test head 2 can be corrected with reference to the support point of the
secaond support mnmechanism 12, so that the probe card 3 can be set - 25 -
parallel to the work table 5. If the probe card 3 of the test head 2
beconmes parallel to the work table 5, when the wafer Wis placed on the
work table 5, the electrodes pads of the 5 wafer Wcan be reliably
brought into contact with the corresponding plurality of probe needl es 4.
Accordingly, the electrical test of the wafer Wcan be perforned reliably.

Subsequent |y, the Jeabeii¥hS He¥ulesadbitadneld 85t the Method hdistsfl s
pl aced on the work table 5 in the probing areda 6 fromthe | oading area 7 by

the transfer nmech@mesm 9Ah&omIDk table 5 is noved in the X, Y, Z and [err]
directions under the control of the controller
For example, assume that the distance between the
probe needles 4A and 4B is set to 2d = 6 mm and that
5 the distance betwgen;the support mechanisms 109A and
109B is set to 2L = 600 mm, as shown in FIGS. 16A and
16B. In 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
10 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
15 109B and 109C is set 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
20 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
25 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.



66 to position the wafer W The electrical 15 characteristics of the
respective I1C chips of the wafer Ware tested while noving the work table
5. During the test, the work tabhle 5 perforns step feeding for a distance
corresponding to, e.g., one ICchip in the X direction. During this step
feedi ng, 20 a vibration is generated '¢1Iy in this. feed direction,
l.e., inthe X direction, in the base 10'b§?ihe'1nertial force of the work
~table 5. This vibration is transmtted.to the test head 2 through the base
+ 10 and the first and second support nechanisns 11 and 12. 25 .

' However, the test head 2. ifSHRRYY oYy %Hé“%u%x@%ﬁ%i% 1o Rred

- locked with the two first support nmechani'sms 11 séparated apart from each
- other - 26 - ingdie ardlidiagdsun At e thsR ok eheagi g il 15 is

| ocked with the one second support nechani sm 12 Separated apart fromthe
first support nmechgjpay@tubl Holly 1 to support the test head 2, and the
reeeptacles 143 are disposed on the fest head 2 to
5 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
10 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 poeitions of the chuck 138
and the receptacle 143 relatively shift from each other
15 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
20 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
25 chucks 138 are sandwiched by the first and second
pp-and—down members 125 end 136 with this pressure.

Therefore, as shown in FIG. 19, the spherical



the X direction. Thus, the vibration of the test head 5 2in the X
direction is suppressed or prevented by the first and second support

mechani snms 11 and 12. The vibration in the Y direction is largely smaller
than that in the X direction along which step feeding is perforned.
Regarding the vibration of the test head_2 ég _ in the Y direction, as
the test head 2 is supported while the two &rigaging rods 15 are | ocked with
the two first support mechani sns 11 separated apart from each other, also
this vibration can be prevented. Therefore, the vibration of the test head

2 becomes 15 sd{-]@é&gg;bbx 2ERLher wbBaR bHA!pBkciBA GENeRA! ifaRgk probing

appar atus. Accordi ng e probe nee not shift fromthe

correspondi ng el eghLRAQ-88#A MERALES ‘ihgrﬁkgégstﬁéuﬁﬁﬁeéédstj.ﬁhefr:eedi ng
during test. Hence, the probe needles 4 and the el ectrode pads cone 20

into reliable congageunfebendghlobliefate alkiawroehedbba thet inherheald
chi ps. As descri bed above, according to this enbodi nent, the probe card 3

is directly fixedstyfabe bEsthbezdc@sseliepbetioheddl?oifs theppbucsd 188 t he
first and second '

5 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

10 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

15 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

20 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

25 to be corrécted, i.e., wherein the height of the test

head 2 is to be adjusted.

First, when the motor 129 is driven to rotate the



25 support nechanisns 11 and 12 at three positions, and any
inélination of the test head 2 can be adjusted. Therefore, high-frequency
measur enent can be perforned - 27 - reliably. Mre specifically, the
rot.atabl e first engagi ng nenbers 22 which engage with the engagi ng rods 15
of the test head 2 to be novable relative t 9the engagi ng rods 15, and the
el evati ng nechanisns 20 for 5 verticéllg movi ng the first engaging
menbers 22 are disposed in the first support mechanisns 11. The second .
engagi ng nmenber 46 whi ch engages with the correspondi ng engagi-ng rod 15 of
the test head 2 ig,4i8R0gedr 12i8h2hTe0QRT thEPR Y i HBC BRAST3b2. the screw

Accordingly, the inclination of the test head 2, if any, is adjusted
through the el evatiyngnaeghaniss Fotdteskvensi khehecpawalhalingeat alget ween the

probe card 3 fixed to the test head 2 and the wafer Won the work table 5
is disturbed due thraadabignengagesowith the screw portion 123C of the
bush 123, the screw cylinder 126 moves upward or
5 downward while rotating.

-The upward or downwafd 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

10 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

15 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

20 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

25 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



15 like, the inclination of the test head 2 can be adjusted by the

el evating nechani sns 20 of the first support mechanisnms 11. Consequently,

t he probe needles 4 can be reliably brought into contact with the

el ectrodes pads of the wafer W so that- the electrical 20

characteristics of the individual 1C chips ofgthe wafer Wcan be tested
reliably. Wen adjusting the inclination of the test head 2, in the first
support nechani sns 11, the engaging rods 15 can nove al ong the V-shaped
grooves 22A of the first 25 engagi ng nenbers 22. For this reason, the

‘head inclination guaya ,adinststhmoshlys pd¥hddupward sy piies toyehidet Sms
11 are arranged - 28 - in a direction perpendicular to the direction
al ong which the w3 ,t and the sewrid nipusaid~ddvwap rembe T HE3 6 eico ek sauprpoed
mechani sm 12 is arranged at a position opposite to the first support
mechani sms 11 t hr dingim tthe chuck 138. This reduces the diameter of the
chuck 138 to unlock it. Theresfter, the pivotal
5 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 - .

10 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,

15 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

20 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.

25 In the above embodiment, the support mechanisms

are provided on the base of the apparatus body.

However, the support mechanisms may be supported by



5 noving region of the work table 5. Therefore, even when the work
table 5 is step-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 nechanisns 11 and the one second 10 suppor t
mechani sm 12. As a consequence, positional shifts of the probe needles 4
fromthe el ectrode pads of the wafer Ware eltninated, so that the

el ectrical characteristics of the individual IC chips of the wafer Wcan be
tested reliably. 15 . The engagi ng rods 15 of the test head 2 have

the spheri cal por%l'z%}%m’e”’%eﬁ{afél%rffd}\"’q{hee abRANMHd gy . tE1dd ) Sthe

engagi ng nenbers of the rst support nechani sns 11 have V-shaped

grooves that engag@pport s MayPdd iSUppokd B £ 8tk Gvanel dun

menber 20 46 of the second support ‘mechanism 12 has an inverted
circular conical b &@hehippeangageface I0F e appagmiEibigiyphearieal

portion 15A. Therefore, when adjusting the inclination of the test head 2,
the first engagi nguppord metheaniisns nfay de suippahedredhanys podiltizins as are
noved in the vertical direction with reference to
5 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

10 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

15 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

20 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

25 case, the remaining two support mechanisms are moved

vertically with reference to the spherical bearing, the

pivot bearing, or the like at one position. The number



the, support point of the engaging rod 15 supported by the second support
mechani sm 12, thereby adjusting the - 29 - inclination of the test head
2 snoothly and reliably. The first and second support mechanisns 11 and 12
have the | ock mechani sns 23 that protrude onto the spherical portions 15A
of the correspondi ng engaging 5 rods 1pot'o_fix the test head 2. Thus,
even during test, the test head 2 can be reliably fixed at a position
adjusted by the first support nechanisns 11, thereby preventing positional
shifts of the probe needles 4 nore reliably. 10 In the probing

appar atus of thisyenbedit®shs wheréi thé suppert Meechanisms ateapeopidedded
at two positions, and the second support nechanism 12 is provided at one

~ position. Howeverjisfhostlsuppedt toethase snbutlcanybéefpnovodenoze.t wo ri ght

positions 15 and two left positions, i.e., a total of four
FIG. 21 shows the main part of a probing apparatus

according to still anothei embodiment of the present

5 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,

10 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_thé

15 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

20 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.

25 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



positions. FIGS. 11 to 19 show a probi ng apparatus according to another
enbodi nent of the present invention. In FIGS. 11 to 19, portions that are
identical to those in 20 ¢ FIGS. 1 to 9 are denoted by the sane
reference nunerals, and a detail ed description thereof will be made only
when necessary. In this probing apparatus, Eij“ votal driving mechani sm 2A
i s di sposed on one side portion of an 25 apparatus body 1. A test
head 2 connected to a tester is supported by an arm 2B of the pivotal
driving nechani sm 2A. Wien the arm 2B of the pivotal driving - 30 -
mechani sm 2A i s pigiattdde bfSlcdiedd l%giﬁrlizéa)\@o RRLVRRIE (tifpd & 0si tion

and the retreat posSition, as shown in F . Support nechani sns 109A,

109B, and 109C f ortdsting HipGfdtuted Radedr haatr coms idtesed at | east
at

: stationary portion and a movable portion having a test

head and must position the-movable portion in the X, Y,

S and Z directions at high precision.



three positions in the peripheral portion of the apparatus body 1. The
support ~nechani sns 109A, 109B, and 109C are preferably arranged at equal
di stances fromthe center of a work table driving nechanism 60 10 and
equi angulH“lHlmllmllﬂﬂmU her. As the support nechanisms 109A, 109B, and
109C have re, only one of, thgmw Il be described with
reference to FIGS. "13%antl 14. A circularly col umar pole 117 having an
outer 15 di aneter of, e.g., 45 mm vertically stands on a base 10. A
smal | -di aneter portion 118 having an outer dianeter of, e.g., 35 mm is
di sposed on the ugpaimsarti on of the pole 117. Three stages of hol | ow
portions 117C to 117E are vertically disposed in the 20 | ower portion
of the pole 117 throughlpar A probing apparatisAwhidhl hds. ahhappagatus de

hol | ow portion 117C comunicates with a through hole 119 extendi ng t hrough
t he axial -porti onbetyt padpel sest7 headpdetapbabilegfteon shddn appaEaGusls is

inserted in 25 the through hole 119. The ball bearing 120 is =
constituted by a bre¥vandods mgedndox teghdngledactzigal characteristics
' 5 of a substrate to be tested, comprising:

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

first, second, and third engaging portions

10 disposed 6n said test head around said probe card to
‘receive a load of 'said test héad‘in a distributed
manner;

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

15 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

20 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

25 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

——
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a plurak+t f _balls 120C arranged inside the inner - 31 -
circunferential surfa the sleeve 120B in the axial direction. The

flange 1 ' he upper surface of the upper side hollow portion
e, A e

; ﬂ’ A through hole 122 is fornmed in the upper
partitioni ng® wa | »1 be concentric withgg he_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 flange 123A, and 10 a trapezoi dal
screw portion 123C formed on the inner circunferential surface of the
sl eeve 123B. The fismrgéjistedd ivhilaeshid téwet |lnvwd bairmewed ddy té@idpper -
hol | ow portion 117C with a bolt 124. A cylindrical, first up-and-down
menber 125 is 15 firstfianddsecondevdmticakbadrined®0 to be novable in the
vertical direction. A screw cylinder 126 is fitted in -
- 2. An apparatus according to claim 1, further
comprising a position recognition méchanism for
5 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
10 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
15 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
20 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
25 and optical axes of said first and second image pickup-
means with each other.

T — 5. An apparatus according to claim 4, wherein the
\ -

I



t he scr@ﬁ bush 123 to threadably engage with the screw portion 123C. The

pr eci si 'IMW”EH Leal nmovenent is determ ned by the screw pitch of the
screw p X ’”ﬁl{”’g 3C. A thrust bearing 127 is interposed between the
| ower end face of* tlae rst up-and-down nenber 125 and the upper end face

of the screw cylinder 126. The | ower end_poggiog of the screw cylinder 126
projects as far as to the mddle hollow portion 117D, 25 and a driven
gear 128 is fitted on the lower end portion of the screw cylinder 126. The

driven gear ‘128 neshes with a driving gear 130 of a notor 129 di sposed -

32 - in the holl oggpetthes ha<Da ﬁlﬁhaiit§36fefé§ﬂsﬁstEbouehtégeeai,rgtai&
up- and- down nenbers. 125 and the screw cylinder 126 to be vertically

novabl e. A gap G ¥srkotaBllebgeyentiae1$hBtinds1tR80régionst 88 ber gbsted
up- and- down nenber 125. The |ower end portion of the shaft 131 projects as
far as to the into contact with said contact elements while moving in '
a first horizontal direction, said first and second
5 supports are arranged with a space therebetween in a
direction pérbendicular to the first horizontal
direction, and said third support is arraﬁged td_oppose
said first and-sécond supports fhrough said work table.
6. An apparatus according.to claim 1, further
10 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
15 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
20 on said first and second vertical drivers, respectively,
such that a center of rotation of.eéch of said first
and second intermediary members and a center of a load
applied to éach of said first and second intermediary
members by a corresponding one of said first and second’
25 engaging portions are eccentric. from each other.
8. An apparatus according to claim 7, wherein

said first and second engaging portions respectively
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m ddl e-hoel--ewportion 117D, and this |ower end portion is coupled to a rod

133 of a cyli ertically fixed to the |lower partitioning wal

117B, t@‘“\i“ﬁ\ﬂ ﬁmmg\g“ oint 134. The upper end portion of the shaft 131
proj ect 4 18REE ra fromthe upper end portion of the first up-and-down
menber 125, and a screw portion 135 is dispgsed on this upper end portion.

A second up-and- 15 down menber 136 is fixed to the screw portion 135
with a nut 137. Accordingly, the first and second up-and- down nenbers 125
and 136 are-di sposed separated from each other in the vertical directi.on,

' huck 138 i ] iatel j %] i j ed 20
and a chuc swawwa%%@MIéédaﬁm%ﬁﬁéﬁfsmS%sé t%& P

between the first and second up-and-down nenbers 12 on the

shaft 131. The chsgltfhd®s atlIRAdr0 P theddd)l alH fdpiPTeihee tHsd head 2
in the X and Y directions when the test head 2 is nove in the-Z_dlrectlon,

and also to fix tlsecond intepo@idiiady @ienbeard erivdandrapdd tdywovedd Y
directions. As shown in FIG 15, the chuck 138 has an outer circunferenti al
wal | formed of a bpviimgedinhed sfides against which said spherical

5 ‘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

10 an. inner oide 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;

15 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

20 | 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

25 being able to be expanded and contracted in the
'norizontal direction in accordance with a load thereto

in the vertical direction, and first and second
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- 33 - 32 mm(outer diameter) x 8.5 nm (inner dianeter) x 35 mm (hei ght)

and nade or a bearing steel. Slots 140 are forned in the
outer ci “ EEM'E‘EHII of the cylinder 139 at 16 equal 5 angul ar
|nterval of 22.5 degrees) alternately fromthe upper side
to the lower side and vice versa while partig|lly | eaving the outer

- circunferential surface to reach the inner sittface fromthe outer surface.
Recessed portions 141 each having 10 t he shape of a frustum of cone are
. formed on the upper and | ower end faces, respectively, of the cylinder 139.

T d i ' | f
! “por pre RSP SR ATy LA U Vg eSO iy a5 o

' the outer periphera

the 15 cylindg Sjp%%ttso O\l Bl e SdHd ts%daha Ungadirl Yookt fsid O

The chuck 138 havin above arrangenent can
respectively surrounding said flrst and second

intermediary members, wherein when said first and

5 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 |

10. 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

15 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

20 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

25 body, and is used for testing a.substrate to be tested,
compr1s1ng.
a testing member supported by said movable head;

This Sheet Has Been Re
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nanufacPa%ed—by—#e#n%ng—Lhe slots 140 in the cylinder 139 as descri bed
awre on the ou 20 surface of the cylinder 139 and

cI arrpl ng iuﬂl '% ullﬂm with. the wire to reduce the ‘diameter, quenching
the cyli eaf t er formng the cylinder 139 into a barrel.
The chuck’ 138 can e radlally expanded and contracted, and its dianeter is
I ncreased upon 25 application of a preé%hre I n the axial direction to

determ ne the position of the test head 2 in the X and Y directions. -
34 - The chuck 138 is interposed between the first and second up-and-down

ggﬂg(ralrzallzgu?pgcé?)(lsz\gglér&\%tdgIszeééc?t d’?gﬁr?’]qq"ds%q{?[aggﬁggs d]&sFIG A
o ot O 0 e R S A Rt
tapered inner member to receive a load of said movable head in
a disfributéd manner;
5 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&
10 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
15 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
20 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
25 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 Reilaced




C|rcunfe surface 141A fornmed on the corresponding recessed portion
141 of t Mj’ Hﬂm pherical 10 surface 136A having a point

Clerr] ork center of curvature 4s formed on the | ower end
portion of the second ub- and- down nmenber 136. The spherical surface 136A
abuts against the other tapered inner circurgeerential surface 141A forned
on the other 15 correspondi ng recessed portion 141 of the chuck 138.

- Corrugat ed washers 142 are respectively interposed between the first

up- and- down nmenber 125 and the chuck 138, and between the chuck 138 and the

second up- and- dowg ifheindl HecoHll vertical dhiveseptatibe btatablieng as an
engagi ng menmber is fixed to the |ower surface of the test head 2, as shown
in FIG 14. The rdreslychwdthdh is Horimshtialt plsmeh a size that its cylinder
145 having a flange 144 can enclose the chuck 138 entirely. Wen no load is
25 appl i ed to thdSchudin Ehanatas ageording doucd aizs 14y iwherxein
di anet er-cht racted state, ‘the chuck 138 | ooseldy fi t?nelmr;aérr]se acryel |dnlqseros%;é5.
When, however, t headidafdmst and second intermediary P
5 ‘on said first and second vertical drivers, respectlvely;
;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
10 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

15 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

20 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 éphérical surface of
said third projection abuts.

18. An apparatus according to éiaim 17, wherein

25 "~ said first, second, and third projections have

constricted portions, respectively, and said first,

second, and third supports have lock members,
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- 35 - of the chuck 138 is expanded as will be described later, the chuck
138 engages-m*%h~%he-cy4Fﬂder 145 to be able to fix the test head 2 at an

ﬁiSIt on in the irections and further in the axial 5
dlrectl

'"ﬂ |I Hlﬂﬂukertlcal dlrection) Note that a chuck 138 may be
attache and a cylinder l45symy.be attached to the top
portion of a pole 117 "A chanf er ed portion 145A is forned on the open end
10 of the cylinder 145. A recessed portion 146 for receiving the upper

end portion of the shaft 131 i.ncluding the nut 137, and an abutting portion
147 for abutting ﬁ@@péﬁtﬂré!&yupﬁﬁreﬁﬂdrfﬁﬁfr@éptbﬂ@J.ﬁQUGheéSBfasalﬁorrred
deep in the cylinder 145. 15 When the three receptacl es 143

di sposed on the |locowstsictadepottiorstestlbekdavareisappmoveneny blfe three
support mechani sms 109A, 109B, and 109C di sposed in the apparatus body 1,

as shown in FI G aa;dtﬁerptgbaecond, and third engaging portions.

19. A.testing apparatus which has an épparatus
5 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
10 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
15 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 |
20 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
25 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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card 3 fixed to the test head 2 and the wafer Won the 20 work table 5
are sometines held not parallel to each other depending on the inclination

o oocerAMRVRNRUON 7255 55 220Gt Sareaty he fost 1 on”

recogni tion mechani$m%0 “shown in FIG 8 2555 _in accordance with the
. method shown in FIGS. 9A to 9D. The CPU 66 corrects the inclination of the
“test head 2 in the followi ng nanner by utilizing the - 36 - detection

- results obtained by the method shown in FIGS. 9A to 9D. For exanple, assune

that the distancephaeeon 3 iRl MK RWIRS i4A adhstRd WhSle s@izd = 6 MM
and that 5 the di stance between the support rechani sns 109A and 109B is

set to 2L = 600 nmpvablehtwad is-hicvedl®y daddlEB.rsith drld setdirl vidrtdcal
hei ght difference P between the probe needl es 4A and 4B is 20 mcrons, -500

pul ses . drivers;
first and second intermediary members respectively
5 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
10 accordance with a load thereto in the vertical
direction; and |
first and second receptacles respectively fiied td
said first and second éﬁpports of said first and second
engaging portions for respectively surrounding said
15 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
20 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

25 circumferential surfaces thereof to extend in an axial
direction and which can be expanded and contracted in

a radial direction.
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are input—to thenotor—129 in order to nove the first 10 up- and- down

nmeriber f ' mechani sm 109B downward for 2,000 m crons.
Simlar i@iﬂﬂ(ﬂﬂﬂimaﬂjgmfﬁsum& that the distance between the probe needl es
4B .and «— 6 mmand that the di stance between the support
mechani snms 15 109B and 109C is set to 2M =400 nm as shown in FIGS

, 17A and 17B. In this case, if a height difference Q between the probe

needl es 4B and 4C is 25 microns, -417 pulses are input to the motor 129 in
order 1o ove the 1ol VR TSoI PRSI AR R\ 20 20, SHEBSH
mechan sm 2a Shodthith EHat (414 egedf SRS es it WP KRBl Hend
;2)r (Zaget erm Lg;r ;e)gtscfc%l?%]?\i% ‘{‘{%"ﬁgﬁg‘? Z‘%Ea;m pody %La{%\é%]ﬁse% Oavm&?héétlﬁ%%r glr)]eacar d
3. ' 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 desc.ribed with referenée to FIGS. 1 to 9

and FIGS. 11 to 21 of the accompanying drawings.
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- 37 - As described above, the support._ nechanisns 109A to 109C are
disposed at the three p03|t|ons i n- the apparatus-body 1 to support the test
head 2, and the receptacles 143 are di sposed on the test head 2 to 5
correspond to the respective support nmechani-snms 109A to 109C. Accordingly,
the test head 2 is supported by the apparatug body 1 at three points. The
chucks 138 are disposed in the support necha #sns 109A to 109C.  As shown
in FIG 18, since 10 the chuck 138 is in a diameter-contracted state
when no load is applied to it, it loosely fits.in the cylinder 145.of the

Che chuck 138 and the recept acl crssback of Tthd pRIGlosure 12 BRE, 287° C1

gg:feggohgfﬁé 2§|f23efth§ 1?ﬁeh2ﬁugﬁ ?%% I'S %Pﬁ%%% mntﬂa?héh?;pgieéhe

Pon Lok 3 ooy BTSSP bR st sl BB oeut oay! (1yhnd S

’ a test head (4) detachable from the apparatus body. A
5 probe card having a plurality of probe needles to be

brough£ into cohtact with a semiconductor wafer (W) is
supported by the test head. Three engaging rods (15)
are disposed on the test head around the probe card to
receive the load of the test head in a distributed

10 manner. A vertically movable work table (5) is
disposed on the apparatus body to place a substrate
thereon. Two first support mechanisms (11) and one
second support mechanism {12) are disposed on the
apparatus body around the work table to support the

15 test head such that the probe card opposes the work
table. The support mechanisms detachably engage with
the engaging rods and support the test head through the
engaging rods. The first support mechanisms have
elevating mechanisms (20) for mdvihg the test head in

20 the vertical direction through the ehgaging rods. When
thé test head is moved by the elevating mechanisms, the
inclination of the probe card with respect to the wafer

placed on the work table is adjusted.
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20 al I ow rough positioning. Wen the chucks 138 and the receptacles
143 fit with each other, the load of the test head 2, e.g., 500 kg, acts on
t he chucks 138 as the pressure in the axial .direction through the abutting

por.tions 147. The 25 chucks 138 are sandw ched by the first and second
up- and- down nenbers 125 and 136 with this pressure. Therefore, as shown in
FIG 19, the spherical - 38 - surface 125A at the upper end portion of

~ the first up-and-down nmenber 125 urges g/hg tapered inner circunferential

- surface 141A formed on the inner wall - surface of the recessed portion 141
of the chuck 138 5 outward. Thus, the | ower portion of the chuck 138
is radially expanded and is pressed against the inner circunferential
surface of the cylinder 145 of the receptacle 143 to be fixed tenporarily.
More specifically, upon application of the |oad, the tesb

TESTER ‘
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10 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
hori zontal reference plane of the apparatus body 1 and the cylinder 145 of
t he-support franme 143 inclines with 15 respect to the vertical line,
.the test head 2 can be held well by the chuck 138. More specifically,

~al though the chuck 138 inclines with respect to the shaft 131, as shown in
"FIG 19, it can be held reliably due to2phe presence of the spherical
“surfaces 125A and 20 136A on the first and second up-and-down nenbers
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 25 to be corrected, i.e., wherein the height of
the test head 2 is to be adjusted. First, when the notor 129 is driven to

rotate the
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- 39 - driven gear 128 through the driving gear 130, the screw cylinder 126
rofates. As the screw cylinder 126 threadably engages with the screw '
portion 123C of the bush 123, the screw cylinder 126 noves upward or 5
downward while rotating. The upward or downward novenent of the screw
cylinder 126 is transmtted to the chuck 138 through the first up-and-down

- menber 125, and is then to the test head 2 through the receptacle 143, so

. that the 10 hei ght of the test hegfi2 can be adjusted. More

- specifically, when the support nechani sns 109A to 109C are driven

. independently of each other, the inclination of the test head 2 can be

. corrected to a desired state, e.g., to a horizontal state, and can be

. maintained in 1324~ this staffg. . {ghe rod 133 is nmoved downward by
- the cylinder of re of thd|suppgft nechani snms 109A to 109C, so that
i the second up<ahd-d dd mnmard by the shafts 131, and
. the spherical 2Q25 2a§3r t h¢ tapered inner circunferential
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surfaces 141A of the chucks 138 strongly. Therefore, the upper portion of
the chuck 138 is radially expanded to be | ocked by the receptacles 143, so
that the test head 2 is fixed with respect to the support nechani sns 25
109A to 109C. That is, positioning of the test head 2 on the X-Y plane is
conpl eted. When retreating the test head 2 fromthe apparatus - 40 -
body 1, the shaft 131 is pushed upward by the cylinder 132, and the second
up- and- down nenber 136 is separated frgpghe chuck 138. This reduces the
di ameter of the chuck 138 to unlock it. Thereafter, the pivotal 5

driving nechanism 2A is driven. In the probing apparatus shg in FIG 11,
t he support nechani sns are provided at three positions Support the test
head at three points, and the respective support mne noved
upward or 10 upward. However, the height of the test head 2 can be
16—t 1
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adj usted at |east by noving the two support nechani sms upward or downward.
Mbre specifically, for exanple, one support nechanismis set to pivotally
axially support the test head 2 through spherical bearings, 15 pi vot
bearings, or the like, while the remai ning two support nechani sns are set
to be novable in the vertical direction, in the sane manner as in the
probi ng apparatus shown in FIG 11. In B?ié case, the remaining two support
mechani snms are noved upward or 20 downward with reference to the
spherical bearing, the pivot bearing, or the like at one position. Note
that the nunber of positions where the support nmechanisns are provided is
not limted to three, but be four or nore. 25 In the above
enbodi ment, the support 1 are provided on the base of the

appar atus body. However, [the|s rt mechani sns may be supported by - 41
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a frame separate fromthe apparatus body. Al so, the support nechani sns may
be” supported on a plate provided on the upper surface of the apparatus
body. The support nechani sns may be attached at any positions as 5

fak as they do not interfere with other nenbers di sposed in the apparatus
body. FIG 20 shows the main part of a probing apparatus according to stil
anot her embodi ment of the present invengi@n. In FIG 20, portions that are
identical to 10 those in FIGS. 11 to 19 are denoted by the sane
reference nunerals, and a detailed description thereof will be omtted. In
this probing apparatus, a.head plate 160 is | oaded on the upper portion of
an apparatus body 1,_and 15 a.probe car 3 is q%sposed in the head

pl ate 160. Support ﬁ%chanisns-lg dh§p sed at three positions
in the apparatus body 1. The pported by these support
mechani sms 109A to 109C to be 18 ertical gifrection. In this 20
probi ng apparatus as| wel |, to pivotally
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‘through a spherical bearing, a pivot bearing, or the like, while the
remai ni ng two support nmechani sms can be set to be novable in the vertical

direction. In this 25 case, the renmaining two support nechanisns are
nmowed vertically with reference to the spherical bearing, the pivot
bearing, or the |like at one position. The nunber - 42- of positions

where the support nechanisns are providegiys not limted to three, but can

be four or nore. FIG 21 shows the main part of a probing apparatus

according to still another enbodi nent of the present 5 invention. In

FIG 21, portions identical to those in FIGS. 11 to 19 are denoted by the

sanme reference nuneral s, and a det ai | edgdescripii-on—t-hetro8 :ﬁby
4

omtted. In the probing apparatus shQwn to
receptacles 143 are fixed to the lo he 57 oo

v [Xo,Yo,Z0]
9 5 .

probi ng apparatus shown in
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FIG 21, receptacles 143 are sw ngably supported by a test head 2. More
specifically, spherical nenbers 161 nmade of stainless steel or the like are
di sposed on the 15° | ower surface of the test head 2, and spheri cal
recessed portions 162 that fit on the spherical nenbers 161 are di sposed in
the receptacles 143. Furthernore, coil springs 163 are interposed in a
conpressed state between the | ower surface of the test head 2 and the 20
upper surfaces of the receptacles 143. ghfig receptacles 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
snoot hly. 25 In the abojye=e FTETTtE, —tepresppt invention is
applied to a wafer probing apparag =k_e pr €skent g nvention is not
%i : ;,’LBut can..lbegappl ied to |

limted to a wafer probin 43 |
i: :Ix

various types of
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testing apparatuses each of which consists of a stationary portion and a
novabl e portion having a test head and nust position the novable portion in
the X, Y, 5 and Z directions at high precision. CLAI M5 1. A
pr@bi ng apparatus which has an apparatus body and a test head detachabl e
fromsaid apparatus body and is used for testing electrical characteristics
of a substrate to be tested, 5 conprising: a probe card having a plurality
of contact elenents to be brought into @dktact with the substrate, said
probe card bei ng supported by said test head; first, second, and third
engagi ng portions di sposed on said 10 test head arOLmﬁéfaid probe card to
receive a |load of said test head in a distributed ngaer; a work table
which is vertically novabl e and di sposed on said app@ratus body to pl ace

the substrate thereon; first, segond and third ports di sposed on said
appar at us o \\\\:
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15 body around said work table to support said test head such that said
prdbe card opposes said work table, by respectively and detachably engagi ng
with said first, second, and third engaging portions and supporting said
test head through said first, second, and third engagi ng portions,
respectively, said first 20 and second supports having first and second

vertical drivers to nove said test head i 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 is adjusted while said test ' | I rst and
second vertical drivers; and first and INLEL ' menber s
respectively interposed between sai @ i rY aid first

vertical driver and between said secon d second

~vertical driver, said first and seco ing 5
supported by said first and second Ly IA fle freely
wi thin a horizontal plane. r

. 137
2B i 1{3253 136
q | 18 138
N : : |
#) | -125
J '
3 {27
A3 7 4126
128— 130
/ -
134
é 129
%H
Hr—g/ H32.




2. An apparatus according to claim1, further conprising a position
retognition nmechani smfor detecting an inclination of said probe card with
respect to the substrate. 10 3. An apparatus according to claim 2,
wherein said first and second vertical drivers and said position
recogni ti on nmechani smare connected to a controller, and said controller
controls said first and second vertical 4dp{yers based on detect.ion

i nformati on output from said position recognition 15 nechanism 4. An
apparatus according to claim3, wherein said work table is supported on a
stage which is novable in directions of three-dinensional axes and which

can drive said work table to rotatg4@.ti3n 33%rjgon3g {@rane, and said

position recognition 20 tached to
sai d stage such that a { |id \E | d d to pick up
an i mage of said contac e Nt e @ sposed above
said work table such that el £
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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 i nage pickup neans with each other. 5 5. An
apparatus according to claim 4, wherein the substrate has a plurality
of regions to be tested, said work table sequentially brings the regions to
be tested i nto contact mnth sai d contacidﬁ.enents while noving.in a first
horizontal direction, said first and sec supports are arranged with a 10
space therebetween in a direction perpendicular to the first horizontal
direction, and said third support is arranged ﬁﬂ oppose saig first and
second supports through said work table. P‘hﬁh‘ L according to
claim1l1, wherein said first and second |nternEgg§ ?\ , \ar e di sposed on
.~ said first and 15 second vertical driverd3 ﬂlﬁﬁ> N\ that a center
- of rotation of each of _said rst and second du'1 &

‘center of a load app|IF§ ﬂo éh df%?ald firg
menbers by a correspondi ng one of sald first
are eccentric fromeach other. 20 7. Al
6, wherein said first and second engaglng po
and second

N nedi ary
ortions
to claim
have first
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proj ections having spherical surfaces at |ower ends thereof, and said first

and -second i nternedi ary nenbers have V-shaped 47 grooves havi ng i nner

si des agai nst which said spherical surfaces of said first and second

proej ections abut. 8. An apparatus according to claim7, wherein said
third engaging portion has a third projection having a spherical 5 surface
at a lower end thereof, and said third rt has a circular conical hole
havi ng an i nner side agai nst which said spherical surface of said third
proj ection abuts. 9. An apparatus according to claim8, wherein said

first, second, and third.projections have constricted portions, 10
respectively, and said first, second, and third supports have | ock nenbers,

respectively, to enter correspondi ng ones ~ copggricted portions to
| ock” a vertical novenent of said first, n ¥ third engagi ng

portions. 10. A probi ng appar at us ppar atus body and a 15
test head detachable from said apparat .
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“testing electrical characteristics of a substrate to be tested, conprising:
a probe card having a plurality of contact elenments to be brought into
contact with the substrate, said probe card being 20 supported by said test
head; first, second, and third engaging portions disposed on said test head
around said probe card to receive a |oad of said test head in a distributed
manner ; 48 a work table which is vertjjgpl |y novable and di sposed on said
apparatus body to place the substrate thereon; first, second, and third
supports di sposed on said apparatus body around said work table to support
said test head such that 5 said probe card opposes said work table, by
respectively and detachably engaging with said first, second, and third
engagi ng portions and supporji ng said test head through said first, second,
and third engaging portions.; respectively, gﬁid first amaéﬁxxnuisupports

having first dRE7SoCONE/ rqical drivers tg
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10 nove said test

head—in—a vertical direction

respectively, wherein an RERACEMEND seiEsTsi d 56

t he substrate pl aced

second en i i
probe car miﬂﬂmiﬁ)&ﬁml&
adj ust ed «nead is noved by said

drivers; and further 15 conprising first44and sed
respectively interposed between said first engé
vertical dedREMSand between said second engagi 1
vertical driver, said first and second i nterneg

Avico-q 1S
t-heough said first and

&h Tsadriptionr lpagabl. € td Baged .....

f i Staimg seeonst wetd beald g

cEndb-amibgfse ghady. TR f f.e% -

r,st”

g portion and Said SeRyd
eto

QENBLERLCE | 0NNy 58
N RAE g !

be expanded and contracted in the 20 hori zont al
with a load thereto in the vertical [ i on

and first second

. dlgecé , agd
recept acl e§- r especti DEPYLIRY xBAPREAEYF WP FEt PaRJ2Be2BRATEEPRoPPEY oA EaR]

first d d ' ti for, ti
and_ second Tt cREd OF GARABEF £ GRcPeifl aRERTS

vely

rrounding sai.d _first
G d

bedy| 8¢ ifiqu8ELof T

i nt er nedi
head, sai

5

10

15

20

25

Y yoEIbers, 41 expanded ypon eception

Alpde 8¢ o 2L ey,
comprising:

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

first, second, and third engaging portions disposed on said
test head around said probe card to receive a load of said test
head in a distributed“ﬁanner;

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 test head such that
said probe card opposes said work table, by respeétively and
detachably engaging with said first, second, and third engaging
portions 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 is adjusted while said test head is

moved by said first and second vertical drivers; and first and
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I nt er medi—ary menmbers respectively conme into contact with inner sides of

said fir - ceptacles to restrain a novenent of said test head
in the I@M@%ﬂgn@mgl on. 11. An apparatus according to claim 10,
further L position recognition nmechanismfor detecting an
inclination of said probe card with resp&et to the substrate. 12. An

apparatus according to clajm 11, wherein said first and second verti cal
drivers an®esard phRY TR +IE0 g MEMPEH St S Vi cdRRgEpegedo ketween
controller, gnd said controller 10, controls_ga%d first and second vertécal
drivers bas@d%ikideteErPBHLPAT BPRELPBNABGt AL FHRF L Y pifsdt idriver an
recogni tion nechani sm. 13. An appar atus ,accordjng .,to claim1l2, whergein
o 0 ovor k- DETRESS S aRcanch WAt Iig HARtIRT Srb A Sar Y S THeA b

- 15 three-dijxensi onal _a esfand whi ch can d%?ve gaid ﬁork tab“ﬁato rotate
within a h&FiEfral SBranet oy HIY FES T onTPEEEYRALFOR HRTRRRT & m ke

Lol TRy gitachirbi o 88 Galate SUSLLN LSS B e

t hereof 7i s up an 1 nage o cont'ac ement’s,

second inag%tgkggug gggggg?Qit%hgpgzggrqggﬁgagaFgﬁwg(k tabl e such that a

fiel'd of view thereo recte wnward to p up an i mage of the

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.

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

15 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
20. mechanism has first image pickup means attached to said stage
such that a field of view thereof is directed upward to pick up
an image of said contact elements, second image pickup means

disposed above said work table such that a field of view

REPLACEMENT SHEET
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optica

ot her
substrate
sequenti al
cont act el

10 15.

mm)" HI urst and second i mage pi ckup 50 nmeans with each
ratus according to claim 13, wherein the

has a plura ity of regions to be tested, said work table

Iy brings the regions to be tékked into contact 5 with said

su bstrﬂ!ﬁ'ﬁand a target supported by said stage to align focal points and

afirs horlzontal direction, said first

| .
and secondggegééf}tl\g egr{g\éﬁ%&leddwl?‘ﬁag sr%’cepf-ﬁ régét\ﬂ;é‘gni?ﬁgg o F e(?—thteo
I t ) sai I rd suppor
e LI 0, D S T

arranged to oppose

! id first and
second mt%rmedgloi[eﬁ]tﬁatg %?%fgég%gg £08§F$ gé tmﬁ?@hsﬁﬁ988 1BF§FaP¢E¥Wﬂ
slots in opd&his Gl ng§g%q5ﬁﬁé surfaces thereof to extend in an axia

directi on and whi ch can

15 16.

5

10

e expanded and contracted in a radial direction.
An apparatus according to claim 15, wherein said first

5. An apparatus according to claim 4, wherein the
substrate has a plurality of regions to be tested, said work
table sequentially brings the regions to be tested into contact
with said contact elements while moving in a first horizontal
difection, said first and second supports are arranged with a
space therebetween in a direction perpendicular to the first

horizontal direction, and said third suppoft is arranged to

‘oppose said first and second supports through said work table.

15

20

6. An apparatus according to claim 1, wherein said first
and second intermediary members are disposed on said first and
second vertical drivers, respectively, such that a center of
rotation of each of said first and secohd 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.

7. An apparatus according to claim 6, wherein said first
and second engaging portions respectively have first and second
projections having spherical surfaces at lower ends thereof,

and said first and second intermediary members have V-shaped

n
IS
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and se - pectively further conprise neans for clanping said
first £ ﬂ Euﬁﬁﬂ ” ﬁﬂgdiary menbers in the vertical direction to apply a
| oad t soxpanding said first and second internediary nmenbers

! L . .
in the radial 20 direction, -51- respectively, to enter corresponding

ones of said constricted portions to IQC%7a vgrthal vaenent O;tzgiahich

: : . )
has ah appataryels havidgq PRera BEMeRI CuniFderionsnl 8ot forPparaLcal
appar at us d_ ks defor. testing a substrate to be tested,
cgnprising$8g¥?%§$i%£ ﬁ%i e?l%ﬁﬁp%?%eﬁg59n§aPﬁo%%ﬁE&ﬁQ§ %t first, second,

and third engagi ng portions 10 di sposed on said novabl e head around
said testing nmenber to receive a |load of said test head in a distributed
manner; 8. An apparatus according to claim 7, wherein said third

engaging portion has a third projection having a spherical
5 surface at a lower end thereof, and said third support has a
circular conical hole having an inner side against which said

spherical surface of said third projection abuts.

9. An apparatus according to claim 8, wherein said first,
second, and third projections have constricted portions,
10 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.

10. A probing apparatus which has an apparatus body and a
15 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 substrate, said probe card being
20 supported by said test head;
first, second, and third engaging portions disposed on said
test head around said probe card to receive a load of said test

head in a distributed manner;
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body
suppor

novabl e head in a 25 vertical direction through said first and second

iﬂ»@ mhlch S vertlcally novabl e and di sposed on said apparat us

&ﬂ"tmnﬁtrate 15 t hereon; first, second, and third

ai d appar at us body around said work table to support
sai d nnvable head °suéh that said t esti ngggenber opposes said work table,
respectively and detachably engagi ng 20 with said first, second, and
third engagi ng ped#K Ofsh B dwhEBROfl Rﬂax&ﬁdhlwar%@albﬁédahar@li% sid on
first, second, and third engagi ng portions, respectively, said first and

second SUp@@ﬁHSabgmcagufsl bstlyand peaeedtner subakredtevehsrkonnove said

engagi ng portifdnst,r espentl vahy, t vihed supportisndiispasiednonfssid chpgpeatd hgs
menber with respect to the substrate - 52 - placed on said work table
I s adj ust etbodlyi heosnd dsarbd atndxk hesdell e S armupgdory said fesstheamd seclonchat

verti cal
5

10

15

. 20

25

said probe card opposes said work table, by respectively and
detachably engaging with said first, second, and third engaging
portions 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 is adjusted while said. test head is
moved by said fifst and second vertical drivers; and 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 <receptacles
respectively 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

by
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Qri;grs; firs ond I nternmedi ary nenbers respectively 5
i nt erﬁmw“m ‘E\gﬂd first engaging portion and said first vertical
drivelilt A I'd second engagi ng portion and said second vertical

driver, said first and second internedi ary nenbers being able to be
expanded and contracted in the horizontal direction in. 10 accor dance
Wi th a | oagh et 0y ridiettd tidslectiinRAY @dmeandtrhi tohtrand weebndnner
receptacl es respectively fixed to said first and second.supports or said
first and $rgandogngagidg MIddd oaadf Wedsmspegkicepkycietr otmdirgtaaiith 158
first and second intermediary nenbers, wherein when said first and second
i nt er medi akvSHRIHEISE agEl @ xpestlatkadain rideeftoxieait al |dakafioai d t est
head, said first and second internediary nmenbers respectively cone into
contact with inner sides of said first and second 20 receptacles to
restrain a novenent of said test head in the horizontal direction. 20. An
appar at us Bccor di nin tappdeatud Beobredisa tenicd Fin 0, afyrsBeEngoMRrA ARG ar y
menbers conpri se

5 a position recognition mechanism for detecting an inclination

of said probe card with respect to the substrate.

12. An apparatus according to claim 11, wherein said first
and second vertical drivers and said position recognition
mechanism are connected to a controller, and said controller
10 controls said first and second vertical drivers based on
detection  information output from said position recognition

mechanism.

13. An apparatus according to claim 12, wherein said work
table is supported on a stage which is movable in directions of
15 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 directed upward to pick up
an image of said contact elements, second image pickup means
20 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
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cyli nders whi ch have > a plurality of slots in outer 25 circunferenti al
surfaces ,mﬂlﬁm 1in an axial direction and which can be expanded
and contr “m”ﬂmrmr direction. -53- 21. An apparatus according to
clai m 20, Whérein 8ai 8l first and second sgpports respectively further

conprise nmeans for clanping said first and second internmediary nenbers in
the verti calea@is @GichoRalch 2@pley .5 a |l oad thereto, thereby expandi ng

said first and second internediary nmenbers in the radial direction. 22. A
testing apparatus, substantially as herei nbefore described with reference
to FIGS. 1 to 9 and FIGS. 11 to 21 of the acconpanyi ng draw ngs.
14. An apparatus according to claim 13, wherein the
substrate has a plurality of regions to be tested, said work
table sequentially brings the regions to be tested into contact
5 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 perpendicular to the first

horizontal direction, and said third support is arranged to

oppose said first and second supports through said work table.

10 15. An épparatus according to claim 10, 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.

15 1s. An apparatus according to claim 15, wherein said first
and second supports respectively further comprise means for
clamping said first and second intermediary members in the
vertical direction to apply a load thereto, thereby expanding
said first and second intermediary members in the radial

20 direction.
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Abstract of the Disclosure (FIG. 2)

"TESTING APPARATUS"

A probing apparatus has an apparatus body (1) and
a test head (4) detachable from the apparatus body. A
probe card having a plurality of probe needles to be
broughg into contact with a semiconductor wafer (W) is
supported by the test head. Three engaging rods (15)
are disposed on the test head around the probe card to
receive the load of the test head in a distributed
manner. A vertically movable work table (S) is
disposed on the apparatus body to place a substrate
thereon. Two first support mechanisms (11) and one
second support mechanism (12) are disposed on the
apparatus body around the work table to support the
test head such that the probe card opposes the work
table. The support mechanisms detachably engage with
the engaging rods and support the test head through the
engaging rods. The first support mechanisms have
elevating mechanisms (20) for moving the test head in
the vertical direction through the engaging rods. When
thé test head is moved by the'elevating mechanisms, the
inclination of the probe card with respect to the wafer

placed on the work table is adjusted.
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