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TEST HEAD POCSI TI ONI NG SYSTEM AND METHOD FI ELD OF THE

I NVENTI ON The present invention relates to systens for
positioning and mani pul ating | oads, and nore
particularly, to systens for positioning and
mani pul ati ng test heads. BACKGROUND OF THE | NVENTI ON 5
In the manufacture of integrated circuits (1Cs) and

ot her el ectronic devices, testing with automatic test
equi pnent (ATE) is perforned at one or nore stages of
the overal |l process. Speciaﬂ handl i ng apparatus is
used which places the device to be tested into
position for tesSESTTHEAD POSITRINIRG SYETES AND MeTIRecCi a
handl i ng apparatus may al so bring the device to be
tested to the proper tenperature and/or maintain it

at the proper tenperatﬂF&PQETW§“W§“E%Yng tested. The
10 spébs eresehiaindinfiengelaiep tor wustaws fos pasftioning drolusanipyledng loads, and
irnet pattiaugprly 16 efaans forfpositidne g tahd GanipUpaial ageskaglevi ces  on
a wafer and "devi ce ghgsHceid orfrAE mhvBRToRY Packaged

parts; herei "handl i ng appar s" Q eri pher al o
11 e TR Ter B e SRR Gl i s R ont Rl e
FHaeH¢ tget canipmens (&) I gRTEmeeattanp gr mere Sepss of iemresvl riegss.
(Ppedal haniye awpaateX | @ssi vihich AlREesSyesdegiar whtietdstddrinth poke®ndor testing.
e sdmd@add, #WBisSeldial Handihg BbbaF8f i) o6 BRROhe 4Qic8 MhelQGkd to the

B{a?_ Jeqlgerg@%dzlnldpjg m@iﬂﬁﬁﬁﬂt@% erJ;J%‘?he Xrla&? é%ﬂéj iglb?ii;rgeq?agted. The

] _regw res_precision,’ i gh-speed, signals ror _

PFEL PG IERRYTHRSS O @RI dYReY Ingluding, Brobera’for Bt (PR3 aged devices
v Eafer ek daVRE hapdlersi ferrtestins patkaggd partst herbie, "Diuffiling apparatus” or
toppiheal Wy bk ogateefdr b digpet esducthaihaih iapdardiikS The ditronic testing
ReSt it brgOiggi @Sa IQIJQQ§T% e@ﬁer@i@é&"‘ E@y&er‘h %hkn ﬁlclghgg'a tJJE ﬁea‘iﬂ%‘ch is

15808 SIS RSl BRI uper s o
ErREeST Rredfonclsheseq Bas's foriglediyvelestipdaceyidpghttheottest elggronics”
hétaid shehilEevhizh ewervséd to mestithe GWT latertgiriedy ocrtaids tiedest head which must
[BE @Sﬁfbhéd/as&:ﬁ)sm&ﬂbsﬂﬂg fowre BUT. 206 tdaF R4 ts@lh'&ﬂéldhéagw RAPas DUTs
EQ&n{e@rf&eagﬁQ\gcdnﬁﬂe&m}: &grlegéfng%%gr% %Pgectrg:rltcgngnﬁﬁ%ﬁﬁ%he size and

y _neans o a Ca e, |1 C

St ab!%na{g HH'!EPS’ rame S i

BEE0T GESt RBANTRVYE PPN FATRLSY Binded GAYE to RyFSEUHYERS Mughgp two or
dhrestheyseed PoyadseThe tedt heagdeliypicabin conngrted te &hte ATE'a dtatienpry mainframe
b abiiseof 6 ol whictt Aroddes sorapttive dathOfor igridl, yvayhdfand electrical power.
fih S2eitidh &nd Lebd H38d mayRL&R cb&arﬁftg_ ﬁJEuPMQQI:ong\)/WJymf ﬂeﬁt;l]eetubing,

) in onpl,ex devi ces, hundreds or
?\ﬁgbgéjﬁ%gb%ﬁ%e%@?%eéa le'connecti ons have to be 25

est abll SHEd cHRREelsycas Hungreds or fileepndhef elerfaicahepnnectipsdiave to be

conrieittibevsemihe taaticeiphd thh 8UT.Vhése corthedtioosdre pecdmpiskddywith

pR6te eIt BEded cortdits! BStdting ubPADRAGKEEOLesUR Ui WS, tidadual

\e@'fn@{tion ‘:J‘tﬁe BG'F H@picalﬁ%&mg\&h A nge%letlmg I%JJ rhd?bnte)é Bh Q%I'olbg card. In
eedl e- Ated o obe

chi eved V\aéh need| e- e probes nou n a Er . _

A PRI &P g SPRRIRhiget© 5T Pget mpintedona T hpard- In either
g6 e Prese casheBIT bawyd iftusepliy fixed apieRTiatabiotodhe hapgiing pprseatus, which
dags ,eadh_h:ea puroixe oCEUTe inCurnDkdd phan GoritSstibis mrabith_yr s probe card or
BPP bR higd §thWdds QornB&ioh Bdisth WROWRBPRE Sstifead W dke 3B responding

BT GREoA! B OE' Sl ol L 1, PRE Al

o Eao - (B o ‘ﬁraBW?"Bé'%e COFRERRE B S BraRe s2rdet AUTTPEn TyPifally, the

ceact flemehtcan sprik dadolr peppingdiongrall, dhecobteite ade very fragile and

deliaine Cantl @iy muft R pr@sdtedTRAfddnfagd.y pi cal Iy equi pped with

an | n*‘éf lﬁe%g %aHiBt‘Jlgtmts br%(/ bla U&ald lﬂgﬁ‘%neu%?%qugt hg%ﬁﬂﬁﬂr}%%#tq}o the
h the b or

Egntéi_eve the connections wt Elr,o e card or

oar & 2PRIBIE APy M ERE L BRY St eraiht Lo EE 5t anfig on the order
PloRg Eter pogerepihggoal isty be abif to quithly ehaneaiers ongriandlieg gpparatus to
fragile and 35 delicate, and they nmust be protected

from damage. Test head mani pul ators may be used to
maneuver the test head with respect to the handling
apparatus. Such nmaneuvering may be over relatively
substanti al distances on the order of one neter or

nore. The goal is to be able to quickly change from
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another or to nove the test head away fromthe present
handl i ng apparatus for service and/or for changing

i nterface conmponents. Wen the test head is held In a
position with respect to the handling apparatus such
that all of the connections between the test head and
probe card or DUT board have been achi eved, the test
head is said to be "docked" to the handling apparatus.
In 5 order for successful docking to occur, the test

head nust be precisely positioned in six degrees of

freedomw th respect to a Cartesian coordi nate system

Nostheodrk® move&{\é st heB@%y%m tpéjﬂ)r@;eﬁf hén§llng Hﬁ;?aqjatﬁsofor service and/or
n%pc%gﬁr/ﬂir{? n]itg%{c% gc%pon?)n%; V\!h l{%e "taesI hea§ fs hDe%Sln a PQS&%\){\ @’}tﬁ rea?ecg to the

t'radigg EIRF@EPt‘ﬁéé?httf‘iﬁ? ! O%Hfia C%"“EI%IPF%%WE éﬁsawg 'anq o @yl or DUT
umerd heve ke paipged; M test hevdlis pidde bsBlogedT titierfiang)ing apparatus. In

Torgdr €dtlshiatessml qaoKid 1@ Rcddf, thdiest @%Kﬁﬁ%ﬂb@ﬂ%eﬁ'tddﬁtldn%d in six degrees of

g’}'eéﬂ)ég\zggh %Qp (:{]t@ atc%ﬁé |atr1QoJ?$ﬁéiitaa‘ %g?:mt plgsé é)ﬁglt éagésé I‘j]éead'n'?%mi ulator is
huesng=l dto r%ag?e%fs?{? ?esléheﬁ H}Bo %‘“ r&%%ﬂgm c?faése Meg{ mgi}éréapprclximately a

i few pantimpiers o Hefdeeked Bosition pu¢ a {dvekingprpearasupdn ey used to achieve the
pokthraiss pedtionihiaypicdik | angriap patha tatRing Bppalstusticdispokaand the test

THegd SRk RG: o@@%ad’ls%t:ééﬁ oﬁ%ﬁé h'aﬁkﬁhr_y%ar%fhs %E&l@& Qrfe test head may serve
@&n}%ﬁll of ik Vaﬂrh? :J;E)ag% 5k ) Is usuarogrﬁgﬁl?ta pu ii%e more exgensaj\(fe portions of

t8$ %%F'é%aﬁtpsra%@ on Hatsfa 2 eidpRins 2pRAEAtIS gAY 'Mledeaa efraiey
apgraFnismushichalrawsdbe it seasenisofite dosk tddettienplosstdacking the test head; this
fislreedrie® RSas bdd@hdi g ddcllihg. ar Hegﬁtfmzﬁtap&fratﬁeh er a8kt hdre@fherous

%B&hakmncl?i@%dInl:lntgngap(@?glﬁﬂﬂért ot(taites@% gﬁlg h‘ieq’lﬁ qugpﬁaratus, (2)

r atin
Wflng BpHher” T e o5t i e sFcheas T e e T i
éa"fée'tgmnerélpr%%ﬁ%f@t @ectr&ﬁkforqtagts laed &P fakrging e heiding theytesifad and the
tresdiinh emdragadodetrer. handl i ng appar at us toget her.
Accor @idagiirgQo tHagnTEsT: :Ea%bdd@rf@bmisn @id@s BT @BpbiBdion), *Test head

]p%$ @dninlg ;Eg%;;tog% &QJ %E\}e%g)ut of at e? Itlea? ?o haﬁ%hna ?S&!rgtus combgzed with

HAHRTES ﬁ""rgj’"%’ﬁk‘f&?tétﬂﬂ%ha&@ﬁ% F'?P@EPt% "%cw'fec{ 'icrésws?eé%fwgeckmg and undocking. A
afst erdferrniptigtor mey MlemizH refagediopar dastitead @cpitionedA fast head manipulator
suieeiessfitil anGegkpriage @Bith U Kdridgns thst he@Blosil@@th. This technology is

%lﬁ’éél Al Bk nﬁ:@ |n€illlwesé?orp|ﬁer{t|§rﬁe%rl{"r%§|T hihafsbi@ThiE R hnlaf% is also

e R R R,

d&glﬁé brIPhy 589rPiSs whidcain alf ibepyporated Ryasierenerder, th#ibteachmgs in the field
@K teatpieed pasttioti hesyatieos.dive firégoing datemd f=Ble prlawredityao kictuabH dsiven

taBEdHAOTRNLal BoshtloBifg SBtcHB Sl dis8 RRbwnlviber parktls bovides both

%@%tgrgﬁrga§$}odlst% %%E egugj'ing %I’ tﬁ? p B%%g gr%g%gl Va%egcssg ’dockmg For example,

it SRS BTG F OBy ol st Er é?f%‘ésf"& Fentstpeq e Péa@hﬁ ﬁf{j’sz ?ntF*I'?é" et al.,
Mhigh ére afi incerparpted &n chfpese tdegsribng pasifistisnsysteMiveefegioddmi g
pab@pi=oroéilat’ et kid btthatod ddivaC Hovadver, aglidtdeRivertyekind1ge the most
W%feﬁy READnPRS %;Fe%éﬁ@lno&tngnyéhﬁé@ed%\%r&l thén KnOWN where a

el
dl ot a8 R Pl e e R Ao PR R Ere movement o
5?9@8?%13% &mﬁr&uvq:a?e tesk gﬁaﬂﬁ@m azig lacptign tegoligt- This may be

© @rOBBisE@bnaridelytbyebe @perator axltind. iGre Patdyndndhdte@@ad B Aydents where

608 heh8s fulty BBk itélnotion a\k\@ &ht ﬁﬁﬁbeaéclzonhpﬂ%a BR&RhL 8R use of
QYtugtglfs %rrgtEW gq,ntrg]ﬁa%%g/ trk% 8@3%9%}1 Eév&%l &giﬁ%&%ﬁﬁsterﬁ %e test head is

iven
&}a"%’ﬁ Plb W“af@b‘ffagf% Pag] QER syee e 2af &Y ?%ﬁ%@ﬁthﬂ
WK&tel y used, and the present invention is directed
towards them In the typical actuator driven
positioning system an operator controls the novenent

of 35 the manipulator to maneuver the test head from
one |l ocation to another. This may be acconplished
manual |y by the operator exerting force directly on

the test head in systens where the test head is fully
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3 In order to dock the test head with the handling

apparatus, the operator nust first maneuver the test
head to a "ready to dock" position, which is close to
and in approximate alignnment with its final docked
position. The test head is further maneuvered until it
isina "ready to actuate" position where the docking
actuator can take over control of the test head's 5
noti on. The actuator can then draw the test head into
its final, fully docked position. In doing so,

various alignnment features provide final alignnment of

the t Qﬁbr@ﬁﬁ@oc@hg@%eﬁ?\%ﬁﬂ'{?g R;%gqppmg ’chesc%talsclt@fmust first
%)r%m:@ me tres% ﬂgalt!l tg § rggclyqo docE qosrtlg r,mrfﬁ' Is. c{%sg iio an{! 8‘: aPP'}?’éfnate

| “t"g?fgerﬁ é’ﬁ% F%li'ﬂayd%'fesfl?@w%dﬂteﬁaﬁt heaqds fughsr mpagyersd until it is in a
alr¢agn bxhctuatel pesiiiot whgre e dofkinuracwatonah édke oeer cortel Hfitingiestaread’s

ehewihr Treaktuaondaa eHed dARKEe RBGRANHhGAS AL rfm@&‘docke'd”ﬂ@slﬁoﬁsﬁn dolng 50,
hﬁaﬁ%s@%rﬁeﬁ@i@at@@s leoggéjﬁrﬁl ﬂl@ﬂnéﬁt JTH:P‘? ﬁeEﬂ%ech Joclﬂl%?y lygé two or more

S
R et S BE e § PG A R cApiagmeom nte
pq°§ﬁ% Hf's Wérab? Rpferreddhat toy tegtiFadisentighed ity dedrees of freedom before
cibefragiie slevrital comekie makomadeticadeonisict. Mo estaBAH BiykRWaBESurged along a

S@Walébthln@,gwﬁcrh c&?é’sﬁtﬁﬁls thﬂxtg?&r&%&fmgﬂ Bt i& gomﬁtmthéﬁﬁane of the
|F\‘I.%rfg:g ?{% Q%}l 9’1% pﬂ]ﬁs QII thé g'rolg)é)ca aa ar DrL]llqJ ’boanFS anae t?n% Fog?ad':s wn[ilg?ke

I cal

opregionit “?@mﬁfé%s'?e&%ﬁ SR FrATCesI tsh AR CAREOING to then.
pOSI t i"8 ﬁ]enfngl'”@@FtUPﬁaﬁﬁ preraings thatestshedbis wipicelly fege@o move compliantly
appsverar iF adtall yr itakane bwanel aigHmeaEdrddbMionth] F6E Manibihtsr axes

'vﬁ‘ndﬂ%‘e ﬁ)p%@ﬁél?ﬂafanm}ﬁ %Et’a 36} H‘WEQ thl% [s'nb €L r@égé Huwa¥er

gac uato N\én gl'“nrere | i tﬁ £ lﬁag anam S to them. Some
i TIL0 Ry %QH BXERPPRE RRNEES OF PHELT?

Ly ricai ?i‘éf”é'ﬁ% gfesesgg@d 0’4‘85’( RyteBisceh 048 toaflocamctt 8l 304 §,999 002 to
tAdden ADBemcom@lianenm exbapdnisa pes Beuliel g fod AbrSINBizonDeA L HaGibaarakas, involve
fsAingAnd nlRBah 2AE tadklch thrgaa{h&nt%%gmé\%ﬁéaadb BY¥a¥amount of resitience or

S%dnpfgbaalﬁlk ﬂﬂ%cagqgﬁ{@hnem%tne {ent l’fea(? \g]‘iszh ti?\e l%@a%flra%s also
i %Htc & 88&6fat0"|iﬂ PIEgTREing forangistsT e tshbrag imthepProxinateaignment
[FEA Htad PaSitiohBhetTE Cangtiershntanse by the Sbang nmegwmhisimelnd or sismudte
oper@tche FeSilicricd entpd syargml @hiERRdaR UNET betdieult @Sthe BR3dr \bem 18rge and

FRRK QX ABIE AR Jgtmggﬁgratorargrgas'eQ{hQ fc@ceoagﬁﬁeh 't@ﬁxemgﬁ&d bgfore the

S B R bl iR, B TG L o oDt i oy
GPHSB HegEst ARFrP BT 2WeK roméhecdesle THF issamstimeg referrestie as a bounce back
lsEfechy test heads. Also, if the operator releases the

f or ceuappdrbed, sk@sif) & 408 abeRk DEIRPLR dbdifg %@ct@@\@!ﬁ' tHe docking

%@ﬁhﬂ@hﬁﬁﬂsﬂr&eﬁﬂ %9@% E@gﬁé’m%ﬁ%ﬁ&g c!3'15 p?h%ntrutgg’s t{NO HUIS%DI{I ];nd hole

T o PGt DHRLS BERY ST et gares TP 6B T8 [pHaes by
a3ndies hBerhedtodbank thedivp belves of thg doghareintledltofBBer 8415 thetgpide pins
Sedotring fdlly Siekoiasto ehephiabifg Bdlds. A@EKEADE@ IMRCR@ M oSHIns I@at they
ek ||ﬁ§nchm?t%h@mescgblé Lulryﬁgrﬁ@;t 8hbied tI'F'dgH{tg%e glng force

3
5?%”%%.1& htethe otl‘ns JP% Qct) h u : namﬁaé'ﬁlieﬁ?{ﬁ@ rdgﬁ %%\gockmg actuator in

provi
E’?@ﬁ?ar cans Vhen the cans are rotated by handl es
at t acHedasioidehef e 8 1badotinms lrediwed ss abt Helhds o€ kecame larger into docks

|Bal\.||r{g&dreé ogRltiel ofgdida p‘irﬁ%n(ﬂéﬂk@i@r d3B %ter%ﬁé&ﬂdrbg cgﬂiésl Vgures 37a,
'3ﬂ§ @5‘5 %Fﬂd ﬁﬂto‘%’thuﬂ:?ésgnt Eangn hQJtr%fe a &or arE Soc%%avmg oL gﬂ%ie-pm and

B Bt S i otaori H s Ao suc
EHpPIJitgCHE bivedeen ngtiyeted baying@n atthrsordiahdle attrfchdde etaf the four -
handl es. The handl es are accordi ngly the docking

actuator in 35 this case. The basic idea of the '815
dock has evol ved as test heads have becone |arger into
docks having three or four sets of guide pins and
circular canms interconnected by cables. Figures 37a,

37b, 37c, and 37d of the present application
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40 four point docks have been constructed having an
actuator handle attached to each of the four 4 cans,
the dock shown incorporates a single actuator handl e
that operates a cable driver. Wien the cable driver
is rotated by the handle, the cable is noved so that
the four cans rotate in a synchronized fashion. This
arrangenent places a single actuator handle in a
conveni ent location for the operator. Al so, greater
mechani cal advantage can be achi eved by appropriately
adjusting 5 the ratio of the dianeters of the cans to

t begnsdiha riBtkeshovaf indoh@ra6ahl segd labv&br hahile tfﬁ@@éﬁatéi%scﬁﬁlé B When

I fhe leﬁ)lep@ﬁv@lni% %teﬁerﬁéﬂh@%d@ﬂﬂe §ab7e4is4 ﬁgfeﬂ SHEHaHg% ?oug L‘Hn%qﬁtate ina
DLS g hgkes i o gl L Lhe T REfvee Hiever R
doCkE are Actuated By UHE BETS dsP'e 82vatgi{iPpye B2 fanvepignt location
t RotheRasroias Asptas meftvaisal pa@niaas tay bapglivediby apheptiately adjusting

“htikva@®s of dwsliameteook 8¢ chrogetthetias@ed BAG came ther. vacuum

ibS mai e @Eée?i G\ECMMWpSt%BSSO%EJ?-Encfgs,ﬁ{dtl,cgr?n@ t@telltégt@%d{&% and holes
0 AETE TPy B BT AE Kty o vay o o the e

T CopRie W EieBP e eI g5 ogethr 50 long as the

astuE istmagrineSelienerescthelerhednt of fote thhtecao bagdnetattibgn vatudm device

Olp ¢inddd 0 MheOfimbdpReriafair Presd@fd mattsikd by thi Skdcaifed. fn us, such docks are

Firgittt §Sendf gophiddtigigh 37d are herein described. This

descrigption in sloggeg,onat?pgct s froman earlier  docki ng ..
appar at s deSCeri’hed "R 15'S! TBLPERATeNg theprigig: dogiiliustrated in
FUETF 378 Uirersh P pbirah&rein Hescrilet ethésrteacripti® imluges @sp@efrom an earlier
stvokisg dppapeE desedited \nd). 8. Phest Nd @ 569, 215) Grhiaie Is Ghebriporated baedi@ence,
2190, ?ﬂk@?afﬁavﬂsﬂ‘: [i]ekgpéitiv@ém@@{'e%@gld@me@ i 5%%!@5@3, which is in tumn
. wn, i s .a cut awa
PR 8, e Rl S UM, o B8 B R5e MPY g oo
t'ESP R AP R BN HisdRE deadizLgRimay Beripcksdofigure 37b shows
pREFIPHSHR Pafldleh 4GFdh eqmend @ larpersorteaddareatendefelt. (Bichik particuthr example
ghebdrgler gh@batus is o fatkabddl dvipakdntiet) bRl the Xanitag s dbhRd to it from

MR )& ieRPBA bHed kSthd < RAGIPISH nFRVLCE hfﬁggé ot HA%st head

t S s docked to 1t from 50 Gel ow ) Bt efT

| %@%f’% eqeéﬁ@%ﬂ“ G ﬁlé_gfs?é‘e%*feo"’ﬁa‘i"”\?f)%ﬂx?%%%ﬁ?Eiﬁ cogggponqife

j &eckisd %"t?"ﬁ‘é? 21%Re Elegdel iRegares 21350 4528V rieslly hayg hundreds or
itheusarfda efetin? 17&Gile elevttictiiventhadmphbieshow pisert atusthe bt Beln asgaged in a
_Oﬁ)argnhegﬁ ﬁfd}dihgjti%t:ﬂ dagtzsfgpizﬁig Iﬁcﬁlﬁcﬁlﬁlfeﬁ&ﬁicg %&&ﬁctghseﬁﬁeﬁ kicAbst head is
iARL IS, : . a e, hundreds _or

th r%z%daﬁ%%%% ti nr?ﬂ _?' r a%llzl F%%%F %éthf %(oél‘gﬁguéf ont °§3?“§ F'e( ﬁ'?ﬁarat”s 2108
SHGWN) " AT ShEET BB EE 1248 gEihg tgkhrar AL0Q s dagkiderithiagenerally
PPEYF Metiprirara brley. QbTer ensptatiensrae paselbly priUabwieingading, btinot limited
corivedid topsopogare twitd a ldesiwakte@etidnsto 25 frich) dlahy sud@ed@eh. horizontal
A?otiﬁﬁ 2R BM iR tIHBEsSat %ﬁ%‘ t8bdth t@r?e%%rszo?%?arld‘% ilEal.S urface

of ha cant ai.n e handl er ,

ol cor PeufinaRORRIE 13 B0 SR, o At el R i dEekpo Sieser s shown
FEERETPT Hi A Ptchsd siEheatd the hargiRarrpaiehis 2898 dritoine st brad 2100,
Gtadied by e ezt 1100 5 faematp 8565 Blue gadrdbiksriwm are pEhdbeld twgand located
laedr thoud dofﬁielkeaﬁifacdpﬁte ﬁ@pﬁ’éicgnlgat% Q0@hds QRS b6 Rg .Wﬁ iB a@ached to
Q&Wﬂé’é@_ r1@0 E(ptrh!atqne teEthQd %&Er‘c'&:lqalerfé%le QI?S (ﬁ%’trsf\@vgnel? ngSrQs 37aand 37b)
hpog |cgsqﬁrtoalh e TDLI on, and to a plane that 1s a n angle
EOBotH PSR FEMDD ARANAE RS ¢ Erdetg an agprormpt reratge st has an
EPRjErfagte somamelygnts7th deskicaldipfase 81 %6our poi nt docki ng

appar @tagst pilsge 2o wEtachpo Ed the RReCdurfade oAthe hatdisn GhRehtus 2108. Gusset
Qiatd A4 b 4 ABtrd) BRHING AP BREALS n8TdB aarde® 4108 sd BSthe handier

, h to st _head_2100 1 s_faceplate
9Eaco hikhace b4 BSIEE wh b SRlon R Fiut icsett 5l B 1l spoveser
RE2 1 Nt l?gﬂtedcr&%@ﬁsowﬁ fqup eespAra Fachgeset 146 8257 giide PIOBle or
has a central opening and is attached to test head

100 so that the test head electrical interface 2126

(not shown in Figures 37a and 37b) 35 projects through

t he opening and gui de pins 2112 define an approxi mate
rectangl e that has an approxi mate common center wth
electrical interface 2126. CGusset plate 2114 is
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electrical interface 2128 projects through the

openi ng. Four gussets 2116 are attached to gusset 40
plate 2114, one |ocated near each of its four corners.
Each gusset 2116 has a guide pin hole or 5 receptacle
2112a bored in it. Each guide pin hole 2112a

corresponds to a respective guide pin 2112. These are
arranged so that when the test head is fully docked,

each guide pin 2112 will be faully inserted into its
respective guide pin hole 2112a. The fit of each guide
pin 2112 in its corresponding hole 2112a is a cl ose
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re

Ll Birbs p@ﬁlégg SHORST a2 5193 herpesth ot e s ARiond fo
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Thines 21 32wGabiratrigeraf32 adri IGoRIRE bf B3indloeSpRing rdEY etk 2135. As

%I’ﬁadryer A132 & if drdnsifs f&k@t%%gbﬁe 21]1% @whlchn tgrn c%@@&‘ns%‘flo to
onRd (2) the guide pin 2112 and recep

2112 c jinations. 25 A circular cable driver 2132

wi th ZREPENP SRR YEKRICHGUHPARRET €U TP3 16 i§ agpra follpwrr e tsh Jam

tleveee REtPa ity ita dhe ypbertceto® 10 Ghe Ppekh@f tadtr@ctR4 Eom 2810, Figure 37¢

gitova tivedds bati@B@h stibe iR F6REs of 4dRing A3CheLO Zldéémt!h@land[er apparatus

gHosVedre §&§e2pmspii|1£ %%a%gﬂ 7?539&" iR }J%et: Slb¥|0lel £1§gil§£ussets 2116, It

f
RRb R Bl bl SRl e ade By IPBEA 8o helpshtay pirlg and are
?"d‘-P'&Séa“f Efafﬁ%ﬁﬁmee@msew Rét ofatlisthanegt fovae pREE3Z 06.0b Abws 37¢ guide
pinis R 6 teer io@rtbdintadiide pRhblas W26 b 4 Foirdt Whére GRUSES of constant

@an@erdd 16 dnterindfhe lgOLALIS nbils BYHE RLOH ch’gme Ig‘%te%mjéan&olfogvglnil 10a

A Br el Aol Btk Dhos R0 U5 Mt o7 i b 2110 oo
eBp eEeu'E 5 .Gt 8 HPREABOSE Y the delisalgpmigragve 298 clotthiy eonfigmation, the
2110. Figure 37c shows in cross section one stage in

the process of docking test head 2100 wi th handl er
apparatus 2108. Here guide pins 2112 are partially

inserted into guide pin holes 2112a in gussets 2116.

It 35 is noted that in this exenplary case, guide pins
2112 are tapered near their distal ends and are of
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diameter is just entering the guide pin holes 2112a.

Also in Figure 37c, each camfollower 2110a has been
inserted into the upper cutout 2125 on the upper face
of its respective cam 2110 to a 40 depth where it is
at the uppernost end of the helical cam groove 2129.
In this configuration, the 6 dock is ready to be
actuated by applying force to the handl e 2135( not
shown in Figure 37c) and rotgting the cans 2110.
Accordingly, this configuration may be referred to as
the "ready to actuate" position. It is inportant to
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thamlel 3dth opSdrotier. T Srdéritg Blevait ddrhe tOthe gREtAE Einfetd SiB ls PReferred to
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dockl rocess and define certalp terns. The purposé .
el s S i anaal et R @S Weten &f R goLked bosiion
dhedafipgdoianes efiths nigdacep are@araliel With He Xharieeef a dpgradiaengignal
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Q0 electrical con ts to cone_into nmechanical contac
Peer SRk il B Li2F. T RS B S P L0g &1 maneicered
dap Pregianity PHiR Bangier 248 Turthermanewering winpaiha cirelar gijteuss of e
X-Y plane of a three dinmensional Cartesian coordinate
system alignnment nmust occur in the X and Y axes and
rotati on about the Z axis (Theta Z), which is
perpendi cular to the X-Y plane, in order for the
respective contacts to line up.with one another.
Additionally, the two planes are nmade parallel by
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interfaces are said to be "planarized" or "co-planar."
Once planarized and aligned in X, Y and Theta Z,
docki ng proceeds by causing notion in the Z direction
per pendi cular to the plane of the handler electrical
interface 2128. In the process of docking, test head
2100 is first maneuvered 40 into proximty of the
handl er 2108. Further nmaneuvering brings the circul ar
cutouts of the 7 gussets 2116 into a first alignment
with the canms 2110. This position, or one just prior
toit, may be considered to be a "ready to dock"
Qﬁ)%efslzﬂb infdf RstGRaHRTeal With the FERADY 14. Inid &tion ) &foRE sust Piofto it, may
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i ddee pattimit dts perilicetian v dtiree cendgidratioead in the ready to
actuat e position whilsemahmubt EERUSNTION Nitiating the
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‘simlar problemof 30 nechanismdistortion is known in

docks using solid |inks and bell cranks. Docking

appar atus such as descri bed above nay be characterized
by the nunber of guide plns and receptacles used. The
apparatus described in the '815 patent is
characterized as a two-point dock, and the apparatus
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this does not Iimt its application to other
configurations. SUMVARY OF THE | NVENTI ON An appar at us
for supporting a | oad includes pneumatic units and
couplers coupled to opposite sides of the |oad. The
couplers nove the load parallel to a first axis
responsive to 40 actuation of the pneumatic units. At

| east one of the couplers rotates the | oad about a
second 8 axis orthogonal to the first axis. The | oad
is conpliant along the first aX|s and about the second
axis At |east one of the pneumatic units provides
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erspective Vi ew 0S|
a@gé'ija{‘)ﬁg to an exenplary embodi ment of the present
i nvention. Figure BRIFFPESRRIENEN S SHE PREMINGE t he
poSi t iFgnert isy péreperisle s vinith Ehogid heo&uoneﬁyg% Qcedrdir tdan
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in Figqu sectlveV|ewo
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base Ioner syst e 5
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enl ar giedre@ds & paspediveviaw obths daselof ths positioger system Blhegunieridure 3.
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eﬁ(e,plgmlegry posi t| oner syst em Figure 7 is a further

exp ged Vi ew i n-out unit _shown in Figure 6.
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i s an"@XBI8fefusihee Rerereciveeiewff i signitesidt Utthe exenpl ary
posi t Fewerllsigah exnlodedvigupighd swing Witaf e kst maitivned vystem.
of t hE;ngﬂ]@islérbierpé&ﬁéV dedrse s&h@Wﬁit wikDpdns g, 12 is a

par ti ‘?rlgivrx 19(5051 ﬁ%ngﬁy cy)!p%%uqri?d S VYt Doty ?J‘ﬁé{&??:iﬂ but from a

ggrent ferent perspective
%FHSPSQBFoded view of a main arm of t he exenpl ary
posi t Figtien3 sagregpipded Fey af @mainarm of the pramplpe| Aositierpiveided
Vi ew 6iburt hes mRipartialynegplodet viel bt the mam am ik, fodt 261t a different
@ewsw@thmhsﬁkﬁ&w ha.gurafi@\m in Fi gure 13. 25 Figure

14b | %I?lﬂ'e %&bg rgass:hus:nnan:u: oa ran% h”ﬁtrﬁy ﬁc’gtar pressu eg@PEy'] slylﬁ‘:arg ruged with the

on sy prneunat |
Peﬂﬁ?aﬂﬂfyesdei%’“fgﬁﬂeih%a”dIii"@ure 15 | s a perspective view
of a Vewrailefs agrerspertivda Yiev eheonpicapyn gaks dioplety pesiddnemaystem,

Fi gur eiglr6 16 & apeRRESRLGEV 36 rMIRYWOhieart WF thB @kenRIibRRioner
aydef the exen‘pl ary positioner system 30 Fi gurﬁ 17
is an e._unit t he
exenpl 18 PG eruTER Ve e o G Lo e gy prigioner
é¥ﬁ5ﬁ“bded view of the tunble drive unit, but froma

di f f eFigure 18 perfepec biptded ianofttisizmsla dvive unk, et Gromhe différent
blgitielfr hordnéiifih A eXp! 0ded view of the tunbl e

dri Veﬁb{ﬂb t19 ;skgl%rtrfe‘: Q)mogeaqf ng c% umble drive unit, but from a different
perspective than that shown in either of Figures 17 and 18,

Figure 20 is an exploded perspective view of a gear, bushing and axle which are used
with the tumble drive unit shown in Figures 17, 18 and 19.

Figure 21 is perspective view of the tumble drive unit of Figures 17, 18 and 19 with the
drive gear, bushing and axle installed.
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35 perspective than that shown in either of Figures 17

and 18. Figure 20 is an expl oded perspective view of a
gear, bushing and axle which are used wth the tunble
drive unit shown in Figures 17, 18 and 19. Figure 21

is perspective view of the tunble drive unit of

Figures 17, 18 and 19 with the drive gear, bushing

and axle installed. 9 Figures 22a and b are
perspective views of a tumble pivot unit of the
exenplary positioner system Figure 23 is a
perspective drawing illustrating the application of
docki riggursdud énd HERE PAEHeSHIVR viels SGOOMBARLS: L}Mt'bhth@@xemplary
mﬁpﬁgg%t&n‘oodl ment of the present Invention.
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rior.art docking appara
E’ "ﬁ@cﬁ?e{'@ ¥Aew of the portion of a prior art docking
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Fi gurg lﬁ'egSmsa LS L %t view of the prior art
docki ng appar atu §°r|a V5 ‘relﬁr1°§/afa6°6|25%appa'a§15ﬂ b ready to actuate
B?WQPLED DESCRI PTI ON OF THE | NVENTI ON

Figure 38d is a sectional view of the prior art docking apparatus in the fully docked
positicn.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a perspective drawing of a positioner system 10 according to an exemplary
embodiment of the present invention, A positioner system 10 is used for helding and moving a
heavy load such as a test head which is more fully described in U.S. Patent Numnber 4,527,942,
which is incorporated by reference. As shown in that patent, Figure 6, six degrees of motion
freedom are defined. The positioner system 10 in accordance with an exemplary embodiment of
the present invention accomplishes these six degrees of motion freedom. Figure 2 is an
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35 Figure 1 is a perspective drawi ng of a positioner
system 10 according to an exenplary enbodi nent of the
present invention. A positioner system 10 is used for
hol di ng and noving a heavy |oad such as a test head
which is nore fully described in U S. Patent Nunber
4,527,942, which is incorporated by reference. As
shown in that patent, Figure 6, six degrees of notion
freedom are defined. The positjoner system 10 in
accordance with an exenpl ary enbodi nent of 40 the
present invention acconplishes these six degrees of
nepliodedl ieiwed® eHalPositidngisy&emd sh&vnaf Fidde 1EXphraae dit We@sk&h of Figure 2,
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geupted tORecket i vdhichxi ternrimyoubled @rbasnge dnsdert fuddy 7itis fERS@S0 the
i gitoddd @0 MetomVen@naiGhavéd y of the load in order to
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PYSTAlY prielie! tyigeepridegailsgasd. Bk jesondielecaublesihk pther of the motor
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Eéar ﬁ@g begrm utlgirﬁggil)tllg% A en 8 %c?ea(r%ta%d & té'e "ﬁ%fﬁf&é’& nraqt f‘%&trate

base assenbly Mot or 65 may include appropriate speed
reduction gears. Mdtor 65 may al so i nclude a brake
unit to lock it In a stopped position 30 when desired.
As is nore clearly shown by Figure 5, notor pulleys 66
are attached to the shaft of in-out notor 65 in a
conventional manner. Position encoder 70 (not visible
in Figure 5) |Is coupled to bracket 80 which in turn



i0

15

20

25

30

35

40

Two timng belts (not shown) are also included. The
first belt couples one of notor 35 pulleys 66 to
pulley 60 so that pulley 60 rotates as the notor
rotates. This first belt is disposed generally

paral lel to linear guide rails 52a,b. The second belt
coupl es the other of the notor pulleys 66 to encoder
pulley 71 so that the encoder rotates as the notor
rotates. The details of in-outjunit 100 are nore
clearly shown with reference to Figures 6 and 7.

Li near gui de bearings 102, 104, 106 and 108 are
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an ar
ﬁ3§W?Fﬁﬁ°@HEGdB?W?ﬂU““E%uId be coupled to drlve shaf t
250 by neans of gears. The rotation axis of drive
shaft 250 is generally horizontal and at right angles
to the 30 generally vertical rotation axis of sw ng
pl ate nmounting assenbly 260. The two are engaged with
one anot her through appropriate gearing, such as a
spiral gear drive or a wormgear drive, so that as
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nmounti ng assenbly 260. 35 Movenent of side-to-side
unit 200 relative to base 100 is now described. The
belt, which couples pulleys 142 and 144 (Fig. 6), nay
be attached to side-to-side substrate 220 at a
conveni ent point. Thus as side-to-side drive nmotor 120
is operated the belt coupling pulleys 142 and 144
noves, causing side-to-side unit 200 to accordingly
nove. |f notor 120 is equipped, with a brake unit,
then the brake unit may be used to |ock the
side-to-side unit 200 in position 40 relative to
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Finally, third belt 363 couples | ead screw pulley 326a
with crank pulley 351. Thusly, in 30 operation,

rotation of nmotor 330 shaft causes the two Iead SCrews
326a, b and encoder 340 to rotate. Hand crank 350

rotates as well. For manual operation, hand crank 350

may be used to turn the two |ead screws 325a,b. The
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they are driven in synchronismby either notor 330 or

hand crank 350. As shown in Figure 2, main arns 400,
500 ride along linear guide rails 320b,a 35
respectively. Wiile there are two main arns, nanely
mai n arm 400 and main arm 500, the follow ng
description wll relate to main arm 400. The
description of main arm500 is identical to that of
mai n arm 400 expect for its pgsition, and the |inear
guide rail and screw which it engages. As shown in
Figures 13 and 14a, nmain arm 400 includes |inear guide
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540 being respectively coupled to main arns 400 and
500. The vertical range of notion of either vernier
vertical arm 600, 700 is approximately 25 mmw th
respect to its 30 associated main arm 400, 500. A
pur pose of the vertical vernier arnms 600, 700 is to
provi de conpliant notion, in two
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degrees of freedom of the test head during docking.
Each pneunmatic cylinder 440, 540 is provided with a
regul ated supply of air. That is, two regulators are
provi ded: one for cylinder 440 and the second for
cylinder 540. A common high pressure air supply may be
provided to 35 both regulators. The pressure in each
cyl i nder 440, 540 may thus be independently regul ated.
By adjusting the air pressure;jn the cylinders 440, 540
the test head may be noved upwards or downwards with
respect to main arns 400,500. In this manner, the test

hrorael exERid Biethe ARPEENE IR ENCAN! 15 @ thM tbddinBadl 183, BRAIR each
ocfylln &f |£ |n9§dené’e§{1ﬂle8£latga)ttljlel pﬂessJ;Qs |n Pf%stlmg Icﬂlnde?; n eQ %ottb%zséaual This

rfﬁrfwff'&r'w@ad ﬁ°ﬂaferﬁecea%5@‘r9&6éﬂtwhlﬁh W@ﬁ'{ve&s ﬁaﬁ neﬁ%ﬁf%@fscebtyfea Between
¢ Wtogbinnng Ihacextesnal farcepruees dovawartfs pinihe tesh keadythe peeus in
deflihders 400, 54b frice kaiRdreds@® THefreRiatdr-hR catamMmVWBRESSofflbme bR ECRaintain a

e@éﬁ‘sﬁn@ gre%'ﬁret brﬂe Ee@tsﬂégﬁ: Lécéfr@mm/ ﬁw‘i}% d§\br€i‘f % &é&ﬁ@le aééﬁvamﬁ force is

use
SRR BT P T 4y SC--RE B WG P e g manei
mﬁ% %’F?”f?e@?f ’fh%%estﬁéawa\@ﬁ up.THIVE theyiepttiepdsis pamtaingddn a o
hrah=tandalyeveigbilese br ipaidng coyditivhi Elrthetnyqpe, Gladnl eytterrabtofyoé is exerted on
NRECRSSRE stherpORY, @r @LknkRL VWBBH e ohd8dd YW0ang %el-{ﬂm S|dé fiowANthe

%E&Earelél:yllf'l&gréﬁcﬂ?@ I?Iﬁ% rlpgt?o g’ﬁﬂr g%%poré Qjepl% ?nsore alreco ohe cyf]nder while

r sure I n
BRI PRI U S HEE BURIET-n GIN5 TF BERIII BHgtesicpmplgn: rotion of the
riesit headihive degrgerstt faedopr i@l @londi¥ axigigind hasetignal (theta-Z) motion
a0oa kb bAGYCHTD Y@ Bend RV to Biclah@dnyied byf indf riRwatLlisaddpr ce

'énse@.ﬂﬁdls} Sg'alleﬁ e £Y la:lqg] q%&h&'ﬁ‘l@l%sﬂllg ?&at‘iornyl ct)lqplgﬁ&rn%%% ’about an

8 S0 PR L B e TG B Bl
esaitess o figp e PHlipnvpi éespgca@stblamor% Jops ORSidgenH 8RR tost location of

fthomdsiofptationds & Fom in lr trheystepse, i f an external torque
I S exefdred toardQut fae vérB&l arR@@ghiAbit 8RPlahNEetich®provided by pneumatic

%EIQHQ-L 340 gng Swggre‘r)ﬁ?e dé lﬁ?ﬁ ]pllrl Qpp%g%stlJ]ﬁ?\ﬁ&elae&hl%l iQSmgg \é\{l]lﬁmatically

n tate
DLERRr S AhorSh i AP RSP 2i oIS Hh4 t working i,
@Ff@éwrh'gg Hyids mavomsuipstitubadivéthin glyd spiig ef the Mkenion. t Trfos identical pressure
aegurigresyenins Raerelpidvaib® aneOAEch aidumand dydiiepd4ol b, sd ®Stthe

rﬂ)?e@ﬁjré \nttl’tn’{\ébcﬁl @\,ﬁiﬁ@e@ ﬁlapf)e fn&e%@ﬁiﬁmly c%ﬁﬁ'ctllle@ al"re&ajlzgﬁ] gr @ |n¥ut to both

V\%‘?UE ona% e#ns?k@];ro mrgw soumﬁé‘) psl lgﬁomraorJH ar\]fagﬁ)ﬁ Tnosﬁ éegpng or
HFT@“@E@Qﬁﬁwﬁﬁd 15 consequently paral | el Mﬁth aZ

axi s. E#h mteh%qumgteatmh hetanoR@inilaleah peenyH reaate RBawhitiemay be

abjosted @Iprova s BlaslRas sikpbrt BRIQIDAL WrrRRsIdgRYIRHG 40,

tTh@prQ%Grte%Pov%d I%guigt}{r Fggf rgtElSwJ. t‘ﬂf"&jgh Eiﬁc?ro%gg E%ﬂ{ &o@i %}lbéd valve
e

ess or condi t1on
A e st a’g’&a’@wghf&&a Jo BT 150 Pegeted e cpivg RO hos o
GPring SRRSO FNah B the evaees 2 Privep faillee, vaive RE yeselwimed tq mpasitidein which

tig re@rrlowoitoin dylvelenve10tis iadkedn s prtaltihgnaber0Desali &84 at the load.
not | Oﬁ@u@fo@WsEbﬁ‘dR@ééemg Wt aiCeonstiht Sbékéu@é%ﬁé oﬁ%@c b@%ﬁ’owmg mare
%490 %&Fo%s%ﬁkg R? ﬁ'lch\% a\}ehtoor#a p%@%&eﬁ‘eugﬂ%ﬁe tf ﬁ ou 'JElteﬁsé”g an' in the
ﬁ¥€‘é‘§%fr?t PrEFEYE PR tfb“—rfoagy ReRBO AP PERIer SISt taFd SHSe foRigo! Provided
wereliel wgyatve B9 &, one-wehestrivior id, mgict fadlitdes pdeaudsetransient response in flow
Sa sl intoutérBghtaMnbbdet of 1R 1GBIbY bilterdfl fdrRR forPYEIYning PurpdB. The two
'Inqjeg %}n%llve Ré gr?dsilégtﬁctorr Fﬁ’%‘g ﬁgdgﬂﬂoa&ﬁérgﬁ J}Bﬁuag Alge 25§M4{‘6:h feeds into

? m¥| , one for each pneumatiC cylin
f € pressure wthin each cyllnder may be

i ndependently controlled. Pressurized air is input to
both 25 regul ation systens R6 froma comon source R7
as is commonly available in nost testing or other
industrial facilities. Each pressure regulation system
R6 includes a pressure regulator R8, which may be

adj usted to provide sufficient pressure to support the
| oad on the corresponding cylinder 440. The pressure
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spring return so that in the event of a power failure,
valve RO is returned to a position in which the
return flow fromcylinder 440 is bl ocked, thus
preventing sudden pressure |loss at the | oad. Regul ator
system R6 seeks to maintain constant pressure at its
output by allowing nore air to flow fromsource R7 in
the event of a pressure drop at the |oad, and by
releasing air in the 35 eveni; of a pressure rise at
the load. Regul ator R8 provides such steady state
control. Provided parallel to valve RO is one-way
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shows an expl oded vi ew of drive gear and axle assenbly
895 (which is not included in Figures 17, 18, and 19
in order to allow other conponents to be visible).
Drive gear 880 includes gear teeth (not shown) around
its circunference 899, which engage drive shaft teeth
889. Drive gear 880 also includes a central circular
openi ng 898. Surroundi ng opening 898 is an open
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896. Bearing 885 is fitted into annul ar openi ng 898a.

Axl e subassenbly 894 includes axle 890; axle ring 893
and attachnent unit 892 are rigidly fixed to axle
890. Six vul cani zed natural rubber pins 891 are fitted
into six corresponding holes in axel ring 893, which
are uniformy dispersed about axel 890. As is shown,
the rubber 35 pins extend parallel to axel 890. One
side of the test head attachegsto attachnent unit 892
so that tunble rotation of the test head about the
axis defined by the rotational center |line of axle
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provide a precise, lowfriction fit. Tunble pivot unit
900, shown in Figures 22a and b, is a non-powered
attachnment unit that is attached to the other side of
the test head. Tunble pivot unit 900 is attached to
vernier arm 600. As previously discussed, vernier arm
600 noves upwards and downwards al ong |inear 30 guide
rail 570. Tunble pivot unit is essentially a
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coupling to a pivotable test head nounting device. In

an exenpl ary enbodi nent, this anobunts to a hole 901

t hrough the pivot unit. A stub axle (not shown), which
passes through this hole 901 may be nounted to the
test head. Appropriate bearings may be utilized to
provide low friction. Tunble pivot unit 900 and
tunble drive unit 800 ("tunble units") are attached to
their 35 respective vertical vernier arnms 600, 700 by
nmeans of attachment screws (not shown) which engage
attachnment holes. This allows for sinplified
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with reference to Figures 25 a and b. Also, an

expl oded perspective is shown in Figure 26. In

Figures 25 a and b, docking pin 1060 is shown after
initial insertion into pin receptacle 1300. Docking
pin 1060, in Figures 25 a and b, is shown as al ready
penetrating pin detector 1400. Pin receptacle 1300 is
coupled to arm 1600. Arm 1600 is noved as a result of
a piston included in 35 pistogg unit 1500. Piston unit
1500 includes piston 1515 and piston shaft 1510.
Piston unit 1500 also includes pivot points 1505 on
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Detector tab 1405 includes roller nechanism 1470

which is held in place via an axel inserted through

roll er opening 1460. Detector tab 1405 includes rear
menber 1480. Qperation of pin detector 1400 is shown

nore clearly with reference to Figure 103b.

Specifically, as docking pin 1060 enters pin detector
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30 backvvards as it pi vots about tab opem ng 1450 As a

result of pivoting backwards, rear nmenber 1480 pushes
agai nst detector switch 1410. In this way, pin

detector 1400 signals that docking pin 1060 has

entered pin detector 1400. Detector switch 1410 may be
an electrical swtch in an electrically controlled
system air valve in an all pneunatic system or, nore
generally a valve in any fluigl based system 35

Figure 31 is a perspective view of piston unit 1500.
Piston unit 1500 includes piston 1515 (not visible),
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respecti ve docki ng mechani sns 1010. Thus, when al
detector switches 1410 have been activated, al

docki ng nmechani sns 1010 are sinultaneously actuated.
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activated. 30 In noving between the ready-to-dock and

ready-to-actuate positions the test head, as is well
known, is preferably noved al ong a strai ght path that
is orthogonal to the plane of docking or docking

frame 1050 in order to protect the delicate electrica
contacts that are to be engaged. In an automated
positioner system such as described herein, the system
controller has the responsibpdJity to provide such
controlled notion. The systemcontroller may record

the ready-to 35 actuate position for the specific
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docking. Figure 35 illustrates docking mechani sm 1010
after the actuation process has started. In 25 other
wor ds, when docki ng nmechani sm 1010 is in the state
shown in Figure 35, docking nechanism 1010 is now in
the process of pulling the test head towards the
device handler. More specifically, the follow ng
events occur. As all detector switches 1410 have now
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piston unit 1500 is activated, and piston shaft 1510

Wi thin piston unit 1500 now begins to extend. In an
exenpl ary system piston unit 1500 is pneunmatic and is
activated by applying air 30 pressure. As piston shaft
1510 extends, arm 1600 now begins to rotate about arm
pi vot 1620. As arm 1600 rotates about arm pivot 1620,
head 1610 pushes pin receptacle 1300 so that pin
receptacl e 1300 now begins to,slide. Because arm 1600
Is pivoting, head 1610 will nove in an arc as it
pushes pin receptacle 1300. Thus, head 1610 rotates
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d ownwafen &ds inafor thia kest kead timauiderked! rpletiveh healevicehandler, piston
arsa0 aowvve sdaaked retactAS thdiarmt esto pheadiotiviauhd g@ofe dmieh €120 is

r&@&b’d EtQh@&:IeHiﬁé & g%% 130@” V\Ih@n Ehﬂ%a.i: H&le"x ¥crﬁj&gé< %g’cher separatlon of the

BBkl b St oo B TR R Rl B ReRpp T e s
*iead P?ﬂt'ﬁneﬁﬁﬁﬁ“ée alignment with the peripheral device.
Thus, Adeetrghestem romvere ussdstioamipl & essitibher spdtérawbhis cantrol system
(I{@EFﬁéfEea,ﬂhe T5BditicREr'si cBnthdl SysfERt) A&y ReERicroprBcddfdP blide®BRFem to control
%Mé&a‘?i%s"n%m gHe I(esg Qﬁo@(?/ %%ginpa\flcsd Ste?%?{h%ﬁé.tl%ﬂer s?ﬁg'n An additional

rele

TS st i Pt RS i )y oo o
CORBPPEERTor BYské chnsoveiell Fapbienct plowersiiens i dpaking h iexedetasy Wsk(head
amidh 2 4Qergimealy pautipidra delideMeasfaliotvs: 800 provi des t he

desired cogpplah eslgaor rﬁértugryn@éaeh\é@ the posAOAY-¢ cén%ﬁs%st@fmﬁb%cauons
not be sufflc %

di scl osed appr oareﬁCIY 2l (%Ck %nd el ] Fgua?%%;ll‘% 8%@?1 Partiiian
it is time f&FAEE d(eé'§“t head to be undocked rel ative

to the devicéahhemdierliso PraherithePbdifbnedrobleo! systamathe dertrics
retract so thadiioana 4 6Q0erRé M%{;srépév@rﬁls%@%noa@%egi@@@u%ath

menber 1120 iSyyel écﬁ«u@etp%g pittark DB PREAD oo 0 0OV

1305. Wen_t EE I eved separati on

of the test ea*& d‘éRPF E%V'F%R?a'F'%WaWPB@" for testing.
acconpl i shéd Syorenenddghey pasiforeia cantploygemiatthinpticalyecatses the test
head positi oherd ts yspaitonad ta ehatrézal-tey&k PoaitR ¥s B@etitied by its
to control tRgopesitioner syst em This cont rol system

(hereaft s bn‘?eaclen Iht I-e%gf E a%cl%:lg)ors]l 15:'9 Ithe 0Si I%I’% ﬁogPer sys%em may

a mcropr ocessor base

vari ous con‘pBWé‘H?%S'F'@'Ej’ %P'br"{%e“abﬁé‘lfﬁ%?ﬁt%g"c"é?rl’f“") mgghanism,
t he positi onéescehed fuatier iAntepsi@land Sojaed Figuoni7, 6tep $Y.st em

for docki ng meciranbriens dREE s(deh fad tedrullytrktRes 1Okt 1ead along a

control syst @15% th paf’” é@log’o‘?}al t%h%rdgtgéngﬁbﬁﬁ§ 90 thQ%%%gto aAH.late
overal | sequence Ofde?%nm,?tl ons

exenpl ary t e8P RBEY d Bpitesrsetsiedrse Fb‘-jéJ?‘? Phefeg|e)- Brakes for

devi ce i s as™MPEIN shslated to Nig spightdineopativeayhel dppiied.

"teaches" the positioner's control systemthe

| ocations 25 of the ready-to-dock and

ready-t o-actuate positions for the particul ar

peri pheral device. 2. The operator also "teaches" the
positioner's control systemthe service



position and a sequence of any rel evant points al ong

the desired path between the service position and
ready-to-dock position. 30 3. The test head is pl aced

in the service position and prepared for testing. 4.

On command the positioner's control system

automatically causes the test head to be positioned

to the ready-to-dock position as determned by its
encoders. 5. On reaching the pgady-to-dock position,

the positioner's control systemmay 35 provide a

signal to "turn on" or enable a separate dock contro
nmechani sm 7. deses tihed, thelpdshiekerk BorBloRRSted dalaferQzds$€ @rive motors
Figure 37, Stgg réaaseselihe I:TQI@S %Pélli‘\; \5\!(9'@ gﬁpléd)%g QB\; HLtoﬁ%féE@iHﬂaed,

now careful ly no a stra
l'i ne path ortRoc gﬁéhevmhﬁﬁgmﬁdﬁﬁrhg plane to the

ready-t o- aét u‘%’t‘i"é"‘ trpR5ithe drk e e Eten FReepniEss that test head is in the
encoder s ( SeeeflygurauaB/posiBbrely @ying Briakasitdhes 1414 Bave been
notion not rejmed to the straight line path naybe

appl i ed. 2% FZ)IIo gts? BaanEI sﬂpmg:ﬁn tdne rt)hosc,o%:k socrc])etrol aystem actuates all

control system

rel eases the %?%N@gs?W%EEWBVQW@PéDQbEPFE@fegﬁﬁﬁﬂ?)

not or so edfiredme Texpeptihd et tehdis wordd undér thly foveol of the dock
notor. 8. W tdahtibl byisteen td thetflrg ddeek p&siton Whilddhe w&b@dﬂauows

recogni zes t h:@fﬂplﬁmit Rsthon h‘p'c@lqaf ltsgaﬂeg] fsggﬁguré 3 4&

actuate pogjtio

been act | 3% 1 I\'Ie &lQhag)‘es %Yeo%chlce?] c?rgﬁct%on\l\t'}:‘(ategtt I"er':x% ar\lﬂl t[)em)erlilpheral
time T, the dbtReBieHG 'Eﬂtw%eyéﬁeéﬁﬁtééﬁdmﬂ &e pglipherahingy ise place.
uni ts (furt heit thbrussrismepfanerice yhe bibtdr bfakeemsi igianergBdd to Bick phe
9). 10. Wen ﬂoblﬁﬁueﬂ_:n BMEY, bEBey hilebd 188 inidRAG0 oW &Sbns to be
under t he coq% oqOf the dock to control systemto

t he fA%h¥ ocked 03|t|on whi | e the positioner allows
conpl i ”ghﬁﬁ"zyﬁ"t OF isfjystrijpd prddeseriped heeslpwih rgfgreacedy specific
Stbpdimeiyts, the inveggen is hettinteralspadieilindtedtogby detailahogon Retbers various
ofedifiagtiohesiby beashicanthe b&elispethinphescae andFgdbtQbivalents of the claims
t 28 ket Et?ﬁa%%ﬂ'oﬁllﬂﬁe ihRfdonnead and the peripheral may

t ake pl ace the user's preference the notor brakes
may be energized to |ock the t5 positioner in place,

or they may be left unlocked to allow vibrations to be
absor bed. Although the invention is illustrated and

descri bed herein with reference to specific

enbodi nents, the invention is not intended to be

limted to the details shown. Rather, various

nodi fications may be nade in the details within the

scope and range of equivalents of the clainms 20 and

wi t hout departing fromthe invention. 23 Wat is

claimed 1. A nmethod of docking a test head to a

peri pheral, said nethod conprising the steps of: a)
novi ng said test head towards said peripheral; b)

i nserting docking nenbers coupled to said test head

into pin receptacles coupl ed



to said peripheral; c) noving said pin receptacles so

that sai d docking nenbers are pulled further into

said pin receptacles in order to dock said test head

and said peripheral. 2. A nmethod of docking a test

head to a peripheral according to claim1l, wherein

one of said docki ng nenbers23 ncl udes a camfoll owner,

and step c) includes the step of sliding said pin

receptacle so that said camfoll ower noves along a

What 569 n said pin receptacle in order to dock said

t est. head natitbdsadetkipe pitesh Beadlte a peripfel, F&d hethod koroprasinmthe
stegs ofWherei n said p| n receptacle slides under power. 4.

The f L m.2 _wher yement of a piston

caus@@a%dsgld t&’t%ead tow?rds T’a'ae?e”pﬁ% tde. 5. The nethod of

cl aP%'@e“Wﬁé'P@i"ﬁ r%eé“t&"sgﬁ"Hp'?cb"é’éﬂ'ﬁé%sF aead|inty @ rgeepigcles coupled

r esul tto edid pentphertal; on of an arm 6. The nethod of claim

2, Wﬁﬁ&ﬂuda Eﬁrpﬁﬁrebe%taaﬂplsd ﬁgt §a91 &a@nganan&frsé}@pamfmemm
rot at es, end of

e
Coi a SPeeT tteeloeBy Pra B Pl 3l et hea 300 SELoaiBbnrdly of
cl afm 2, Améhoéoﬁdos:hmagessbeﬁé t? 8 IPPréRerabacpriting Exalaimdi merein
ond&ftsam @nckirgi ri@sbeed inGddesl a parh falleeepiraicdta dpirchdartee eapl obdiiding

sai® 91'n dedaﬁiaae g@ ﬁ'@\%&nd &moiﬁjwegmgbe@ a‘oﬁ? g BFD%%’-% A ds% E %P\nracegtacle in

anot
order Yo ﬁ‘esfbﬂief)torﬁ %%'}d &eﬂWhera&omrl sing the steps of:

i nsé{t i nghe raetd@fbmchgn Bi whershuglicerin ragentzdlecslifiessind éramuer.

i nte. a prhe meaepitaning 2 0mepdiesholenettbit fiRdn @bk shid pmai d
recdQGHd RGN i ncluding a cam fol | ower SI tuated on at

|'east one, side of said dockin % pi n; dln% sai d P

r ecept acl'8@® E5PA 4t g% BHRT Flptﬁ‘vﬁéﬁe"%%‘é’ afoheFsyt of
rotgffopgven am-sai d pin receptacle in order to nove said

t est headht rds sai dﬁ?e“ heral. 9. The nethod of

cl aPm 8, THiB ?‘H’@QI"&Z herqilossinplieddp Ppreend pfh ga prm which
rotpsewRiout E.l_giwﬂm@t pethhtahother @ldeif rai@ armwiidesedaid piroreeeptarte. of
a piston_causes sajd pin receptacle_ to slide. 11. The

met hod of "5TEM ¥ B @itk er e 4o prvE f?"&%ﬁ?%leéteg‘? ?Qj%eéwee“
sidepsof gaid @gukeeptstle with and end abFaid path deqaper ITR, safiipin neesplastd thin
andthearicRd & sawhmerei n force is applied to one end of an arm

whi ch rotates about a pivot point so that another end

of 8o eethpdrridocidessa teall fitaptna pespbpelacdnerisit@the Freps i ttseting
a dodkirglpd dBuBled Wharekdd hei ifkoGl fRONCept2lel OVedao BAY Peripheral, said

do&?ﬁb ‘Bfﬁqh&% IEeJ ééﬁl%"DW%" %&étegfon %@I‘egst BIIIGPS e Qq' EQE Qgclk%?g\nlt Iglldlng

one end eeper 1 nto sal ptn rece
salf Hlaﬁecegﬁg? ﬁ%pla%sﬁaj ol fgl‘lﬂwar Ba\feﬁ along a groove in said pin receptacle in

order to move said test head towards said peripheral.
9. The method of claim 8, wherein said pin receptacle slides under power.

10. The method of claim 8, wherein movement of a piston causes said pin receptacle
to slide.

11. The method of claim 8, wherein said pin receptacle slides as a result of rotation of
an arm.

12. The method of claim 8, wherein force is applied to one end of an arm which
rotates about a pivot point so that another end of said arm slides said pin receptacle.

13. The method of claim 8, wherein said groove follows a path extending between
sides of said pin receptacle with one end of said path deeper into said pin receptacle than
another end of said path.



