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contact mntphggeagglgablggaiegt h%o test chips in this form, probes must

be placed directly onto the chip because leads through which
the chip is normally accessed are not added until the chips
are separated from the wafer and packaged. .

15 The probes are attached to a portion of the automatic
test equipment called a "test head." The test head is
connected through'a cable to a mainframe cabinet, which holds
a major portion of the electronic circuitry needed to
generate and analyze test signals. The test head is

20 supported by a manipulator, which allows the test head to be
moved.

To test a chip, the wafer is mounted in a device called
a prober. The test head is then moved by a human operator to
bring the probes into contact with the chip. The test head

25 1is secured in this position, and testing is performed. The
process. of moving and securing the test head in a position in
which electrical contact can be made to the chip is called
*docking." Once docked, the prober moves the wafer around to
present different chips on the wafer for testing.

30 Various factors make the docking process extremely
difficult. First, the semiconductor chip is very small, on
the order of a fraction of a square inch. Hundreds of test
signals must often be coupled to the chip. The contact
points for these test signals must all fit onto the small

35 chip, requiring them to be very small. The test head must be
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10 deforms too much, 1t is very difficult to achieve precise

positioning of the probes relative to the chip in the prober.

A further complicating factor is that the cable
connecting the test head to the.mainframe cabinet is very
heavy and exhibits hysteresis. A cable can weigh hundreds of

15 pounds. The cable weight can create forces on the test head.
Because the cable exhibits hysteresis, these forces can
change when the.cable is moved. Thus, the manipulator must
precisely position the test head despite the changing forces.

A further complicating factor is that different probers

20 are often used with the same automatic test equipment.
Different probers hold the semiconductor chip in different
configurations. The manipulator must be able to position the
test head to dock regardless of the type of prober used.
Sometimes the test head is positioned horizontally above the

25 prober with the probes facing down. In other instances it is
positioned horizontally below the prober with the probes
facing up. For other probers, the test head is positioned
vertically with the probes facing sideways. Still other
probers require the test head to be positioned at some angle

30 between horizontal and vertical. .

Various design techniques have been employed to
facilitate docking. High precision manufacturing techniques
are empipyed to ensure there is as little slack as possible
in the manipulator. Hard stops are built into the

35 manipulator to help it return repeatedly to the same

position. Also, the contact area between the prober and the
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Despite use of these design techniques, current
15 manipulators can not always easily dock a test head Qith a

prober. Often, two people are needed to handle the test head

to get it into position. Even when the test head appears to

be docked, numerous adjustments are sometimes needed to make

electrical contact to all of the test points on the

20 integrated circuit chip.
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10 The foregoing and other objects are achieved in a
manipulator having a cradle for holding the test head. Minor
adjustments can be made by moving the test head within the
cradle. Large adjustments can be made by moving the cradle.
A clamp is attached to the cradle to hold the cable with a

15 slight bend between the clamp and the test head to allow easy
manipulation of the test head for minor adjustments. The
cradle and clamp move together as a unit.

In one embodiment, the manipulator includes an
electronic control unit which controls motors and brakes

20 attached to various members of the manipulator in response to

. operator inputs. In one embodiment, the manipulator includes
position sensors on the test head which are connected to the
control unit. The control unit uses the sensor inputs to
translate directional comﬁands given relative to the

25 operator's frame of reference to commands in the
manipulator's frame of reference. .

In another embodiment, motion of the test head within
the cradle is damped to avoid sudden motions of the test head
upon undocking. C

30 . In yet another embodiment, the manipulator has a slight
amount of compliance to allow final position adjustments of
the test head to be made by a precision interface ddring
docking.

In another embodiment, the manipulator includes an
35 electrostatic discharge device with a heat sensor coupled to

the electronic control unit. The electronic control unit
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'FIG. 3 is a sketch showing the base assembly of the
10 manipulator of FIG. 2;
FIG. 4A is a sketch showing the column -assembly of the
manipulator of FIG. 2;
FIG. 4B is a sketch showing a cross sectional view of a
compliant drive mechanism for the column assembly
15 of FIG. 4A;
FIG. 5 is a sketch showing the twist arm assembly of the
manipulator of FIG. 2;
FIG. 6 is a sketch showing .the test héad cradle of the
manipulator of FIG. 2
20
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drawings in which 5 FIG 1is a sketch illustrating a manipul ator
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used.
Each test head 108 is connected to tester 100 through
cable 104. Cab;e 104 contains numerous wires or smaller

10 cables. It is very inflexible and heavy.

Test head 108 is held by manipulator 102. Manipulator
102 physically supports test head 108. It also allows test
head 102 to be positioned to dock with a prober or handling
device (not shown). Different probers. and handling devices

15 have docking interfaces positioned differently. To enable.
test head 108 to dock with any type of ‘prober or handling
device, manipulator 102 must be able to move test head 108
with six degrees of freedom.

Test head 108 is very heavy, weighing as much as a

20 thousand pounds. Manipulator 102 must support this weight -
while allowing test head 108 to be moved easily and
accurately into position. .In addition, manipulator 102 must
contain features to ensure that test head 108 is prevented
from falling to the grdund.

25 To accomplish these goals, manipulator 102 allows course
motion in certain directions and allows fine motions in other
directions. Cable 104 is clamped in cable stirrup 110, whicﬁ
differentiates the fine motions from the course motions.

Cable stirrup 110 is attached to manipulator 102. It

30 moves“relative to tester 100 and the prober'Knot shown) when
manipulator 102 moves test head 108 with a course motion.
Conversely, cable stirrup 110 is fixed relative to tester 100
when manipulator 102 moves test head 108 in a fine motion.
This arrangement isolates test head 108 from changes in

35 forces exerted by cable 104 during the fine motions.
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between cable stirrup 110 and test head 108 to be freely

10 moved and allows more accurate positioning of test head 108
during fine motions. '

To facilitate movement of test head 108, manipulator 102
may include motors to drive manipulator in one or more
directions. These motors are controlled in a conventional

15 fashion through electronics contained in electronics housing
106. Manipulator 102 also includes brakes which must be
released before manipulator 102 can move. Conventional
electronics within electronics housing 106 control these
brakes. In addition, motion of manipulator 102 may be

20 computer controlled in response to commands provided by a
human operator or from commands provided by a computer
controlling ﬁhe operation of the test floor including tester
100 and manipulator 102. Conventional control electronics
may also be included in electronics housing 106.

25 Eiectronics to control a motor or to release a brake is
well known and not explicitly shown. Likewise, control
algorithms for controlling motors to move an object are well
known. Many such algorithms rely on sensors for feedback.
Any such sensors which might be used with the manipulator of

30 the invention are not explicitly shown. Likewise,_wiring to
connect the control electronics to motors and brakes is not
explicitly shown, as these items are well known in the art.

Manipulator 102 holds test head away from the base (not
numbered) of manipulator 102. This positioning creates a

35 torque on manipulator 102 which might cause it to tip over.

To prevent manipulator 102 from tipping over, manipulator 102
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10 assemblles; base assembly 300, column assembly 400, twist arm
assembly 500 and cradle assembly 600. These assemblies are
shown in greater detail in conjunction with FIGs. 3 through
6, respectively.
FIG. 2 shows two sets of arrows, each depicting
15 directions in which manipulator 102 can move test head 108.
Arrows U-D define vertical motion. Arrows L-R define
horizontal motion. Arrows SL-SR define swing motion. Arrows
RL-RR define rotational motion. Vertical motion, horizontal
motion, swing motion and rotational motion are course
20 motions. ,

Vertical motion is provided by telescoping column
assembly 400. Horizontal motion is provided by translation
of column assembly 400 relative to base 300. Swing motion is
provided by rotation of column assembly 400 relative to base

25 300. Rotational motion is provided by rotating twist arm
assembly 500.

Arrows I-0O define in-out motion. Arrows NU-ND define
"nod" motion. Arrows OL-OR define the © direction. In-out,

nod and © define the fine motions.

30 In-out motion is provided by translation of both sides
of test head 108 in cradle assembly 600. Nod motion is
achieved by rotation of test head 108 about its mounting
point to cradle assembly 600. Motion in the © direction is
achieved by differential translational motion of the two

35 sides of test head 108 relative to cradle assembly 600.
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FIG. 2. Cable stirrup 110 is preferably mounted as close to
column assembly 400 as possible. However,.cable stirrup 110
should hold cable 104 (FIG. 1) far enough from column.

15 assembly 400 so that cable 104 clears column assembly 400
when test head is rotated. Also, as shown in FIG. 1, cable
stirrup 110 is positioned to one éide of column assembly 400.
This allows rotation in direction RL of at least 180° and in
direction RR of at least 90°. This range of motions allows

20 test head 108 to dock with a prober or handler which has a
docking surface vertically above or below or-horizontally to
the right or left of test head 108.

FIG. 3 shows base assembly 300 in greater detail. The
elements of base assembly 300 are supported on base plate

25 302.

Feet 304 are installed on the under side of base plate
302. Feet 304 are mounted through threaded holes and may be
~ extended or retracted. Feet 304 support manipulator 102 in a
stationary position when they are extended.

30 Casters 306 are also installed on the under side of base
plate 302 and stabilizing bar 308. When feet 304 are
retfécted, casters 306 contact the ground and allow
manipulator 102 to be easily rolled.

Tubes 310 are positioned to the rear of base plate 302.

35 If desired, rods {(not shown) may be inserted into tubes 310
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10 Linear rails 316 are adapted to receive linear bearings 402
on the column assembly 400 (FIG. 4). The combination of
linear rails 316 and linear bearings 402 enables horizontal
motion.

Motor assembly 320 is connected to drive column assembly

15 400 relative to plate 314. Motor assembly 320 includ;s a
ball screw which extends and retracts when driven, thereby
imparting linear motion. Use of such a motor is optional.

Motor assembly 322 is used as a brake for swing motion.
Motor assembly 322 also includes a ball screw which extends

20 and retracts when driven. The ball screw connects to a belt
(not shown) which loops around béaring 318. As motor
assembly 322 is driven, the belt tightens or loosens and
thereby applies or releases a brake for swing motion.

Motor assembly 322 is also optional. A brake. might also

25 be implemented by a having an outer surface of rotary bearing
318 formed with teeth. A spring loaded solenoid might then
be used to press a "short rack" into the teeth or to retract
the short rack. The short rack is a toothed segment which
does not rotate. When pressed against a toothed bearing, it

30 will prevent the bearing from rotating. However, if
sufficient force, for example in excess of 30 pounds, of
force is applied, there will be slippage between the short
rack and the rotary bearing. In this way, compliance is
provided in the swing direction. |

35 FIG. 4A shows column assembly 400 in exploded view.
Column assembly 400 is built on column base plate 404.
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*15 - directions in. which mani pulator 102 can nove test head 108. Arrows U-D
"~ define veigg §gdesdpt i ON. Arrows. L- R define horizontal notionpCHUsESNS48. - SR
define swing notion. Arrows RL-RR define rotational notion. Vertical

notion, horizontal notion, swing notion and rotational notion are course 20
noti ons. Vésinieeal beatiimgs 402r eviededubyetiebastbei hgwen| sihde as§ eadl ymA 00.

Hori zont al gﬁ?(% Q%V't%e%l)rwlkr a%k:%bﬂg g%@i&ﬂ“ﬁ%&%@:%?go

relative to tion’is provi y rotation
assenbly 4@@°W@Iat|ve to base 25 300. Rotational notion is provided by

orating tuist mageelosid 4ol A d°biigal Lol nERY PBur A bR

NU- ND define "no noti on Afrows [err]L-[err efi ne
di rect idn. Paraldel cedymmngegmentsdéiine Fﬁé“FPnﬁeﬁBFP5n§14§0has | n- out

notion is eltawldadllmg Winigs alisomodhtlat Bnsidestwd teaésheadoi@dnin cradle
assenbly 600. g on |s ch'eveg b% otattoneof Lest ?gad 108 about its
nount i ng p&EAT S gﬂé ﬁﬁh?dB S. HEPWBn pRet RE2FRr #990RPe®FFon i s
achi eved bytdbhﬂamamblwlnbsamamaticnahmnDSEgment 4heDt e BOunsedes of test
head 108 r%L%bgw%ﬂE%l%&aQ%?c%ﬁ%ﬁ&bbés@081a18'404.
10 A linear rail 418 is mounted on the front face of column
segment 414D. Linear bearings 420 are mounted on the rear
face of column segment 414C and engage linear rail 418. This
allows column segment 4141C to slide vertically relative to
column segment 414D. .
15 Linear rails 418 and linear bearings 420 are likewise
employed between column segments 414C and 414B as well as
between column segments 414B and 414A. Column segments 414C,
414B and 414A are not fixed to column base plate 404.
However, column segments 414A, 414B and 414C can be moved
20 vertically downwards until they reach column base plate 404.
Column segments 414A, 414B and 414C can also be moved
vertically upwards. In this way, column assembly 400 can be
collapsed or expanded in a telescoping fashion.
Upward vertical motion of column segment 414C is limited
25 by stop pins 422 on column segment 414D that engage stop tabs
424 on the rear surface of column segment 414C. Upward
vertical motion of column segments 414B is limited by stop
pins 422 on column segment 414C. Upward motion of column
segment 414A is likewise limited by stop tabs on column
30 segment 414B. Overall, column assembly 400 may be extended
to approximately twice its collapsed height. For example,
column assembly might telescope from a height of three feet
to a height of about six feet. In this way, vertical motion
is provided.
35 Column segments 414 are shaped to be non-planar. This
shape provides greater stability to column assembly 400. It
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‘WD 96/ 26446 : ' PCT/ US95/ 13438 Cradl e
"assenbly WO@Gaﬂdsport ions of twist arm assenbl y 500 al ways HER/ESI5HB438i ve t o
tester 100 (FI'G 1) during the course notions but do not nove relative to
test head 108 during those course notions. To isolate test head 108 from5

changes i netsdl aliowsethduedigmeosesmentsi bm, nesb| eogethe:up tHerdlby G 1)
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arn1assenb 500 which do not nove relative to test
twst armb8 %ﬂﬁ@y 500 is preferred because that assenbly may be readily

made to 10 wi th&hﬁﬁﬁ!néa h.ﬁtéofliﬁsn.scamzﬁcﬁé&rEHpcéi:QmﬁFﬁ%méﬂti@14‘ﬂt shown
expllcgtl in Fl stirryp 110 |f%§ref ablg ed as cJose to

col um>asdé %%??12%095§tﬁo§§FbPE°v fEvBrPiach| *E s2FF 9y LAHUFEFol d
cabl e 104 4FhGasidembhy BOOu@hIGL 05) col Tha. uﬁﬁerasmrrbfyaékﬁ)@ sérédadigabl e

I I wh head, | d. Also, h '
Fle 1 cabt o beb, FERSTnd, €8 mERRPAEIIAEE L2, (o' of “Cot i mscendly 400,

This all ows rotﬁhEONOWBrdendcpfoacme .etraw uéasﬁslédbaec;edndoin direction

RR of at '@@éﬁs§QLS£aL 46§'§hié Ogs %tEQEhg 8'&8?@?§05aség§§lCaﬁ?b&08 to

dock with probe handl er as a ace v above
or beP8w cFramsmiaaian| 90301§h@rlvght bmrmpte@r w t esWher anouos. 496 c;ss

shows base,@eseabLY, 399ah8m9§§§66r46§t@ii1 Jbeaeéeasméss£%e&a§foasse"b'y
300 are supported on base pla

Acme screw 410 1s made of telescoping sections.

Rotation of acme screw 410 causes the screw to extend or
retract. In this way, column assembly 400 is motorized to

15 extend or retract. ' '

Acme screw 410 has threads with sufficient friction that
it will not retract under the weight attached to mounting
plate 412. It will only retract when driven by motor 406.
The vertical motion is "nonbackdrivable." Nonbackdrivable

20 means that, even if the drive force is reﬁbﬁed, there is no
motion. '

FIG. 4B shows in cross section an alternative embodiment
of the drive mechanism for column assembly 400. The drive

_ mechanism of FIG. 4B replaces motor 406, transmission 408 and

25 acme screw 410 of FIG. 4A.

In place of acme screw 410, ball screw 460 is used.

Ball screw 460 is also a telescoping screw but has lower
friction than acme screw 410 and may therefore be driven with
a smaller motor.

30 Tﬁe.upper end of ball screw 462 contains a gear 462.
Gear 462 connects to gear 464, which is mounted to the shaft
of motor 456. .In this way,.rotary motion is coupled from
motor 456 to ball screw 460. The upper end of ball screw 462
is mounted to column segment 414A so that it extends and

35 retracts the column when driven. Where ball screw 462 is
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25 3D2. Feet 304 -are installed on the under side of base plate 302. Feet
304 are nWOMSBGH4shr ough t hreaded hol es and may be ext ended RET/UI5H3438ed. -
Feet 304 support manipulator 102 in a stationary position when they are
ext ended. 30 Casters 306 are also installed on the under side of
base pl at eusea andpitabi bEzangabme 868ewWraotdeeds5B80dust eineludst£d,

30 d aLlp | at t . eas] |
ol ec. TubEetg16%eb Eed] PHARCGRE FerErtEE MRy e ndnhadidf il !

desired, rods (Abe dhwen) endyofebahlestedwi 460 isbmeuBtded-odlan air WO

96/ 26446 st US95/ 13438 nd under

tester 100p(FI8P ?isemb%%uﬁ?grmag?gﬁ? %%n?%u 3 %?ggn%% % dﬂ?s 312

are al So pPuEed e %ﬂ@eﬁaééoplalénsnzcytbm@¢9r4ﬁﬁngﬁﬁsomm@anéhybe any heavy

obj ects, saghedte8 pké 5&9& st 884 BLELLScyD 3dfp | base
pl ate 302 pozed Proy e rrllng 318. PI at%YS%ﬁ&%%r%f%sﬁ%%Dt&n%nggds%Pnbly 400

th.-a rotar
(FIG 4). %E%Ftﬁét%?gﬁsawﬂa 31Ehese RECISF HERHITRe Faralmest |diwar
rails 316 aightosahbdohotheitcenddd. to form cavities 472. However, the

seals still allow relative motion of inner cylinder 468 and
10 outer cylinder 470.

Cavities 472 are pressurized to a constant pressure,
such as through a regulator (not shown). A pressure in the
range of 40 to 60 pounds per square inch is preferably
maintained in each cavity. Cavity 474 is not pressurjzed and

15 is vented to avoid unduly restricting motion of the inner
cylinder 468 relative to outer_cylinder 470.

Outer cylinder 470'is attached to column base plate 404.
When sufficient force is applied along the vertical axis,
inner cylinder 468 moves relative to outer cylinder 470. 1In

20 this way, air piston assembly 480 provides some compliance to
manipulator 102 along the vertical axis.

FIG. S shows a partially exploded view of twist arm
assembly 500. Twist arm 500 is attached to mounting plate
412 (FIG. 4) through rotary bearing assembly 502. Rotary

25 Dbearing assembly 502 has an outer ring 504 and an inner ring
506 which rotate freely with respect to each other.

Outer ring 504 is attached to mounting plate 412. Inner
ring 506 is attached to tube 510. Where necessary, a shaft
or extension member is used to span"tﬁe distance between

30 inner ring 506 and tube 510. Rotary bearing assembly 502
allows tube 510 to rotate, thereby providing rotational
- motion. |

Gear 508 is fixed to outer ring 504. Gear 512 engages

gear 508. Gear 512 is connected through shaft 514 to motor
35 516. Motor 516 is mounted inside tube 510. Shaft 514 is
supported by bearing block 518, which is mounted to tube 510.
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15

20

25

30

35

rotation translates into rotation of tube 510 of
approximately 2°. Thls sllght amount of rotation prov1des
compliance in the rotatlonal direction. .

Cable clamp 110 (FIG. 1) is not explicitly shown in FIG.
5. However, a cable clamp could be easily mounted to tube
510.

Tube 510 provides a mounting point for cradle assembly
600. FIG. 6 shows cradle assembly 600 holding test head
frame 608. In use, test head frame 608 would support the
electronics which make up test head 108 (FIG. 1).

Back 602 is attached to tube 510 (FIG. 5). Side arms
604 extend from back 602. Each side arm 604 is U-shaped and
contains the mechanism which allows all of the fine motions.
The mechanism is the same in each side arm 604.

Each side arm 604 includes a pair of rails 612 along the
length of the side arm 604. Carriage 610 rides on rails 612.

Test head frame has bolts 614 extending from it. These
bolts, which extend out from test head 108, are threaded at
one end to allow rigid attachment to test head frame 608.
They are unthreaded at the end projecting into side wall 604.

The unthreaded end of bolt 614 is connected to carriage
610 through a rotary joint (not numbered) formed by a
spherical plane bearing, such as part number 6Sf10 from
Torfington. When carriages 610 in each side arm 604 move

together, in/out motion is provided.
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35 ) FI G 4A shows' col um assenbly 400 in expl oded view. Colum
assenbl y A0096/364a6!i | t on col utm base. pl ate 404. WO 96/ 264€G/0595/13438

PCT/ US95/ 13438 Li near bearings 402 are nounted on the | ower side of colum-
base plate 404 to provide horizontal notion as described above. Columm
assenmbly 400 i ncTheesotapyuiaint yalhews Holr 61f to metratld elraaldiints

Segment s 414 ; s COlHE SOUEIEn PAR Niiss HAPIJ&idhg W ngs 416 nounted on its

two sides. Columm segnent 414D 1's attached to col unm base plate 404 as are
stabi | i zi ng wi ngSN216PLTHY Ut BegrEse ahkavs Paidurftledd Ysemperati adlat itve

col um basecplederfdfe €00 in a pradd BRHpdiAicAlE ItD N QR el g front
face ofscolunn segne 041 .. Li near bearings 420 are nounted on the rear
face of col(fﬁﬁf”s%%fns 4140 PRy L s h dakes iyt ressibdies £8m ows col um

segment 414t iages dElWein i appdyi el sides aarn®s GRS &wrelerih glif)k@er&t

L peer 21808 o0 LRI, ] A Bt
414A. ColuﬁFQ%%ﬂﬁﬁn@ meREON414B and 414A are not fixed to col um base
plate 404. HOWeWften COLUPTGEY 1Y Snddé in Vol Hietiody Thwed

10 distance between carriages 612 changes. To account for this
change in distance, the bearing connecting bolt 614 to
carriage 610 in one of the side arms could allow bolt 614 to
slide perpendicular to the surface of carriage 610.

In a preferred embodiment, motion of bolt 614

15 perpendicular to the surface of carriage 610 is not directly
allowed. Rather side arms 604 are made to be slightly
flexible. During © motion, side arms 604 flex together,
keeping the distance bétween'carriages 610 constant. Even
though side arms 604 are preferably made from steel or other

20 relatively stiff material, their long shape giﬁes them the
small amount of flexibility required to allow © motion. A
steel channel piece six inches high by two inches deep and
0.3 inches thick is suitable. A similar sized aluminum piece
might also be used for lighter weight.

25 Each side arm 604 includes a motor 618. Motor 618 is
coupled to carriage 610 in a conventional means, such as
through a belt (not shown). Motors 618 can drive in/out
motion and © motion. In a preferred embodiment, motors 618
are stepper motors coupled to carriage 610 through a ball

30 screw.* Stepper motors allow open loop control and eliminate
the need for positional feedback sensors.

Motors 618 include a clutch mechanism, which must be
released in order to move carriages 610. Preferably, the
clutch mechanism of motors 618 can be released without

35 driving the motors 618. This allows test head 108 (FIG. 1)
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.20 Vertically downwards until they reach colum base plate 404. Col um
segnment swblgkPes4614B and 414C can al so be noved vertically ponwawsssi34ig this
way, columm assenbly 400 can be col | apsed or expanded in a tel escoping
fashion. Upward vertical notion of colum segnent 414Cis limted 25 by

stop pi nsté2BeOfo¢eUAR acgbRplLidhdéDmbhat t6A0eHE £hPEut aksa4@4 on the rear
surface of ,colum segnent 414C. Upward vertical notion of colum segnents
414B is | AkFEERLBPSst op pins 422 on col utm segment 414C. Upward notion of

col um segnent nd&Aoitsonl Kewtae ibhmabedebyhet apikabs BB1€8! M) 39 megneEnt
414B. Overall, .colum assenbl y_400 nmay be_extended to.approximately tw ce
its coIIaﬁgﬁﬂthFbﬁﬁp'FoFeﬁﬁﬁﬁiﬂgf PBFEﬁngéésﬂhﬁiybﬁiﬂﬂ?ng%ﬁe%%%ﬁetg?onla
hei ghts of cehree béegrhoiayheifghesef hahaulosix tres, desphié vRY, w¥eghtcal
oL on | B BYeHagdsop 3 nEELUTRLBEOUEI Sl Ec e RURES Beab
It - 12 -motig@.o6NR284m6tion is always in a compliant mode.
T os 134380 3ol v e 50! WSRO 5L BER' hESEIgH: e oY
i nod motion which is possible. 1In a preferred embodiment, nod
10 motion is cdnstrained, such as through stops (not shown) to
be no more than approximately +/- 2°. Test head 108 might be
spring biased in the nod direction to return to a ﬁeﬁtral
position. '

In/out and © motion present a unique problem for .motor

15 driven control. Because cradle assembly 600 can rotate, the
absolute directions of in/out and © motion can change.
Because the directions can change, the direction of
gravitational forces relative to these motions can change.
When the clutch of motors 618 is released, it is possible

20 that test head 108 (FIG. 1) will move due to gravitational
.forces. Because the direction of the gravitational forces
can change, the direction in which motors 618 must drive each
of the carriages 610 to counter the gravitational forces is
not always the same.

25 To avoid having test head 108 damaged due to sudden
motion when the clutches of motors 618 are released, each
side arm 604 includes an air damper 620. When the clutches
of motors 618 are released, test head 108 (FIG. 1) might
move, but its movement will be very slow so. that there is

30 reducedﬁchance the test head 108 will be damaged.

Manipulator 102 is assembled using strong materials
generally used in precision machine designs. The structural
members are shaped from steel or similar material using well
known manufacturing techniques. For example, base plate 302

35 is formed from a 1.5" steel plate and column'segments 414 are

0.75" steel plates. Bearing assemblies and rails are
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.Mounting plate 412 is attached to colum segnent 414A. 5 Mounting plate
412 provi wssieaece of attachment for tw st arm assenbly 5BOT{USPIA34B8 . The
upper end of acme screw 410 is also attached to nounting plate 412. The
|l.ower end of acnme screw 410 is connected to transm ssion 408 which is
attached t ccamhera dbke apbaaihabfw Ithy chﬁsrqtmdjimy Hadriingdiciapalley ofot or

406. \Wen to 406 | v £ Lrans 0] II rot te acne screw
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verti-cal niidwifor rw&sact@kﬂé@&&@ £ NpiPasiadidorhlee 20pﬂ€%@i%bt15}a , €even

if the drive force is removed,_there |s ng nmotion. FIG 4B shows in cross

section an TN%Y rPa’f’l‘v%s%‘?Mr%Qﬂ W A &GS assembdy)

assenbl y 4G5 tH hectéwy et sreahbovr Inaei prl £t oxd B 022 s bokeh 40ko pieces
transm ssi o€ 408 and_25 acne screw 410 of FIG 4A In place of acme screw
410, ball st9%ewWa®) FERRAF T Bal| screw 460 is also a tel escoping screw but
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conjunction with a test head/prober interface which provides
precise positioning. An example of such an interface is
described in US patent application 08/299,831 for Interface
Apparatus For Automatic Test Equipment filed September 1,

15 1994 (which is hereby incorporated by reference). That
patent application defines an interface in which posts on the
prober are grasped by a mechanism on the test head. The
mechanism pulls on the posts, thereby pulling the test head
and prober Eogether. The mechanism is shaped so that as the

20 test head is pulled toward the prober, it is properly
positioned. ) .

In use, it is envisioned that manipulator 102 will
include a control mechanism, such as a set of joy sticks,
connected to electronics housing 106 (FIG. 1). The joy stick

25 1is used to provide control inputs to. the control electronics.
Preferably, one joy stick will be used to control course
motion and one will be used to control fine motion. Control
algorithms to translate joystick control inputs to motor
control signals are well known.

30 Fér example, the course motion controls might first be
used to position test head 108. Then fine motion controls
would be used to bring test head 108 close enough to the
prober that the precise positioning mechanism at the
prober/test head interface could be engaged. Once the

35 precise positioning mechanism is engaged, it is necessary

that manipulator 102 be placed into a compliant mode.
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10 mounting of motor 516. Compllance in the nod direction is
provided because, within limits, the test head is free to
rotate in the nod direction. The compliande allows the
precise positioning mechanism to pull test head 108 into the
precise position required for docking the test head to the

15 prober. _

Once docked, the clutches of motors 320, 322 and 516 are
then engaged to hold test head 108 in the required position.
Having described one embodiment, numerous alternative
' embodiments or variations might be made. For example, FIG. 5

20 shows that gear 508 is attached to rotary bearing 502. The
outer surface of rotary bearing 502 might be toothed to
eliminate the need for a separate gear.

Further, it was described that the manipulator was
constructed to give compliance in various directions.

25 Compliance is useful in docking with a prober or other device
that contains an interface which positions the test head
relative to the prober. Where such an external positioning
device is not uéed, it might be preferable to build a
manipulator without compliance. '

30 i For example, not all motions need to be motor driven.
Motors are used to make test head 108 easier to move. Swing
motion does not have ﬁo counter the effects of gravity or
cable forces and might therefore not need to be motor driven.
Likewise, because the fine motions are isolated from cable

35 forces, it is possible to eliminate motors 618.
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10 avoi dww%;ﬂm estricting notion of the inner cylinder 4p8ragdsszusse tO
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404. When sufficient force is applied along the vertical axis, inner
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gear 508. Gear 512 is_connected throug haf to notor Mot or

516 is rmhﬁf‘@@leﬁngpdéh?uSGSSIBeadSPﬂQ?taB@d“ﬁ‘%ll%‘t&ﬁ)'Eﬁ’fe’ep Y b‘éﬁﬁh ng bl ock.
518, Mhi chah818BUBbAdA! @ntll8e5EBrce 2dnsors which could be used to

provide control inputs instead of a joystick controller.

Further. it might be desirable to equip test head 108
with position sensors. The position sensors would be used
to translate control inputs to motor commands which caused

15 motion. of the test head relative to the coordinate space of -
the operator.

If position sensors are used, air damper 620 might be
eliminated. When undocking the test head, the position of
the test head might first be sensed. Before undocking,

20 motors 618 would be activated to counter any motion of test
head 108.

Use of motorized controls in conjunction with control
electronics provides the opportunity to add many features to
manipulator 102. For example, the joy stick controller might

25 be replaced with a set of buttons on a wrist band, resembling
a wrist watch. The wrist band would also serve as a
grounding device to prevent electrostatic discharge. The
wrist band might also contain a temperature sensor which
would detect whether the-bénd was being worn by a person. 1f

30 the band were not being worn, control functions on the
‘manipulator might be disabled. 1In this way, the test head
could not be moved unless the operator were propefly grounded
to avoid electrostatic discharge. Such a sensor might be
incorporated into other types of electrostatic discharge

35 devices.
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VO 96/26446 - PCT/ US95/ 13438 When
acti vat edwoegliac© 16 dr| ves tube 510 to rotate. In this waypcTasss/ilassal
motion is driven. Motor 516 incorporates a clutch assenbly. If notor 516 is
not activated, the clutch assenbly prevents notion of shaft 514. 5 In this

way, rotational ADfuMthés GBEECiémerablis ddtiaic ke 1S JHHHRGL B R NS

520 and not el ttacr‘_gfltotul% (SI)t I’Ir(])ﬂas 520 are held in plglce by
pi ns (not sq'féi/v?f) Cgiftj}? eﬁ# Qm%I 5 al | GRS 75t grrs1é

rotate abouieamksafmg‘iﬂm bé em:snﬁéd ciron Sparcdef dics pbi ntappini e:dhe undefreride v,
notor 516 g L gte appro

er 1, Based oy r rat Lo _bet ween
gears 508 and %192 rTs 0 atlon ra%["T leds It crl qh lb@foet
appr oxi pat elrydlz[aérer]spéﬁm%ltslpcqmtsarmurttha)fprrqhm |vm1thmcd@§l @drqglnl ance in

P rOtath”hovvn I n Fi%ﬂmééon RS tcég{'aelq AP B O tﬁg\l&y e 10t

explicitly s However, a c ‘cl anp co easi |y nmount ed

to tube 51GFelRfonsioinkatiran £hm i baamg s theadackezsen®iny 600.
FIG 6 showperathLe At BGh hﬂ{mmgait&%tﬂ&acth@ tedt’ Qi@'adﬁ%edé dise,

test head frarre 608 woul d support the electronics which nake up test head

108 (FI G De neseed ofer iRroRen dreking ¢ utj‘éidstlfc}%fﬁ]dyr5)thesﬂ&§h§r feams

10 could be focused in a plane a fixed distance from the test
head. When the test head is positioned such that the prober
surface is in this piane, all of the light beams will be
sharply focused. ' If some of the light beams are more sharply
focused than others, .it indicates that the test head jis

15 tilted relative to the prober. Thus, by observing the
position and intensity of the light beams, an operator could
accurately position the test head. .

FIG. 2 shows that twist arm assembly 500 is mounted
symmetrically to mounting plate 412. Asymmetrical mounting

20 of twist arm assembly 500 could be used to move test head 108
closer to a prober on one side of manipulator 102.

'Further, “while the préferred embodiment was described in
terms of a test head for automatic test equipment, the
manipulator of the invention might be used to position any

25 type of test head or even other heavy objects which must be
precisely positioned. The invention will be particularly
useful with heavy devices which need precise positioning even
though they are connected to a cable. .

Therefore, the invention should be limite@ only by

30 the spirit and scope of the appended claims.
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“mechani anw{? llows all of the fir® e mecpefrussdisssst he
same in eac Ggﬂlﬂgg arm 604. Each side a s a paif—of—rails 612
along the length of the side arm 604. des o]

| THEG ISSIERT AASTBEEN
head frame has hglds H14 exigagding from |t These bol t s, i ch eRERAAGEDUt
fromtest head 108, are threaded at 30 qQne end to aIIow ri

to testthedd frareamERulHST & hitRshadiephihich éifd PrEieEEEch§o ¢ si de
wal | 604. The ur@ﬁae@ﬂ@ cash ofchidsti Hikfyd s connected to carriage 610

t hrough_a rotary joint (not_nu rmed by .a spherjc pl_ane beari ng,

such as3part nunbkr R3PSt r@%{gﬁ%ﬁr%ﬁ t'yl"ﬁ?éﬁ 15la"o{:g lerWing each

si de ar# 604 nove togéihermothasmwsf NElié Otests Y iidedt -lekst one WO

96/ 2644? Qirection: and PCT/ US95/ 13438 The rotary
joint allows bolt 614 %o rotate Afound its axis. The rotation provi des nod
noti on. 6The rot aply joanclamso cdupled b ttied meangifiont hadiditrigrdheo temtr i age

610 in @ plane perpengigl aaid éﬂﬁnﬁ%&%@céﬁd XA AWH1E e Hligni e | on

604 extend from back 602. Each si de arm 604 i “ﬁhlac?_ﬁd and contains the .

al so nakes it possible for carriages 610 1n posite si e ar s 0 nove
in diff8rent - spaced from the end of the cable connected to the

9 test head by a distance which is greater than the

10 distance between the clamp and the test head; and

11 c) means, coupled to the means for holding the test

12 ' head, for allowing course motion of the test head

13 in at least one direction. .

2. The manipulator of claim 1 wherein the means for holdiﬁg

the test head comprises at least a pair of arms with the

test head mounted between the arms.

3. The manipulator of claim 2 wherein the means for holding
additionally comprises a plurality of carriages, each of
the carriages slidably attached to one of the plurality
of arms and wherein the test head is connected to each

vt o W N

of the carriages.

The manipulator of claim 3 wherein the test head is

o
N

connected to at least one of the carriages at a

W

spherical joint.

5. The manipulator of claim 3 wherein the test head is
mounted to the carriages at joints which rotate about

the axis defined by the points at which the test head is

P~V S

attached to the carriages.

6. The manipulator of claim 3 wherein the test head is

2 mounted to at least one of the carr%ages at a joint

- 22 - -
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directions simltaneousl y. This differential novenment provides [err]

moti on. Weakodsakid ages 610 nove in opposite directions, thept@niosinige
bet ween carriages 612 changes. To account for this change— H

beari ng connecting bolt 614 to carriage 610 in one of th '91"525 '\gg}gfigﬁ

allow bglt 614 t ' ' ce .of. chrri af? .
prefer rgd ent)odi"(r}rhleﬁ%t'lj,l d%b?%%%%@{ G%LEA{ %%ept?}%%%f?acﬁllzﬁ &[Lbe_f%ﬁr_fg%g—g?
carriag® 610 i s ¢okingd &Y I¥hedwed. Rather side arms 604 are made to be
slightly flexible. During [err] notion, side arns 604 flex together,
keepi ng thg di stance befween carriages, 610 constant. Even though side arns
604 ar el pr fer abtBE MRRIPY AL QX f Plain ibradd) Yignal Mk e §51nm ey |
their 12ng shapef@i vebiddlsly they gl tharauwi fed |raidtidvd % d agid ra‘id?] 0
al | ow [grr] not i on.tA. st eel &hannej lgi ece, six 1nches high by two inches
deep andl 0.3 i ncHestR%iTFe JLHFTLAAR O% It AaRgsite, B ZaGHHMAN pi ece ni ght
al so be used for lighter weight. 25 Each side arm 604 includes a
not or 648. o Mot 618 is led to carri 61Q i n.,a conventjonal neans,
such asi_t hrsdughqgh%eﬁm(%@é\g%%vﬁ .Cﬁﬁ%rﬁqﬁ’fg%%q We3MF RRT noti on and
[err] ndtion. | mklewiieread saiok iemtcontioress 618 are stepper notors
coupl edzto carrigge Q&QV%PE?ﬁQP'Qh%f¢I gﬁhscreML St epper notors al |l ow open
e The neée

| oop control and ‘el imna or positional feedback sensors.
4 b) a rotating member rotatably attached to the

5 vertical shaft, wherein the means for holding the
6 test head is connected to the rotating member.
9. The manipulator of claim 8 wherein the rotating member

rotates about an axis perpendicular to the vertical
shaft.

10. The manipulator of claim 9 wherein the clamp is attached

to the rotating member.

11. The manipulator of claim 10 wherein the vertical shaft

comprises a telescoping vertical shaft and the clamp

W e

extends above the telescoping vertical shaft in at least

on position of the rotating member.

12. The manipulator of claim 8 wherein the means for
allowing course motion additionally comprises a base,

and wherein the vertical shaft is coupled to the base

& W N e

through a rotary joint.

13. The manipulator of claim 12 wherein the means for
allowing course motion additionally comprises

a) a support member coupled to the vertical shaft

o W N =

through said rotary joint; and

[
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‘Motorss 618 include a clutch mechani smewhich mist_be rel eased in order to
nmove car rwagﬁliﬁﬁgo Preferably, the c|UHENSHEENhAAS BRERT| notrrsuddifsHan be
rel eased wthout 35 driving the notofs G61RepLAbEs all dgws test head 108
(FIG g% 16 - WO 96/ 26446 ) -
PCT/ USS5/ 13438 bd be andvid@@3itn bgagdmgl icaiPlipde ther supporh/ sembandtpeth
‘directigons. Nod noti gagd.otati on about the axis of bolts 614) is not notor
driven. Cenerally, bolts 614 will be nmounted near the 5 center of gravity
of test head 108. Thus, despite the weight of test head 108, little force
Wil be regquired ﬁﬁhi@ﬁdaﬁ.‘%ﬁ:i €6r uodeget 'headi Eomp¥@¥$Engh a conpliant node.
As shown in FIG_,1, cablg 104 restric ﬁg? nt of nod notion which is
possibl%e. In a fefefr & ETTORIREN ST 65a 0°#BLén is constrained, such as
t hr ough® stops ( ot showmpnnmtbmembeanre than approximately +/- 2[err]. Test
head 108 mght b SPil 43S Bl i@ AL LLCEL! Rfle! RoligkibBihg @ neutral
position. |n/out and erﬁ] tion present uni que pro P tor
dri ven ontrol . BecaG?éTéF@dléhé§§eﬁﬁﬁyt@@oséﬁﬁorétHF@btheaaésolute

directigns of ig)out ARGAdAY hsFeiAY cRMpTH3RHE means for supporting

7 the test head at two points, which points can be

8 moved in the same direction to allow translation of
9 the test head in a plane including the two points
10 and can be moved in opposite directions to allow
11 rotation in the plane including the two poipts.

1 15. The manipulator of claim 14 wherein the means for

2 supporting the test head at two point comprises:

3 a) two spherical joints, each slidably mounted to Ehe
4 cradle assembly; and .

5 b) two shafts, each extending from the test head at

6 one of the two points and engaging one of the

7 spherical joints.

16. The manipulator of claim 15 wherein the means for
supporting additionally comprises two motors mounted to

the cradle assembly and coupled to the spherical joints.

1 17. The manipulator of claim 16 wherein the motors comprise
stepper motors.
18. A manipulator for a test head having a cable connected
thereto, comprising: -
a) a telescoping shaft;
b) a rotating member attached to the shaft, said

rotating member'adapted to have a test head

A b W N e

coupled thereto; and

- 24 -
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_Because the directions.can change, the direction of gravitational forces

rel ative %46%-2‘(3 nmoti ons can change. W (] ’_ JB_)@ENrm#Efiﬁsg}lgmis

rel eased, ossible 20 that test hef ue to
gravi tatlonal forces. Because the directisg ational forces can
change,_the direction _in which notors 618 must .drive each of the carri ages
610 to counter the gidvit & ISHAMIP f Ga@E &ds tRohodBnahe cableangoupded to

To avoigd having test head cHa8 xdvmaed dembe® . sudden notion when the

cl utche9 of notors 618 are rel eased, each side arm 604 includes an air
danper 620. \Wen the clutches of notors 618 are rel eased, test head 108
(FIG 1) mght nove, but its m)verrent vaI be very slow so that there is 30
reduced chapce e test 108 WI I pulator 102 i.s
assenblqed ggl ngtlig]'ter gﬁﬁlﬁﬁﬁ?goﬁl 8 fgg EFEI ilg gﬁ%ﬁe?‘ﬂwﬂ%c? MR fRERNAE

desi gn® The st foromuthie m'ettiaeuagamembbapaddisbaneéesvhfbicSem:I 86 neiarial
using wel knowh%aggggtét gwaggf gﬁ\hg 1e§85%§ﬁ§ngﬂg£ibggetgl ate 302 35

is fornmed from a teel Iaean urms 423re®. 75" st eel
pl at es.4 Bear i ngrasasipg membey L& rgtat:ed thvough amggleaaaeat least
PCT/ US®5/ 13438 gge,

20. The manipulator of claim 18 wherein the clamp extends
from the rotating member a distance sufficient to hold
the cable away from the telescoping shaft as the

rotating member is rotated through an angle of at least
180°.

Nl b W N e

21. The manipulator of claim 18 wherein the clamp extends
from the rotating member a distance sufficient to hold
the cable away from the telescoping shaft as the

[S2 B - SR VS R S I

rotating member is rotated through an angle of at least
270°. '

22. A manipulator for a test head comprising:

a) a base;

b) a vertical shaft mounted to the base;

c) a horizontal member extending from the vertical
shaft, the horizontal member being movable relative
to the base, the horizontal member adapted for

- holding the té&st head; and
4d) at least one means for allowing compliant motion of
the test head.

W © N oy s W

23. The manipulator of claim 22 additionally comprising
2 . means for driving the test head in a vertical direction
and wherein the means for allowing compliant motion

-
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~comrercially avail.able. Any good quality bearing.capable of supporting the
wei ght of ad 108 may be used. AnyTHISSWEHESssEBEENt e rG8u8A 3458y be
used. Stégb%gkgggs may be joi ned by wel di ng ®eppbaCEmIts rqggﬂews.3¥? is 5
preferable that at |east sone pieces beot to allow for easy
transpdrt of nacopprases a0zompkiehsr mphptingi betweenatbenégnsobors
attached to CO'H?@vﬁﬁaeERBYtﬁQObWEEh screws to allow mani pul ator 102 to be
broken into pieces tor easy transport. 10 It is envisioned that
mani pul ator 102 will be used in conjunction with a test head/ prober
interface p@i ChrpeOWaAeHuNERGKSS FPeIhimONBNGhefBiAXEAB! Sombl PARE RBunt
Interface is described 1n US patent _application 08/ 299,831 for Interface
Appar atus For AGCBRELSEST Bddi GAN9eFed Septenber 1, 15 1994 (which is
hereby incorporated by reference). That patent application defines an

I nterface 5$ mhh@h ﬁﬁgts n.the praoher, aé? %Lasged gx a nechaEisn1on t he
test head. “The MBENTRPIRYGICE 8% FridiPodfs"EREFBLYIGUIFRAG FRE test head -
and pr @ber togetheplidne metian sompriskspadcemplhahtasotiey2foirst head is
pul | ed f oward t era It | r itigned, In i1, 1
envisi&%ed thatgﬁgﬁ%%ﬁlg gr%fkgz%%ﬁgﬁih%wggg %ngoﬁ ?Oveﬁégﬁg%iéH?EgUCh as a
set of joy sticks, connected to electronics housing 106 (FIG 1). The joy

stick 25 156USeqned nlphdate?"WE0k1rubS hletBEnCORL! Rbafk €ELLONI CS.

2 compliant motion comprises: _

3 a) a first geared segment mounted to the vertical

4 shaft; .

5 b) a second geared segment engaging the first geared
6 segment ;

7 c) a shaft holding the second geared element; and

8 d) a member fixedly attached to the shaft and

9 projecting perpendicular to the shaft; and"
10 e) a spring mounting the perpendicular member to the
11 horizontal member.

1 27. The manipulator of claim 26 wherein the spring mounting
the perpendicular member allows movement of the wvertical

3 member through an arc about the shaft.

1 28. The manipulator of claim 26 wherein the first gear
segment has a perimeter larger than the perimeter of the

3 second gear segment.

1 29. The manipulator of claim 26 wherein gear ratio of the
first gear segment to the second gear segment is in

excess of S to 1.

- 26 -
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Preferably, one joy stick will be used to control course notion and one
w Il be uwedsheqsgontirol fine notion. Control algorithns to gepissatfs
joystick control inputs to notor control signals are well known. 30

For exanple, the course notion controls mght first be used to position
test head 108. Then fine notion controls would be used to bring test head
108 cl ose enough to the prober that the precise positioning nechani sm at
the prober/test head interface could be engaged. Once the 35 precise
positioning nechanismis engaged, it is necessary that mani pul ator 102 be
pl aced into a conpliant node. - 18 - WD 96/ 26446

PCT/ US95/ 13438 Mani pul ator 102 is placed in a conplaint node by rel easing
the clutches of notors 320 and 322 to provide conpliance in the swing and
hori zontal directions. Conpliance can dkl@rovided in the in/fout and [err]
directions by 5 releasing the brakes on nmotors 618. As discussed above, a
slight amount of conpliance is also provided by the inherent flexibility of
side arnms 604 and other structural nenbers. Conpliance in the vertical
direction is provided by air cylinder 480 and in the rotation direction

t hrough spridsg
=
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10 nﬁhnting of notor 516. Conpliance in the nod direction is provided
because, WORéR6HMé mits, the test head is free to rotate in pp@nREE 3438
direction. The conpliance allows the precise positioning nechanismto pul
test head 108 into the precise position required for docking the test head
to the 15 prober. Once docked, the clutches of notors 320, 322 and 516 are
then engaged to hold test head 108 in the required position. Having

descri bed one enbodi nent, numerous alternative enbodi nents or variations

m ght be nade. For exanple, FIG 5 20 shows that gear 508 is attached to
rotary bearing 502. The outer surface of rotary bearing 502 m ght be
toothed to elimnate the need for a sepagﬁge gear. Further, it was

descri bed that the mani pul at or was' const ted to give conpliance in
various directions. 25 Conpliance is useful in docking with a prober or
ot her device that contains an interface which positions the test head
relative to the prober. Wiere such an external positioning device is not
used, it mght be preferable to build a Mpidkl=-Al-Qteidi0ut conpliance. 30
For exanple, not al I@nf¥Fi ons needyfo be N V&;; s are used to
make test head 108 egsifeip-t 0 NDVEX Swi ngfnmot Non dORS WYE to counter

the effects of gr ~ \C need to be
not or driven_ Li 3
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35 forces, it is possible to elininate notors 618. - 19 - WO 96/ 26446
PCT/ US95/ 19AB%s/ddayever, even if notors are elimnated, it mﬁ# ﬁﬁ? 8
preferable to still use some clutch nechanismto prevent unwante Ha#8n.
VWhere notors are elimnated, it mght be desirable to 5 nount handl es on
test head 108 or el sewhere on mani pul ator 102 to provide easy novenent.
Such handl es m ght include control buttons to release the clutch

mechani snms. Even if notors are used, it mght be desirable to use handl es
on the test head 108 and mani pul ator 102. Such 10 handl es could include
force sensors which could be used to proviadﬁsontrol I nputs instead of a
joystick controller. Further, it mght be desirable to equip test head 108
with position sensors. The position sensors would be used to translate
control inputs to notor commandgwhich caused lg, notion of the test head
relative to the coordi nate spacgmof the operatofy |f position sensors are
used, air danper 620 m ght be el{m nated. When Yndocking the test head, the
position of the test head m ght t\rst be sensed.l Before uw@docking,
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20 nmotors 618 woul'd be activated to counter any notion of test head 108.
Use of noMR96ddccontrol s in conjunction with control el ectyonics provides
t he opportunity to add many features to mani pul ator 102. FoPCHYSMH3438 ¢ he
joy stick controller mght 25 be replaced with a set of buttons on a wi st
band, resenbling a wist watch. The wist band would also serve as a
groundi ng device to prevent electrostatic discharge. The wist band m ght
al so contain a tenperature sensor which woul d detect whether the band was
bei ng worn by a person. If 30 the band were not being worn, control
functions on the mani pul ator m ght be disabled. In this way, the test head
coul d not be noved unl ess the operator were properly grounded to avoid

el ectrostatic discharge. Such a sensor nhg be incorporated into other
types of electrostatic discharge 35 devi . - 20 - WO 96/ 26446

PCT/ US95/ 13438 A further enbellishnment is to include |ight beans as an aid
I n docking the test head to a prober. One or nore |light beans m ght be
emtted fromspecific points on the undersi-de of the test head. Nhahibs
woul d be included on the prober to

SUBSﬂTUTESHEET(RULEZG)




WO96/26446~
5 indicate specific points on the prober which should align with those ...
points on the test head. By observing the relationship between the |ight
beans and the-markérs, an operator could tell in which direction QQ% t est
head needs to be noved for proper docking. Additionally, the Iight é‘éﬁ%ﬂm
could be focused in a plane a fixed distance fromthe test head. \Wen the
test head is positioned such that the prober surface is in this plane, al
of the Iight beans will be sharply focused. If sone of the |light beans are
nore sharply focused than others, it indicates that the test head is 15
tilted relative to the prober. Thus, by obsgﬁébng t he position and
intensity of the |ight beans, an operator co accurately position the
test head. FIG 2 shows that tw st arm assenbly 500 i s nounted
symretrically to nmounting plat¥ 412. Asymmetrical nmounting 20. of twi st arm
assenbly 500 could be used to ve test head 108 closer to a prober on one
side of mani pul at ored102. Furthery while the -preferred enbodi nent was
described in ternsﬁg a test hea automati c test equi pnent, the
mani pul at or of the inveliiol m ed to position any 25 type of test
head or -even other pe Aomy, be preci sely positioned. The
I nvention wll Wavy devices which need precise
positioning evg W\ a cabl e. Therefore, the
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30 the spirit and scope of the appended clains. - 21 - 22 Wat is
clainmed is 1. A manipulator (102) for holding up and noving a test head
(108) conprising nmeans (600) for supporting the test head, and neadxmh%%b
400, 500) for allow ng coarse notion of the test head, wherein a cable 13438
(104) connects the test head to a tester (100), and wherein the test head
I nterfaces a handling device for positioning a wafer relative to the test
head, characterized in that: the neans for supﬁq ing the test head all ows
fine notion of the test head in at |east one direction, the nmeans for
all ow ng coarse notion of the test h&ad is connected to the neans for
supporting the test head, and all ows¢goarse notion in at |east one
direction, and a cable stirrup (110) cMNapgs he cable to the neans for
supporting the test head, thereby form)




Hend (112) in the cable between the cable stirrup and the test head. 2. The
mani pul ator of claim1, wherein the neans for supporting the test head
conprises a pair of carriages (610) sli2dably attached to respective arns
(604), and wherein the test head is nounted between the arms. 3. The
mani pul at or of cWha s okmsiresdh iss rotary joint connects each carriage to

t he test hegpd, ﬂgﬁi i1t o] 948 t 0 n axis of
sy(rame?fy de in%gﬁ%} t eﬂ%n 3)2;)‘,[ tf\?\’k%?lé%gthﬁgatg t%@a‘g&?%ﬁ%%l;te%%ge)d to the
carriages, thereb§ad| (H#hramprising meaast 4661 aferi supbexbing ddie ned by

the arms. 4. TheedelRdd! Mndndddl T3bo, 4083 386} EQRALl youwalp! | sing

means (612) for slidably mpving the carriages relative to the arms in the
same direction of°*FERIRRHME A e itesE hsadthe nanipul ator of claim 1,

wherein a cable (104) connects the test head to
a tester (100), and

wherein the test head interfaces a handling
deﬁice for positioning a wafer relative to the test
head, characterized in that:

the means for supporting the test head allows
fine motion of the test head in at least one
direction, ‘ o

the means for allowing coarse motion of the_test
head is connected to the means for supporting the test
head, and allows coarse motion in at least one
direction, and _

a cable stirrup (110) clamps the cable to the
means for supporting the test head, thereby forming a
bend (112) in the Eable between the cable stirrup and
the test head.

2. The manipulator of claim 1,
wherein the means for supporting the test head
comprises a pair of carriages (610) slidably attached
to respective arms (604), and
wherein the test head is mounted between the
arms. '

3. Thé;manipulator of claim 2,

wherein a rotary joint.connects each carriage to
the test head, and _

wherein the rotary joints rotate about a common
axis of symmetry defined by the points at which the

- test head is connected to the carriages, thereby

allowing the test head to rotate in a plane defined by
the arms.

4. The manipulator of claim 1,

R O AR 0



Wherein the neans for allow ng coarse notion conprises a tel escoping colum
assenbly (400), and a tw st arm assenbly (500), wherein the tel escoping
colum assenbly is rotatably attached #23 the twi st arm assenbly, and
wherein the nmeans for supporting the test head is connected to the tw st
arm assenbly. 6. The fddipibnably oforppmishrg meamsei(612he fowi slidaplgssenbly

rotates about anmg¥ifgPehd e Silfls elra[:t‘.g.bvteelt?)sﬁﬂgi gngOiHn&éséﬁn@l-y' 7.

The mani pul ator Qf claim 6, wherein t l'e stirrup extends above the

tel escoping col uHTESSLMM| 9 i I APRQside slieessdrnBen of the twist arm
assenbly. 8. The mani pul ator of claim5, wherein the neans for all ow ng

coarse notign diti.onal co | ses_a,base assenbly (300), and wherein the
t el escopi nggtoﬁ%ﬁﬂ“%%’s%‘ﬁ)%’?ﬁ" rsgﬁ(ﬁjﬁlghlt'o the base assenbly through a
rotary bearing (318).wBerdim ubeimedrad dormfallowiitigS conbeecmotibe mcsians f(r)]r
al | ow ng coarse ' | tional s ri.ses a_pl (% coupled to the
base assenbly thggﬁ%ﬁﬂ?%%dé o% aryén él(ri‘%nn%,o@ﬁ'g gsgﬁﬁ*’&’i ? é%}' I?‘ﬁéaﬁ
bearings (402) cbupstngrmhasgembly (500),
wherein the telescoping column assembly is
rotatably attached to the twist arm assembly, and
wherein the means for supporting the test head
is connected to the twist arm assembly.

6. The manipulator of claim 5,-' N

wherein the twist arm assembly rotates about an

axis-perpendicular to the teleséoping column assembly.

7. The manipulator of claim 6,
wherein the cable stirrup extends above the
telescoping column assembly in at least one position
of the twist arm assembly.

8. The manipulator of claim 5,
wherein the means for allowing coarse motion
additionally comprises a base assembly (300), and
wherein the telescoping column assembly is

coupled to the base assembly through a rotary bearing
(318). '

9. The manipulator of claim 8,
wherein the means for allowing coarse motion
additionally comprises a plate (314) coupled to the
base assembly through the rotary bearing, and a
plurality of linear bearings (402) coupling the plate
to the telescoping column assembly.

10. A manipulator (102) for a test head (108) comprising:
a) a telescoping column assembly (400);

b) a base assembly (300); : -

) O A



t0 the tel escoping-colum assenbly. 10. A manipulator (102) for a test head
(108) conprising: a) a tel escoping colum assenbly (400); b) a base
assenbly (300); - 24 ¢) a rotary be2di ng (318) connecting t he

tel escopi ng colum assenbly to_the base_assenbly; and a cradle

assembly (600) cdHpri s"’!rﬁ?tr?éfé’n?elaé’lmguﬁ%?i|ﬂﬁn‘?%t’c‘&ttl'l%ad at two points,

whi ch points can be nm/@gggda,ptlli@ oamd aggélmgnyt@o ahdWBdgeans! ati on of the
test head in a plane |nclug|yg the two points, and can be noved in opposite
directions to allow rdt 1n pl ane including the two points. 11. The
mani pul at or of cldi m 10,cxdddreciasschdlye4600) ocompppeing nepdrd=e ficast head at

two points conprises r i c oi ei ng
'slidably nmounted to tﬁsl‘ﬂ%1 éag'(;‘g:th% \éﬁlse ﬂggd a€ {hégéc?%ﬁ’ﬁ %% each
bol t extending from t eoirdss qaéa@aamoamd én t:he sae pbimcstm t'é?ngagl ng one
of the rotary joints. 3110w translation of the test head in a plane

inéluding the two points, and can be moved in
opposite directions to allow rotation in the
- plane including the two points.

11. The manipulator of claim 10,
wherein the meané for supporting the test head
at two points comprises a pair of rotary joints, each
rotary joint being slidably mounted to the cradié
assembly, and a pair of bolts (614), each bolt
extending from the test head at one of the two points
and engaging one of the rotary joints. '

12. The manipulator of claim 11,
wherein the means for supporting the test head
at two points further comprises a pair of carriages
(610), and a pair of motors (618) coupled to the pair

of carriages.

13. The manipulator of claim-12,
wherein the pair of motors comprises a pair of

stepper motors.

14. A}manipulator (102) for a test head (108) having a
cable (104) connected thereto, comprising}

a) a telescoping column assembly (400);

b) means (500, 600) for rotating the test head
connecting the telescoping column assembly
to the test head; and

c) a cable stirrup {(110) for holding the cable

| coupled to the means for rotating the test
"~ head.

e
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12. The manipul ator of claim 11, wherein the nmeans for supporting the test
- head ‘at two points further conprises a pair of carriages (610), and a pair
of notors (618) coupled to the pair of5carriages. 13. The nanlpulafor of
- claim 12, wherein the pair of notors conprises a pair of stepper notors.

14. A mani gy andle @hA3bulaEod afsewﬁadm 108) having a cable (104)
connected thereto, conprisin a telescoplng colum assenbly (400); b)

means (500, 600) for“#EF@PPn%h€h€aPé§tSﬁéﬁﬁ“@dﬁ#&ﬁﬂ@%ﬁf the &€@8si ng

col urm assenbl y fiox tﬂ&attﬁ.ﬁb kBadtestdhéad aair&tslrﬁ:estsdfrﬂi@leiawkof or -
hol di ng t he cabl Ied F t he ne ns folE %é%ﬁl1 he st head. 25
15. The mani pul a1 £1away F%?n et Fﬁ U ends fromthe
means for rotat iarsgsemﬂné.yt ast theageandi fomnnoetstirig dihenttest helad tibe cabl e

away fromthe telGsGuy 19,586H n angle of at least 90°.

16. The manipulator of claim 14,
wherein the cable stirrup extends from the means
for rotating the test heéad a distance sufficient to
hold the cable away from the telescoping column
assembly as the means for rotating the test head is
rotated through an angle of at least 180°.

17. The manipulator of claim 14, '
wherein the cable stirrup extends from the means
for rotating the test head a distance sufficient to
hold the cable away from the telescoping column
assembly as the means for rotating the test head is
rotated through an angle of at least 270°.

18. A manipulator (102) for a test head (108) comprising:

a) a column base plate (404);

b) a telescoping column assembly (412, 414, 414A
through 414D, 416, 420, 422, 424) mounted tb the
column base pléte;

c) means for supporting the test head (500, 600)
éxtending from the telescoping column assembly,
the means for supporting the test head being

- movable relative to the column base plate; and

d) at least one means for allowing compliant motion
of the test head. l

19. The manipulator of claim 18,
additionally comprising means for driving the
test head in a vertical direction (410, 460), and
wherein the at least one means for allowing

compliant motion comprises a compliant mounting

[
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;asséﬁbly as the means for rotating the test head is rotated through an
angle of at least 90[err]. 16. The manipulator of claim 14, wherein the
cabl e stirrup éxtends fromthe neans f8P rotating the test head a distance

sufficient to hgld the ble away_from.the telescoping cqQl ym assenbly as
the means for r%?g Fhg ?ﬁ% PePs LR §3W%ﬂﬁé§%ﬁ %ﬁ?&ugﬁagnlﬁnﬁle_of at

| east 180. 17. Verthealpdinecotiod andiithel 4o0lumar baset peacabl e stirrup
extends fromthe nmeans for rotating the test head a distance sufficient to

hold the cable away fromthe tel escoping colum assenbly as the neans for
rotating tR8-tTke Raaipnlater Akrkaim an angle of at |east 270[err].

18. A manipul ator (1QReré8h ShéecsSémpEREhY HiUntANHP dombRdsed) an aif£0l UM

base plate (404); a_t scopi colum assenbly (412, 414, 414A
t hr ough 414D, 4§%§g§§0?sﬁ§§#ﬁﬁ2ﬁgﬁﬂﬁunted to the col um base plate; c)

‘means for supporting the test head (500, 600) extending fromthe

tel escopi ng4CO om gﬁ 't$% ns .f,0r supporting the test head being
novabl e re éfi%@ to ﬁégg%<aﬁn é@%ﬁﬁ}éﬁg; and d) at | east one neans for
al I owi ng conpl i ant nwhegeiofthaeat ebeasteamhe means for allowing

compliant motion comprises a compliant mounting

between the means for supporting the test head and the

. telescoping column assembly.

22. The manipulator of claim 21, _
wherein the compliant mounting comprises a first
gear (508) mounted to the telescoping éolumn assembly,
a second gear (512) engaging the first gear, a shaft
(514) holding the second gear, a motor (516) attached
to the shaft and projecting perpendicular to the
shaft, and at least one spring (520) mounting the

motor to the means for supporting the test head.

23. The manipulator of claim 22,
wherein the at least one spring allows movement

of the means for supporting the test head through an -
arc about the shaft. '

24. The manipulator of claim 22,
wherein the first gear has a perimeter larger

than the perimeter of the second gear.

25. The manipulator of claim 22,
wherein the geaf ratio of the first gear to the

second gear is in excess of 5 to 1.
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19. --T‘he mani:pul at or of'claim18, additionall y conprising nea it

the test heaﬁpm verti c%?ﬂbWAﬁﬁ%Rﬁg@mm& wher ei n ,.’_

one neans fo wi ng conpliant notsmetndBer | ses a conpliant | _
26 bet YREERNAHONRL KPPLECATIONVPUBLISHED UNDERTERE PATERT \COOPERATION TREATYPETY
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manj pulGMBrIRA7 c| ai m 18, wherein thé qt(ﬁ})ﬁa?&ﬁmemm§n{l ) alzb?&}‘!ug%s(zms.%)
V] ween Qr

conpliant notion conprises a conpl nting be e means

ant
supporting the tes ad and t ' o0 a 22. T
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(54) Title: MANIPULATOR FOR AUTOMATIC TEST EQUIPMENT TEST HEAD /
(57) Abstract

. A manipulator for a test head

connected to automatic test equip-
ment through a2 heavy, inflexible
cable. The manipulator includes
a telescoping column assembly to
which is mounted a vertical mem-
ber. A cradle holding the test head
is mounted to the vertical member.
The cable is clamped at the verti-
cal member to reduce the amount
of force exerted by the cable on the -
test head. The cradle includes mov-
able members to allow fine posi-
tioning of the test head, while main-
taining the test head isolated from
cable force. Course motion of the
test head may be made by mov-
ing portions of the manipulator on
the opposite side of the cable clamp
from the test head. Precise posi-
tioning of the test head relative to
a handling device is accomplished
through a positioning mechanism at
the interface between the test head
and the handling device. To allow
the positioning mechanism to op-
crate, the manipulator has compli-
ance which allows the test head to
be forced into position by the posi-
tioning mechanism.




shatt, and at |east one spring (520) nounting the notor to the neans for
‘supporting the, test head. 23. The mani pul ator of claim 22, wherein the at

| east one spring allows novement of the neans for supporting the test head

t‘hrough an arc about the shaft. 24. The manipul ator of claim 22, wherein
the first gear has a perinmeter ‘larger ‘than the perineter of the second
gear. 25. The mani pul ator of claim 22, wherein the gear ratio of the first
gear to the second gear is in excess of 5to 1
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