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MANI PULATOR  The present invention relates to the field of art of

el ectronic test head s positioners. BACKGROUND OF THE INVENT,{ PN 20ole
automatic testing of integrated circuits (1C) and other electronic devices,
speci al wewoaesddandl ers have been used which bring the deworeuseonbtwe proper
tenperature and places the device to be tested in position. The electronic
testing itself is provided by a | arge and expensive autonatic testing
system whi ch includes a test head 10- whi ch has been requi Bﬁ”)ﬂ"ﬁ”ﬁwmmmm"to
and dock with the device handler. The Device Under Test (

“precision, high speed si gnafESTHEAD PEANMEULATORY; accordi ngl yigséghe

el ectronic circuits nmust be |located as close as possible to the DUT. This
causes the test head to be extrenely heavy. Test head posi i ns
may be used to position the test head with ~ s respect to ”m,gmmmmmmw
handl er. \Wen the test head FIELTCOF PLE [WVENPRINL i on Wi th respect 10 the
device handler, the test head and the device handler are said to Y

al i gned. Wen the ' I, i f.ragile
test head and devi@g%ﬁgﬁgﬁg}/&g ggﬁﬁki‘sgf)h@éc:ﬁ%\@c%fgarligo@éé%agbgg%tre%ﬁgﬁd t oget her
(i.e., poiieekys. enabling the transfer of test signals between the test head
and the device handler. Prior to docking) the fragile test head and zo (
devi ce handl er electrical connectors nust be precisely aligned to avoid
danagi ng the fragile el eGACKEROIMNDAOFATSE INVIENSTIdad positioner system
may al so be referred to as a test head positioner or a test head

mani pul ator. This oSt i -gx&gp i LA TEST
Handbook, i nTEST C%?%%?g{)@gtﬁc ee%‘?{&tc{é% n%%%gg&lns a sgﬁd%ﬂggrr %I%gté{)ﬂ;or

exanpl edesices) sheGal Raiceriaadibis. have ®@én 858:4) which boing (e d&i€k360, tBé Proper893, 074
and 4,715,574 which are all incorporated by reference for their teachings
_in the ferapeyamre prdplagesife gedrs [obfeiesied dn giagtion. Thpelpgranisgesting itself is
PCT/ USO - - Qf i.S: i i est
(DUT) i y‘?ﬁ‘g&g%% g%rrtgegiél{i/?gée‘i?ﬁv )auhont?ﬁ elrC gés?{rl\lg%? Eefseﬁfwgﬁp glg(%{hcget%aatu@%ﬁﬂeaa%par at us
(T®A) r efideishaobdeaaeqvieddtotoonet er apd dbokr with devdesdcdimdieer TheMlevienual t est
stations, To_be consistent with descriptions of test head positioner

syst ens YRt Jess(DIF Ty redaires preisianio Sigh 1aed sigpals don aftrstive fas¥Rgated in Figure
1is US%GC%—H% ’ﬁg? tele%tr%xhi}f %Erﬁlxigﬁ%xgzt%' e84 Qﬁ(klﬁséLQszpos%(ibl_'e {35t 307 2l Fhis

si de-to-side -r1ght ax
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 broﬁght together (i.e., docked), enabling the transfer of test signals
between the test head and the devicé 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 pdsitioner

systems.




Z = horizontal, in-out axis |106. Wien viewed fromthe front of the

mani pul ator, this forns the Cartesian i o coordinate system Rotations about
the axes are designated as follows: Theta Y = rotation aboyt tgg 2‘603aX| S
(hereinafter referred to as "swing") 108 Theta Z = rotatio Oaﬂ t~ 1 n-out
axi s (hMO09r418¥ referred to as "roll" or "twist") 110 Thet@ustemotoat ati on
about X axis (hereinafter referred to as "tunble" or "pitch") 112 A

ref erence nodel for a test floor 200 is shown in plan viewin Figure 2. As
shown, Main Test Equi pnent Cabi net {Xester Cabinet) 202) a TSA 204, a

mani pul ator zo 206) and a test head 208 are included. Figure 3 shows a
rectangul ar box- Eé¢rapegoteesf titieaxblafdicn: beletied undenest@UTY § thOpredd? and

botto 304 dﬁt)rf es.are parallel with the X-Z plane) the sides 308 are
par aI (f T8R108 fﬁsg 8 S RORADPARIALS @%\)rfégfs gubcHyey pamafdrel with

the X Yogérgn@ev,agq@dntdfég ag@ﬁgnﬁﬂggégggd%mﬁstest interface on one surface. The
t est |nterface zs typical S a test interface board, which in addition

to other functi ecil .on |nt e test apparatus in the
prober, handl eroﬁgpeﬁgﬁ%%t?& ﬁs‘;lfg SLPHBR g'l*ﬁ%t @ﬁéf&&‘é‘oﬁ%f\ﬁyﬁ‘ijmcsﬂé theest
i Bt er fpm:ﬁ' arg thec@irdhieesysea |0iklgare H%F'iélﬁ‘@‘? i WsdPn8wnikhS) 310. The 1S
defines both a plane and a direction; the direction is cfescrl bed by a
vector nornmal toethe— 00I41536 -3 PCT/ US00/ 00704 ' IS
pl ane and pointi nghgwayerfﬁ(ra%lmu ﬁlg“{neé’?gﬁead Figure 3 shows the I'S 310 in
t he horizontal plang \ s directio In use, the orientation of the
test head will CT1a:?gé‘vggnﬂ&?vtas‘g%?é&ie\ﬂrtl?ﬁéﬂgﬁ‘f a¥i8dP4t ypes of equi prent.
Accordingly, both the plane and the direction of the IS 310 will also
change. s It is heldpfuhorizpngdsingeritaxis E¥t head di nensions with respect to
the interface surface. Wth the orientation shown in Figure 3 (IS facing
up), the foll ovm Wehedefdwid: fromshenfipnbef thsenhnipdlacorf gt fob@athd Ohgksness =
qhmansd a0y g S o p- down direction 312. W= test head width = dinension in
e sn:(l)ec% &% Wirection 314. io L = test head length = di msnsion in the
i n-out di rectl on_316. In use, the test head may be brought upwards to
contact the DUT Bewafipnsabeuy fhecaxss aen easignpigdiasifellewse, the interface surface
is facing up (IS UP) . Another alternative is that the test head may be
brought downwar ds tldetoNt-agbtatine ablewi the Yasxis (hezeipafdraefertdd dohiss case, the
interface surface i.s f.ac,l)qﬁsdown (IS ~s DOMW). Thirdly) both the DUT and
the IS may be ori ent 3t 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 ?eskheiedd= iretatioy abottrinroudaes dhpaafrusteredanat fesl]” ot i S
clear that the test“%e 3 gndst be rotated anong IS UP, IS DOM, and IS
Verti cal positions i'ng upon the manl pulator, this may be effected by

rotation in either unble (p |tcég roll (tvmst) coordi nates. The test
head i s connectel t ef% Té@iaﬂeﬁ@?’ﬁ Xlﬁyls (heteqradiey refhiredk thanfunbld” ars

cabl es. The cabl es,« Eg,lfﬁel ght and resistance to flexing and tw sting all
interfere with and constrain test head notion. Test head notion is
desirably perfor d.in per otect the cahle fraom several factors
as descri bed, %(E 5&35%9‘:&“?% %)r a §S £ s 9Bowndn pisg vigw in Figure 2.

“As shown, Mam 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



.~ 0 ~0~. zoo, WD 00/41536 -4 PCT/US00/ 00704 Many test heads, particul arby——
| arge ones, are attached to the mani pul ator using a "cabl e-pivot" ’
apparatus. In the cabl e-pivot node, the cable is brought f AdhUke2®Est head
at the center of rotation and parallel with the axis of rotation (normally
the rol IWBOMIMB&t axis). This is described, for exanple, PCTUSH/0M@a4 ent
Nos. 5,030,869, 5,450,766 s and 5,608,334. It is desirable to support the
cable in a manner to minimze interference with test head nmotion. It is

al so desirable to protect the cabl e-from stress. For this purpose, a

tel escopi ¢ cabl e support mechani sm 400, as shown in Fig. 4, may be used.
“Such al$rptananig poinsing esay iftven the wet leead mdigureinshdws She FRBe0En Me. 4, 893
,074. ~o Referring to SA, a conventional test head positioner system

Fig. SA a . tes
500 i s DeHaMRal W@&W%é!awg%ﬁlre&ﬁ@m- 40 $8% ihsodentagn pihde ess hepdwilbxanpl e,

main a da i I 20 i S SCI in U S
pat on; R JER ApBhed REh Bkt ReCorainterd ANkl 50678t pRRERRE <

| i near tigpudidectioaiolf tHelI3 3 Hswihalso ahangell noves vertically in either direction
along linear guide rail 510. A |lock nechani sm (not shown) allows the
pgsition of mainigfsm ] ' hMRi y i ral 10.

Pgsi tioner assenbly 501 its‘)odaegg%’%ﬁe?oﬁe??gierhéé’g?‘{“?é’ya‘flfﬁ%&ﬁ?ﬂ%a‘?ég%Fge rail
510 by surfaceunivath the ogikntaties sinvy in( Rigurs Bdlbnfacingiuph, the\felowitrgtdeialtiops i n
either directign within the rear section of colum 545. The counter weight
assenblrvyep%ﬁeas the test head zo to be noved vertically with m ninal

force. In addition, the test head is nounted according to its center of
gravity. Cables F2Texttestdiepd drrkness =t dbnensionSnsheawptdpwnalitdstion 882, secti on
of test head 502. Cradle assenbly 520 is coupled to main arm511. Cradle
assenbly 520 has & W eatest BEadswijled- gentnsivn whhe bideso-eRiepliadtibp31est head
S02, such that test head 502 may zs pitch about an axis passing through its

center of gravity, @oer@idiadadiude! dihéni@Rdail BoG RdGoAS3EM! v 520 are
fully explained in U S. Patent . 5,450, 766 and are not repeated here.

Col um 545 rests r L.ar i t | ati t incl udes
si de-to-si de pl atﬂgﬁ%g,zf.he?%@gg%d gﬂgtbg%gﬂgﬁ 'gu B\rﬁ-r% agﬁecgé%gpg’ﬁﬁisaé %30,

Col urm degfceitmndler.c hu e dase othei iderface surdfent ctngbB2(IS@PYles 523 in
side-to-side plate 522 and the rails (not 10 U ~ 20p3 WD 00141536 -5

PCT/ US00/ 00704 shguttheOAltdrRatfielis MRk é&“héé@@lﬁ’iﬁé&%ﬁ' hCaGWA\Garll i € 522 to
in-out plate 524. Quides 525 of in-out plate 524 are Coupled to the rails

527 of qoutast HisidevEeas imamnobeasl dn3Ris casg, theinterface serfaqe isdatiogldave (BB0 with a
bear i ng?é%?e (not shown). Columm 545 may be repositioned as desired

al’song t nd z-axes by noving side-to-side table 522 and in-out table
524, ) :
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,



s respectively. Colum 545 nmay al so be rotated about the y-axis by rotating
turntabl e 526 about its coupling with base 530. O course, asq@olymali®45 is
noved al ong these axes, test head 502 is repositioned. . Fig. 5B is simlar
to Fig. 5A except for the relative positions of the parts associated with
transl aMOoW/4183% e 521. In particular, the turntable 52b iRCTHEI0Q@8MW4col umm
~0 54S and side-to-side plate 522. In addition, guides 525 of in-out plate
524 are directly coupled to base 530 at rails 531. In all other aspects,
Figs. 5A and 5B are sinilar. Therefofe, the remaining details of Fig. 5B
_are not repeated here. Qther conbinations of horizontal notions built into
t he mani pul at or WHsE test degrlss prisicalarlyflargg omesore eviachgd ¢o et mpiphiatarnt o t he
base; they are typicall rovided in the is armassenbly. For. ex l e the
nTESTUCER p. crns ERIG eRaRtyy #1 i CablecalyoBatt M r R B ronetpom 10827 o4z

provi dest KKadhe ieentelof iehition snd Eaﬂall@l WS Bie A G ok ibnAnbABalfy MegsgenDdl y
provides all horizontal notion. Further, manipulators are known whi ch have

bases ehevispaxdvi dehis ksl desetibadg ferotxampds indd.SoRatestuldbs.a% 03868 ySHeM7descr i bed
in U Sm{’%%gaﬁo 5,606, 262, assigned to Teradyne. zo Several manipul ators
prsovi d& rons in their bases. A manipul ator manufactured by Teradyne
and described in U S Patent Nos. 5,6931,048 and 5,5, 949, 002 provi des sw-ng
rotati on and si d&t®&Sesrahle RoTuPBATtthe Fable i MARNSIHO AMBIEIZE AyeHfaeRghi sm at

t he botf i ot | ' ' ' (P . ded ¢ e arm and
cradl e%@s%%bqéﬁgﬁou ftut?%]ﬁtg? dﬁ%ﬁ%ﬂﬁ’%@%&ﬁgﬁ&? g@;ﬁ&;ﬁh%%.@% -Ashman MFQ

I nc., pumposeestekscepiceatilosigipdet machanisnn400, meshown imFighel, basebenided. swi ng
provided by rotation the armabout a shaft attached to the colum. A

mani puPYEh? MachARRism itAegriBed. Sonexamrle g8rU pr Sareakb Yos #eft93:@l4%si de notion and
swing rotation nmotion in its base with the swi ng nechanismon top of the
sidde-t o- si de necHieférsing 0 Figp A aheonvghtionabtdsohgadanogitipnew sydean SO0 the arm
assenbl ¥ This mani pulator is 30 unique in that the cable passes fromthe
cabi net " °YHr ough 'the center of the colum above ~ o0 ~ a ~ zo~~ WO

00/ 41536 -6 PCT/US00100704.the center _of rotation, to termnate at the test
head. Al so uni quel 8bh¢adi ROSTHORETIHSEFOQ,may %quﬁgfor‘rééﬁﬁlﬁiesrﬁ*i‘%‘%a{ms?éﬂves as

Zné‘)z,“lé?é ,PB%%%?%Sfaﬁf%%g?ﬁéﬁ%ﬁ%b@ggﬂ‘Sfﬁiﬁ%ﬁﬁ%r B, Eipent NogBjaduc, 9“3; :’2"
i , Rei d- . . i

Chren ot ohs i n A SOMCE ter s, (hengnarg Sdcere i iedingr shicBrR 56501 t om
| Rs operMhinQitm § NembestveheatlySR2ither dpdttiBH afin@dine@vaide riihs16l0akiopg

position, using in part the translation table described above. \Wen the
t est heanerhagisw (ot shoavndialows dee pdsitionceh main2rwrd Il go ibedixgldtreiative talbodas d

Focki nabags T T B lorRP BRERE 0T Riaibl o PR Srrcafly ShabpSionaRes i
al i gneds oSt a BASiér WAgRUEs&BI9 (BHOMIIT Vnild hByésW%ngtiﬁ%ith&i gitddtignand/ or

probe card.” As the test head i's drawn into position, the alignnent

appar atwithingbe heaa sedtmperfedluymm§4 enFhe counteraweight dss¢rably anablies s tastyhenadi ti al
error towthin a small allowabl e tol erance. ri ng._dock actuation, the
Cebt heRds O oRSERY Wik BRGARAEE] T AR AT AL NG BB | o and
rotati i.ngl ity AR | i 14 ; axes
shoul doig:go#(ﬁ%éﬁ)zﬁ ?er?féérgg(ﬁgwé{ﬁuat I gsnsi]%?%@‘fdgt’f"g‘,‘bﬁé“hﬁgk%‘{g‘i@?ﬂné’?"l% axes

shoul d feer fectien af tdshkeadio®R. act uati on process is reversed. Now t he dock
mechani sm pushes the test head away from engagenent with the test

socket/probi ng asgesi ¥sseRBAF SE0UR -coltpled td! RARL k@51 B.e((R&di@dssembly 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



20 axes can be secured, if so desired, to allow the test head to be noved
away fromthe prober/handler, using only one notion axis. Recent advances
in the sem conduct or |ndustry have had the follow ng effects U D%@imhave
becone nore conpl ex; the nunber of transistors per device zs Lg

st eadi P 40435365 few thousand to a few million. 2. DUTs W@Sﬂ@@@?ﬂé

I ncreasingly conplex mxtures of digital circuitry) analog circuitry, and
m xed signal circuitry. 3. The nunber of 1/0O power supply and signal
ground reference pins per device ha%-grown to several hundreds fromless

t han one hundred. WO 00/41536 j o ~ a ~. zoos PCT/US00/ 00704 4. DUT

cl ockshpamnpsf inage pjand2f conpleGide- mfsiM—izla!tecﬁZQttollmt pnateqazt Gniddsefi2s, ofAddr ess

and Contro al s ar accordi %2 i.n at st the 100" s of Mps range. 6.
o b Platk S SreveahiihedO e BB AL iaRk o aa. THEbls 520 He in BB, of o Gro
Qoo roauPRIAgEREI0 wiia (A tuftee (8B1 smivah “ChRR 383 g RSl T e

t est drssia:dxrecﬂalo@gem eran@ames ti sisovinag sideriopsitie pible 622 and tn-duit tidie Spgst head
can be io eag/)ec to the higher switching rates. 3. Water cool i ng

d
$yst HEEPSRHVEY ¢ @Hm&t Patisp bedoBtedabautBe yRxinby FetatingurpablgSRo

| h | uded
| NCY PR s LIS naE o8 NOPERTE Ol S04 B B MBS BelO0liS ' o U

- heavi test lIpad go2 iarepositiontd ~s interconnecting test head cable. 5. Myving
circuitry fromthe system cabi net to the test head to reduce the anount of
signal wring apeg SERGIRIAMIRLASA dxPedt 16r GRAEGLVd PSﬁﬁoﬁsaﬁtt\%? jave driven
the size and wei ght of test heads to increase significantl ?e at the
sane a&smane@qum trm@latm tableTi24. dﬂrpartctuidnathetthmtalﬂsﬁ261mabht\bee1b¢01umht into

| tant. 2. Th ble f
Feor HERaRd GuedusBe bipont: 50 RERE Gu0E A5t T8 oo Blatesb s RIEORY t he sare
time éduphasolRcess tamafﬂ'é%@larlﬁ a%ltdtflérec{spec {lﬁgs 28 hnISBGS. ﬁﬁgla{'.he' r

aSSOCIated cabl es have becone significant | arger and avi er. 9dJ
U tr Thepeforg\Oheoemabdig detaigs of Fig. 5B are not repeated here.

Other combinations of horizontal motions built into the manipulator base
are possible. If such motions are not built into the base, they are typically provided in the
15 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 maﬁipulator 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



~ SUMMARY COF THE | NVENTI ON PCT/ US00100704 A systemis useful for
positioning a | oad, such as a test head. The systemincludes anygrpywaildh
supports the | oad and which noves along a first vertical axis. The system
also ipncludes. a rotation unit for rotating the first vertical axis about a
secondwé)QPé‘ﬁl%f%al axi s spaced apart fromthe first vert®EIUHRUOL04The
system may al so include a cable support, which noves along a third vertical
axi s and whi ch supports a cable coypled to the | oad. BRI EF DESCRI PTI ON OF
THE DRAW NGS The invention is best ‘Understood fromthe follow ng detail ed

crmphdoF 5eiek Ao RRe o By B ok P aA oS DA EUR RSAta e6 of t he-

dr awi 6@ Redh@hishth8CRI fos &M &ﬂﬁte?ﬁﬂ%ﬁ&r\yhic% Rk];&s %&fd}%ér%a ipfu tghe various

features are arbitrarily expanded or reduce or clarity. I'ncluded in the
dr awi Pegeraréost. 6943002 Mbavid, 978 §ub clwath Bssigned to Schuimbktgest rati on of the test
head mani pul ator coordinate system is Fig. 2 is a plan view of a test

fl oor layout foOFimllyypifigéier ngslipulad aldnhaufaindied by Re@dA shivin MFGS an
illustration of a test head placed within the coordi nate systemof Fig. 1;

£i g. lnci.pravidey alhEues WMOtigne iR B base dHIVBASVHIRATOtAtiongBechpRismcaibhe support; zo
Fi gs. nd SB are perspective views of a representative conventional test
head manipul ator; Fig. 6 is a partial top view of a conventi onal

installation of ,a test head i pul.ator: Figs., 7A and, 7 re perspective -
views of a port Pbﬂp‘?)rfm%f"ttggfegﬁﬁe&g%g ! P‘Bﬂﬂéﬁdotrowé %ﬁ&ﬂ‘aﬂf’%%ﬁﬁug&eml ary
- enbody teqH ! ahdved. | i of head
R TSR i et e

PCT/ USDD OO cmao En‘sgxltimatiesioafcq:dl @Esitionewn sligrinhent hppdratue adrivaoieppdget or  of
Fi gs. /B sQovvi‘n vari ous degrees of freedom  Fi IS a perspective

7A.or | Fig. 10
\Yi ew éfﬁilﬁlioﬁlé’sae %@%‘éﬁ%ﬁﬂ}at?b}s ePﬁ%g%fié@tm}h@éﬁ’sﬁﬁWeﬁh]Pe&@dWOdPe figs. 7A or 7B
s Fi gsp : 2 - alb | j f se assenbly
o | Fi o e s A e B O R A orbe oS O The
swi ngAplth¢ espbeadi isdrafn trhe pbsiten, Rheyslignh®A: iffaranse sdeh as tapdred gins of t he
in-out plate paortion of the base Figs. 14A-14C are detailed views of the
si de- pgé)asgiu&gemﬁ}uég olﬁg,rqepws SRy dydal 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 /0, power supply and signal ground reference pins per

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



base assenbly; Figs. 15A-1SC are a plan view and side views of the base
assenbly; Figs. 16A-16C are various views of the swi ng indexing |ock
assenbly; ~s Figs. 17A-17D are various views of the in-out axis |ock
assenbly; Figs. 18A-18C are various views of the side-to-side fagisul omg
assenblyo obpss6 19A- 19B are detailed views of the side-tgSig§oages | ock
assenbly; Fig. 20 is a front view of the roll notor and associ ated hardware
for rotating the test head about the roll axis; Fig. 21 is a partial side
view of the roll notor and associ ated hardware; Fig. 22 is back view of the
roll notor and associated hardware; Fig. 23 is a side view of the verti cal

" motor and associdat B alosees fifle gﬁk%&ﬂlé’@%f'h@ﬂ%rnbgghéawl"cﬁ%_t. head; Fig.
24 is a top view of the vertical nmptor and assocl ate ardware; is Fig. 25

is asinplifiedssc tal i axi (o) . Glircuit: Fig..-26 is a
sinplified scherrszt P?Eﬁgf& c%lr%éaaﬁ d ?)?iIﬁ gjog%lgﬁélgﬁ&c&%é%{ll?@y m gi Lda&-tfg—.loéém WO
00/ 41536 -10 PCT/ UsDBIUpO Tégelri gs. 27A-27C of a lock systemfor the test
head assenbly; Figs. 23A, 28B and 29 are illustrations of various detailed
features of the gopkr i i 1 ; adhy 1.Q3 ; : idlustrate
a fail-safe nmechani smﬁf muﬁgbyr%%ﬁws@g?gﬁzgeﬁ?&% As?elgi?i lﬁg?g;snafﬁg%ilszé}fjc

BETAI LED DESCRI PTI O¥z0omng¢dE | NVENTI ON Figs. 7A and 7B are perspective vi ews
of a test head mani pul ator system 700 constructed in accordance with the
present inventi ks aresulti g folléwiigdestBystb@sdesipaatan@RiHAvk Hee6mey St em 700

i ncl ug’gsv%ier]i pul at or assenbly 702 interconnected to main test ~o0 system
cabi n&€S! 'via cables 706. The cables 706 are coupled to the test head
802. Cables 706 nay provide control and data signals to/fromthe cabi net
704. Cables 706 ll é@mntalsudenqumc campleg ipinteldstroabbesuiklin thayesopéddonal |y

i ncl ude cool ant supply tubes. Cables 706 are supported by tel escoping cable
support arm 708.2 \Wiredtei govsdralissipatiolriper pth @rditdasns tddeReddiddnynd N U. S.

Patent No. 4,893,074. The tel escoping cable support arm~ s piston 410 is
tbnnect ed at one efAPEEIMBGHPiItRyhIBhecRvikhéng ra#Rs. t he t el escopi ng support arm
cylinder 420 is connected to cable pivot 740 which in turn is connected to
cradl e 739 that holWater ealingeyste®d Wifasirduiatimg rveatéuhdve bea cdidédc the t he " 074
patent). Fromtest h?gdaéigOZ, cabl e, 706 sse throug,h cabl e pivot 740 and

i s di sposed al ong &t &€ ppﬁbeaé%l%eléﬁ’ﬁ@fm peRessitating diexile plysehipg en

tel escoping cabl e $4BRYudRtTh @i leBidfad 48Meand the Zo point where it
enterslexits cabinet 704, a "service | oop” 705 in cable 706 is arranged.

Servi ce | oop 705 ' ifi jn.cable 706 to allow test head
202 to be moved threvsnantc P e el nlbe SR Rl kiueiREfEck 71 6

s attached to col umercohnetingnest hdad ¢dviugh support arm 718. A |inear guide
rail 720 is attached to a nounting plate 722 on colum structure zs 712 and

provi des a nmechag] MuvigcRBYitly Forh the SiaRh @Q)iﬁé%%%ﬂéstpﬁéﬁh tarrgaicg%hémy ove

vertically as test head 802 i$S repositioned vertica not or driven

| i near actuator 724mat pesigeal viring pndwssdeiatedrdelayalin i cable.of support arm
718 along linear guide rail 720. As a result, the end of cable support arm
708 may be raised and | owered. Thus, cables 706 may, under operator

control, be mai n&qi |.evel aqr. nai,ntai ned at. substantially constant 30
angle with res pe?ﬁés{égtg?tﬂgs I}%Fi%ygﬁ? e e g@gﬁh%ﬁp@ts}{eah%gﬁu%é@s? s moved
al ong diffiyartly 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.




1 0J UL 2003 WO 00/41536 -11 PCT/ US00/ 00704 axis. In this way, the
vertical conponent of the force exerted on the test head 802 by the ca?@g
706 may be muintained at a substantially constant val ue, enabl i nt0t $ié- t
head 802 to remain in a freely noving, bal anced state. Columm structure 712
i s attawheab/4183dbase assenbly 710 which provides s notion pdmosgectdoeosX and Z
axes in addition to the ability to rotate the entire mani pul ator assenbly
702 about the Y axis at pivot point 734 in both a cl ockwi se and

countercl ockwi se direction. ~ This {&tter rotation allows the mani pul ator
assenbly 702 to be repositioned away fromany TSA so that naintenance may

" be performed on the probSUMMARYtOREHE INVEXTION structure 712 may be
either of fixed height or of variable (telescopic) height. Fig. 7A shows
col um 712 m)VEdAts‘?stfeHﬁsQl@é?upfortﬂb@lt%nﬁ?g' asloh@aiuch%s%'t@si%ﬁdtQhE@ gt 704,
and Fig. 7B shows colum 712 noved to the opposite end of the Ziaxis

furt hegﬂuti«i:mn mw@eqh supporthiedpad g@d whith mewesfalepgrafirsavertichbaxian®he It is
obsery, JA se rvice loo falls close to
Che r 198k o puides ' BraubhyBR 0t GtalBe S050tstr S BRBGbgR Ersld o & degr oc
t9 acommedaks a@ed iﬁéheﬁl&ﬁdhéjﬁﬁstt%ﬁ&abﬁx%%e%?&t&%gyl%s@ﬁ%&ﬁbd &fle 104
Service loop 705 is not fully straightened in Fig. 7B;” additional sl ack
remai rgipportamhinh meyasi aleng adidoversealtaaistandeizicBS@pports artable cbapletiuo tiheer
observ, Vg hat al t hough the end of tel escoping support armpiston 410 is in
pr oxi nll "to zo cabinet 704, the point- where service |oop 705 neets

t el escopi ng support armcylinder 420 is substantially above pivot point
734. It is seen that |vot point 734 and cabinet 704 is
consistent with the séﬁgmﬁgm He)RA¥INGDp 705. Base assenbly
710 consists of several sub-plates arranged in a stacked mariner so that
each sub-plate |Q"hemn@anmb%pmﬁmpo@ﬁbnpuhatfegowsged@taﬂedailesqnpubottom

p ate I t 0 _SwWi | at assenbl which is) in
e EBeDFal R sbnietoh SyRCHE Elabium it 1A PPt et oupl e 1 o
si de- t&tc&tdiﬁ%l@d aéxﬁn@aqﬂﬁd@icy thé Ahriohé Edanirés 6fthb ld&éwlﬁg YRl g6k hQcsie! \am
structure 71 Details of how test plates are coupled to one another is

di scus¥iefFonagietihe dingansions off e vasious ffieagire8a? arbitzrilyctpadedontddnced m 73b
t hr oug 30 737 an rad 739. The test head acts as a
| oad. %g’?‘fp’\?}% 2‘ g‘?ﬁ ’}@F%&%\% af‘halgf °Wm§ $YCY ~ 200e WD 001 41536 - 12
PCT/ US00100704 f| ure) nalilgotft ioméh be attached to colum structure 712
and provide a drifV§nlisasy Rlustas Shiead mampulater SOQIdinaE sistedir ect i on.

It is contenplated that as main arm 736 noves in the Y axis along a first
vErtical axis prdigdeds dplaniviesael gigsd Soprlayot3Br j typiealvestingad cabl es

suppor upport arm 708 be noved upward and downward s along a
secondh\%glr@xat&ag’as‘%ﬁ provi ded by | i near gw de rail 720 as assisted by

| i near actuat or 3_24 Ref er fF % pl an view of the test head
mani pul at or syst &t 78 "ims‘ i Bfel?‘e&filpéﬁ?edt"‘ég’tm He£poHDate Y$&8iof i oned
at locgiyg on "a" above wafer prober 804

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;



in order to test a DUT on the wafer (not shown). As discussed above, in
order to perform ~o mai ntenance on test head 802 or prober 804, it is
preferable to swing test head 802 away from prober 804. The i nddhv/dk 2003
acconplishes this by providing a pivot 734 about which pivot plate 728
moves WWO0¥ESHect to bottomplate 726. As shown in Fig. BcTswadoreoi nt 734
allows colum 712 and test head 802 to swing to position "b" away from
prober 804. In order to prevent damage to the test interface conponents, it
is preferable to raise the is test h®ad 802 away fromthe test interface
before swinging the test head away from prober 804. The angl e 806 though

" whi ch the assenblBig.shisreyplamarievbef eeaedt h3fd afandyatét HEFicangA rt7pat al | ows
suffici . ¢l earan It is desirable to limt angle 806 in order to

nt e.
pr even?ﬁ%‘%@gs‘@fl%s @qu,grgqsiqufrqypo%m e 706 (shown in Figs. 7A and 7B) to
m nimze the possibility of damage to cable 706. Therefore, it may be ideal
for pivot point 38 thiskepdrspeativel vigiw efcthe pagoasserdely fohenepebtticawher e t he
cabl e Zan%ineu)ﬁtts éﬁe C inﬁé704 as shown in Figs. 7A and 7B. In the
exenpl ary BnbodP ekt of A HE present invention, however, pivot point 734 is
| ocated as close _as practically possible directly under the point where
cdble 706 exits a&ﬁ-déﬁ-#tﬁare{%@@m Yigwsi pb thet thastost plafenafsthe bhsecasbdmbly06,
servi c%fll;(?épm?OS will require a distance of between two and three cable
t hi cknessed wien the test head is noved to its is closest position to
cabi net 704. Thi s..f r.,ul tinmately determ nes the closest possible spacing
bet ween pi vot poﬁsﬁg'a%g"laﬁc?rﬁggﬁaﬁﬁgVW&.OfF@? &V g Rlats partion @P thedaseg, in the
pref er re@nyipodi nent, the end of cable support 708 is |ocated above pivot
poi nt 734 when the columm structure 712 is positioned at the center of the

[ d hes; L axi.s. houl d 30
Tovemant of base AECaar J 7t SRAle s ok aiie e alfe PR Rla BEhaRe “Une

erd of asselmibdy,support 708 noves relative to pivot point 734. In any event,
as shown in Fig. 8, the ~ 0 ,~u~. zoas WD 00/41536 -13 PCT/ US0O0I 00704

llength of cable SupRAUA-TR8 aHO8S AN vif iad Gh-& L8l (RLAL i on
t hrough angl e 806,Egr as thé1 col um glt%(lgg?gt}cgglc}élg} glnggélsaqugﬂngntqggﬁ _or
z- axes.bagsassemhly; not i on, wear and fatigue of the cable 706 are reduced.
Cabl e support 708 extends or retracts as test head 802 noves al ong the

y-axis relative tRigsugpoisCarera plih viendharsidd Hewesf alike hiiembtyaxis. s It
is to be noted that this extends the avail able notion envel ope ’in

compar i son £o ¢ NeFips i 18A-A6C sWekalfite0r Bl Sify idtkipTRPELEbE, A L ached

to a fixed location, such as the test cabi net gto 9, anot her

phan view of the lfigﬁtl‘ﬂ?-‘i‘ ﬁgggg%&; ﬁEw?%?hﬁ%ontha;Scﬁ c}§8€ #gel\g'\l'g ch

illustrates the degrees o vari ous par t head ~o
mani pul at or 700. n Fig. 9, .the st .head .802 and cabl e support
arm 708 may be su@?sé‘%m‘@gg\ﬁrﬁégﬁ’rﬁ‘ﬁ ‘Gﬁwﬁﬂtﬁ’(e St“?Fémys-lg?(P’é’SlSS’Fm?‘ﬂ@Yi n an arc
902 about a seco:}éilgve t cigb axi s centered at pivot point 734. In a
preferred enbodi §- 19 13B are detapied, views of dee side-zorside axisdagl assemblyat i ve to
" the position where the test head is docked with the device handl er
(hereafter, "the HigeRP iya fiost viewhof) the Foll matamarideassodiatet darttwedre iy positi on i
s is defj 0] the arc 902 may include angles of about -10
througﬁjogaglgl ttﬁ%eggheafiragﬂ*"tﬁg rﬁ@@ﬁ}sng position. Fig. 9 also shows that test
head 802 nmay rotate ?out z-axis 904. In an exenplary enbodi nent, rotation
abbut axis 904 me lgbg b partial side vigw af thearolletor and assoemtpdehard®reyert i cal
position. Test head 802 has a center of gravity (CG 912. The 20

conbi nati on of t hBigy@2tis badk vgwofphs silhmotdrrandgisscciat@d Bardpiavegt poi nt 734,
and linear guide rail 738 formtriangle 914. Each of these axes form ng the
respective verti cEig. a8 i$ aisitleoliew dt4he Vdrfical Inctopusd adtatiatc@iardoad 602 may be
subject to pitch notion about the x axis. Axis 906 represents the degree of
pi tch o"lalst"é‘g?ndn’@é"&“@éﬂ‘e fest headeont enpl ated that test zs head 802 may pitch
about the x-axis between about 4 froma nom nal horizontal position

dependi ng upon t hEiga@plis eaop view 61 e vertxlabumtdrimat dsextiatbd hgrd3Q2e:may nove

al ong the x-axis. Axis 908 represents notion of test head mani pul ator 700

akeng the x-axis. Figh 28ris @sanplified/scheiadé BEAkingld axi$ catpiemeLat ed that the
Xx-axis notion is within a range of about 25 cm 3o fromone end to the

other. 10 J U F£ig208 is a simplified schematic of a dual axis control circuit;




wo o0oi ai s36 -14 rcT~rsooi oo~oa Fig. 9 shows that test head 802 may nove
along the z-axis. Axis 910 represents notion of test head q(g:;lu atages 700
along the z-axis. In an exenplary enbodinment, it is contenplat that the
z-axis motion is within a range of about 50 cmfromone end to the other. s
Ref erri mgoow45g. 10, a perspective view of base assenbl ypdl/8séooosdaown.
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 provide stabilization to counter@ct the effects of the force exerted
at the base assenbly 710 by the nmass of the test head assenbly. Leveling

“feet (not shown) Ry 2be-Zic a€heeek Gsteherorst @b BARREMYILI 10 1004 and may
be adjusted as necessary. Leveling pads 1000 are also att’ached to bottom

plate assenbly 7 ian ensat e
for irregulariti gg SI lr?%tA thfB rmolg?ig %@Yﬁ%ﬁagéﬁ%ﬁ%l@ﬁ?k? g&gﬁguv{%fﬂpﬁﬁggst

mani pulackeho®Mintfoghe7he¥Eland. In the preferred enmbodi nent, 9 |eveling pads
1000 are contenpl ated al t hough any nunber of |eveling pads 1000 nay be used
as desired dependiigyg 30nandrB illBsgitt afaBkae teshahiepkioP #absk #ldn aRslwd 016 are
attached to side-to-side plate 732 to inhibit notion along the x and
z-Saxes 1N Figsp@édid/&ly. Details of |ock pedals 1014 and 1016 along with their
respective nechani sns are described in detail below. Referring to Figs.
11A-11C, further RETAILEDAPESGRIBRON OFeTHEIRWENTIAN are shown. In Fig.
11A, bearing assenbly 1100 is nmounted to the top surface of bettom 20 pl ate
1120. Swing pl at Figsskobhd 7B28e pagpecsivewiewsbtdiest Headwilp dlﬁoﬁ%képérﬁ‘d to
bear i n% assenbly 1100 and pivots about bearing assenbly 1100 | at es 1104,
1105 arf80 F@P%‘t@}%edll]}(?@%?rdén‘%ﬁw&bN&Pfesqnhgw&ml%hirh&lgﬁe%smd 7Bi2est sewh as

v g Ay R b 3SR kb AP Qbiph’ A B Girated T R o1 er s
1202 { shevem dabinet D04 ¥d)cablek FJOBE T He@ablee 706 bfc0dBupldf 18 Gle &Et Hadseng plate

assenbly 728 ride on the surface of plates 1104, | 105 as shown by arcs
1106, oS ?Oégp@tpmmeﬁonﬂ@é aed deja malswftm theneabiugt 3041 Cablep786 k01104,

ot ac o e FROG 8 Solifs CEIRIGY by oBHSRIREnOIRHE S %nssixﬁ&yéu%se”‘é‘yi ot he
prefer rmlawm6empporféawyb@lds@d$1@§%1momm 708 Wikeh %ﬁmrﬁ&ypl

enbodi ment, rollers 1108 are nounted on bearing cradle 1 109 30 mhlch isin
turn magddescraredifnlly tue)H SuPftenteNof 4, 5%3 OMn Fhateescoping cablesupportatinl. Q008

/ e onal : :
o ng piapR TELERmReRTA00u &R bimBREG AGH He et AP e btbber
bunper San\%xllc?guﬁ&%m isafblﬂﬁéttécptd &did ﬁlPotOMObQEkQ'I&\ Rlate c&ﬂn%@ted F%'Qﬁ‘ﬁ[e Pypers 1

| 10 pro positive end stops for swing plate assenbly 8, by edges of
swi ng phattkoldo@sicinad BORH(aniy matshigHy kienm@c@ il the 0 O pate . Emomaestdmnd; pl at e

1120. th )..to provide positi 0S| tjons nenbers 1114 such
as cam #H& I g"/\’gggg PR¥YS @gogglg a"ctﬁ%BWPby‘?% éﬁr‘ﬁﬂg’ée‘g?m%ﬂ lescppingcable 120  al ong
the arg I dery0f d

enbodi nggPogtﬁe%Pé I 112;? p?%%g%@%%@ﬁ%g f ogd%g%%ﬁ%rﬂé)fyal%dggs%@g‘?& g%out 10
count erpadhtowkere secriend/exiso oabige doaKeervecefloapti T0®imgbleall6oisakrapngead.t i on as

vi ewed bov urs add tional nmbers 1114 10 nay be pl aced
1] oo SO F0 703 BRpieet pafici sk Mietble T Slovtieot kead G0% o be gpoGH

posi ti vtﬁr(ggéthggg% ASideshdfsh eda,glogg contenpl ated that two additional nenbers

1114 may ded, each space out 10 from one anot her, ther eby provi di ng
i ndexi ng at about fromthe ratiqn posi ti on.
Referring now to Oém% g?ocgu}sltﬁelf’ Q&Eﬁ‘fgtcﬁ? ’é‘f‘tséré‘ﬁ@&e ?gfffﬁeu@b%%m bof is
bot t om g@hateg.11A20ndap gﬁfdéerﬁlltﬁo% h@é@h@@ﬂi zPHio%BQﬁ g BRETHY ¥ Z&ﬁgﬁ%u}ﬁ%mre
positioned as desired on the test floor. In the preferred e I ment four
cast er s7121 381 prowidgs ednedhahisogiherely twttelescupidgecabdd suppstiarm 708ymaemosed as
desired, Referri ng;(lzIP odFlg 12A-12C, various views of swi ng plate _assenbly
728 ar e  CHEWN 29 5StHiegd 805 A5 reposiioped yerbcallyinnf ynaiop driven Bge%afwa%éiﬂﬂng
assenbl y b%qu&h iR, erficdTingtR

728 to rgg‘ate gbou |1vot rp%l nt %0§iﬁ?uéﬂ&?1%l\?\ﬁnb?§lmagﬂéqug§glﬂgé ;ﬁers 02 are
at t achea resmld, e dmipofsuabfea&uppotft asmi 208 ndyelbeeralsed @ndilbwerati ! Bhil, rgbleedos | 204,
such as screws, allowing rollers 1202 to be replaced when worn. As

di scussB@Y aBBYE OPPEIPTerastrebgie mainfainaddayelonanajifaingd at asubstantially £engant] 105
(shown i te ; abl e

Srael REIE it kg Foriofy plk &1l BeaaOb IR0 R AL IR neBET
surface for rollers 1108 (shown in Fig. 11A). As shown, plate 1206 is

| ocated such that it corresponds to the | ocus of travel 1214 of rollers
1108. PI ate | 207, V\/mch may be a durable mat erlal such as steel, is

e . M . o, Al o~ o Y .:_,_ T



WO 001 41536 PCT/ US00/ 00704 -16 To provide the test head mani pul ator 702
with notion along a horizontal axis orthogonal to the first vertical axis )
linear guide rails 1208 are provided on the top surface of swi ng i atle 2836
and mate with corresponding slides 1300 (shown in Fig. 13A) attached to

i n-out praoy4153d0. Cuide rails 1208 may be detachably coupCeySHwI0THe
surface s of swing plate 1216 so that they nay be replaced when worn. Stop
bl ocks 1210 are attached to the top of swing plate 1216 to provide travel
limts for in-out plate assenbly 73011 Referring to Figs. 13A-13C, various
views of in-out plate assenbly 730 are shown. In Fi.g. 13A, slides 300 are
" att achexis! dntie wagl tiemesticdl aompodfient 0f chet fopdeadxertdd b thoteanheadeB0R byithd | i near
guide rails 1208 (shown_ in Fig. 12A). The conbi nation_ of slides 1300 and

.

| i near C@ll? d 86 meay ke maigtaingd FassuberAlyseansi@R yadues f?alt’léi‘%#@*@éesélhé%g(%e
Z- axi Sto %aqﬁn %%&gmvgg 9&&&%@%@@( coupled to in-out plate 1310 so that
y re e

they nma plrace n=norn. Bunpér block 1302 is attached to the bottom
of in-out plate 10 arid interfaces with stop bloc 1210. (shawn in Fig.
T9m) "at tached +o Calig Sprstes T BrRs el 53t Begoli T TR ot o
agsenblyp o RioRPEUBHRY 1 ARl RRSL@ mdrghdibye to the
S\?\A' ng p 05@0%{%@%%%5%8.&%?%?% endsooﬂci)i? bﬂﬁ%erﬂfgl 8?@%362 ar gﬂ‘g%mpers 1303
f or med asfendbly G682 hb@nttherit axis afl pivetymlintaZ4rintbotr a clBokwdeand 303 are det achably

coupled to b er, bl.ock 13Q2 for easy.rep|acepent when worn. ers 1303
conf ror?P“%tFEFgg‘g‘l“ﬂmr@PB“gfmi fagey ;q{%/tggn ﬁLO“fSr ;,g}ang}u?qtﬂr_ EﬁFmBE’a Wssenbl y
730. z . O\ I UG v i

hori z o%egﬁp@?‘gdcg%pﬁ 2 gff)kﬁglaﬁ% méeg ?lla? élt%ld\?ée&ra?? ca ; g?( ipghgﬁge v\/r(%f1 gﬁé ]ikﬂﬁtf? %rr sects

t he af wreesmeadined horizontal axis ) linear guide rails 1306 are provided
on the top surface of in-out plate 1310 and mate with correspondi ng slides
1400 (shown in Fi @oludStr@hiradhethdydbesdither bPak&EnAER & Fsaeibley 732. Qui de
rails 1306 nay be detachably coupled to the surface of in ns out plate 1310
so t hat(tel¢rsgpignieipkt. r epl aced when worn. Brake surface 1311 is detachable

coupled to the side of in-out plate 1310 using attaching neans 13l2; such
as screws. Brake Bigr f7acshot831chblymoVi2iemvad mathergd sfi tlieaZ exxisothatis @kezeqaad 1810

(shown in, Figs. 18A_and i 9A-19B). B er block 1304, is attached to the top
of in- bt 1% %E‘ﬂllf}gt% ShoUF aebiatd TS ‘Psﬁ‘?@ BPP°§it8f€9$ of g}ﬂg?amsat e 732,

e 0C , ;L1 ien
mat er i aﬁ?ﬂgsl}c Orgggﬂrﬁg%tber‘tf gg#g‘glr%g’at}lgégﬂﬁfﬁet a(t:t%}b f g%g%ﬁ%sg ‘{[eg tgﬁﬁger
bliock 1Big4 7Acsereias joopetilSais enmphct\aing rfalwoclose tBuhpfosr; ¥d@easdnfhigriiB '1 0 J U

L 2003 WO 00141536 .-17 PCT/US00100704 stop bl Othil 1404@% hown in Fig. 14A)
at the $arvice doogy 7Q5 igupightensd ia degrse de apnommodatesbaingreassd disgincgye 1308 i s

coupl ed L - t a , : - : | Oo:assenbl y
i souss i NekT g QMinal 2 i kAbihef To£Strvite (360 105 B ot ol S BRSOt
si de- t 07Bj addifib:il elasks sandiny to’ Ave verticalmeddorn bewst Head B0g. IhdHg. A fiethed 400

are attached to the bottom surface of side-to-side plate 1402 and mate with
li near ©RReaee that plthongh ghe enchojtelescaping suppast arm) pigies 414 aHInRIPXIBING®: achabl y

coyupl ed i3a- 11Q-.Si: t HAWOT N,
Sep. b Shflact, MY il ReeR o503 703 itk i eoP R RBpSRRLATHRARCAGICTT
as di scissubetatislyeabovs iptvdtaomtVidah Ibisngeen that delsphANE bésheempivan pbirg 734 3A)
attached to in-out plate ~o assenbly 730 preventing side-to-side plate
assenbl gnd gabinetoiPddx cenndsten widly hiespacepicquiseraens fadepdes aop0Pel ative to the
in-out plate assenbly 730. Columm structure 712 (not shown in this figure)
is attached to t hdasepsssmblyii0 odnsistdef teveral sitb-plaws arrddfRl msa stegkiedt ed in

phant om by outline 1406 at | qcations 1408 usi conventional attachin
means, SHORCLE0 Gt eAcd sURas AbGRIpledry adjacewy syboblales ¢ SpacHaraly. PoRQmPIAaC Kk
meghani ! i oYy @éégtla .

side-t O?#@ggﬁ) gf Z?Ge%le(ggélg@d]q#)séﬁgg ??gen%kgé:lgaﬁf%rgl%rrﬁgpgsﬁ%ﬂg?’oéﬁm&)e 2t i he

bot t om ¢ agsentiy $30eviiohiidh @imtcupleddd didesto-sidd plae sskarble 7B30&h{chhiswn i n
Figs. 13A-13C) to travel therein. Access hole 1410 may be covered as

r equi r ed? BYrNFSOUREH A0 celusyy sruciure § 12 Adaspils of oy tepigplated Are eQuipiddpiiee 1412

has a radiys_at .each end, th conforns to the shape of sleeve 1308. A
pedal 1%%8 eglsa?‘gﬁléﬁeéjdmaq&%{?é?lé\g' of side-to-side platy 1402 and is used to

actuate the in-out_|ock discussed bel ow. Figs. -15C are a plan vi.ew and
‘side views of baselbg&shbgad sm@ﬁgé%mqﬁ@%%@?%%?ﬁméﬁpﬁsw E[\}‘ne
varj ous S l=hgS 73 ' i ous

Vi (Eadws ofﬁ? Eaéﬂc%&rg?r?g i gﬁl% (%Stg%?% S%t?%f g'? gadz'sgg?svgﬁ%?téﬁ%épg}ﬁ ngl\lllmvtﬁg pl at e
assenbly 728. As shown in Fig: 16A, indexing pivot arm 1600 is attached to

the bottomof swing plate 1216 and actuator 1606. |ndexing pivot arm 1600
rotates about pivot point 1602 and engages cam fol |l ower 1114 with notch
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-18 PCT/ US00/ 00704 actuator is operated to release indexing, gryul6e@9 from
camfollower 1114. The columm structure 712 may then be noved fromthe | ast
position. Once the notch 1604 clears the previously engaged cam fol | ower
1114) the operator may rel ease the actuator 606 allow ng the indexing arm
t 0 novevoeoisds | ock position. OF course, since the not chPCTUSOWPER: of cam
follower i 114, the colum structure may.still rotate freely. As the sw ng
pl ate assenbly 728 approaches the next camfollower, the |eading edge
(relative to the direction of rotatlbn of swing plate assenbly 728) of the
i ndexi ng arm engages the camfoll ower and, under force of the camfoll ower,

* rot at dgusad)andy ppticoiallp denttaded2o celumactiuagre fé2 andpi®68e efdrixotgufataertol1606

until notch 1604 engages the camfol]ower. At thi oint, 10 .arm 608 of
act uatRRVETBYE ¥ COSIroYTHCA SeFacHeR- £ 151 %%ﬂgﬁ‘@éﬁ%ﬁﬁ%&%ﬁﬂl&fﬁ%ﬁé t her eby

| ocki RgL@WiRehePY Ak ﬁié&gmgf_vzaﬁaﬁms gmvwea B!l WhRierhd 738, Meace at the

desired position (at least with respect to rotation about pivot point 734).

Fi gs. vahridud 7ddier ippartedby catilewsppoft arime7@ombmosed opwerd awli dgyviptaade assenbl y

(2 asdtnns 5 tonEr Gl RS pree it udoasi 00 Ghame s e fpesr BoRatarof 1

1700 i-g4coupl ed to [ ock mechanism 1710 which is attached to in-out plate
assenbly to 730 proximate to one end of shaft 1700. Proximate to the second

end of shaft 170Q,..a.bear+.ngeattachmen 702), whisch i .1 he
b_of tom surface ogéf'gfrd%g- fbofflgi éeg Bﬁgt\' ewa_égéir%f:%/t h"f@é nzhar?gﬁ“ @h%gyrispe?% 7@%‘%

fi gur eshowns I@Q%jblél‘:ﬁ%nﬁ st handdnafit poddeaedng 16datiaf Mae Rbole Adfep peotied @94 Suppor t
20 to shaft 1700 and al |l ows shafF 1700 to rotate about its [ongitudinal

axi s. ngorderde-tes-asPid en theevafes@abshpwid2 Asodisenssed ahoveeint rdphtoperfqsimat e

assenbly. 730. |oc o Lsm 1710 .npves. al on aft .1700., Tqg J.9ck i n-out
Pate moolsines S5hs{ BTt o, i P9 ki Boom i 802 abeq abou
its | ofgint prdb&tad04axTRe Mvehtor @€donipEidiads tHid b9 proSideias hivb( 994 hbodr@fratied wi t hin
eccentric lock actuator 1708, the latter engages 25 plunger 1706 which, in
turn ppEPt plaies’ 2§ mreespuiih 16804ctith bewom plate WR0.h As shoamdn|Eig78, pvettpsdnt o t he

nssenbl 3 SRS PRI B Ree B S supels Py g arae ol PidbsBRd 1
rel easg fidak ey pdedtditnags haire tés?@ﬁe?f?ceré%%xgioﬂgnﬂsﬂitti? re¥ORBRI th §aidé BIRCE I ON,

thereby allow ng in-out plate assenbly to nove freely along guide rails
1208. testlthgadBOQ dwayOfpGmwEe GHY il Bi6e baforPSTingBROhe 0530 hedl guay fram- prebenr e

i i f t i nat | f in-out plat 730 d
e t 8% T0 Bt AoR BN fish B Bhormlly SiandboBay hE Bty B assemly
732 t Oghdle At aﬁbg’g‘ﬁuﬁﬁ%?@ie)ﬁa_n@.gh ié’-@es‘iﬁg}&ﬁ: 19 q it |a§§le\50%%%frde'iitéi9ré\ﬁ2fn§i de

| ock assenbly 19 As shown in Figs. , 19A and”19B, foot pedal 1014 is
coupl edxcessive miisting 800akde 786 {dhown imFegst AAcangh/ Bhtafmini8e, the pessibgletyrof1804

and worm gear 1802 ofati on of foot .pedal 1014 rotafes Jink 18Q0 ong its
ong! © GAPASH (xS0l Tohe Theietite: & 9r Hsaniornget patt b B6af dreaa 1810
t hy oug M‘@xd? BRRRE igb;g)@t r ; ached to
t%{e tolgnsur g(?e of Selrétdgf_éftgl_)si eég}?g%ﬁe% c%ﬁiélgﬁ ?q_ﬁg@g%cﬁgﬂnéﬁ@%ﬁfx?ﬂﬁb?goo nmoves
| i nk 180 ¢heat @ngplaryenitaxdiinentcif nizd prasedns invehiia) Howdver,rpitatrpdst 8ddge nmenber

| 808 10 agaj nst wedge nenber 1811. The rel ative notion of v%%ge,rrenber 1808
agai nstlo FsoipseRs Riaetirallprssahle disectlyundsh the PRIBKWhers FAR1 OGRS ch i s

attach ] C r : shown
B oot WEEIDRBIAE uddiih sifindS of G0 T e PSR Airebaity o 1O
t her ebydistadeld ftHebgedive@idt thde cabld¢hitnestedavignache tés eadbisymo’dd wélsat i ve to

in-out plate assenbly 730 _al ong. uide rails 1306. To retract the 15 brake
pad 181aosesopasHicikie cehinehd4. 13his faqierotitipately detgumines thegglasestipespibithe
opposite direction. .A return sSpri shown) may be provided and coupl ed
to shafStpailgéi’ei%eeﬂrpd‘\’/?tcpémﬁ 726ra§ﬂ§&ﬁ8%tcn@hv\hi ch places foot pedal 1014 in the
normal |y | ocked pgsition, t_herﬁ,by requiring a, positjve for og fo% pedal
1014 in order to BAICHERES 3g3RIQ Blgs Bt 1HE BF e%fﬁ%@ﬂ%’lowm@tto%@ epg o5 CRlg pe
attache hTLE ndi i TAUEhn O & QBLikiBded he
surf ace&lg%)&stip@gﬁ% é&ggeéeébgfét’@kﬁ%g‘t ﬁf‘h\?g&lptrh%vcgnt S gglrlr%greect o} ltS %e lblr a?(e
assenbl at tHeleerter ekheSSaxie apd astigcenter of thal £890 lesidulbbemgredy H8AR from

becom ng di sengaged from spur gear 1806. In a simlar fashion, stops 1820
mey be @pw@ﬁ@cpfﬂ@sqawambmom@. ooepggglonghe fgaxts of the 4 aKiso Mie §AARE RRE a rear
view, r t4 el Vv, . 0 / 2 upy..i £ ing 740 is
attac he%ﬁjﬁgﬁt’{]o\g %\é‘ﬁs Jﬁgtggé g%gﬁgﬁ%&%aﬁ% gﬂrn n;%q’% e é%gtr Sggg{“ﬁg ‘?ﬁgzlﬂi?g éer eby test
head 802 nmay be rotated (rolled) about the Z-axis. In Fig. 20, test head
coupling includes roll notor assenbly 2006) timng belt 2010, and adapter
ring 2000. Adapter ring 2000 is coupled to roll notor assenbly 2006 at
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2000 relative to pivot assenbly 2006 are described, again referring to Fig.
21. Upon application of electrical energy, drive notorlgearbox 2008 is
energi zed and clutch 2014 is zo engaged. Rotation and torque gere} alUéd206y

t he not or/ gearbox 2008 is coupled through clutch 2014 causing pulley 2016
to rotat¥O 0RetS3G i on of pulley 2016, which is coupled to tiperAged&lshs 2010)
inparts rotation of ring 2000 about its axis, which) in the exenplary
enbodi ment, is the z-axis. The tension with which pulley 2016 exerts on
timng belt 2010 may be adjusted wiii3 adj uster 2018. In the exenplary
enbodi ment, adjuster 2018 is a zs screw) but may be any other neans by

“whi ch leagtli ofrcarieysupporddBideds hyr axuddeyr ReHa6r @tidg mmnt%ﬁ}%xgﬁ%gle gych as a
1 on

spring assg{rbl Y Rot at i ng%adj uster 2018 in the Cl ockw se di'rec , for
exanpl 8] 3HHC QR firaGHire HdneYes abempithe on zaxes. fAnsechasseivhl we2004 r ot at es
about §4 I C S.a _piVv. oint) moving pulley 20 i 6
al ong ar%ggrgc? aﬁi chb,?eo?(?n6 %ﬁ%h@ﬁm Itésabg%sﬁﬂpﬁftn.g)tsb%lt‘in 501 65tradteasetsst headr easi ng
t he teBB2 aves alohgitgy-helstre@Ave®lipportlarR 71 6. él
PCT/ USQO] 00704 Ol utch 2014 i coupl&d bet meegﬁjat&iﬂé[}gég%o%wﬂg%%a%dgpul | ey
2016. 1S ihee agedshatithisenisads theravailahiemdtictedelope & emhpirisnl oy grol | ed
and en [oToY I on of electrical epergy to the clutch. en

el ect rlgf:ta éﬁgir% g%/fai0?t%lééﬁ%g\}gaﬁp%wtaﬂécq,cldlﬂ)@fﬁ’?@%ﬂ?aqoﬂl’ Wigh asghe éasage t hus
pr eventabigetr ot ati on of notorl gearbox 2008 froms further driving pulley
~20i6. Wth clutch 2014 di sengaged, the test head nmay be easily and normal ly
rotated by hand, rgF thes: i _ Ol cabout the z-axis . Figs. 23
and 24 _are a side v?rg\%géﬁgléeji@giéga\ailleg%aﬂﬁ;elg%gg'ﬁe\/tgft;)}eagfmrwl%l@’f §YSEAR  not or
and as300 isathownhwhidhaliestfatisithed e séscon 24N bOVariods $aAY oRfH: &gg@&’ ng the

t est head. for Vd ng tgst head 802 along a |inear guide rail (%shown in
Fi'gs. RO “?%?0 L. 65 dBPVRihEiga Sy & testdlicad 802 a0l sablorsuppert hemt70Berg 802. As

h i b S - : i QL. t. f dri t 2400 includ
Ul | oy S IBUe 1o ST Eloftn aholf By st RBDRER 4% asc W03 SoqlBckContos, el |
pul | ey verital axis cnteyedat pivarpinemss. | bi prafedrb@¥mBddinenCak! £¢ %%q‘i‘ks d 78)

an ,

attachedl t a firgt énd 2411, to main arm 736 (shown in Figs.
and at "N AIEES ARG CHredBiY At tsapesitien wher. thekeshheadnis AB6kddswitiothel ed t o

| i near gext il i ) nGg.l inear i d ail 738 under
controI_g\g?éjg"ilal{l:)d?éer (lzlgll%gﬁbl'srn tﬂe ex%ﬁ%ﬁg?of %nﬂ:g) ieWﬂ]iL’llet &d{‘%QB‘F@% POSIPaNd t wo
pul | eyis dxfiied a0 be SRptite, ara PO atag ingheabRElePb ABNLBLIPULL R B §3RL €S may be
used ag desired . Pulleys 2406 are rotatably attached to col unms 2402, which
formtHE ﬁ’aéi%ﬁ@ﬁgé’t%m@ﬂ colum structure 712 (shown in Figs. 7A and 7B))
wi th shaft 2408, which in Zo the exenplary enbodinent, is a single shaft
comon to both piiig.e}alspsb®ys thattesoheadr802emary s lapout e 90ng [€hgCt ri C

not or | 6.and clut.ch 2426 |s attached to frame assenbly 2422 )
whi ch, ggﬁﬁﬂgén&ﬁéoc‘é??% ﬁgt&h?’bal?‘ﬂ% AEISAP4oBAY ba about 95 frompihetintatfater acket
2414. Matfadei (I8) Vedtical H$68itios. gl S, a.,ear portion
t her eof and {)&é)hi nd pgl I.ely 2406@%2%(8)23 %%Pﬁgw%ﬁﬁgﬁ?&%l e]g]eto | ar ge
pll | eycombination efidie vertiah gxdsqlassing Hrough €G 812epipotl fodit 742 hnd Sinédrt ached to
one of LI e 06 wi.th achi ng ans 2407, such as screws. Application
of el eg]?frd%g%é%g?%wt’adlg?%@org@“@’a‘?%ﬁseﬂﬂ% formyng dhesreapactivatvetises ofor ce to
el ectr tridigleyopper at ed clutch 2426; which, in turn, drives small pulley
2412. As small pulley 2412 rotates) timng belt 2420 is caused to drive

pul |l ey 2606 thro } 0..counl.in | arge pulley 2421. . ~~JUL2 WO

00/ 41536 PCT/ uso%o%i"?sﬂg‘-‘g@ﬁb“? She i Sorhiect i aitchumiotios aboutithe 1o t he
funct i axisofAxi$ 006 bep2dehrtsafie dbdree Qe BREN BE tedPndad B! .0t ai n
adequat e tension prgﬁti m ng be%_t624go Ptljehsergfg %a%pgl??[ e@%g@&ﬂ%%gé@}es 428,
wHi ch hﬁ%ﬂ $ may piseh abeutithe x-@xisrhetween abont av4 “dfrdm 4 forAingl Béeioned

enbodi . djusters 2428 are used, each at opposite ends of frane
2422. @%@?gé%@dg&m&tﬁ?@émgwa ps to avoid any possible torsional

defl ection of the_ frane assenbly 2422 that may effect the tension on timng
belt 2420. In thd&iBxdawy flakisgdiad R )majdineye elong 4R8x-asist hAziade8 t hr ough

ti - , _Wh tated i
or edet prPRa e B PRl IR HEGhe Rrahe rssermsmpiano2. Thi s
downwaentbpdiersentirie isl conteriyslated ot i x Qkisl f18616n ?ssﬁﬁlmlayraﬁéi%éf ?ﬁé&?%z% yot ~0

2430, which, in turn, increases the tension that smal appl i es
t8 sur fI9BLORY eAd@ thelother420. Of course, it is understood that rotating
adj uster 2428 in opposite direction will reduce the tension that small ‘
pul l ey 2412 applies to timng belt 2420. Once adjusted, adjuster 2428 may
be secured or locked in place wth a nut 2432) for exanple, which, when
ti ghtened against a bottom portion of nounting bar 2418, prevents adjuster
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b) I'n horizontal axes of swing) in-out) and side-to-side) low friction

beari ngs and conponents nmay be used to enable the test head to be
mani pul ated by hand. This is true whether the horizontal notion is1quh¥q@m
in thevnige Q in an articulating arm 30 assenbly or by a conbination o

bot h. Y53~ za~3; WD 001 41536 - 23 PCT/ US00/ 00704 ' PETUSM/GPOEY it ch
and roll axes, the test head is desirably nounted al ong axes passing
through its center of gravity to e |l e the test head to be mani pul ated by
hand. The use of the cable pivot and table support help to maintain this

. effect in view gf geqcablhe. s .d) gh | ocation of the axis of sw ng

~rotation and thé'&et ¢4 Fﬁ)‘?ftg’r‘?a‘?) Ogl%aydﬁﬁ‘fegal_%%%rzt‘aﬁé! PRI KLhi eve

qual | iepfeseRls i SNk Ael ciRAOCIOGURNL B 4 hky. 9 aﬂla&érggllaghr oughout
Thu r

substantially the entire notion envel ope. S, In an exe y enbodi nent
of t hempedigent, ii isveomtdrapiated tipo Wer 2dxivohotom isederin s ragdas aboutsdyciai ngl e

avai |l ghl e noti.on tgr to any sel ected conbination of io avail able noti ons,
ei t hePrOPLPHt SHNQINE QMRS an axis or translational along an axis. In other
words, for each _avail|able notion to be powered, a notor or actuator is
ddded, al ong wi RefeTEEAPFHinpl, atperepsativoyiewiof base aspembly Difis shewn.i nt er f ace,

and a n i hat 1t 1S hanhcal decoupl.ed fromthe

osi ¢ Fier Triguaf Yoy RelalEop el oGtV 07 Ao Fien O T o 58t mpedted
mot i 0004 Bl ditacieeciid wdiotn praek aseehbigCt2ed. Suphbod 1dssofool hRo Ay kiaBilz&idn S
notions require Onlﬁé a snal| anount of relativel y constant force, |ow

power Eceerastahe efaets 196 thestorce erguisd at Hs Hagd assevnbly Hilybyathplmass af ttEhe

t N t b), Ceari b d i at
fhe. otebFRL N ot Stk ek cup Py R e e et an B S es BRI decoupl o
fohe agboahad hﬁgtueradgmé_m HEREdSRFY . AEe1i HalhP1 A0CArH bl arddndd BltoRofl Ut Ch or
mechani sm may be used if appropriate to limt applied force. e) the force

appl i Bltpgssemblyaéduatsoig anyoftreverabednyentionay meanst, totompersatedoi t ry such t hat
R li ed t. but limtedt tent t

the. SdrbalgfidsndRE bl of (s TBR 3k To BUBY e s BhbeaRG 1 heded ot 1 on

occur gevefed. | In &B?;@f@ir@@‘é%ohﬁeﬁt,@le%ﬁﬁé g{ldé 1@@&95@ cérﬁ&né&ﬁfeﬁealth ation is

achieved by limting the current supplied to the notor Ichinturnlimts
t he t enyusmbear pliteveling padsnifi06may belu@dls Hgsited2BPBndiiy 0AItHA 536

PCTI USO0100704 - ubst antj al | i npeded. notiop may . thus made. f or
Focki ﬁ&c}‘WS?ﬂ%espg'v%ﬁieEf%&@Mlg?Hé 1fs e ﬁ%b@a‘ﬁﬁé&@f%%?@%ﬁ%ﬁ ¥ be

r easonagtioh AGNS IR aRDELaREE FedpRliWedf.Y DMAIB o Rtk Pe@Als qmg'aﬁd?!l@f:@ﬁ%ﬁ% as the
dock is actuated. Conplex control schenes and cl'ever mechani sns may thus be
needeittFtheirrrespestive meghatisms aml deycribridnpeidad bebiw.on s is avail able for
human posi tioni ng throughout essentially the entire notion envel ope. The

above descri pti oRefesdng ncFigdel /an 1€ piraratdeans of bapae ipldte agdensiy R el ati ng
to vertical translation and roll rotation. All other axes are possible and

f ol | 0\#7¢ RO Fihelrldy, hsaring pyseably FIQP. is apunteddo sherviopi furfage efbettami ¢ of a
% ngl Ppl%iﬁﬁ.o @Wigé p?aité gsléiextnblyl ‘PZSF gn%t 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,

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



io 25, a voltage source (not shown) is provided to power supply 2906

t hrough switch 2902 and overl oad protection device 2904, such gs 3 Luse or
a circuit breaker. The out put of power supply 2906 nay be a pr der ik B8 d

fixed voltage for exanple depending on the requirenents of the circuits to
be dri v&¥ 00/H&3Qut put of power supply 2906 is coupl ed to mcGOs®IaNds current

driver 2924 and direction selector 2910. The output of constant current is
driver 2924 is also coupled to direction selector 2910. It is contenpl ated
that the output current 2925 of cordfant current driver 2924 may be fixed

or adjustable as desired. In the exenplary enbodi nent, the output voltage

" of power supply Bo@@ei ® liniiuhe Potatioriat of6h aNevinBe1 e bR '72@'?&121%»96.25 IS
adj ust ahl e %Bpto about 2. eres. In the exenplary enbodi nent, direction

5 a
sel ect'BrPOBgTOPIAE 2554mRlEd 26 oBibbEL umpeTe A H} gre aceched ©whe tip of bditanhe o

center i1tbhO L | sition. e set of output term nals 2924
ool At or 205 BB Auchids 1408 oAbt Sthes Ton ¥iskads aswiitna 2025,
whi ch 8¢ byrediges of seinpekied2g _eomﬂgsﬁﬂ:m binpEHy fu%%@uxﬁéﬁitcm?%tﬁf 2914.
This first set of output term nals 2924 provi des output curren 5525 to

nbt or BaE4L12Q diprthermonsctayprovidennasitive Alescatpositionst membert pLid, sechmanal s 2926

G ot e iy Bent 288 L BT ouPile 58isiort B4 S ol Bt
posi ti b6 afrsevigy plate 4v0émblyOrISdel the pradredd etHtimbhie n?én&ﬂeggig?ﬁﬁreo%det hei r

associated conponents. The output term nals of selector
cr oss-1B8FHBE fRiGsWiBg phee 23D athahous Lhcaunser;clookerisei andeatiout 30° tlookwast er

o’ supfn BE SREtRbd b8 3¢ yieiectGn 2ho/s Qbcoutra. adatioarbEmpemol Lk O g
thfle Nomey bk Wac@a alodgithe AcRIraeRELT ms%q)r@ugeeg g@%égg%g%@xﬂg?r%foss

connection . ~u~. zaa~ WO 00/ 41536 - scussed above,
movi ngPENEcdesentoas desired t Aeisseatemplatedthaentoerdditdsdial inemberoYi demay fbe out put

of consqtdaat cyrrent agrivgdo t%924 to suppression circuit 2912 and notor 2914
in a pbi'sti F3ricppodiabaut £ %fnfq“F§P°‘§6qséliqr?§M Prayidipg indepingot apoutlGRi | |
r ot at eardMatole20P P8BS Re @Oﬁ?%i@r@ra&@ﬁﬁ%ﬁ%ec“ on when the first polarity

vol tage was applied to the not e clutch coil 2916 is energized
and engages the glutch whenever ect or Ois in a non-center_ position.
The torque devel gﬁgeéﬁ%n%t 8&&9@@’i°§5tﬁrﬁd§igﬂ%%°h%wt‘F\‘é hottPreft  suppl i ed
hy t hebarwns pRité 1 620 in&tertiol MR RARBulah 93 i S ue is
transferredbto a nmechani cal | oad ( gt sr%g%mbﬁfzg%kghe é?édﬁ%%eﬁ%zc}fggé@

di scus@eedpyioorvtle thespriefutadrembaiimentifsur castete] Ligdreus@sitidugh,a ot or 2914
IS not I orgue is.not devel opped and clutch 2918 is not engaged.
Theref%r(rgék,%;ghél%g‘egﬁ%mgésapay&ﬁdlsfigaﬁ‘&??gg‘?-ng (i.e.) free to nove, without
constraint inposed_by a ng_ed to back drive the notor and gearbox, whether
energi zed or not _efeé;ngﬁb Snd?AHRAR vatipusiviews ef swingJdate assembly 328are cent er

9 _ . Nk . g A r
o r enosEUEEig? 134, o beli st AP LR0THA R Bpstind o SERBRN E1osBiEn oLt pu
by notiarFige.1Ul A< 1B) kbowing sedng pRs asséiblfli728 ks satdteadbRUEPivBOYSINET 34 (e

current outgﬁtg, of constant current driver 2924 may be ‘adjustable. As such,
the t ohQNE BUFi8ulObyRakers 1202 are attachediowhe opaurfase abbwingratesl2 16evitdj ust ed

desj : h i cal .| oad h i cul [ f
ot 1 ori PR a0k Sl ABRAT Ao BE SR TROF Fbe rgfie e s
desi r aAb didcnsset dbbve; HOREE A 282 roll SRhB e ﬁﬂﬁc@ﬁpwg@& HCI@ ' gm@ fﬁfnﬁ(vﬂr'ffance' I'n

d y also be a owed

the ex]gnpl ar); enbodi ment) the nechanical |oa to float,
whi ch Fig. dd4)r dilate 12PGnwhish naygbd v durmklzrmdterial suciray steel, dv atvzhed ro diet her

directy .control,.and .with constant torgque. tional /|jmt swtches
Fo0° abSH 8 SHiiehls to B Bpviare RusPie fsrroblarsst IRARaI it (2. A avel
such agsgh Wﬁp ) A E j Ll i S side is
reached? T%e |%\?§rﬂ9g?:§\(gur$§gd S?S’F'?gaﬁt“q&?}%ﬁ?é‘aﬁ°m 1;8%5,[%&/%&3281 gﬁdl or 2922
pr eventodlers i 10fr Plat 1207, iwhithmaglibe ecdurabie afateriatrstchnst soexl! isalktaelidd ©8gheot | on

opposite to t.he direction of |[jmt. For exanple, if the notor 2914
' EIEI)(FZ) oun{OE r%fosé(v 188 8?"‘&?/\5@«5 and.provides a suefpcq for m@g@aﬁdﬂ% ishorvmist BBig. 2814Ass not

i nhi bi } Walod r th axes . of, notion. If
the 11 r ik FHE 12875, RenBE suB Pl Ehrelpios o denalh B FrafPi33 e 3 om
tine seld¥.or 2910 . the notor 2914 when selector 2910 is in a non-center
posi tion. z 0~al zoa~ W 00l41536 PCT/US00100704 -26 Fig. 26 is a
sinplified schematic of a dual axis control circuit. In Fig. 26, the
constant current driver 2924) selectors 2910, notors 2914, clutches 2916,
optional limt swtches (shown as 3004, 3006, 3008, 3010 in Fig. 26) and
suppression circuits 2912, 2918 are duplicated. In the exenplary enbodi nent
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such as discussed with respect to Figs. 20 and 23) respectively. In the
exenpl ary enbodi nent, the test head is maintained in a substantially

wei ghtl ess condition for easy and accurate positioning. A safety 1] @chchm
be provided to maintain the test head at a given vertical position by
fixing W@oersusss armto the vertical 1o guide rail 738. | | he

wei ght of the test head and/or counterweights, it is desﬁ%tflﬁgb(ﬁ%é“ if the
syst em becomes unbal anced while in a vertically |ocked condition that the
main armw |l remain |ocked if an opgr-ator attenpts to rel ease the | ock.
Referring now to Figs. 27A-31, an exenplary |lock system3 i00 is shown. In
"Figs. 27A-27C, tTe pravilous restaisd afanintior ?f&&?b b b
interrel.ationshi vI\)/ith is main arni ‘}%6 amgﬁli ca "S‘g%hﬁ‘gf‘f‘”’}%‘& Lock
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passesO BURBiPIE BAMaSe tiahtey aenytbe replacpbwhl $Drandigy blotid 141 0carbear i ng
f ] it hi | dts longitudinal axis, |ock
bl ock S5596e, Ak 10058 S8R fe K il Halef i fer mopmimiars asssmpie ses. - and

a thre@ed 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. zs Thr eadedefeyihd B o312 fii i £ hi re.3105 and) as shaft 3116 is
rotated al onlg its Ionggllt ud}gﬁar_ Aelé?sbst\)/%/w%dagn ?‘ggﬁfb?mt%%e@i)siel’%ﬂ%g%éf%en
saf et yshewgs kIngHig0 13 dslides K 300 ankatBitRet withé beitbhesirfabs bERSSH e 4866 €ased

d din the,.rotat i [ ti f shaft 3116. F | e, haf t
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sides of 3o vertical guide ral I SCUSSe | 75915 -
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PCT/ USQQ/ 00704 -27 countercl ockwi se, safety block 3110 "and | oc %(f ock 3104
will nbger P”@F‘E-hBPmQE%g Ckéﬁ%éﬁ Higchadaohe battor ofiploutplateol 30andi des of

| | near jpgas h! 0 n the exenpl ary enbodi nent shaft
3116 || es&i%ﬁS gﬁ‘*‘é&@%%&%@ﬁ%@‘f’gh} ﬁ% g%s‘ a%?ChFijﬁ%éYr’T’B’éLﬁ%‘ﬁ assemoly 38 and

li6ck hEHiprevediiiy inate pltrs asemblyal30r 2o dxteaditgne:yand a%réﬁ@t&&ihélﬂp&%dkg one
hand may be achi ev.edd)géth mninmal effort. Referring now to Figs. , 28B

and 29{9(%%‘{%&’&6 YYIng plate agsembhy BAHoAate esHo @A bumperblyck 2809 atedmimpsrock 3| 04
i ncl udesorLa Aghgd vt _peynts 3124 Each of calipers
3122 are plﬁ)‘ggggbg? g%%’%%‘%té’ga {e s‘s"lﬁg]eag %@)ef‘i %&g}p%ﬂ&é@ ?rgiq%mfgg’ﬁyeach havi ng
@ cl eacauptal odnayehbiney300ifohess ablackibfl #9e8 Sorn. AR 1364l cdddrdyf It ens
i 0 agai nsﬁ? I?(ck bl ock 3104) the caliper 3122 adjacent safety b‘f ocC 110

pi vot sStOP blogks 12103t e ligmiserfitiayal ofig-opt plettiassemblaBdle, about pivot poi nt
3124 and contacts vertical guide rail 738. Likew se, the caliper 3122

aj acent end bl o€k pedide poluotnsstiuetae C UL MiBIMbGeKwions aduftBEt hdtzond$ Vi ewed
from a%glgﬁ aclgougrlopt'bv?.}tI oint 3124 and contacts vertical guide rail 738.
The cofbr RLRPEITa &l 5‘2‘@“@12&“ﬁflﬂ@ml@gmé@m%the\pé@nemauom de ~s rail
738, | pedigont@iaRisali ; [ & I : [ 38, Referring now to Figs.
30 and 31, a fai lglg%%‘??h%ﬂagﬁilgwa Sr&%xggdsé?él%%/?qposé'ﬁggiﬁé‘wgﬂdjggtﬁri bed. In
Fig. 3031Chanshmatesyisit eorr&pdiding siidus! 1400 stiowrsial Bigy 18A9aHachdd & sidsshown in
greater. .detail .ig F_}'lzg. él, paw nechani sm 3118 i ncl udes a gear 3130

at t ach¥dC PLIS rsspmbly 1438 AHRids Anlss1306apay besdetachably poupkdotoythbbarfheedflif, above
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el ongated counter-bores and screws 3 are sho er 'screws. so attached
to saf

fakepusiake Bl lioprayidepinanating supiacenfps bakeepadnes ] Oalshowvn faFeky 1A ock 3110
to no i I | on 3136 reJatjve to_ | ock block 3104. is Under
nor rra?/grcl:dcl)gél %ng’g}is,%uﬁ?gf gl"?‘%’@‘h 5 %ttth@ tpéb%/ lopafin-qutplatg ddkQ tq Bfotvliie t est
head muuml 1B fobsideauaicer Bk anae AnAL AW Hurh® MsAchRY LovGARLS 2410)

the wei %g]t of the test head and counterbal ance con%ensate one andt’her such
tRat t A0S Errmed oBp 3asitiens maspriadx sunhtas|ryblwe ntBrmeskrs 1365 afe @&tadampd nei t her

paw 3 es r.3 ...thereby allow ng the operator to |ock and
unl oc kéﬁ'ﬁ%&ﬂgﬁﬁ‘%&g\% @9\/&’7 F48y|rﬁ;¥l@q§gleg§,@'ﬁpntwp. dbunapers 3@ heonfeant head
is locked in place by | ock system 3100 the test head is renoved,' an
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to unlock the main arm 736 may cause the main arm 736 to violently nove
upward causing possible injury to the operator and/or damage to the

equi pnent. To avoid such a situation) upon renoval of the test hF&‘dJU b%ﬁ?
springs_ 3126 force safety block 3 i 10 to nove downward al ong the VEI‘L[I cal
axis, sWEHO418%6 t he upper pawl 3132 engages gear 3130, s RCWUSMHOOTI4event i ng
the operator fromrotating shaft 3116 with handl e 3102 to unlock the main
arm 736. The operator, upon realizing that the test head was renoved nay
renount the test head allow ng the-d4afety block to nove back to the neutral
position) once again allowing the main arm 736 to be unl ocked fromthe

" verti ¢¥P Yarkiel404i (sha8s in BignudAg et the lirhiteof tavel af sidend-sfdea)lawasseib®y Shown)
is renpye fronfg% bl e %Hjlcg or if cai]_)’e-2410 breaks m bias springs 3126
woul d 61 B 4r t?‘%F% ed3i01ig-qW PG &3 Hhapart af ahi-ewidlaedecking axis, such
t hat Igg@ﬁbl?@gcu%agng@gﬁ%ﬁwﬂem 3130, thereby preventing the operator
fromrotatihg shaft 3116 wth handle 3102 to unlock the main arm 736) again
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for positioning a | oad, said |oad coupled to a ‘cable, sard s
conpr i #og; ingeréask writh bimpdy tledki H¥Y (shdwn &t FigerlBAY attaciietl S0 imbuaplaeuni t whi ch

suppor sal d,J.0ad and whj ch npves a). al gn idfirst vertical axis, and
b} al o%sgefaﬁ‘éfq’ﬁ& %FY%%&‘%&@E?@O&&MSS%“ﬁ)St%é??W GHeRdipgbeyerditi ng said
col uMmpRB&aEtmmes 86 816n YAAL LR i e"i‘rﬂﬁxf romthe first vertical
axi s;rm%ai d col Srrg poslilti onaegtI%ethgg& ?%i@??g?s C zgée'r to said | oad than said

second verti cal hShid i . 1 q.d ositionable by said arm
unit so that sai g@:‘%%‘f g“é%f%?slgc(b{s}?%g@aigg%%g@q&%ﬁ imté%cl eggﬁ) ghea‘?(?a said cabl e
i s situmfaed of sida-teisite piiite 4402 ac dbpivted i@ phintoniHyedBtides 0408 fdotRions 2R |
wherein.said | oad has g .center of gravity and wherein said center of

g
gr avi t YSIng Senyeptional agaching means, jsuchsascsrreiv s (@os shown)s i Taiatlend ageess hathe

respecid. i . | | . SYS accor.di to.clgim1l,
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| oad aside phata1402eln afditidi, CosMebote V1£81Z poFided at the Ybttoth SHTARBFAREAHI Ng to
claiml, f her conprising a cable support which supports said cable

coupl e®d¢ Bijalrté] éEQ%%F alipwyslegyer IS8 dshoovmimnigigs ol 34-436) m, trawedtiedreinsai d cabl e
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which is coupled, to.,said armunit and whic tates relative to said bottom
pl ate about sai d SS8wg 192:{1%1 ﬁ‘% %wgeﬂ??{c&gaﬁa%%f@d&esa%téa%iead thehd about
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7. A systemaccording to claiml, erein said rotation unit rncludes a
si de t plagd tHO2pamak is uskd thaommte thesiaiont lazkdiisvusseddalont.| y al ong a first
hori zontal axis orthogonal to said first vertical axis. 8. A system

according to cl aiRigsl,158he5@hfe §Piaﬂ Vi ahd Side Wikivés dmkyds%‘én@p g @H\i}\%@' at e

whi ch npves said | oad horizontally along a second horizontal® axis ich

i nt er s8R theaingerrelatianshipraf tbe vatious,sub asserhblies 726, 280780@gd73R. t o sai d first
vertical axis. w9. A systemaccording to claim4, wherein said cables exit
a test cabinet bdiigs.el6A-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




bei ng received for support by said cable support, and wherein said load is
an electronic test head. 10. A system according to claim®6, wherej sai% !
rotation unit includes a plurality of indexing nenbers for i ndexi ng JUL 03
rotation of said swing plate about said second vertical axis. 11. A system
accor diW@ W81Bkai m 4, wherein said cable support tel escopegushdoorfy Syst em
for positioning a |oad, said | oad coupled to a cable, said system
conprising; a colum which defines a first vertical axis; an armunit which
noves a) along said first vertical-eis and b) along and relative to said
colum and whi ch supports said | oad; a cable support which noves a) along a
" t hi r dasteator cadpesatid to relepe neRingyarnf 16981 oA cBINUBLLwaN e M $h. sHpRrts said

cabl e_cou Ieﬁito said | oad; and said | oad positionable by said armunit so
t hat §t5‘i19i€rc?a 2empy then hefneied; i50m the let prfsiticai. dOned themotch3l 604 cdazsd ehen

i ot P Fep O IR DR ol S8t I g o6 T om e

first verti cal s about a secoh

fi r st allowidg t26 AACINYCHA1H Afovedb-thPGhk PG R0 T oiflet ab uaxidich 44 A system
accord‘i&&g éo cl e}i m 12, wherein said cabl e support noves along said third
Vert i E5RCaksam fllagyrs 1At thecobsmn sirterginerycul wtax frealys Awahe dwingn sai d one

d | . to claim13, furth

Compr ot SRR Bt Osng LT HIRAF SRt dtibPhescosd e hocl udi ng a

bot t odirpdtatneof ranution cfwivitgy plaet BseMibl WZBﬁoF@H%&Qirgg%rﬁfé@ag%ﬂhg lfaL.}n and whi ch
Irs ertica

rotatﬁ relative to said bottom plate about said axis in
or der TQH9WesAad cunder fosce of theecam fajiowier stotates abostt pivet poioal 66X fesractky A Syst em

' | o I.: ' i ncl.ud i de t id | at
i ch lepiat PO dF Fhletor, OB AT ndfh: 6B S enelh (1445 Fubvist: il o apiric

or t hogondb08 of satiistof 11666 foredstidiel 1604 B -fully endhoS ¥Ed EM i claim 13,
where| n,sai d base includes an in-out pl at% iggh rmveg&lgdzﬁ;% Lﬁggﬁ}phead

hor i ziTKHI SVIBE BIRC AsSObh I thend eadwmalstrastiis T infplicetag niseddsiregai d fir st
hor i Zﬁ]@git%n !léas?%hv)[f@é %Eﬁ %309%8%58?}%&&83033%&“ rst vertical axis. 18. A

system according toc & exit a test cabinet

before being receiv f support by said support unit, and wherein said
load is an el ecﬁ%ﬁfelgAt‘g@P a%%!ouig’}wssfgfs{b@ﬁﬁﬂébmﬁm afswimgailatem 15, wherein

sai d basaibiyeddiaesitoR!gie st 730 Al G dBARSASS 8F i pdexlno rotation of

said swing plate about 'said first vertical axIs. %tp Hf accor di ng to
¥l ai mASSembithter Bilnsvsiag dlatebssembiyp 2.t At eh@es aPBiy. 124, sWabYIIER hbled

posi tioni a,l aad, rising: an armunit which supports said 1oad and
whi ch*%«@&ggﬂ%mamalﬁ@%e%rs fgﬁlcmﬁf%mml@@r 3spersbly 1788 tproxintaiectal  axi s,

'~ Q bl end@B0PshaiQ Y 4823Bnat8 % 00/:0Q704. tation nemer for
rotatin Iéai d fai rst verti g%?téﬁlths%%éoédﬁte%g Oggg% E@/@ﬁa]?e Lig Al %Ced apart
from $202) whick s ateached & thestospmesuefabd 6f sigPRPsitle PhkCkssEMYBSTH @BY @ third
vertlcr;;\l axi .apd wgn,ch sup(Ports a i

v stiown 1n 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 mrn positions brake pad 1704 in contact with a plate 1207

mounted to the top surface 1712 of swing plate 1216, thereby pre\)eming 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.



cable coupled to said |load; and a further rotation nmenber which provides
rotation of said |oad about a horizontal axis, wherein vertical nptjon 5
said cable is preventable while said load is rotating about saidpﬁohﬁzgﬁ al
axis. 22, A systemaccording to claim 21, wherein said armunit noves

upwar d aW@Q%KM/ard al ong sai d colum. 23. A system accor ¢ichgudo@ogioai m 21,
wherei n sai.d cabl e support noves along said third vertical axis at one end
t hereof and said cable extends away from said one end and towards said

| oad. 24. A system according to clatt®21, wherein said rotation nenmber
.includes a bottomplate, and a swng plate which is coupled to said arm

unit and which rdtigs d8A-E8Ghre earianssaéws bm&@mnﬁhrﬁtien%l@%Bmg{ﬁ&g second
verti Cgéseﬁf&irlf %(51 oc[idﬁr to rotate said | oad about said second vertical axis.
25. A SYSERN 2L U 9-ideiastembiy 73med deseribaiter lookiagicdnidernite | ncl udes a
si de t @ssef My AtEinvhY i e orjzontally_.along a first

hori zont a?@g(i s Org{nﬁ%ﬁé?}}a{;?ﬁ%’%ﬁlg |dﬁ4ﬂ?ﬁs gé{etaiﬂggl‘”%%gﬁd?é‘?'“ﬁeé%t em

dpstgmbly ¢9Q0. nA2 showhém Figs. $8i taati i i n: out
accor dp¥g howhén Figs. $8A 19ataatilon W%Hal'lmhqgg&%for]m%gis

pl.ate hch mves i d | oad horizontally along a‘seco hor i al

whi ch m‘g?‘s"g@f Sg e&@%&rof‘ﬂ? ghafh, 5346 SRUmgeaa 884 andl wolnincgeai $8G2.t Ro@ao@bf t 0 sai d

first Yentiegal i ; or di to.clajm23, wherein said

cabl es_ e>§itptbgﬂawtglzésrt6 ta}:%élmr]fg’t%%&&%&%gﬁ}g@eﬁ%d’?‘kﬁe@%6@1 of Bgk £800d cabl e

suppor is, cauptedvhéralienpasial 810l tashghSwarze ShaRidr AB0S. 1 ntfdBHlackers! 1A L 20P
a

6 -33-. PCT/ USO0/ 00704 28. "A system according~to clai wherein
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rotati g SRl ARG iRl t sajd.second vertical axis. 29. A system
accor di ng‘:],e;f gﬁgllg(l)%mf?g lt\%g{r@f‘ﬁ?@g%’scg 10 18 (Wraderces sredge spsaber 3808 A system

flor posgaiisnaige andnotsed, 183 8] AHeQBRALTO WRIRE df Wedof erﬁgbgjaga\ﬁi em -
conpri si r},g: a colum which defines a first vertgl cal axi's; a m unit which
suppor FYHE e Bedgcanembgsi kH Lirsteads dyakeipadd 8s@i(athichris hrrached teaba@xi s, and

b) alo ; i t i | unm; tation unit for rotating said

col urmﬁgnl%?t%g 12?15)2%0%20&gfl?‘?fcgrlaﬁgs%‘i’rg&fp@éigs@w’t“ Figyd3dnand 136 attaghad cal
axi s; twuihd sidecafrid-one plate fdsesiys730, t . maf . tee W.dths of said
cabl e avvaépy 2§Osai dpt est Sgabiyﬁet ; t!;'égiE fn(ﬁ)llg; tl%%él?)t\'%%gﬁ;bcffg&mﬁeytoés c?ecpt]gt'em uni t
so t haPSSEdy Tedativiette inwut plateadsdeblyciio aleng juidé raaki 308N S@trdeaad! € i s
ktuat S ' lunn.. 31. A system for positioning a | oad,
Sid | §§§53’3§p1?2§%°85 yRReEp BRIy, K enilBieas sotoigd Ta tiscompomienni o

def i nedirectian: SA resaki & it Sh Irbvighd s.38Gak0ad and

whi ch mves al ong sai %@kgl??t voe‘?lpi Igg}f%grx}%rts)‘;/wga rggcg g‘i“ﬁ’@%‘{ {?nﬁhfiﬁflgp“rt& ating
sai d fPY#dR FRTREafores whichilaces foataqredaldl Oddrin itmhoransilly 166K@aqBsRAI t T rom the

first i xis: said cable sit | 7's which int t
cont or TpetRoufitet e B8 0 Todt deda] File pGurten tomncE she-orkids pleim umi ¢ <0
that sassemblbl Stopsnll 815 aRl beSRiath® a'lemgits%i?ﬁt&ic@lﬂg%?eg%gcab' eis

situated to a side of sard colum. 32. system accor laiml,

Wher ei FOUEARINg e M face ofrsidasio-tidit platepbti2t . This PRveRtk 44Bi3Ge 13k brake

PCT/ U ' ~ 33 . A.system accordi to claim 12, wherein said colum is
an uprsipsgé@%%gu%otro teicg’ﬁ?vs%rg?é‘f%?ﬁ %AQ&?H@W@“@B&&M@@,&M@@W& d col um

I's an disengiged StoBPSHr-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
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Clutch 2014 is coupled between the gearbox 2010 and pulley 2016. In the
exemplary embodiment, clutch 2014 is electrically controlled and engages upon
application of electrical energy to the clutch. When electrical energy is removed from the
clutch 2014, it will disengage thus preventing rotation of motor/gearbox 2008 from
5 further driving pulley 2016. With clutch 2014 disengaged, the test head may be easily

and normally rotated by hand, or by the docking actuator, about the z-axis.

Figs. 23 and 24 are a side view and a top view, respectively, of the vertical
motor and associated hardware (drive system 2400) for raising and lowering the test head
for moving test head 802 along a linear guide rail 738 (shown in Figs. 7A and 7B)

10 defining a vertical (y) axis for the test head 802. As shown in Figs. 23 and 24, the major
components of drive system 2400 include pulley 2406, cable 2410, electric motor/ gearbox
2416, clutch 2426, small pulley 2412, timing belt 2420 and large pulley 2421. Cable
2410 is attached, at a first end 2411, to main arm 736 (shown in Figs. 7A and 7B), and at
a second end to a counterbalance 2413, Main arm 736 is coupled to linear guide rail 738
15 and moves along linear guide rail 738 under control of cable 2410. In the exemplary

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 (show'n 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 tixﬁing 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 pulléy 2412 rotates, timing belt 2420 is caused to drive pulley 2606 through its
30 coupling to large pulley 2421.
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assembly 2422 that may effect the tension on timing belt 2420. In the exemplary
embodiment, adjuster 2428 is threaded through mounting bar 2418 and applies downward
pressure, when rotated in a predetermined direction, to a rear portion of frame assembly
2422. This downward pressure imparts rotation of frame assembly 2422 about pivot
10 2430, which, in turn, increases the tension that small pulley 2412 applies to surface timing
belt 2420. Of course, it is understood that rotating adjuster 2428 in opposite direction
will reduce the tension that small pulley 2412 applies to timing belt 2420. Once adjusted,
adjuster 2428 may be secured or locked in place with a nut 2432, for examplé, which,
when tightened against a bottom portion of mounting bar 2418, prevents adjuster 2428
15 from changing position. In 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.
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hand. The use of the cable pivot and cable support help to maintain this effect in view of
the cable.

s d) The location of the axis of swing rotation and the vertical motion of

the cable support help to achieve qualities- of substantially unimpeded availability of
motion throughout substantially the entire motion ehvelope.

Thus, in an exemplary embodiment of the present invention, a powered

motion mode is added to any single available motion or to any selected combination of

10 available motions, either rotational about an axis or translational along an axis. In other
words, for each available motion to be powered, a motor or actuator is added, aiong with
its appropriate control circuitry and operator interface, and arranged in a way so that it is
mechanically decoupled from the positioner motion when it is not in use so that the
substantially uniinpeded motion remains available and unaffected. If all of the available

15 motions require only a small amount of relativelly constant force, low pdwered 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 c) 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.

€) 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.

f) 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. |
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i Substantially unimpeded motion may thus be made for docking in the

powered axis. The force desirable for this motion may be reasonably constant and need

not vary with position or displacement as the dock is actuated. Complex control schemes

and clever mechanisms may thus be needed. Furthermore, substantially unimpeded notion

5 is available for human positioning throughout essentially the entire motion envelope.

The above description has included an explanation of specific details
relating to vertical translation and roll rotation. All other axes are possible and follow the

same general principles.

Fig. 25 is a simplified schematic of a single axis control circuit. In Fig.

10 25, a voltage source (not shown) is provided to power supply 2906 through switch 2902
and overload protection device 2904, such as a fuse or a circuit breaker. The output of
power supply 2906 may be a predetermined fixed voltage for example depending on the
requirements of the circuits to be driven. The output of power supply 2906 is coupled to
a constant current driver 2924 and direction selector 2910. The output of constant current

1s driver 2924 is also coupled to direction selector 2910. It is 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

12910 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
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polarity opposite to the first polarity. In turn, motor 2914 will rotate in the opposite
direction to the direction when the first polarity voltage was applied to the motor 2914.

5 The clutch coil 2916 is energized and engageé the clutch whenever selector 2910 is in a
~ non-center position.

The torque déveloped by motor 2914 is proportional to the current supplied

by the constant current driver 2924 through selector 2910. This torque is transferred to a
mechanical load (not shown) through clutch 2928. As discussed above, when selector

10 2910 is in the center position, motor 2914 is not energized, torque is not developed and
clutch 2918 is not engaged. Therefore, the mechanical load is floating (i.e., free to move,
without constraint imposed by a need to back drive the motor and gearbox, whether
energized or not). On the other hand, when selector 2910 is in a non-center position,
motor 2914 is energized and clutch 2918 is engaged. Since the current provided to motor

15 2914 is constant, the resulting torque output by motor 2914 is likewise constant. As
discussed above, however, the current output of constant current driver 2924 may be
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 embodiﬁwnt, 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.

_@
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5 3000 provides rotational drive and a second drive circuit 3002 provides vertical drive,

such as discussed with respect to Figs. 20 and 23, respectively.

In the exemplary embodiment, the test head is maintained in a substantially
weightless condition for easy and accurate positioning. A safety lock can be provided to
maintain the test head at a given vertical position by fixing the main arm to the vertical

10 guide rail 738. In view of the weight of the test head and/or counterweights, it is
desirable that if the system becomes unbalanced while in a vertically locked condition that

the main arm will remain locked if an operator attempts to release the lock.

Referring now to Figs. 27A-31, an exemplary lock system 3100 is shown.
In Figs. 27A-27C, the various views of lock system 3100 show its interrelationship with
15 main armi 736 and vertical 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
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In the exemplary embodiment shaft 3116 lies in an axis orthogonal to the
axis of linear guide rail 738 and lock handle 3120 ratchets so that rapid locking and

5 unlocking using one hand may be achieved with minimal effort.

Referring now to Figs. 28A, 28B and 29, details of lock system 3100 are

shown. In Fig. 28A, lock block 3104 includes calipers 3122 attached at pivot points
3124. Each one of calipers 3122 are placed along opposite sides of linear guide rail 738,
each having a clearance bore through which shaft 3116 passes. As shaft 3116 tightens

10 against lock block 3104, the caliper 3122 adjacent safety block 3110 pivots, in a
clockwise direction, as viewed from above, about pivot point 3124 >and contacts vertical
guide rail 738. Likewise, the caliper 3122 adjacent end block 3104 pivots ina
counterclockwise direction, as viewed from above, about pivot point 3124 and contacts
vertical guide rail 738. The combination of calipers 3122 pinching against vertical guide

15 rail 738, locks main arm 736 to vertical guide rail 738.

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, pan 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
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5 thereby preventing the operator from rotating shaft 3116 with handle 3102 to unlock the
main arm 736. The operator, upon realizing that the test head was removed may remount
the test head allowing the safety block to move back to the neutral position, once again
allowing the main arm 736 to be unlocked from the vertical guide rail 738. Conversely, if
either a counterbalance (not shown) is removed from cable 2410, or if cable 2410 breaks,

10 bias springs 3126 would force safety block 3110 to move upward along the vertical axis,
such that lower pawl 3132 engages gear 3130, thereby preventing the operator from
rotating shaft 3116 with handle 3102 to unlock the main arm 736, again averting possible

injury to the operator or damage to the test head.

While preferred embodiments of the invention have been shown and
15 described herein, it will be understood that such embodiments are provided by way of
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.
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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.

2. A system according to claim 1, wherein said load has a center of gravity and
wherein said center of gravity, said first axis and said second axis are situated at the

respective vertices of a triangle.

3. A system according to claim 1, wherein said column is forward of said second

vertical axis towards said load and to a side of said second vertical axis.

4. A system according to claim 1, further comprising a cable support which
supports said cable coupled to the load.

5. A system according to claim 4, wherein said cable support moves along a third

vertical axis.

6. A system according to claim 1, wherein said rotation unit includes a bottom
plate, and a swing plate which is coupled to said arm unit and which rotates relative to

said bottom plate about said second vertical axis in order to rotate said load about said

second vertical axis.
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side plate which moves said load horizontally along a first horizontal axis orthogonal to

said first vertical axis.

8. A system according to claim 1, wherein said rotation unit includes an in-out
plate which moves said load horizontally along a second horizontal axis which intersects

said first horizontal axis and which is orthogonal to said first vertical axis.

9. A system according to claim 4, wherein said cables exit a test cabinet before

being received for support by said cable support, and wherein said load is an electronic
test head.

10. A system according to claim 6, wherein said rotation unit includes a plurality

of indexing members for indexing rotation of said swing plate about said second vertical

axis.

11. A system according to claim 4, wherein said cable support telescopes.

12. 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 moves a) along said first vertical axis and b) along and relative
to said column and which supports said load; ,

a cable support which moves a) along a third vertical axis independently of said
arm unit and which supports said cable coupled to said load; and said load positionable
by said arm unit so that said cable is situated to a side

of said column.

13. A system according to claim 12, further comprising a rotation unit for

- rotating said first vertical axis about a second vertical axis spaced apart from the first
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15. A system according to claim 13, further comprising a base to which said arm
unit is coupled, said base including a bottom plate, and a swing plate which is coupled to
said arm unit and which rotates relative to said bottom plate about said first vertical axis

in order to rotate said test head about said first vertical axis.

16. A system according to claim 13, wherein said base includes a side to side

plate which moves said test head horizontally along a first horizontal axis orthogonal to

said first vertical axis.

17. A system according to claim 13, wherein said base includes an in-out plate
which moves said test head horizontally along a second horizontal axis which intersects

said first horizontal axis and which is orthogonal to said first vertical axis.

18. A system according to claim 12, wherein said cables exit a test cabinet before

being received for support by said support unit, and wherein said load is an electronic test
head.

19.A system according to claim 15, wherein said base includes a plurality of

indexing members for indexing rotation of said swing plate about said first vertical axis.
20. A system according to claim 12, wherein said cable support telescopes.
21. A system for positioning a load, comprising:

an arm unit which supports said load and which moves along a vertical column

which defines a first vertical axis,
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a cable support which moves along a third vertical axis and which supports a
cable coupled to said load; and
a further rotation member which provides rotation of said load about a horizontal

axis, wherein vertical motion of said cable is preventable while said load is rotating about

said horizontal axis.

22. A system according to claim 21, wherein said arm unit moves upward and

B downward along said column.

23. A system according to claim 21, wherein said cable support moves along said

third vertical axis at one end thereof and said cable extends away from said one end and

towards said load.

24. A system according to claim 21, wherein said rotation member includes a
bottom plate, and a swing plate which is coupled to said arm unit and which rotates

relative to said bottom plate about said second vertical axis in order to rotate said load

about said second vertical axis.

25. A system according to claim 21, wherein said rotation member includes a side

to side plate which moves said load horizontally along a first horizontal axis orthogonal
to said first vertical axis.

26. A system according to claim 21, wherein said rotation member includes an in-
out plate which moves said load horizontally along a second horizontal axis which

-+ intersects said first horizontal axis and which is orthogonal to said first vertical axis.

27. A system according to claim 23, wherein said cables exits a test cabinet before

being received for support by said cable support, and wherein said load is an electronic
test head.
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vertical axis.

29. A system according to claim 21, wherein said cable support telescopes.

30. 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 a) along said first vertical

axis, and b) along and relative to said column;

a rotation unit for rotating said column 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.

31. 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.

32. A system according to claim 1, wherein said column is an upright support.
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35 . A system according to claim 30, wherein said column is an upright support.

36. A system according to claim 31, wherein said column is an upright support.

37. A system for positioning a load according to claim 32, wherein said rotation
member includes an in-out plate which moves said load horizontally along a second

horizontal axis which intersects said first horizontal axis and which is orthogonal to said
first vertical axis.

38. A system for positioning a load according to claim 32, wherein said cable

exits a test cabinet before being received for support by said cable support, and wherein
said load is an electronic test head.

39. A system for positioning a load according to claim 32, wherein said rotation

member includes plurality of indexing members for indexing rotation of said swing plate
about said second vertical axis.

40. A system for positioning a load according to_dlaim 32, wherein said cable
support telescopes.



