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POSI TI ONI NG AND COVPLI ANT MODES This invention relates generally to

preci sely positioning heavy objects, and nore 5 particularly to precisely
positioning a test head of an electronic automatic test systemfor docking
the test head with a.prober, handler, or other peripheral for testing
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sem conductor chi ps and assenblies us&dy%:ﬁnatic test equi pnent ("ATE") to
verify the performance of devices before the devices are shipped to
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Constraints affecting semiconductor test processes often make it impractical to
move the peripheral to the test head. In most manufacturing facilities, therefore, the
20  peripheral that feeds the chips remains stationary, and the test head is moved into iaosition
for docking with the peripheral. -
A device called a “manipulator” moves the test head to the peripheral. Fig. 1
shows an example ofa manipulator 100 for supporting a test head 110. A manipulétor of
) this type is disclosed in U.S. Patent Application No. 09/615,292, entitled “AUTOMATIC
025 TEST MANIPULATOR WITH SUPPORT INTERNAL TO TEST HEAD,” which is
hereby incorporated by reference. This manipulator is expected to be used with the
Tiger™ test system, which is currently being developed by Teradyne, Inc., of Boston,
_ As shown in Fig. 1, a2 manipulator 100 supports a test head 110 from a region
30 internal to the test head 110. The manipulator 100 rotates the test head upon a twist gear
| 114, and swings the test head at the end of a horizontal member 116 upon a swing
- bearing 122. The manipulator 100 raises and lowers the test head on linear bearings 124.
A base 120 supports the manipulator 100, and preferably includes outriggers 126 to
prevent the m.anipulator from tipping.
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20  the alignment pins must be made to enter the alignment bushings without bending or

breaking them.
Fig. 2 is an exploded view of the test head 110 of Fig. 1, which illustrates how
complhiant movement of the test head 110 used in the Tiger™ test system can be achieved.
As shown in Fig. 2, the test head 110 is composed of two portlons 110a and 110b, which
_ ) 25  fasten to either side of a C-shaped stiffener 112. A central blade 210 extends from the
manipulator 100 into the C-shaped stiffener 112, where it is held in place by a spherical
bearing 228. The spherical bearing 228 mechanically couples the central blade 210 to the
test head 110 via a transition insert 224, and allows the test head 110 to be rotated with
respect to the central blade 210. The transition insert 224 has a fixed position relative to
30- the test head (although it can be moved back and forth on rails to center the test head by
. rotating the lead screw 226). The transition insert 224 has a clearance area that
completely surrounds the central biade 210. The clearance area allows the test head 110
to be rotated over a limited angular range about the spherical bearing 228. More
specifically, the test head 110 can be rotated over approximately 5 degrees in each of the
35 conventional directions of theta, tumble, and twist. These directions are illustrated,
respectively, with the arrows 230, 232, and 236.
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bl ade 210 to the test head 110 via a transition insert 224, and allows the
test head 110 to be rotated with respect to the central blade 2 10. The
transition insert 224 has a fixed position relative to 30. the test head
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slight  pearing induces a large turning moment of the test head. In addition, cables attached to

the test head tend to shift position as the test head is moved and rotated, and thus tend to

offset the balance of the test head. If the test head were biased in ifs compliance range

with springs, the springs would need to be extremely stiff to resist the large turning

) 25 moment of the test head and the offsetting forces from the cables. However, we have

) recognized that stiff springs cause movement of the test head to become stiff, and thus

non-compliant. Another solution is needed to satisfy the demands of gentle, compllant
docking.
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Addi ti onal Obj ects, advantages, and novel features of the inv on

beconme apparent froma consideration of the ensui ng description and
drawings, in which 5 Fig. | is a perspective view of a mani pul ator for

hol ding a test head using an internal ginbal, in accordance with the prior
art; Fig. 2 is an exploded view of the test head | 10 of Fig. 1; Fig. 3 1is
a sinplified, schematic BRIEK IBESCREPTIEN Ot FEEIPRAVWIDHYBNt i onal

mani pul ator, 10 whi ch shows how conpliance has been achieved in
conventional manipulators wusing springs; Fig. 4 is a top view of a test
head actuati onAslylﬂi;Jaaﬂlcﬂng'p@m ddm;ltagms,tdm novekfetiuess, ofdke iisﬁedtiomﬁmﬂﬂ]btdme

mani pul at F' e B i | c Vview of
the test %(gag%g tua%l on sys ang% ﬁsﬁ&%%egcri@(’%a&ﬁ dég‘fv qg@ vi ew of the
test Wead actuation systemof Figs. 4 and 5; Fig. 7 is a back view of the

test headpaci MP&%&%’M% GRS dhSSiputded? foiH18Re Qﬁeéﬁﬁﬁmggh%ﬂméﬁlﬁ 9. 8is

orientations actuators used tQ position t e test
a flowchart sh&#bayineedanss yithdhe pRoBEKi ng a test head to a peri pheral
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DESCRI PT E D.EnBoDl VENT, Struc re Fi 7 |.II sIrate
from di ffPON eﬁs E’ﬁ ST AEY PR AT Isf Wi ng a
t est 18ead | 10w]achshcdwsig)w oomphancmhambemchmad$:ecbnmenhonéienamp1damsd gi nmbal
manipulator g§ and 2. Referring to the top view shown in Fig.

t he actuatl on sg stém 400 includes a plurality of linear actuators, for
ek%mpl e. Fiprcaadep ve@wfﬁg@@adawhmn@stmacW@ng@@e imventipne eegeilc

cylinders are iR miagidiatoCMiPlefitheh® ofFRM4PPRAd 2Pl ate 4 10 at respective
first eng, nd to a cyli.nder tgountéq?g bracket 41 O?ﬁ\; respective second 10
ends. 1% 705 3P ESOBIET G VIBYPL; PeigtinR BYFies th st gear 114 of the

mani psil alFbg 6 1§a@1deamw bhitheayst hegtb sctimion Jys@nbsfRiketd 4kP5;i s fixedly nounted - -
to the t B ig. 71§ 3% addBew WFehe test head actuation system of Figs. 4-6, which shows the
relative orientations of the actuators used to position the test head; and
Fig. 8 is a flowchart showing steps involved in docking a test head to a peripheral
according to the invention.
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test head I 10. Actuating the cylinders 414-420, for exanpl é aryi

their pneunmatic pressure, has the effect of changing the relative p05|t|on
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pl ate 410 using, foPRXGRPITEO RREDEMBODIBMENT. A shaft 424
extends a variable |length fron1the body 422 of each cylinder, and is
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cylinder é?r@g bracket 412 using 20 a clevis 428 and clevis pin. O her
types of “nechanical connections that allow for rotational novenment can
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respect to the second pneurmatic |nput e respective cylinder. This
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Inputs Qf AU d SSREG Y8 iscl)ﬁltgltggl%rrat%rcﬁed to the cylinder mounting bracket 412 using
20  aclevis 428 and clevis pin. Other types of mechanical connections that allow for
rotational movement can also be used.

) The pneumatic cylinders are commercially available from Festo AG & Company,
_ ) of Esslingen, Germany, and have 40mm bore and approximately 90mm (3.5™) stroke.
The pneumatic cylinders 414-420 preferably have two pneumatic inputs each. Applying
25  positive pressure at the first pneumatic input with respect to the second pneumatic input
tends to extend the shaft 424 of the cylinder from the body 422. Applying positive
 pressure at the second pneumatic input with respect to the first pneumatic input tends to

retract the shaft 424 into the body 422 of the cylinder. The pneuwmatic cylinders are

| preferably operated at approximately 80 p.s.i. Each cylinder preferably includes a brake

- 30 _(not shown) for locking the extension of the cylinder in a fixed positior.

The mputs to each pneumatic cylinder are preferably driven from a source of
compressed air or other fluid via a valve manifold 436. The valve manifold includes
 different segments for controllably applying pressure to each of the different pneumatic



‘ . . . . = B MAY 2005
reversed, the mani fold pressurizes the second i nput ct " 1o™*

t he first.ﬁﬁg%P§h7ln this node, the shaft 424 tends to retrgg?hgﬁygﬁgﬁe ‘
body 422 of the cylinder. In the third 10 configuration, the valve manifold
bl ocks pressure to both pneumatic inputs of the respective cylinder, so
that the first and second pneunmatic inputs are neither conpressed nor

exhaust eFcyl'iﬁﬁe:rﬁéllsf{—m%a&lrsggit&ﬁﬁp&&lt%ﬂ&fﬁ;éﬂl‘fh’éﬁ%l E%t féﬁitit{ﬁ‘égiir?f\'?g: nt ai nls its
previ ous Sta I spe condition rndetinitely. contro aply applyl ng
pressure, X?fﬁé@%ﬁ%?l? %ﬂéffﬁ‘i SRIGER PR, e Ge@RFHt FEPlics PAEYIYAPEISHTS o vt &1 ¢ he
t est headfilst @nedrhitidinphiswitly FRpEENG the RER] pritimiatic v BE thehespeede head  at

desi . le within it | ] . .Once th i i entati
" ot aotEHED, TR EeRuRRY eRaS Pnd-RBEE ph PRt SR U ROP P BRSO by
cont r &l | i syl ¢dmeluctmgnéxthahist afrctolth®sdcopd easumaictiopithandrghiltsdetise fhaftet?24 t he
Chird . | | . ; i .
L1114 ot R BT R aEor e AR SRR ARGl B
ext ernal gammeetdonsip Ficerst and second phetimeatis. inMrigof thaeenpective aylindeardes s do not
necessar ideyeRED\%h Qﬁat'ﬁ%Hﬁf&ﬁrBﬁéésﬁﬂE@s’ thd QB & fnpul “ﬂhmes#;g%a i@l@é;tl-usf'gm_l

necessarily. be ved easi|ly. Because they haold'only.a )
Vol ume. of s moda, the sBaft had t4nds o rote e thethody 0 R ths ovtiadsra dp therfbird
cyl i nder cohfighftioy, Be ghive man@idhblocks pregduad ioviitly phdiGithtic Thgutp befher r ed
enbodi ment _addr es enﬁl t hi ?la%lﬁ)b};:ept rough t he use of 25é%§ﬁurratic
accumul at BHERSCHSCTICT 5P 1At (e pest andysgpad phs PN ReJERAACHIBPS932 | s
pr qvi-ded nion eshausted. ki tths sadb, tha ecapattive: prepoiatio tylemehmeitainglgs patibuglR0. As
thgre ar Béblig‘%H?onﬁﬁoﬁ%eFﬂﬂ?Wt ic cylinders 414-420, the actuation

ude 0
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of the aotanéfbidbio Hydtmossuie to.the tylimderh §.oydint thyd madept  of t he nani pul at or.

The twi st support plate 410 has been omtted fromthe figure to 35 provide
‘a cl earer vi eWih prefigre ploglied tbh Proimativecyhindersacti ey spnings.shein ghadl30. Thi s
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414- 420 has begen car ef yl ned to._si
i fm Ho ngt necessgari?y provide “soft” cgmpliance, however, i.e., they can

pneumatic cylinders
not necessarily be moved easily. Because they hold only a relatively small volume of air,
the applied force required to extend or retract the cylinder shafts by a given amount is
relatively high. The preferred embodiment addresses this problem through the use of
) 25  pneumatic accumulators 432. In particular, a different pneumatic accumulator 432 is
provided in series with each pneumatic input of each cylinder 414-420. As there are a
total -of four pneumatic cylinders 414-420, the actuation system 400 includes a total of
eight pneumatic accumulators 432. Each accumulator 432 has the effect of increasing the
volume of the respective portion {either extending or retracting) of each cylinder. With
30  the volume increased, the force required to move each shaft is reduced in proportion to
“the volume of the accumulator. As the accumulators can Be made arbitrarily large, the
force required to achieve compliant motion of the test head can be made arbiprarily small.

Fig. 7 illustrates a back view of the actuation system, i.¢., from the vantage point
of the manipulator. The twist support plate 410 has been omitted from the figure to
35  provide a clearer view of the arrangement of the prneumatic cylinders 414-420. This
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414- 420. pppwifsciretnais, tedest headis cpused iaimdatelis thetheta dli;dcnm!,&fut fieys measuri ng

th t tiv

eyl i nder . ety RieR 1A dhe bl S WRHRSX, hEfeie, ofcoRfERSELEF

ext ensi ona&Ro: B$f€a§efi aed Geseribed above promnten subistantially mdap@idcmmmntrobpver
fashigpn, ﬁlaee& RIS L RerneiPrLLah GEehE B6nVeRABRA'diNR 1SRN Hondole A V©

mani fold 436 to controllably guide the neasured e e cylinder
reported WStt he sensor toward the | ocation indicated by the user input.

Operation

The actuation system 400 preferably operates under the direction of a eontroller.
J} The controller preferably includes a hand-held console that allows an operator to specify
25  input for moving the test head to a desired position and orientation. In response to user
input, the controller -applies a control signal to each segment of the valve manifold 436
- for controllably pressurizing the pneumatic cylinders 414-420. A sensor (not shown) is
provided with each cylinder for measuring the extension of the shaft 424 from the body
422 of the respective cylinder. For each cylinder, the sensor measures the cylinder’s
30  extension and reports the result to the controller. In a closed loop fashion, the controller
- modulates the respective segment of the valve manifold 436 to controllably guide the
measured extension of the cylinder reported by the sensor toward the location indicated
by the user input. ' |
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a command for centering the cylinders within their respecti VECTHRIHGEN e
ranges. In response to this command, the controller drives each of the
cylinders 414-420 to a position that the respective sensor indicates to be
the center of range 5 The sensor can be inplenented in nunmerous ways, the
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known t? those skilled in the art, a string pot is an el ectromechani cal
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controlle nthis particu
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the sd&ondExiensiainddetpttionddithe bl 424chad 2 thOohBE SFAA Fork o on,
and forc Ahbitehaflye between themto establtlpsh gﬁdey rgﬁt&ﬁ&e‘?g@ﬁ
rotation. In addltlon ‘the 25 controller nonitors the sumof the positions

of the third ar(qje}ﬁgfstd'fag Mq&&e&%ﬁ apd.420 %E?IP% |cat epa tggg}%ejpen

0 €es

rotation, ? %sgﬁrcesﬁﬁ%%r et ween
rotation. eqtigs éﬁﬁ@%hme,lwdmiﬂ The comirmlwr allbes e @ét on of
the test hesll 10 tdG®e doﬂtr@ﬂé‘dhnthstvb@ qg@mmagrm[e cg%ﬂ&c?]f o 5'15)3% 1gltah jéfa%?e

n| zed t hat, pneuna

tunblg ap hav
easi | y co n%“)eiwll ﬁ{é’ Wna ng{e%% and second cyhnders 414 and 41 6 to indicate a twist

rotation, and forces a predetermined difference between these positions to establish a
desired twist rotation. Similarly, the controller monttors the difference between the
| _ positions of the second and third cylinders 418 and 420 to indicate a theta rotation, and
} forces a difference between them to establish a desired theta rotation. In addition, the
25 controller monitors the sum of the positions-of the third and fourth cylinders 418 and 420
to indicate a tumble rotation, and forces a sum between them to establish a desired tamble
rotation. In this manner, the controlier is able to control the rotation of the test head 110
in each of the conventional directions of theta, tumble, and twist.

We have reco gmzed that pneumat:c cylinders are not easily controlled with oreat
30  precision. The difficulty in control arises primarily from the tendency of internal seals
within the cylinders to stick when held in a constant position, and to quickly break free
‘and over-extend as pressure is increased. The controller accounts for this characteristic
of pneumatic cylinders by permitting the feedback of the controller to be satisfied as long
as the extension of the cylinders falls within an allowabie range of the target value.
35 Providing an allowable range of acceptable values allows the cylinders to quickly settle
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activating.the v vemalfo ow of air pressureto bot h
i nput's ofVIBRIPIElS feidisrd(i . e., the third configuration of the valve

fold 436, .d b d Ln.th tend t
T htain  the BoSRPLA ??&ﬁ%w&%yﬁaéﬁs%gﬁ § <ulindint ool ierr BSCRGH: g
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cylinders act as air springs, allowing compliant movement either forward or backward

20  under the influence of applied, external forces. Owing to the increased air volume
supplied by the pneumatic accumulators 436, compliance of the test head is sufficiently
“soft” to allow the test head to be moved with relative ease.

) In locking mode, brakes are applied to the pneumatic cylinders 414-420. The
cylinders cannot be positioned in this mode and they cannot be moved in compliance.
25  The actuation system 400 preferably assumes locking mode after the test head and
peripheral are docked, once the desired positibn of the test head is established and no
further movement is desired.

The transition between positioning and compliant modes preferably occurs
autdmaﬁcally. For example, in the preferred embodiment, a sensor is included with each
30  alignment pin to indicate when an alignment pin begins to be inserted into an alignment
bushing. When the test head and peripheral are completely separated, the actuation
system assumes positioning mode and remains in this mode until one of these sensors is
tripped. When the test head is brought to the peripheral and trips a sensor, the controller
‘switches the actnation system to compliant mode. In compliant mode, the operator -

10
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cylinders cannot be positioned in this node and they cannot be noved in
conpliance. 25 The actuation system 400 preferably assunes | ocki ng node

after the test head and peripheral are docked, once the desired position of
the test head is established and no further novenment is desired. The
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e. The ors u

from posL’ithﬁionhn& node to conpliant no el ectronic no t end
to mai nPAFAPHE fo158%i t i ons, and coul d be driven backward or forward in
conpd i ance  The actnation system 400 is described above in connection with a test head that is

' supported with an internal gimbal. However, the principles of using linear actuators in

positioning and compliant modes are applicable to other types of test heads, for example,
those that are supported using fork arms. Therefore, the invention should not be

} construed as being limited only to configurations in which a test head is supported

© 25 internally. '

Moreover, the invention described above could be combined with the prior art of
U.S. Patent No. 5,949,002 (“Manipulator for Automatic Test Equipment with Active
Compliance”). According to this variation, the particular arrangement of actuators
disclosed herein could be used to actively apply forces to the test head to balance external

30 forces acting upon the test head, to facilitate docking.

In addition, the actuation system 400 is pictuied with certain elements on the top,
bottom, right, and left. It should be understood that these orientations are provided as
conventions and can be varied. For example, the actuation system 400 can be turned
upside down or transposed right-to-left and still operate substantially as described above.
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connection with a test head that is supported with an internal ginbal-
However, the principles of using |inear actuators in positioning and
conpliant nodes are applicable to other types of test heads, for exanple,
those that gre. eTol i d usin fg{ﬁ arnms. Therefore, the invention should
not be construed as BerhgoriskeRd08should gothaeangtmed avbing HmMed edagy t est
head i s suigtioudat orightatinoher nal | y. Moreover, the invention described above
coul d be conbin i rior art of .U S Patent No. 5,949, 002

" Mani pul at gr - f%crﬁnﬁ%‘glﬁtﬁ??léa??g esgaﬁwmwps,ﬁstwumqm@s, I@srhekn eorteiplated _
Accordi ng ©8 thingentay and isdntenddetorfall wiithid the s@dﬁe&iﬂﬁé’fﬁiﬁanﬁ)ﬁv@ﬁﬁ&?tﬁ %1'?%11%

di scl os®d beusddrst6od| tHerlREort i-vely apply.forces o the test head to
bal ance ex{er %2‘!? %{% HI c{)‘%c s,’ztgtgtl&nlgﬂgggdrﬁ & ﬁ%c?gﬁqalﬁéﬁ’dwax of ¢xeamle.ead ghe

docki ng. | HVEaH™ F5H! %gmétéflﬁab’u 8 ypitibandi@Ope of fiecippe dbdwiiditscer t ai n

el ements on the top, bottom right, and left. It should be unhderstood that
these orientations are provided as conventions and can be varied. For
exanpl e, the actuation system 400 can be turned upside down or transposed
right-to-left and still operate substantially as described above. WO

02/ 39127 PcTluSQ /46 MAY 2005 6399 Therefore, the actuation system 400
shoul d not be construed as being limted to any particular orientation.
Each of these alternatives and variations, as WU as others, has been
contenplated by the inventor and is intended to fall within the scope of
t_u_h,é instant invention. It should 5 be understood, therefore, that the
foregoi ng description is by way of exanple, and the invention should be
limted only by the spirit and scope of the appended clains. 12 6 MAY 2005
WO 02~39127 PCT/ USO /46399 What is claimed is: | L A systemfor positioning
a test head so that the test head can be docked with a 2 peripheral for
testing electronic devices, conprising: 3 a plurality of linear actuators
for noving the test head relative to a support, each 4 of the plurality of

| i near actuators having a first end nmechanically coupled to the test head

12
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system for- con{ro ling the positions of the plurality of |inear actuators,
7 the control systemassumng at |east two nodes 8 a first node wherein the
control systemvaries inputs to the plurality of 9 linear actuators for
establishing a desired position of the test head, and 10 a second node
wherein the control system naintains substantially | | constant inputs to
t he pl ur aWhat ioflainmieddar actuators, 12 wherein the linear actuators can be
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PCTIUSO /46399 1 6. A systemTor 05|t(50n| n% a.test Q&g&?sﬁgm ed in
cl ai 25, wher eVhergdidhe gReaTRsaLors fanchq drfyga bothyforgerq cxd ]ﬁﬁ'b%mati c
i nputi3 angdcénd b irCreniss tdgxtarnpnforvzr bpslied ta ciednerd ledady for uplididgi n seri es
with_ the pneymatic inpyt..1 7 A tem.fqgr itioning a test head as
reci té&d i "tﬂﬁﬁ'}“rﬁﬂg‘,’e rogiﬂﬁe'ieﬁteheéci}r{r%?%’s?é%%‘e %%éﬁt is provided to each
pneumatic cylinder through a different segnent of a valve nmanifold.

1 2. A gystem for positioning a test head as recited in claim 1, wherein the control

2 system further assumes a third mode wherein the plurality of linear actuators are locked

'3 in position.

3. A system for positioning a test head as recited in claim 1, further comprising a
sensor for each of the plurality of linear actuators, each sensor measuring a linear
extension of the respective linear actuator and providing an electronic signal to the

-
WM e

control system indicative of the linear extension.

4, A system for positioning a test head as recited in claim 3, wherein the control
system forms a separate negative feedback loop with each of the plurality of linear
actuators and each respective sensor, the negative feedback loop tending to drive the each

O o A )

linear actuator to the respective desired position.

3. A system for positioning a test head as recited in claim 1, wherein each of the
2  plurality of linear actuators comprises a pneumatic cylinder driven by compressed air.

et
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1 8. A sysywemefiofz7positioning a test head as recited in cl ai],@ln]lﬁ(,“4 ;@Yﬂ?ﬂﬂﬁ
each pneumatic 2 cylinder has a first pneumatic input for which applying a

positive pressure tends to drive 3 a shaft in a forward direction and a
second pneumatic input for which applying a positive 4 pressure tends to
drive the shaft in a reverse direction. 1 9. A systemfor positioning a
tes_tf gzgdgasl r?ce;yt«;eda fom fl;»@kiabmiam&tefe@g@m@ﬁ&q ﬁﬁQ?E&DE, wﬂel,r@iil chélepeintic

mani L.ne S: a first valve configuration for a i ng positive
pressufe f @Hf(%léﬁ?s’l i z?asb%%eﬁ%etuf’?ﬁc &nf?“ﬁ’pé’d’fl%lﬂ‘tﬁ?{ fcaypEtte EF fg“%ﬂ@%g econd

pneunet i ca¢oupuatof coupledria sereest Witk thenpemmktic imppk.i nder, 5 a second val ve
configuration for applying positive pressure to the second 6 pneunmatic
input with respect to the first pneumatic input of the respective pneunmatic
7 cylilndef-, and sgstgmfer pesivening adesthealasaetitad nwlaiinng, evhrengin itregecanfressed of

pneumst i CaipiQF&HAESE tleabh Pnednbitid &}ﬁ:ﬁ@ﬂﬂﬁ&@%ﬂ_@f‘éﬁ%&%ﬂ%ﬁ BpaLSvef the
pneumgti c cx.l | gder. 1 10. A systemfor positioning a test head as recited
in cla& m¥ Tein the support 2 holds the test head froma central

menber that extends froma nounting plate on the 3 support through a back
head..

wher ofin the. pra TR ohibe a St HER A auilsihfiobl. 7 Siiehen bR mrffidpe
act uaor qrboderdias alfirst pooupktd input for wippeappileihg aregitive poésseiedelimak dbveur f ace
of thg tesh,NeRd fdtwatd Stéadﬁtmg%eg&@&umﬁu Bl fofhich %g@gpxg% pdsiifie
mounting plate at. /7 the second end: a second i near ac r

mechafti c dressursdensisde drige the shofdr areymte diesghion. of the back 9 surface of the

test head at the first end and to an upper right region of the nounting
plate, 1Q at the secqnd end; .11 a third |inear actuator nmechapically
Lo B0 a RS EpoStiGhie RSt Bad B Etelies in AR S woprein @R aeE il ad at

coupl
t he' f2r sbf drdabrdnénifdd irmhetes! ef t regi on of the nmounting plate at. 13 the

secong v, a0 SRRt 5 ol oo il 7o
surf ate ufput withirespecttedle sacondh pnéumatic inpet ofrible taspectivewesumatigheylindet; on  of
the munting pkaddhddhlve ntiBara8i6a W hpplifing positive pressure to the second

6  pneumatic input with respect to the first pneumatic input of the respective pneumatic

7  cylinder; and

8 a third valve configuration for interrupting a flow of pneumatic pressure to the

9

first and second pneumatic inputs of the pnewmatic cylinder.

10. A system for positioning a test head as recited in claim 1, wherein the support
holds the test head from a central member that extends from a mounting plate on the
support through a back surface of the test head and to a location internal to the test head,
wherein the plurality of linear actuators comprises: |

a first linear actuator mechanically coupled to an upper left region of the back
surface of the test head at the first end and to an upper left region of the mounting plate at
the s_econd end; _ : '

a second linear actuator mechanically coupled to an upper right region of the back
surface of the test head at the first end and to an upper right region of the mounting plate
at the second end; ' :

a third linear actuator mechanically coupled to a lower left region of the back
surface of the test head at the first end and to a lower left region of the mounting plate at

the second end; and
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17 wher ei rWON@/307nms "upper .. .. lower," "left,” and "ri ghwt‘TﬁI%lmmﬁs@tﬁﬁ% 200%
designations. 1 11. A systemfor positioning a test head as recited in

claim 10, wherein the third and 2 fourth |inear actuators are each aligned
so that |ongitudinal axes formed by their linear 3 notion cross each other.
1 12. A systemfor positioning a test head as recited in claim11l, wherein
the fl4 st and, afourdelsessd atthaionmeglanicelyr @upled te adbwer right ecgiawof fhatback

| ongi {91di fak..a%e e 104t HREAI Mné Bedtenl BHE RS a 1GAvEFH 1P Pe;ﬁcgfoisdip ﬁio%ﬂ{'h@hiﬂ at.
parallel. 1 13. A systemfor positioning a test 1he as remted Th claim
12, whfer g secandendest head has a central axis that extends fromthe
centrigl regi onwltretdieti@sis “uppset,” Gowadl” turousty thdrbas kelativd @sinafiodhe test
head, and 4 the |ongitudinal axes of the third and fourth |inear actuators
cross the central axis 5 of the test head. 1 14. A systemfor positioning
a testl -hedd soAtsystemtfioepbdgisdnihe adest headsas doitédih claiihl (B whergie thepthizd ahd f or
testipg -oni ' , | Si .Ng; a_nounti_n |.at e, a central
ronber - naChih i e R calB TS Dk loR PP D6t Ru@bEhy el AL (2
a bacR sumétierecross qagh othest head to a location internal to the test head; 6
a first linear actuator nechanically coupled to an upper left region of the
back 7 surface of the test. head at a first end and to an upper |left region
of thd modnt | s SHIEmdoLRORionnEs st reqiea 1g slbmd s Phemts e oot
nmechapi cakdanddnuept &Audiorsade eRplighé A tHa€ Wn@hudihal Hes Eafted givlihage of

t he tgst h%ad at g@g%gé%end glnd to an upper right region of the nounting
pl at e” at maqtion age Hz,lra% "a third linear actuator nechanically coupl ed
to a lower left region of the back 13 surface of the test head at a first

end and a lo t. rLeqi ] . 14 second end;
and 12 atl ?’our &%#éggrr ngﬁ%%aq%%%gﬁ%gﬁl%gg%gif)"?négz’[a%h%epomer ri ght
regi oh of thethsdieRt head hagia pepdeal axisthat epeands fiwonuthgcenirdliregion efithegemd a

| owers ri gkt th, Bcﬁgﬁfa@@k;pmer{gstmegg,eaﬁt a 17 second end, 15 WO

iHafe ®
02?39127 - 6 Y 2005.. PCT/USQO /46399
4 the longitudinal axes of the thlrd9 and fourth linear actuators cross the central axis

5  ofthe test head.

1 14, A system for positioning a test head so that the test head can be docked with a
2  peripheral for testing electronic devices, comprising:
3 a mounting plate; '
4 a central member mechanically coupled to the mounting plate and extending
5 through a back surface of the test head to a location internal to the test head;
| ) 6 a first linear actuator mechanically coupled to an upper left region of the back
7  surface of the test head at a first end and to an upper left region of the mounting plate at a
8 secondend; |
G a second linear actuator mechanically coupled to an upper right region of the back
10 surface of the test head at a first end and to an upper right region of the mounting plate at
11 asecond end;
12 a third linear actuator mechanically coupled to a lower left region of the back
13 surface of the test head at a first end and to a lower left region of the mounting plate at a
14  second end; and
15 a fourth linear actuator mechanically coupled to a lower right region of the back
16  surface of the test head at a first end and to a lower right region of the mounting plate at a
17 second end,

15
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18 wherein tHe &L - upper,” "lower," "left,- and "right,, aper;lugbﬁjﬁiﬁéy 2003
designations 19 and 20 wherein the linear actuators are operable in a
first node wherein an extension of 21 the linear actuators is controlled
and in a second node wherein the extension of the linear 22 actuators is
not copgrolled, Fer | itge r _actuat q,r‘§ in the second node changing their 23
ext ension in corr‘% TrERC egﬁ"tnﬁ BRPEy nabWelor defs” ap g™ tie ehutive dssigivetigs, 1

15. A $9stemdfor positioning a test head as recited in claimi14, wherein

the thpgd and . -1 [ tuators are each aljgned so that

| ongi t gdi nal axégﬁe?%%tég%ﬁ‘%éﬁ?ﬁ%ﬁ Off PFORFra0k Ing g madesshereincn etdnsionaft hi n

a regioh fdhhbeeapgctuptor s epnipeliddwetdcin actcdndenddesihdiaadhe éqé&iofbﬁﬁétl@%f or
[ 2

he first an

posi ti2Mi ngcatodsis ndeachidtiel Sk Eﬁgﬁ e{luﬁlctﬁ!ss @ tii% ﬁc‘é‘{f@%ﬁ{d{q &i}%pg $eFs f or med

secon 3Jinear actuators. are eac gne
by thett | FRERHOBIL¢ATRIiroge Wi extersalsfomss hprdict ér theitesohead. he regi on f or med

by the outer perineter of the test 4 head. 1 17. A systemfor positioning

a test jheagsas resg) 1.ed c,i n cl.aim16, wherein 2 the test head has a central
axis that extendssFiohof RESTHARIDEA testdigadas wseitadiin claimt] 4 whereis terttlird andugh

the back siurhdmeatactinors et edobaligneiish haf 06ih @D LiDRhedF Rl iddte i rd

al axis e test head. 1

and fogrt hyhhiideaks: ' .6I.0Ss t.he.centr )
18. A system for 096%&5:%0? ?%%rﬁlgﬁ{'aﬂg ESFOR Lorged by an opies petimeter of shertast hendr ei n
the test head 2 is noveable in a tunble direction by actuating the third

and fourthgct ugkedisml S En i ion, .1.19.. A systemfor positioning
aﬁest? head %%lre%tt eg&ilﬂo cl al rré%g%ﬁ%%ragirﬁmteﬂén ¢lainy T%’e‘ﬁ rey the gbl e in
a theta difFEEC BRI IR AT srshrabignedbe thablougifudina hxescforatd by their igesi t e 3

di r ect3 onsaotibn2id. noh crss &Ih dthér WRBIN thOR Serecited n claim
19, r ej he test head 2 is noveabl g@nﬁgﬁﬁmﬁ%@ggﬁ%gf%ﬂ%fqﬁﬁﬁﬁﬁi ng

the first and second ,actuators in opposite -3 directions. 1 21. A systemfor
positioning a test head as recited in claim14, finther conprising:. 16 WO

02/ 30427 17.6 MAY:,2R05¢: . 4 9 a sensor for each of the first
e ou%h Ly afht uygt i Sor B%'Pyrﬁg & ttggtﬁﬁaéaff f.eﬁﬁe&fm claim 16, wherein
e test head has a central axis that extends from the central region of the test head
3 and through the back surface of the test head, and
4 the longitudinal axes of the third and fourth linear actuators cross the central axis

5  of the test head.

1 18. A system for positioning a test head as recited in claim 14, wherein the test head
1s moveable in a tumble direction by actuating the third and fourth actuators in a same
) 3  direction.

1 19. A system for positioning a test head as recited in claim 15, wherein the test head
2 ismoveable in a theta direction by actuating the third and fourth actuators in opposite

3 directions.

1 20 A system for positioning a test head as recited in claim 19, wherein the test head
2 is moveable in a twist direction by actuating the first and second actnators in opposite

3  directions.

I 21. A system for positioning a test head as recited in claim 14, further comprising;

16



3 position whohbeizrespecti ve actuator; and 4 a control syste Tﬁ§@§h§§wm% 2005
each sensor, for controlling the linear position of 5 each act #6509
response to the respective reported position. 1 22. A systemfor

positioning a test head as recited in claim2 1, wherein the control 2
systemis constructed and arranged to respond to differences between the

reported 3 posi taisenm)rtftbr&ahhofﬂfesﬁrsﬁtmﬂo@ﬁ%ﬂ%@&ﬁéﬂ&%ofo?aeﬁﬁﬁgcgiﬁfferences
re

bei ng indi ggll; i Sf..4 rotations of the test hea ativeto the
nount in pPatleé.{ﬁﬁp%gfr&R%%%‘ﬁ%gmﬁ%% sitioning a test head so that the test
head c&h be docRé@utiplisystam, 2owded herchkerfsor, frashiroBing! (86 LihoR fosdRYioges,

conpri $i Ngeach adRALE iR Gkl t urality,of .lLinear actuators disposed
bet ween the test head sgalgér%(}ééﬁés)r&%%lru?% r?’&TX%B?ﬁtﬂ‘?ﬂ'l abl y-varying an

extension of at |east one of the plurality of 5 actuators to establish a

desired paxl.ti oA s9fteidh® i ' .0 St erj.pheral.: . 6 holdin

t heI i nEulto S g@l thesg tIeur f??ﬁhglgﬁgﬁrﬁéeﬁb@égcétéﬁg‘%%g éﬂglgﬁlsltj &gfﬁle’éﬁ%ﬂ? RO ![ hg
i nput s“held pghlgtcgﬁsttfuc&élr#ﬁ&apﬁ%d ©aeanesd s digferarices betwieenshe wpertaf t he 8
pl ur al Bty Resitions efithedfirstmiiaesoriduoneiis) LAY ehbesBeisY Mtcahok SPRyaPP! i ed to

the test Bg@Hons dfthe test head relative to the mounting plate.

23. A method for positioning a test head so that the test head can be docked with a
peripheral for testing electronic devices, comprising:

applying inputs to a plurality of linear actuators disposed between the test head
and a support, for controllably varying an extension of at least one of the plurality of
actuators to e_sta}:lish a desired position of the test head relative to the peripheral;

holding the inputs to the plurality of linear actuators constant; and

with the inputs held constant, varying the extension of the at least one of the
plurality of linear actuators in compliance with external forces applied to the test head.

°°\‘°\U'4=ww.-a
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