WO 00/ 41536 PCTI USOQ 00704 -1 TEST HEAD MANI PULATOR FIELD OF THE

| NVENTI ON The present invention relates to the field of art of electronic
test head itjoners. 5 BACKGROUND OF THE | NVENTI ON I n iC
testing aYOBﬁ%Eéiated circuits (1C and other electronic H§§0%§Q@¥%£pecia
devi ce handl ers have been used which bring the device to the proper
tenperature and pl aces the device to ze tested in position. The electronic
testing itself is provided by a | arge and expensive automatic testing

system whi ch includes a tes i I n required to connect to
and dock with the device hahﬁﬁ@?ﬁﬁ¥ﬁéﬂ@ésﬁggﬁiﬁg§gr Test (DUT) requires
preci sion, high speed signals for effective testing; accordingly, the

el ectronic circuits nmust be |located as close as possible to the DUT. This

causes the test head to be e I _— K head positioner systens
may be used to position the FﬁéﬁgﬁéﬁﬁﬂﬁfﬁﬁvﬁgﬁﬁQQpect to the device

handl er. Wen the test head is accurately in position with respect to the
devi ce handl er, t HEhetprssenhgwantordrelaies T@ég‘iﬁ &eldrafraan efr elegteonigtest licgd pe
aligned. When the test head and device handler are aligned, the fragile

test hed498%Sevi ce handl er electrical connectors can be brought together
(i.e., docked), enabling the transfer of test signals between the test

head and the devi ce handl iqr.to i agile test head and 20
devi ce handl er eIectricaﬁﬁggﬁﬁﬁ%ﬂgwt)Qggﬁkgiﬂaqﬁgﬁ%%{y aligned to avoid
damaging the fragile electrical, connectors.,A,tes& head positioner system
may al so be ref er riadhe auigmatic festing peaxee#ed cirpukdlIChandotheis¢legtronic

mani pul at or. . Thi s i i . ] " CNTEST
Tenchoodlers R SRS A B BREE LR YIRS 08 ok T

exanpl e, teddedafuraid plRatLimt sleNee (PbSR8ted 34 positidid0 THE 6lectroflid QB itsdf 893, 074
and 4,715,574 which are all incorporated by reference for their teachings

in the fprevidedby ndatgead ¢xpansiveiainanaticdgsingriystepovibioh anchudss pdgst begh/ 00704
-2 10 which has been required to connect to and dock with the device handler. The Device

Under Test (DUT) requires precision, high speed signals for effective testing;

accordingly, the electronic circuits must be located as close as possible to the DUT. This

causes the test head to be extremely heavy.

Test head positioner systems may be used to position the test head with
15 respect to the device handler. When the test head is accurately in position with respect to
the device handler, the test head and the device handler are said to be aligned. When the
test head and device handler are aligned, the fragile test head and device handler electrical
connectors can be brought together (i.e., docked), enabling the transfer of test signals
between the test head and the device handler. Prior to docking, the fragile test head and
20 device handler electrical connectors must be precisely aligned to avoid damaging the

fragile electrical connectors.

A test head positioner system may also be referred to as a test head
positioner or a test head manipulator. This technology is described, for example, in the
inTEST Handbook, inTEST Corporation. This technology is also described, for example,

25 in U.S. Patents No. 5,608,334, 5,450,766, 5,030,869, 4,893,074 and 4,715,574 which
are all incorporated by reference for their teachings in the field of test head positioner

systems.



For purposes of this explanation, a device under test (DUT) is the present
device (I C undergoing test. A test station apparatus (TSA) refers

col l ecti Wé)}f ng%gvafer probers, device handl ers and nanual bdrfiibo 6841 ons.

To be congt ot with descriptions of test head positioner systems In the

5 prior art, the coordinate system 100 illustrated in Figure 1 is used in
which: Y = vertical, up-down axis 102 X = horizontal, side-to-side or
left-right axis 104 hori zontal ,”1 n-out axis 106. Wen viewed fromthe

front of the manipul ator ors_t he rtesian r.di.nate system
Rot ati ons. about rmgsear? (iSRG Rvlod” a 57 R o IREEE SR BeEeel o
about t hgvide @K) snddres@bnatt & teE@Jtﬁ[dn%ph&uﬁs(TSAi‘)%ﬂéﬁk &oll%@&/elﬂ_ Rewated =
rotation about in-out axis (hereafter referred to as "roll" or 15 "twist")

110 Thptobeds, devige handders abdmanXalggitstatioas.ei nafter referred to as "tunble”
or "pitch") 112 A reference nodel for a test floor 200 is shown in plan
view in Figure 2. ToAz @hsigent Whh ﬂes&iptloﬂwﬂ tpsteiehd paditiowdr s§sSiemt e theabi net )
202, a TSA 204, a nani pul at or and a test head 208 are included.

Fi ure Brighasths cperdingtegsystam mﬂwg@a ip Figurg;d dyuseddn ovhidkt ed such t hat

its top 302 and bottom 304 surfaces are parallel with the X-Z plane, the
si des 308 are paral Yet waitidal, tupedovrizaxp$ 802, and the front and rear 306 are
parallel with the X-Y plane. The test head includes a test interface on one

surface. The test «i N¥et hagiont2d sideRbEidel of 1@1@@& ait e84 interface board,
which in addition to other functions, provi des connection points to the

test apparatus in,thg p h manual test station. The surface
havi ng the test i nt ggf a?:lgn?ém é?g%%‘%s fU6caI l ed the ' interface surface"

(1'S) 310. The | Sygdefines t ndadlrect ’ ction is
described by a ve env%\p/%gﬁ-o%tﬁf: rém @'6 )“638 ﬁm;g;@r €180 s pl ane
ang poi BédrafhaB\g¥tefd.om t he test head. Figure 3 shows the IS 310 in the

Rotations about the axes are designated as follows:

e Theta Y = rotation about the Y axis (hereinafter referred to as

“swing”) 108

e Theta Z = rotation about in-out axis (hereafter referred to as “roll” or

15 “twist”) 110

e Theta X = rotation about X axis (hereinafter referred to as “tumble” or

“pitch”) 112

A reference model for a test floor 200 is shown in plan view in Figure 2.
As shown, Main Test Equipment Cabinet (Tester Cabinet) 202, a TSA 204, a manipulator
20 206, and a test head 208 are included.

Figure 3 shows a rectangular box-shaped test head 300 oriented such that
its top 302 and bottom 304 surfaces are parallel with the X-Z plane, the sides 308 are
parallel with the Y-Z plane, and the front and rear 306 are parallel with the X-Y plane.

The test head includes a test interface on one surface. The test interface
25 typically holds a test interface board, which in addition to other functions, provides
connection points to the test apparatus in the prober, handler, or manual test station. The
surface having the test interface is hereinafter called the “interface surface” (IS) 310. The

IS defines both a plane and a direction; the direction is described by a vector normal to the



hori zontal plane with upwards direction. In use, the orientation of the
test head wll change as it is docked with different types of equipnent.

Accor di ngl the plane and the direction of the IS i SO
change. Eqﬁ"(??o"ﬁg%{el pful to designate test head di nensi ons%\/&\?t é’gos'/g‘lect to

the interface surface. Wth the orientation shown in Figure 3 (IS facing
up), the followi ng definitions may _bg_ used: T = test head thickness =
di mrension in the up-down direction 312. W= test head wi dth = dinension

in the side-to-side.directjon 314. .10 t head th = dinmension in
the | n- Bubloes FECRqIBrtmAES {iB fest BBt obie e YR TEAS BOULHE wpwar ds Lo
cont act ndh@ntdVplaae with @pwH8Y iEctidaNdh&kse, the obiBhriGR8LihetE® hedtt ®ilf ace
surface is facing up (I'S UP). Another alternative is that the test head may

be br oudtangel ewtimdaisked ovithcdififerant typies ofleqiipments Aerordipglybbeth theyplant antase,

the interface. surface,is.fagi own (IS 15 DOMW). Thirdly, both the DUT
and t he' 1%90%gg®pﬁ§ﬁﬁgt\@ﬁa?s%c§a%“Ca| plane (1S vertical). Fourthly,

both the DUT and the IS may be oriented at any angle between the IS up and
| Ssdown. 20 As t hE 18 Belpfuldd designateiraihaad dimenstons s espect i@ theripteHase it i s

G oL e B SRR Ry LSRR, HE SRR L5 o

by rot afnapbeiBei t her the tumble (pitch) or roll (tw st) coordinates. The
test head is connected to the test cabinet by a large, thick bundle of 25

cables. The cabl &3, i fest HEUIHIARY £ BRHALRACR thOub uBkhkreBtich 1. 5ting al

interfere with and constraln test noti on. Tes ead notion is

desirably performed \{n_ nner .to protect t cable from several factors
as described, for 'ex‘é(rr_pﬁt g{?ﬁa‘g.‘”étﬂpé%é’ﬁ?nsf\?& mqﬁ? é@gﬁt%'éﬁl? %\%c%?ﬁ %%536
PCT/ USO0/ 00704 -4 Many test heads, particularly. large ones, are attached
t 0!t he mani pul at of lust kgt Beaddamgth = idymensionpdhdineut direction3 kbl e- pi vot
node, the cable is brought fromthe

In use, the test head may be brought upwards to contact the DUT as in a

device handler. In this case, the interface surface is facing up (IS UP).

Another alternative is that the test head may be brought downwards to
contact the device as in a prober. In this case, the interface surface is facing down (IS

15 DOWN).

Thirdly, both the DUT and the IS may be orientated in a vertical plane (IS

vertical).

Fourthly, both the DUT and the IS may be oriented at any angle between
the IS up and IS down.

20 As the test head is moved from one apparatus to another, it is clear that the
test head must be rotated among IS UP, IS DOWN, and IS Vertical positions. Depending
upon the manipulator, this may be effected by rotation in either the tumble (pitch) or roll

(twist) coordinates.

The test head is connected to the test cabinet by a large, thick bundle of
25 cables. The cables, size, weight and resistance to flexing and twisting all interfere with
and constrain test head motion. Test head motion is desirably performed in a manner to
protect the cable from several factors as described, for example in U.S. Patent No.

5,608,334.



test head at the center of rotation and parallel with the axis of rotation
(normally the roll or twist axis). This is described, for exanple, in U S

Patent Nos. 5,030,869, 5,450,766 5 and 5,608,334. It is j 0
support‘t‘ﬁ%o?f‘gﬁ% in a manner to mnimze interference w%%#@sgg@&ﬁiead

notion. It is also desirable to protect the cable fromstress. For this
pur pose, a telescopic cable support chani sm 400, as shown in Fig. 4, may
be used. Such a mechanismis describéd, for exanple, in U S. Patent No.

4,893,074. 10 Ref ' t ig. 5 ti d i
Systom 500 is  Snomy Hada darpiterD 60 PR Ar0BT nll§ FulRlub! °F oy
exanpl e ugiBlaM 3bRlptyct” Sagﬁ ai%x'épjlﬁ?ﬁee&bfé'i}ﬁ%teméﬁgﬁ@’:éblé?soorwétﬁhrdrﬁ tdescri bed

in US. Patent No." 5,4 766. As shown in Fig. 5 the main arm511 is
coupl ed tésohéddradhe cpniteteofrraiatios 20d parhBelMiitin theeraxissdfirotatipe  norenaliyghe rell i n

either directiao ong linear, qguide rail, . A | ock L shown)
al | ows PhEVEHTE 'g’hhlégs %?F’E’f?iir’ %?ns‘i’@mtp e’t}gﬁgxgﬁte?tce)ﬁ%'iﬁﬁ]ggq’%%@%%ui de
rail 51Q,4Bqgjgtizaner assenmbly 501 is adapted to ride vertically on linear
gui de ralﬁ1 "510 by a counter wei ght assenbly (not shown) which noves

count or woi gt - asdolsy RS bF Dol Suie L ARy TG R, B, T

Wi th m RyifffdestiRag Saotion. Bdelalsb @esirdbietol otech@adable fromstred. Fugchisdi ng to its
center of gravity. Cables 512 extend fromtest cabinet 514 and into the

rear seouimseof teleseepip eaile sSepporianedizaisasA¥hiss yheywin Kige duplagdetisedmi n ar m
511. Cradle assenmbly .520 has front. ".C..sh d Cti ich is coupled
to test 81%18“% ",mlg%é?'l 55 ec}’etzgif eWé?ae’Slﬁéj'ﬁﬁ?B%B%ﬁéittgﬁga out an axis
passing through its center of gravity. eration and detail s rggarding
cral e assenbly sHsferiRedy g, %@pﬁ %QI&S’&F%)HH{ {g5'eap HOSHONFSYSEY2Y) K55 ang

are not gated here. Columm 545 rests upon translation table 521.
Transl ation table includes side-to-side plate 522, in-out plate 524,

turntabl e 526 and .ba 30...Col um, 5451 0. I i.de-1 0- Sj pl ate
522. Guides 523 i eéfgeea-%tpé)-sglioﬂg %F%??‘e%%“‘g’ﬁ&g‘?‘#g’ @gie%%n@ﬁbﬁla%r%ﬁw%
PCTI USCQh@@f&écted eraatonsdm®lly 520-whith Rl Rb&ited4n APBPPeichi N6:- §a5617d6. pl ate 522
to in-out plate 524. Quides 525 of

As shown in Fig. 5, the main arm 511 is coupled to linear guide rail 510.
15 Main arm 511 moves vertically in either direction along linear guide rail 510. A lock
mechanism (not shown) allows the position of main arm 511 to be fixed relative to linear
guide rail 510. Positioner assembly 501 is adapted to ride vertically on linear guide rail
510 by a counter weight assembly (not shown) which moves vertically in either direction
within the rear section of column 545. The counter weight assembly enables the test head
20 to be moved vertically with minimal force. In addition, the test head is mounted
according to its center of gravity. Cables 512 extend from test cabinet 514 and into the

rear section of test head 502.

Cradle assembly 520 is coupled to main arm 511. Cradle assembly 520 has
a front “C” shaped section which is coupled to test head 502, such that test head 502 may
25 pitch about an axis passing through its center of gravity. Operation and details regarding
cradle assembly 520 are fully explained in U.S. Patent No. 5,450,766 and are not

repeated here.

Column 545 rests upon translation table 521. Translation table includes
side-to-side plate 522, in-out plate 524, turntable 526 and base 530. Column 545 is
30 coupled to side-to-side plate 522. Guides 523 in side-to-side plate 522 and the rails (not



in-out plate 524 are coupled to the rails 527 of turntable 526. Turntable
526 is, in turn, coupled to base 530 with a bearing surface (not shown).

Colum 5 e repositioned as desired along the x an P )y noving
si de-t o- g"?%@%ﬁg% e 522 and in-out table 524, 5 respecti vegg%ﬂ%g(ﬁoz)r?ﬁ 545 may
al so be rotated about the y-axis by rotating turntable 526 about its

coupling with base 530. O course, qg.)B_coI um 545 is noved al ong these axes,
test head 502 is repositioned. Fig. is simlar to Fig. 5A except for the

| at | it f ot ts. i at ith t | atj on tablke. 521.
har o1 g ohisRPg e cBBRE e RtR R aTiE orh i -l hils 32k cCuiBEs T8 e
plate 522y biit@dsh hfe%u;l)&ai@% 1|§?1§ 597 of Arftdble28t erridpR R6ds ) @ahiy coupl ed

to base 530 at rails 53 In all other aspects, Figs. 5A and 5B are

si mi | arcoupEdep dhsr 830 witk arteadng surdacddneti sShewoj. GolymnSBSamay broteposiperaded
here. O her. c i nations. of horizontal .potions i int.o the i.pul at or
base aqséfeﬁgggggpg?hq X 284, ¢13XG0RY Blﬁ¥m§rsé£°g@fsugeu‘ia€fté %&ta&gtlﬂ'é’ubté@ 1hey are
typical 94y d9Eh 1L t2S I ?&&@@Qiaahttﬁ@-ﬁ?s%}nlo&fh QurnfabfeSF24°0r .
in nanllleg%ef%gl%l? %Et d%sélrl%gaegé?an u. S Patentfllelo. ,5271, 842 npr ovi des no
hor i zondtmlut itotowpimgiwith baseld@6e ;Ofacvuaset ke oblamnrfgSds moved slenplthesprres, des al |
hori zont al rmtéiQﬁn. Furt.her, mani pul ators are known which have bases that
provi detesiiepd SR2 igyrePgsitienssh notion, such as the system described in U S.

Patent No. 5,606,262, assigned to Teradyne. 20 Sever aI__maniFuI ators
provi de two noti obE. iS58 isseniarie &és SAcraent failthe elativiedositians of &g PBYS Ter adyne

and described.in.U S . Patent 15,931,048, a , 249 rovi.des sw ng
ot offeanaed M- glaRa e Poh Imewicust duf BftpoRia2sds PG e RERERRC, 2t
thg bot $4Mnd HdO-si®biadN52N IhidRitioN)ighide@ 525 of f-OMtPIitel 894 bt difedgr m and
cradle assenblies. A further mani pul ator manufactured by Reid-Ashman MG

I nc., peawpiadee base §3¢at-nads §3 He Imald other especipFiganSArand 138 rasnildrt h swi ng
provi ded, by .rotation the arm ahout shaft attached to the colum. A

mani pu|gPﬂ'¥f°ﬁ%n@?5@PﬂP8’§ @%ﬁﬁ%@ gérnobf“iﬂ?ﬁ‘&g “S de-to-side notion and
swing rotation notion in its base with ihe ,svvig' mechani sm o tgﬁ) of the
si de-to-si de necRr spmbinatigng obhy1zegal mefepyPEltdp the BRRIUEGTPHRe ar m

assenbl Bl s | Ui S e babd1ah BhiR, HOIRES if R t he
cabi net %(retq-g?%glgh t ugHﬁ or lcu(S)eflisdt%r‘?e {cg]l U A o’vee}lv%g(sg@f{lg’%%P%T? llJSOOI 00704
- 6is arm assembly. For example the inTEST Corp. in2 manipulator first described in U.S.

Patent No. 4,527,942 provides no horizontal motions in its base; an articulating arm

assembly provides all horizontal motion. Further, manipulators are known which have

bases that provide only swing rotation motion, such as the system described in U.S. Patent

No. 5,606,262, assigned to Teradyne.

20 Several manipulators provide two motions in their bases. A manipulator
manufactured by Teradyne and described in U.S. Patent Nos. 5,931,048 and 5,5,949,002
provides swing rotation and side-to-side motion in its base with the swing mechanism at
the bottom; in-out motion in this manipulator is provided in the arm and cradle
assemblies. A further manipulator manufactured by Reid-Ashman MFG, Inc., provides

25 side-to-side and in-out motion in the base with swing provided by rotation the arm about a

shaft attached to the column.

A manipulator manufactured by Schulmberger provides side-to-side motion
and swing rotation motion in its base with the swing mechanism on top of the side-to-side
mechanism. In-out and roll motions are provided in the arm assembly. This manipulator is

30 unique in that the cable passes from the cabinet, through the center of the column above



the center of rotation, to termnate at the test head. Al so unique to this
mani pul ator is a spring nmechanismthat serves as a counter bal ance which

was fi rs(wg&%é%%bed in US.  Patent Nos. 4,943,020 and 4, %é?m%(ﬁomg’zpth

assigned'to ul mberger. Finally, a further manipul ator, so manuf act ured
by Reid-Ashman MFG 5 Inc., provides all three notions in its base with
the swng rotation mechanismat the_ Joottom In operation, the test head
502 is mani pul ated towards the docking position, wusing in part the

R L DR i MR o S PR
starts stpein?r}ﬁaﬂsmséqhﬁtseidak 8 fﬁfébﬁ'ﬁter BalSRekiiigh a8 Giddt Aesdribe@ig@Usd whi ch

draws the test head into the final aligned test position and into

engageniatent\iash 4tH48, (A0Tandels 973,0 k3, thoth assined tpPdbdmbengdr. As t he test head
is drawn into position, the alignment apparatus, such as tapered pins
engagi ng mati ng hBineky, a fattheemaaipylatey, tlsalmanufaturéd byvRekd-AsimanMHG,

al l owabl e tol erance. During dock actuatjon, the test head is desirably
frée t oInﬁB\PéOYlﬁesaﬂﬂ/thé‘?frr‘E‘PH‘é‘iSi igrtsdrsewal theswing PBHgR MyeBanign & e 1 nal
al i gnne&;ttoﬁgd paral l el ization. Thus, all axes should be free during dock
actuation. Simlarly, when undocking, all axes should be free as the dock

tuat i ' d. .No dock ' hes the.test head
vey Trom engagelkEriiin e (ERY 0B BRN P BT A e ARG SRR s. once
undockegkinsS il Bef B BRSNS tabRARE IHRACAHIE, WihenSRe @88héRds withih dAnkOEe t est

head to be noved away fromthe prober/handler, using only one notion axis.
Recent @dvamdes dmmtq heukiemte donked positipmdansalignieay appazatug $terts tol ¢ngagang

effects; 1. DUTs have. becone nore co ex; . the nunmber of transistors per
e e Aptinaang adiii R gaaIy ¥ POES POk TS Hredeal fER R fidlon. 2. DUTs
have ,beﬁ%ﬁ%d kddf Pﬂ&s@ﬁbrﬂ%d/ inﬁpgﬂgagéméﬂt@iﬂ{ 2 190 TdeQ fxddre GhdioY Bird%carcﬁnm 09
circuitry, and xed signal circuitry. 3. The nunber of /O power supply
and si gAsthegesitredd issdrawarinte posit®npte aligementappasatgg; cueh dsaapaedpmls hundr eds
fromless than one thdr ed. WO 00/ .4%536 PCT/ US00/ 00704 - Y ’

engaging mating holes, reduces any initial error to within a small allowable tolerance.

During dock actuation, the test head is desirably free to move in any combination of axes

15 and rotations to assure final alignment and parallelization. Thus, all axes should be free

during dock actuation.

Similarly, when undocking, all axes should be free as the dock actuation
process is reversed. Now the dock mechanism pushes the test head away from
engagement with the test socket/probing assembly apparatus. Once undocked, selected

20 axes can be secured, if so desired, to allow the test head to be moved away from the

prober/handler, using only one motion axis.

Recent advances in the semiconductor industry have had the following

effects:

1. DUTs have become more complex; the number of transistors per device

25 has grown steadily from a few thousand to a few million.

2. DUTs have become increasingly complex mixtures of digital circuitry,

analog circuitry, and mixed signal circuitry.

3. The number of I/0, power supply and signal ground reference pins per

device has grown to several hundreds from less than one hundred.



4. DUT clock rates have gone from10's of MHz to at least 1 GHz. 5. Data,
Address and Control signals are accordingly in at |east the 100's of Mops

range. 6 in frequency bandw dth requirenents are at i he 10's
of 5 G@‘Fg(%lg%‘lm aresult, the followi ng test system dgskﬁgﬁb(gh[{a}g%es have

become desirable: 1. More, faster and nore conpl ex pin-electronics
circuits in the test head. 2. Geater power dissipation per pin circuit in
the test head can be 10 expected due to the higher switching rates. 3.

Wat er cooling syste ith circulating water,h en. added the test
heads, increasi ng}lt @ﬁ]wciﬁ?#dﬁﬁes Eﬂ%? %@é&‘é‘?ﬁgtﬁﬁé@ﬁ?g&ﬁbﬁé&a gﬁ%f ng to be
included in the test head cable. 4. Mire power supcgllégy and 1ground cqonductors
of heavi er gauges”-altd./Addiess and Gontrol sigRrle afg #gordiagly pe ablcasthe 1068  Movi ng
circuitry fromthe gy ﬁgpg@é)é net to the test head to reduce the anount of
signal wiring and associated®delays in the cable. These factors have driven

the size and wei ght of test heads to.ihcrease ignificantl ile at the
Sane ¢ e requ o Pebain Teauaey Bttt B e L8R G BeledBhat: X nto
clgse proximty to tdyw,r is increasingly inmportant. 2. The cable from
test head to tester cabinet be kept as short as possible while at the sane

time it has beco I : 1 r . eir
associ at ed cabl eggﬁ%\% é?:%ean@ﬂg?]gdrﬁf%lgtcs %ttﬁ;&s%eﬁ%g? e?lqg% &ﬂ)éﬁeleci er. WO
00/ 4153@eskaBleUSOCO 00704 -8 SUMVARY OF THE | NVENTI ON A systemis useful for

positioning a | oad, such as a test head. The system includes an arm which

supports the Ioad1.amdpx\ebiféétbrr£ﬁa%ralc%?1e§ pih-EREMBES Lie@litsax itlfe teditRad Syst em
al so includes a rotation unit for rotating the first vertical axis about a

second 2. Greater power dissipation per pin circuit in the test head can be

10 expected due to the higher switching rates.

3. Water cooling systems with circulating water have been added to the
test heads, increasing their weight and necessitating flexible plumbing

to be included in the test head cable.

4. More power supply and ground conductors of heavier gauges are in the

15 interconnecting test head cable.

5. Moving circuitry from the system cabinet to the test head to reduce the

amount of signal wiring and associated delays in the cable.

These factors have driven the size and weight of test heads to increase

significantly while at the same time requiring:

20 1. The demand that the test head be brought into close proximity to the

DUT is increasingly important.

2. The cable from test head to tester cabinet be kept as short as possible

while at the same time it has become thicker and stiffer.

Thus, test heads and their associated cables have become significantly

25 larger and heavier.



5 vertical axis spaced apart fromthe first vertical axis. The system may
al so include a cable support, which noves along a third vertical axis and
whi ch su cable coupled to the |oad. BRIEF DESCRI B E
DRAW NGS 8b?H€%nt|on i s best understood fromthe follomngégggéi&#%h
description 10 when read in connection with the acconpanying drawing. It

i s enphasi zed that, accordlng to comgon practice, the various features of
the drawi ng are not to scal e. the contrary, the dinensions of the

various features are arbit d for clarity. Included
in the drawing are the foﬁr‘@%&\)ﬁfﬁkﬁxﬁﬁﬁﬁglﬁ{’ﬁmﬂ&?‘g an i | lustration of the
test head mani pul ator coordi nate system . IS pl vi ew of a

test floor |ayoutAfQysteR F%P%‘hfort%‘tuoﬁ@&cﬁ loﬁ%rﬁ“ﬁﬁ%ﬁé‘?“ Q?aéjt a’ﬂl'w $EM 3 is an

il ustr ﬁltclu(ags Qrﬁ affn R&ﬁﬁ%h Q@?g{kp Ol‘%CISQd %Mcf Qhﬂh%egg g a%ISFVéYlé leaEHsOfTheF | 1

Fig. 4 1S a perspectiv a convent1onal tel&scopic cable support 20

Fi gs. SAISwmﬁaEBuaﬂMe;sar@ramhium& fui soastingf the fire preerfoanbiat abeut@osevent i onal t est
head mani pul ator; Fig. 6 is a partial top view of a conventjonal
i nst al | 4ertieH a5fs spacessapanictiem the Hrss yericak aleFl ghe systern mpy Atsogingluder Sallet i ve

Vi eve oLy BoROUHANBeAubio) uhPild JPROLRYALPLABRLE SIS B EE P! 21y

enbodi ne e presen hven 1 On; est head
mani pul gfa@r of Figs. 7A or 7B; WO 00/ 41536 PCT/ US00/ 00704 -9 Fig. 9is a
pl an view of the test head mani pul ator of Figs. 7A or 7B show ng vari ous
degrees of freedom Fig. 10 is a perspective view of the base assenbly for

the test head mani pul gROEF PEFERIPTIGN OF TR DRAWINGS11A- 11C are detail ed
views of the bottom plate of the base assenbly of Fig. 10; Fig. 12A-12C

are detailed viewgy0f, Jelifior ¥ Bt BldRERoROHbIRe (P(;llot\xnﬁg Bésfed description

10 when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, the various features of the drawing are not to scale. On
the contrary, the dimensions of the various features are arbitrarily expanded or reduced

for clarity. Included in the drawing are the following figures:
Fig. 1 is an illustration of the test head manipulator coordinate system;

15 Fig. 2 is a plan view of a test floor layout for a typical test head

manipulator system,;

Fig. 3 is an illustration of a test head placed within the coordinate system of

Fig. 1;
Fig. 4 is a perspective view of a conventional telescopic cable support;

20 Figs. 5A and 5B are perspective views of a representative conventional test

head manipulator;

Fig. 6 is a partial top view of a conventional installation of a test head

manipulator;

Figs. 7A and 7B are perspective views of a portion of a test head

25 manipulator according to an exemplary embodiment of the present invention;

Fig. 8 is a plan view of a test head manipulator of Figs. 7A or 7B;



assenbly; Figs. 13A-13C are detailed views of the in-out plate portion of
the base 10 assenbly; Figs. 14A-14C are detailed views of the side-to-side

pl at e pow(ihg&ﬂgg()et he base assenbly; Figs. 15A-15C are a Qﬁﬂjsﬂlﬁg/gpgd_ si de

vi ews of assenbly; Figs. 16A-16C are various Vviews 0 W ng
i ndexi ng | ock assenbly; 15 Figs. 17A-17D are various views of the in-out
axi s lock assenbly; Figs. 18A-18C are,various views of the side-to-side

axis lock assenbly; Figs. 19A-19B aré detailed views of the side-to-side

axis | ock assenbly, ig. 20 is ront,view aof the roll t or-and

associ ated har dvva*‘ég'fdcj’rsg‘l RigR é{‘[ei""n‘gr %ﬁgesi Begd IH@HHulﬁg)&?tf %Jllg‘?e ol | 7B:1xi s; 20

Fi 9. 21lgswidgRafibhPdegbdrie@4odf the roll nmotor and associated hardware;
Fig. 22 i1s back viewof the roll notor and associated hardware; Fig. 23 is

a side view of the.verdi ' n@; rai sing and
| owering the test%ﬁ%’af;fsé?ﬂfrgﬁggt?‘{es\ﬁggtoggﬁéjlﬁdggv%g% t e%&ig{%a ear(%t)t or and
associ aneaiguddtomef Bigs. 2R ok78; 25 is a sinplified schematic of a single axis

control circuit; Fig. 26 is a sinplified schematic of a dual axis control

circuit; WO 00/ 41536 REALUIONQR ARG vichts & 98 boddplatEopthedab®adserapBt em f or

the test head assenbly; Figs. 28A, 28B and 29 are illustrations of various
det ai | edf Fetl;es of the 1ock shown in Figs. 27A-27; and Figs. 30 and 31
illustrate a fail-safe nechanismfor the |ock systemshown 5 in Figs.
27A-27C; DETAI LED HpESOR-PIC @i @¥tailed=yibWy/BRNTHeGWikg ghte potiamdf #B tase
perspective views of a test head mani pul ator system 700 constructed in
accor da@s$mil;h t he present invention. In Figs. 7A and 7B, test head

mani pul at or system 700 i ncl udes mani pul ator assenbly 702 interconnected to
mai n test 10 syst diigedBAREIC IRdenrikd vabveef the dn-oTrplacgioriéen qiobe Jpse coupl ed

to the test head 802.
10 assembly;

Figs. 14A-14C are detailed views of the side-to-side plate portion of the

base assembly;
Figs. 15A-15C are a plan view and side views of the base assembly;
Figs. 16A-16C are various views of the swing indexing lock assembly;
15 Figs. 17A-17D are various views of the in-out axis lock assembly;
Figs. 18A-18C are various views of the side-to-side axis lock assembly;
Figs. 19A-19B are detailed views of the side-to-side axis lock assembly;

Fig. 20 is a front view of the roll motor and associated hardware for

rotating the test head about the roll axis;
20 Fig. 21 is a partial side view of the roll motor and associated hardware;
Fig. 22 is back view of the roll motor and associated hardware;

Fig. 23 is a side view of the vertical motor and associated hardware for

raising and lowering the test head;
Fig. 24 is a top view of the vertical motor and associated hardware;
25 Fig. 25 is a simplified schematic of a single axis control circuit;

Fig. 26 is a simplified schematic of a dual axis control circuit;



Cabl es 706 may provide control and data signals to/fromthe cabinet 704.
Cabl es 706 also include power and grounds. Cables 706 nmay optionally

i ncl ude g\pé)b(?ntsséuppl y tubes. Cables 706 are supported b}l‘ct[gngG?WPJ ng

cabl e support arm 708. Wiich is showm in Fig. 4 and descri y in
U.S. Patent No. 4,893,074. The tel escoping cable support arm 15 piston 410
is connected at one end to nDunting_q ock 716; and the tel escoping support
armcylinder 420 is connected to cable pivot 740 which in turn is connected

to cradle 739 that h S ead 802 (as is re fully described in the
*074 patent). Fr oﬁf%segﬁg%gggog%gﬁ?S%Sz‘ﬁﬂlé&7%8 t?féggaégasts?ﬂl%%gh cabl e pivot 740
and is disposed along_telescoping cable support armcyl]inder 420. Between
t el escopi ng cabl eFigippdii 288 ﬁi‘%?gia}‘ﬁj’élt‘mﬁ‘?@néﬁ V?‘H@Js%t%{?pﬁ?at\mépgmet

t / exi ' s . [ I " 705 i ble 706 i d.
enters Fof&ktsﬁowgggﬁ F?gts. z% 27aa?¢er vice | oop in cable i s arrange

Servi ce 1oop provi des Sufticient slack in cable 706 to allow test head

s at tached 1o coF i aemct A FrsRth-Chabl Br el bR oo

guisde rﬁjpigz_ZgyA.g7@§tached to a mounting plate 722 on columm structure 25
712 and provides a nechani sm whereby the tel escopi ng cabl e support arm 708

may nove vertical DET%I%DMBQ’%N@F eRPRVERMgONvertical ly. A notor
may

driven |linear actuator e used to provide vertical notion of

support arm 718 a ong l,in ay grui der i\;e Vzg\g. ﬁstesg [.es 2Lt. St%?s Sjggnof cabl e
support arm 708 §gb«ZAr sed ST PERe el SI'ﬂu%, c e n'/‘B may,  under
oper at o0 eststratted R afrdnE REth th@?fﬁselﬁrini?@itiﬁh.ailﬂﬁigsaUAaarﬁlU'IB,ttaS’ttHe@d Iy
constant 30 angle with respect to the horizontal plane as the test head 802

i s novethaaipyiagon systepre¥QQ wgludeyomanipnireB Gisseottly 30D irgerroanectedtoapdig tesf n t hi s

, th ti I t t f t ed t t d 802 b
UhE vt susiRe R attes et e SIS 0B S bR ol Bt aSRG e 0 ™
enabl i ngabRRE 7b@§fia¥f11§a¢id8@8nu51qna%ta? gggﬂalrs R/ 6Rehy cdBML 704, [TabRIGEd akbat e.

Col um structure is attached ase assenbly 710 which provides 5

not i on aichuiiy power Xndugtouddax €ablen 786 diayi aptionalyt ineluddicoolagt supplydtibase t he
entire ' tor assenply. 702 .about the Y axi 1yot point 134 in
both o CRBleRvPEarswaPSRelRY e suRa e syiast figh odyBiehdt sVt 481 41
al I ows Hhe8RpbEY kAT 1SS PaRhY NG04, 899 o7ke T&R%k&bﬁ&%bﬁ:wﬁéﬁ @ffhany TSA
so that maintenance nmay be performed on the prober™ or test head.
15 piston 410 is connected at one end to mounting block 716; and the telescoping support
arm cylinder 420 is connected to cable pivot 740 which in turn is connected to cradle 739
that holds test head 802 (as is more fully described in the ‘074 patent). From test head
802, cable 706 passes through cable pivot 740 and is disposed along telescoping cable
support arm cylinder 420. Between telescoping cable support arm cylinder 420 and the
20 point where it enters/exits cabinet 704, a “service loop” 705 in cable 706 is arranged.

Service loop 705 provides sufficient slack in cable 706 to allow test head 802 to be moved

throughout its desired motion envelope.

Mounting block 716 is attached to column structure 712 through support
arm 718. A linear guide rail 720 is attached to a mounting plate 722 on column structure
25 712 and provides a mechanism whereby the telescoping cable support arm 708 may move
vertically as test head 802 is repositioned vertically. A motor driven linear actuator 724
may be used to provide vertical motion of support arm 718 along linear guide rail 720. As
a result, the end of cable support arm 708 may be raised and lowered. Thus, cables 706
may, under operator control, be maintained level or maintained at a substantially constant

30 angle with respect to the horizontal plane as the test head 802 is moved along the vertical



10 Columm structure 712 may be either of fixed height or of variable
(tel escopic) height. Fig. 7A shows colum 712 noved to the end of the

Z-axi s tl’{géé) /?légéosest to cabinet 704, and Fig. 7B _shoms%g’%lfllj%@mg%g noved

to the op nd of the Z-axis furthest from cabi net herw se,
the two figures are the same. It is observed that in 15 Fig. 7A service

| oop 705 is conpact and falls close t.q the floor; whereas in Fig. 7B
service Ioop 705 is straightened to a degree to accommodate the increased

di st 71 d t 704. S | 7 j t full
ot r i gnidedh HHS Megs e RricifeRRotar SERs A0%F enditort BB 08 FelR ot on
of test f13ado88dy vemiih@inedAt afsuﬁﬁi}ﬁfallyQBﬁﬁiﬂtQ/aIuléaEna%'hh @l'rbgﬂésttﬁlﬁd %021 of

t el escopi ng support armpiston 410 is in pr oxi mty to 20 cabinet 704, the
poi nt wheremae i freelycopvidgsbalaetd stats. escopi ng support armcylinder 420 is
substantially above pivot point 734. It is seen that the spacing between

pi vot point 734 @utumebirdgire/02 i attahes its basetassenitly Uhe whpdcgrovidesli r ement s
for service | oop 705. Base assenbly 710 consists of several sub- pI at es

ar riange@dtinglangahg dandyh axes lns?’é‘dttw&tto dhecapiHyHo ppiatethe entsypREBUIAEY adj acent
sub-pl a t 6,4:S coupled to sw ng
pl at e atég%ﬁ%)ﬁpﬁ%@o\%g A%Y an attﬁ tukﬁf}]?g?)%% g@ﬁt%o@‘%%‘“é%taﬂ& ate assenbly 730,

which i ﬁomlﬂeﬂcwmwfs@lmﬂeeﬂoﬁ OTﬁisd@ttéer)&hdﬁ albwt eheansepilhtor d&2mbihT@htoi s i n
turn coupled to colum structure 712. Details of how test plates are

coupl ed be gepnsiiongghawnr fronsany ‘EEH$edbatiTAIHERAICE TRAY| bﬁ/@erfm@efi O8tthRL8e802 i s
attachedrh3 gg n arm 736 through upper arm assenbly 30 737 and cradle 739.
The t es?’ K&k g tts as a load. A drlve system (not shown in this WO 00/41536

PCTI USOQ' 00704 ure 0 nal | ached to colum structure
71 and provide a%élvmﬁﬁﬁu%%%% ﬁ% %’éﬁ?ﬁlxﬁa 28E0T of W8t i cal

directi leS(l:dt'_plé YShe ptenpl ated that as main arm 736 noves in the Y axis

al ong a Irst vertical axis provided by |inear QUIde rail 738, the various

cabl es support ed_ i oAbl S4eRaR, A5 MR baTSS hosaLd, Agdsdauayard S

along a second vert axi’s provi I'T near gUI as assSi sted

by i neagbiast7oat and F 0g247B SReherdolumgh 712 foged & tha oppeésite\ene \Wf te Zhagist est head
mani pul ator s stem 700 is shown. In operation, test head 802 is positioned
at | ocatfrsiest fromagabingt W4 e Othgryiisey thggwo figures are the same. It is observed that in

15 Fig. 7A service loop 705 is compact and falls close to the floor; whereas in Fig. 7B
service loop 705 is straightened to a degree to accommodate the increased distance
between column 712 and cabinet 704. Service loop 705 is not fully straightened in Fig.
7B; additional slack remains to allow vertical motion of test head 802. In Fig. 7A, further
observe that although the end of telescoping support arm piston 410 is in proximity to

20 cabinet 704, the point where service loop 705 meets telescoping support arm cylinder 420
is substantially above pivot point 734. It is seen that the spacing between pivot point 734

and cabinet 704 is consistent with the space requirements for service loop 705.

Base assembly 710 consists of several sub-plates arranged in a stacked
manner so that each sub-plate is coupled to adjacent sub-plates. Specifically, bottom plate
25 assembly 726 is coupled to swing plate assembly 728 which is, in turn, coupled to in-out
plate assembly 730, which is in turn coupled to side-to-side plate assembly 732, which is
in turn coupled to column structure 712. Details of how test plates are coupled to one

another is discussed in detail below.

The test head 802 is attached to main arm 736 through upper arm assembly

30 737 and cradle 739. The test head acts as a load. A drive system (not shown in this



in order to test a DUT on the wafer (not shown). As discussed above, in
order to perform 10 nmai ntenance on test head 802 or prober 804, it is
pr ef er abl j ng test head 802 away from prober 804. i r
acconpl i s‘ﬁ%@g/f%& by providing a pivot 734 about which p%@%ﬁ@%&)?%
noves wth respect to bottomplate 726. As shown in Fig. 8, pivot point
734 allows colum 712 and test headnégz to swng to position "b" away from
prober 804. In order to prevent danade to the test interface conponents,

it is preferable to raise th 5 test head 802 .a framthe.test interface
bef or epgl\%lnf? ] %ﬁ‘@nﬁ?lgys € ﬁtéaéfgecé%ﬁp?‘?%ﬁﬁ%‘f%e z %@ﬁ’.m‘fﬁg aéﬁa’luég & Phough
whi ch t B BSSBRRI 739iR9SefRY1 @i?ec?i@ﬁ.“tlt §Q|oﬁfen&>'1‘éfed3fﬂa?5s mahrd 1At al |l ows

sufficient clearance. It is desirable to limt angle 806 in order to

pr event moare isthe Weaxisiakng rgfirsf vertibdl @xizdqBoyidbd by linearFgugde rail/38nthe7B) to

m nimze the sibility of amage to e 706. Therefo it y be
Tdoal " { S BRIeRStpRoriEl S ab P edn TaF PESHTL A8 VGHGER SHEYBNT wher e
the cablgnd Q8etld werfilif aﬁﬁ?r&ﬁﬁeg lifSar YA Yall 72629 Bssistéls B tinddB-actuatort he
exenpl ary éenbodi nent of the present |nvention, however, pivot point 734 is
| ocat ed724. cl ose as practically possible directly under the point where
cable 706 exits cabinet 704. Dependi ng upon the stiffness of cable 706,
service | oop 705 Wekdrrih@@s! Fige 82 a plrStHiaWas 1R tebictiosd eiaripatan Sy stdni @60 &abl e

thi cknesses when the test head is noved to its 25 closest POSi tion to
cabi net sifo¥n. hoperatien, dest ipad SR 8Ippsitiened 3t lpeationha” @bevewaiep preicp Se4

spaci ng.bet ween pi Vv Qint 7 nd cabi.nef 704. f.errin in t ig. 8,
P he PSR R DI Rl e 4ie RN SFAMEThs dRCusssbumier BR8P D Rul 2hove
Pi Yot  peaiiterfdde WAkt bRl 802 o Probér 80At riS prkerabR tBQG/ind REkad 302 aligy cent er
of the X axis and at the center of the Z axis. It should be noted, that as

30 noveddom pwbeb8dh dbe anvghipr Aa@mapdishessthis| ynprovidéngka aivios 734 abave whickxi s, t he

end of cable .s ort 708 nmoves relative t i vot .point 73 L.n any event,
s shostvon Dl PRERIOy e W Tl 16 Belio e daf odoab R £1E &, pyfy BBt ool o
support 7398118Q€ golifin B2t fAdeR heiEBOB R svlHg kd‘ﬁos‘iﬁ%rﬁ%’%‘wﬁ?ﬁ‘éﬂ%}oﬁé@(ﬁ. 806,

or as the colum structure 712 noves along the x or z-axXxes. As such,

nmot i on, Inveeder amprevenitdagnage o9 thettest gatbtface7@@nponents eif s prgferdabite raisgathert 708
extends or.retracts t est hea 80 ves, al on he, y-axis relati,ve to
Sxioors S n AR A RomIRe e itrpet belre SSindurafle L3 poaoinay f

Adaway frm pIobey ¢ hat
thi s exiondsehngR\uislBbla Hich o ARADIORS A BATRARAGRB0! Or biiPofiel or  ar!

where the end of "the cable support is attached to a fixed |ocation, such as
t he t estangle that allows sufficient clearance. It is desirable to limit angle 806 in order to prevent
excessive twisting of cable 706 (shown in Figs. 7A and 7B) to minimize the possibility of
damage to cable 706. Therefore, it may be ideal for pivot point 734 to be located directly
20 under the point where the cable 706 exits the cabinet 704 as shown in Figs. 7A and 7B.
In the exemplary embodiment of the present invention, however, pivot point 734 is
located as close as practically possible directly under the point where cable 706 exits
cabinet 704. Depending upon the stiffness of cable 706, service loop 705 will require a
distance of between two and three cable thicknesses when the test head is moved to its

25 closest position to cabinet 704. This factor ultimately determines the closest possible

spacing between pivot point 734 and cabinet 704.

Referring again to Fig. 8, in the preferred embodiment, the end of cable
support 708 is located above pivot point 734 when the column structure 712 is positioned
at the center of the X axis and at the center of the Z axis. It should be noted, that as

30 movement of base assembly 710 occurs along the X axis or the Z axis, the end of cable

support 708 moves relative to pivot point 734. In any event, as shown in Fig. 8, the



cabinet. Referring to Fig. 9, another plan view of the test head
mani pul ator system 700 is shown which illustrates the degrees of freedom

of vari oldioeg(%{l%%zof the test head 10 nmanipul ator 700. As 2?9)%06/&175‘1 g. 9,

t he test and cabl e support arm 708 may be subje t0 Sw ng notion
about the y-axis by noving in an arc 902 about a second vertical axis
centered at pivot point 734. In a pr_eifsqrred enbodi nent the arc 902 may
include a range of angles relative to"the position where the test head is

docked with t.h devi dl h ft "t he docki iti ). F
oot tehbh dtiiGoicSTEbGE 708 B5tson CRERT B bibacr ol (R B RER'LeB b, 1oy
i ncl udeopfoihe ToRimPRAture 732 nidVeoHBAg AROK br Z3Res. AL QfAH, RotRHAC kieMdardosi ti on.

Fig. 9 also shows that test head 802 may rotate about z-axis 904. In an
exenpl afayigeerbbthernshle, 706atrarédunedbOable auproro0a8 exigndseorabisadts goteptrhgad t he

[ f f | S) vertical ition. head, 802 h f
or avi (e ST s YooV bt PPt S 1St oo R A r ough

CG;912, 1Rl ¥WPbe RAEMthal s eRBAY the @RMilab®Uhor &ivelopdn LOMPAkidonad g:hele;pﬁéﬁ- Each
of these axes forming the respective vertices of triangle 914. Fig. 9

shows t imtwheesthetead obf B2cabteysuppos ubateched ® piikechlosationy suctbasuthe tése x- axi s.
Axi s 906 r.%gresents the degree of pitch of test head 902. It is
conterrp?"ah1 “that test 25 head 802 may pitch about the x-axis between
about 4 from a nom nal horjzontal ggsi tion dependi ng upon the application.

Fig. 9 shows that RetestingEnkigsfzanay! rrﬁi%W&Wocﬁgh@ st headumanipygios sygn
repr ese%osisg‘rf}ggvg%ﬁh% Elﬁllﬁtratté?ﬁ% &gpée%'f?ggﬁqlﬁgf v?x{i]cgdlg)a%%ﬁéﬁe biheal " AN

exenpl ary i men i'S “contenpla -axis nmotion is within

a foangenﬁflig@MW@ A§sho¥eh fof BIE 9N@he et hefl 8deart di®le supfdR At 798 Gnay
PCT/ US00/ 00704 - 14 Fig. 9 shows that test head 802 mat\)/ move al ong the

z- axi s. bsybiedy 1@ swinggnedeinabpuptiei orxid by meoyinghisa araf0pa@beutarse?@®l al ong t he
ot on 1ENG R R o SR P gt BB Ry Phooa iy %5 S
Ref erri fghide ahiafige dPanglesRRIaSINE €S théovitioW vilerd B e SRR dockddwith tighown.
device handler (hereafter, “the docking position”). For example, if the docking position
15 is defined to be 0°, the arc 902 may include angles of about -10° through about +30°

from the docking position.

Fig. 9 also shows that test head 802 may rotate about z-axis 904. In an
exemplary embodiment, rotation about axis 904 may be about +95° from the interface
surface (IS) vertical position. Test head 802 has a center of gravity (CG) 912. The

20 combination of the vertical axes passing through CG 912, pivot point 734, and linear
guide rail 738 form triangle 914. Each of these -axes forming the respective vertices of

triangle 914.

Fig. 9 shows that test head 802 may be subject to pitch motion about the x-
axis. Axis 906 represents the degree of pitch of test head 902. It is contemplated that test
25 head 802 may pitch about the x-axis between about +4° from a nominal horizontal

position depending upon the application.

Fig. 9 shows that test head 802 may move along the x-axis. Axis 908
represents motion of test head manipulator 700 along the x-axis. In an exemplary
embodiment, it is contemplated that the x-axis motion is within a range of about 25 cm

30 from one end to the other.



Figs. 11-19 show various details of base assenbly 710. In Figs. 10 and 11,
support legs 1004 are attached to bottom plate assenbly 726. Support | egs
1004 pro ilization to counteract the effects of xerted
at the bggga%éégﬁbly 710 by the mass of the test head as?gﬁgkﬁ&&ﬁgsellng

feet (not shown) may be attached to the end of support leg 10 1004 and may
be adjusted as necessary. Leveling pggs 1000 are al so attached to bottom

plate assenbly 726, using any of several conventional nmeans, to conpensate

for irregulariti ﬁgog h%)wg ﬂ£ Epgadt%&emg)gﬁ{ov@r Eﬁlgﬁﬁ 91sa|A)8\é"9ﬁ(516 t est

mani pul ator 702 t0O eve erre ment evel ing

pads 10R9reests Geutiodratl et qaea@hltaﬂ@umtbr "@omlmnme& aRis. |I@1Ve&1| dxefppags 1000 may
be used as desired depending on the 15 circunstances. Lock pedals 1014 and
1016 ar embedimehiedt is soBicaplaiesl dpddie gragiempton isowitiRiayiange epalogh>&EBng t he x

and z- a Details of lock pedals 1014 and 1016 along with
their SB‘e%‘}“ii@e‘ﬁéf&%@h. sne are described in detail below Referring to

Fi gs. 11A—1lc t her. det of bottom plate ssenb e shown.
F 3 1IN Thear | nBeehn Bla: T0h peShite e 6f e crpontd P hErRnot om |
20 pl at S i i 51 f S
couBI edﬁ% ggé??ﬁ%‘gg’gggﬁ)ﬁetﬁ?&?&%é& g{@toab@ut eIaOr2|§r{rl:lg151assgl mg?g/egk 100.

Pl at es 10®#arehitdchednd bonbmerlate adstfiblya726. abtpponeldgs $00dgpray idectebigatieans 1112

(such as screws) to the top surface of bottom pl a e_1120 and vi de
suppor t o UnEsFRd dhepiigces ofle fyry exerted abithy ase pygmb YLZ&%Y Q}eemﬁgd\% Rfed so

swi ng plSt AAdEEREET T Teltdk Bbnof hoh bl WX e engd 6 (ROLAET! SR8, hown
byicar cs 10004nd mayl 64 adjusiepas heaee&ayy deotlitigngded 600 are dat dtecheal @t etdi20.

Plates 1104, 1105 may be nad of a durable material such as_hardened st eel
and nayplse a%%n%kx&&%gsmae@é§5$%Vera$i<>ﬁmfeapwa meags,| tacempepte I9f whi ch t here

are 6 i fen the
exenpl a;}{/ééglr%ﬂgf? l{e%oglrﬁt?er s{g%%ga gﬁ?&/eto%glﬁ)gegq%ﬁ% ri r%my@ agl e 1109, 30
whi ch i gevelRd! Uh fheprefired enbddigeritp 16xtihg pedsofodoaire Omteﬂnplaeedlalﬂlaugh/\l)

00/ 41536 PCT/ USOCQ 00704 - 15 In order to limt the rotational notion of
swing pRB émab@eﬁﬂﬁxﬁlmg@aﬁﬂ%i%ﬁq jay be ysasorstdenirgsl derendiggsomihe 726, rubber
bunpers 1 a t 0 ers
1170° pr sodEeRicEs ¢ LOEE BRI Padfi g A%ichefle SuBkEpcpihe PORORBTRECS
SW Nng phakien akhgaBO k208 z-ax@s, rl’ékﬂé@ﬁvél}dﬂwailsbfl&krmatseltﬂ)luQn@QDl@Hllong

with their respective mechanisms are described in detail below.
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Referring to Figs. 11A-11C, further details of bottom plate assembly 726

are shown. In Fig. 11A, bearing assembly 1100 is mounted to the top surface of bottom

20 plate 1120. Swing plate assembly 728 (not shown in this figure) is coupled to bearing
assembly 1100 and pivots about bearing assembly 1100. Plates 1104, 1105 and rollers
1108 are attached using attaching means 1112 (such as screws) to the top surface of
bottom plate 1120 and provide support for swing plate assembly 728. Plates 1104, 1105
are provided so that rollers 1202 (shown in Fig. 12) attached to the bottom surface of

25 swing plate assembly 728 ride on the surface of plates 1104, 1105 as shown by arcs 1106,
1107, respectively, avoiding wear on bottom plate 1120. Plates 1104, 1105 may be made
of a durable material such as hardened steel and may be replaced as necessary. Similarly,
rollers 1108, of which there are 6 in the preferred embodiment, may be replaced when
worn. In the exemplary embodiment, rollers 1108 are mounted on bearing cradle 1109,

30 which is in turn mounted on the top surface of bottom plate 1120.



5 plate 1120. Furthernore, to provide positive detent positions, nenbers
1114, such as camfollowers, nay be attached to the surface of bottom

plate 11 the arc of travel 1116 of swing plate a hes: In
the prefe ?@dﬁ odi nent, menbers 1114 provi de indexing ?’%ﬁﬁg&y%ggpl ate

728 at about 10 counter-cl ockwi se and about 30 cl ockwi se fromthe
operational position as viewed from ggove. O course, additional nenbers
1114 10 may be placed along the arc travel 1116 to provide a greater or
| esser nunber of
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vari ous views of sw ng plate assembly 728 are shown. In Flg. 12A, a
bear i ngcaas ﬁcéldWeys ]rﬁ:QObmaIaehedA/mt the bafadeny tastemnilaty 1120@lqngHbevarc aforavel Fi gs.

(26 shobha o pigt vl S%efbiy Be” T5 88 whertfat adhadinety, pig et l SihraBde o
SW ng pjj ?é)ggégéﬁ%vmlég 13 ARG f@ﬁéb?lnge%Q‘foc?kﬁfﬁ’s%rhna%b§ﬁtr RSelo@vhi ”9
rollers to be aced en worn scussed above, rollers 1202

rol | al from thbepauﬁtbmtgomﬁomhaﬁewedfﬂﬁn aid@5 Qftuomse, iadditibng. mdmtiesy 1174 at e
1206, which may be a durable material such as steel, is attached to the 25
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and provides a surface for brake pad 1704 (shown in Fig. 17). As shown,

pl at e 1@@lratioyt POtelpekvise flom thatoperationalpesionds to the length of travel of
brake pad 30 1704. WO 00/ 41536 PCTI USOO' 00704 -16 To provide the test head
mani pul at or 702 wReferring how talFondl 18, lkastérz Al &bre atackedotottheyottah of o t he
first vertical axis,. |inear aglﬁl de rails 1208 are%grow ded.on the to

e
subf acebetom plasgy 1 thineorderite allqy mariBulpior AsseBIbhe < FubsBsiiqngd &s $88679( shown
in Fig. or}?h%)test floor. In the preferred embodiment four casters 1118 are used although a

greater number of casters may be used as desired.

Referring to Figs. 12A-12C, various views of swing plate assembly 728 are
shown. In Fig. 12A, a bearing assembly 1200 mates with bearing assembly 1100 (shown
20 in Figs. 11A-11B) allowing swing plate assembly 728 to rotate about pivot point 734 (as
shown in Fig. 10). Rollers 1202 are attached to the top surface of swing plate 1216 with
attaching means 1204, such as screws, allowing rollers 1202 to be replaced when worn.
As discussed above, rollers 1202 roll along the surface of plates 1104, 1105 (shown in
Fig. 11A). Plate 1206, which may be a durable material such as steel, is attached to the
25 bottom of swing plate 1216 and provides a surface for rollers 1108 (shown in Fig. 11A).
As shown, plate 1206 is located such that it corresponds to the locus of travel 1214 of
rollers 1108. Plate 1207, which may be a durable material such as steel, is attached to the
top of swing plate 1216 and provides a surface for brake pad 1704 (shown in Fig. 17). As
shown, plate 1207 is located such that it corresponds to the length of travel of brake pad
30 1704.



attached to in-out plate 1310. CGuide rails 1208 may be detachably coupl ed
to the surface 5 of swing plate 1216 so that they nay be repI aced Wnen

wor n. St WO%/API% 1210 are attached to the top of sw ng to
provi de trave mts for in-out plate assenbly 730. Referrlng to 1:|
13A-13C, various views of in-out plate assenbly 730 are shown. In Fi g

13A, slides 1300 are attached to the gottom surface of in-out plate 1310 10
and mate with linear guide rails 120§ (shown in Fig. 12A). The conbi nation
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relative to the swing plate assembly 728. At the ends of bumper block 1302 are bumpers

1303 formed of a resilient material, such as rubber. Bumpers 1303 are detachably
coupled to bumper block 1302 for easy replacement when worn. Bumpers 1303 confront

stop blocks 1210 at the limits of travel of in-out plate assembly 730.

20 To provide column structure 712 with motion along a further horizontal
axis orthogonal to the first vertical axis and which intersects the aforementioned
horizontal axis, linear guide rails 1306 are provided on the top surface of in-out plate
1310 and mate with corresponding slides 1400 (shown in Fig. 14A) attached to side-to-
side plate assembly 732. Guide rails 1306 may be detachably coupled to the surface of in-

25 out plate 1310 so that they may be replaced when worn. Brake surface 1311 is detachably
coupled to the side of in-out plate 1310 using attaching means 1312, such as screws.
Brake surface 1311 provides a mating surface for brake pad 1810 (shown in Figs. 18A
and 19A-19B). Bumper block 1304 is attached to the top of in-out plate 1310 to provide
travel limits for side-to-side plate 732. At the ends of bumper block 1304 are bumpers

30 1305 formed of a resilient material, such as rubber. Bumpers 1305 are detachably

coupled to bumper block 1304 for easy replacement when worn. Bumpers 1305 confront



732. Sleeve 1308 is coupled to in-out plate 1310 as part of an in-out plate
| ocking assenbly discussed in detail below Referring to Figs. 14A-14C

t he det aj ide-to-side plate assenbly 732 5 are desgpd Fig.
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1402 and mate with linear guide rails 1306 (shown in Fig. 13A). Slides 1400
may be detachably coupled to si de-;g7§i de plate 1402 so that they may be
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Figs. 16A-16C are various views of the conbination of bottom plate 25

assenbl Bredeternined positien felative te dheaintiny plapsasspgblyhBfh in Fig. 16A, indexing
pivot arm 1600 is attached to the bottom of swing plate 1216 and act uator
1606. | ndexi ng piColumarstruciB®d12 ¢icatsbewmbothis figwe) ispoiachedt60ke topd engages

camfollower 1114 with notch 1604 . under control of. actuator 1606. t he
exenpl M*ﬂﬁ%ﬁﬂéﬁ%ﬂ* £l 194 o5 dipists maphaaﬁﬁ)@hﬁaap}l@naﬁf‘ﬁ@@ CH{fos &é@f? j ust
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exanpl e. en the operat res to nove the colum structure 712, the
Qs 00/ 4ih&R6 16ETheshanksO(destribed b8low) access hole 1410 is provided through side-to-

side plate 1402. In addition, counterbore 1412 provided at the bottom surface of side-to-

side plate 1402 that allows sleeve 1308 (shown in Figs. 13A-13C) to travel therein.

Access hole 1410 may be covered as required by detachable cover 1416.

As shown in Fig. 14A, counterbore 1412 has a radius at each end that
20 conforms to the shape of sleeve 1308. A pedal 1016 is attached at a side of side-to-side

plate 1402 and is used to actuate the in-out lock discussed below.

Figs. 15A-15C are a plan view and side views of base assembly 710 which

show the interrelationship of the various sub assemblies 726, 728, 730 and 732.

Figs. 16A-16C are various views of the combination of bottom plate
25 assembly 726 and swing plate assembly 728. As shown in Fig. 16A, indexing pivot arm
1600 is attached to the bottom of swing plate 1216 and actuator 1606. Indexing pivot arm
1600 rotates about pivot point 1602 and engages cam follower 1114 with notch 1604
under control of actuator 1606. In the exemplary embodiment, actuator 1606 is a
pneumatic actuator but may just as well be an electric actuator or a spring operated

30 actuator, for example. When the operator desires to move the column structure 712, the



actuator is operated to release indexing arm 1600 fromcamfollower 1114.
The columm structure 712 nmay then be noved fromthe | ast position. Once

t he not c lears the previously engaged cam fol | owep
oper at or %&%s ease the actuator 1606 allow ng the |ndeX|%éJ§g0r/%t7§]§ nove

to the lock position. O course, since the notch is 5 clear of camfoll ower
1114, the colum structure may still E{otate freely. As the swng plate
assenbly 728 approaches the next camtol lower, the |eading edge (relative
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t he bottomsur ace of d0 to-side plate assenbl E not shown1n this
fi gur e)the asn 60§ bfeabtnzuom heO6simdl notcBe®04 rogapes &tcmmnfollbwaﬁ @it olvis gemit,suppor t

20 to shaft 1700 and al shaf t 00 to rotate about s | ongi t udi nal
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pl ate asse swng plate assenb aft 1700 1s rotated
about igositionn(gl leasdiwidi reapdcs tonfotdrionabbupgidet poidt0/B8). As shaft 1700 is rotated
wi thin eccentric | ock actuator 1708, the | atter engages 25 pI unger 1706

which, in turn posighi pns1PDake vidshshidds bfthe @bindiiativh bhswinglppdte 1207
nount ed to the top surface 1712 of sw ng plate 1216, thereby preventing
G
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one end of shaft 1700. Proximate to the second end of shaft 1700, a bearing attachment
1702, which is attached to the bottom surface of side-to-side plate assembly 732 (not
shown in this figure), is coupled to the shaft. Bearing attachment 1702 provides support
20 to shaft 1700 and allows shaft 1700 to rotate about its longitudinal axis.

As side-to-side plate assembly 732 moves relative to in-out plate assembly

730, lock mechanism 1710 moves along shaft 1700. To lock in-out plate assembly 730 to
swing plate assembly 728, shaft 1700 is rotated about its longitudinal axis with lock pedal
1016. As shaft 1700 is rotated within eccentric lock actuator 1708, the latter engages

25 plunger 1706 which, in turn positions brake pad 1704 in contact with a plate 1207
mounted to the top surface 1712 of swing plate 1216, thereby preventing in-out plate
assembly 730 from moving forward or rearward along guide rails 1208. To release brake
pad 1704, shaft 1700 is rotated in the opposite direction, thereby allowing in-out plate
assembly 730 to move freely along guide rails 1208.



Fi gs. 18A-18C are various views of the conbination of in-out plate
assenbly 730 and side-to-side assenbly 732 and descri be the | ocking of

si de-t o- gj enbly 732 to in-out plate assenbly. Fig. i tailed
vi ew of §*ggwf%$§ide | ock assenbly 1900. As shown in Fig§%%f§%9@Tgi and
19B, foot pedal 1014 is coupled to link 5 1800 at a first end through shaft
1806, spur gear 1804 and wor m gear ;q 2. Rotation of foot pedal 1014
rotates link 1800 along its longitudihal axis. The second end of |ink 1800
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usi ng anps n order to re
thereby requiring a positive for on foot pedal 1014 in order to unlock side-to-side plate

assembly. Stops 1812 may be attached to pedal 1014 to limit rotational travel by

20 confronting the surface of side-to-side plate 1402. This prevents damage to the brake
assembly due to excessive pressure or link 1800 and worm gear 1802 from becoming
disengaged from spur gear 1806. In a similar fashion, stops 1820 may be attached to
pedal 1016.

Figs. 20 and 22 are a front view and a rear view, respectively, of test head
25 coupling 740. Test head coupling 740 is attached to the test head 802 and main arm 736
providing means whereby test head 802 may be rotated (rolled) about the Z-axis. In Fig.
20, test head coupling includes roll motor assembly 2006, timing belt 2010, and adapter
ring 2000. Adapter ring 2000 is coupled to roll motor assembly 2006 at pulley 2016 with
timing belt 2010, and rotates with respect to roll motor assembly 2006 under control of
30 drive motor 2008 (shown in Fig. 21). In the exemplary embodiment of Fig. 20, timing

belt 2010 is attached to adapter ring 2000 using clamps 2011 in order to reduce slippage



WO 00/ 41536 PCT/ US00/ 00704 -20 between the adapter ring 2000 and the
timng belt 2010. It is contenplated that clanps 2011 nmay be placed on the

surface %0244@5?69 belt 2010 and sandwi ch the tim ng belt %gm)so@ yeen

clanp 20 adapter ring 2000 using attaching neans 20 such as
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clanps 2011 may be any 5 nunber inc[ggtng a single clanp if desired.
Furthernore, in the exenplary enbodiffent, it is contenplated that the

timn |t 2010 .i s not in it belt ith t ds of
the ¢y niertie adtte’ Soe 200 AR imtbe fet 2801 & cpBeibiaffd Bt ipps ¥ o
i nst al | a41190aPbe plaged bAtGuPfLd oPQhthg BeIV2(AY b shiBvieR A timfig kel 2010t he
cable pivot units. O course, the timng belt nmay al so be a conti nuous

bel t i fbetesér damar2d 1l and adapserviiingr200gesing attaching mesoh 301 Tauck ahsarews.nt s.

Fig. 21,is a,partial si view of .the rall. notor assenbl d associ at ed
nar dur &1 0ode0RilciinnS 29 s S0 PR i By tne TRty 57 5658 EAEl ulIRA8k <

pi wot  hughe¥dnciA@iag a sﬁﬁ%aécrﬁlaa%gf g@éwea?qutheﬂhbfé,e e Qb BBRFPeMmbedRnt, f r ame

mount bracket 2012, clu clutch rotation limting part 2015,

pul | ey 2046 mserdplagtiiubatehe AOig belo2MO i2 00cantipuds (he. ,agslit beltlowih thehe dri ve
not or / geay box, 2008, clu 2014, lim¢ter d franme unt 2012 to

prot ect % é’%ﬂi‘er%‘ﬁ’f% bt i(ﬁ@la&aé}egw@ El.anﬂééﬁ,}?t ﬁgls_déflﬁp?go _ A% ot assenbl y
2006 angslgidiPb Pl #iff baE 201 ®In VibR%r BEOARSELR ofnt Cathl PRlor aRETOFY 2006
are described, again referring to Fig. 21. Upon application of electrical
ener gy, calirsey ehertining ppambp als@®O& doatiswess diek eéfidesindd @ahd fedsibkOwithirega2d to
engaged. Rot at Lon and torque generated by the notor/gearbox 2008 is coupled
t hPough™eeIAM@H TR usi ng pul | ey 2016 to rotate. Rotation of pulley

2016, which is coupled to timng belt 2010, inparts rotation of ring 2000
about its axis, whigR] i5a parial sidemsvaestheaall gentpisssembly andassacieds. The

t ensi on, wi,t h_whi, ¢ ul | ey. 6 erts._on tim t J . adj ust ed
wn oapibareDns b it Hie” 2 il Bhlo? aSBatibrafs Elyiee e pTBYnRGiA,
screw, bow2, FndBsaiblyTtong! diitamstdaieifbos 2008 NFaRE nitiyit bRicRet@0 2dcigh pul | ey
2016 on timng belt 2010, such as a spring assenbly. Rotating adjuster
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pul I's onotd ¥ pietcbeinem?@dM dift NRoRBite] &t6r easi ng the tension of timng belt

Next, the details of pivot assembly 2006 and the rotation of adapter ring

2000 relative to pivot assembly 2006 are described, again referring to Fig. 21. Upon
application of electrical energy, drive motor/gearbox 2008 is energized and clutch 2014 is

20 engaged. Rotation and torque generated by the motor/gearbox 2008 is coupled through
clutch 2014 causing pulley 2016 to rotate. Rotation of pulley 2016, which is coupled to
timing belt 2010, imparts rotation of ring 2000 about its axis, which, in the exemplary
embodiment, is the z-axis. The tension with which pulley 2016 exerts on timing belt 2010
may be adjusted with adjuster 2018. In the exemplary embodiment, adjuster 2018 is a

25 screw, but may be any other means by which tension may be exerted by pulley 2016 on
timing belt 2010, such as a spring assembly. Rotating adjuster 2018 in the clockwise
direction, for example, pulls on frame assembly 2004. In turn, frame assembly 2004
rotates about frame mount 2012 (which acts as a pivot point) moving pulley 2016 along an
arc which, in turn, pulls on timing belt 2010, thereby increasing the tension of timing belt

30 2010.



30 2010. WD 00/41536 PCTIUSOQ 00704 -21 Cutch 2014 is coupled between the
gear box 2010 and pulley 2016. In the exenplary enbodinent, clutch 2014 is

el ectri cq,{,éﬁ%ﬁ(g%rol | ed and engages upon application of %L':‘?fl}srobl B ener_gy

to the cl en electrical energy is renoved fromthe it
wi | | disengage thus preventing rotation of notor/gearbox 2008 from5
further driving pulley 2016. Wth cl {(_:h 2014 di sengaged, the test head may
be easily and nornmally rotated by hand, or by the docking actuator, about

the z-axis. Figs. si de ew nd op, Vi £W, S |veI ,
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count erdmil rammalljzmtﬁtedl‘lzbn handy on B diei docking pledtor palouhderz-gus.de rail 738 15
and noves along linear guide rail 738 under control of cable 2410. In the

exenpl ary enbodi Rige! 23 wml 24abteassidd didwadid 4 top videw | ysectidéld, af the sbnival
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embodiment two cables 2410 and two pulleys 2406 are shown, although greater or fewer

pulleys and cables may be used as desired.

Pulleys 2406 are rotatably attached to columns 2402, which form the side
members of column structure 712 (shown in Figs. 7A and 7B), with shaft 2408, which in
20 the exemplary embodiment, is a single shaft common to both pulleys 2406. A motor
drive assembly, including electric motor/gearbox 2416 and clutch 2426 is attached to
frame assembly 2422, which, in turn is attached to mounting bar 2418 through mounting
bracket 2414. Mounting bar 2418 is attached between columns 2402 at a rear portion
thereof and behind pulley 2406.

25 Small pulley 2412 is coupled to large pulley 2421 through timing belt 2420.
The large pulley 2421 is attached to one of pulleys 2606 with attaching means 2407, such
as screws. Application of electrical energy to motor/gearbox 2416 provides a rotational
force to electrically operated clutch 2426, which, in turn, drives small pulley 2412. As
small pulley 2412 rotates, timing belt 2420 is caused to drive pulley 2606 through its

30 coupling to large pulley 2421.



smal |l pulley 2412 rotates, timng belt 2420 is caused to drive pulley 2606
through its 30 coupling to large pulley 2421. WO 00/ 41536 PCT/ US00/ 00704
-22 The f of clutch 2426 is simlar to the functio 2014
and its ‘g§§&$§%klon is not repeated. To nmaintain adequatgwﬁinsboﬁﬁgn
timng belt 2420 by small pulley 2412, adjuster 2428, which may be set
screws for exanple, is provided. In_ _preferred enbodi nent, two adjusters
2428 are used, each at opposite ends™of frame 2422. 5 LBing two adj usters

2428 hel t i .
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subst anti al I'y ‘uni npedeé reasonab and reaso y constant force
t hr oughwill reiubs thertensadd shat hﬁalépmmayezflrlampphexf to timing delt2420| &hice adjusvad, or

about said axis. Specifically, the followng effects are desirable: a) In
the ver dqipger 4?& raawae seexred qrﬂeclfeéslp Hl?éﬁd“ﬂ%a Pht 2632y Ryt exAmple, Whids

htl t
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si de-t oﬁenﬂ@;angmg/pbsnuom @n the exemplary embodiment, a screw that couples an end
portion of frame assembly 2422 to mounting bracket 2414 may provide pivot 2430. In the
exemplary embodiment, mounting bracket 2414 is attached to mounting bar 2418 with

screws 2436 which are recessed below the surface of mounting bar 2414.

In an exemplary embodiment of the present invention, axes are arranged so
20 that movement along or about any axis can be done substantially unimpeded with
reasonably low and reasonably constant force throughout substantially the entire range of

motion available along or about said axis. Specifically, the following effects are

desirable:
a) In the vertical, up-down, axis the test head is in a substantially
25 weightless condition and may be manipulated by hand for easy and accurate docking and
undocking.
b) In horizontal axes of swing, in-out, and side-to-side, low friction

bearings and components may be used to enable the test head to be manipulated by hand.
This is true whether the horizontal motion is derived in the base or in an articulating arm

30 assembly or by a combination of both.



beari ngs and conponents may be used to enable the test head to be
mani pul ated by hand. This is true whether the horizontal notion is derived
inthe b in an articulating arm 30 assenbly or by i j on of
bot h. WO UBIIRENS PCT/ US00/ 00704 - 23 C In the pitch andﬁFgﬁ{éma/@é‘! t he
test head is desirably nmounted al ong axes passing through its center of
gravity to enable the test head to_Q%_nanipulated by hand. The use of the
cabl e pivot and cable support help t6 naintain this effect in view of the
cable. 5 d) The | ocation of. the .axj.s_of i ng rotation and the. vertical
ot on of  the odbi o damuorichBaRol . il if Do Bnalilg HR0E LT
uni npedgek géding ARblisA its Bénte X dravityl f GBRAKE teStRGHAD bE dhdnipifted Bt ire
notion envel opé. Thus, in an exenplary enbodi ment of the present invention,
a powetend. fbeuemofibdeabls pivideud cablesypportigie teamaintaib this agesdton view oo any
selectgg gﬁggination of 10 avail able notions, either rotational about an
axis ofigf | ati onal along an axis. In other words, for each avail able
notion to be powered, a notor or. actuator is ad along with its

ded, g
appropriate cont Ml cihedpeationof theppds at pying searenand thengrtcal BYERf n a way
so thatyif.. | ; [ L9l . I when it is
not i nR%és%abg%s?ﬁgﬁh$We$%§ li}%g ggﬁ@lﬂ?ﬁ ?’3 Sﬁé\s?dr@plé@ggﬂ%ﬁeﬁgﬁ szglrarlagﬁfrt]sgzgvai | abl e
and unafhdtattbughdutaubstadtiallfehaw@irt aldtiwnknveiopé.ons require only a smal |
anount of relatively constant force, |ow powered actuators nay be used.
Thus, the fol | owiHys "RYarfBRiplarflembbgingat BRIRpréRYt R9eibre lagoletéd Mot or. b)
CGearing may be used as appropriate on the output of the notor or actuator.
20 c) Thaiomenode saddelipl anyasmglel acolapleenotion @cbway seleaod combmatipe ofrot i on
axis may be a clutch, . d) A slip. clutch.or mechani smmy be used if
2br op VRIS BOfiPhY, it AsH RBATRSPUEAT By bR EEFA BRSLHBRY BB TREMEE uat or
may be yay!l 8t esbnbwafMit hRion 48 be pbRiieh! ¥ nii6ort fdlarNie ¥aded, Qg with appl i ed
to cause notion but limted to an extent to cause the actuator to stall if
an obstitswappropniateccomtriod tiaaitiirg lahg operatop entedacep ind arrengadria.a way so that it is

mechanically decoupled from the positioner motion when it is not in use so that the
substantially unimpeded motion remains available and unaffected. If all of the available
15 motions require only a small amount of relatively constant force, low powered actuators

may be used. Thus, the following may apply:

a) The actuator may be an electric motor.
b) Gearing may be used as appropriate on the output of the motor or
actuator.
20 ) The means to couple and decouple the actuator/motor to the motion

axis may be a clutch.

d) A slip clutch or mechanism may be used if appropriate to limit
applied force.
e) the force applied by the actuator may be regulated by control
25 circuitry such that enough force is applied to cause motion but limited to an extent to

cause the actuator to stall if an obstruction to substantially unimpeded motion occurs.

) If the actuator is a dc electric motor, the force regulation is achieved
by limiting the current supplied to the motor which in turn limits the torque output of the

motor.



f) If the actuator is a dc electric notor, the force regulation is achieved
by limting the current supplied to the notor which in turn limts the
torque output of the motor. WO 00/41536 PCT/ US00/ 00704 - tiall
uni rrpedeav‘ﬁﬁ 11576 may thus be nmade for docking in the power e&ﬁggﬁiﬁpme Y
force desirable for this notion nmay be reasonably constant and need not
vary with position or displacenent as,the dock is actuated. Conplex control
schenmes and cl ever mechani snms nay fzué be needed. Furthernore,
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is coupled to BB e FTon ‘sél'éct or~ 2910.
The out fbl}ﬁtm%fto GenfchRfthnstationend rdf rofativer AZOaHer ﬁ(eabﬁd)p&@ibw & fohowithect i on
sel ect or is contenplated that the output current 2925 of constant
cur r ent sage mr@@mcm be fixed or adjustable as desired. In the
exenpl ary enbodi nent, the output voltage of power supply 2906 is about 24
volts DC and t heFigJQ;Su's acimpléird SZHaﬁati(sofaaj;iinngalaise:ougol arailitouln Eig5
anperes. _In the exenplary enbodi ne directi o ctor 2910 i
t hivee- p&did YRR R ORI 4RSF S VIR RO RO CHEP 3 G008 mrgvglba‘&tﬁh Bidoe ng
t he nor N e 0 2910 are
connect B ¢ R pRRer i e 2904 CHCR S 5B P TS e, ek of
connect pekwert supplypd06sAAYObE & ipretistcrmaid Zixed o olmgeofor zmple‘ﬂlapmdﬁng ait theet of
output term nals 2924  provides output current 2925 to 2914, such as
a DC geHiqUHBMSRLS Oﬁ\tléee%lﬁ-‘r\’&s debe driveyt hhe ovBrhhRAVET SYP ﬁy%égllsd“é%lp {doout put
vol t age n r tch
coi 1 - 9ot 0N B3P0 3P HRelumaRRIGE 216N THL ot oPEHHRLAA Chrtin
prgvi dedrﬁ’@' 10%ds aR8 Ldupledeo diredtioh s28dGr @910.hEiis contemplated that the output

current 2925 of constant current driver 2924 may be fixed or adjustable as desired. In the

exemplary embodiment, the output voltage of power supply 2906 is about 24 volts DC
and the output current 2925 is adjustable up to about 2.5 amperes. In the exemplary
embodiment, direction selector 2910 is a three-position momentary action switch with the

20 center position being the normal position. One set of output terminals 2924 of selector
2910 are connected to optional limit switches 2920 and 2922, which are in turn connected
to suppression circuit 2912 and motor 2914. This first set of output terminals 2924

provides output current 2925 to motor 2914, such as a DC gear motor.

A second set of output terminals 2926 provides the output voltage from
25 power supply 2906 to suppression circuit 2918 and clutch coil 2916. When selector 2910
is in the center position, energy is not provided to motor 2914, the clutch 2916 or their
associated components. The output terminals of selector 2910 are cross-connected to one
another such that, when in a first non-center position, selector 2910 provides the output of
constant current driver 2924 to suppression circuit 2912 and motor 2914 in a first polarity

30 allowing the motor to rotate in a predetermined direction. Due to the cross connection



associ at ed conponents. The output term nals of selector 2910 are
cross-connected to one another such that, when in a first non-center

posi ti onéﬂ%@iﬂggiﬁor 2910 provides the output of constant ?’%E)‘ﬁ%’“ﬁgi \égr

2924 to on circuit 2912 and notor 2914 in a first polarit

allowing the notor to rotate in a predetermned direction. Due to the cross
connection WO 00/41536 PCTI USOO 00704 -25 di scussed above, noving sel ector
2910 to the second non-center positi‘tn provides the output of constant
current.driv

r. 2924 to suppressy ircuit, 2912 and tor 2914 in a
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di scus ove, en selector 10 Is In the center position, notor
2914 i sonaenenpogiiaed, torque is not devel oped and clutch 2918 is not
engaged. Therefore, the nechanical load is floating (i.e., free to nove,

wi t hout const rai nthe tRARREVEYpE HiesBdtdr@oMatkppbitinahe e tare@ndpglédr box,
whet her energized or not). On the other hand, when selector 2910 is in a
non- cerwehe porstant surrentresiver 2924 thrpugheselacisir 2940 o Fdhistongushis pansferred éhgaged.
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adj ust abl e. As such, the torque output by notor 2914 is |ikew se adjustable
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allowed to float, which is desirable when docking for exanple, or may be

dri ven metor29 Heis ediergizediand cliricke29 Boistengagedn dinget the cuirentaniovided tpumotonpt i onal
limt i.tches 2920, and 2922 interrupt the current.to. notor 2914 when a
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adjustable. As such, the torque output by motor 2914 is likewise adjustable and may be

adjusted as desired to match the mechanical load placed on the particular axis of motion

that motor 2914 is intended to power. Adjusting the torque is desirable in order enhance

20 safety and provide optimum performance. In the exemplary embodiment, the mechanical

load may also be allowed to float, which is desirable when docking for example, or may

be driven in either direction under control and with constant torque.

Optional limit switches 2920 and 2922 interrupt the current to motor 2914
when a limit of travel, such as up./down, clockwise/ counterclockwise, in/out and side-to-
25 side is reached. The interruption of current by the limit switched 2920 and/or 2922
prevents further motion in the direction of limit without affecting motion opposite to the
direction of limit. For example, if the motor 2914 encounters a clockwise limit,
counterclockwise motion of motor 2914 is not inhibited. This same principle holds true
for all other axes of motion. If the limit switches are not installed, current is supplied
30 directly from the selector 2910 the motor 2914 when selector 2910 is in a non-center

position.



prevents further notion in the direction of limt wthout affecting notion
opposite to the direction of limt. For exanple, if the notor 2914

encount e l.pckwi se limt, counterclockw se notion of i s not
nhi bi todvO RS I G bl e hol ds true  for all of her pERRRpoendd S N0l
the limt switches are not installed, current is supplied 30 directly from
the selector 2910 the notor 2914 whey). selector 2910 is in a non-center
position. WD 00/41536 PCT/ US00/ 0070 -26 Fig. 26 is a sinplified schematic
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736 with attachi tht nmeans 3128, such as screws. Al so attached to the rear
r

sur f acdlepirabiafhat Hrthe ygeem beeqmesainbalapced) whild i yRitieallyr lerkedeconditiopatal ong
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which shaft 3116 passes, cylinder 3120 that 1s treaded onto
t he ot heainend 786 anfakttical guide rail 738. Lock system 3100 is attached to a rear surface

of main arm 736 with attaching means 3128, such as screws. Also attached to the rear
surface of main arm 736 is slide 3112 allowing main arm 736 to move along vertical

guide rail 738.

Lock system 3100 includes lock handle 3102 attached to one end of shaft

20 3116, safety block 3110 having a bore through which shaft 3116 passes, bearing 3113
connected to caliper 3122 and providing a bearing surface for shaft 3112 to rotate within
along its longitudinal axis, lock block 3104 having a bore 3105 through which to which
shaft 3116 passes, and a threaded cylinder 3120 that is treaded onto the other end of shaft
3116. The threads 3117 of shaft 3116 extend partially along the length of shaft 3116.

25 Threaded cylinder 3120 fits within bore 3105 and, as shaft 3116 is rotated along its
longitudinal axis by handle 3120, the distance between safety block 3110 and lock block
3104 will either increased or decreased depending on the rotation direction of shaft 3116.
For example, as shaft 3116 is rotated clockwise, safety block 3110 and lock block 3104
will move closer together forcing lock block 3104 to increase the pressure on the sides of

30 vertical guide rail 738 as discussed in detail below. Conversely, as shaft 3116 is rotated



3116. The threads 3117 of shaft 3116 extend partially along the | ength of

shaft 3116. 25 Threaded cylinder 3120 fits within bore 3105 and, as shaft

3116 is t long its longitudinal axis by handle 31 tance

bet ween §§$§F§Qﬁ$ock 3110 and | ock block 3104 will EIthe%gTﬁ%$6ég%§ or

decreased depending on the rotation direction of shaft 3116. For exanple,

as shaft 3116 is rotated cl ockw se, &@afety bl ock 3110 and | ock bl ock 3104
K

wi |l nove cl oser together forci ng | bl ock 3104 to increase the pressure
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det ai | gnisrkingaringyneditnd 1oy berashiey pd i migimleffopBA, | ock bl ock 3104
i ncludes calipers 3122 attached at pivot points 3124. Each one of calipers
3122 are placed RefergingmowstotligsiZids 28B dndr2Sadewils dElockisystaBB100@eech havi ng
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a fail-sdfe rrec anlsm t he 3100 1s described. In
Fig. 3Quide 119&\M38s313k®msa]139 caléperr Gdtbd@dcanﬂenﬂabbﬂy 3b0bplvoBlit@ As shown in

greater detail in Fig paw nechani sm 3118 | ncl ude ? %aar 3130
at t achégquetsrclagkytise Q?&eféoﬁn%f \ﬁaw% fremaaboy,s3bopt BRYOY PR1RG nga |°881@°‘§110,

above 1 « bores,
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3136 are el ongated counter-bores and screws 3134 are

Referring now to Figs. 30 and 31, a fail-safe mechanism for the safety lock
3100 is described. In Fig. 30, a pawl system 3130 is included in safety block 3110. As
shown in greater detail in Fig. 31, pawl mechanism 3118 includes a gear 3130 attached to
shaft 3116 and pawls 3132 installed in safety block 3110, above and below gear 3130.

20 Slots 3136, such as elongated counter-bores, formed in safety block 3110, along with
screws 3134, provide attachment of safety block 3110 to lock block 3104. In the
exemplary embodiment slots 3136 are elongated counter-bores and screws 3134 are
shoulder screws. Also attached to safety block 3110 are biasing springs 3126 that allow
safety block 3110 to move vertically along slots 3136 relative to lock block 3104.

25 Under normal conditions, that is when is the test head is attached to the test
head mount and the counterbalance (not shown) is attached to cable 2410, the weight of
the test head and counterbalance compensate one another such that the screws 3134 are
approximately centered in slot 3136 and neither pawl 3132 engages gear 3130, thereby
allowing the operator to lock and unlock the main arm 736 at will. In the event that after

30 the test head is locked in place by lock system 3100 the test head is removed, an attempt



shoul der screws. Also attached to safety bl ock 3110 are biasing springs
3126 that allow safety block 3110 to nove vertically along slots 3136

rel ative bl ock 3104. 25 Under nornal conditions, ' nis
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3130, therﬁ)b¥ al | owi ng e operator to | oc nd .unl ock the main arm 736 at
wi 1. 199 uplosk dhsmmain 4701 736G may calise dpmainarm B36410;\do B'EXEWVFHPBP e by | ock:
syst em3iiQe E%iﬂl@ﬂ'mﬁ%%& Spdr8dP YRS or BiinAdel BTRE e bR LP3 B FEHHSOD 00704
-28 to unl otk the in arm 7%6 may cause the main arm 736 to violently nove
upwar d sitoatisi, mgop oo Gl ef ihej testyheady Hidrespoings 3126 faroelfadety ddonkgil 10dot he

equi pnrent. To avoi,d, such a situation, .upon renoval, of .the test , bias
oo P ey clanedhs S erRans soctt Ak e PED T 42 GREHsS b TaD i on)
axi s, g : eventin
Pne opaliERo Bitvehdifs WRRGErRR ot HaZuRP ARACS! 185N fdnifls 302 RAIAGH e Cver i 19

ar m 736Gmailhemdj3ér eftwr gpergion) upenlreatizing thitathe tdsehd¢adswasheawved may eemved may
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example only. Numerous variations, changes and substitutions will occur to those skilled
in the art without departing from the spirit of the invention. Accordingly, it is intended
that the appended claims cover all such variations as fall within the spirit and scope of the

invention.



What is Clainmed: 1. A systemfor positioning a |oad, said | oad coupled to a
cable, said 2 systemconprising: 3 a colum which defines a first vertical

axis; 4 it which supports said | oad and which no aid
first 568%&%H§§? axis; 6 a rotation unit for rotating sa¥§§?§r ggﬁértlcal
axi s about a second vertlcal 7 axis spaced apart fromthe first verti cal
axis; 8 said colum positionable so at it is closer to said |load than
said second 9 vertical axis is to said load; io said |oad positionable by
said a uni éhat said cable intersects said 11 second vertical axis
and sai'tiddb 5’?@ situated to a side of said colum. 1 2 A system

according to claiml1, V\/nerel n said |oad has a.center of gravity. and
wherein sai d centler ofA gySim £9r, P0§§10&11¥g|%@@daW%IO&ﬁGOBHPW%%E%E R s are
si tuat respective vertices of a triangle. 1 3. A system
accordgﬂml{?I %\p}ﬁﬁ%gl wherein said coI um is forward of 2 said second
vert| cal axis towards said ?.d an de of said second vertical axis.
1%. A systemfol{ ‘EPJW&FHW% 19¢3 G é’gﬁbcrali?’ﬂ& to claim1, further 2
conprising a cable support which supports a cable coupled to the |load. 1 5.
A “system for posiafiasm et ‘éithBéEPpé’é@é?@ll%d prd Wh&l’“rﬁ‘%es\%’é‘géﬁﬂ &td 2 cable
suppor t . H}?:é??x gl ong a third vertical axis. 1 6. A systemfor positioning a
| oad according’to claim1, wherein said 2 rotation unit includes a bottom
pl at e, andasvvlngr ch.is co

P et es ol ot ve gl Grtiol B RuPHRE b ReB i Bl Stong ReBREL AL T

order Qi sﬂagegt@glﬁ ficth ¢hd BRdvakieataxkal d second vertical axis. 1 7. A system
for positioning a oad according to ¢claim1, wherein said 2 rotation unit

el udes 2 si de tg.3igicPhASBICD ABYER SRl b 088 R ZP ANl ong 2

first 3 horlzonta aX|s ogonal to sal |rst vertic axl s
004 41536rtRaNaA#SQo0AiMbad;- 30 8. A system for positioning a | oad according
to claim1, wherein said

10 said load positionable by said arm unit so that said cable intersects said

n second vertical axis and said cable is situated to a side of said column.

1 2. A system according to claim 1, wherein said load has a center of

2 gravity and wherein said center of gravity, said first axis and said second axis are situated
3 at the respective vertices of a triangle.

1 3. A system according to claim 1, wherein said column is forward of
2 said second vertical axis towards said load and to a side of said second vertical axis.

1 4. A system for positioning a load according to claim 1, further

2 comprising a cable support which supports a cable coupled to the load.

1 3. A system for positioning a load according to claim 4, wherein said
2 cable support moves along a third vertical axis.

1 6. A system for positioning a load according to claim 1, wherein said
2 rotation unit includes a bottom plate, and a swing plate which is coupled to said arm unit
3 and which rotates relative to said bottom plate about said second vertical axis in order to
4 rotate said load about said second vertical axis.

1 7. A system for positioning a load according to claim 1, wherein said
2 rotation unit includes a side to side plate which moves said load horizontally along a first

3 horizontal axis orthogonal to said first vertical axis.



2 rotation unit includes an in-out plate which noves said | oad horizontally
al ong a second 3 horizontal axis which intersects said first horizontal

axi s and orthogonal to said 4 first vertical axi ySystem
for posi tw@r{?ﬁ/glgéé | oad according to claim4, wherein said P%ZT ca @IO%@ exit a
test cabi net before being received for support by said cable support, and 3
wherein said load is an electronic tgst head. 1 10. A system for
positioning a |load according to claim6, wherein said 2 rotation unit

1nc| udes a pluraljty of indexi nmenbers for indexing,r.ot n of sa

swing 3 plate ab%ut s |SéfSt§Ié‘ctj g"?)ﬁ?‘f‘f‘%ﬁlloaéi?%or n {E’Clﬂnb? ?ﬁe]rno%al

POSi ti ORifi@BnehniGACUBECHT FLA plae %ﬁ!h%éves‘@ﬁi@ﬂ@éd‘h&%dﬁtal% &@f? £s@URPOr t

tel escopes. 1 12. A systemfor positioning a | oad, said coupled to a
cabl e, saizintal axiy sthich mrﬁnctsssauigﬁrssharlamtalrammdohhldbis ordwgandlitp saidver ti cal
axis; 4_.a cablg1 iport whi ch noves along a third vertical axis and which
suppor t Srst ¥ergic coupled to said load; and 6 an armunit which noves
along said first vertlcal axi s and whi ch supports 7 said |oad;. 8 said
collunm posi ti onab®e soAtsystem for pesitipyaga 1¢ %c&pahmg)@dclalﬁaﬁ %’B?féms%&bnd 9
vertical i 0] armunit
SO thatcagg S§§lt§th§et claﬁ?lggl%éefg dbeng rg%@iﬁd Eog%gﬁlg‘ﬁ\%#tsgggc?{) ax ép %(slal d cable
i S;3Sit uUph&did Qidloal deaélesddmic et ed. 1 13. A system for posi t| oning a | oad
according to claim1l, further 2 conprising a rotation unit for rotating
said first verticgh axpsy @d@ﬁl%r 08868 a‘i@i&ﬁ&@}m?t&claﬁi ép@ﬁ@@nﬁg@ﬁrt from
theflrst vertical axis. V\DOO 1536 4 -31 i A system for
posi t i orutatgpnaunitciadiudecopldralygy 06 utdlemng]mambam €rrandexseg mtatipncxzftﬂagi swippor t
noves al ong s%%ﬁ hird vertical axis at one end thereof and said cable 3

ext endsPaieap sesrpd ¥erticdidisind towards said load. 1 15. A system for
positioning a | oad according to claim13, further
1 11. A system for positioning a load according to claim 4, wherein said
2 cable support telescopes.
1 12. A system for positioning a load, said load coupled to a cable, said
2 system comprising:
3 a column which defines a first vertical axis;
4 a cable support which moves along a third vertical axis and which supports
5 a cable coupled to said load; and
6 an arm unit which moves along said first vertical axis and which supports
7 said load;
8 said column positionable so that it is closer to said load than said second
9 vertical axis is to said load;
10 said load positionable by said arm unit so that said cable intersects said

1 second vertical axis and said cable is situated to a side of said column.

1 13. A system for positioning a load according to claim 11, further
2 comprising a rotation unit for rotating said first vertical axis about a second vertical axis

3 spaced apart from the first vertical axis.



2 conprising a base to which said armunit is coupled, said base including
a bottomplate, 3 and a swing plate which is coupled to said armunit and
which ro ative to said 4 bottom plate about said fj i cal
axis in é’%gﬁ/“{sgérot ate said test head about said first gd/@%“@éﬁmaxi s. 1
16. A systemfor positioning a |oad according to claim13, wherein said 2
base includes a side to side plate jch noves said test head horizontally
along a first 3 horizontal axis orthogonal to said first vertical axis. 1
17. A systemfor positjioning a |load according tq.claim.13 erein. said 2
babe. i et udes an Foe ouk SHHEROuPREEP TS S oo i Orslhil HorTFosiR 31y al ong
a secondpd diBpért ARHeY afdh Saldihied VLRl SRCHon hd dldréstanliCaiFaBleal axi s and
which is orthogonal to s |J 4 first vertlcgl axis. 1 18. A systemfor

posi ti cxtengs awhy fidhnasaid ode exy dml ohards shid loather ein said 2 cables exit a
test cabi net before being received for support by said support unit, and 3
wherein said loadi3.s aA seste@lfbPPositidid a Me@tcedrdhid: toAlMMSTR Tuither
positioning a |load according to claim15, wherein said 2 base includes a
pl ur al i copnpaisingralesse rig Whithhardamppnif Howrbled, said heseoncluding bptiow pigtepl ate 3

about sai.d fi.rst.vertical axis, . 1 20. A syst for si tioni | oad
2ctor o g 4 0Vi0E R hicith P et i P Whige PRk LBV Rose 1057
syst emdoonPPatetdboti €4 first YadicalHiIPIn GidBto rdtaddsAad festRédd AMouCEnis BpPort s
said | oad and which noves along a vertical 3 columm which defines a first
vest i cavertasal 8xis4 a rotation nmenber for rotating said first vertical axis
about a second s vertical axis spaced apart fromsaid first vertical axis;
and WO 00/ 41536 PG/ USQGKEEME4r pesiZorfingia deddl aecandjypototclaitn t3) wheves saklong a
third vertical_ axis and which suypports 7 a cable coupled to sajd load. 1
222 A st deludss a5isisitoisilsinige vhidhosgscBiddiesihead herigonialty alopgafigsty said 2
ar 1 uni o FRYEP R WARGe HA FANNHAY edlcaBqsal d col umm. 1 23. A system for

a load ac

posi tioni ng ording to claim 21, wherein said

1 17. A system for positioning a load according to claim 13, wherein said

2 base includes an in-out plate which moves said test head horizontally along a second

3 horizontal axis which intersects said first horizontal axis and which is orthogonal to said

4 first vertical axis.

1 18. A system for positioning a load according to claim 11, wherein said
2 cables exit a test cabinet before being received for support by said support unit, and

3 wherein said load is an electronic test head.

1 19. A system for positioning a load according to claim 15, wherein said
2 base includes a plurality of indexing members for indexing rotation of said swing plate

3 about said first vertical axis.

1 20. A system for positioning a load according to claim 11, wherein said

2 cable support telescopes.

| 21. A system for positioning a load, comprising:

2 an arm unit which supports said load and which moves along a vertical
3 column which defines a first vertical axis,

4 a rotation member for rotating said first vertical axis about a second

5 vertical axis spaced apart from said first vertical axis; and



2 cabl e support noves along said third vertical axis at one end thereof and
said cable 3 extends away fromsaid one end and towards said load. 1 24. A
system f i.tioning a load according to claim 21, wherej i

rotation %p@ﬁﬁﬁ%ludes a bottomplate, and a swing plate &ﬁﬂ@%ﬁpgnggupled
to said armunit 3 and which rotates relative to said bottom pl ate about
said second vertical axis in order t 4 rotate said | oad about said second
vertical axis. 1 25. A systemfor positioning a |load according to claim 21,
wherein said 2 rotation unit.includes a side to.side. plate.which noves

odi 01 oad hor i 20Dl AP THE P Hopt IS oHRF SRR rTHILBIREPTY o sai d

fiyst vyehbleCRlpRYS said 164 A systemfor positioning a |oad according to
claim 21, wherein said 2 rotation unit includes an in-out plate which

noves said | oad rizo . Q. I Xi ¥l
intersects said fifst %f%téz%g@al?&g??%igg%gﬂg\ﬁ?% 8@5@?[%&3?\%&% gzgclld 4
first wahtun@tahowsivpwaid 20d déwsyatiemodgmaidastumhoni ng a | oad according to
claim 23, wherein said 2 cables exit a test cabinet before being received
for support by said cabkgaHRROSdsitiodith B1040E&IrBingab C1ifad , Whehin §ligct roni c
test head. 1 28. A systemfor positioning a |oad according to claim 25,
wher ei ralslaisdppdzt moves dlomg smid thifdhedrtiddsixs gplone ahd thereff anddaidicablenenbers for

i ndexing rotatiop of said swn 3 ate about said second vertical axis. 1
0 A Spehinaver Tpguad o i A% eXalh B8R Ng to i aim o1 wherein sad 2
cabl e support tel escopes. 1 30. A positioner for noving a test head into
docki ng posi ti on 2 t h A systera den Resitipaig 2load ag¢aidingdp cladmel, ddsfain 83idhg: WO
00/ 415 2 - 33 a i ] ' id.test
nead ardagonpni i horoitbigiel il S a@hbER coRpielRY 18 Rl il °3

dri vi n@np eti¢torvtdted redflvecd isyielhptttin plate @bsw sdidedebdninidrticA aRBrihiopderse t hat
said test head noves along or about said at |east one axis, said driving 7
pof t i ooigifsidkioad pborsaisl second wirteH gilje sai d driving portion so that
rotation of said 8 driving portion does not effect novenent of said arm
unit portion al o?d.or Abputmdaen pbsitioning a load according to claim 21, wherein said

2 rotation unit includes a side to side plate which moves said load horizontally along a first

3 horizontal axis orthogonal to said first vertical axis.

1 26. A system for positioning a load according to claim 21, wherein said

2 rotation unit includes an in-out plate which moves said load horizontally along a second
3 horizontal axis which intersects said first horizontal axis and which is orthogonal to said
4 first vertical axis.

1 27. A system for positioning a load according to claim 23, wherein said
2 cables exit a test cabinet before being received for support by said cable support, and

3 wherein said load is an electronic test head.

i 28. A system for positioning a load according to claim 25, wherein said
2 rotation unit includes a plurality of indexing members for indexing rotation of said swing

3 plate about said second vertical axis.

1 29. A system for positioning a load according to claim 21, wherein said

2 cable support telescopes.

1 30. A positioner for moving a test head into docking position with a

2 device handler, said positioner comprising:



9 | east one axis. 1 31. A systemfor positioning a |oad, conprising: 2 an
armunit for noving said | oad al ong or about at |least on axis; 3 a notor
drive hayi riving portion for selectively driving sai i 4
portion &%?@ﬁ§§ﬂ%aid | oad noves al ong or about said at Iegg?ﬁgﬁgagg€s, sai d
driving portion 5 physically disengageable so that free notion of said

| oad al ong or about said axis is 6 ssible when said notor drive is not in
use. 1 32. A systemfor positioning~ a load according to claim 31, wherein

said 2 notor drive provides constant torque en novi idload. 1 33. A
System for posi t ABATRATE RORSR BE dupdie i SoEheiaot o\ fRpERCast PR

const apfist qque is controlled to a value sufficient to nove said load. 1
34. A systemfor positioning a |l oad according to claim 31, wherein said 2

mot or drive conpr,i S W . I: tL an
electr omagneti c 3 n%ﬁﬁ% gﬂvfgﬁglﬁééﬁ{lg%ﬂ%m%%bg(ﬁgg&%%% gﬁa{o SEI ﬁed}rsny@?gm via a
pul | ey pafidnizelthat shid3est hdas ysivesralang of dbaig shid a¢ laakromaxiseidealrivisgi d cl ut ch
is atorque 2 limting slip clutch., 1 36. A system according to claim 33,
wher ei RogignPhysically movaple o hsengage sazd&mlw%tle%ﬁ&t@hfot@t&wfgs% control | ed
o0si t1 SrTing R iGT ok ok Bftber SHRRIERE ot Qi Bl pBRI R ctope'or ot i 0 1
conpri $ast ¢e &ligctric notor, a reducti on’ gear train, and an el ectromagnetic
3 clutch coupled to the novable portion of the systemvia a friction drive
raller. WO 00/41536 PGTLINSEDNIGHR ontnd4 38d, Atk for positioning a | oad
according to claim 31, v%ﬁerei nopg)ai él)nm%%f ree rmnfﬁi*on@:ccurs al ong said at

| east one axis i IS i . AX| ) ..positioning a

| gad accor di ng \tM(%h% aiu%ltgf%/ﬁ{v(\)}{lerégélahﬁég‘?310}15%? A le)élt?r%?%ag{r?%%éffrs al ong said
at | east one axis whi CH s . a.horizontal axi Z‘H 1. 40. 1A saf eh%. ock system
for preventing ufIBERT Afvohavinga dymePAriay Ly selecysly dRirgrad @ MEEs a | oad
mount edoAdnaddnhiaalebad hdvey Slbhk SRhbH isaia o fdakt seedkis ahil drﬁﬁﬁ?ﬁortﬁn uni t
becones unbal anced, said safety | ock systemconprising: 4 a plurality of

cal i pepbyscdllyatisuigageableposhiatdres metorodf sid Waduaiahg arabbut said axis is

6 possible when said motor drive is not in use.

1 32. A system for positioning a load according to claim 31, wherein said

2 motor drive provides constant torque when moving said load.
1 33. A system for positioning a load according to claim 32, wherein said
2 constant torque is controlled to a value sufficient to move said load.

1 34. A system for positioning a load according to claim 31, wherein said

2 motor drive comprises an electric motor, a reduction gear train, and an electromagnetic
3 clutch coupled to the movable portion of the system via a pulley and belt.

1 35. A system according to claim 34, wherein said clutch is a torque

2 limiting slip clutch.

1 36. A system according to claim 33, wherein said motor is a dc motor,

2 and said constant torque is controlled by controlling the current supplied to said dc motor.

1 37. A system for positioning a load according to claim 31, wherein said
2 motor drive comprises an electric motor, a reduction gear train, and an electromagnetic

3 clutch coupled to the movable portion of the system via a friction drive roller.



5 for sinmultaneously applying pressure on opposite sides of said rail; 6 a
| ock bl ock for coupling said load to at | east one of said calipers for 7
novenent ig.1 oad along said guide rail; 8 a rotatabl 4304 gupl ed
to said egépgg*s6by means of a shaft for 9 increasing prggsurehﬁgﬁsaid
calipers of said guide rail upon rotation of said handle in one 10
direction in order to | ock said | ock,pl ock agai nst vertical novenent al ong

said shaft and 11 for decreasing p'rgssure by said calipers of said guide
rail fromsaid guide rail upon 12 .rot.ation of said handle,in an. site

di tection; and 1?@ sa‘géty?e'i%ofgﬁpg% ‘brfl_g%ia?%adsaaﬁ:%r Falfed™ ﬂ ‘%lheéel%ﬁf‘p}@abl e

Wt h sargk mbloh 084R8 alelk kaili Af 1dA5EHRMxisNUhicR iR vewicAfaxsal d handl e upon a
presel ected novenent of said 15 |oaded unit relative to said |ock block. 1
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8 a rotatable handle coupled to said calipers by means of a shaft for
9 increasing pressure by said calipers of said guide rail upon rotation of said handle in one
10 direction in order to lock said lock block against vertical movement along said shaft and

11 for decreasing pressure by said calipers of said guide rail from said guide rail upon

12 rotation of said handle in an opposite direction; and

13 a safety lock coupled to said loaded unit and moveable with said
14 loaded unit for preventing rotation of said handle upon a preselected movement of said
15 loaded unit relative to said lock block.

1 41. A safety lock system according to claim 40, wherein a first axis

2 extends from said guide rail to said load; and
3 said shaft is orthogonal to said first axis and said guide rail.

1 42. A safety lock system according to claim 4, wherein said calipers

2 exerts pressure against said rail without completely surrounding said rail.
1 43. A system for positioning a load, said load coupled to a cable, said
2 system comprising:

3 a column which defines a first vertical axis;
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an arm unit which supports said load and which moves along said first

vertical axis;

a rotation unit for rotating said first vertical axis about a second vertical

axis spaced apart from the first vertical axis;

said second vertical axis situated not more than three widths of said cable

away from said test cabinet;

said load positionable by said arm unit so that said cable intersects said

second vertical axis and said cable is situated to a side of said column.

44. A system for positioning a load, said load coupled to a cable, said

system comprising:
a column which defines a first vertical axis;

an arm unit which supports said load and which moves along said first

vertical axis;

a rotation unit for rotating said first vertical axis about a second vertical

axis spaced apart from the first vertical axis;

said cable situated along an axis which intersects a center of gravity of said

load;

said load positionable by said arm unit so that said cable intersects said

second vertical axis and said cable is situated to a side of said column.



