1 0J UL 2003 WD 00/41536 PCTIUSOCO 00704 - | TEST HEAD MANI PULATOR FI ELD
OF THE INVENTION The present invention relates to the field of art of ...

el ectronic test head positioners. 5 BACKGROUND OF THE | NVENTI ON In the

automatic testing of integrated circuits (1 C) and other el ect @rﬂ@
devi ces, special device handl ers have been used which br|n vice to

t he propsso/4itsegrper ature and pl aces the device to be teste@rmoplgﬁogl on. The

el ectronic testing itself is provided by a | arge and expensive autonatlc
testing systemwhich includes a test head 10 whi ch has been re1u re

connect to and dock with the device handler. The Device Und |l mwm IWWP
requires precision, high speed signals for effective testing;

the electronic circuits nyEeSPEHELDMANIPIICAPEHR as possi bl e to ubsessDUT.
This causes the test head to be extrenely heavy. Test head positioner

systens may be used to position the test head with 15 respect ce
handl er. When the test head is accurately in position with re gﬂmw lﬁw rmnm
device handler, the test he@gL@r@thEqW ftaqgdl er are said

al i gned. \When the test head and device nd| er are aligned, the PY¥gile

head and d I be b h h
(i ce. docked). IHEE Qg‘“‘*%ﬁ@“ﬂt@?if%%%ﬁ%‘fe TG R e (0%

head gnditidnerdevi ce handl er. Prior to docking, the fragile test head and 20
, device handler electrical connectors nust be precisely aligned to avoid
damaging the fragile electrical connectors. A test head positioner system .

may al so be referred t opaATIRGROYVNDESHE THIOSNYEAMEON! a test head
mani pul ator. This technology is described, for exanple, in the inTEST

pandoook, | NTEST Rk estY 5t RRGMG) ER%ilse) R AP HERFShic" O
devices, special device handlers have been used which bring the device to the proper
temperature and places the device to be tested in position. The electronic testing itself is
provided by a large and expensive automatic testing system which includes a test head

10 which has been required to connect to and dock with the device handler. The Device

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

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

causes the test head to be extremely heavy.

Test head positioner systems may be used to position the test head with
1s respect to the device handler. When the test head is accurately in position with respect to
the device handler, the test head and the device handler are said to be aligned. When the
test head and device handler are aligned, the fragile test head and device handler electrical
connectors can be brought together _(i.e., docked), enabling the transfer of test signals
between the test head and the device handler. Prior to docking, the fragile test head and

20, device handler electrical connectors must be precisely aligned to avoid damaging the

fragile electrical connectors.

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

25 in U.S. Patents No. 5,608,334, 5,450,766, 5,030,869, 4,893,074 and 4,715,574 which

are all incorporated by reference for their teachings in the field of test head positioner
systems.



25 in U S. Patents No. 5,608,334, 5,450,766, 5,030,869, 4,893,074 and
4,715,574 which are all incorporated by reference for their teachings in
the field of test head positioner systens. 1 0 J UL 2003 WO 00/ 41536

PCT/ US00/ 00704 -2 For purposes of this explanation, a device unde{ { est
(DUT) is the present device (1C) undergoing test. A test §Hhﬂﬁbn0§bparatus
(TSA) Wefeissigol | ectively to wafer probers, device handlefgsqrdgranual

test stations. To be consistent with descriptions of test head positioner

systens in the 5 prior art, the coordinate system 100 illustrated in
Figure 1 is used in which: Y = verical, up-down axis 102 X = horizontal,
side-to-side or left-right axis 104 Z = horizontal, in-out axis 106. Wen

vi ened from t hefdrrmmposes of thés exemiupuioat @deyichuadéORE D) Sant Egeis?rp 10
coor %Q\‘%EG('I ystdem . Rot atigns about the axes are designated as follows:
Theta Y = \‘rotat o HGet fHeS Vasenappirapsi (H3A) eefer et @leacadely ao amfer” swi ng")

108 Ppbobethedevict mantiRtLAACR AR Wse st axis (hereafter referred to as
“roll™ or "twist") 110 Tﬁet alt%?téﬁrt'lg ation about X axis (hereinafter

referred to as £ Spiktcht). 112 A reference nodel for a test floor
200 i s shown inT(?)ngbl\?/&llsé@v{[ivﬁdg?égsﬁpgkl%s 02%5“5‘?‘?8 OSINARG SYELMSEgUhpment :

Cabi WeIOr (ATe shecodBdinhnety}eROR0 MutShed O FighreBNs B ARALhicR0 206, and a test
head 208 are included. Figure 3 shows a rectangul ar box-shaped test head
300 oriented suchyt Iga{,en{bgl%f,_qg“gpgd@p@z bottom 304 surfaces are parall el
with the X-Z plane, the sides 308 are parallel with.the Y-Z plane, and the
front and rear 306, ar lel, with the X-Y plane. The test head includes
a test interface g(n oot laggé'[ﬁ@etoég?é”ﬁhgF‘¥‘éé@4 |

e 7 = horizontal, in-out axis 106.

When viewed from the front of the manipulator, this forms the Cartesian
10 coordinate system.

Rotations about the axes are designated as follows:

e 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
15 “twist™) 110

Theta X = rotation about X axis (hereinafter referred to as “tumble” or
“pitch™) 112

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

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

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

1ts 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



25 typically holds a test interface board, which in addition to other
functions, provides connection points to the test apparatus in the prober,
- handl er, or manual test station. The surface having the test interface is
herei nafter called the "interface surface” (1S) 310. The {® Jefpopgs both a
pl ane and a direction; the direction is described by a vector normal to the
10 J ¥eogeG¥ WO 00/41536 -3 |S plane and pointing away gd9ioboeol €St

head. Figure 3 shows the IS 310 in the horizontal plane wth upwards

direction. In use, the orientation of the test head will change as it is
docked with different types of equi-pnent. Accordingly, both the plane and
the direction of the IS 310 wll also change. s It is hel pful to designate

test Hepldndianepsintng awiy ironesipeett kadt agiRtesfRGahe 3‘]9'@‘(19013111 Wth the
orientation shown jn Figure 3 (IS facing up), the follow ng cfefl nitions
may béordécg’d?l plapewitl, upWhrdg dlixestienda gise the peiastaoe bhtchestipadown di recti on
312. = ; A =.di .pn i.n the side-to-side direction 314.
10 Lch:a\ﬁ{ggsa]['s gﬁgggﬂnﬁtﬂhgfﬂfﬁ{e&ggiép? BRI e boftotke plage and use,
t he t getditeeddn ohhedS DiOowghilssipM@igds to contact the DUT as in a device
handler. In this case, the interface surface is facing up (IS UP). Another

glternative is thathet i : downwar.ds .t o. contact the
device as in a probgrmll lﬁ%%g@ﬁ%ﬁg%@ifﬁaﬁguﬁ%@w é‘é‘gl 5%???%{38 tf'esmfﬁig"\cﬁg down

(1S PyrfponwWithabe oeentaden JhovRCH BRp0é Oy v the BAbWid & RAIo@Nd t he
IS'rrayna%eDeo&Sicg_nt ated in a vertical plane (IS Fourthly, both the DUT and the
IS may be orrented at any angle between the IS up and IS down. As the test
head is noved from one apparatus to another, it is clear that the test
head nust be rot'at éd=dati§ad gickmess S DOMKsicana thSupelotircdirequoaist ons.
Dependi ng upon the manipulator, this my be effected by rotation in either
the tunble (pitch)VWor=tol head wWikitst3 domensthiiat @8 side-to-side direction 314.

10 * L = test head length = dimension in the in-out direction 316

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

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

Another alternative is that the test head may be brought downwards to

contact the device as in a prober. In this case, the interface surface is facing down (IS
15 DOWN).

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

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

20 As the test head is moved from one apparatus to another, it is clear that the

test head must be rotated among IS UP, IS DOWN, and IS Vertical positions. Depending

upon the manipulator, this may be effected by rotation in either the tumble (pitch) or roll
(twist) coordinates.

The test head is connected to the test cabinet by. a large, thick bundle of
2 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.

35,608,334,



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 tw sting
all interfere with and constrain test head notion. Test head; guojijo?iids
desirably perforned in a manner to protect the cable fromseveral factors
as described, for exanple in U S. Patent No. 5,608,334. 1 0 JUL 2003, WO
00/ 415%8 *BEFAS00/ 00704 - 4 Many test heads, particul arl YCTaIS§e0eiaes, are
attached to the mani pulator wusing a "cabl e-pivot" apparatus. In the

cabl e-pi vot node, the cable is brought fromthe test head at the center of
rotation and parallel wth the axi'$" of rotation (normally the roll or
twst axis). This is described, for exanple, in U S. Patent Nos. 5, 030, 869,
5,450, 766 5 and3By E68hesds, particylarlydupe gptse afoatsghpbia thehpaiphiori n a

ManNN@kinkO TaBidThiZ8t " AHBEAs! eNCEe bR e jaon. It is also
desir ag}ge to pér]%t ectgﬂ)iphea cabl e ?r%\bn%% 1‘%022%9&%%& ‘{Eﬁgésgrbﬁﬁ‘#%“ésﬁe",m éhet el escopi c
cabl éest ppbat thaperandEmtatlm, ansispas fday ithnthEiagis of rot@yn BRormeRY. the S8iICh a

mechani.sm i s. described, for exanple, in U S, Patent No. 4,893, 074. -0

Ref erd i“ﬁ'éSttaZS‘Sgi  Tissin deseribatt, Eoieramle, iRt S rEaemt pbes. 5. GHbBOR S 437660 | s
showynd 2608 hefd positioner system 500, may include, for exanple, main arm
511 and projected cradle assenbly 520 which is described in U S Patent

No. 5, 450, 766. i j qmain arm>511 is coupled to |inear
gui de rail 510.-1%%?2 %I Ie [grsgk%ﬁﬁr?oé\?gge Vet PR THAIZ ¢ H&Eff%ﬁefl%ti on al ong
|'i neawitlyusdheadainbtis. At is’alb®adsirabRCB3NO SO0 thBhbIS MM rdds! GG hiie position of
main armb511 to be fixed relative to linear guide rail 510. Positioner

asseriosso  telescopictable YuppeitdeecchiarismciOl, ps srown meBig. guinty treaised. 510 by a
countﬁ(chvﬂngm mgmlsgritgéaotfms?@w WhiL?E Ves vezﬁggq &y in either
’ Ton of colPu ’c

direction wthin the rear ' sectiof of" (8O- nter wei ght
lassenbl y enabl e§ ﬁhe tes{:. hszzg 20 to be poved vertically with m ninal

force. In addit KM ERHE s héaPrvenfdahtcgidicad pesitignaigsystsm 990 gsent er  of

gr avi ¢npwrcabl es 512 extend fromtest cabinet 514 and into the rear section
of test head 502. Cradle assenbly 520 is coupled to main arm511. Cradle

S el Y 520 "X esthdl Bilig s SURRPSH T AL 67 chimbRUBLET alif s P! DA

such that test
and projected cradle assembly 520 which is described in U.S. Patent No. 5,450,766.
As shown in Fig. 5, the main arm 511 is coupled to linear guide rail 510.

15 Main arm 511 moves vertically in either direction along linear guide rail 510. A lock

mechanism (not shown) allows the position of main arm 511 to be fixed relative to linear

guide rail 510. Positioner assembly 501 is adapted to ride vertically on linear guide rail

510 by a counter weight assembly (not shown) which moves vertically in either direction

within the rear section of column 545. The counter weight assembly enables the test head
20 to be moved vertically with minimal force. In addition, the test head is mounted

according to its center of gravity. Cables 512 extend from test cabinet 514 and into the

rear section of test head 502.

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

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

repeated here.

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



25 pitch about an axis passing through its center of gravity. Operation and
details regarding cradle assenbly 520 are fully explained in U S. Patent
No. 5,450,766 and are not repeated here. Colunmn 545 rests upon translation
table 521. Transl ation table includes side-to-side plate 522, in-out plate
524, turntable 526 and base 530. Columm 545 is 30 coupl ed tb0s{lHe240d- si de
pl at ¥8394136i des 523 in side-to-side plate 522 and t heea@itdoonnt WO
00/41536 -5 1 0 J UL 2003 PCT/US00/00704 shown) of in-out plate 524
couple side-to-side plate 522 to in-out plate 524. Quides 525 of in-out

pl ate 524 are coupled to the rail-s5527 of turntable 526. Turntable 526 is,
inturn, coupled to base 530 with a bearing surface (not shown). Colum
545 sheynpef inepogilate Ga¢doups sitesbrsadt phie Q.2 tth @n%oud PRt 5B & it bg

Si d%-togf sli Ee ié@bl e 5212 and in-out table 524, 5 respectively. Columm 545 may
al sOP A Pl BISSGHPICE @ e mils 92! fusniblendq. ulhtntle 530 6, imbamt it s

' | . ; , | 45 | d along th ,
Cost hooq o TR PURR S berling SRR BNy P SP5 R §e Gpoillensdh for the

r el @sidesirqsbalng ehiesx ofid hecpby tnvisSeciatiad aMd 521 haDsl-ali Qfetsah! € 521. In
; par tri é:ul Al tttg)dt.urrgtgbl e 526 is between colum o 545 and si gle-tb-si de

pl at"&SRESYVElY  CRYUNRiGn, m3plae be somtegfabput thaty-aninbe ré@dnanendblecidd v

coupibe ftoc 3 I i al| ot .aspects, Figs. 5A and 5B are

simlar. Tcﬁ?rigg 5?@} B%Sﬁeﬁlr()ésn%?%?uﬁsgé’g‘étcg{w g‘g i [B.gveé"}a;i%?%&%& A%SSpeat ed

her éestdead 502 antpositioneds of hori zontal motions built into the nanipul ator

base are possible. If such notions are not built into the base, they are

typically provFedB i sithifar to@igr%%§@g§%hgﬁtg{aﬁ'géggab§uft&%i nTEST Cor p.

in2 mani pul ator first describe “BFoVi des no
hor i $80f14Fd MO #slqtion;talle 534 e In partamtar ctleatiimahlansns i@5aeEdl Yolpreyi des al |

hor i [ I on, r r i.pul ators_are known whi ch have bases that
® or ov%ggatr%nﬁ@gzgov’mgﬁa P fagff g?f-o;[.“ H&‘{]’Pgﬁ,g“é%ﬁzésoftlﬁémé?l#‘éﬁ?ﬂé@dﬁidﬁéd in US.

Pat edutuplelao Has®88) dOrhils FS$I gﬂ%ﬂ &tﬁ’er-ﬁ%%gthﬁ%%%% %Xgﬁaalr? rgriaél?llﬁllqu' ators

provide two notions in their bases. A [ ator ~ manu ed by Teradyne

and Hegeloreaheiremaingig desibmof Ngs SBorO83dt, @gé&tahterts, 5, 949, 002 provi des swi ng

rotation and side-to-side notion in its base with the swi ng nechani sm at
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
5 arm assembly. For example the inTEST Corp. in2 manipulator first described in U.S.
Patent No. 4,527,942 provides no horizontal motions in its base; an articulating arm
assembly provides all horizontal motion. Further, manipulators are known which have
bases that provide only swing rotation motion, such as the system described in U.S. Patent

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

20 Several manipulators provide two motions in their bases. A manipulator

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

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

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

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



the bottom in-out notion in this mani pulator is provided in the arm and
cradle assenblies. A further manipul ator manufactured by Rei d- Ashman MFG
Inc., provides 25 side-to-side and in-out notion in the base V\ﬂbjh R0y
provi ded by rotation the armabout a shaft attached to the co r#n A
mani pul at or _manuf act ured by Schul nberger provi des side-to-side notion and
swi ng¥P8Y4Pdn notion in its base with the swing mechaRFEMSeHoa78h of t he
side-to-side nechanism In-out and roll notions are provided in the arm
assenbly. This manipulator is 30 ynique in that the cable passes fromthe
cabi net, through the center of t h8 “col unmm above 1 0 JUL 2003 WO 00/ 41536
PCT/ US00/ 00704 -6 the center of rotation, to termnate at the test head.
Al sBe GO T FBaHAR slOFEHMIBAICAL die (£ hgad shlsp ngidnedn anb sranimdatosér ves as a

Cougiees habanin Wi SBrviss | kbdkedEIEIE AR Rabsy dF?F%lfb%gti? Nps, 4 943,020

and 4,973,015, both assigned nberger.” Fina r
manPpighaNos., 4 813 @26Gmnd 4a271)0 EY both ReigledshBetuliMbésger.l nc., provi des al |
three notions in its base with the swing rotation nechanismat the bottom

In operation, Kihglly esfurihenthadPlaic, ARGInRbALATd BYREAE ALRSAHAEKENY
position, _using in part the translation table described above. Wen the

> t estnheREpvideslk thiée BodpR risdasovith thaswimgxotation endchanismtdtnbet e docked
posibb'h%jl, an alignnent apparatus starts to engage. o At this point, a
docking actuator is engaged which draws the test head into the final

aligned test position arﬁj i nto gggfgerrent with the DUT test fixture and/or
probe card. A% FENOTs NS ep SRR taddevaids the dorking pasiHamt

appassaiglsy paSUGR 1ASishhARE iRk @és@ﬁll)cdemg.i Wh%eg%t ﬂQAf%’wﬁ%ﬂ%&? ARy initial
I ock actu tt

error to within a small allowable tol erance. ring ation, the

t estofHeerd 1§ ae st rtabltymdte decked posivienj m aignncaihppaidiosaak taxagagkd and

rotations to assure final alignment and parallelization. Thus, all axes
dhitepq el dufl ; h

% sho eP{lPad MBS HOUIS SEBAESH MIRCh dgawis|the o5t hepd dpiofheder] ng, al | axes
shoulignbe idsk §6siAsn Like irﬁ@%lﬁ%;?g%ﬁféﬁit WA (hPHOGERS: ﬁ)&uxreeat\ﬁﬁl/;\n cisrt DP%@X\fdt he dock

mechani sm pushes the test head away from engagenen teést

sockas tpr ek ngd as sl yt@peariat, ulse al@noenusgincked, suskeheeipettdfinaxes can be
secured,.if so desired, to allow the test head to be noved away fromthe

pr oLEIERRIgINRHNS F%deg\m% apy, anipiereay to piidiin a small allowable tolerance.

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

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

during dock actuation.

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

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

prober/handler, using only one motion axis.

Recent advances in the semiconductor industry have had the following

- effects:

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

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

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

analog circuitry, and mixed signal circuitry.

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

device has grown to several hundreds from less than one hundred.
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10

Recent advances in the sem conductor industry have had the foll ow ng
effects : 25 1. DUTs have becone nore conpl ex; the nunber of transistors
per device has grown steadily froma few thousand to a fewmllion. 2.
DUTs have becone increasingly conplex mxtures of digital circuitry,
analog circuitry, and mxed signal circuitry. 3. The nunber of 1/, o

suppl waod41ssgnal ground reference pins per device has &%%%&ﬁeveral
hundreds from | ess than one hundred. WO 00/41536 1 0 J EJ

PCTI USO0/ 00704 4. DUT clock rates have gone from10's of MHz to at |east |
GHz. 5. Data, Address and Control_#ignals are accordingly in at |east the
100's of Mops range. 6. Per pin frequency bandw dth requirenents are at

| east in the 18 spofr ci§kFde r@gggngﬁogb{da?H jhe foll o]\gb test system

desi gn changes have becore desir [?5 gyt re conpl ex

| ect test .h . . di t
ber pin circuit iR ena picel dLEab e, 81%f§?seeers@8f%r§5vcﬁi‘>é ol e ghae

switching rates. & M¥Ygseingeool ing systens with circul ating water have been
added to the test heads, increasing their weight and necessi tating

f1 exi bl e pl unbiengpertyin l?@qhélﬁ:'y%‘ﬁﬁlwid?h tOfikfRhes R Fe% W thé 18's0 Npie power

supply and ground conductors”of heavi er gauges are |
i nterconnecting teblz theged cable. 5. Mvi ng circuitry fromthe system
cabinet to the test head to reduce the anount of signal wring and

associ ated del #sa TGSUhhﬁe(fallDdVemgT&Q§?stérﬂ%ﬁgﬁ chay, s%w %Ecc?}d?@ si ze and
wei ght obltest heads to increase -significantl y e at the sane tine
requf'f

1. More, faster and more complex pin-electronics circuits in the test head.

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

expected due to the higher switching rates.

3. Water cooling systems with circulating water have been added to the

test heads, increasing their weight and necessitating flexible plumbing

to be included in the test head cable.

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

15 interconnecting test head cable.

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

amount of signal wiring and associated delays in the cable.

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

significantly while at the same time requiring:

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

DUT is increasingly important.

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

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

Thus, test heads and their associated cables have become significantly

2 larger and heavier.



20 1. The demand that the test head be brought into close proximty to the
DUT is increasingly inportant. 2. The cable fromtest head to tester

cabi net be kept as short as possible while at the sanme tine it has becone
thicker and stiffer. Thus, test heads and their associated cabl ¢g hiav@i03
‘becone significantly 25 larger and heavier. 1 0 JUL 2003 WD 00/ 41536

PCT/ USB0/00QT834 - 8- SUVMARY OF THE | NVENTI ON A system i s pSeiYd0/dood4
positioning a |l oad, such as a test head. The system i ncludes an arm whi ch
supports the | oad and which noves along a first vertical axis. The system
al so includes a rotation unit for -rtating the first vertical axis about a
second 5 vertical axis spaced apart fromthe first vertical axis. The
system may al so i ncl udeSEMMNRY GEARE INVENTONDOVes along a third
vertical axis and which supports a cable coupled to the |oad. BRI EF

DESCRI PTI ON OF AlsfrstERAVLNGS {5k @okifiéRiMi:08ad SsuRR S aLlQQQ{efé&.O%_efsg%ﬁﬁt he
follow ng detailed description 10 when read in connection wth the

accorfrarfas i Arawhisy. supporissthe deashandzwhich maaves adogradfirsy vegicabasion Theact i ce,
t he i [ . r-aw ng. ar ot, to.scale. On the contrary, the
di rreﬁgglt%[gl;ﬁ 0 ﬁ[@f]dgeggrrﬁ%ﬂé#ﬁ Ié\gtfurr reorseg[g}geﬁﬁﬁl’ﬁf‘ttvreé'r‘?aﬁW@)@BQHH%B‘?CSP&r educed for

¢l ar ivegtical agik uggatdi apaititeor tawing vafiRat 1gs.f The QyéBg hiPME6 Scidd z?@alg!fé 9- 1is
an illustration of the test head manipul ator coordindte system Ig. 21is

a pl HPRATEWVBICh ang estalgnggothindayestieal fagis aadtwiptle atppoetsta debdcoupini ouhat or
systgggd_Fi g. 3is anillustration of a test head placed within the
coordinate systemof Fig. 1; Fig. 4 i's a perspective view of a conventi onal
tel escopi c cabl e support; Figs. 5A and 5B are perspective views of a

representative convegpiondle b BRAE B Rihias

The invention is best understood from the following detailed description

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

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

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

manipulator system;

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

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

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

head manipulator;

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

manipulator;

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

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

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



Fig. 6 is a partial top view of a conventional installation of a test head
mani pul ator; Figs. 7A and 7B are perspective views of a portion of a test
head 25 nanipul ator according to an exenplary enbodi ment of the present

i nvent| on; Fig. 8 is a plan view of a test head mani pul ator ofl FUgE. 200A or
7B; 1 0J UL 2003 WD 00/41536 PCTI US00100704 -9 Fig. 9 is a plan view of
the te¥0 WEAB6mani pul ator of Figs. 7A or 7B showi ng var pepgsele@rges of
freedom Fig. 10 is a perspective view of the base assenbly for the test
head mani pulator of Figs. 7A or 7B; 5 Figs. 11A-11C are detail ed views of
the bottom plate of the base assembby of Fig. 10; Fig. 12A-12C are
detailed views of the swing plate portion of the base assenbly; Figs.
13A-13C are det Hig Ods vipdaws vietv o fhibe itest ddd mha?almréﬂm Bs OfAldpepbase o

asse A-14C are detailed views of the side-to-side plate
raivipd oot er Hikugm

portion o 9 Figs. 15A-15C are a plan view and side views
of the base assE lr?‘é Fi gs. 16A— 16C are various views of the sw ng
i ndexing | ock a |1§ 2 PEESPEFIgYe view R 1iPbaseeassamblg s tieerast tebdt he i n- out

axi s maRHuBSHIIRYs. 7 18A-18C are various views of the side-to-side
axi s Iock assenbl gs {bg% 19A-19B are detailed views of the side-to-side

axis lock asse .a front view of the roll notor and

associ at ed har (T\%aéé elllg Igl ?rgtcieﬁ’t}?eflh"éc‘l’%gf thebogoabpiate afithe basd assrilbly 20 Fi g.
21 isofFpanoial side vi ew of the roll notor and associ ated hardware; Fig.
22 is back view of the.roll notor and associated hardware; Fig. 23 is a

side view of th Fytal d. assacji at ed hardware for ra|S|ng and
| owering the te?tgﬁgéd?féawa%ﬂg&vgwﬁﬁg %\Y\}“Sfp%itﬁ@o%‘?f{ PL@E baest or and

assocasstmbilhar dwar e;

Figs. 13A-13C are detailed views of the in-out plate portion of the base
10 assembly;

| Figs. 14A-14C are detailed views of the side-to-side plate portion of the
base assembly;

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

Figs. 16A-16C are various views of the swing indexing lock assembly;
15 Figs. 17A-17D are various views of the in-out axis lock assembly;

Figs. 18A-18C are various views of the side-to-side axis lock assembly;

Figs. 19A-19B are detailed views of the side-to-side axis lock assembly;

Fig. 20 is a front view of the roll motor and associated hardware for
rotating the test head about the roll axis;

Fig. 21 is a partial side view of the roll motor and assoéiated hardware;
Fig. 22 is back view of the roll motor and associated hardware:

Fig. 23 is a side view of the vertical motor and associated hardware for
raising and lowering the test head:

Fig. 24 is a top view of the vertical motor and associated hardware;

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

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



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

Fig. 26 is a sinplified schematic of a dual axis control circuit; 1 0J UL
2003 WO 00/ 41536 PCT/ US00/ 00704 -10 Figs. 27A-27C of a Iockoqsyégemaf or the
test head assenbly; Figs. 28A, 28B and 29 are illustrati ons \dt Whrious
detailed features of the |ock shown in Figs. 27A-27; and Figs. 30 and 31

i |l ustWax®/4s5¥ai | - saf e mechani smfor the | ock system shovwy,yddds6a 9S-
27A-27C, DETAI LED DESCRI PTI ON OF THE 1 NVENTION Figs. 7A and /B are
perspective views of a test head mani pul ator system 700 constructed in
accordance wth the present inveatilen. In Figs. 7A and 7B, test head

mani pul at or system 700 i ncl udes mani pul ator assenbly 702 interconnected to
mai n test to syEteen2eaBiTaeof ¥ tkwaceaidt a8 Ethead ASeRAR) €S 706 are coupl ed
to the test head 802. Cables 706 may provide control and data signals

to/fromthe cabFist 2884288ahlie9 afO61alSGond 510 ds. Cables
706 g}a%’gggti onally include cool aant suprpl?/nst ubeaggﬁs %%gﬁge%@ggggagg&gupported

by t DV ExdSt &74pdPd arm 708. Wiich is shown in Fig. 4 and
described fully in U S. Patent No. 4,893,074. The tel escoping cabl e support
armis piston 4F@si 30codnRddtlegrat a daibsafadhdcbadiomThi e 166105yt Bhowd t he
tel es&ofghi 0g,sUBRErt arm cylinder 420 is connected to cabl'e pivot 740 which
in turn S connéected to cradle 739 that holds test head 802 (as is nore

fully descri bedRiFgIE‘"{ 074 (Eat'ent . Fromtest head 802, cable 706 passes
- through cabl e pi g-ﬁ-ﬂ)é}ﬁis'%lpdﬂ@ QEJTHEJNY ENTE3Nopi ng cabl e support

arm cyl i nder 420. Between tel escoping cable support arm cylinder 420 and
the 20 point wh&Eigs.- i7A wek BB erepdrspectiadivivets of @estehead efanifi@atbP Yxten 05 1 N

cabl e i . Service |oop 705 provides sufficient slack in cable
706 ¢ A00Ppin Bl AE oS it SUTVERiGUg b Ties: 16 208 eebtheed on

envel npeaipuloindyistegn BOO® alel vk rhaniRlidiaehe tructyre 712 through
support arm 718. Alinear gui deuﬁgitl 72%@@%’3‘%%&%%‘%*%&%%% pl at e
P22 ofySEBN $APING Fdctiacable230G.1 Thamabips 306 descoapreaahan &6 mharsby t he

" pos Pl 298 Bl YRR FobuaBl il o frogaincobial dhe.7Ea0les To6 also.
include power and grounds. Cables 706 may optionally include coolant supply tubes.

Cables 706 are supported by telescoping cable support arm 708. Which is shown in Fig. 4

and described fully in U.S. Patent No. 4,893,074. The telescoping cable support arm

piston 410 is connected at one end to mounting block 716; and the telescoping support

arm cylinder 420 is connected to cable pivot 740 which in turn is connected to cradle 739

that holds test head 802 (as is more fully described in the ‘074 patent). From test head

802, cable 706 passes through cable pivot 740 and is disposed along telescoping cable

support arm cylinder 420. Between telescoping cable support arm cylinder 420 and the

20 point where it enters/exits cabinet 704, a “service loop” 705 in cable 706 is arranged.

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

throughout its desired motion envelope.

Mounting block 716 is attached to column structure 712 through support
arm 718. A linear guide rail 720 is attached to a mounting plate 722 on column structure
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



may be used to provide vertical notion of support arm 718 al ong |i near
guide rail 720. As a result, the end of cable support arm 708 may be
rai sed and | owered. Thus, cables 706 my, under operator control, be
mai nt ai ned | evel or maintained at a substantially constant 30 ah8l ¢Uki200
respect to the horizontal plane as the test head 802 is noved al ong the
verti 4P 09430 2003 WO 00/ 41536 PCT/ US00/ 00704 -11 axis. PCA/USIDEOTRAyY, t he

vertical conponent of the force exerted on the test head 802 by the cable
706 may be mmintai ned at a substantially constant val ue, enabling the test
head 802 to remain in a freely no¥ing, bal anced state. Columm structure
712 is attached to base assenbly 710 which provides s notion along the X
and 2Xiaxds thig wayditha wirticd eorwoabit aftthe face oxeated anhde ¢ertihead Bhbpaieat or

asse i S.af. _piLyvot int 734 in.both a clo i,.se and
count%% l7§§§9\ﬂ%§6§¥1§1ﬁ%ﬂ2§{1 %(%gf(a gu%L%ng}aqf%lf?’%?aW S %{}?%QPE %teftﬁéeampul at or
assem@kmﬁﬂantaqred)}enfoemgs,iﬂaiageaﬂstgwgy fromany TSA so that mai ntenance may
be perforned on the prober or test' head. 10 Colum structure 712 may be

either of T xedchghiflRiure? Y heRhEd d bRESSERMSY 1 OKEN prolldds 7A shoue

colum 712 noved to the en axis that 1s closes cabi net 704,
sand Fnhefion78Bosg twesX ol Araxcalig adwivied to chd dtélignp estateethe ratied mahipuétdrxi S

furt hest fr%c bi n t%04.. Qherwise, the two figures are the same. It is
obs erAFSRRIK A02;3honidthe Yy axis At gy, pRISt 3b i bk ajclo #td and falls close to

t he féo%{eirclmi@@airie&icﬁi.ngé%&I:e?%ééiti%ﬁ ab&&?th%%aﬂi w%iorr%{f%bﬁg%ﬂz%’ a degree

to accommbdate the I ncrease st ance et ween cot unn cabi net 704.
Ser vilwereposifion@baway from 4ny TYA sb nadighiiarethck tndyi g perf@meridsh thi pagbers! ack
remains to allow vertical notion of test head 802. In Fig. 7A _further
obser¥detH¥dal t hough the end of tel escoping support arm piston 410 is in
proximty to 20 cabi net 704, the point where service |oop 705 neets

19 el escopi ng suppolummptmeyrd Hdenay P cithy of flxst dsighalor pf aloatde pi vot poi nt

734. ' n. that the spaci ng between pivot point 734 and cabinet 704
IS coﬁéslfés% fﬁ%ﬂg@lﬂ t he space requirenents for service |oop 705. Base

assenbly 710 co%.?%i)s}s of several_sub-plates arranged in a stacked manner
-l

so that each su £ ghews EQ)‘H‘&PJ& HOYES lﬁc%fh?“d_s%fb- Bl Zafuis thagdpelofesesn | v, _
bot t ogaHhé 74, 2R RS EANOW D iriin §2%RhGRd tOuRWpRdsib lPoPREYTRLY 728 whi ch

is, in turn, coupled to In-out
furthest from cabinet 704. Otherwise, the two figures are the same. It is observed that in
15 Fig. 7A service loop 705 is compact and falls close to the floor; whereas in Fig. 7B
service loop 705 is straightened to a degree to accommodate the increased distance
between column 712 and cabinet 704. Service loop 705 is not fully straightened in Fig.
7B, additional slack remains to allow vertical motion of test head 802. In Fig. 7A, further
observe that although the end of telescoping support arm piston 410 is in proximity to
20 cabinet 704, the point where service loop 705 meets teleséo,ping support arm cylinder 420
is substantially above pivot point 734. It is seen that the spacing between pivot point 734

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

Basce assembly 710 consists of several sub-plates arranged in a stacked
manner so that each sub-plate is coupled to adjacent sub-plates. Specifically, bottom plate
25 assembly 726 is coupled to swing plate assembly 728 which is, in turn, coupled to in-out
plate assembly 730, which is in turn coupled to side-to-side plate assembly 732, which is

in turn coupled to column structure 712. Details of how test plates are coupled to one

another is discussed in detail below.

The test head 802 is attached to main arm 736 through upper arm assembly
10 737 and cradle 739. The test head acts as a load. A drive system (not shown in this



pl ate assenbly 730, which is in turn coupled to side-to- side plate assenbly
732, which is in turn coupled to colum structure 712. Q% g@ how t est
pl ates are coupled to one another is discussed in detall beIo %e t est
head 802 is attached to nmain arm 736 through upper armassenbly 30 737 and
cradle 739. The test head acts as a |load. A drive system (not shown in this
1 0 JWO @OBWD 00/ 41536 PCTI USO0/ 00704 -12 figure) nmayPOpUsem@7d4 be
attached to colum structure 712 and provide a driving force to nobve main
arm736 in a vertical direction. It is contenplated that as nain arm 736
moves in the Y axis along a first-Mertical axis provided by |linear guide
rail 738, the various cables supported by cable support arm 708 be noved
upvvaﬁﬂlrahdlaal@mﬂmlw e alltémhgd & gdeonduvents ¢Hl ank pe vidtcow ddethglfprdei wear gui de
rail 720 as_assi ar _act

errl n 8, a plan
vi ew O © Il ?régt7§hé213 ‘@hﬁagﬁ\rﬁﬁt’c?r‘l ést%tefﬁéa'ieg %‘WS\Wgnlaﬁmcjagr ation, test
headm@Q&s insthBOs hkik Anag Afirst Q@I@Tchloﬁxs ﬁrovﬁiee\b% 1\ﬁ?efa€lgui%%ﬁr73§%e in order to
test a DUT on the wafer (not shown) di sCussed above, in order to

per f BRUQUEC-aftes ﬁﬂé@famﬂeb)bwbﬂfestpphéa!dmm lmmpvcrbapwsﬁ(dzlandl dowmsvapd ef er abl e to

svm n t..he r rober 804. The inventoy acconplishes this
*by ngnglsﬁaorgcp‘bl \/18?l afé%prz%%?b&mngw SHHS Gyl gf%?%asf’fg: Ege%afﬁlaf%fspect to
bottgpapl ate 726. As shown in Fig. 8, pivot point 734 allows colum 712
and test head 802 to swing to position "b" away from prober 804. |In order

to prevent danﬁgé?e[trﬁlgt nBeage l}l@#& S'génfgﬁth%qgg?%gﬁ'ﬁn ﬂutlatbi é&e%fl ehghl e to

rai se the 15 test head e test interface ore swinging the
t est shewd. dnapefatiom wsD}hmd 8080&posTtlrrme&mglc&aﬁGﬁ “ahabigie whice pratee sagsenbl y
i ot her | e that allows sufficient

SW ngs be a
cl eag’éﬁ@ ‘Wesi‘%qﬂ{é&% Fé” PPfrﬁhPWahm Bemspasl hoyer inerdpr ©Ragtorm

| th
oo bl epy oo 2 Rad ®H3IE ol SREHR bR LTS o Sl Bt 2T 0P (1

poi ntfrd84roterti®4l obiat edentbr eabhipliilks umid ey ;irbeldﬁmg mpmuheae abfie vagbhe 706
exits .the ca 2get 704 as shown in Figs. 7A and 7B. In_the exenplary
embo I HEHRIAGF 28HBO WS KR FESPER) M PP PHGWeser Aspibown ipdiigt 878404 poing ocat ed

as Clm%l%sm@%h@qblaﬁdﬁﬁfﬁkﬂ £029 s@ﬁﬁé%’ I? o tgl.ea,gg %g)rb r §ghl e 706

exits cabinet 704. Dependi ng upon the ness of ca service | oop
705 viinl drdeegupreeem dadiage ante tedt 1ﬂﬁ€¢fﬂ¥&%rﬁp@eﬂﬂ§dlttlhbﬁﬁex@&t&| t® rhidk gknesses

V\/nen ttepteheag 3852g%v%?/ t!romrﬁloé/ Sagt ;[n(t)erlfaE:es before swinging the test head away from prober
804. The angle 806 though which the assembly swings may be about 30° or any other
angle that allows sufficient clearance. It is desirable to limit angle 806 in order to prevent
excessive twisting of cable 706 (shown in Figs. 7A and 7B) to minimize the possibility of
démage to cable 706. Therefore, it may be ideal for pivot point 734 to be located directly

20 under the point where the cable 706 exits the cabinet -704 as shown in Figs. 7A and 7B.

| In the exemplary embodiment of the present invention, however, pivot point 734 is
located as close as practically possible directly under the point where cable 706 exits
cabinet 704. Depending upon the stiffness of cable 706, service loop 705 will require a
distance of between two and three cable thicknesses when the test head is moved to its

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

spacing between pivot point 734 and cabinet 704.

Referring again to Fig. 8, in the preferred embodiment, the end of cable
support 708 is located above pivot point 734 when the column structure 712 is positioned
-at the center of the X axis and at the center of the Z axis. It should be noted, that as
30 movement of base assembly 710 occurs along the X axis or the Z axis, the end of cable

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



25 cl osest position to cabinet 704. This factor ultinmately determ nes the
cl osest possi bl e “spaci ng between pivot point 734 and cabi net 704.
Referring again to Fig. 8, in the preferred enbodi nent, the end of cable
support 708 is |ocated above pivot point 734 when the col um si Oué¥lirasndz12
is positioned at the center of the X axis and at the center of the Z axis.
It sholiP@8B3fot ed, that as 30 novenent of base assenbl ypFlQsqasysS al ong
the X axis or the Z axis, the end of cable support 708 noves relative to
pi vot point 734. In any event, as shown in Fig. 8 the 1 0 JUL 2003 WO

00/ 41536 -13 PCT/ USO0/ 00704 | engt h13f- cabl e support 708 does not extend or
retract duriqg@rotation t hrough angle 806, or as the colum structure 712
m)veée%lﬂé)ﬁ@c% sypport Aéadaes noAsxsnd oy rétﬁédt@ﬂring\@@tratié‘ﬁ‘%rot@ﬁ 'aQ%@ 898, the

cabl a educed. | e support 708 extends or retracts as test head
802 ?r’éégghea‘f"g‘ﬁ tsﬁé“:@‘-r%ﬁmf’é%\g'io% theyX 9 Fpases. dvsraull8mosingd,/ wearpintic hes

aboutfatifie of-tBXtdble 06 tard be LS. .extends the avail abl e
not i on gelﬁvel ope 1n cornr)dal?&idg((s)hrcli th@%qB‘rg‘lngﬁmg gﬁen%n%rr BHRE Sdestdead ne cabl e

supp&I2 mevestaiangHad ytaxisreldtivedo sappsr @fm 8¢ Bndsr Phﬁugg a%%&r%tniﬁgg}dgfsgr system

ef eny | to Fi 9, .anot her plan view of the tes

700 ilglsgﬁm%&#@ﬁt thi§ ?fg?l}détt%‘gaw@b&re@p@eg epfelppepdmmmirisoans diesprpart s of

t he tagSWwhéRale &4 FRMeRUbALAEL: wn in.Fig.. 9, the test head 802 and
cabl e support arm 708 ma% Sgg%grgg%?ecthg{?go *s‘\ﬂ"ﬁ& l?‘f%f‘Pan%Boﬁtm% &t y- axi s by

nmovi rfgbingt.an arc 902 about a second ‘vertical axis centered at .pivot point
734. In a preferred enbodi nent the arc 902 nay include a range of angles

relative to theRefosiing @Figher endthe $iest; IeH ith the device
handl,ﬁ)(r%g hereafter, gt he ‘g’gcki ng poﬁsi ti (l)ér?g)getﬂlggtggg]%gﬁgqa\éﬂ}pﬁl?[% W' Yocki ng

posi tfi PROWR whagh Kgtrates the ®grechof draedodid frvmyioun phisclef arabegesd about -10

hr o : 0 t.he..dogkj.n sitign. Fig. 9 also shows that test
l%leadqg%g&?%/&r’] gtéat'éésf%@omu m?‘%x?séhsgﬁépt eﬁééﬁz aB% SARIE SEHBPWHBUA7ABMAY r ot at i on

aboutbeastbfecOswiny nhgticibautc §2 J—ﬁﬂ@b&hﬁomg% Eﬁﬁg«‘c C%Ty%g@g% 15%é}()slg?()ver tical

position. Test head 802 has a center of gravity
cormbi ¥Fat$% Axisreeniseed ARV a0iniid¢ . passpregertét enbbdifienOthd, are P inapoi nt 734,

and ljhAgak a.r%ed@f{ngiés rZI%Ewg Por{ﬁetprds{"%{é,%' e 914, Each of these axe$S formng

the respecti vert eeests where the test head is docked with the

device handler (hereafter, “the docking position™). For example, if the docking position

15 is defined to be 0°, the arc 902 may include angles of about -10° through about +30°
from the docking position.

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

20 combination of the vertical axes passing through CG 912, pivot point 734, and linear

guide rail 738 form triangle 914. Each of these .axes forming the respective vertices of
triangle 914.

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

position depending upon the application.

Fig. 9 shows that test head 802 may move along the x-axis. Axis 908
represents motion of test head manipulator 700 along the x-axis. In an exemplary

embodiment, it is contemplated that the x-axis motion is within a range of about 25 cm
30 from one end to the other.



triangle 914. Fig. 9 shows that test head 802 may be subject to pitch
notion about the x- axis. Axis 906 represents the degree of pitch of test
head 902. It is contenplated that test 25 head 802 may pitch about the
X-axi s between about 4 froma nom nal horizontal position dependi H% ;j%gnz 3
t he a@gg’i cation. Fig. 9 shows that test head 802 may nove al ong t - 0%
AXi s , 0’41‘@Bresents notion of test head mani pul at or 700CHUSMPOIHe X- axi S.
In an exenplary enbodinment, it is contenplated that the x-axis notion is
within a range of about 25 cm 30 fromone end to the other. 1 0 JUL 2003
WO 00/ 41536 PCT/ US00/ 00704 - 14 Fib‘.‘ 9 shows that test head 802 nmay nove

al ong t he z-axe:_s. Asﬁ_ll s 910 represents notion of test head nmani pul ator 700
al ong the z-axi € % Ho%s BILANsRY 802 mydneenalong thei saxiontienpP i ed that t he

Z- axkeSred®ick Rl i Lhi m..fromone end to the other.
s Ref l?arrri rfgg?)ct)lloéidgtglao, agr%gg%gaég{ ?@Q%&%v%%o Pis AT ABEERBPYY 10 i s shown.

Fi gssmbjodiments ftow coatemplisted etaailesz-afis hastnas SQMM ¥ rddf. of dbol YPem10 and 11,

support legs..1004 are attached to bottom pl ate assenbly 726. Support |egs
100 ?)‘?‘o%e%é‘dé?élﬁ‘? P?anf&ti on to counteract the effects of the force exerted

at the base assenbly 710 by the nass of the test head assenbly. Leveling
Sfeet (not showRyiarEe e Fig.t W Bagransctineviewd fofass agspobty 7HYiss80wA04 and nay

b 1 s . | 0 . | ttached to bott
ol at o Pasbap g YSRTRRE e LR B RaGOR oo iy B AlePartieBonpensa o

for 1004 &gultacticd @duont prrd ds0anbigf7ashesiRst: 185CRR oyfae%la'bﬂgafibﬁ test
mani pul ator 702 to be leveled. In the preferred enbodi nent, evel i ng

padstC1Bgtesred the atfasn 0A thedfosde: dreuigh at dreybaseatsemblyf 710 tiengagsad shel 000 may
be u ed ndi.ng on the 15 circunstagnces. Lock pedals 1014 and
Torecs iR PRMEE GRRRRR Y A ghOfnkeed 3TN end Soubowiatong < he x
wand z6G&as] magdpeciisved ¥ nddedsaiy. SLeVel RGP 0@ ﬁeﬂa@sje‘latfa@ﬁedl{?ﬂtﬁm%hf)ng with
elo

their respective nmechanisnms are described in detail below. Referring to
Fi gsPlafeassembly T2 tuse1g anst ofi severef cytentonablmetes, de senipbysa@@®r are shown. | n

Fig.; : [ pglly 100 is, no te!gltothe.t syrface of bottom 20
ol at & ?Lél%lt g\?mhr%gggﬁgfg gs%srl‘rﬁﬁf 37“58[0(#@?" h §%oh MARIRURALRT ?Jé?gi‘i’rl@) i s coupl ed
to b&swledg In the preferred embodiment, 9 leveling pads 1000 are contemplated although
any number of leveling pads 1000 may be used as desired depending on the
15 circumstances. Lock pedals 1014 and 1016 are attached to side-to-side plate 732 to inhibit

motion along the x and z-axes, respectively. Details of lock pedals 1014 and 1016 along

with their respective mechanisms are described in detail below.

Referring to Figs. 11A-11C, further details of bottom plate assembly 726
are shown. In Fig. 11A, bearing assembly 1100 is mounted td the top surface of bottom
20 plate 1120. Swing plate assembly 728 (not shown in this figure) is coupled to bearing
assembly 1100 and pivots about bearing assembly 1100. Plates 1104, 1105 and rollers
1108 are attached using attaching means 1112 (such as screws) to the top surface of
bottom plate 1120 and provide support for swing plate assembly 728. Plates 1104, 1105
are provided so that rollers 1202 (shown in Fig. 12) attached to the bottom surface of
25 Swing plate assembly 728 ride on the surface of plates 1104, 1105 as shown by arcs 1106,
- 1107, respectively, avoiding wear on bottom plate 1120. Plates 1104, 1105 may be made
of a durable material such as hafdened steel and may be replaced as necessary. Similarly,
;'ollers 1108, of which there are 6 in the preferred embodiment, may be replaced when

- worn. In the exemplary embodiment, rollers 1108 are mounted on bearing cradle 1109,

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



assenbly 1100 and pivots about bearing assenbly 1100. Plates 1104, 1105 and
rollers .1108 are attached using attaching neans 1112 (such as screws) to
the top surface of bottomplate 1120 and provi de support for swing plate -
assenbly 728. Plates 1104, 1105 are provided so that rollers? 8288l (2800wn
in Fig, 12) attached to the bottom surface of 25 swing plate assenbly 728
ri de oNOt'A8!¥rface of plates 1104, 1105 as shown by ar ¢erhd€Bi0070k107,
respectively, avoiding wear on bottomplate 1120. Pl ates 1104, 1105 nay be
made of a durable material such as hardened steel and may be repl aced as
necessary. Simlarly, rollers 1108-of which there are 6 in the preferred
enbodi nent, may be replaced when worn. I'n the exenplary enbodi nent,
rol lers 1108 arla ondarrio dignio thebreationg mmaﬂll@rsmiﬁg,plﬁQaWahfb'w 758 klla kil
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f our andsbeus2ldBckarise ﬂﬁﬂﬁh@'ob@ﬁ%iGHal%osig&gater nunber of casters may be
used as desired. Referring to Figs. 12A-12C, various views of swing plate

assenbly 728 arRefe v kO FE O ring assenbly 1200 mates with
bearing assembly 110 (shomFEé'g”B%%&tcrg 1RERG BBk wbiom of

15 boftom plate 1120 in order to allow manipulator assembly 702 to be positioned as desired

on the test floor. In the preferred embodiment four casters 1118 are used although a

greater number of casters may be used as desired.

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

shown. In Fig. 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
gttaching 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
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.



20 in Figs. 11A-11B) allowing swng plate assenbly 728 to rotate about

pi vot point 734 (as shown in Fig. 10). Rollers 1202 are attached to the top
surface of swing plate 1216 with attaching nmeans 1204, such as screws,
allow ng rollers 1202 to be replaced when worn. As discussed abﬁgeJ 2004
rollers 1202 roll along the surface of plates 1104, 1105 (shown LE’lg.
11A) . MQ04133806, which nmay be a durable material such i
attached to the 25 bottom of swing plate 1216 and provi glzcsﬁgg@lﬁoro#g(s:e for
rollers 1108 (shown in Fig. I 1A). As shown, plate 1206 is |ocated such
that it corresponds to the |ocus ofigtravel 1214 of rollers 1108. Plate
1207, which nmay be a durable material such as steel, is attached to the

top of swing plBt erab2deSthanest REQY ind8SuR U Rk d.1704 (shown in
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pl at e’¥5senbly 730. Referring to Figs. 13A-13C, various views of in-out
pl ate assenbly 730 are shown. In Fig. 13A, siides 1300 are attached to the

bott om sur face Réfetingdte Figh afFA 1320 yith Linear guide rails
1208 (shown in Fi 1g2)A).@The conbi H%??L%ﬁﬁ%@%?il%mggppli%@ﬁs% yﬂ%ﬁ@é‘? gui de
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pl at el IWindalivdar guitie r{idCERSWIbNs SoRRn P S e 1250 (Shown in Fig. 12A)
attached to sw ngpjpl ate assenbly 15 728 pr e\?e?nlgzl [r(l)gl%?‘r'ﬁ%ﬁf’g ficat 8xSssenbl v

730 f¥ Sehd0BmYrRE dséarbablycoppledee arotrdate 1340ts0QRat hey aia'z\b% xfeglats&ﬁ sw ng
b e AL e ek S0 PRl TR Dot ibampoies bbbt o i schab y
- interfaces with stop blocks 1210 (shown in Fig. 12A) attached to swing plate assembly
15 728 preventing in-out plate assembly 730 from extending beyond a predetermined position
relative to the swing plate assembly 728. At the ends of bumper block 1302 are bumpers
1303 formed of a resilient material, such as rubber. Bumpers 1303 are detachably
coupled to bumper block 1302 for casy replacement when worn. Bumpers 1303 confront
stop blocks 1210 at the limits of travel of in-out plate assembly 730.

20 To provide column structure 712 with motion along a further horizontal

axis orthogonal to the first vertical axis a‘nd.whic':h intersects the aforementioned
horizontal axis, linear guide rails 1306 are provided on the top surface of in-out plate
1310 and mate with corresponding slides 1400 (shown in Fig. 14A) attached to side-to-
side plate assembly 732. Guide rails 1306 may be detachably coupled to the surface of in-
25 out plate 1310 so that they may be replaced when worn. Brake surface 1311 is detachably
coupled to the side of in-out plate 1310 using attaching means 13.12,' such as screws. ‘
Brake surface 1311 provides a mating surface for brake pad 1810 (shown in Figs. 18A
and 19A-19B). Bumper block 1304 is attached to the top of in-out plate 1310 to provide
travel limits for side-to-side plate 732. At the ends of bumper block 1304 are bumpers
30 1305 formed of a resilient material, such as rubber. Bumpers 1305 are detachabliy

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



coupl ed to bunper block 1302 for easy replacenent when worn. Bunpers 1303
confront stop blocks 1210 at the Iimts of travel of in-out plate assenbly
730. 20 To provide colum structure 712 with notion along a further

hori zontal axis orthogonal to the first vertical axis and whi cg) m’e 0§§Cts
the aforenentioned horizontal axis, linear guide rails 1306 arl d

on thé"’@@%‘”éé‘?face of in-out plate 1310 and mate with eomespesdyng slides
1400 (shown in Fig. 14A) attached to side-to- side plate assenbly 732.
Quide rails 1306 may be detachably coupled to the surface of in 25 out
plate 1310 so that they may be replaced when worn. Brake surface 13 11 is
detachably coupled to the side of in-out plate 1310 using attaching means
13125108 @ggfpkagd,% (@ngn mE!flgk b4 8)iatf the @ndiB 10 tprveVo igde-go-5aE iphfle Siehee for
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1305 formed of a resilient material, such as rubber. Bunpers 1305 are

det achabl co r k,.1304.for. ea repl acenent when worn.
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extendi ng beyond a predetermned position relative to the in-out plate

asserbly 730 Cobith ShicHt ¥19 (1960 I hyl] i Bkl 1) o> 2 Lached

to the top surface of SI e-to-sli OBhantom by
out | |&ﬁ‘éfag_ﬂigﬁmd@-m-exdatplamsl402168dep1aeahg1 phanten tbyudlinal 4G4 106atiHR 808 such as

Screvg n(g l % all ow access to the
si conventlona attaching means, such as screws (not shown). To allow access to the

1s in-out lock mechanism (described below) access hole 1410 is provided through side-to-
side plate 1402. In addition, counterbore 1412 provided at the bottom surface of side-to-
side plate 1402 that allows sleeve 1308 (shown in Figs. 13A-13C) to travel therein.

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

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

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

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

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

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

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



is in-out |ock nmechani sm (described bel ow) access hole 1410 is provided

t hrough side-to- side plate 1402. In addition, counterbore 1412 provi ded at

the bottom surface of side-to- side plate 1402 that allows sleeve 1308__

(shown in Figs. 13A-13C) to travel therein. Access hole 1410 nay0p&lL 2003,

covered as required by detachable cover 1416. As shown in Fig. 14A

count ¥®@eresI12 has a radius at each end that 20 conf oppgiBobdrgs Shape of

sl eeve 1308. A pedal 1016 is attached at a side of side-to- Sld pl ate 1402

and is used to actuate the in-out |ock discussed bel ow. Figs. 15A-15C are a

plan view and side views of base-agsenbly 710 which show the

interrelationship of the various sub assenblies 726, 728, 730 and 732.
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fol | ower. t this poi to arm1 1606 forces notch 1604 to
ful'ly engage thg Sgal? ovverart hereb é@ckl n swing plate assenbly 728 and
col umm structur eg i'n’ plfhcé é‘?ust‘ﬂ% YRk SAMDHREPR 0 sWing Plagast wi t h

r espessembly 728 aid oRo@qslate abdevitly P90 W deésetide the locking of in-out plate
15 assembly to 730 swing plate assembly 728. As shown in Fig. 17A, shéft 1700 is coupled
to lock mechanism 1710 which is attached to in-out plate assembly to 730 proximate to
one end of shaft 1700. Proximate to the second end of shaft 1700, a bearing attachment
1702, which is attached to the bottom surface of side-to-side plate assembly 732 (not
shown in this figure), is coupled to the shaft. Bearing attachment 1702 provides support

20 to shaft 1700 and allows shaft 1700 to rotate about its longitudinal axis.

As side-to-side plate assembly 732 moves relative to in-out plate assembly
730, lock mechanism 1710 moves along shaft 1700. To lock in-out plate assembly 730 to
swmg plate assembly 728, shaft 1700 is rotated about its longitudinal axis with lock pedal
_' 1016. As shaft 1700 is rotated within eccentric lock actuator 1708, the latter engages
25 .plunger 1706 which, in trn positions brake pad 1704 in contact with a plate 1207
mounted to the top surface 1712 of swing plate 1216, thereby preventing in-out plate
N 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.



Figs. 17A-17D are various views of the conbination of swing plate assenbly
728 and in-out plate assenbly 730 to describe the |locking of in-out plate
is assenbly to 730 swing plate assenbly 728. As shown in Fig. 17A, shaft
1700 is coupled to |ock nechanism 1710 which is attached to int%u{u'-plz@@e
assenbly to 730 proximate to one end of shaft 1700. Proxinmate to the
second%‘?}&‘”é\&%haft 1700, a bearing attachment 1702, whipghnisodbiached to
the bottom surface of side-to-side plate assenbly 732 (not shown in this
figure), is coupled to the shaft. Bearing attachnent 1702 provi des support
20 to shaft 1700 and all ows shaft -1¥D0 to rotate about its |ongitudinal
axis. As side-tg-side plate assenbly 732 noves relative to in-out plate
assenbly 730, Figsk1ddckiénneeniatipLe vimvses tt cogbihabh oﬂrQ@utOpEQté ock in-out

pl at 0.+ 0 . swing plat ssenbly 728, shaft 1700 is rotated
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oxt onds xl'glr S &8 I(I\BHF PI3tg assemplyc lorg geidgeails 1306. To retract the
15 brake pad 1810 from brake surface 1311, 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

20 confronting the surface of side-to-side plate 1402. This prevents damage to the brake

assembly due to excessive pressure or link 1800 and worm gear 1802 from becoming

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

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

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



menber 1811) so as to contact brake surface 1311 (shown in Figs. 13A and
13C) attached to the side of in-out plate assenbly 730, thereby inhibiting
novenent of side-to-side plate assenbly 732 relative to in-out plate
assenbly 730 along guide rails 1306. To retract the is brake1g@qﬁ&$é@\from
brake surface 1311, foot pedal 1014 is rotated in the opposite | {ion.
A ret Wwanogqusteng (not shown) may be provided and coupl edpé&pah@folo 804 tO
provi de a spring force which places foot pedal 1014 in the nornmally | ocked
position, thereby requiring a positive for on foot pedal 1014 in order to
unl ock side-to-side plate assenblan.- Stops 1812 may be attached to pedal
1014 to limt rotational travel by 20 confronting the surface of
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cabl e pivot units. C
s be applied over the drive motor/gearbox 2008, clutch 2014, limiter 2015 and frame mount

2012 to protect them from dirt, moisture, etc.

Next, the details of pivot assembly 2006 and the rotation of adapter ring
2000 relative to pivot assembly 2006 are described, again referring to Fig. 21. Upon
application of electrical energy, drive motor/ gearbox 2008 is energized and clutch 2014 is
20 engaged. Rotation and torque generated by the motor/gearbox 2008 is coupled through
clutch 2014 causing pulley 2016 to rotate. Rotation of pulley 2016, which is coupled to
timing belt 2010, imparts rotation of ring 2000 about its axis, which, in the exemplary
embodiment, is the z-axis. The tension with which pulley 2016 exerts on timing belt 2610
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 trn, pulls on timing belt 2010, thereby increasing the tension of timing belt
30 2010.



course, the timngbelt nmay al so be a continuous belt if desired and
feasible with regard to 10 nmechanical constraints. Fig. 21 is a partia
side view of the roll notor assenbly and associated hardware. As shown in
Fig. 21, roll notor assenbly 2006 includes cable pivot housing §0 ,2®§ane
assenbly 2004, drive notor/gearbox 2008, franme nount bracket 20& ,~cldatch
2014, WPWOERSI6ot ation limting part 2015, pulley 2016 aqugggaﬁhq?‘2018.
Cover 2020 may 15 be applied over the drive notor/gearbox 2008, clutch
2014, limter 2015 and frame nount 2012 to protect themfromdirt,

noi sture, etc. Next, the details of1lpivot assenbly 2006 and the rotation of
adapter ring 2000 relative to pivot assenbly 2006 are descri bed, again
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be easi or nal.l| r d by .hand, or by the docking actuator, about
‘he ?%6119?{% _a&QSer, at a4 Iﬁrs}{ em? EQHS o main arm 736 (sho%vn in Figs. 7A a%d 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 puliey 2412 is coupled to largc 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, which, in turn, drives small pulley 2412. As

small pulleéy 2412 rotates, timing belt 2420 is caused to drive pulley 2606 through its
30 coupling to large pulley 2421.



Figs. 23 and 24 are a side view and a top view, respectively, of the
vertical notor and associ ated hardware (drive system 2400) for raising and
| owering the test head for noving test head 802 along a |linear guide rai
738 (shown in Figs *'7A and 7B) io defining a vertical (y) ax{g jor 2009e
test head 802. As shown in Figs. 23 and 24, the major conponents of drive
syst em®R&@04ig3el ude pull ey 2406, cable 2410, electric nDtQ{/ ear box 2416,
clutch 2426, small pulley 2412, timng belt 2420 and Iardé1ﬁgﬁw@9"§421.
Cable 2410 is attached, at a first end 2411, to main arm 736 (shown in
Figs. 7A and 7B), and at a second gnd to a counterbal ance 2413. Main arm
736 is coupled to linear guide rail 738 is and noves al ong |inear guide

rai| 738 under qmetfﬁ@tioﬂfof%ﬁﬁél{ez%lﬁ-sisrhﬁaxi@%??ﬁ%@goﬁr%rcégﬁgggﬁgiﬁéw

cabl es 2410 and two pul | eys 2406 are own, a
pul | eJSCERHOR dptdgepaedyel umpintas adegiatetnsibul deyimidddc 24 b PLaLRb! Y

attac I : ich formthe side nenbers of colum structure
712 (Eﬁ@e Q?flzoﬁ?%ﬁgt%réi%;n“ém jray B S5t SHEVS foueempiai prpvided0ln he exenpl ary

enbodprefetred embedisien! i&oslpkters TP R tRePO ' 2496, A motor drive
assenbly, including el ect rjla% rrmt or/ ggalgﬁ%’xéagﬂ%gohﬁéd/ﬁt&e@gﬁﬂfE&’Z’@ 3*22at t ached
o RS BOsBIGTS 2428 helphia hyoid any ppssibis tadsicmah eefléionR id fHgmbar 2418

t hrou ngj rack 2414. Mounting bar 2418 is attached between
col urrgggeﬁ’g‘é&%{p%m*r)%? °§I8$‘t‘F%FFDS‘PHé’Pe‘HF%§erl%4ﬁ%dlqonhr:|ee§9mgme. 25 Smal |

pul | eymbédindns, APupbeTIBAs &R RMoEN P%)é\ﬁ(?i_f]%@)é?%%@%%é?ﬁ bel t 2420. The

| arge pulley 2421 is attached to one o éﬁstdé?(‘f’ﬁ‘l ® means
2407, PERIEWFC. Hdien gplated in Ampedetaatriinnd difectionrta i eadr pRAGEOYE &Qmmg%tggar box
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repea : Lptain adequate tension on timng belt 2420 by small pulley
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t or si OYREN Gtvensd Eainstof battom pomiva of mounting bar 2418, prevents adjuster 2428
15 from changing position. In the exemplary embodiment, a screw that couples an end
portion of frame assembly 2422 to mounting bracket 2414 may provide pivot 2430. In the
exemplary embodiment, mounting bracket 2414 is attached to mounting bar 2418 with

screws 2436 which are recessed below the surface of mounting bar 24 14.

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

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

desirable:

a) In the vertical, up-down, axis the test head is in a substantially

weightless condition and may be manipulated by hand for easy and accurate docking and
undocking.

b) In horizontal axes of swing, in-out, and side-to-side, low friction
bearmgs 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.



assenbly 2422 that may effect the tension on timng belt 2420. In the
exenpl ary enbodi nent, adjuster 2428 is threaded through nounting bar 2418
and applies downward pressure, when rotated in a predeterm ned ij cgbﬂgn,
to a rear portion of frame assenbly 2422. This downward pressur |Lﬁp 5
rotatigg fshtame assenbly 2422 about pivot 10 2430, which, (in turn,

i ncreases tlne tension that small pulley 2412 applies to Kigs@aotani ng

belt 2420. O course, it is understood that rotating adjuster 2428 in
opposite direction wll reduce tg% tension that small pulley 2412 applies
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20 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 unimpeded 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.

20 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
25 circuitry such that enough force is applied to cause motion but limited to an extent to

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

f) If the actuator is a dc electric motoar, the force regulation is achieved

by limiting the current supplied to the motor which in turn limits the torque output of the
motor.



25 ¢) In the pitch and roll axes, the test head is desirably nmounted al ong
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 heb to
maintain this effect in view of the cable. d) The location ofl 8 hla#ils of
swing rotation and the vertical notion of the cable support help to

achi eweoqualssti es of substantially uninpeded avail abil i taOfso0/fol ON
throughout substantially the entire notion envelope. Thus, in an exenplary
enbodi ment of the present invention, a powered notion nobde is added to any
singl e available notion or to any-3elected conbination of available
notions, either rotational about an axis or translational along an axis. In

other words, fSabseathlyauainpabiendnid ey iude: RANEREdocRindThYf, O actuator
is added, .along. with its agﬁpropn ate control circuitry and operator
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powered actuators may be used. Thus, the follow ng nﬁy apﬁly: act uat or .
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ci r cyinhe gesdtahpiiha@plegnough force is applied to cause notion but limted to
an extent to cause the actuator to stall if an obstruction to
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2003 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

20 éenter position being the normal position. One set of output terminals 2924 of selector

__2910 are connected to optional limit switches 2920 and 2922, which are in turn connected
to suppression circuit 2912 and motor 2914. This first set of output terminals 2924

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

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

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



WO 00/ 41536 -24 PCTI US00/ 00704 Substantially uni npeded noti on may thus be
made for docking in the powered axis. The force desirable for this notion
may be reasonably constant and need not vary with position or displacenent
as the dock is actuated. Conplex control schemes and cl ever hé&chdnPigs may
t hus be needed. Furthernore, substantially uninpeded notion s is available
for hOWRARAY/AE3Pti oni ng t hroughout essentially the entire paoorisoooeEoyel ope.
The above description has included an explanation of specific details-
relating to vertical translation and roll rotation. Al other axes are
possible and follow the sanme gen@bal principles. Fig. 25 is a sinplified
schematic of a single axis control circuit. In Fig. to 25, a voltage
sourdigcussrst abotvewnipving setestar 28d0 tio tposweondsupptantd90Bitdar srogides wiet ch 2902 and
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and direcgionitoihs diregsoorwizgule fifkrepodarity woltade wanajmiati 16 Whid godtoriz914r i ver 2924
IS 0 coupl e directign selector 2910, It is contenplated that the

out %ﬁe Clgg#f%%tjzggszg eg?rgé@ﬁﬁnarﬁngegﬁs Bhetuteh Wheneyerseleessr 294015 jnedl or

adj usérebdRe@fosi@si.red. In the exenplary enbodinent, the output voltage of
power supply 2906 is about 24 volts DC and the output current 2925 is
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circui,t 2918 and clutch coil 2916. Wen sel ector 291 Is In the center
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2924 Bo suppression circuit 2912 and notor 2914 in a first polarity
15 2914 is constant, the resulting torque output by motor 2914 is likewise constant. As

w

discussed above, however, the current output of constant current driver 2924 may be
adjustable. As such, the torque output by motor 2914 is likewise adjustable and may be
adjusted as desired to match the mechanical load placed on the particular axis of motion
that motor 2914 is intended to power. Adjusting the torque is desirable in order enhance
20 safety and provide optimum performance. In the exemplary embodiinent, the mechanical
load may also be allowed to float, which is desirable when docking for example, or may |

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

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

30 directly from the selector 2910 the motor 2914 when selector 2910 is in a non-center
position.



30 allowing the notor to rotate in a predetermined direction. Due to the
cross connection 1 0 J UL 2003 WD 00/ 41536 PCT/ US00/ 00704 -25 di scussed
above, noving selector 2910 to the second non-center positionigrgui cees t he
out put of constant current driver 2924 to suppression circuit 2912 and

mot orWEIPMIFH a polarity opposite to the first polarityertBoddehgy MOt oOr
2914 will rotate in the opposite. direction to the direction when the first
polarity voltage was applied to the notor 2914. 5 The clutch coil 2916 is
energi zed and engages the cl utch Zhenever selector 2910 is in a non-center
position. The torque devel oped by notor 2914 is proportional to the current
supplied by thg Zoiist amplifed sertadciof edudD24s thied el aGlEL 2§10. This

tor r.red a necha caI | oad (not shown) through clutch
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not BmiP284dclies (mtmeage{oguzg@b(g tRHgu vel op ed and clutch 2918 is
not gnzgvﬁad Therefore, the rrechan??:fa()lsmrﬁgdgg) 6‘8Pfeﬁ§‘°E‘|°‘r§u“Sfree to
mové
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resul ting torque output by nbtor 2914°'is se constant. As discussed

above, howevery, didekcsitis stant current driver 2924 may be
adj ust abl e. As such &t&i{\eﬁ%?%téﬂéﬁt Bt ‘&33‘ ﬂ‘it’%’r’“ai“é"fﬂa‘fq @ 3 pybsignsiallndj ust abl e -

andvmghtbes c@m;mm fodl cayy slebiccathtd pomi?drﬁxlih t b\esd}agt end&zll bd grq,qldae aged on the

& axi s notion that notor 2914 is | power. ~Adj usti ng
t he oF aﬂlemfaéesdggzi‘dr A4 &VEh vetigel pasivaryefinog shd emjn :andtqom@\Medtecaopt i mum

per beideaager3gl gt el nt, the nmechanical |oad may al so be
! al | igwed to fl 802’%1 vnﬁvhlgiéh |sége5| raggespaﬁ?gr?“&é)%rk‘i%‘@mWFlgB%amse or may be

dr i desiribie diat ffethe oy stem ecrmesngdialaoat whil Qot i onal
i mt sSwi t ches . %920 .and 2922 interrupt t%g{lgdrwrtrec%lﬁ?%%ng%na g‘@%

| i e B 2R $ill raprip logked i anjepgrator Rswkpis se relepenhe fazkockwi se, | n/ out and
side-to- 25 S|de is reached. The interruption of current by the limt
swi tched 2920 Béfamisg myow Bigevat S If an tenplant iooR siflem 001§ 8don of |init

W t afac n osi.te.to the direction of limt. For exanple,
i f Itﬁﬁgil %mt%?rg\% gthglr?{é}dg‘ﬁ E S Rf 9K Ssieme 100rshow lt&:kﬂéﬁﬁt@ammbmsb noti on of

* Mot enaid Qi 736 andtverdidal Bhidedail 758 S 19808y RLh AGbBiEallehds & L YEir 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
0 3116, safety block 3110 having a bore through which shaft 3116 passes, bearing 3113
connected to caliper 3122 and providing a bearing surface for shaft 3112 to rotate within
along its longitudinal axis, lock block 3104 having a bore 3105 through which to which
shaft 3116 passes, and a threaded cylinder 3120 that is treaded onto the other end of shaft
- 3116. The threads 3117 of shaft 3116 extend partially along the length of shaft 3116.
'S 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 (o increase the pressure on the sides of

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



for all other axes of notion. If the limt switches are not installed,
current is supplied 30 directly fromthe sel ector 2910.the notor 2914 when
selector 2910 is in a non-center position. 1 !7 J UL 2003 WD 00/ 41536
PCT/ USOO/ 00704 -26 0 :5 10 Fig. 26 is a sinplified schematild dfLalfual axis

controvoooisrét. In Fig. 26, the constant current dringT%%%ﬁ %ﬁ?l ectors
2910, notors 2914, clutches 2916, optional limt switches (s /8 as 3004,

3006, 3008, 3010 in Fig. 26) and suppression circuits 2912, 2918 are
duplicated. In the exenplary enbodyment of Fig. 26, a first drive circuit
3000 provides rotational drive and a second drive circuit 3002 provides

Yo ooRlerlodefise, sﬁ%%b%%k@il?@h'éé%}éml%&ﬁ%ﬂﬁ@f Ifne\sgff ﬁlﬁggetﬁ ai%grtﬁg?ntz g.l ned in a

respectively. In the exenplary e
subgeteasingtie/preowirg hpplisisocamdil¢s afifear geias aiands @ng@s@c@@&ib&ﬁ oning. A
safety |l ock can be provided to maintain the test head at a given vertical

posi tion by filnithgekéraplgy BmBsdlivea: $HAG VAG!11L 3 A5t ohal’ I'n view of
t he wei Sgt of the test rﬁleiyad and/ or counterweig tarsl,%qst |SO%Io aelstlgﬁg%l e that if

t he ¥Y%Pelnase eBidesail{B81aad desk hantllesd 12 ratchetstsp ¢iadtIrgpiddoddeitlg aamdi t i on t hat

t he héle: ) in.kacked i aper at attenpts to rel ease the

| ockl.ﬁﬁé{e:? eg {r}gll}rg%L)h%\fllvg%gh‘gyé’ggdﬂ?ﬁng‘ffﬁﬂéwg@%ﬁg{oéﬁ*y | ock system 3100 is
shown. In Fi gﬁ. 27A-27C, tl_he &%{;\I ﬁ views of |lock system 3100 show its
i nterrel ati onshF{TURE AOWHRiFiES T%g Ad We Aetailaof nekdystent 310038e Lock

SySt 2wl O Fig. 38AMIRGBIG AOL RIS dofibErs A TR AIATp{AG gD attachi ng

means 3128, such as screws. Al so attac atpé\fﬂ'fpé’é‘gsof main arm

736 3% Eekh @e1df calipawiig2 med placsdnal FdS oppsositd ¥Rlea bp NEeMerfid< Al 733ui de rai |
100 i ncl-udes | ock handl e 3102 attached to one end -of

738. Lock system 3
shaf 'E“?lg‘ﬂ%y,gsas‘i%ﬁ}%‘?% Khrey gl which shgfte3 1d6rmassenr duigthatid Idh tighedns 3116
1o PasS&Sainf&euk 118c13 B, thEPA %P!%?ﬁz&cﬂ?%?lkkﬁﬁ{y b%&&?ﬁf%iﬁrowdi ng a bearing

surface for shaft 3112 to rotate w alfong™i aﬁst fhfnal axis, 1ock
bl ocRlogk@ise davtten, as yorvecdBion abhvauibunpivehpdir MU4Chhd contacts vertical

guide rail 738. Likewise, the caliper 3122 adjacent end block 3104 pivots ina
counterclockwise direction, as viewed from above, about pivot point 3124 and contacts

vertical guide rail 738. The combination of calipers 3122 pinching against vertical guide

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

Referring now to Figs. 30 and 31, a fail-safe mechanism for the safety lock

3100 is described. In Fig. 30, a pawl system 3130 is included in safety block 3110. As
shown in greater detail in Fig. 31, pawi mechanism 3118 includes a gear 3130 attached to
shaft 3116 and pawls 3132 installed in safety block 3110, above and below gear 3130.

20 Slots 3136, such as elongated counter-bores, formed in safety block 3110, along with

~ screws 3134, provide attachment of safety block 3110 to lock block 3104. In the

exemplary embodiment slots 3136 are elongated counter-bores and screws 3134 are
shoulder screws. Also attached to safety block 3110 are biasing springs 3126 that allow

safety block 3110 to move vertically along slots 3136 relative to lock block 3104,

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

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



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 axig by Q@dl e
3120, \glhe di st ance between safety block 3110 and | ock bl ock 3104 R'NI
ei t herVP8At¥8ed or decreased depending on the rotation eiresiigfoof shaft
3116. For exanple, as shaft 3116 is rotated clockw se, safety bl ock 3110
and |l ock block 3104 wll nove closer together forcing | ock block 3 104 to
increase the pressure on the sides2®f vertical guide rail 738 as discussed
in detail bel ow._ Conversely, as shaft 3116 is rotated 1 0 J UL 2003 WO
00/ 4%30%%5@3@6/36@7@45 may causg it Bvaol auk 786 & viekdnel ndleagiva3d 10 and | ock

bl oc : kbl 4 [ apar rel easing the, pre re applied to the
Si degal%%%ﬁli)dr%%l}gie %ﬂiy e[t)#gfil F&f%@ B9é/PBQRmBg%I SfGHiPPﬂeﬁ?-f lPJ‘?@ aész%gqm:cmay

enbosifuagion, spaf tenfivk® of tRSedtmedd, B SprifdsPQ98 x| gy of |inear
guide rail 738 and | ock handl e 3120 %artc ets 2@?%%‘2"@@8?‘85?@% ng and 5

unl oBRVAGOULHAE Bloasrthn vemiay! axis, aueh thaethemipphr pawl B2 @fghgdst scaReigs 1 i ng now

t o Figee 2&@,, ils..of c stem 3100 are shown. In Fig.
"28A, |pcbky bl Og‘ﬁﬁ"?l‘ggq’g)ﬁl%fol}ﬂg&sr%gg af%%ﬁégfégkééy‘éﬂt?é’éﬁ@e 3302 g valochthat s 3124
Eachmareamf 73al iTherapeditds? wpbs redigadihal ' ' f Linear guide
rail 738 egcﬂ having a_c ear ance hor e@'?%;sgﬁg%q\%l?é (Ssiﬁgfxﬁayﬂcf%ouﬁésses. As .
shaf Pe3diead gHewing ths safsni hloek FoBlovh badk ta3the deutrileposaionp6fice3dsiz, adj acent

f ' ' ' Kw di tion,. f b ,
about o ety a8y 736%0 bt Dol BOGLIeRetieal g s Foovemehon so. the

cal i pigher3u@mnanthaiancd (nenshdW) Gk rSAOAIHNAlSbIED430 8@@%&%?3?@@‘3@& <

lOdi regtion,. as_viewed from above, about pivot point

ver t PRASPYBSY R 20 WPuldsigreeaéety birsk i om nofve uphiape aRing H22vatipahixg agai nst
ver t kgl (h9tiode [ 8,1 0ck inarm736 to vertical guide rail 738.
Referring NOW tré)g\g:i 35152 é%gagﬁ%g%afng& g’ief‘?bﬁ%‘r%‘“’r‘ﬂé’@ﬂéhﬁ opArflor ftdme safety | ock
3100rétatingesieafi DEh with hahdle 3302 t@up@vk 1Y Sh 130 18 dncluded in safety

bl ock .3110. . As shown in greater detail.i nﬁgrgh. %%I,aiﬁfgva%ﬁg’@h%%pﬁﬁ 3118

i ncl YRS @ e qpersiorprdampgndel thegestdivadt 3116 and pawl s 3132 installed in
safety bl ock 3110, above and bel ow gear 3130. 20 Slots 3136, such as

el ongat ed countWhilppreferred embedinientssetfthé ynveh @6k hadeltbenahGRg Wit h
15 described herein, it will be understood that such embodiments are provided by way of
example only. Numerous variations, changes and substitutions will occur to those skilled
in the art without departing from the spirit of the invention. Accordingly, it is intended

that the appended claims cover all such variations as fall within the spirit and scope of the
invention. |



screws 3134, provide attachnent of safety block 3110 to |lock block 3104. In
the exenplary enbodi nent slots 3136 are el ongated counter-bores and screws
3134 are shoulder screws. Also attached to safety block 3110 are biasing
springs 3126 that allow safety block 3110 to nove vertically along slots
3136 relative to lock block 3104. 25 Under normal conditions, that is when
is the test head is attached to the test head nount and the Jsnupggr bal ance
(not %l@vqg) i§6attached to cable 2410, the weight of the test head and
count e} BalaHe conpensat e one another such that the RGEWS0808704r e
approximately centered in slot 3136 and neither paw 3132 engages gear
3130, thereby allowing the operator to | ock and unlock the main arm 736 at
will. Whatiqelaisednt that after 30 the test head is | ocked in pl ace by | ock
system 3100 the test head is renmoved, an attenpt 1 0 J V L 2003 WD 00/ 41536
PCT/ US00/ 0017%8-“2 f0r5 10t.i s to 1un(b}ock hs main _arm 736 nmay cause the main
arm 736 to Vi olEntTy *hB0R IBRAdCad A3 h’@ gouRied|ta 3 pabls.ysaidosystra oper at or
and/ orcodpnmipe: t 0 t he equi prent. To avoid such a situation, upon renoval of
the test head, bias. pr%ngs 3126 force safety block 3110 to nove downward
al ong t he VAPIYELWhichideting adirst vesical pes;upper pawl 3132 engages gear 3130,

t her eby pr evanti Bgk &k : j f i.th handl e 3102
to unlock the main af@hm_ %% '?’z%celfk%gregpg%@%ﬂ lgl[g)‘(’)%ha eag'ﬁn%isl%%gﬂf%ﬁm? e test
head A& petrplalengang reletiputotsaididobimirest head al | owi ng the safety block to

nove back t td Sid anc ain || owi ng. t he in-arm736 to
be unl ockedéjg‘otrt%%nt gt fr\(;glr'ottﬁgl Istagﬁ?dé%mrl A ?‘ua[l .Orkd.g%%%égﬁfpf‘cfegaa@?‘?her a
count drdmltmist Yaracal skismwn) is. renoved from cable 2410, or if cable 2410
~breaks, bi assa.dsgrixglgs 3t126 woul d force saf et_gyu bl ock 3110 to nove upward
"along the vertd @ApEpetionaple s that i s flogerto saitilons then withsagend yetival 3130,

t her eakipisev editiloag; t he operator from rotating shaft 3116 with handl e 3102
to unl ock the in arm 736, again averting possible injury to the operator
or damage t%4 adinesitiopable)by | asmpmat ser theldsaedrbadle mgmsectofaid Isecdndvent | on

have beghodt AMAnARId AASKIIBRE] RS §idlor dald Mudhy PE Understood that such
enbodi nents are provided by way o

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.



exanpl e only. Nunmerous variations, changes and substitutions wll occur to
those skilled in the art wthout departing fromthe spirit of the
invention. Accordingly, it is intended that the appended clains cover all
such variations as fall wthin the spirit and scope of the invention. 1 0
J UL 2003 WD 00/41536 -29- PCT/USOCQO 00704 What is clainmed: 1. A system
for positioning a |oad, said | oad coupled to a cable, said byt
conprywsy e col um whi ch defi ne first vertical IS, rmunit which
suppo‘r’vt%jsdjtgg}%q oad and which nnvegj(g) along said fi rg%$®o% 04 axi s, and
b) along and relative to said colum. a rotation unit for rotating said
col um about a second vertical axis spaced apart fromthe first vertical
axi s; said colum positionable so that it is closer to said |oad than said
second ver (- ¢absteaxgcgording to daimy 1| whercinssaidi rotaih wuos inclwieabl sideoy sai d arm
unit §8e bhaat ' [ ' .vertical axis and said
cabl e i_sbsi tﬁg‘tﬁggnﬁpgggilgiﬁg?&ggﬁaﬁgg)lqérsrane&rgggo Ogt?{s?’g%ogg%%%[aﬁ’g to claim
1, whexidfirst sertigallagisd 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 systemaccording to claiml1,
wher ei n saBdAcobtenmadcerdiny uacldinofl, sak@isee@pstatiorehdil GRludRXh§ ihonar ds sai d
| oad a{% tﬁlffé‘ side of  said second vertical axis. 4. A systemaccording to
cl ai mP £ VEFY MYy 3319 19adi hogizantally, plang a serond harizamel axisppleh intera¢cts cabl e
coupl eld tiest hbRzd@AGKisBrd ASHSE BRhGERA! Fshdl G veh@lM.4. Wherein said cabl e
support noves along a third vertical axis. 6. A systémaccording to claim
1, wherein said rotation unit includes a bottom plate, and a swing plate
_ whi ch i_s“..c?uRI ed to said armunit and which rotates relative to said

bot t om pl af e aBEit ¥aP Y el &r hergin s#id eables exitdretest enbinst feforsai d | oad -

about bsiap deceb@AADE syPoOi 15 ai B¥dble SLJppgrt;] atd ¥ha®83aid 1oad 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; o
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



WO 00/ 41536 -30 PCT/ US00/ 00704 7. A systemaccording to claim1, wherein
said rotation unit includes a side to side plate which noves said | oad
horizontally along a first horizontal axis orthogonal to said first
vertical axis. 8 A systemaccording to claim1l, wherein said rotation unit
i ncludes an in-out plate which noves said |oad horizontally along a second
hori zontal axis which intersects said first.horizontal axi& d which is
ort hogaighi§ysai d first vertical is. 9. A system accordi ngﬂﬂﬁz@ﬁai m 4,
wherein said cables exit a test cabinet before bei ndGEEENNVOE74%r support
by said cable support, and wherein said load is an electronic test head.
10. Avsyisdierisaccording to claim6, wherein said rotation unit includes a
plurality of indexing nmenbers for indexing rotation of said swing plate
about said second vertical axis. 11. A systemaccording to claim4, wherein
sai d cabl eqgu : id system for positioning a |oad, said

| oad coupl éﬁ j?%%i&ggg‘}o?ﬁgg? lalsnf/gg ’e‘%’e%lBﬁﬁﬁﬁ}cégﬁg‘Bp%orEB‘Pﬁ?ﬁ"ﬁqWﬂ @ defines a
first thierydrieal asigiat pnaendatharenfiid shd e4blaTOMESIs A9 (R sdiotle b §hq verti cal
axi s mrg%aﬁh%gg and relative to said colum and which supports said

| oad; a ca i support which noves a) along a third vertical axis

i ndependently of said armunit and which supports said cable coupled to
sai d | oad,; gng said | oad positionable by said armunit so that said cable
i s situated’td SYENAECHHingdp ¢lagw| Idnfurthegeormprisyet 2 hasedo ovhdéilngid amel ai m 12,

f ur t hehit ¢oequpledi at 0 rqtating said .first vertical axis
about a seco'riid vgem?(% ??:Sgﬁﬁ(gﬁ?lggg %ggzé%‘ pg%%trapgfa rsg)vﬁ?%g ?llégfvﬂ?“s‘fﬂ isgurlsdiy  wo

00/ 41536 agn_ugit_anpericSOGILO0RDMive ¢o bdid abtt@iptate dbut Laid WFHORIARGERLLI g to
cl ai m £l j l.e suppart noves along said third vertical axis
at omlal; épr?gy\ttaﬁg?%o a%ger?%hgg?ébocugﬁﬁg%é%v@ﬁ‘ﬁ@ &¥ay from said one end ahd
towards said | oad.

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,



15. A system according to claim13, further conprising a base to which said
arm unit is coupled, said base including a bottomplate, and a swing plate
which is coupled to said armunit and which rotates relative to said
bottom pl ate about said first vertical axis 1in order to rotate said test
head about said first vertical axis. 16. A systemaccording to claim13,
wherein said base includes a side to side plate which noves said test head
hor i ZW(’Z? g(l)/l4y53%l ong a first horizontal axis orthogonal to sa#d dUk 003
vertical axis. IT A systen1accordf%b to claim13, whd&’HSePeMase
includes an in-out plate which noves said test head horizontally along a
second horj zantal i N GH: - i.d first horizontal axis and
which is ortho on[g?%!t)% %ﬂf‘gﬁ%‘!%ﬁ @%E%?%lgﬁ%é% asb.ouESL%?ecﬂngyg?légluaé‘éscordi ng to
cl ai n¥PRoed e fEIm syidifigst vatsicekaxéxi t a test cabinet before being recei ved
for suppor j r nit,.an erein said |oad js an electronic

t est head‘j.l C%? Eﬁgéosrt?%p%c}ggg%ﬁ ey Sdtéi,%givﬁpf%! i g Whighjsupresser i ncl udes a
pl ur apaigcaypleditndaidilong; amtrber s for indexing rotation of said swing plate
about said, {inst vertical axiﬁ. 20. A system according to claim 12, wherein
sai d cabl e® SUPPoFaIs REpByexhich provides yatation phsaiglparl bemiambprizoniehd,

conpr asi,ngherein vartitalbblion\bd GiH GYRA ' - I &h.oves al ong a
vertical . colu whi ch defines a fi9?iet%l\?gl?ltgi“}é%@qg??%dv%%ﬁ%% -10

JUL, 284 houzpntal gy Usoy 00704 a rotation nember for rotating said first
vertical axis about a-second vertical axis spaced apart fromsaid first
vertical axis; a cable support which noves along a third vertical axis and
whi ch suppé?t4 systewatsicerdogupl edint 81 sahételnoatd arndnR hiewdsNGFwak®@hAal i on menber
. Whi chREQVLdE o) f said | oad about a horizontal axis, wherein

' vertiggvgﬁggfgﬁk%%aggTu Cable is preventable while said |load is rotating
about said horizontal axis. 22. A systemaccording to claim2l, wherein

said arm u?'%t moyes ugwa{qg and. downward al ong said colum. 23. A system
accordi ng £o CIrERPAfCordRgariin i qwhepmesai gblsruppary swved dnug sad d  t hi rd

v e{jt i ﬂg'fd vottical akisQil8n€BRH tHRRILE Rhd & ¢Sk dxEAR &a%&ﬂ%%id%"r‘{%%nﬁ and” said one
en art‘owards 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 1oad. is an electronic
test head. |



towards said |load. 24. A systemaccording to claim 21, wherein said
rotation nenber includes a bottomplate, and a swing plate which is
coupled to said armunit and which rotates relative to said bottom plate
about said second vertical axis in order to rotate said | oad about said
second vertical axis. 25. A systemaccording to claim?21l, wherein-satd-
rotati on nenber includes a side to side plate which nnygs @aid | oad

hori z 6bhxsﬁ§ong a first horizog%al axi s orthogonal d #&mﬁirst
vertical "axi &, 26. A system accordifig to claim 21, wRGEUSOR0E4 ot ation
menber includes an in- out plate which noves said | oad horizontally along a
second horizontal axis which intersects said first horizontal axis and
which is orthogonal to said first vertical axis. 27. A systemaccording to
cl ai m 23, vhehaiypleaiagorstiy & clein t25, savheesit saidhiotatibn edrolse indlelidida r ecei ved

for s L.d.cabl e suppor.t nd rejn said lqQad is_an electronic
t est Eggﬁhg ng‘jl %ﬁhg 89} %1%335 f\%\bp'@ﬁ’f'ﬁg g%th‘ggf-esa}dﬂ’f‘%%‘ﬁg’?ﬁhs%§ecﬂn% ystem
accor aemigaltagisc| ai m 25, wherein said rotation nenber includes a plurality

of indexing nenbers for indexing rotation of said swing plate about said
second vertical axis. 29. A systemaccording to claim21l, wherein said

cabl ¢_sUPPQDIA bethaRRSing Bolaifh 2 SHRRA id BASE by ARINGeRopoad, sai d | oad
coupled to a cable, said system conprising: a columm I defines a first

vertical axis; an armunit which supports said | oad and whi ch noves a)

al ong sai d 3pi nSycMf d it d; lpng. and rel ative.to said col um;
a rotation.uniti?or rgﬁ%%}ﬁgﬁ¥§?g%@bfﬁﬁéga 8%F$%pgb%8ﬁ ewﬁ?#?ﬁ%’naxis
spacedompasmg: fromthe first vertical axis; said second vertical axis
_situated naqt re th hree.w dt hs of said cable away from said test
cabi net ; s%cgnﬁrgbghlﬁgs%ﬁ NS FBP e BN A armunit so that Said cable

i nter sect s anaind @adich suPoits Al 144 SRR RLIeCHN G SiBhisHaL Lt 0 a side
of said.cohﬁgn . )
axis, an 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; o |

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

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

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

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



31. A systemfor positioning a |oad, said | oad coupled to a cable, said
system conprising; a colum which defines a first vertical axis; an arm
unit which supports said | oad and whi ch noves along said first vertical
axis; a rotation unit for rotating said first vertical axis about a second
vertical axis spaced apart fromthe first vertical axis; said cable
situated along an axis which intersects a center of gravit¥ of said | oad;
sai d M@doaqsig i onabl e by said arn Aj_nit so that said c(gf)/be iOndBk BBt s sai d
second vertical axis and said cablé is situated to S08000484 d col um.
32. A systemaccording to claim1, wherein said colum is an upright
support. WBBO0B8/s4ibBcdodinklb cRAAI 2, wideinREH MRRAGY QQ g subhary St em
according to claim12, wherein said colluri'n iCs an uprziQl Hgﬁssﬁ%oé%r(t. 34. A
system according to claim 21, wherein said colum is an upright support.
35. A system Aol 28orikdtheth 2jaih 39, ' id colum jis an upright
support. 36. A system accggtr di'ng tbwwgl:h%h%f% e M PEEMFUBAI™m i's an
upright support. 37. A systemfor positioning a | oad according to claim 32,
wher ei n saikg KoLafk] r'?i'ﬁ{ﬁq [k udes an in-out plate which noves said
| oad hori zontal Py along a sgé:gﬁrg%h‘gﬁ?rﬁ'blrf?’éilCoﬁiﬂ'%g\ﬂﬁiuéﬁg'i‘trf?é?%ct s said
first horizontal axis and which is orthogonal to said first vertical axis.
38. A syst f,0 Qsi tiaonin .1 gad according to claim32, wherein said
cable exi ?? & Yg‘@{“ %Caﬁéaﬁ&‘gt?g’f%gé’wh?fﬁ@ spices] wranlisfaprupsightseppotby  sai d cabl e
support, and wherein said load is an electronic test head. 39. A system
for positi Bgl ngslya | oad according to claim 32, wherein said rotation nenber
i ncl udes pPdrarysgmder Pﬂ%&!}lﬂ@ag@aﬂb@mrdﬁwtoi ddex3)gvlrendiakiidronfiosai d swi ng
pl at e menitieitingdadd SEGRHE Viskt L 5@ 1.S... 40, A.systemfo ositioning a | oad
according to claim 32, V\/n[gr &i n lsgirggvggbsfl@ logd} 19 F?ntﬁe’f é&’é’gﬁe%?co“d '
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.



