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'ELECTRONIC TEST HEAD MANIPULATOR

FIELD OF THE INVENTION

This invention relates to the field of art of
electronic test head positioners.

BACKGROUND OF THE INVENTION
In the automatic testing of integrated circuits

(IC) and other electronic devices, special device
handlers have been used which brings 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
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This¥% n{®ntion relates to the field of art of 5 electronic test head

poskti oners. _ BACKGROUND OF THE | NVENTI ON
I the automatic testing of integrated circuits (1C and ot her
el ectroni ¢ devices, special device handl ers have been used which
brings the device to the 10 proper tenperature and places the device to
be tested’in position. The electronic testing itself is provided by a
| ar ge and expensive automatic testing system which
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includes a test head which has been required to connect
to and dock with the device handler. 1In such testing
systems, the test head has usually been very heavy — on
the order of 40 to 300 kilograms. The reason for this

5 heaviness is that the test head uses precision high
frequency control and data signals so that the electronic
circuits may be located as close as possible to the
device under test. Accordingly, the test head has been
densely packaged with electronic circuits in order to

10 achieve the accurate high speed testing of the

' sophisticated devices.

Test head positioner gystems may be used to
position the test head with respect to the device
handler. When the test head is accurately in position

s with respect to the device handler, the test head and the
device handler are sald 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

20 test signals between the test head and the device

" handler. Prior to docking, the fragile test head and
device handler electrical connectors must be precisely
aligned to avoid damaging the fragile electrical
connectors.

25 A pogitioner, able to move along a support
structure, carries the test head to the desired location
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to @nd dock with the device handler. In such testing systens, the
tgst-head has usual ly been 'very heavy - on the order of 40 to 300

kil ograns. The reason for this 5 heaviness is that the test head uses

.preci sion high
el ectronic
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circuits may be | ocated as cl ose as possible to the

devi ce under test. Accordingly, the test head has been densel y
packaged with el ectronic circuits in order to 10 achi eve the accurate
hi gh speed testing of the sophi sti cated devi ces.

Test head positioner systens nay be used T - position the test head
with respect to the device handl er. Wen the test head is accurately
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at which the test head is positioned to connect to and
dock with the device handler. The test head is attached
to the positioners so tﬁat the test head can achlieve six
degrees of freedom (X, ¥, Z, €X, ey, 63).

Test heads, and their respective positioners,
are often used in an ultraclean room environment.
However, ultraclean room environments are often extremely
expensive to provide. Thus, the useable space within an
ultraclean environment is only available at a premiup.

A varlety of test head manipulators -are
currently available for use in ultraclean room
environments. Although some of these test head
manipulators have a variety of desirable features, the
amount of space which each of these test head
manipulators requires for proper operation may be
undesirable.

SUMMARY OF THE INVENTION

A positioner facilitates docking and undocking
of an electronic test head with a device handler. The
positioner provides for rotation of the test head about a
first axis, The positioner includes a linkage arm
structure for moving the test head along a second axis
orthogonal to the first axis.



15 swith respect to the device handler, the test head and the devi ce

handl er are said to be aligned. Wen the test head and devi ce handl er
agé aligned, the fragile test head and devi ce handl er el ectri cal
connectors can be brought together (i.e. docked), enabling the
transfer of 20 test signals between the test head and the device

handl er. Prior to docking, the fragile test head and . devi ce handl er

el ectrical connectors must be precisely aligned to avoid damagi ng t he
fragile electrical connect ors. 25 - 4 - A positioner, able to
nove al ong a support © structure, carries the test head to the desired
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective drawing which
illustrates an exemplary embodiment of the present
invention. ' ' '

5 Figure 2 is a partially exploded perspective
drawing which illustrates coupling between a test head
adapter ring and a carriage base.

Figure 3 is a perspective drawing which
illustrates coupling between a test head adapter ring and
10 a carriage base.

Figures 4 and 5 are further perspective
drawings which illustrate an exemplary embodiment of the
present invention. ' '

Figure 6 is an exploded perspective drawing
15 which illustrates coupling between a linkage arm
structure and a carriage rail.

Figure 7 is a perspective drawing which’
i illustrates a further exemplary embodiment of the present
invention.

20 Figure 8 diagrammatically shows the sgix degfees
of freedom of the system shown in Figures 1, 4 and 5.



-3- = at which the test head is positioned to connect to and
dock with the device handler. The test head is attached to the
pesitioners so that the test head can achi eve six degrees of freedom
(X, Y, Z 0X, 0y, 02). 5 Test heads, and their respective
posi tioners, are often used in an ultracl ean room environnent.
‘However, ultraclean roomenvironnents are often extrenely expensi ve
to provide. Thus, the useable space within an " ultracl ean environment
is only available at a prem um
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DETAILED DESCRIPTION OF THE INVENTION

Referring now to Figure 1, there is shown a
test head positioner system 200 in accordance with an
exemplary embodiment of the present invention. As shown,

5 positioner system 200 carries a test head 110 for a test
system for docking with an electrical connector (not
shown) of an integrated circuit handler 120. It will be
understood that other electronic devices may be handled
by the device handler, such as transistors, chips or

10 dies, etc. In operation, positioner system 200 moves
test head 110 accurately and precisely so that it may be
docked to handler 120. Docking may be accomplished, for
example, as more fully described in a previous patent by
Smith (U.S. Patent No. 4,705,447), herein incorporated by
15 reference, and in a previous patent by Holt (U.S. Patent
No. 4,893,074), which is herein ihcorporated by .
reference. As will be described in detail, the position
of test head 110 may be accurately manipulated to ancther
position with six degrees of freedom X, Y, Z, ©X, 8Y, 63Z.
20 As shown in Figure 8, it is important for the proper
ingtallation of test head 110 that it have six degrees of
freedom so that it can accurately be positioned with
regspect to handler 120. Furthermore, the motion of test
head 110 can be restricted so that it moves with only two
25 degrees of motion (;or.example 8Y, Z}. In this manner,
test head 110 can be readlly undocked and redocked with
handler 120, so that maintenance of test head 110 can be



10 & .~ A variety of test head mani pul ators are currently
avai-l abl e for use in ultraclean room envi ronnments. Al though sone of

t hese test head mani pul ators have a variety of desirable features,

t he anount of space which each of these test head 15 mani pul at ors
requires for proper operation nmay be undesi rabl e.

SUVWMARY OF THE | NVENTI ON : A positioner facilitates docking
and undocki ng of an electronic test head with a device handl er. The 20
positioner provides for rotation of the test head about a first axis.
The positioner includes a |linkage arm structure for noving, the test
head al ong a second axi s ort hogonal tofthe first axis.
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performed. In addition, the motion of test head 110 can.
be restricted so that it moves with only one degree of
motion (for example Z). In this manner, test head 110
can be readily undocked and redocked with handler 120
when position assembly 200 is being used by an operator.

The details of positioner assembly 200 are
shown in Figure 1 in which there are provided two I-

~ ghaped beams 42a, 42b and two ralls 8, 9 forming the top

of the carriage support structure assembly. Two legs
43b, 43d (partially shown) are attached to I-shaped beam
42b at opposite ends so as to support beam 42b a
predetermined distance from the floor. In addition, two
legs 43a (partially shown), 43c are disposed at opposite
ends of I-shaped beam 42a to support beam 42a at a
predetermined distance from the floor. At the bottom of
each leg 43a, 43b, 43¢, 43d, a leveling pad 86 may be
installed to facilitate leveling of the gantry.
Alternatively, the test head positioner system (without,
for example, legs) could be suspended from the ceiling
over the integrated circuit handler 120.

In an exemplary embodiment of the present
invention, test head 110 may be mounted either directly
or via a yoke 112 to test head adapter ring 130. The use
of test head adapter ring 130 is more fully described in
U.S. Patent No. 5,030,869 which is incorporated herein by
reference. By use of test head adapter ring 130, test



-4- % BRI-EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 is a perspective draw ng which I1lustrates an exenpl ary
entsodi ment of the present i nventi on. 5 Figure 2 is a
partially expl oded perspective drawi ng which illustrates coupling
bet ween a test head adapter ring and a carriage base.

head 110 is able to rotate at least 180° about an axis
which shall be defined as a Y axis. The ability of test
head 110 to rotate about the Y axis facilitates
maintenance of test head 110 as will be more fully

5 described below.

As shown in Fig. 2, test head adapter ring 130
is coupled to cradle side 46. Cradle side 46 may be, for
_ example, a rectangular beam. Cradle side 46 may be
i coupled, in turn, td cradle back 37. Cradle back 37 is

10 coupled to cradle side 46 at substantially right angles.

' Spacers 38, 39 and 40 may be interposed between cradle
back 37 and cradle side 46 in order to assure that the
combined center of gravity of the test head 110, test
head adapter fing 130, cradle side 46 and cradle back 37

15 desirably coincides with the axis of side-to-side shafts
35a and b. :

Side-to-glde shafts 35a, b are each coupled to
; wrist block 34 at respective openings. Thus, wrist block
| 34 is stationary relative to side-to-side ghafts 35a, b.
| 20 An additional opening is situated in the bottom of the
wrist block 34. Wrist shaft 36 extends from the opening
in the bottom of wrist block 34 through a further opening
5 in cradle back 37. Wrist shaft 36 is coupled to wrist
| block 34. A flange 136 may be situated at the opposite
25 end of wrist shaft 36 supporting cradle back 37. Wrist
shaft 36 defines a Z axis. Cradle back 37 rotates about



Figuwe 3 is a perspective drawi ng which il lustrates coupling between

a test head adapter ring and 10 a carriage base.

Figures 4 and 5 are further perspective dr awi ngs MhLED#LLJUSI%5&1i4H¥jl
exenpl ary enbodi nent of the present invention. et A3 BEEN 9
|F| gure 6 is an expl oded perspective drawing 15 which il J$t‘ra§aa_ﬁ.ﬂupl in
between a |inkage arm structure and a carriage rail
Figure 7 is a perspective draw ng which illustrates a further
exenpl ary enbodi nent of the present i nventi on. 20 .

Figure 8 diagrammatically shows the six deg® ers of freedom of the
system shown in Figures 1, 4 and 5.

.the 2 axis by rotating relative to wrist shaft 36.
Thrust bearing 80 (not shown), situated between the
flange of wrist shaft 36 and cradle back 37 facilitates
rotation of cradle back 37. Movement of cradle back 37

5 about the Z axis may be prevented by actuating lock

wrench 3.

Wrist shaft 36 is coupled to carriage base 26.
Coupling between wrist shaft 36 and carriage base 26 is
1llustrated by Figure 3.

10 As shown in Fig. 3, carriage base 26 includes
rectangular opening 103. Wrist shaft 36 extends between
wrist block 34 and cradle back 37 by goihg through

! .rectangular opéning 103. Stop block 44 and lock collar
31 are regpectively situated on opposite sides of the

15 rectangular opening 103. Carriage walls 29a, 29b, 29¢,
29d (not shown), are situated about rectangular opening
103. Carriage ceiling 29e (not shown) may be situated on

i top of carriage walls 29a-d to form a partially enclosed
space. Side-to-side shaft 35a extends through carriage

20 wall 29a and lock collar 31 and is terminated with shaft
collar 74a. Similarlf, side-to-side shaft 35b extends
through carriage wall 29b and stop block 44 and is

! ' terminated with shaft collar 74b.

Side-to-side shafts 35a, 35b, define an X axis.
25 Thus, wrist block 34 is able to move along the X axis by

Thls Sheet Has Been Reﬂ




DETAFLED DESCRI PTI ON OF THE | NVENTI ON Referring now to
Figure 1, there is shown a
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the sliding motion of side-to-side shafts 35a, 35b
relative to lock collar 31 and stop block 44
respectively. Movement along the X axis is limited by
shaft collars 74a, b. Wrist block 34 is also able to
move about the X-axis defined by side-to-side shafts 35a,
b. Movement of wrist block 34 both along and"about the
X-axis is facilitated by bearings 72a, 72b which may be
situated, for example, adjacent to carriage walls 29a,
29b respectively. Wrist block 34 may be prevented from
moving both along and about the X axis by actuating
clamping knob 4c, shown coupled to lock collar 31.

As shown in Fig. 3, carriage base 26 includes
bearing blocks 30a, 30b, 30c, 30d. Bearing blocks 30a,
b, c, d enable carriage base 26 to be coupled to. carriage
rails 22a, b as shown in Fig. 4. Specifically, pillow
blocks 24a, b are coupled to carriage rail 22a by each
extending from the surface of carriage rail 22a.
Similarly, pillow blocks 24c, d are coupled to carriage
rail 22b by each extending from the surface of carriage
rail 22b. In-out shaft 25a extends from pillow block 24a

" to pillow block 24b and is held in posgition by retaining

rings 69%a, 69b {not shown). In-out shaft 25b extends
from pillow block 24c to pillow block 24d and is held in
position by retaining ringa 69c, 69d (not shown). In-out
ghaft 25a extends through lock collar 32 which is also
coupled to éarriage rail 22a.



test: head positioner system 200 in accordance with an exenpl ary
enbodi nent of the.present invention. As shown, 5 posi tioner system 200
carries a test head 110 for a test system for docking with an

el ectrical connector (not shown) of an integrated circuit handl er
120. It wll be understood that other electronic devices may be
~handl ed by the device handl er, such as transistors, chips or 10
dies, etc. In operation, positioner system 3@0-noves test head 110
accurately and precisely so that it nmay be docked to handl er 120.
Docki ng may be acconplished, for exanple, "as nore fully described in
a previous patent by Smith (U S Patent No. 4,705,447), herein

i ncor porated by 15 reference, and in a previous patent by Holt (U S

Pat ent No. 4,893,074), which is herein incorporated by

reference. As will be descripgdonth glimid 2shh)ebpedchi @8fine a vfakest head

dogr oot of 11 codort X%y, CoPHReE Grase, I 3" caganir RE “rhvERg pLoRS the X

i mportant for the prbpeas a resulistall [beardmgobloeks Read B10ct hdtslidimge
si x degrees of egdom. so e CaRp aceypate emBoshihenggd with
respect to handlerai3%§ fﬁrt %r?ééégstéag'ng?ioﬁﬂéfktéﬁ%g mbe %egd 110 can

be restrictedSso tfacilitabdsbmineringp (Momegntededncbsasingoblenky ifa,
exanpl e 0Y, Z). |p,thisd¥sFement of carriage base 26 along the Y axis

may be prevented by actuating clamping knob 4b, shown
coupled to lock collar 32.

As shown in Figure 5, linkage arm 20 (shown to

10 the left in theffiQures) includes linkage arm structure
20a and linkage arm structure 20b. Linkage arm 20 (shown
to the right in the figures) includes linkage arm
structure 20c and linkage arm structure 20d. Linkage
axle 33 includes ends of diminished diameter which extend

1s through openings in linkage arm structures 20a, 20c and
is coupled to carriage rails 22a, 22b. In this way,
linkage arm structures 20a, 20c are coupled to carriage
ralls 22a, 22b. |

Linkage axle 21 also includes ends of
20 diminished diameter. This is more clearly shown in
Figure 6. One end of linkage axle 21 extends through an
opening near the bottom of arm component 20b, and through
a further opening in trolley 17a. A similar
configuration may be found on the opposite end of linkage
25 axle 21 which extends through an opening in linkage arm
structure 20d, and through an opening in a further



I

test *head 110 can be readily undocked and redocked with handl er 120,
so that maintenance of test head 110 can be

per f or med.

so t hat

In addition, the notion of test head 110 can

"be restricted

it nmoves with only one degree of
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trolley 17b (not shown). Each trolley 17a, b includes
cam followers 76 which engage the slots in carriage rails
22a, b and thrust bearings 75 which make contact with
carriage rails 22a, b. Cam followers 75, 76 facllitate
movement of trolleys 17a, 17b relative to carriage ralls
22a, b. As the left-most and fight-most linkage arms
function and are coupled to the remaining apparatus
simllarly, the operation of linkage arm structures 20a,
20b only will be described. '

Linkage arm structure 20a and linkage arm
structure 20b are coupled together by pivot pin 18.
Movement of linkage arm structure 20a relative to linkage
arm structure 20b is facilitated by needle bearing 84
(not shown).

Linkage arm structure 20a is capable of a
limited amount of rotation about linkage axle 33.
Furthermore, linkage arm structure 20b is capable of a
limited amount of rotatlon about linkage axle 21. This
rotation is useful for vertical motion of test head 110
along the z axis as will be described later.

As shown in Figure 4, linkage arm structure 20b
rotates about pivot pin 19. This pivot pin 19 is fixed
to carriage rail 9. As will be described below, this
rotation also facilitates vertical movement of test head
110 along the z axis.



notjon (for exanple Z). In this manner, test head 110 can be readily
undocked and redocked with handler 120 5 when position assenbly 200 is

bei ng used by an operator. The details of positioner
assenbly 200 are shown in Figure 1 in which there are provided two |-
shaped beans 42a, 42b and two rails 8, 9 formng the top of the
carriage support structure assenbly. Two | egs 10 43b, 43d.(partially
shown) are attached to |I-shaped beam 42b at opposite ends so as to
support beam 42b a predeterm ned di stance fromthe floor. In
addition, two | egs 43a (partially shto#d) - 43c are disposed at
opposite ends of |-shaped beam 42a to support beam 42a at a 15
predet erm ned distance fromthe floor. At the bottom of each | eg
43a, 43b, 43c, 43d, a leveling pad 86 may be installed to facilitate
| eveling of the gantry. Alternatively, the test head positioner
system (w t hout, for exanple, legs) could be suspended fromthe

ceiling 20 over the integhatsbwi douiflguaedtier mppor 212 is included.
an exenpl ary embogl,pBpt 293 fHad¥£LYUAr box 113. Rotation of gear box 113

may be selectively prevented by the actuation of brake
115. Gear box 113 rotates ball screw 41. As ball screw
5 41 rotates, ball nut 114 moves along the axis defined by
ball screw 41. Ball nut 114 is coupled to ball screw
axle 16. Ball screw axle 16 includes a shoulder at each
end which projects through respective holes in linkage
arm structures 20a, 204 and trolleys 17c, d. Trolleys
10 17c, d each include cam followers 76 which engage and
move along respective tracks which are formed in cairiage
rails 8, 9. Trolleys 17c, d each also inclulid cam
- followers 75 which contact and facilitate movement

relative to carriage rails 8, 9.

15 A further'exemplary embodiment of the present
invention is illustrated by Figure 7. The exemplary
embodiment of the present invention which is illustrated
by Figure 7 has similarities with the exemplary
embodiment of the present invention which is illustrated

20 by Figures 1, 4, 5. However, in Figure 7, fixture 201 is
attached to test head 110. Fixture 201 includes a
projection 202 which engages an opening 204 in extension
bar 203. A bearing (not shown) may be coupled to
projection 202 to facilitate rotation of test head 110

25 about the Y axis as previousiy discussed. 1In this
further exemplary embodiment, cradle back 37 has
sufficient length so that it may be coupled to extension



i nvention, test head 110 may be nounted either directly or via a yoke

112 to test head adapter ring 130. The use of test head adapter ring
130 is nore fully described in 25 U S. Patent No. 5, 030, 869 mhlch I's
i ncor porated herein by reference By use of testhead

130, test - TH‘SSH"FTHASBEEN
f\L"lA(“ED .
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bar 203. In this manner, test head 110 may be supported
by yoke 112 and extension bar 203. Furthermore, the '
placement of projection 202 within opening 204 maintains
the ability of test head 110 to rotate about the Y axis.

5 This total configuration enables test heads having
weights on the order of 500 pounds to be supported and
manipulated.

Vertical motion of test head 110 (i.e. Z axis
motion} is accomplished as follows. As motor 112 turns,
10 ball screw 41 also turns. This results in motion of
ball nut 114 along the axis defined by ball screw 41. As
ball nut 114 moves along the axis defined by ball screw
41, ball screw axle 16 (through trolleys 17¢c, 17d with
cam followers 76) moves along horizontal rails 8, 9.
15 This, in turn, results in the movement of the top portion
’ of linkage arm structures 20a, 20c along horizontal rails
8, 9. As the upper portions of linkage arm structures
20a, 20c move along horlzontal rails 8, 9, the bottom
portion of linkage arm structures 20a, 20c also moves.
20 This motion of the bottom portion of linkage arm
gtructures 20a, 20c is vertical. The vertical motion of
linkage arm structures 20a, 20c results in the vertical
movement of carrilage rails 22a, 22b. As the front
portion of carriage rails 22a, 22b moves vertically, the
25 rear portion of carriage rails 22a, 22b also moves
vertically. Thus, as carriage rails 22a, 22b move
vertically, test head 110 moves vertically as well.

This Sheet Has Been Rei




head 110 is able to rotate at |east 180[err] about an axis whi ch
shall be defined as a Y axis. The ability of test head 110 to rotate
aboeut the Y axis facilitates . mai nt enance of test head 110 as will be
nore fully 5 described bel ow. As shown in Fig. 2, test
Head adapter ring 130 I's coupled to cradle side 46. Cradle side 46
may be, for exanpl e, a rectangular beam Cradle side 46 may be
coupled, in turn, to cradle back 37. Cradle back 37 is 10 coupled to
cradl e side 46 at substantially right angtest - Spacers 38, 39 and 40
may be interposed between cradle back 37 and cradle side 46 in order
to assure that the conbi ned center of gravity of the test head 110,

t est head adapter ring 130, cradle side 46 and cradl e back 37 15
desirably coincides with the axis of side-to-side shafts 35a and b.
Si de-to-side shafts 35a, b are each coupled to ' wrist block 34 at
respective openi rigys. THRe Linkagepppmkstructumps j20ay N4 dhard BrAvdda @ t o

si de-to-side shafgift33% machanism while at the same time determining the
path of motion of test head 110.

During the course of installation, the test
5 head 110 will be moved with six degrees of motion (X, Y,

%, 68X, 8Y, 6Z) so that it may be aligned and placed in
contact with device handler 120. Thus, after
installation has been completed, movement of the test
head 110 in all six degrees of motion will be temporarily

10 restricted until maintenance or operation is required.
When an operator wishes to undock the test Hemd 110 from
the device handler 120 (e.g. during operation}, an
operator can undock the test head by moving the test head
up and away from the device handler. To accomplish this

15 motion, freedom of motion limited only to the Z direction
is adequate. After the test head has been moved upwards
in the Z direction, the test head can be moved downwards
in the Z direction. 1In this way, the test head 110 can
be redocked with the device handler 120 without losing

20 alignment. Furthermore, should maintenance be required,
the test head 110 can be moved upwards in the 2 direction
and then rotated in the 8Y direction so that the test
head contact face upwards (as opposed to downwards,
facing the device handler 120 when the test head is in

25 use). Thus, for maintenance purposes, only two degrees
of freedom of motion is adequate. After maintenance has
been completed, the test head can be rotated in the 6Y

-



20 . An additional opening is situated in the bottom of the wri st

bl ock 34. Wist shaft 36 extends fromthe opening in the bottom of
wrist block 34 through a further opening in cradl e back 37. Wi st
shaft 36 is coupled to wi st bl ock 34. A flange 136 may be situated at

t he opposite 25 end of wist shaft 36 supporting cradle back 37. Wi st
"shaft 36 defines a Z axis. Cradl e back 37 rotates about

Substitute sheet - 2 Cctober 1997 _ - 8-
the Z axis by rotating relative to wist shaist -36

direction and moved downwards in the Z direction. 1In
this way, alignment between the test head 110 and the
device handler 120 is again maintained.

The invention has been described with regard to
5 a motor for accomplishing vertical motion. 1In an
exemplary embodiment of the present invention, an
electrical stepper motor may be used. In alternate
exemplary embodiments of the present invention, a
pneumatic motor or.a hydfaulic motor may be used.

10 However, one skilled in the art would readily recognize
that the motor can be replaced with a counter balance
system bearing the load. of the carriage base 26 with the
test head 110 attached. In this manner, operator and
equipment safety may be enhanced. '

s When a motor is used, operator and equipment
safety may be enhanced by proximity sensors (hot shown)
and/or limit switches (not shown). Exemplary proximity
sensors (e.g. light or sound activated) may be located,
for example, adjacent to the test head 110 in order to

| ' - 20 determine the position of test head 110 relative to

device handler 120. Furthermore, such sensors could also
readily determine obstructions between test head 110 and
device handler 120. Such sensors could be coupled to the
motor in order to disengage the motor if an irregular

25 condition 1s sensed. Limit switches can be placed at
numerous locations (for example, adjacent to the slots



Thrust bearing 80 (not shown), situated between the fl ange of wri st
shaft 36 and cradle back 37 facilitates rotation of cradle back 37.
Mavement of cradle back 37 5 about the Z axis may be prevented by

‘actuatlng | ock

wrench 3. Wist shaft 36 is coupled

to carriage base 26. Coupl i ng between wwist shaft 36 and carri age

base 26 is

illustrated by Figure 3. As shown in

Fig. 3, carriage base 26 includes recgﬂpgylar opening 103. Wi st

shaft 36 extends between wrist block
rectangul ar opening 103. Stop block 44 and | ock collar

t hr ough

and cradl e back 37 by going

31 are respectively situated on opposite sides of the 15 rect angul ar

openi ng 103.

Carriage wall s 29d (not shown), are situated about

rect angul ar opening 103. Carriage ceiling 29e (not shomn) may be

situated on

space. Side-to- s?ﬁﬁaEﬁéf%n35¢F§&§%%d§a 3§rr’bg%r

op of carriage malls 29a dt tlaI$¥ encl osed

8% INd

lock collar 31 anﬂheSmEEbﬂ1ﬁﬁteﬂowléﬁbshﬁiteach predetermined positions.

10

15

One skilled in the art will readily recognize that

_ proximity sensors and/or limit switches may be placed at

numerous other locations to ensure proper motion of test
head 110. |

The invention has been described with regard to
a single positioner system. However, additional
positioner systems, inco:poraﬁing for example gantry
beams 42a, 42b, may be used adjacent to the positibner

- system presently illustrated in the figures

. While the invention has been described in terms
of an exemplary embodiment, it is contemplated that it
may be practiced as outlined above with modifications
within the gpirit and scope of the appended claiims.
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1 CLAIMS
2
3 1. A positioner for docking and undocking an
4 electronic test head with a device handler comprisings:
5 :
6 head rotation means for rotating saidlelectronic
7 test head about a first axis;
8
9 vertical motion means, including a plurality of
10 -linkage arm structures coupled to said head rotation
11 means;
12
13 a first one of said plurality of linkage arm
14 structures coupled to a second one of said plurality of
15 linkage arm structures to form a scissor shaped member
16 of increasable and decreasable length for moving said
17 electronic test head verticaly along a second axis
18 orthogonal to said first axis. '
19 '
20 2. A positioner for docking and undocking an
21 electronic test head with a device handler comprisings:
22 '
23 head rotation means for rotating said electronic
24 test head about a first axis;
25 _
26 cradle back means, éoupled to said head rotation
-27 means, for rotating said electronic test head about a
28 second axis orthogonal to said first axis; and vertical
29 motion means, including a plurality of linkage arm
30 structures coupled to and situated above said cradle
31 back means;
32
33 a first one of said plurality of linkage arm
34 structures coupled to a second one of said plurality of
35 linkage arm structures to form a scissor shaped member
36 of increasable and decreasable length for moving said
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the sliding notion of side-to-si de—shafts 35a, 35b rel-ative to |ock
collar 31 and stop bl ock 44. espectlvely~ -Movenent aljj ;{h 3XT&%#5~~-
is limted by shaft coIIarsgy Mma bIock 34 i =af] e e Tl
nmove about the X-axis defined by A’ ts 35a,

‘'of wist block 34 both al ong and about ﬁhen s -axis is faC|I|tate

bearings 72a, 72b which may be si tuat ed, for exanpl e,. adj acent to
carriage walls 29a, 29b respectively. Wist block 34 nay be prevented

from 10 novi ng both al ong and about the * &8 s by actuating

cl anpi ng knob 4c, shown coupled to |ock collar 31. As
shown in Figl 3, ededtapnisadests herd mpand dowpalong Fatkss80and30D,

30c, 30d. Bearinggilsacks 30a, b, ¢, d enable carriage base 26 to be
coupled to carriage 15 rails 22a, b as shown in Fig. 4. Specifically,
pillow Bl ocks 24a, b are coupled to carriage rail 22a by each

extending framthe surface of poyirtiiagrer aldco?:&mng to Aaimal} yfupthésw
bl ocks 24c, are co l.ed to rr| 22b h h ng from
the surface gf caft) j:elsiﬁl %lzq%t%‘g th’a?’f r?sgkt('g&%éf%?o?ho

pi Il ow bl ock624a the head rotatlon means, for moving said electronic

7 test head along said first axis.
8
-9 4. A positioner according to claim 3, wherein
10 said first horizontal motion means includes:
11
12 a) a carriage base coupled to said head rotation
13 means, said carriage base including a first bearing
14 block having a first opening and a second bearing block
15 having a second opening;
16 |
17 b) a first shaft and a second shaft, said first
18 shaft and said second shaft each coupled to said
15 vertical motion means;
20 , : _ :
21 c) said first shaft extending through said first
22 opening of said first bearing block and séid second
23 shaft extending through said second opening of said
@ 24 second bearing block so that said electronic test head
25 moves along said first axis by said carriage base
26 sliding along said first shaft and said second shaft.
27
28 ) 5. A positioner according to claim 1, further
29 including horizontal motion means for moving said
30 electronic test head along a third axis orthogonal to
31 both said first axis and said second axis, said
32 horizontal motion means comprising:
: 33 _
} 34 a) a wrist block coupled to said head rotation
35 means:;
36

Sheet Has Been Replaced
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to p|||0m1bIeek—QAb~ewu¥44}—heLd_|n position by retaining rings 69a

69b (not sho out shaf t 25b ext ends fronlplllow/block 240l
pil I ow bl ockwamuyl j""f"l position by retaining rings 89cs §gg N"T '
(not shown) " 25a extends through | ock coldar _32- Vkﬂm#nls
al so coupled to carrlage rail 22a. = 19 - T *--:M;TN,
-10- I n-out shafts 25a, b _each define a Y axis
1 b) a carriage base coupled to said vertical
2 motion means, said carriage base including a first
3 carriage wall having a third opening and a second
4 carriage wall having a fourth opening;
5
6 c) shaft means including at least one shaft
7 extending from said wrist block at opposite ends
8 thereof, said shaft means extending through said third
9 opening of said first carriage wall and through said
10 fourth opening of said second carriage wall;
11 _ '
12 d) locking means, coupled to said carriage base,
13 for selectively preventing movement of said electronic
14 test head along said third axis.
15
16 6. A positioner according to claim 1, further
17 including horizontal motion means for moving said
18 electronic test head about a third axis orthogonal to
19 both said first axis and said second axis, said
20 horizontal motion means comprising:
21 o
22 _ a) a wrist block coupled to said head rotation
23 means; .
24
25 b) a carriage base coupled to said vertical
26 motion means, said carriage base including a first
27 carriage wall having a third opening and a second
28 carriage wall having a fourth opening;
29
30 . c) shaft means including at least one shaft
31 extending from said wrist block at opposite ends
32 thereof, said shaft means extending through said third
33 opening of said first carriage wall and through said
34 fourth opening of said second carriage wall;
35 '
36 d) locking means, coupled to said carriage basem

This Sheet Has Been Rerila
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Thus} carriage base 26 is capabfe of noving along the Y axis as a
result of bearing blocks 30 c, d sliding al ong shafts
25a, b. The axi s novemnent 5 facilitated by beari nj §?&9 AT

A\
bearing bl ock Li\mum lmn . overent of f,gf;:,ggagai:h;&gifw,

coupled to Ioc coll &r ®2.% As shown in Figure 5, "T“ﬁﬁ§§e~”
arm 20 (shown to 10 the left in the figure2D i-ncludes |inkage arm
structure 20a and |inkage arm structure 20b. Linkage arm 20 (shown
to the rightlin tﬁerngmeet;vehylpdevehtdhggmamement of staidtelectoenind
i 1 i shod dfanet Seearr ol b8 aia ehaal Bkl I COS M kage arm
structures 2®a, 20c and is coupled to carriage rails 22a, 22b. In
this way, 4 l'i nkage, ar ”Asﬁaéé'E{:EBﬁérZQéco%%n%r erUpleg 4 0 sarEnage
rails 22a, 22b. I nka al so i ncl udes_ ends of. 20
di ni ni-shed d? anet EPMPLgLRg férﬁBrE°EF§8%F? s G o, means, coupl led to thé
6 head rotation means, for moving said electronic test
7 head along said first axis.
8
9 8. A postioner according to claim 7, wherein
10 said first horizontal motion means includes:
11 _ '
12 a) a carriage base coupled to said head rotation
13 means, said carriage base including a first bearing
14 block having a first opening and a second bearing block
15 having a second opening;
16 : i
17 by a first shaft and a second shaft, said first
18 shaft and said second shaft each coupled to said
19 vertical motion means;
20 :
21 c) said first shaft extending through said first
22 - opening of said first bearing block and said second
23 shaft extending through said second opening of said
24 second bearing block so that said electronic test head
25 moves along said first axis by said carriage base
26 sliding along said first shaft and said second shaft.
27 '
28 9. A positioner according to claim 2, further
29 including horizontal motion means for moving said
30 electronic test head along a third axis orthogonal to
31 both said first axis and said second axis, said
32 horizontal motion means comprising:
33 “ ' .
34 a) a wrist block coupled to said head rotation
35 means; —_—
36 - This Sheet Has Been
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Figure 6. One end of Tinkage axie 21 extends through an —_._gpeni ng near

t he” bott om of ar and t hrou (A

gh a furtHhery enL'““¥?F;~.
trolley 17a. A mmmﬂmm IIl! i guration ma HEPS |
y be found ori the ?ﬁeuéhlj
of |inkage 25 extends through an opening ih- 11.qp§p§ ! ”

structure 20d, and t hrough an opening in a further h “‘““::=:=ﬂ
- 21 -
1 b) a carriage base coupled to said vertical
2 motion means, said carriage base including a first
3 carriage wall having a third opening and a second
4 carriage wall having a fourth opening;
5
6 c) shaft means including at least one shaft
7 extending from said wrist block at opposite ends
8 thereof, said shaft means extending through said third
9 opening of said first carriage wall and through said
10 fourth opening of said second carriage wall;
11 i
12 d) locking means, coupled to said carriage base,
13 for selectively preventing movement of said electronic
14 test head along said third axis.
15
16 10. A positioner.according to claim 2, further
17 including horizontal motion means for moving said
18 electronic test head about a third axis orthogonal to
‘19 both said first axis and said second axis, said
20 horizontal motion means comprising:
21 _
22 a) a wrist block coupled to said head rotation
23 means; '
24 .
25 b) a carriage base coupled to said vertical
26 motion means, said carriage base including a first
27 carriage wall having a third opening and a second
28 carriage wall having a fourth opening;
29
30 c) shaft means including at least one shaft
31 extending from said wrist block at opposite ends
32 thereof, said shaft means extending through said third
33 opening of said first carriage wall and through said
34 fourth opening of said second carriage wallj;
35 '
36 d) locking means, coupled to said carriage base,
e
i



troldey 17b (not shown). Each trolley 17a, b includes| THIS Shav 4l Basar 5

76 which engage the slots in carriage rails 22ajl_h_antEPLAGED i
beari ngs 75 whi ch make contact with carriage rails 2Za, b. Cam—=
followers 75, 76 facilitate 5 novenent of trolleys 17a, 17b relative to
icarriage rails 22a, b. As the left-nost and right-nost |inkage arns
function and are cgmmﬂﬂlm i ni ng appar at us simlarly, the
operation of linka ﬂM'Mzo& 20b only will be descri bed.
10 Li nkage “arm sPrutture 20a and |inkage arm structure
20b are coupl ed toget her by pivot pin 18. Movenent of |inkage arm
structure 20a relative to |inkage arm s%ucture 20b is facilitated by
needl e bearing 84 (not shown). 15 ~ - Li nkage arm structure

20a is capable of a limted anount of rotation,abqut _l.i 3.
Furt hermore, ¥inkafRr F9teetive @E@Kepglﬁgpgﬁygmgpta%%usalc%qilé%%t%et?g ggocﬁnt
of rotation gbout dddskkaAgSadxatord. sdbdsthird axdsation is useful for

verti cal m)ti30n of test head 110 -

4

W w3 W,

. This Sheet Has Been RT

LT



20~ along the z axis as will be described |ater. As shown

Irn Figure 4, linkage armstructure 20b rotates about pivot pin 19.
_.This pivot pin 19 is fixed to carriage rail 9. LLL-be.-descr
bel ow, this rotation also facilitates vertical [jongEeMcEafHASBEENER
25 110 along the z axis. REPLACED - 12
) 1/8 | o
o
<< q\
N e AY
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v
m
N
<
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As, shown in Figure 4, notor 212 is included. Mot or 212 rotates gear

box 113. Rotation of gear box 113 may be selectively prevented by the
actuation of brake 115. Gear box 113 rotates ball screw 41. As ball
“screw 5 41 rotates, ball nut 114 noves along the axis defined by

ball screw 41. Ball nut 114 is coupled to ball screw axl e 16. Ball
screw axl e 16 includes a shoul der at-eac? end whi ch projects through
respective holes in |linkage . . arm st a%tures 20a, 20d and trolleys 17c,
d. Trolleys 10 17c, d each include camfollowers 76 which engage and
nove al ong respective tracks which are forned in carri age rails 8, 9.
Trolleys 17c, d each also include cam followers 75 which contact and
facilitate novenent relative to carriage rails 8, 9. 15

A-further exenplary enbodi mnent of the present invention is
irk.lustrated by Figure 7. The exenplary enbodi nent of e present
invention which is illustrated by Figure 7 has siml 4 eg”With the
exenpl ary

136

FIG.2



ighbodinenf of the present invention which is illustrated 20 by Figures 1,
WM, 5.

_ However, in Figure 7, fixture 201 is - attached to test head 110.
_Fixture 201 includes a proj ection 202 whi ch engages_an openi ng 204 in
ext ensi on bar 203. A bearing (not shown) may be cpupl.ed T e
projection 202 to facilitate rotation of test head 110 5’”°?§£&%§EféEﬁN l
axis as previously discussed. In this further exeg ary-e Dodfnent |
cradl e back 37 has sufficient Iena{ﬁ so that it may be coupled to
ext ensi on _ - Substitute sheet - 2
Cct ober 1997 - . - 13 -

FIG.3
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bay 203. In this manner, test head 110 may be supported by yoke 112
and extension bar 203. Furthernore, the pl acenment of projection 202

;W thin opening 204 maintains the ability of test head 110 to rotate
about the Y axis. 5 This total configuration enabl es_test headschavingn
wei ghts on the order of 500 pounds to be supported andlﬁqmﬂgnagtpu%aﬁé“N i
Vertical notion of test head 110 (i.e. %(gxis mot i‘on) | sv:aaeenpl i shed
-as follows. As notor urns, 10 bal“screw 41 al so turns. = Thf § ="
‘results in notion of ~ball nut 114 along the axis defined by ball screw
41. As ball nut 114 noves along the axis defined by ball screw

41, ball screw axle 16 (through trolleys 17c, 17d with cam fol | oners
76) noves'along horizontal rails 8, 9. 15 This, in turn, results in the
novenent of the top portio %%‘ of linkage arm strucP& es 20a, 20c al ong
horizontal rails 8, 9. Qs t upper portions.gili rm -
structures 20a, 20c nnvegﬁ,?ﬁg ‘Esﬁifngzggﬁg bott om
portion of |inkage arm stpgct ur e n g

20 Thi s notion of

) This Sheet Has Been R
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styuctures 20a, 20c is vertical. The vertical notion of | i nkage arm
atructures 20a, 20c results in the vertical t. of carriage

srails 22a, 22b. As the front . portion of carr ) ‘gggggﬁﬁg e noves
vertically, the 25 rear portion of carriage rai §g§55;422b:é?%£g?ves
vertically. Thus, as carriage rails 22a, 22b nove* vertical-lysf'est
head 110 noves vertically as well.. 5/8

- 14
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,Thas, the linkage arm structures 20a, b, ¢, d provide a lifting
-gechani smwhile at the sanme tinme deternining the path of notion of
test head 110. During the course of installation, the
test 5 head 110 will be noved with six degrees of notion (X Y, Z,
0X, 0Y, 02) so that it may be aligned and placed in contact with
devi ce handl er 120. Thus, after igﬁgallation has been conpl et ed,
novenent of the test head 110 in af I six degrees of nmotion will be
tenporarily 10 restricted until nmintenance or operation is required.
When an operator w shes to undock the test Head 110 from t he device
handl er 120 (e.g. during operation), an operator can undock the test
head by noving the test head- up and away fromthe device handler. To
acconplish this 15 notion, freedomof notion limted only to the Z

di rection i s adequate. After the test head has been noved upwards

in the z direction, the test head can be noved downwards inthe Z
direction. In this way, the test head 110 can be redocked with the
devi ce handler 120 Without losing 20 alignment. Furthernmore, should

mai nt enance be requi’ '

20B




fhe test head 110 can be noved uphards Iin the Z-direction and then

rotated in the BY direction so that the test : head contact face
_Upwards (as opposed to downwards, faci ng the device handler 120 when
Ythe test head is in 25 use). Thus, for maintenance purposes, oy 4

degr ees of freedom of notion is adequate. After
been conpleted, the test head can belwﬁﬁged in the

358
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dig éction and noved downwards in the Z direction. In this way,

8 |gnnent bet ween the test head 110 and the device handler 120 is
agaln mai nt ai ned. The invention has been descrih i
regard to S a notor for acconplishing verti cal nnt—ﬁﬁ*igaf’ﬁhﬁsBEEN !
exenpl ary enbodi nent of the present invention, an - Aétpst epper
notor may be used. In alternate eﬁﬁ Iary enbodiljne ég—&mgqﬂ“’éht
invention, a pneumati c notor.- or a ggraulic not or nmay be used. 10
However, one skilled in the art would readily recognize that the

mot or can be replaced with a counter bal ance system bearing the | oad
of the carriage base 26 wth the test head 110 attached. In this
manner, operator and equi pnent safety may be enhanced. 15

When a notor is used, operator and equi pnent safety may be enhanced
by proximty sensors (not shown) and/or limt switches (not shown).
Exenplary proximty sensors (e. g ﬁizght r sound activated) may be

| ocat ed,

b
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Been Replaced

i



for exanple, adjacent to the test head 110 in order to 20 determ ne the

position of test head 110 relative to devi ce handl er 120. Furthernore,
such sensors could al so readily determ ne obstructions between test
head 110 and devi ce handl er 120. Such sensors could be coupled to the

notor in order to disengage the notor if an irregular 25 condition is
sensed. Limt switches can be placed aABSIRACHinerous | ocations (for
exanpl e, adjacent to the slots , (Figure 1)

ELECTRONIC TEST HEAD MANIPULATOR

A positioner facilitates docking and undocking
of an electronic test head with a device handler. The
position provides for rotation of the test head about a
first axis. The positioner includes a scissor arm
structure for moving the test head along a second axis
orthogonal to the first axis

ot
o
.“L 4
e Yol
PR
e
e
oy e
st
LA

o

,:'1 ":8_

=
R

o

-
f -
Se




locauedgin carriage.rails 22a, b) in order to disengage the notor if

trolleys 17 reach predeterm ned positions. One skilled in the art
will:<readily recognize that proximty sensors and/or limt swtches

may - be placed at 5 numerous other |ocationsSubstititersheet op2 Oatobenh97

t est . head 110. The i nvention has been described

with regard to a single positioner- &stem However, 'fﬁ?FT“”‘““T=f—-::q
positioner systens, incorporating for exanple gantry 10 D HRE-ADERIEMIDBEST |
may be used adjacent to the positioner system presen | IGEUGEZ H
in the figures Wil e the invention has be a ----------- i
terns of an exenpl ary enbodinent, it is contenpl ated that I'T nuy =

be practiced as outlined above with modi fications 15 within the spirit
and scope of theafpantiti Ry aigiting relative to wrist shaft 36.

Thrust bearing 80 (not shown), situated between the
flange of wrist shaft 36 and cradle back 37 facilitates
rotation of cradle back 37. Movement of cradle back 37

5 ~about the Z axis may be prevented by actuating lock
wrench 3. '

Wrist shaft 36 is coupled to carriage base 26.
Coupling between wrist shaft 36 and carriage base 26 is
illustrated by Figure 3.

10 As shown in Fig. 3, carriage base 26 includes
rectangular openiné 103.  Wrist shaft 36 extends between
wrist block 34 and cradle back 37 by going through
rectangular opening 103. Stop block 44 and lock collar
31 are respectively situated on opposite gsides of the

15 rectangular opening 103. Carriage walls )
29d (not shown), are situated about rectangular opening
103. Carriage ceiling 29e (not shown) may be situated on
top of carriage walls 29a-d to form a partially enclosed
space. Side-to-side shaft extends through carriage

20 ° wall 2%9a and lock collar 31 and is terminated with shaft
collar 74a. Similarly, side-to-side shaft 35b extends
through carriage wall 29b and stop block 44 and is
terminated with shaft collar 74b.

Side-to-sidé shafts 35a, 35b, define an X axis.
25 Thus, wrist block 34 is able to move along the X axis by



i REPLACEMENT S3ErT i
o LSRCT Lo |
............................. —-‘

-posfiioner for docking and undocking an electronic test hea
handl er conpri si ng; head rotation nmeans for rotat
el ectroni-.c test head about a first axis; Substitute sheatt+ 24c
means, including a plurality of |linkage arns coupled to said head rotation
nmeans; ’ a first of said plaraBity of |inkage arms coupled to a
second of said plurality of linkage arns to define a scissor shape of

i ncreasabl e and decreasable length in a vertical direction for noving said
el ectronic test head vertically along a second axis orthogonal to said
first axis as an upper end of said first of said plurality of |inkage arns

noves towards and away from an upper end of said second of said plurality
of linkage armbar 203. In this manner, test head 110 may be supported

by yoke 112 and extension bar 203. Furthermore, the
. placement of projection 202 within opening 204 maintains
the ability of test head 110 to rotate about the Y axis.
5 This total configuration enables test heads having
weights on the order of 500 pounds to be supported and

17 ... Substitute sheet - 2 Cctober 1997 d ai ns J-
d

manipulated.
Vertical motion of test head 110 (i.e. Z axis
motion) is accomplished as follows. As motor-;%ﬁ;turns,

10 ball screw 41 also turns. This results in motion of
ball nut 114 along the axis defined by ball screw 41. As
ball nut 114 moves along the axis defined by ball screw
41, ball screw axle 16 (through trolleys 17c, 17d with
cam followers 76) moves along horizontal rails 8, 9.

15 This, in turn, results in the movement of the top portion
of linkage arm structures 20a, 20c along horizontal rails
8, 9. As the upper portions of linkage arm structures
20a, 20c move along horizontal rails 8, 9, the bottom
portion of linkage arm structures 20a, 20c also moves.

20 This motion of the bottom portion of linkage arm
structures 20a, 20c is vertical. The vertical motion of
linkage arm structures 20a, 20c results in the vertical
movement of carriage rails 22a, 22b. As the front
portion of carriage rails 22a, 22b moves vertically, the

25 rear portion of carriage rails 22a, 22b also moves
vertically. Thus, as carriage rails 22a, 22b move
vertically, test head 110 moves vertically as well.
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2., *A positioner according to claim1, further conprising fl,,rst ﬁQ)Q Q&
i

hori Zontal noti (”"mzmm to the head rotati on neans, o@a"
sai-d el ectronic "ﬂmm a' d first axis.

posi tioner according tb ctaim ¥ further17ncl Stbstitutersheent-2 Ombb@maeans
for nmoving said el ectronic test "head about a third axis ort hogonal to both
said first axiciaimsd said second axis, said horizontal nption neans

conpri si ng: a wist block coupled to said head rotation

nmeans; noti on
means, said carriage base |ﬁ°ﬁ§&6d'§éng g‘@ écig&r)lrlﬁ(gocte vg?#%ﬁééc@f&r%egéﬂthl rd
openi ng arhtad wibdndevee haa@lérmmprﬁmg,ng a fourth opening;

c) shaft means including at | east one shaft extending fromsaid wi st

| ock [ her eof h ndi.n hr,ough
bl ock at opposite enﬁésacf Tothton me%%é of rgtaunc saI}ISelgé(ttrgmcci'te& ﬁeada ut%a' d

first axis;

‘ vertical motion means, including a plurality of linkage arms
coupled to said head rotation means;

a first of said plurality of linkage arms coupled to a second of said
plurality of linkage arms to define a scissor shape of increasable and decreasable
length in a vertical direction for moving said electronic test head vertically along
a second axis orthogonal to said first axis as an upper end of said first of said
plurality of linkage arms moves towards and away from an upper end of said
second of said plurality of linkage arms.

2. A positioner according to claim 1, further comprising first
horizontal motion means, coupled to the head rotation means, for moving said
electronic test head along said first axis.

3. A positioner according to claim 1, further including
horizontal motion means for moving said electronic test head about a third axis
orthogonal to both said first axis and said second axis, said horizontal motion
means compﬁsing: |

a) a wrist block coupled to said head rotation means;
b) a carriage base coupled to said vertical motion means, said
carriage base including a first carriage wall having a third opening and a second

carriage wall having a fourth opening;

c) shaft means including at least one shaft extending from said
wrist block at opposite ends thereof, said shaft means extending through said
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A posi®i énet abcotding to claim1, wherermsard—erectronrc test head

I's vertica

M_shﬁel_‘_-’g—@t ober 1997 third opening of
carrl age wall and through sai.d fourth opening of said second

| iﬁp‘ﬁ%%n 1’997
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I ly disposed relative to said vertical notion neans.

5. A positioner according to claim1, further conprising notor neans

coupled to
| i nkage ar

plurality oOdecbndlcasga

t he upper ends, of said first_and second qf sai pI ur al |£.§/ af
nidird epeniag of gaidqarsy speEiagenwyall gndsthreugh sad fg BHS Of sl

vertical novenent of ﬁe upper ends of said first and second of said
plurality of |inkage arms. 6. A positioner according to
claim5, wherein sai ddyert lacking means, coupled to said carriage base, for selectively

preventing movement of said electronic test head about said third axis.

4. A positoner according to claim 1, wherein said electronic
test head is vertically disposed relative to said vertical motion means.

5. A positioner according to claim 1, further comprising motor
means coupled to the upper ends of said first and second of said plurality of

linkage arms, for moving the upper ends of said first and second of said plurality

of linkage arms towards and away from each other without causing vertical
movement of the upper ends of said first and second of said plurality of linkage
arms.

6. A positioner according to claim 5, wherein said vertical
motion means further comprises means for rotatably supporting said second
linkage arm and for permitting horizontal sliding of said upper end of said first
linkage arm with respect to the vertical motion means.

7. A positioner according to claim 5, wherein said vertical
motion means further comprises means for rotatably supporting a lower end of
said first linkage arm and for permitting horizontal sliding of said lower end of
said second linkage arm.

8. A positioner according to claim 7, wherein said vertical
motion means further comprises a third linkage arm coupled to a fourth linkage
arm to define a further scissor shape and means for rotatably supporting said
fourth linkage arm and for permitting horizontal sliding of said upper end of said
third linkage arm with respect to the vertical motion means.

9. A positioner according to claim 7, wherein said vertical
motion means further comprises a third linkage arm coupled to a fourth linkage

fallt owar ds and away from each other w t hout causi ng
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ot i on- means further conprises means for rotatably supportin IE‘&F%; ﬁggdg‘gf
| i.nkage ar mﬂlmliumﬁ“mmung hori zontal sliding of said upper e a1
first I|nkgu ct to the vertical notion neans. |
7. A posi ti ohert adcofdi hg to cl ai m 5, 18her eBubstitute sheet € 20T SR
further conprises neans for rotatably supporting a [ower end of said first

| i nkage arm and for permtting hori zontal sliding of said |ower end of said
second |inkage arm A positioner according to clai m 7,

wherein sajd riical

coupl ed to@#ﬁtﬁﬁhﬁg g%ﬁﬁ@%fw&sm %?ﬁ%@ytsésﬂgbgr#a%éqgn means
for rot at atng of spidohindnljnkagecarmy and fior penwaigiing hariaemtal

hori zont al urdelisidgergi.end of said third li nkage ar m WI t h respect
to the ver?ﬂgfkﬁr?gt?on nmeans. 9. A positioner according to

claim7, wherein said vertical notion nmeans further conprises a third
| i nkage arm coupl ed 6. a fAoposiiohemforgincking and undocking an electronic test

head with a device handler comprising:

head rotation means for rotating said electronic test head about a
first axis;

cradle back means, coupled to said head rdtation means, for
rotating said electronic test head about a second axis orthogonal to said first axis;
and

vertical motion means, including a plurality of linkage arms
coupled to and situated above said cradle back means;

a first of said plurality of linkage arms coupled to a second of said
plurality of linkage arms to define a scissor shape of increasable and decreasable
length in a vertical direction for moving said electronic test head up and down
vertically along said second axis orthogonal to said first axis as an upper end of
said first of said plurality of linkage arms moves towards and away from an
upper end of said second of said plurality of linkage arms.

11. A positioner according to claim 10, wherein said vertical
motion means includes a linkage arm structure.

12. A positioner according to claim 10, further comprising first
horizontal motion means, coupled to the head rotation means, for moving said
electronic test head along said first axis.

13. A positioner according to claim 10, further including
horizontal motion means for moving said electronic test head about a third axis
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el ectroni eal witH a deV| ce handl er conpri sing: o head
rotation neans for rotating said electronic test head about a first axis;
cradl e back neans, coupled to said head rot ation nmeans, for rotating said

el ectroni X1l S nal sai rst.axis; and
verti cal ?fthl orf%ﬁ??ﬁf%%p%?éﬁg%? ‘Ilﬁ rﬁ?‘é(gg %@ oé’d to and
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i i ssor sha i ncr easabl e, and decr gasabl e
arms to define a sc 'f)s WISt b?ock coupled to sai read rotation means;

b) a carriage base coupled to said vertical motion means, said
carriage base including a first carriage wall having a third opening and a second
carriage wall having a fourth opening;

c) shaft means including at least one shaft extending from said
wrist block at opposite ends thereof, said shaft means extending through said
third opening of said first carriage wall and through said fourth opening of said
second carriage wall;

d) locking means, coupled to said carriage base, for selectively
preventing movement of said electronic test head about said third axis.

14. A positioner according to claim 10, further comprising
motor means coupled to the upper ends of said first and second of said plurality
of linkage arms, for moving the upper ends of said first and second of said
plurality of linkage arms towards and away from each other without causing
vertical movement of the upper ends of said first and second of said plurality of
linkage arms.

15. A positioner for docking and undocking a electronic test
head with a device bandler comprising:

head rotation means for rotating said electronic test head about a
first axis;

vertical motion means, including a linkage arm structure coupled to
said head rotation means for moving sa.td electronic test head along a second axis
orthogonal to said first axis; and



length in a vertical direction for moving said el ectronic testhead-wp-rand -
down verti cam\s@\d&(}nd axis orthogonal to said flgﬂst XI S asggﬂ
upper end of st of said plurality of linkage arns m)yéDsa+ y doo
away from an M mﬁ"g second of 29ai d guBKtRlid ¥hebt | PTHEEEATTENT — ©
11: A positidner claim 10, wheréin sard vertircal notion neans

i ncl udes a |inkage arm stYucture. 12. A positioner according
to claim 10, further conprising first horizontal notion neans, coupled to
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a) a carriage base coupled to said head rotation means, said
carriage base including a first bearing block having a first opening and a second
bearing block having a second opening;

b) a first shaft and a second shaft, said first shaft and said
second shaft each coupled to said vertical motion means;

c) said first shaft extending through said first opening of said
first bearing block and said second shaft extending through said second opening
of said second bearing block so that said electronic test head moves along said
first axis by said carriage base sliding along said first shaft and said second
shaft.

16. A positioner for docking and undockmg a electronic test
head with a device handler comprising:

head rotation means for rotating said electronic test head about a
first axis; '

vertical motion means, including a linkage arm structure coupled to
said head rotation means for moving said electronic test head along a second axis
orthogonal to said first axis; and

horizontal motion means for moving said electronic test head along
a third axis orthogonal to both said first axis and said second axis, said

horizontal motion means comprising:

a) a wrist black coupled to said head rotation means;
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third opening of said first carriage wall and through sa1d fourth opening of said
second carriage wall;

d locking means, coupled to said carriage base, for selectively
preventing movement of said electronic test head along said third axis.

17. A positioner for docking and undocking an electronic test
head with a device handler comprising:

head rotation means for rotating said electronic test head about a
first axis;

cradle back means, coupled to said bead rotation means, for
rotating said electronic test head about a second axis orthogonal to said first axis;
and

vertical motion means, coupled to and situated above said cradle
back means for moving said electronic test head up and down along said second
axis and first horizontal motion means, coupled to the head rotation means, for
moving said electronic test head along said first axis, said vertical motion means
including:

a) a carriage base coupled to said head rotation means, said
carriage base including a first bearing block having a first opening and a second
bearing block having a second opening;

b) a first shaft and a second shaft, said first shaft and said
second shaft each coupled to said vertical motion means;
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motion means, coupl 65 to gd}sts Oct::?t}:ﬁ&ngrﬁrough said first opening of said
first bearing block and said second shaft extending through said second opening
of said second bearing block so that said electronic test head moves along said
first axis by said carriage base sliding along said first shaft and said second
shaft.

18. A positioner for docking and undocking an electronic test
head with a device handler comprising:

head rotation means for rotating said electronic test head about a
first axis;

cradle back means, coupled to said head rotation means, for
rotating said electronic test head about a second axis orthogonal to said first axis;
and

vertical motion means, coupled to and situated above said cradle
back means for moving said electronic test head up and down along said second
axis'and

horizontal motion means for moving said electronic test head along
a third axis orthogonal to both said first axis and said second axis, said '
horizontal motion means comprising:

a) a wrist block coupled to said head rotation means;

b) a carriage base coupled to said vertical motion means, said
carriage base including a first carriage wall having a third opening and a second
carriage wall having a fourth opening;

©) shaft means including at least one shaft extending from said
wrist block at opposite ends thereof, said shaft means extending through said
third opening of said first carriage wall and through said fourth opening of said
second carriage wall;
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second openi ng; b) a first shaft and a second shaft, said
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conpri si ng: ' head rotation neans for rotating said electronic
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a) a carriage base coupled to said head rotation neans;'§érﬁzjagggaﬂgw :
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