; ABCDe3ezz{$}| 8~6BTx1 0 J U L 2003 WD 00/41S36 PCT/ US00/ 00704 ' TEST HEAD
MANI PULATOR ' 166166 The present invention relates to the field of art of
el ectroni ¢ test head positioners. s BACKGROUND OF THE I NVENTION In the
automatic testing of integrated circuits (1C) and other el ectronic devices,
speci al device handl ers have been used which bring the devigeJvo Be proper
t enper r d places the device to be tested in position. The el ectronic
testi n‘g&{*‘@é% is provided by a |large and expensive aut offat/Pe0¥¥384 ng

system whi ch includes a test head to which has been required to connect to

and dock with the device handler. The Device Under Test (DUT) |
preci sion, high speed signals for efifective testi ng; accordi nammmmmwmm
el ectronic circuits must ge | ocated_as_cl ose as possible to t i

causes the test head to beEedtHEAM) MANIDGLATQR head positioner <y&@ns

may be used to position the test head with is respect to the device

handl er. Wen the test head is accurately in position with reslmlﬁwmwmmmmmmn
device handler, the test head and the device handler are said |

al i gned. Wen the test heallfHrd YeTttelWYENTEPNare al i gned, the fragilwe
test head and device handler electrical connectors can be brought together
(i.e., docked), Breapresanyinvhrtion alateto e fiebbof st gfialestrbpicues hebde t est head
and tgg .gevi ce handler. Prior to docking, the fragile test head and Zo ,
devi c8°HERYT8r el ectrical connectors nust be precisely aligned to avoid
damaging the fragile electrical connectors. A test head positioner system

nmay al so be referred t test head positioner or a test head

mani pul ator. This tech?ﬁ)ﬁé@ﬁgamgﬁ B&@, II\W)EN&Q%I e) in the inTEST

- Handbook, inTEST Corporation. This technology is also described, for

exanpl e, is in Ungheprioaatis tegsing of fuegrsd, ciguits IC)end Bha3de@Baic 4, 893, 074

and 4, 7 ' - | . LOG r d.by reference. for their teachings
ond, e Tihobb] B! Bl hAGOKANTALE G BSIERENRGSL 90 dlDSIdpel 257 0G°
ZQ03 RempEIGREE AN PMado theidh ke I6 Be AstédinSp RURINATPRd OBciréhidlRMliAS iRFe test
(DUT) is the present device (1C) undergoing test. A test station apparatus

(TSA) mayided bydt laega indedxpensivaiftemape si5Eng system ivducthimablides 8 testdieadinual t est

ati . consi nt_w.th descripti.ons of test head.,positioner
3 ot ondieh Hip 8o BRRlSRS ol o R RRER A B Brukf RonllFr aBE AR 1 i gure
1 is ugader TestDUIT) redhires peedidieR! high BpebaWigaXd for bPRctive Tsdi;i zont al ,
side-to-side or left-right axis 10% % = horizontal, in-out axis |06. Wen
vi enedaepistinglie tier degirapfc ¢ipaitsamisbe deaated ashilesefaspossibliego Gag DAET aThi0

coor di gate §¥SE&Mead to be extremely heavy.

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

fragile electrical connectors.

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

s 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 pbsitioner

systems.



Rot ati ons about the axes are designated as follows: Theta Y = rotation
about the Y axis (hereinafter referred to as "swing") 108 Theta Z =
rotation about in-out axis (hereafter referred to as "roll" or "twist" ) |
1 O Theta X = rotation about X axis (hereinafter referred to as "tunbl e"
or "pitch") 112 A reference nodel for a test floor 200 is gfpQum 2083 pl an
Vi ew wio dorq@ssse 2. As shown, Main Test Equi pnment Cabinet (Tester Cabinet)
202) a TSA 204, a manipul ator zo 206, and a test head 20 8"HP¥/9%R%4 uded.
Figure 3 shows a rectangul ar 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 g Sseb! t i ncl udes est interface on one
surface. The te(i}?pli%?ltseer fogggs %gﬁtg?%ﬁglala{}%@ 51 gie‘étef'e@&hfseﬁhf:%"é%‘oar d,

whi @§vics (Heuwndeogping test. hartefusmaid roamar 4OVl SHES: 69 BEEIRB PG S, O the
tes!;prg&tp}gr@tvus oy Eehe ober, handl er, or nmanual test station. e surface
havifig T Rt t'ast M4Udtesy pd mapualfeststasionser cal l ed the “interface surface”
(1'S) 310. The j S ,defines both a plane and a direction; the direction is
descri bed by alQ8€Cersisiertiusith descripsions of @stUhdddlpRBdAe N st HEHRE - 3

s PCT/ : inti .a fromthe test head. Figure 3
s_hov%lﬁft} %@%@g%36§{xﬁlet 8¢ o?tl)oggln Sglaggl%ﬁg\‘/&etlh‘sd’ﬁ%%‘é’htﬁm ection. In use)
the orientatiop c%_the test head will change as it is docked with different
types of equi prent = Xe¢GrURgIAVE B8 A02 he pl ane and the direction of the IS
310 will also change. s It is helpful to designate test head di nensions
with respect tb the hatizemalc sidsupfsidesor Iftirigii heisorident at i on shown in Figure

-3 (IS facing up), the followi ng definitions my be used: T = test head

t hi ckness = di rrensFohoiimontdigindpudownighi recti on 312,  W-= test head width =
dinension in the side-to-side direction 314. L = test head length =

di mensi on in tWhennviouvdd Bbmnast in i t est head may be brought
upwards. to contact the DUT as iﬁjﬁé%ggl\fir({:lgmggﬁgﬁrer s For{nfshtgg%%é@%‘%“the

0§ nt PPEUBAE YFEMe s facing up (1S UP). Another alternative is that the
test head may be brought downwards to contact the device as in a prober. In
this case, theRputiens amat therdxasart desi@idiasdPnewt! S is DOMW). Thirdly, both
the DUT and the IS may be orientated in a vertical plane (1S vertical) .
Fourthly, bot het HEneBUY angcaki i n ngl e between the
IS up and IS down, zo As theBtﬁglgtguﬂggc}blgég%@g&%ﬁfzg%f%ﬁédg‘)pgsar atus to
another, it is clé#nghd08the test head nmust be rotated among 1S UP, 1S
DOMWN) and IS Vertical positions. Depending upon the mani pulator) this may
be effected byer dttetd Br=irnueivh Rebut Meod: ml(ﬁel(eQFtExcxl})ferQ{)d fPLd < Lhwiggt)
scoordinates. The test head is connected to the test cabinet by. a large,
thick bundle of i $"EADIEY . The cables ) size, weight and resistance to
flexing and twisting all interfere wwth and constrain test head notion.
Test head noti &n Theta&s+rmbitipnpiohoKreds (HRrandfdineferte B'RUeGhy g cabl e
from several factors a)s %escri bed, for exanple in U S. Patent No

5, 608, 334. puch™) 11

A reference model for a test floor 200 is shown in plan view in Figure 2.

- “As shown, Main Test Equipment Cabinet (Tester Cabinet) 202, a TSA 204, a manipulator
20 206, and a test head 208 are included.

Figure 3 shows a rectangular box-shaped test head 300 oriented such that |

its top 302 and bottom 304 surfaces are parallel with the X-Z plane, the sides 308 are
- parallel with the Y-Z plane, and the front and rear 306 are parallel with the X-Y plane.

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

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



i 0 Jfl~ 2ff~3, WD 00141536 -4 PCT/US00/ 00704 Many test heads, particularly
| 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 fromthe test—head
at the center of rotation and parallel with the axis of rpé}a}{g' oEbOénor mal |'y
the roll or twist axis). This is described, for exanple, i LS at ent
Nos. Sv@&3464868. 5,450,766 s and 5,608,334. It is desirable to support the
cable in a manner to mninize interference with test heddHHIPEHO4It is

al so desirable to protect the cable fromstress. For this purpose, a

t el escopi ¢ cabl e support mechani srp34_00) as shown in Fig. 4, may be used.
Such a nechanismis described) for "'exanple, in U S. Patent No. 4,89%9a074. -~o

Ref efq | iq. SA tional. test d positi tem 500 |
EoulS blile bl bbhing e EMVEDI R, (e AR R 1S B3P et o, i n_ar m
511 hodzqnal patcedits npthRisasfRubhY 1520 Whi Bheg%tigr?ﬁﬂﬂqugeﬂ&gg gii . Patent No.

5,450, 766. As shown In Fig. 5, the main arm IS coup i near guide
rai | Cepnge a5 dt igopkest with differsneypesof eqaphynti rAaotdiaglydiboacihe @mnalagag | i near

gui d@,.f @bd ., hani sm (not shown) allows the position of main

arm g‘flétk%:ugé%”@efﬁfg ‘gﬁf%lgotcﬁa? near guide rail 510. Positioner assenbly

501 i s adapted tor@dfg vertically on |linear guide rail 510 by a counter

Swei ght assenbl ¢ Eft5iPLh IgRRteckstitard Slipensionsavitly réspeeti to iy ingtirfazet | on

W t hisitfhdee WaR! thS BFiki - count er [,ght assenbly enabl es
p PEhaoRtAGR STTeute S e et Bl Gens Tt it

the test head ao to be noved v tion)
t he maytbehesed: i s nounted according to .its center of gravity. Cables 5|2
extend fromtest cabinet 514 and into the rear section of test head 502.

Cradl e assenbl y 520=i g5:0RUO GRS MRISE 5] adl e assenbly,S20 has a
front "C' shaped section which | sScoSpr&f]gI%mtnomt][ges&ﬁ%gdl (2‘5\20?1033)6(?\' t hat _t.est

head 502 may zs, piych Xi Sy.passi n hrough its center of gravity.
Oper ati on and ds'et 2{? I's t%gggérddl%rngﬁc—r g(ﬁllggnsé%gﬁbf:?‘dfs%@‘s&ieedlf‘iﬂupy 3d4pl ained in
WoU: S. Patent No. 5 4_5_0f 7%&? are not repeated here. Columm 545 rests upon
transl ation tab) e 57155 fugth on dimptson wdhe desutsditretion-Hisde pl ate 522,

in-out plate 524, turntable 526 and base 530. Colum 545 is 30 coupled to
si de-to-si de pllatusesdis testlicad ;12548 broughtdpwandsiodenpicatie BT arnid ot he rail s

(not ey 1 5 ~ ~ ~ 7003 PCT/ US0Q/ 00704 -5 shown) of in-out plate

524 coupl e gélugé ?‘gghslsl gaésep?‘aetlgéﬁéﬁe%ré‘f?-‘ﬁ cing up @S5UR). Gui des 525 of i n-out

pl ate 524 are czgu‘?tbed o the .r%iEI s. 527 of turntable 52b. Turntable 526 is,
Yy Kithay

in turn, coupl e ENEG the frshhsadgnaybe broaighhdewstandayo  Col unm 545
may henteparidelRead ifS 68T &5 BlsRg lttgégg%?&% SrA%ER Y ”;jifé'w”g% m 545

side-to-side table 522 and in-out ta S respectiv
531 so eWR-at ed about the y-axis by rotating turntable 526 about its :
coupling with base 530. O course, as colum 545 is noved al ong these axes,

test head 502 ifhuédlyobothi thaddJT .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. '

2 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,



Fig. 5Bis simlar to Fig. 5A except for the relative positions of the
parts associated with translation table 521. In particular, the turntable
526 is between colum -0 54S and side-to-side plate 522. In additign)

gui des 525 of in-out plate 524 are directly coupled to basel®$3dUat?i@ai| s
53I. In all other aspects, Figs. 5A and 5B are simlar. Therefore, the
remai Wig@gsdeai | s of Fig. 5B are not repeated here. Qh@éwﬁg(@}?(jo%i ons of
hori zontal notions built into the mani pul ator base are possible. 1f such
notions are not built into the base, they are typically provided in the is
arm assenbly. For exanple the inTEST Corp. in2 manipulator first described
in U S Patent No. 4,527,942 provides no horizontal notions in its base; an
articul ati ng anmpp@sseNeh i dJ i i er,

mani pul ators are 2novmmbv\%si’ @%mﬁg\%g@blgggs&tgﬁ’a%gggtg%/t}eggg6n$§na§%mnagorr otation
not | Wri)g slichblapitdie apyastmm desier ¢abedpivor tdo:, tRatatlt iNbrough686mAGe, assi gned
to Teradyne. .ao Several manipulators provide two nptions in their bases. A
mani i‘?ﬁﬁa‘&‘%’agra‘ R TP (O FRGHRY a‘?‘g Pﬁfaﬁﬁ'ewglh dhegRde P 1¥RfIqm(ngrmallpgheaioll Nos.

5, 9345 B8t 808 . STHs HésBHBed OV ELRSHIS Wh Y. o (PE%B{ Q85 258351588; 5%spi AL Moti on
inits base with the swing nmechanismat the bottonm 1Tn-ouf’abtironin this
smani pRd 81088.33¢. provided in the armand cradl e assenblies. A further

mani pul at or manuf actured by Rei d-Ashman MFG) Inc., provides is side-to-side
and i n-out not ilois desirdtiie thappowi thé cablé itPa PradHEddnBmitialer Rhedche ar m about

a shaft attached:to the colum. A manipul ator manufactured by Schul nberger
pr ovVdBsed igad mptiong ¥ 158isp sigsiaHie &npiogect dieaablsniremistesss.i For this base with t he

SW n i e~ t o, sl de chanism | n-out and roll

ot 1 PR ar IR e bafe Supror b ERITAN, S PEN A1 4P b7 435 |l que

i n t Bath tieechabibe ipdeseibed r fomekiiepleat Ues., padit aghy g6hezgenter of the

col um above 1 0J UL 243 WD 00141536 -6 PCTI US00100704 the center of
wrotation, to terdfeRmloQodtigt SR, § 88hveRREEh & ﬁ@aﬁ%sﬂ%&%g %%%%O%BIE" pulator is
a spring mechanismthat serves as a counter balance P Th Was first
descsh®®d. in U. S. Patent Nos. 4,943,020 and 4,973,015) both assigned to
Schul nberger. Finally ) a further mani pul ator, al so manufactured by

Rei d- Ashman MF@est head, pgsittniet egstah 1500 mee imddde0 e dxanigls, Masar 41 t he

swi ng _rotation nmechani smat the bottom_1In operation, the test head 502 is
mani %&Pﬁ%ﬁ*@ﬁéﬁd@‘sa%@b%m WhicAds fescrhed HSBrfg Raterpd¥a. 3.#20,76@ns! at i on
tabl e descri bed above. Wen the test head is within a distance of 1 cmto 2
cmto its ultindssheysekeligpds te main aam 3l igomepled aphacatguidestailri1®. t o

0. At <t hi int.. a docking. act i aged_whi ch d the test
road Sttt baPOhical B Jsfion oteioen SO0 gk gdhert 98kt h < e DUT
test rhectiatlsen @RESRIwDI RN sARE PosiSn bhRateiin HEE@ dSa AWk dvatg 1191?%‘; on,

t he al i_gnngnt apBar.at us, such as tapered pins engaging mati ng ho

r educgddarl P K-t Peditienar gssemb IS0 hisadaperdab Iridalvierrwalily et lidear goide.raibur i ng
dock ion, the test head is desirahly free-tog nobve in any conbi nation
of axS:bet #J)g h gﬂﬁm%fvgigﬁlb?ﬁ?:ewgg’a@%?@“fq) ﬁ‘g‘ﬂdgmoﬁ?ﬁf&ﬁ‘c%mﬂl%%ﬂhﬁ dEesYQR i on.
Thus, wihih @%@&arseeidofag1d uFp G ' 45 n
undocki ng, all raxes shoul drﬁ%??rgeh@gggxt%ﬁg“%%g%%@ﬁg{ %J@éﬁﬁé%gdgsﬁ?@
wevertoduk mhved vérdcalbowithreninmmlforceudhadditioe, thesést head iswdintbd om engagenent

with the (%.est socket / probi ng assenbly apparatus. Once undocked, selected xo
axes YEATHAS LU Faer ofgravitgeSables 317 extand fiam test cabinet fd4and sntbaheroved away

from f&?s@&fm%f/tgﬁrﬂgﬁfs 2usi ng only one notion axis. Recent advances in the
sem conduct or 1 ndustry (?wive had the foll ow ng

Cradle assembly 520 is coupled to main arm 511. Cradle assembly 520 has
-a front “C” shaped section which is coupled to test head 502, such that test head 502 may
25 pitch about an axis passing through its center of gravity. Operation and details regarding

cradle assembly 520 are fully explained in U.S. Patent No. 5,450,766 and are not _

repeated here.

Column 545 rests upon translation table 521. Translation table includes
side-to-side plate 522, in-out plate 524, trntable 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



“time it has beto

20

25

30

effects 1. DUTs have becone nore conplex; the nunber of transistors per
device is has grown steadily froma few thousand to a fewmllion. 2. DUTs
have becone increasingly conplex mxtures of digital circuitry, anal og
circuitry, and m xed signal circuitry. 3. The nunber of /O power supply
and signal ground reference pins per device has grown to segenal pgndr eds

fromwb®s&143pan one hundred. WO 0014153G 1 0 J UL WQ %00/ 00704 4.
DUT cl ock rates have gone from10's of MHz to at | east . 5.7 Data,

Address and Control signals are accordingly in at |east the 100's of Mps
range. 6. Per pin frequency bandw dth requirenents are at least in the 10's
of s GHz range. As a result, the Tollowi ng test system desi gn changes have

beGRARN PSS AR ILBite E2 St ek conplex pin-electronics circuits
e Aaag e 324 0fe sl bR e Do TR B LAY Sl 213 6 e ot
head-ogaplatreS24oarexpepleddo duerdile SRMefhirah®le $¥6.t TRERMIE3LESs, id mﬁt er cooling
systens wWith circul ati ng water have been added to the test head$)

Wi
i n&eupled ﬁ%%f‘sr?eﬁo With gricaring suefaces@pt showny. Cobnmbb¢S playrbeirepoditorze i ncl uded
in ; e A wMore.power supply a round conduct ors of
heé‘&?@?&gg%lgggﬁgr%gm\%taﬁgs PY nfoﬁflggr%?iff’éﬁ:‘ﬁ?ﬁ%ﬂ? gg? gﬂ@&ﬁ"‘&‘éﬁ\ﬂé.ﬂ%: Movi ng
Ci rrespectiyelr diolune Sgshamicabtshiciabbhiht §54xi087dokiing BHHESI § amount. of
signal wri nq_ and, associ ated delays in the cablel Thes actors have driven
t heADONG KBS SORPIRG; YGiHt bate 139st Oheeitise,tas cohenre 54% issingned aloaptheye whds, e at t he

sangqy LA Qg 1. The dermand that the test head be brought into
cl o_s?a Hp?rg%gp%’lqﬁ/erp?%gipﬁé&uﬂ is increasingly inportant. 2. The cable from

test head to es:@r. cabi net aﬁe gept as short as possible while at the sane
Pripiar o g digreant forrthgaylative popisiarsotihd pattei r

assfebahed vaall 851 - igntficantl I e nd heavier. ...9 6 J
Ui i.403 \/\%{Dd o%/%}é}g)\?{lga?%gqf I%L@NMWO@%E@N@%HW%&W 800704 A
sys¥&mridsside &f-gide fpbate 522 1 additign aglioads25S4CR-As paaté 834 afted@tbcuIhe system

i ncl udgsEi a;h ar ich ssg&pglrts the | oad and which noves along a first

ver FTPH® 19,4as¢ O3 8t 'l Ry gthen asaesdss. igst ¥ iaph SBrare siogitary ot at i ng t he

P11 Fherdfirk, ®@lreM¥intnPBQMs 8 FHC3R%re 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
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. |

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 marﬁpulator manufactured by Reid-Ashman MFG, Inc., provides

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

. unique in that the cable passes from the cabinet, through the center of the column above
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25

s vertical axis spaced apart fromthe first vertical axis. The system may
al so include a cabl e support, which noves along a third vertical axis and
whi ch supports a cable coupled to the | oad. BRI EF DESCRI PTI ON OF THE

DRAW NGS The invention is best understood fromthe foll owing #étd¥l gp&,-
description ~o when read in connection with the acconpanying drawing. It is
enphaeioagtbabhat, according to common practice, the vapcqussobeaiodr es of the
drawing are not to scale. On the contrary, the dinensions of the various
features are arbitrarily expanded or reduced for clarity. Included in the
drawing are the following figuress-Fig. 1 is an illustration of the test
head mani pul ator coordinate system ~s Fig. 2 is a plan view of a test

f | dur cdmgronftrofavionatd tepintmbe dtabd ebelad MNoPIigicoh B¥Shapulaid-is3 1S an
illustration of test head placed within the coordinate systemof Fig. 1,
Fi GPTIAS MECRAPINIIUSCINRS Ay ASRUBET Balarnsveich ovalfirsieleserdhngi io Wabl e support ;

Fi %tengﬁcf%nﬁ,ﬁ@,@foe%dgaeﬁf%?ﬁ@tlij,Vl?otl’(itafs‘é?ne?fto 3 LERLgsentative conventional test

head mani pul ator; Fig. I's a par op Vi ew 6fEh convent i onal

installation g t mani pul ator: FEigs. 7A and 7B are perspective
views of a poﬁlt 6 %ﬁf rgahr%? glgﬁn'ﬂ%léaé 790 %ﬁ%&&%})ﬂ%&%ﬁgﬂ&nﬂ&%& exenpl ary
entineli, peotides alt tigePrRSONS id MYERE WAk thEs@inSrdeftich ReAMInEY AE a test head
mani pul ator of Figs. 7A or 7B; ~ 0 .~ a ~ zoos WO 00/41536 PCT/ US00100704
-9b°ﬁ°§‘.- 9 is a plan view of the test head mani pul ator of Figs. 7A or 7B
show ng various degrees of freedom Fig. 10 is a perspective view of the
base assenbl ylif operttien, tths teshibad 508ri§ puhpubitedlowatdgisthe dbcibing MsiidnFi 9s.

11A:11C are detail ed views of the bottomplate of the base assenbly of Fig.
10;USHgn H%Aﬂ’fé@faﬁéoaé%eﬂ? P%%ff‘bif‘ga\%ovef When g tay herditsewiibinta distante t he base

asssmbbyy to?ocrﬁ~°t§%J‘?llltthatEid%%kedlﬁﬁ‘féi]o%,caﬁég%rgﬁ%igi&bgﬂiéﬂs %%X?-ts?tf (g, I n-out plate

portion of the base Figs. 14A-1 are I ews RETéEf Efe- t o- si de
pl atethpopoinore déckitpadraser asngndetywhibh dewslthAwdkbGeaariarathpl fap vi ew and si de
Vi e of. the base assenbly; Figs. |6A-16C are various views of the sw ng
i nd‘?veyisﬁnﬁa Y ERSHGB SRD IS0 cpygemeny with iy BUE {esk figyse andéosprobetchrd.i n- out axi s

| 0CKs @S REPhAAd is drawn into position, the alignment apparatus, such as tapered pins
engaging mating holes, reduces any initial error to within a small allowable tolerance.
During dock actuation, the test head is desirably free to move in any combination of axes

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

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

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

analog circuitry, and mixed signal circuitry.

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

device has grown to several hundreds from less than one hundred.
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Fi gs. 18A-18C are various views of the side-to-side axis |ock assenbly;
Figs. 19A-19B are detailed views of the side-to-side axis |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 v1i @WLﬂT @Fe roll
not ogv(%bglﬂg%soci ated hardware; Fig. 23 is a side view of the e“{' i & not or
and assocl ated hardware for raising and |owering the t&&TYRMQY70%i g, 24 s
a top view of the vertical notor and associated hardware; 'S Fig. 25 is a
sinplified schematic of a single axis control circuit; Fig. 26 is a
sinplified schematic of a dual axis control circuit; 10J UL 200 WO
001 41536 -10 gC‘IéSg%O&I 0704 Fi gs. 27A- 2£OQ ofag | ock system for the test
head assembl y' Frgs. SN2 dE Ve ggnegogy K07 of Yz 42 blkastof GHei ous det ai | ed
features of :ngehléock shown in Figs. 27A-27, and Figs. 30 and 31 illustrate
a fail-safe mechdARsiffeses apbCoprl sigralearc Asoodingly in Bt est BFAQEC,

DETAI LED DESCRI PJﬂ%gngyE | NVENTI ON Figs. 7A and 7B are perspective views
of a test head manip aat r system 700 constructed in accordance ,with the
present. i nven iog.r I.ln Fi gs. TA 8nd /B, test head mani pul ator system 700

i ncl udes nani %ul i SeguGHsy PargwIdth requirsmieats &g of eagaitntheddfs oo syst em
cabi net 704 via G# @fge/06. The cables 706 are coupled to the test head
802. Cables 706 may provide control and data signals to/fromthe cabi net

704. Cabl es 706, alsaii el nds, Cabl es 706 nmay optionally
i ncl ude cool ant supp\t’y&tglfgg(gwﬂl%{tggﬁ%g{eggg%z‘ﬁ%eg%agﬁ B5SOME| escopi ng cabl e
supgenitabler m 708. Wich is shown in Fig. 4 and described fully in U S.

Patent No. 4,893,074. The tel escoping cabl e support arm~s piston 410 is

connected at dnemass, ta@temhmmo?ac&hgﬁk pintSiec@Bitcd DRl S5GERLRG.AHIPPOT L ar m

cylinder 420 is connected to cable piv urn i s connected to

paent) | Fromt oot haat B SiP pab R uRalah i Kb eRERROST Vot 740 and

i's disposed al ongxpeeledstiepsnige BighteswitPpeys fatedr m cyl i nder 420. Between
t el escopi ng cabl e support arm cylinder 420 and the zo point where it
enters/exits cabiwatr ddMingayse@E Wilfcit@PRing Waet RaeAReq 201064 k$ufr  anged.
Service | oop 705 provides saf]‘i cient sl ack in cab e 782”}0 alcfgl\% test head
802 to be noved {45 Beasisolncrasingdbeir mweightond oecessitesingptexibloytumbingbl ock 716
is attached to c 1 cture 712 through support arm 718. A ~ linear
guide rail 720 igé)g%é:cl%ee ‘Pgheatc i“AGCpl ate 722 on colum structure ~s
712 and provi d{s I\a mechani sm wher eby the tel escotpi ng cabl e support arm 708
may nove verti Cal'Y9rCRONE SHPHY #8d @poundscondpeiarst ofdiadiey g@rngesarkyn the ot or
driven |inear actijRtQnndtth to provide vertical notion of
support arm 718 al ong%?neggg%&gg%eﬁgl 720. As a result, the end of cable
cabl es 706 may, under

t 70 ] i sed | d...Th
332?3{ or a(r:g]nt rgl ,rf\?(é\éﬁ{ C:Ernilgrieyn%%?ll ?/g¥m§%$ Cﬁbé{f’ﬁt?tgi)th%&csé ead @ freicmtteal |y

cconstant 30 angl emunhofggﬁﬂmtng%la%s{mte@m s il BB @aER the test head 802

20

25

is noved al ong the vertical Z 2009 00! 4153

These factors have driven the size and weight of test heads to increase
significantly while at the same time requiring:

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

larger and heavier.



- 11 PCT/USO0/ 00704 axis. In this way, the vertical conmponent of the force
exerted on the test head 802 by the cable 706 may be nmaintained at a
substantially constant value, enabling the test head 802 to remain in a
freely noving, balanced state. Columm structure 712 is attacheqotgugageﬁa
assenbly 710 which provides s notion along the X and Z axes in addition to
t he ald o rotate the entire mani pul ator assenbly 7 he Y axis
at p?@gdo%fatr?t 734 in both a cl ockw se and countercl ock%@@ggfwogé i on.

This latter rotation allows the nmanipul ator assenbly 702 to be repositioned
away fromany TSA so that maintenapce nmay be perfornmed on the prober or

test head. - ~  i0 Colum structure 712 nay be either of fixed height or
of yariable (tel escopi g}Npei I oF! %2% ol um 712 noved to the end
of the Z-axis that is clé\@gfst tOOEél%Il%gIte‘V ) aﬁld Fig. 7B shows colum 712

noved to the o iLfe._en the. Z-axis fyrthest from cabinpet 704.

Qtherwi se, t heggﬁgte#ni %EF%gpggfémtsﬁgn%?eloa tS‘fcgl %@s@?%&gt ﬁlﬁ\& YHEDs Fig. 7A
ser \iicteddsaapariDhich wPpRaciheanst hd kil rﬁé@esta%ﬁ%]? fikdiQREGcalBEs A%l N Fi 0.
7B service IoogﬁéOS is straightened to a degree 1o accommodate the

i nce¥HsBARleN Hclies agetaies Hnis dpu retatRtha it scediinadtax®OabouSe sedond | oop 705 i s

not A raightened. in Fig. 7B:..addi.tiqpal slack repains to allow
Svert‘{egg%a)(%% iS@%&Igfapjtaretgffmﬂé%edﬂ%é'ﬁtf%gF’f‘@'. A&, SYFGr TRaY aBB_s”éﬁ'l%ﬁ%ﬁ%me al t hough
t he sapporef whRha6eRi dleheSHBRA ferfita RisSiANy Hitl shopdrft PEMI Bhlfed R @ cabi net
704, the point where service |oop 705 neets tel escopling support arm

cyl ilpefbr 420 is substantiall y above pivot point 734. It is seen that the
spaci ng between pivot point 734 and cabinet 704 is consistent with the
_.space requirements for service |oop 705. Base assenbly 710 consists of
several sub-pl at es BRIBNGEEGRIPTIONOFSHHEEDRAWROGS hat each sub-plate is
coupl ed to adjacent sub-plates. Specifically) bottomplate is assenbly 726

is coupled to hegventian & S eidryi08@Sromh itehfol IS widgddeaiidl ¢ GOPEGH to i n-out
pl ate assenmbly 730, which is in turn coupled to side-to-si dgH[%I ate assenbly

10737 Whethieaf InSonpectign witoilip Reeprapanydia dnaweng. ubttis empiagdzeddédngi | s of how t est

| at - t her i.s di in detail bel pw. The test
P o 5o Blifiy SOLRhADA R aRE, BAYREhs bonfti? SH ARGk e Bk icienBr /080 757 and
cr adihe cdd@aryThiee timsdnsivaadf aet varihs dedrorg are“m%'itia‘fﬁy%)(?ﬁrﬁﬁhﬁﬁ%d&@@"m in this

10 U ~. 2003 WO 001 41536 -12 rcTi usooi oo~oa figure) may optionally be
at t aOR&RTITS- dBFlyded W thadrawias are thinfellpwing figuresdri vi ng force to nove main

arm736 in a vertical direction. It is contenplated that as nmain arm 736
noves in the YFi&i bisdrotlystaatidnreft the eest heal manipalapirasoddidatbydtemear gui de
rail 738, the various cables supported by cable support arm 708 be noved

supwar d and dowhigr2iisa plaoivieva of aaeddlove fdybaaforaxiybicRl @vi wad by |inear guide

rail 720 as assisted by |inear actuator
manipulator system,;

Fig. 3 is an illustration of a test head placed within the coordinate system of
Fig. 1;

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

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

head manipulator;

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

manipulator;

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

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

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



724 Referring to Fig. 8, a plan view of the test head mani pul ator system
700 is shown. In operation, test head 802 is positioned at |ocation "a"
above wafer prober 804 in order to test a DUT on the wafer (not shown). As
di scussed above) in order to performio maintenance on test h@adyBOgypr
prober 804, it is preferable to swing test head 802 away from prober 804.
The iwoaoupsisacconpl i shes this by providing a pivot 7341’@1%&'&0/0@“ ch pivot
plate 728 noves with respect to bottomplate 726. As shown'in |6. 8, pivot
point 734 allows colum 712 and test head 802 to swing to position "b" away
from prober 804. In order to prevegt damage to the test interface
conponents, it is preferable to raise the is test head 802 away fromthe
test interfaceprhe i (il y fL.om.prob 804. The
angl e 806 thqug%e\?ﬂiggtﬁétmhgg{évggfe%??& E\%\%dnglgﬁﬂﬁ%%eoga%éﬁtpéﬁﬁér any ot her
ang| Bowirg vaiowwisgegs of fieedame| earance. It is desirable to limt angle 806
in order to prevent excessive twisting of cable 706 (shown in Figs. 7A and
7B) to mnim zBid N6 ibagaipriivyviel anBEs Asahl for i ethprefore, it my
be ideal for pivot point 734 to be located directly Zo under the point
\/\her’é‘a'ﬂlﬁlélaé%fb?fé:l%(f/’eﬁf 7Bithe cabinet 704 as shown in Figs. 7A and 7B. In
the exenpl ary enbodi nent of the present invention, however, pivot point 734
Sis located as CFigsseélAsl i aictdecailddyvipessf tleebottofieplaleyofRe Bhsel RSPl Nt Wher e
cablgf 96 §xi ts cabinet 704. Depending upon the stiffness of cablée 706,
servic gl‘& p 705 will require a distance of between two and three cable
t hi cknesses when the test head is noved to its is closest position to
cabi net 704. Thi% Rdcldt ae detatedrigwgarf sheriwing rtlare potomest thpoasi bl e spaci ng
bet \A@@ngi}yot poi nt 734 and cabi net 704. Referring again to Fig. 8, in the
pref erred “énbodi ment, the end of cable support 708 is |ocated above pivot
point 734 whentFL he gg\ltgq{@ stéucﬁure_ 712 is positioned at the center of the
X axis and at the-defr EC aFc detailed Wgws of fhe g piate Borioneaf the hase as 30
1oMOVeaRBinbef; base assenbly 710 occurs along the X axis or the Z axis, the
end of cable support 708 noves relative to pivot point 734. In any event,
as shown in Fig;,8,14t0 = 28, = .700s WD.00/ 41 536, PCT/ US00100704 - 13
| ength of cabl gel:%sﬁplf)ﬁoqr ?4(:7(%8 g%tglsledn ?wéf?él?'ledm FL9- S0P Rlate BORtoRPTtlg at i on
t hr obede asghly806, or as the columm structure 712 noves along the x or
z-axes. As such, notion) wear and fatigue of the cable 706 are reduced.

Cabl e support TG8s. epstaemsis a4 a'b%fﬂ@@vsang%i&@%ikwp%ﬁqleg%%egps\téﬁ-g)]gl_Ong t he

y-axis relative to support arm 718, and/or pitches abou axis. s It
is to be noted g;hatidshi t val.l abl.e motion envel o in
conparison to tlfhl srj!plréitAorl é%f“‘i‘%g e?‘és {]g\é’?gﬁgleosfwx%én éB}geloglﬁﬁbsSE&}i?s at t ached
sto a fixed Iocaigi'h%)nl)7§_ﬁ'z§ as the test cabinet. Referring to Fig. 9, another
pl an vi ew of theftest P ATPEY BEYFS ol g waour@gis lock afswRiNni ch
illustrates th .deglree @&ﬁ?rf freedom of various parts of the test head ~o
mani pul at or 700" '8Rs %"h‘g 3T VRTIGUS views [of theeside-feside 98 lackdassatbly; suppor t
arm 708 may be subject to swing notion about the y-axis by noving in an arc
902 about a secldifd 18411PBaire deiagled vieveradhasidpity-otdepuisiock adsembty ;a
preferred enbodi nent the arc 902 may i nclude a range of angles relative to

t he position whEige20hea fest viesadf i rdlakedr whd Rsshbigted ek @Raeand! er
(hereafter, "the docking position"). For exanple, if the docking position ~

s i s TQBtngdhe fest igadmbout thggolaxino2 may incl ude angles o f about - 10

t hrough about + 30 fromthe docking position. Fig. 9 also shows that test
*head 802 may rofig 1dbapartial aidesvie®4f therrdihmete mat akbceeDHArdRAfe; IOt ation
about axis 904 may be about t 95 fromthe interface surface (IS) verti cal

position. Test Bpad289Batiesicw 6EMEH1 AosF M 55)4%&@ g%éd%varzhe Z0°

conbi nati on of the vertical axes passing throug pi'vot point 734,

and |inear gui dgjJ ahl; b of . these ' axes form ng
the respective v}agrrti clgé%gqef‘??{vaén%hgog#gf#bqr%gﬁgﬁ%%at[?cﬁi%rdfvé‘ﬁct tsOlruead 802
may beaisydpet towevingi the kesoheddgn about the xaxis. Axis 906 represents the
degree of pitch of test head 902. It is contenplated that test zs head 802

TRy, Pl L about Fidladisdp iRk UF AL AhAUL forof RAIMReARE kel 2ont !

posi tion dependi ng upon t i cat1on.

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

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



Fig. 9 shows that test head 802 may nove al ong the x-axis. Axis 908
represents notion of test head mani pul ator 700 along the x-axis. In an
exenpl ary enbodinment) it i's contenplated that the x-axis notion iiuvvithi n a
range of about 25 cm 30 fromone end to the other. 1 n J1@ Lup-A%¥yg

00/ 41536 -14 PCTI US00/ 00704 Fig. 9 shows that test head 802 may nove al ong
the zZo@XdPss@AXi s 910 represents notion of test head rrani(gul ator 700 al ong
the z-axis. In an exenplary enbodinment, it is contenpl AU e z-axi s
notion is within a range of about 50 cmfromone end to the other. s
Referring to Fig. 10, a perspectivg view of base assenbly 710 is shown.
Figs. | 1-19 show various details of base assenbly 710. In Figs. 10 and |

| support | eonicl004sare- gt L Ashad. g ARLLOMALALe assenbl y 726 Support

| egs 1004 provi stabilization to count ts of the force

exerted at thegbas S I 10 the mass of the test head assenbly.
Level i ng feet Fh%t %ﬁo?ﬁ@%ﬁ}g eﬁ%/%sgéﬂ‘é‘& szvaf’ﬁ’és gefallesdt feanppopt theeg i 0 1004
and Iwey shewady Bsdsed7as)meeassary. Level ing pads 1000 are al so attached to
bottom pl ate assenbly 726, using any of several conventional neans) to

conpensat e for Figs aguhanitingsd 3 . t area and to allow
the test mani pulgator 702 t0 %(ra tf]gggesfé%ﬁ:%%h%%ﬁqggreéhgﬁ%lﬁs)és areEht) o

s| evein Rigspads-27000 are contenpl ated al t hough any nunber of |eveling pads
1000 may be used as desired depending on the is circunstances. Lock pedal s

1014 and 1016 DETAILEDESCRIBIION DX PHEGNY BUEIFR32 to inhibit notion
al ong the x and z-axes, respectively. Details of |ock pedals 1014 and 1016

al ong with theipjod espged TR Gr gggﬁg}_ : escl i n detail below
Referring to Fi égs 11A-11C, t?Ert eFl%gg%egfsﬁ)sﬂo?&b%??gﬂrﬁnﬂ?ugﬁgr 254 dhol y 726

are ZHQwAnstiugtediig accardance, Witk drel prgseas serblign. 1 kOPigs 7 A0wMAt A 60 Hehe top

surface. of bottom plate | 120. Swing plate assenbly 728 (not shown in
t hi s ARG ??‘%ﬁﬁ?é’ﬁf@s AHHPHYOR aSEMBIY, 702 Ieraenncpied do nabéast bear i ng

masseaﬁi_wmleab&@e 764 fasnibd Bhe. 1&1@%61’%? 7?@5{%&@%@% B fesbid d using

attachi ng neans 1112 (such as screws op su ottomplate

1120 Cabiespi0dvnaepmwyptrarantod and datn gignhRtte/ fams e pinée 804 Plcabas 7b6Q4so 11 05
are prgv' ded so tdhat r&l&rs 1202 (shown in Fig. 12) attached to the bottom
sur f 28Ut PRECTAR R OPRds: e“aRleL A9 jray optionally ipplude eociamtisupplydiibes. at es 1 | 04,

1105 @S IShRard¥usddrgd! i i.vel V.ol di wear .on bottom
plate 1 120. Pl a?%% I 1%4, N %gé %%bggﬁg)%%cﬁg&oioga%@gﬁ Q%r‘r’gf B F% “such as
har d@nédieserdetl faliy imbyS bRatempNa.c89R97he A0S SelEyopDigHabR duppoft @ker s 1108,

of whi.cth there are 6.in th%mpreferr_ed enbodi nent) nay be repl aced when

[
[wor n PIH? t‘%@ ISCAPSFEH ¢t enheRfl ipempunting) blesks7 Hoy ged dhestelasooniagl seppdsear i ng
cr adl@mldARdd04 M iscddnhéetddd iy gp the top surface of hottom plate
11 20. i"o ,a a ~, zooa. \R;ég %Oﬁgﬂ 6 E’@h%&ﬁ&/lgﬁ C[-e§§° cradie %’8
that holds test head 802 (as is more fully described in the ‘074 patent). From test head
802, cable 706 passes through cable pivot 740 and is disposed along telescoping cable
support arm cylinder 420. Between telescoping cable support arm cylinder 420 and the
20 point where it enters/exits cabinet 704, a “service loop” 705 in cable 706 is arranged.
Service loop 705 provides sufficient slack in cable 706 to allow test head 802 to be moved

throughout its desired motion envelope.

Mounting block 716 is attached to column structure 712 through support
arm 718. A linear guide rail 720 is attached to a mounting plate 722 on column structure
15 712 and provides a mechanism whereby the telescoping cable support arm 708 may move
vertically as test head 802 is repositioned vertically. A motor driven linear actuator 724
may be used to provide vertical motion of support arm 718 along linear guide rail 720. As
a result, the end of cable support arm 708 may be raised and lowered. Thus, cables 706
may, under operator control, be maintained level or maintained at a substantially constant

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



In order to limt the rotational notion of swing plate assenbly 728
relative to bottom plate assenbly 726) rubber bunpers 1110 are attached to
the top of bottom plate 1120. Rubber bunpers- i 110 provide positive end
stops for swing plate assenbly 728, by edges of swing plate 72% ()C%Uéﬁﬁ'ffi ng
rubber bunpers 1110 nounted to bottoms plate 1120. Furthernore, to provide

posi ty nt positions, nmenbers 1114) such as camfo y be
attacwg)gmgggat%he surface of bottomplate 1120 al ong the %#Pffﬂg@?({o?g‘\‘iel 1116
of swing plate assenbly 728. In the preferred enbodi nent, nmenbers 1114

provide indexing for swing plate 728 at about 10 counter-clockw se and
about 30 cl ockwi se fromthe operational position as viewed from above. O

course, addition menbers 1114 jo y. be placed along th of travel
Trregn By e ahe TEARET Soprriol & MR fae Ronchin Heod taf afbdrdbe eai red.
I't | @bROTUERRY Bk ethidiBed iR sstdirdtaopabniBibans, taddtidiBye ke addegh each
spaced about 10 from one anot her, thereby providing indexing at about 10
and Quemaipm fredk wosdng r batanché s@per at i onal position. Referring now to Fig.
11B, casters 1118 are attached to the bottomof is bottomplate 1120 in
order to al | owCohmupstradtore H2Sie atthghedQ bhse d3eerpbigitiioonkidh asovass red on the

test floor., In the preferred enbodi ment four casters 1118 are used alt hough
a gregtien ajangiihe Xandc4 axes i addirianeto the gbitity Werpiate he qusire manipylater Fi gs.

12A- } i A t .are.shown. in Fig. 12A
a beé%%ﬁaxgzés%@luyh%\é\g@%@ai&%pfg Lﬁlﬁgﬁﬁﬁgﬁ@"sé@%ﬁlﬁgﬂgo (shown zo in Figs.
11A- ¢diteraldepwisaglieiiog - (Ihat leuasedttinyal 628 the magipalfcakaehbRl MM opoi Nt 734
(as shown in Fig. 10). Rollers 12D2 are attached to the top surface of

“swi n§e peresitiopsd gway fiomyepnd Rty habmainigngnce way ke perfopmedsn th pohehg

roll ef sastgOgy t 0 be replaced when worn. As di scussed above)-rollers 1202
roll "al'ong the surface of plates 1104, 1105 (shown in Fig. 11A). Plate
1206, which may.he a durabl terial such.as steel) is atfached to the zs
%ot t om of swi ngCOBPIEPé“T?%e zhﬂ?ﬂﬁ&m%f apgﬁ?df}éed%h‘f rOfrVd‘I”IaélFs 1108 (shown
in Fii@lesddf) neigheshown) plate 1206 is |ocated such that it corresponds to
the locus of travel 1214 of rollers 1108. Plate 1207, which may be a

durabl e materi af; s i | oR:o i R | ate 1216
and provi des aaﬂ':slé'r?ér(}'gg%%%gﬁ;{ky%g%%@‘@;&?sehg%&?eniﬁq‘és_ &‘i%én.d‘%gg[stﬁom,

pl at eaBine7 704, dnddEg €18 shieks télainni 1120n6vaspane sppazitt ad logmigd N-aals travel of
brake pad 30 1704. ‘1 0J UL. 2D03 WO 00/41536 PCT/ US00/ 00704 -16 To

pr oviHEhes drqm skt F94reAthstivise othe 19 figurds aretheoiame. olids abwsarad 8at i  axi s
rth n : iHngt: j | ' L. iJ:s ¢:208zare provi ded

158n tﬁggt g% %&llfg@éﬂ)gp 3513“.\6%1&)%[‘{%%g?%{lﬁ%o%e'n@%n%p gwwgfﬂherrg%sr@e%%bﬁ%i ng slides
1300 deshiosvivapri70Bi ig strdighAjenatl t@s degret ao ateonihodaiathe idGtRsed@idtaicer ai | s 1208
may be detachably coupled to_the surface s of swing plate 1216 so that they
may beEtWesn seluanydid andahines{Qhy Beryitesioan 705 iy rotfulln straighteaed HeFigop of

i | . ' Limts fer - | 30.
Rt or 8, ol Sab rhNS Il Erical Molin Gflest fisionl Bg STATRRUE: 307,
shownobsefvethgt alfhdfigh she @k%ofh%&@q@fu@% aigpaahes pitoh QoL gmxw& asce of

in-out plate 1310 ~o and mate with Tinear guide rails 1208 (shown in Fig.
2024) . capiret b theapoimsrviegre seivikedoop J05 anegts| teleecopingsupportarinscylzder 420 ows

| 712 | .th -axis. Sli 1300 .b
dot ac RSBt e vE o O TN T atBisichE el B ipecink B5Bvety WSt RRE4y e
vor . RUERSfIOASH cIRRToh i RSHAEL Iou BRSOy o ot Bl ate 1310 anc

interfaces wth stop blocks 1 att ed to sw ng

beyond . pr edet A ROSERELTE SARITQPKyePy SUERBRS A pted 1 SGBREI o 728
At t henRiess®tiat BARRAD-RheGK cofledl Wﬂéﬁéﬂpﬁbsplééw SP@éiﬂEﬂlnyboﬁoﬁﬁﬂhﬂei ent

material, such as rubber. Bunpers 1303 are detachably coupled to bunper
Bl ock asOIbly JR6 dscoppiashioasveng platevassambtyr 728 Bhichas, Snlt@03 coupltd emin-sttop

bl ocks,| 210 -t i m f ot | of i.n-out, plat 73Q0., 20 T
o oK Z 0 D, T S ok e PP SRR B .
or t hogprgh éo‘i’lgfeﬁ% febhutin }’t‘?ﬁ&hr%?ﬂ llz?xbétaﬂé‘ O WEW e Pgh‘%&%gﬁﬁpl&&‘f‘o one

af orenenti oned horizontal axis I near gui de rail are provided on the
t op sumbeee iodiscuss@lin ¢dail ®clod10 and mate with correspondi ng slides 1400
(shown in Fig. 14A) attached to side-toside plate assenbly 732. Guide rails
1306 may be det a : ' SO
that they may be?gﬁ%sggﬁﬂlgﬁ as%%%%aqgﬁg%égagﬁr?g(%ﬁfg%fw%r a([jﬂg?ga%%égll%g

coupl €187 and ¢radlei73@. Fhe wsohead phwtas d Bid. Wsdring: fisteat fionghowams tHi812; such
as screws. Brake surface 1311 provides a mating surface for brake pad 1810
(shown in Figs. 18A and 19A-19B). Bunper block 1304 is attached to the top
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stop bl ocks 1404 (shown in Fig. 14A) at the limts of travel of
side-to-side plate assenbly 732. Sleeve 1308 is coupled to in-out plate
1310 as part of an in-out plate |ocking assenbly di scussed0iPlddli | bel ow.
Referring to Figs. 14A-14C, the details of side-to-side plate assenbly 732
s are described. In Fig. 14A, slides 1400 are attached to the bottom

surf agge i de-to-side plate 1402 and mate with |inea L jls 1306
(sho&m%?oﬁj‘ﬁ%g. 13A). Slides 1400 nmay be detachably cougfg/ggggoogi&de-to-si de
pl ate 1402 so that they may be replaced when worn. Stop bl ocks 1404 are
attached to the bottom of side-toside plate 1402 and, as di scussed above,
interface with bunper block 302 (shown in Fig. 13A) attached to u-out

ot BRengRRSGRRnILY B LT KBmD B8 05 7) SRl Ct BRI o 1 2T

assHiEkk Ynald@rm GobUfim &kiidaC dite@ioAl At (e8nt&hipiatedi tatt 43i Baihi gy B 1S att ached
to the top surface of side-to-side plate 1402 as dgi%it cted in phantom by
out FoNes e Yaexis deRY DAL YaUBALAhBraysieddnt liegeaisuite Bdn38gthteans, such as

scr n i LS4 1R f{(gﬁ ani sm
(degé\ﬁ?‘gse%ﬁ)ll:)%:ggwgré%dcgsgédr%%%ﬁ) %Elti%ﬁll i&pé%&ogg%hpﬁ?%%ioog% e-t gsi de plate
5 1403longn seddind vemicalcainpevidedeylificdr puidy irgiéd2@ts tisdstbbby dineauwcheca of
side-toside plate 1402 that allows sleeve 1308 (shown in Figs. 13A-13C) to
travéft therein. Access hole 1410 may be covered as required by detachable
cover 1416. As shown in Fig. 14A, counterbore 1412 has a radius at each end
t hat zo conf orRefetrang toeFigh8pe ph iéve ot ehelBgchead muadpilatod spstés 780tiached at a
si de, of siIde-to-si de H_late 1402 .anddi s used t‘p,,%t uatefthe i n;ﬁﬂt | ock
di sCe¥Bd 1BPEIRIOR; st heE AU25EPRHROBCIRA AN OB 2 fGOLT FEITiRAR T 6 base
ass gRdertd e il S TSPWet hies (rlhbegrwra.t | NSREREl at R, YRbidRH S pitRogsenbl i es
726) 728, 730 and 732. Figs. 16A-16C are various views of the conbination
wof boaintmaptcatetasshemisHRiryprats &ditgsprajenable o ssidse tst Yed®)?2 pwayshown i n
Fig..16A, | nhdexi ivot arm 1600 is attached .to the ttom of swing plate
ot Rl e or PHEe SR ARSI S VB BROTSU0E P v a0 B0t VB ot po nt
1602, %00 RROPEES0 6NV {iR ré PuaTo bhddmWidB 7281 cAs 4R hm%r 3CHRbE Pbindf _
actuator 1606. In the exenplary enbodi nent, actuator 1606 Is a . pneunatic
act ualballdput cotamn] 1St andseswdichd B2 ansvahg ¢t positiaot‘batasay drom ps@rar f§4oper at ed

30 actuator, for exanple. when .the. operator desires to,npve the, colum
str uﬁ'i ﬂ‘%&r ?OlEfevF?l‘e‘{amng-Dgedo Rigtesigpist facy,gorapquERs3 AL IBET? BorAss 198 act uat or

15l S ORBF ALRAMR(PawS) BBREME RASK 119 cR HRTHE QR i iGAm (1RhE Qway fﬂ&ﬁ%roﬁ@?e col um
structure 712 may then be noved fromthe [7ast position. Once the notch 1604
cl eaB84t Ahemmngle osthpugngagddhe assemblyl owegs fkyde dbost dPptoatmr oty rel ease
t he act ugﬁor 1606 |.ow 2@}% t he indexi.ng.arm.to nnogqtla\%(ﬁé).th% Lock Bosi tion.
O caBRshataliong Hilrange s Ios dairahie i limitanelino n 8T A HE Ve umm
St T UGLULSSi T itk df B8 (LHORE i EighrA By 91 QOnBhiplis. aRsRERbYI o8
approaches the néxt camfollower, the | eading edge (relative to the
.dir ecaimge o6 catidt 06 oThafefons, itgnpl Bd rleasfoe pbloy péit)734fto bhdodaredediravglyar m

engages the cam foll ower and, under force of the camfoll r, t ates
8 outiagEy Bhe RO NGTEERE PG 406 ¥ (b ea0aRthTDAGS SHPWAAR FaTo T ALBSs Bnt i | not ch

" 1604 . I .n ~0,. a tuator 1606
forcel‘gﬂg%'tg g%nélgghgrﬁg&ilﬁiebg&gﬁag’éé;serﬁtﬂg%crg%hf %?TVSG\A)%r b{vﬁg?g&tﬂ%c i ng sw ng
pl at eoefe@EdLYsd ABprRecAB purhibRt ditketiy haderlde ipdid | viteee aible 6 deid r ed
position (at least with respect to rotation about pivot point 734). Figs.

17A- 1qabingt @04 arDapgsdingapen dife stifnesonfixiahte 7an sefvieaionp 790 avidl raquiendl y 728
and i p-out te assenbl 730 escri be the | ocking . ,of in-out.plate is

o s entitiite, B Bt Sely BES and i cdls B R6es8S whet bl e s i€ 31 T 1500
.S coppl: : us [ I i ; te
ia{sserw‘mb)l{agltt%? 85%%9%3;8%5@?2% 2? %%éeagtgn Ihg?atg aﬁé@%g@m&gﬁams@ %at he second

end ofpaziaf betdé@Dpivat peiat T aml tabitergdd. 1702) which is attached to the
bottom surface of side-to-side plate assenbly 732 (not . shown in this

figure), is coumegerie 400 ®SMak! 8, BARE pRGerddd ambo®RIend /B chd OV L&lRs support
zo to shaft 1700 and al I'ows shaft 1700 to rotate about its |ongitudinal

axi s. suppast @8 isdositdd abdat mvelgEanb3y Wig2 thovekimmestatdyee 113 ik pogtiongd at e
ssemnmbl 730, | k hani 710 | or haft, .I.700. | k in-out
D1 at 0 AhleaiBIo OF 468 RGPt E AR bl Fost CULEe el B 6F ot ed about
s | We&r‘lﬂﬂt Bf"baﬁ"is?er}%l%?ég%%&ﬁg’%ﬂﬁ% HO*Caxi &S feef bixls/ QR iRl dflaBleed W thin
ock , the la

eccentric act uat or ter engages
support 708 moves relative to pivot point 734. In any event, as shown in Fig. 8, the



2s plunger 1706 which, in turn positions brake pad 1704 in contact with a
pl ate 1207 nounted to the top surface 1712 of swing plate 1216, thereby
preventing in-out plate assenbly 730 fromnoving forward or rearward al ong
guide rails i208. To rel ease brake pad 1704) shaft 1700 is rotldl iiLi poos he
opposite direction, thereby allow ng in-out plate assenbly 730 to nove
freel WM& Pogui de rails 1208. 1 pJ UL 2003 WO 00! 435381508704

PCT/ USO0/ 00704 Figs. 18A-18C are various views of the conbination of in-out
pl ate assenbly 730 and side-to-side assenbly 732 and descri be the | ocking
of side-to-side assenbly 732 to i-nt3out plate assenbly. Fig. 19 is a
detailed view of side-to-side |ock assenbly |1900. As shown in Figs. 18A,

19A lgngthigBablecuppeedap desdotiexteaaup @ekabOidrindkosaib8qg lef &, €nd
gear 1804 and \Aormlé%aro 11802.r%gth%%%nﬁgf f oot

t hrough shaft 1806, spur
pedaﬁsl‘gisofiﬁ cp féguq“i"%%l%mealw fhex ProngikasudhhalchaxiasionTheasgeond end of

| i nkfadi8Q0 of e QR 1810 t ugh dge nenber 1808. Mounti ng
br acgoefg 1807 an‘g %&O%Qe{?c{eﬁg(?t g‘%hgleed&pgoftwg%t%ber@gt"? ABEARY asiestehaad- si de

pl at #oRes Aheg thet phkionelafivd t0duph8RGAAPYES ahli/if 1} 5xi

| ongj t.ugi gal axis, which in tur n.p?or ces wedge- rrer%‘ggglﬁdé%@%]c? %a%%ls‘nst wedge
Smenber® 1359 noted, that this eiigadsihe ayaildile watipn enenlope il 888pag@inns tth€ pAT Ont i ng
wedggrt FaEPE fhe k34 e pad 1810 (which is attached to wedge nenber
- 1811) so as o cé"rf?lgéctg ?S%‘E’ré’%g‘u‘rsfagé%h%ﬂla IRFALIR. prgsas thesesand 13C)

at t acdbanett o t he side of in-out plate assenbly 730, thereby inhibiting
novenment of side-to-side plate assenbly 732 relative to in-out plate
assenbly 730 aReRgrigpitdl&id & lafodap T, ract. the ~s brake pad 1810 from
brake surface 131 | J f (l)% peadglﬁ:h 1@11215»1 \lqg‘;'?%ftta Eé’a‘ R HUIBBBKL SY e r ect | on.

A r et Y5 shopnnghich diussiatrante degretmeofpireadone df a1ebus bk o thotestiahli 1804 to
provijde. i force whigch places foot pedal 1014 in the normally | ocked
“posi Pﬂ%}?ﬁliﬁ‘ﬁﬂ‘fe@gy%g P ih lgal%pé @V@aﬁoﬁ)mdf@bb egait ab@IM8i mayor der to
unl ob& sshje&-tb OwsicdRoRbRALEHA Bl V. 812 may.be attached to pedal
1014 to 5 mi t ?/otggt "onal trgl?/i?q&é bzycs)hggﬁ\‘grl%natniaﬁ&lspﬂébg‘ﬂfraf sfeandy

si deY®wical axds pingared anpixot fidinG 7pt.elre Atpse fdARBGMbLAIKAE (R! ﬁ%@@%ﬁ@m' y due to
exceﬁﬁzim% Pr esguge qr Iilnk 1800 and worm gear 1802 from becom ng di sengaged
from spur gear: T8RS FFIaIVEiRithe,Positiam whare e agss heBDB drelebwithtthached t o
pedaleviod Gandté edfeANGhldo el et AERVY nd, a.rear, view, respectively,
of test head zrgﬁgi)uplei ng 740@%@‘#‘%@2&‘\&Oﬁg"?‘ﬁ‘alwﬁesﬂo& dREF o t he

Bt est 1iéadined 02 b Ad, thei arc O2MEFEnpiudy adgleg ofebRE -YoreiRbYp! Ssdu hegp 802 may be
r ot a%gtfghreo Olcgdz abp{ut the Z-axis. In Fig. 20) test head coupling includes
roll notor as °§ o6, tini ng belt 2010) and adapter ring 2000. Adapter
ring 2000 is c%ugl ed to roll notor assenbly 2006 at pulley 2016 with timng
belt 2010, and &t A2E8 shpvhthaesg5eBead 0% piay romteoaboas 2@yl 9042 0@Gnunder

cont eRdmeh i . (.sho in Fig, 21). |In the exenplary
enbod‘im;rrgglt r%?m.@‘?%‘?‘ﬁﬂg?"%"&g%gg‘gews W iy e Hopac 94 tfiplad%tﬂéqq?&cﬁ ng 2000
usi nquuazn(is) Weddaliposiviode I TesOhdRAB0PenA! d BRAGSf oravil TA@) 517 ~The O 001 41536
-20 PCT/ US00/ 00704 between the adapt er 2 ng Sogﬁa‘é@d(q(ﬁ)egﬁ‘mfrﬂ‘@ belt 20 0.
TR i i ey Ty ca il Uil ML
e . m.ng.hel t- et ween cl anp .1 and adapt er
ring ggg%egrag?? ﬁ;f a }tﬁéc I%gﬁ'ﬁegﬁgh gf) 5§ axescloripingsihe sgppectiva ystiegs afwo cl anps
2011 tAaglshown in Fig. 20, the nunber of clanps 2011 may be any s nunber
including a single clanp if desired. Furthernore, in the exenplary

enbodi nent, it ¢ the timpg belt 2010 is not continuous
(i.e.) a split %gl ??Héﬁ’wa? %g%%@gé%mﬂa CSHRCHGtOguIch mepien shouathised wit h
cl ampxis204 is S06irepreserdonR depreeast diichalfGedr bhat ko, the Liping belt
201 0 i-n_view of the const rugt i on lJ(;fc thfgeééa %@b%T'V(II) lgﬁﬁheﬁpefﬁcd %E&é‘e, the
% i mi H§2dbEPT meyypitsh abowetha xeaxit betuees abettt +4f fetRs b ieehiddlthdiBagiab! € Wi th
regard +q i hani cal, constraints. Fig. 21 is a partial side view of the
rol | p(ré%l%l{épdgeg% YPon e 20RlcaONed har dware. As shown in Fig. 21, roll

not or assenbly 2006 includes cabl e pivot housing 2002, franme assenbly 2004,
drive mot or/ gedfiBoR shows that feshrbeado80R mayanket alafy the chuikcha094d cl utch

r ot aty Lo Lk 2015, pulle 016 and adjuster 2018. Cover 2020 may
is be"‘“‘%ﬁ‘%‘%ﬁ‘t"?}%ﬂ?‘%’é hegd '\‘}8“‘5{5{3&9‘%/ a*ngB& thepoaxisc|ln@alexemplery | i miter 2015

and fembodim®nit i20date th Lrt.mmisture, .etc..Next, the
details of pivot asse }dgd%lg%&gnxg%gﬁdﬁ@tng i“étr%mg? rangs¥te3bant 29,800

3 e| atfrars ong epd Vo theasthembl y 2006  are described, again referring to Fig. 21.
Upon application of electrical energy, drive notor/gearbox 2008 is

energi zed and clutch 2014 is Zo engaged. Rotation and torque generated by
t he not orl gearbox 2008 is coupled through clutch 2014 causing pulley 2016
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WO 00/ 41536 PCT/iJS00/ 00704 -21 Clutch 2014 is coupled between the gearbox
2010 and pulley 2016. In the exenplary enbodi nent) clutch 2014 is
electrically controll ed and engages upon application of electrical energy
to the clutch. Wen electrical energy is renoved fromthe clutch 2014, hh
wi || disengage thus preventing rotation of notorl gearbox 2008 framdut ?

f ur tWMerodti3¢i ng pul l ey 2016. Wth clutch 2014 di sengagsdrusdemotoast 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 notor and associ-d#ded hardware (drive system 2400) for
raising and | owering the test head n,. _for noving test head 802 along a

| i near gui de Figi P sh8@s ((kdidewt head 02 say owndomiBheizoaxdef iAxis@loa vertical (y)
axis for the test. head 802.. ) in Figs. .23 _and 24, the major
coﬁﬂ@ﬁ@ﬂ?%“5?”8fﬁ&ggg@@?ﬁﬁ??@%@“?ﬁﬁ?ﬁﬂggBﬁ%?@y&ZAEBPCEQBWéWQ4IO, electric
MO te B ABRAEROK i245RnpldttE hal AR6r-a 88 hdridRyl b}%n?élg% eldfBoB& SPLh 2420 and

| arge pull ey 2421. Cable 2410 is attached, at a |F§t end 2411, to main arm
73dTemmarenil o figgethezA and 7B), and at a second end to a counterbal ance
2413. Main arm 736 is coupled to linear guide rail 738 is and noves al ong

| i near gui de Rafelrrid@®o HiglelO, agrispettiof vieafea2dd@dembly 1HEisakewp! ary

enmhqdi ment two cabl es 2410 and two pul | eys 2406 are shown, although greater

igher -pasheyyaainys daBilas! hasy %@?fg@éé’l s I ddgs: 8 .anpul i, 6yepopyless ar e
t b | ' { he' sid f col
oo FORPAL BRARANE ol Bl Al Sl 2" Mol T {08 b 36 SEOURAR! 0 20 L e

ex emopdeminyersorhindeffent of itk farci gxghied ab eetbacOaFBMbLEO7 IWOB N tHRUMAE S 1r406. A
notor drive assenmbly, including electric notorlgearbox 2416 and clutch 2426

i s Bt BeadegsamePly r dryelsg dembgot3hown) way Or pttached ip thg endhef iphed e mount i ng

bar tJ e 14. i ar_2418. | ttached
ot o d (i PR ko BLAG/ e el et YU 08 BB aiBh bt 5006, 2
Smaplatarstebly2DK2 ustpgcolypd fedvémal targatimal heyn?48 topeaghioki m ng bel t 2420.

The large pulley 2421 is attached to one of pulleys 2606 with attaching
nmeaHEESURries 18 44, flgar glthevigst apggmnidciatalion e test menipudaser dietodie t o

t i de: i i to el ' | ted
TP v R e Bk Bh Siloffinddyr ORI BBt Coffeblade Brae® Dot Moo r410
r ot ahpsnmbenohigvbehd p2B52MH00SNSELS 8skdt £ di%irétﬁdépéhh% o#0@6 through its ~o

coupling to large pulley 2421. i~ JUL 2 WO 00141536 PCT/ US00/00704 -22
The CHEWEERBEFSof Lakupeenls2WAG and 18l friarqiattached Hesidertrsideplase 782 tt imhitd014 and

its r Rk J j i Lepeated. .TJo i-nt ai,n adeguat e tensi n timng

per M SFIRBYE B2 ind Pk REREE el IR BB 4 0 B ewe o
examittetheirsregpeaviv e @tbchamis@s preededtfivell andredi paok, two adj usters 2428 are
used) each at opposite ends of frame 2422. s Using two adjusters 2428 hel ps

to avoid any pRregifherd Pigdi PRL1 1€ iRk QmhiRf r @ﬂﬂy 2422 "t hat

may effect the tensi%n onm timng belt 2428?Qfﬁ%?ﬁ% éﬁgﬁp ary eZ%%dinent,

adj ws¢ showed.28n Fsg .t Hrfedubading hs@udtty 1d0dis mouhed t2éh Som vekfappifivegosiownwar d
rotated in_a predeterm ned direction, to a rear portion of

_ fran g‘%i‘é@ﬁgﬁ}"iﬂg@@w#m@ ﬁ%&mrsaowmw Bewneh i qouplesttateanngt frane

ek e VbR o Tl b PR R T

i's undisr st angcHelalsingodtaichiig melingStien (AfkB&s istre@RPaSInE ol kiirgkigpn Wi Il reduce
the tension that small pulley 2412 applies to tinmng belt 2420. Once
adj uaqtiamm phgs L52Qandpre idesuppert et swing [ate herekddy 728.pPhates Wiodh 120hut 2432,

2arar By S hil sebs R bR R A R o B eobanpl ary

zserrbosawmgrmmeass%%{bqwzé%ecamb%grfa& &f aﬁ%%ﬂ)@,l"ll@fj aéfsﬂg@n%ﬁ%@im@“ﬂ to

nounting bracket 2414 may provide plvot 2 n the exenpltary enbddi nent,
mouni 101y respeclvetly 24dolding vedar anttetiotroplaeuni20ndPiinas 1 2euL 8t 105 tdaysiss gde 2436
whi ch_are recessed bel ow the surface of nmounting bar 2414. ' In an

exenBf adyrabligmareriah suddy as hrsdencdsiasl and wanttiegaplagedeas nacessary apigalrtlo Zo t hat

nove . .S, C dane. substanti al Ly uni ppeded with
rea;gﬁgﬁf3h@ga?§%%£?3§%8%§%ﬁ3§Q%H§?§ﬁaaf% é@”?ﬁpoﬁﬁﬁgﬁﬂfg%ﬁ¥kﬁﬁg}alIy t he
ent i merhangehodxemilhgnera@iimel, @oRdr@Nd 08 arcdBkited 8h Bedihs cradRerliobi cal 1y )
the follow ng effects are desirable: a) In the vertical, up-down, axis the

3 est Whaehisiig (i Boyuied oarthe sp surfase wéibghemedae dd2i ti on and may be

mani pul ated by hand for easy and accurate docking and undocking. b) In
hori zontal axes of swing, in-out) and side-to-side, low friction bearings
and conponents may be used to enable the test head to be manipul ated by
hand. This is true whether the horizontal notion is derived in the base or

o, . e~ Y T 1 I Y T - ~



- 23 c¢) In the pitch and roll axes, the test head is desirably nounted
along s ~0 ~s axes passing through its center of gravity to enable the test
head to be mani pul ated by hand. The use of the cable pivot and cable '
support help to maintain this effect in view of the cable. d} 0THéL I2603ati on
of the axis of swing rotation and the vertical notion of the cable support
hel p Wo tachsxeve qualities of substantially uninpeded aygid@hblohtey of notion
t hroughout substantially the entire notion envel ope. Thus, 1 n an exenplary
enbodi ment of the present invention, a powered notion node is added to any
single available notion or to anyjisel ected conbi nati on of avail abl e
notions, either rotational about an axis or translational along an axis. In

other words, flaroréach IaNildhfidmRE ibford O ’ Leiff Actuator
is added, along with its appropriate (lzont I‘%ﬁngi%\li%léjl F§}“ é}ﬂgﬁgﬁg?[é\feor

i nt &9 Pakem ripte aatemiy @36, rubbeneymsos § hift ark tatthchedaio henidpadfl Bor@asoupl ed from
t he ihthon tion wh it is, not jn use so that the substantiall

uni | @%égt@o_?{“gﬁg‘r%“m%?QU%PTOJH%P%HHCGﬁ%ﬁ@@étf@mwimg phate agfemthe avaiyl abl e
Dt 17085 by @AksT 6 sWhy pRtSTH &orfffH?h'iﬁg rﬁ’éqgéﬁ{,ugﬂn\éeﬂ Mo‘%%‘@&@dglgq @&Eo%?’ ow

powered actuators may be used. Thus, owng nma
5 PCT/PUs0 31097 dprdiprinreats praviste. pagiive Meexi mositiynspencenbetd!t Tht, sdin appl i ed

for ..s.Jhe actuator may be an electric notor. Gearing may be used as
app%gglrfogto ke”% oh THe eo%h%ﬁgfd&%Fﬁgrfsr‘iﬁ‘?frbowmméten@&ﬂsﬂ@% ®ewpt ef Haveldecoupl e

t he 1Q6UAQIAGNBIa ask€mbl Dt ' Mﬁﬁlﬁx ani may.be used if
appropri ate tg(;pl imt thge?g?cpgqg%ﬁﬁ?%%ﬁb%t e gc{’uaet Qfﬂ;%Br‘i@é | at ed by
contipdgxieg farusvwing phatecR28 hatboan by bounter aodks/igpald Afdut 80 alsRwRt | on but
Iirrit_{red tf‘lo an extent to cause the actuator to stall if an obstruction to
subst ARt MaPPSFAHRARABAYEAT 35 icstrddEem RBover )Of gourpe additisarbmeinbers Hddel ectric

not Ghay bOe1d-ed aR td i i [ ti the current supplied to
" The -t br Pk og pronk TLERANEE | FRTLEMY shetn SObehBupbLsT 270 50 L

200 PR \GOlcAABS6s REITLUSIOSODTAMplAdd Bubsteaddiabial meppedets matien may thus
be r?gd%e for. docking in oh‘% powered axis. The force desirable for this
mot | BN eSABSPR RUbLIY TemangAnotise theseby Reaviding yndexitg aabioni LOF or

di S%%@P?Oa@lokﬂgisg%%. (g)%}#%:nfelﬁ%oﬁ%npl ex control schenes and clever

mechani sms may thu e neede Pe) substantial Iy uni npeded notion
s is avail able fgr .human Eci:m tLoéﬂ ng t hroughout essentially the entire
moti on envel op&CIeFHBE AB¥E Tas Ll ’p‘i"’gtéﬁ Ha8 ar¢attarhied tathedbastoanaf i on of

s Spechdticin @ele@il 130 [medaks j - j and r.oll rotatiqn. All

® ot her axeg are posng‘i£ b|‘leﬂgﬂ5&¥ }éﬁf‘?\/‘ﬁ‘%{e&é@g‘nﬂﬁe@%g%t’: pB?‘l“ﬂB‘?‘b?seé‘?Slrﬁﬁg. 25 is
a si¢pthieftegidflenrhdmabé predérrad embglimenandosr €BRirs Ol 18 heCited althdugdt £-

greater number of casters may be used as desired.

Referring to Figs. 12A-12C, various views of swing plate assembly 728 are

shown. In Fig. 124, a bearing assembly 1200 mates with bearing assembly 1100 (shown

20 in Figs. 11A-11B) allowing swing plate assembly 728 to rotate about pivot point 734 (as
shown in Fig. 10). Rollers 1202 are attached to the top surface of swing plate 1216 with
a_ttaching means 1204, such as screws, allowing rollers 1202 to be replaced when worn,
As discussed above, rollers 1202 roll along the surface of plates 1104, 1105 (shown in
Fig. 11A). Plate 1206, which may be a durable material such as steel, is attached to the

25 bottom of swing plate 1216 and provides a surface for rollers 1108 (shown in Fig. 11A).
As shown, plate 1206 is located such that it corresponds to the locus of travel 1214 of
rollers 1108. Plate 1207, which may be a durable material such as steel, is attached to the
top of swing plate 1216 and provides a surface for brake pad 1704 (shown in Fig. 17). As

shown, plate 1207 is located such that it corresponds to the length of travel of brake pad
30 1704.



~0 25, a voltage source (not shown) is provided to power supply 2906

t hrough switch 2902 and overl oad protection device 2904) such as a fuse or
a circuit breaker. The out put of power supply 2906 nmay be a predeterm ned
fi xed voltage for exanple depending on the requirenents of the Cirﬁﬂigﬁﬂto
be driven. The output of power supply 2906 is coupled to a const 8 't ent
drivewZ@zdsfnd direction selector 2910. The output of constant current is
driver 2924 s also coupled to direction selector 291 0. P§VUPWE0% enpl at ed
that the output current 2925 of constant current driver 2924 may be fixed
or adjustable as desired. In the_gyenplary embodi ment, the output voltage
of power supply 2906 is about 24 volts DC and the output current 2925 is

adj ust abl e up s S...|n.t ex | ary enbodi nent, direction

sel ector 2910 ?(Ss)pga?ﬁ% te%-tﬁ%gﬁqgﬁ?@%u%#é%tﬁiywéfgﬁ%‘ﬁp%ﬁm‘%Pn herizantehe zo

centaxis puBoganaitohke figsttveeticaDaxie) liRasishideRailONe0s gl - o vﬁ‘é&% tg%?@“ana' s 2924
ches n

of sel ector 2910 are _connected to optional limt s 2922,
whi ch§:°6 Of SWingralate e apd inate with serrespondingeslidesi 180 &shpvanid Figt 03AR9i 4.
Thi safal ot ' 24 proyi des output current 2925 to
not Oe;&a'ggﬁ?oslguogggggyg@g;c g@gj? r%o% E%&gﬁaége&?ﬁ?cgé?lyd:l"ﬁ%lﬁ@}S‘Elfhetsé‘rrf?icﬁal s 2926

spr ovéfoyeing iplatol2 [uto that theg endyr ephc@OWaED SHHIR! Y51a 986 k015 ession
circuit, 2918 and céut_ch coil 2916. \When sel ector %10*5 Tw)fp[%e center

posi THASAED InbE RP PLSHBE Riate R e tp Providsitorvel Bmits fohén-otiytlete a28h6blgr t hei r
assogi@t ed conponents. The output term nals of selector 2910 are
cross-connected to one anot her such that, - when in a first non-center

Do suppr esst on BT 10 B (AR EHOB e s D41 ORt BB RHamb by T Beral | Ot g

connect on B G oD B0 R R 6k Rl aol8 1T LR s
10gbovand maia Wih Hacascaudde s 0209 (thoernsiedagdl 2¥on - TaAtEmMbRAGHH LORRIOVi des t he

ot o1 30sGogf RRL B G S il donfiat Smictra 242 pomare elpnizitbe varh, ot o

291 4shitds 1300t7y0d BerhRLAPRABIAROURLECHLEM 1D IRl F ot a0 wapn the first

polarity voltage was applied to the notor 2916 is
ener §ihgbvaind Bampeg &bockhd02 lisiattdrhed ente dotis s eCinosut$PkO 1880 hild @ non- cent er

osi tl] The. .t or e db tor 2914 is proportional to the current
g upthgtgaﬁs/ V‘f‘WeS?%pgﬁ&cgﬁfoqg&ﬁ%Wf‘Xﬂ i&/éPAigﬁaclﬁqﬁlrfgtﬁg‘ﬁns plazassemdhy10. This

18 Or qUe8 ipfevieh BB fresi§flatk As@RniBRF [ wn), . Lhrough clutch 2928.
As di schsed ifzioye, Glﬂ‘when sel ec?g(?lﬁ%gl ?g%gﬂ?éB?%mf%gprc%ﬁﬁegpmﬁgﬁof’i“(?H, mot or
2914 relgtiveoto thpewiigzplate aseamchly 728. nutthelend! afteansdrtlsdkui 30 28 bmips ot
engaqgg3 f(‘)l'rherdeof oreg. the nechanical load is floating (i.e., free to nove)
wi t hoat> COREdOdA e 'ihﬁ%to@étﬁnﬁc SUCh asrybbey . pRutaparsi 1393tare demseleabland gear box,
whet kgtipled € Bhik [ ,.when,sel ectar..2910 is in a

- _non-cenrt) er posi ??oﬂrll?c@%rrdozt %)?é%%%p%é}g%%?@%e\go%dBBWF?hﬁ%fgn 8% ngaged.
Si -ncétapHyocisr 280kt gredimite df travalof gi-ot [Hadddehslycapst ant, the resul ting
torque output by notor 2914 is |ikew se constanf. As discussed above,

ahovever) the culg giivideUdddsthn @fm&ﬁfbﬁl@%iﬁ@ %Hr%fdgﬁalgg% %%rtlﬁ%%@%ﬁﬁtgpe

adj ustabl e. As such, the torque- output S adj ust abl e
and &P ehaogapalde dar st gedicaleakis andrwhich iheeseaBahantsiameh@a@dpl aced on the

ti i f ti th tor 2914 i i ntended t . Adj usti
Phe. 5 16 dGienBBH 88 Al PiRgrare Areskisl e toR et fecoiingrabpiate. opt | mum
per f anne . b t.he..ne ical load may al so be
T o R o R E T B i S D e T 807H Ty e

- dri vesidd plaei asteenblgl 782 ¢ tGuide tuild €306 @ty dednthabiyt FoupRiaShant sﬁﬁé&%-i Opti onal
imt S\gltcggs 2920 and 2922 interrupt the current to notor 2914 wﬁen a

|

i mi tOUPIa A9H] so hattheysnayphy walaeyd whee ks e Bralowimiréace | 16¢ kd deactiablyout and
si de- | I ached, The.interruption of current by the limt

SWi t C‘f%’@é&ﬂéég‘%a%‘?ﬁ éf“’z‘é‘gz"‘?ﬂf 23%4’1%‘% aﬁ%g mseno A3 12y shefbaysqrewsi on of |init

- Wi t hoBitakafsfigadel 179 | FRLVIAEs QRRASK ¢ .regt fJdmE. For, exanple,
if the notor 2914 (raﬁrgcolunt ers a°tglgrg%:‘1%wﬁ)€§m?elerﬁ%tﬁ,lgggtj(%tfcedf% fockai Z%Armti on of
mot or2mEok {188 oBuinphi biotked304Ttsi taskwieophe tup of -6\l fise 113U f Brovadel ot her

- axes tion. |I.f the limt itches are not installed) current is
suppl ?%ﬁ%“ﬁ&?%ﬁ??o'ﬁpﬁrﬂﬂtﬁgsge e choendsof pumper iecks 13;@29184‘{: Whapesse| ect or
%¥910 1309 forRed6a tE&MiE mRRS A Ak as rhbtRr ~ B?lrﬁpezrgq§og\greoggt§éhsagl§r

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



PCT/ USO0/ 00704 -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 [imt switches (shown as 3004, 3006,
3008, 3010 in Fig. 26) and suppression circuits 2912) 2918 are dupli cated.
In the exenplary enbodi ment of Fig. 26, a first drive circuit 1306WLHpPEYi des
rot atwonekisdséi ve and a second drive circuit 3002 proviggsy heal drive,
such as discussed with respect to Figs. 20 and 23, respec{¥§@ﬁgﬁﬁln t he
exenpl ary enbodi nent, the test head is maintained in a substantially

wei ghtl ess condition for easy andjaccurate positioning. A safety |ock can
be provided to maintain the test head at a given vertical position by

fi xbmg blduks madN (oW @ Eipe 1¥RY hi GRling €Ll b &38:10 kil f. Lhe weight
of the test head andl or gquntgrmeights; i{ IS d%g?}%ﬁ?%‘#ﬁg%gF %%%e system
becdfes StashalldRe édcaupiddetoiin-cat g i 31 dsyparockerincandilite asckiat the main arm
W | i R. Locked i.f an operator attenpts to release the |ock. Referring
ruw&?% |g§§£§§%?§i?ﬂ§ﬁg99§hplary | ock system 3100 is shown. In Figs.
27A-27C, the rious views of |ock system 3100 show its interrelationship

with s main artii 938 eRdIgeHAfCgthedistailsiaf siggo-sidridatyastenbl3 7o | s
s o0y et LPRle M SR P ARl o Sl PR AR e g 511

as screws. Also at € Tear _ _ : 10s5id¢ | de 3112
al | phtad4oRand aram ¥ah lineamguiee adiBNBOsEhdwaln Bigi gl .a'shidZ§¥4ooL@§§{< system
310 |(§cl gﬁs | ock handl e 3102 attached to one 'end of shaft 0 3116) safety
bl o REGANLFPRRed thside-tesids e W02 1so shrithey3nas bp agsasd Wiar wog. 3113

j i di bear i face for shaft 3112 t
Torard SiRekP L6 ARSlna Ao T BN of B G- R D e 3 oaSusethg a bore 3
| 05 dbhveigterfabé olitht Burir Blokhed. @AdGn m@f&t‘?ﬁgﬁagaéﬁhh& ffﬁ'-%ﬁgﬁ%' | nder 3120

that is treaded onto the other end of sha 6. The thread 117 of shaft
10 311 ASERRIR T P Preyearing sidedagidenplateasermbly (732 Hafh e8tabing'teydihd eaded cyl i nder

312 ! LA 5 d_a haft 3116_[s rotated along it

| on |r%%%| nai E&;E?Ss}ggél?ﬂ%nw té)%gi%?gﬁﬁ@tecﬁ%%lbﬁ&ggﬁet ween saf et ygb: oik 3110
and | ock block-3104 will either increased or decreased dependi ng on the
rotation di rec?f’%ﬂﬁ"fb%“%‘ﬁﬁf@%@t sr.l’@.‘”nlj&rth@féﬁ%@e‘? a&éd‘s‘fﬁéﬂﬁh%m%gi s rotated
cl ocdunfase of sidkabsidel Madk 1361Qs aEﬁc!eefiltf I]])gLIgSHI Qi '1{195@8’1%8&0%3;’12%09“ her

forcing lock block 3104 to increase ressure on the si

ver t 1428 Cgieddonadialtagisy asank, socls sestrews dedtahdowie! DwvalloaraceEseh Yhe as shaft
IS3116.nisurlotate . ﬁ%% qﬁ1 2003 WD 00! 4t 536 - 27 _PCT/ US00100704

countPaH 1o Re hanisey, Yescri o) agsesniple ddkO i rsexidgd drough sidevee furt her
apar §idé lagasaay HEIREES SHhh: i ~ i lpear guide rail 738
by Io_ckgbl ock 3104. Irl1 t he efg%g*:éggzg?%ﬁo%%n%n g%tg(hl S%‘ﬁ% ??Sé 1% an axis
or t hdigoplate 1402 thet ablows siteve 1R&r(sigawén Fiys| 17883ando krackl thared] e 3120

ratc S.5$0.1 rapid | ocking and s un| ocki ng using one hand may be

Con Agkss Bbte 0 AZbE epvesrd 29 dibiied b glomsiatigcrrasd 4 188%) 285 andl 26,
‘details of |ock system 3100 are shown. In Fig. 28A) |ock black 3104

i ncl udes cal i pe¥ssShowmindtig ot dcemntgsborst 1413ihas @ radidd at &mbrendribatof cal i per s

3122 4@ Sjdes qf Li i de rail 738, each havi
%, o1 SR ERB AR MR BRAGRIR. AP St iendt al StBiagsidesinations gnt one
|0 aghtas10] aitkisiised o ke thd'R-6!10ACKIsdkER Brlbpcent saf ety bl ock 3110

pivots, in a clockw se direction, as viewed from above, about pivot point
3124 and cont agt;s. vest keal ide rail 738,  Likew.se, the caljper 3|22

adj acent end blc%g?{ ?J‘?ﬁ}lggia\r/%g)#g?q%v‘ﬁw@&ﬂr‘?fdeer‘@%%\é\tﬁ%% ety i_)dﬁ,‘”tﬁ%hvi eved
f r omshiveviee imadroelatigishiy oftak RarighPieRdeibidsaRl6s 7Y€ ic4ald 733@ de rail 738.

The conbination of calipers 3122 pinching against vertical guide is rail

738, | ocks mai ng; 1 -1.CAal: i raily.. o ferring, nowto Figs.
30 and 31, a fgi: lgg'?a%gq?rg%ﬁgﬁ?é?n&?‘gfgg ﬁgﬁ}sea‘?oébﬂﬁ%%gkﬁ%fgﬁq Bgﬁescri bed. In
2Fi g. asembdy Fablang pedrenplatdBsérmblyToBUdedshdws Rl EEY 10A OflteRibkGivdtSirghown in

greatclﬁé detail .in Fig. 31, paw nechanism 3 L1 i ncl udes a ‘gear 3130
at t adifef 1§ itaghed fo B B aRohwIng pbie 221G andihdtartor h6G@T Bidexbigarikot3itm O,

abov oy .gear 3130, Sl ots 3136, ch as_el ongated counter-bores,
For mad O o BB ERarpiRe 0% drkapcsam Rofowe?T1 B4 SRmaich 1604

under control of actuator 1606. In the exemplary embodiment, actuator 1606 is a

preumatic 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, (he



screws 3134) provide attachnent of safety block 3110 to |l ock block 3104. In
the exenpl ary enbodi nent slots 3136 are el ongated counter-bores and screws
3134 are shoul der screws. Also attached to safety block 3110 are biasing
springs 3126 that allow safety block 3110 to .nove vertically &l ongilsg3s
3136 relative to lock block 3104. zs Under normal conditions, that is when

1S tReobesissead is attached to the test head nount an%gtrﬂgsgcounterbal ance
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_axis are situafeddgriorside plagpassem
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(not shown) is attached to cable 2410) the weight of t #°%8%4d and
count er bal ance conpensat e 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 | ock and unlock the main arm 736 at

Wi | dctudedr shpep@nto tdlake afdeRine30mt ot LSed PEKEAL D Bl ace by I ock
system 3103% he test head isngen%lviégp'ﬁozﬁcg@ta@%\fm i)£14a :Fhe Q(H’*Jmi‘oos VO

00| #1536 ¢ FET/nuS0 Brep BEOrovedABomitie 146l SskidnNeOR® the MofBh D4 @Y¥rSalise the main
ar r7§9> t&ﬁvi Ol%ptalr%f ve upward causi ng possible injury to the operator
and?'6r HAE T ¢ Srigf . e OPSIARTIMaY Ediease dhe apmaton 16Gfpon renoval  of
t heali®fing iBAHhdeRindSarmtol ig% B B0 1Id-R &8s af | ock. 3110 to nove downward
al ong the vertiggl? axi s, such t%atC tp%gmégpgéy%og“ e'é%ﬁ%é%&%{@kéés gear 3130, s

t hetlesyofyraay Enrltowey 1tihé, dpeohinm stuamenmdyedtilngeab afcely3 1A v ddighandl e 3102
to b'lgleOCk t he i n a%m . The operator, upon realizing that the test head
wast Fenbved ’{?-%Jr c3 He nesseany sdlpwer) digileaglingedsearelagividtogbk to move

bacHiré®idohst raeiionalf } bi | l. .ng. the main arm 736 to be
unl ocked fromthe vgmcgﬁa%isﬁg&?z;? Igﬂ}gtélg 1@#\‘/@%@ §hedees fiagas a
coufrllovtralaadcendendores i cars foltavmy arlatks awoue phloe F8H11Q60@rre&d°ctiﬁ§b| e 2410

;br_eﬁ]ks iPQ}giaf sprin 3126 woul d force safety block 3110 to nbve upward
al on§ FRLIHE S '%&F’-"-‘é&?@é Wi ROtk 00 sueasep svd cazn Slosvegagiisthipgaint3 130,

t he ! ti haft 3116 w th handl e 3102
to Eﬁ#ggeg ? Egmn%t:&g 159%%%%‘%%5%%@%@? %%Bé%%s@? 58 fPﬁ?U?S/mFE?bf/ he oper at or

or Hultngeswing phate tewsmbhed2s amthtdiemprsehiefiredl Brpgdidanhs defirdghe i nventi on
have bﬁgn st]own and ~s described herein, it wll be understood that such
emb BATHER (Y 15355 WINGEFRASH TP IRHAR BOUERAAPENGAI4). Numer ous vari ati ons,

changes and substitutions will occur to those skilled in the art wthout
departing frorhighel il Ptarpvatiens viewenf thorrombimtiodiofighyng plated s i nt ended

th : ' h variatio fall within th
spi FFETRIGTRE AT B THER SRRl 30 (S YhgHS o8 e oy makse - 20-

PCT ALSEMIPET B0 Wobtg plstechaintBy 724, A%s%}zs%%mﬂfiﬁrmeséhaftqf’fbﬁq é‘odr??%fj’ _said
Ioadfwl ed to a _cable, said systemconprising: & colum WhT & fines a
fird® pechanisaki 310 whichrisraiashed whinctut plasp assembsaiod73mptbxange whi ch noves

idfi tical axis, apd | d relative t i d
o) Sneda Rt 1980, MRMGER' o B Sucall Eulbe SoPnodnd staring abvsenyor 1| cal
axi 476pawaithaparthcicdaitidotdnk %rfé@r&isﬂ@-m@ﬁeﬁaaé% W@E.(R&{?i tionable so
a a

that it i;s closer to said |ead than said seco vertic Xi's"is to said.
| oadhoWaiig thip Hgupdsis qovnked te thystaéti Bearimg anhthrsent ti7eR pB@tidesCapphOrti Nt er sect s

i ical axis and said cable is situated t i de of said
col a1 St bl BT 1t oBiate &k s \omedaial @0 1 oad has & conter of

gravity and wherejn said center of %avity, said first axis and said second
Wg ‘A3dmaves selafivatot ink@ngllae assembly

730, lock mechanism 1710 moves along shaft 1700. To lock in-out plate assembly 730 to
;wing 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
lplu‘nger 1706 which, in trn positions brake pad 1704 in contact with a plate 1207
mounted to the top surface 1712 of swing plate 1216, thereby prex)en[ing in-out plate
as'sembly 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.
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3. A systemaccording to claim1, wherein said colum is forward of said
second vertical axis towards said |load and to a side. of said second
vertical axis. 4. A systemaccording to claiml1, further conprising a cable
support which supports said cable coupled to the load. 5. A syké 200
according to claim4, wherein said cable support noves along a third

verti 8P 0841586 6. A system according to claim1l, wherei &R DofoPlp@t | ON uni t
i ncludes.a bottomplate, 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 sppd | oad about said second vertical axis.
1 0J UL 2003 WD 001 41536 -30- PCT/US00/ 00704 7. A system according to

claim 1, whereFigssaBd-T8( atd amiocusiview 6! MeREmBimkiBE of 9 shdfa@! at e whi ch
noveg g&é? ddhori zontally al ong a first horizontal axis orthogonal to
sai d°TT ey (et Fdcife-iipide agsempily 32 apd dessoibdithmlocking] afisidelio-sider ei n sai d

r ot aadsembNt 32 dongl ' ut e whj ch noves said | oad horizontally
al ong Sa sggg%lzddoﬂgr#ggﬁitg SSSQLP@\AEF;JC?]@I he E’élfgg' I%Pgs‘fj?‘r‘%ﬁldﬁdwkzont al axis

and atewhlyi 8906r t Anglamed it Bigsail glAT 19 AtanMaOE G hiSt19: m.gecor di ng

to ci |m 4, V\,he_rcgi n said cagﬁl_es exi t ag t est %&ﬁ%ltl%gf%?%‘?%gé Eogl cei ved

f or €dpd§%trat iy cad thyoath shafls Lo spur gerd 18A¢aRd vosai gkat 080D.1 RoafioRlo8Ct I ONi C

t est fdoe : t ording to claimé6, wherein said rotation unit

i ncl pde?g%alp@dﬁg?t?geé 1{3@ ﬁ@@é&?%%@%&}@nﬂ&mna& serpnd snd of dink dB0G ai d

swi nif qolupted tathoaite mdi 1R 19ab Lo heddge GRE MBS I i diing to

cl ai wherei n saj d cabl gmsguppprg? terflesclo%gg's.I\Jiﬂlﬁu%y@r%g?éé%\?de

pOSi n , Ieiel o¢ S\gttedidecplatecladl e, Tiraiotht Y SIf@IHKCIRAPr | Si ng; a
??@b MERIAchegg the sorsurése of sidsttedidepl

col ugvidi; h . L[St vertical .axis;, an armunit which noves ‘a)

al ong g‘g?oiﬁl?ilrg@ 5@2?#?0‘% élé@i‘%a?%’&’ K)h"g'l BAYrmifgcsseyedgevacmberskf0d col urm and-

whi chgaug perdge neantsbr18ad; TheGabli®e SHERAN & W S along a third
vertic axi s i ndependent!ly of saied arm unwgg%émv\%%c%@&gﬁlgﬁ s said cable
coupP¥H Y INEaY ¢ 8e SRMbEINtS 1d afxgerids Aalsorsidt T 810aihéctbly aaitddab Wedgit so that

sai d | It | de .of id colum, 13. A system according to
cl ai %ﬁ?g;!eﬁggﬂ)ﬁggrdg%%ﬁ&g %ﬁ%‘s%’t’%& RARNEE fIbFlgﬁotléAiané 196D attidhest

ver t Ictle sidd of iabmyplae aQemdty Y80, ithéRby HlifiRRACSAnARRL} si]aé—?oms{[dg%lgtfi: st
assembly 732 relative to in-out plate assembly 730 along guide rails 1306. To retract the
brake pad 1810 from brake surface 131 1, foot pedal 1014 is rotated in the opposite
direction. A return spring (not shown) may be provided and coupled to shaft 1804 to
provide a spring force which places foot pedal 1014 in the normally locked position,
thereby requiring a positive for on foot pedal 1014 in order to unlock side-to-side plate
assembly. Stops 1812 may be attached to pedal 1014 to limit rotational travel by
confronting the surface of side-to-side plate 1402. This prevents damage to the brake
assembly due to excessive pressure or link 1800 and worm gear 1802 from becoming

disengaged from spur gear 1806. In a similar fashion, stops 1820 may be attached to
pedal 1016.

Figs. 20 and 22 are a front view and a rear view, respectively, of test head
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
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



~U.~ UL 200e W 00!41S36 ~ -31- PCT/USO0/00704 vertical axis. 14. A
system according to claim 12, wherein said cable support noves al ong said
third vertical axis at one end thereof and said cable extends away from
said one end and towards said | oad. 15. A system according to claim 13,
further conprising a base to which said armunit is coupled,| 8alll Biige

i ncl %gi n& a_bottomplate, and a swing plate which is coupled to said arm
uni t "SN8%8Peh rotates relative to said bottom pl at e aBoUfUS8LRI0Of | rrst
vertical axis in order to rotate said test head about said first vertical
axis. 16. A systemaccording to claim213, wherein said base includes a side
to. side plate which noves said 1€5t head horizontal | y along a first

horj zont al

axjs orthaogonal to said first vertical axis. 17. A system
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i nt ersectalgj s?gdcef ??gg@ﬁ%ﬂrf%%f?g{uxé%eg@%%g a\%‘:?c |1I§h E)hretzthrg&%n%%xjtozosai d first
ver b¢twvgen glamp 2008, and mipptee mingAOO0dising dtaciihgintat? 20 Whenel As s@kRs cabl es exi t
at cabi net, befare. bei received for support by said support unit, and
V\/negztithﬂug}é#‘ﬁo Flamps ig'ﬁéﬁreeag’é‘f“r \S‘n'::’é' s%»s‘the masger ebclampy 208 meydsragiyng t o
cl ahtinber iR Dsisdi | d al indexi ng .nmenpers for

’ i ndexi ng lrot atri%onSlo? legcé‘f’)‘gﬁgwr%gj"% Ztﬁéﬁg O{T}{e, Ldat?% e?( {frrng@r}(/eCr blg%'gfeggxi s. 20. A
sy sitdmcasteomtiitnpthaothe] tahimg 1]t 2h6rieha catiduantl.e. sugpebEl] figsgopes. 21. A

t f itioni | gad, . [ . an a it which t id
| oadnghol e R BeL 2030 Ghachad it Flamps BFLinAnian dhnalis fagdaia 11t ver L cal
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Next, the details of pivot assembly 2006 and the rotation of adapter ring
12000 relative to pivot assembly 2006 are described, again referring to Fig. 21. Upon
application of electrical energy, drive motor/gearbox 2008 is energized and clutch 2014 is
20 engaged. Rotation and torque generated by the motor/gearbox 2008 is coupled through
clutch 2014 causing pulley 2016 to rotate. Rotation of pulley 2016, which is coupled to
timing belt 2010, imparts rotation of ring 2000 about its axis, which, in the exemplary
embodiment, is the z-axis. The tension with which pulley 2016 exerts on timing belt 2010
may be adjusted with adjuster 2018. In the exemplary embodiment, adjuster 2018 is a
25 screw, but may be any other means by which tension may be exerted by pulley 2016 on
timing belt 2010, such as a spring assembly. Rotating adjuster 2018 in the clockwise
direction, for example, pulls on frame assembly 2004. In turn, frame assembly 2004
rotates about frame mount 2012 (which acts as a pivot point) moving pulley 2016 along an

arc which, in turn, pulls on timirig belt 2010, thereby increasing the tension of timing belt
30 2010.



25. A system according to claim 21, wherein said rotation nenber includes a
side to side plate which noves said | oad horizontally along a first

hori zontal axis orthogonal to said first vertical axis. 26. A system
according to claim 21, wherein said rotation nenber includes an in out
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whi Chwb'bto fSRCt S said first horizontal axis and which is orthogonal to said
first vertical axis. 27. A system according to clai m 23XC{HENA0A0%3a| d
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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 t'mﬁng 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, whif_:h, 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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wherein said colum is an upright support. 34. A systemaccording to claim
21, wherein said colum is an upright support. 35. A systemaccording to
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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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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 envelope.

Thus, in an exemplary embodiment of the present invention, a powered
motion mode is added to any single available motion or to any seiéé;d combination of
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, along 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
motions require only a small amount of relatively constant force, low powered actuators

may be used. Thus, the following may apply:
a) The actuator may be an electric motor.
b)

Gearing may be used as appropriate on the output of the motor or
actuator.

c) The means to couple and decouple the actuator/motor to the motion
axis may be a clutch.

d)
applied force.

A slip clutch or mechanism may be used if appropriate to limit

e) the force applied by the actuator may be regulated by control
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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powered axis. The force desxrable 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

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

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

A second set of output terminals 2926 provides the output voltage from
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

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.

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 proportionél 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
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
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
. safety and provide optimum performance. In the exemplary embodiment, the mechanical_
load may also be allowed to float, which is desirable when docking for example, or may

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

Optional limit switches 2920 and 2922 interrupt the current to motor 2914
when a limit of travel, such as up./down, clockwise/ counterclockwise, in/out and side-to-
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

directly from the selector 2910 the motor 2914 when selector 2910 is in a non-center
position.
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2912, 2918 are duplicated. In the exemplary embodiment of Fig. 26, a first drive circuit
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
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
main arm 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
13116, 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.
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

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

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 passcsh As shaft 3116 tightens
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

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.
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.

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

the test head is locked in place by lock system 3100 the test head is removed, an attempt
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move downward along the vertical axis, such that the upper pawl 3132 engages gear 3130,

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,
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
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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axis, and b) along and relative to said column. '

a rotation unit for rotating said column about a second vertical axis spaced aparf

from the first vertical axis;

said column positionable so that it is closer to said load than said second vertical

axis is to 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.

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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" 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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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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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

downward along said cclumn.

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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ndexing members for indexing rotation of said swing plate about sald second
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; - - : v

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 intefsects 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_claim 32, wherein said cable
support telescopes.



