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TEST HEAD MANIPULATOR

A. FIELD OF THE INVENTION

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

B. BACKGROUND ART

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 systéin which includes a test head which has been required to connect to
and dock with the device handler. In such testing systems, the test head has
been usually very heavy - on the order of 40 to 300 kilograms. The reason for
this heaviness is that the test head uses precision high frequency control and data
signals so that the electronic circuits must be located as close as possible to the
device under test. Accordingly, the test head has been densely packaged with
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“are said to be aligned. When the test head and device handler are aligned, the

‘fragile test head and device handler electrical connectors can be brought together

(i.e. docked), enabling the transfer of test signals between the test head and the

-device handler. Prior to docking, the fragile test head and device handler

electrical connectors must be precisely aligned to avoid damaging the fragile

electrical connectors.

Test head positioners are designed in several configurations, each
configuration being desirable for a particular purpose. In a tumble mode
“positioner, the test head pivots (or tumbles) about two oppositely disposed pivot
points within a cradle. This enable the user to tumble the test head in the cradle
from a position where the device handler interface board is up (for interface to
‘horizontal plane handlers from the bottom), through 180 degrees, to a position
where the device handler interface board is down (for interface to horizontal
plane handlers from the top). In a cable pivot mode positioner, the test head
‘pivots on the axis of the test head cables. Compared to the tumble mode
positioner, a cable pivot mode positioner allows the use of reduced cable lengths.

An example of a tumble mode positioner is disclosed in a previous
‘patent by Smith (U.S. Patent No. 4,705,447), herein incorporated by reference.
This patent discloses a positioner assembly which enables a test head to be
moved for docking and undocking with respect to three vertical axes. In an
alternative embodiment, the test head may be moved for docking and undocking
with respect to two vertical axes and one horizontal axis. Thus, in either
embodiment, the test head may be manipulated with six degrees of freedom with
respect to the center of the plane defined by the test head electrical interface.

Problems have been incurred in easily moving the heavy test head
accurately into position with respect to the device handler mechanism. A
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‘adjustments. Some prior art manipulators include an additional point of rotation

‘(i.e. an additional link) between the main shaft and the test head. By creating an

-additional link, the test head can be rotated about the axis defined by the link,

Eﬂms maintaining the relative orientations of the remaining parts of the positioner.

“However, by adding additional links, the distance between the main shaft and the

_i:'teSt head is increased, thus increasing the torque which is imposed by the test

‘head on the main shaft bearings. Thus, the main shaft bearings, main shaft and

‘main arm must become larger and more expensive to provide eased movement

“and reduced friction between manipulator parts under a greater load.

Examples of cable pivot mode positioner are disclosed in a
‘previous patent by Holt (U.S. Patent No. 4,893,074), herein incorporated by
‘reference. Fig. 1 and Fig. 2 of this patent shows a first type of cable pivot
‘mode positioner which is referred to as an opposite end cable pivot (OECP) style
—cradle assembly. As shown in Fig. 1 and Fig. 2, the test head is held at its
‘center of gravity by the positioner. The cable and positioner are attached to the
‘test head on opposite ends of the test head. Because the centerline of the device
“under test is desirably physically close to the centerline of the electrical outputs
“of the test head (located near the physical center of the test head) the OECP style
cradle assembly may be inappropriate for use with large device handlers. This is
‘because the OECP style cradle assembly cannot access, from underneath,
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Fig. 3 of the '074 patent shows a second type of cable pivot mode
positioner which is referred to as a cable pivot with center of gravity offset
{CPCG) style cradle. The CPCG style cradle allows somewhat more projection
of the test head than the OECP style cradle. However, as with the OECP style
cradle, the CPCG style cradle is unable to sufficiently project the test head
without imposing os}erwhelming torque on the positioner assembly.

Thus, to solve the interface problem, it is desirable to project the
electrical output of the test head a large distance under or over the physically
large handlers or probers so that the positioner itself can stand clear of the
handlers or probers to which the test head is interfaced. Itis also important to
continue to enable the test head to pivot with six degrees of motion freedom
about the center of gravity of the test head and cable assembly.

For purposes of considering patentability, a brief patentability
search was conducted. The patents identified to be of possible interest in the
search were:

Patent No. Inventor
3,262,593 William Haine-r
4,345,847 - Schiff et al.
4,229,136 Hugo Panissidi
4,132,318 Wang et al.

3,128,887 Guennec et al.
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The system includes a projected cradle assembly which allows the
heavy test bead to be projected above or below a physically large handler while
still pivoting the load of the test head with its cable assembly at its center of
gravity. This provides the system with the freedom of six degrees of motion so
that the heavy test head can easily interface to a physically large handler or
prober in the horizontal plane. '

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A is a diagrammatic view of the system of Figs. 2to 5
showing the docking of a test head with the electrical interface of a handler;

Fig. 1B is a diagrammatic vievs,/' of the system of Figs. 7-8 showing
the docking of a test head in a projected cradle with the electrical interface of a
handler;

Fig. 2 is a perspective view of a test head positioner system in
accordance with the present invention;

Fig. 3 is a perspective cutaway view of a portion of Fig. 1;

Fig. 4 is a perspective cutaway view of an alternate embodiment of
the present invention;

Fig. 5 is a perspective view of the detailed structure of the
positioner assembly;
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assenbly's support columm so that the centerline of the device under test
was physically close to the physical center of the test head, pivoting
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resulting in an unbal anced system Fig. 3 of the '074 patent
shows a second type of cable pivot nodé positioner which is referred to as
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Fig. 10 is another embodiment of the present invention in which
horizontal linear motion guides are used;

Figs. 11A-B show further embodiments of the invention with
respect to securing the positioner system inside or alongside the test system; and

Fig. 12 shows a further embodiment of the invention with respect
to securing the positioner system in a test system cabinet.

OVERVIEW

The present invention is a positioner system 150 for positioning an
electronic test head 151 with respect to an electronic device handler 165. The
positioner system allows the electronic test head 151 to be moved away from the
electronic device handler 165 (for adjustments or repairs) while partially
maintaining alignment between the electronic test head 151 and the electronic
device handler 165. By maintaining partial alignment, redocking of the
electronic test head 151 with the electronic device handler 165 is simplified.

An exemplary embodiment of the positioner system is shown in
Figs. 1A and 2. The positioner system 150 includes a shaft 10 defining a first
vertical axis.

A positioner assembly 100 moves the test head 151 along the first
vertical axis. This is accomplished by movement of main arm tube 11 along shaft
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system for positioning an electronic test head with respect to an
el ectroni c device handler. The systemincludes a support colum with a main.
shaft. A tube noves along the main shaft. The tube may be | ocked in place
to prevent its novenent along the nmainh/shaft. An upper arm assenbly pivots
about the tube. A shoul der index plate supports the upper arm assenbly as

t he upper 1@r iMaiss&fP kbepl Voirshapaiveniederémbtovifigl Dedg stieafeld b\yhen act uat ed,
ocks t henghtemng vertical lock screw assembly 14.

The test head 151 may be moved about the first vertical axis by
rotating upper arm unit 27. Upper arm unit 27 is carried by shoulder lock plate
32 which in turn is carried by index lock plate 33. Index lock plate 33 is
secured to tube 11. Thus, index lock plate 33, shoulder lock plate 32 and upper
arm unit 27 move with tube 11 along the first vertical axis. Upper arm unit 27
may pivot about the first vertical axis while shoulder lock plate 32 is maintained
stationary. Movement of upper arm unit 27 relative to shoulder lock plate 32
about the first vertical axis can be prevented by actuating vernier lock screw 36.
Upper arm unit 27 and shoulder lock plate 32 may pivot together about the first
vertical axis. Movement of shoulder lock plate 32 about the first vertical axis is
prevented by engaging lock pin 38 in one of several openings in shoulder lock
plate 32.

The test head 151 may be moved about the second vertical axis.
The second vertical axis is defined by shaft 40. Forearm 26 moves about the
second vertical axis by pivoting about shaft 40. Movement of forearm 26 about
the second vertical axis can be prevented by actuating lock screw assembly 104.

The test head 151 may be moved about the third vertical axis. The
third vertical axis is defined by shaft 140. Wrist housing 29 moves about the
third vertical axis by pivoting about shaft 140. Movement of wrist housing 29
about the third vertical axis can be prevented by actuating lock screw assembly
114.

The test head 151 may be moved about a horizontal axis. This is
accomplished by pivoting horizontal wrist shaft 30 relative to wrist housing 29.
Movement of horizontal wrist shaft 30 about the horizontal axis can be prevented
by lock screw assembly 124.

The various locks within positioner assembly 100 (e.g. 104, 114)
are always left unlocked when the test head 151 is docked with the device
handler. This allows the positioner assembly 100 to float and absorb any motion



upper arm assenbly to the shoul der index plate, thus preventing the upper
arm assenbly frompivoting relative to the shoul der index plate.

The systemincludes a projected cradle assenbly which allows the heavy test
head to be projected above or below a physically large handler while stil
pivoting the load of the test head with its cable assenbly at its center of
gravity. This provides the systemw th the freedom of six degrees of notion
so that the heavy test head can easily interface to a physically |arge
handl er or prober in the horizontal p1§ne. BRI EF
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handler with minimal realignment. When the test head is docked with a device
handler in the horizontal plane, the test head can be undocked by moving
positioner assembly 100 away from the docked position along main shaft 10.
After moving positioner assembly 100, lock screw assembly 14 can be actuated
to ensure that the test head does not move in its undocked state. Thus, damage
to the test head and injury to the operator is prevented. The test head can then
be pivoted about the first vertical axis to facilitate access to the device handler.
This is accomplished by pulling lock pin 38 downward. Lock pin 38 normally
engages one of several holes in shoulder lock plate 32. By pulling lock pin 38
downward, shoulder lock plate 32 (and thus upper arm assembly 27) can pivot
about the first vertical axis. Thus, altbough the test head is moved away from
the device handler, partial alignment of the test head relative to the device
handler is maintained provided all other lock screws (36, 104, 114, 124, etc.)
are actuated before the test head 151 is undocked. To redock the test head with
the device handler, shoulder lock plate 32 (and thus upper arm assembly 27) is
pivoted back to its original position so that lock pin 38 again engages the hole in
shoulder lock plate 32 which lock pin 38 originally engaged. The positioner
assembly 100 is then moved down shaft 10 to the docked position.

When the test head is docked with a device handler in the vertical
plane, the test head can be undocked by actuating lock screw assembly 14 and
pivoting the test head about the three vertical axes. By pivoting about the three
vertical axes with lock screw assembly 14 actuated, the test head can be
manually pushed away from the device handler without changing the positioner
assembly's vertical position. Thus, when realigning the test head with the device
handler, it is unnecessary to adjust the vertical position of the positioner
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freedom of the systemof Figs. 1 through 4; Fig. 7is a
perspective view of the projected cradle assenbly in accordance with the
present invention; Fig. 8 is anot her enbodi nent of the
present invention in which a plurality of shafts, oriented horizontally,
and an offset cradle assenbly is used,; Fig. 9 is another

enbodi ment of the present invention in which a cable pivot housing is used;
Fig. 10 is another enbodinment of the pPesent invention in which horizontal
| i near notion guides are used, Figs. 11 A-B show further
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Fig. 1A, there is shown a test head positioner
system 1350 in accordance with the invention. As shown, positioner system 150
carries a test head 151 for a test system for docking with electrical contactor
167b of an integrated circuit handler 165. It will be understood that other
electronic devices may be handled by the device handler, such as transistors,
chips or dies, etc. In operation, positioner assembly 100 is moved manually in a
substantially weightless condition to manipulate the heavy test head 151
accurately and precisely and dock it to handler 165. Docking is accomplished
through the use of a docking assembly 170, attached to test head 151 and a
docking gusset assembly 171, attached to the device handler 165. In docking,
location pins 151a, 151b projecting from docking assembly 170 are inserted into
corresponding openings 165a, 165b in docking gusset assembly 171 and
electrical interface board 167a enters and mates with mating electrical contactor
167b which electrically connects the test head to the device to be tested.
Electrical interface board 167a and electrical contactor 167b are collectively
referred to as the electrical interface. As will later be described in detail, the
position of test head 151 may be accurately manipulated in a substantially
weightless condition to another position with six degrees of freedom to dock
docking assembly 170 with other docking gusset assemblies in any position. For
example, probers or handlers may be anywhere from a horizontal plane to a
vertical plane. Furthermore, it is possible to undock the test head 151 from the
electrical contactor 167b and to redock the test head 151 with electrical contactor
167b with 2 minimal amount of manipulation of the test head positioner assembly
100. '

The details of positioner system 150 are shown in Fig. 2 in which
there is provided a C-shaped beam forming a vertical housing or support column
45. Column 435 has opposing walls 43a, b, front wall 43¢, top plate 45d (not
shown) and bottom plate 45¢. Column 45 is supported at its bottom by a base
assembly 103 having a base plate 108 and outwardly extending legs 109a



Fig. 12 shows a further enmbodi ment of the invention with respect to
securing the positioner systemin a test system cabi net.

GVERVI EW The present invention is a positioner system 150 for
positioning an electronic test head 151 with respect to an electronic

devi ce handl er 165. The positioner systemallows the electronic test head
151 to be noved away fromthe el ectronic device handler 165 (for

adj ustments or repairs) while partiallg mai nt ai ni ng al i gnnment between the
el ectronic test head 151 and the el ect’bhic device handier 165. By
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Test head 151, Fig. 1A, is supported and manipulated in its
docking by positioner assembly 100 which is adapted to move vertically on a
main shaft 10. Assembly 100 comprises main arm tube 11, index lock plate 33,
shoulder lock plate 32, upper arm assembly 27, forearm assembly 26, wrist
housing assembly 29, and shaft assembly 30. Main shaft 10 is secured in place
on the front section of column 45 by opposing pillow blocks 20, 21.

Positioner assembly 100 is adapted to ride vertically on main shaft
10 by a counter weight assembly 125 which moves vertically in either direction
within the rear section of column 45. Assembly 125 includes weight rod mount
24 with vertically extending weight rod 2a and vertically extending weight rod
2b (not shwon) secured thereto and weight 25a coupled to the weight rods.
Additional weights (not shown) are added to exactly counterbalance the weight
of assembly 100, together with the test head, so that the test head and assembly
100 are substantially weightless.

Mount 24 securely receives flexible cables 105a,b respectively.
Cables 105a,b are received through an opening in top plate 45¢ and are received
within grooves of pulleys 23a,b respectively of pulley assembly 122. Assembly
122 includes pulley mount 22 which is secured to top plate 45¢. Pulley mount
22 includes an opening through which shoulder screw 96a and shoulder screw
96b (not shown) are placed. Shoulder screws 96a and 96b permit the rotation of
pulleys 23a,b. Pulley assembly 122 is enclosed within hood 47.

Positioner assembly 100 includes main arm tube 11 which is
disposed about main shaft {0. Main arm tube 11 moves vertically in either
direction along main shaft 0. The upper end of main arm tube L1 is secured to
life block 19 which in turn is connected to lock collar 12. Lock collar 12 is also
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10. Main armtube 11 can be prevented from noving al ong shaft 10 by
tightening vertical |ock screw assenbly 14. The test head 151
nay be noved about the first vertical axis by rotating upper armunit 27.
Upper armunit 27 is carried by shoulder |ock plate 32 which in turn is
carried by index lock plate 33. Index lock plate 33 is secured to tube 11.
Thus, index |ock plate 33, shoulder |lock plate 32 and upper armunit 27
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mai nt ai ned stationary. Myvenent of upper armunit 27 relative to shoul der
| ock pl at dosgedboout mia shaftskO. vBy ttightaningk lackcre w asprehlg nde dhpyericaliat i ng

' | . _ ' : h : | 32
ver ni er Elet%%;%?&t Ae-}Pp.ﬁ)E: B PRtV to2haid ha& Q@ tedelind BRKd PIIRTS nmay

pi vot toget ] | vertical axis. venent _of shoul der | ock
pl ate 32 asemplamemb WCV%‘PQS&IEQWW@W@UBB&P@ 0462 dRYABE ng | ock pin 38

itn ?nﬁ 01; ‘1 1@ﬁ&hte@mﬁtm§a_ﬂd& \Sitm;mhaiétﬁsdlmﬁ iﬁ't&{& lBéient_ No. _4I_F]715,574, dThe

est head. Vv second ver .S, sec

verti car - aRrarpeted FeEy 6] 1S8Rt OATRERR O ROREN vk R ESERY g
vertical a¥XiSa, by rgspectiveny Goough s phraliycof openingsrit lotk ¢eltarak?n B6thibout t he
second verd) is t | ; enbly 104.
R B o R ke S e R A
vertical axis is defjned. by shaft.140. Wi st _ housjng 2 ves about, t he
third vertical axis 1{?33 TP Eflb%tﬁ thReer is shayn (bﬁaéﬁzlﬁtrg%&fpwpgt‘)fhousi ng
29 about tgesitiomer dsseenttly d80. Betsinennnpd7nisaveintudal mgmbet wdtichns seoukedscr ew
assenbl y hbur main arm wibe 11, Ki%aih&HinB 99t atids Hikx B BUE3 2R @

hori zont al™ axi i )
slidably engages and supports shoulder lock plate 32. Alternately, retainer ring

77 may be deleted and index lock plate 33 attached directly to main arm tube by
welding, for example. Index lock plate 33 and shoulder lock plate 32 each
include an opening through which main arm tube 11 is placed. Upper arm
assembly 27 includes a cylindrical member which pivots about tube 11.
Shoulder lock plate 32 supports upper arm assembly 27 as upper arm assembly
27 pivots about the tube 11.

Retainer ring 77 is secured to main arm tube 11 by engaging main
arm tube 11 in one of a plurality of incrementally spaced grooves located on
main arm tube 11. Thus, by inserting retainer ring 77 in a different groove
within the main arm tube 11, the height of the positioner assembly 100 relative
t0 main arm tube 11 can be adjusted.

Sleeve bearing 43 is inserted inside shoulder lock plate 32 and
around main arm tube 11, thus facilitating rotation of shoulder lock plate 32
about main arm tube 11. Thrust bearing 82 is located between shoulder lock
plate 32 and index lock plate 33. Thrust bearing 82b is located between upper
arm assembly 27 and main arm tube 11. Needle bearing 83 is located between
upper arm assembly 27 and lock shoulder plate 32. Additional bearings are
located between moving parts at appropriate places within system 150, Cam
follower 80a and cam follower 80b (not shown) are fastened to index lock plate
33 and ride on either side of vertical guide bar 180. Vertical guide bar 180 is



acconpl i shed by pivoting horizontal wist shaft 30 relative to wi st

housi ng 29. Movenent of horizontal wist shaft 30 about the horizontal axis
aan be prevented by |ock screw assenbly 124. The vari ous

| ocks within positioner assembly 100 (e.g. 104, 114) are always |eft

unl ocked when the test head 151 is docked with the device handler. This

all ows the positioner assenbly 100 to float and absorb any notion -
-8- or vibration fromthe handler. If ,;he positioner were | ocked, then the
electrical interface between test headl451 and device handler 165 woul d
absorb the notion or vibration. This may damage the el ectrical interface.
Conver sel wrtatheet poziltmards, theceventng thghtoenied ofttadext loektgate Jealbuts
undocked. 5{1%1&39&&8 |t|oner | ocks were not tightened, the test head may
nove (flo causing possi bl e damage to the equi prrent and injury to the

oper at or . The test head 151 may be undocked and _redocked with
the device handl er Widex lckipimpssesbly éﬁ%ﬁﬁ%bleﬁ/\h@\lmﬁéﬁﬁﬁatﬁ@adolt@ docked

with a deypaediabsdbss ofapqmlt}% Po3icils d¥oab enair bﬁntzﬁﬁé 1hedddeamche
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al ong mai
underside of index lock plate 33 by fastener 60. Index lock pin assembly 132
also includes index lock pin 38. Index lock pin 38 includes a first portion, with
tapered end, which fully occupies an opening in index plate 33, a second
portion, with diameter smaller than the first portion, surrounded by a spring, and
a third portion which engages football knob 90, exterior to index lock pin
housing 37. Lock pin 38 is urged towards the opening in shoulder lock plate 33
by spring 95. In an exemplary embodiment, index lock pin 38 may be actuated
by using prieumatics or electromagnets, allowing index lock pin 38 to be moved
upward and/or downward from a remote location. Other locks (14, 36, 104,
114, 124, etc.) may also be so remotely controlled.

A plurality of openings are located in shoulder lock plate 32.
These openings are incrementally spaced and can each be lined up with lock pin
38. Lock pin 38 can be urged into any of the openings in shoulder lock plate 32
depending on the orientation of shoulder lock plate 32 about main arm tube 11.
In this manper, the orientation of shoulder lock plate 32 about main arm tube 11
may be maintained by preventing the pivoting of shoulder lock plate 32 relative
to index lock plate 33.

Upper arm assembly 27 includes an opening through which vernier
lock screw 36 is inserted. Vernier lock screw 36 is a stepped shank with
threaded end. Football knob 36a (shown in Fig. 4) is secured to non-threaded
end of lock screw 36 and is used for rotating vernier lock screw 36. The
threaded end of vernier lock screw 36 is inserted through a continuous opening
which is located along part of the perimeter of shoulder lock plate 32. Lock pad
34 is located between upper arm 27 and lock shoulder plate 32. The shoulder of
vernier lock screw 36 bears against the upper surface of lock pad 34. Lock pad
35 is located below lock shoulder pad 32. The opening in shoulder pad 35 is
threaded to accommodate vernier lock screw 36. By rotating vernier lock screw



Af'ter noving positioner assenbly 100, |ock screw assenbly 14 can be
actuated to ensure that the test head does not nove in its undocked state.
Thus, damage to the test head and injury to the operator is prevented. The
test head can then be pivoted about the first vertical axis to facilitate
access to the device handler. This is acconplished by pulling | ock pin 38
downward. Lock pin 38 normally engages one of several holes in shoul der

| ock plate 32. By pulling | ock pin 38 downward, shoul der |ock plate 32 (and
t hus upper arm assembly 27) can pivot -dBout the first vertical axis. Thus,
al though the test head is nmoved away fromthe device handler, partial
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posi ti on o‘FPRQFearB’oéﬁs?mnge ahd upper arm assembly 27 pivots about tube 11,

Vernier lock screw 36 allows or prevents rotation of upper arm assembly 27

relative to lock plat'e_ 136 by releasably locking the upper arm assembly 27 to

support member. This is described above with reference to Fig. 3.

Referring now to Fig. 5, there is shown the details of a further
portion of positioner assembly 100.

Secured to the front of upper arm assembly 27 are a pair of mount
blocks 28a, 28b and lock collar 39 positioned above mount block 28a.

Forearm 26 rotates with respect to upper arm assembly 27 by way
of vertical shafts 40a and b (not shown) which extends through a vertical
opening in lock collar 39 through mount block 28a, into forearm 26 and then
from the bottom of forearm 26 into an opening in mount block 28b. Vertical
shafts 40a and b are rigidly secured within forearm 26. Forearm 26 may be

temporarily prevented from rotation by means of lock screw assembly 104 which
is formed within lock collar 39.

" Forearm 26 has a front "C" shaped section which rotatively
receives wrist housing 29. Lock collar 139 is slidably secured to the upper
surface of forearm 26. Wrist housing 29 rotates with respect to forearm 26 by
way of vertical shafts 140a and b (not shown). Vertical shaft 140a extends
through a vertical opening in lock collar 139, through a vertical opening in
forearm 26 and into wrist housing 29. Vertical shaft 140b extends through the



-9-  assenbly. After adjustnents have been nade to the device handler, the
positioner assenbly can be redocked with the device handler. DETAI LED
BESCRI PTI ON OF THE PREFERRED ENMBODI MENT Referring now to Fig.
| A, there is shown a test head positioner system 150 in accordance with the
I nvention. As shown, positioner system 150 carries a test head 151 for a
test systemfor docking with electrical contactor 167b of an integrated

circuit handler 165. It will be understood that other el ectronic devices
may be handl ed by the device handl er, % ch as transistors, chips or dies,
etc. In operation, positioner assenbly 100 i s noved nanuall in a

subst ant i bbttymvefi wtist easing 28l into anlower wgeninglintferdm 2feabhalte $40dhemtl 151
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other doc kbtagng YBSE! AR08 MkheS b&/ hof2¥n@r %vri QRaf: 38" Horizontal member
130 slidably engages member 129 to form a disc style lock mechanism.
Horizontal member.130 may be temporarily prevented from rotation by
tightening lock screw assembly 144, thms applying pressure between horizontal
member 130 and member 129.

Cradle assembly 180 is attached to shaft 30 via horizontal member
130. The test head is attached to the cradle assembly 180 as shown in U. §.
Patent No. 4,705,447 herein incorporated by reference. In this manner, test
head 151 may pivot about a plurality of pivot points within cradle assembly 180.
When the test head pivots in this manner, the test head is said to undergo test
head mamble action. Furthermore, when the test head pivots in this manner, the
test head is said to be in tumble mode. The test head docks and undocks with the
device handler using the docking apparatus, as described in U. S. Patent No.
4,705,447,

It will now be understood that positioner assembly 100
simultaneously positions in 6 degrees of freedom, X, Y, Z,0x,0vy,0z As
shown in Fig. 6, it is important for proper docking that test head 151 have 6
degrees of freedom so that electrical contactor 167b can accurately and effortless
be positioned with respect to electrical interface board 167a, for example.

If the Y direction were considered to be the vertical or up/down
direction, then the movement of assembly 100 vertically with respect to shaft 10
provides the Y direction of freedom.



exanpl e, probers or handlers may be anywhere froma horizontal plane to a
vertical plane. Furthernore, it is possible to undock the test head 151
firomthe electrical contactor 167b and to redock the test head 151 with

el ectrical contactor 167b with a mnimal amount of mani pul ati on of the test
head positioner assenbly 100. The details of positioner
system 150 are shown in Fig. 2 in which there is provided a C shaped beam
form ng a vertical housing or support colum 45. Columm 45 has opposi ng

wal I's 45a, b, front wall 45c, top platé545d (not shown) and bottom pl ate
45e. Columm 45 is supported at its bottom by a base assenbly 103 having a

base plate 108 and @ytyngeedom ewhimdis e k@tﬁﬁo&@.@@t the Y axis is then

- 10- th h bol t t,0 th f 1
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in place a2} abedt t@h@ﬂlh&ram P&1aboBt stfudd pad At fousing 29 about

shaft 140.

If the X direction were considered to be the left to right direction,
then that freedom is provided by pivoting about main arm tube 11, shaft 40 and
shaft 140 in the same manner as O Y. :

O X movement, which is the rotation about the X axis, is provided
by pivoting the test-head about the pivot points within cradle assembly 130.

With respect to Z movement which may be considered to be the in
and out movement, such freedom is provided by pivoting about main arm tube
11, shaft 40 and shaft 140 in the same way as O Y and X.

O Z movement, which is the rotation about the Z axis, is provided
by pivoting shaft 30 relative to wrist housing 29.

Test head positioner system 150 is able to move test head 151 with
6 degrees of freedom between a docked and an undocked position. Thus,
positioner assembly 100 can move vertically along shaft 10, and pivotal
movement is allowed about main arm tube 11, shaft 40, shaft 140 and horizontal
wrist shaft 30.

When test head 151 is docked with device handler 165, all of the
locks in test head positioner system 150 (e.g. lock screw assemblies 104, 114,
144) may be left unlocked. This allows test head positioner system 150 to
absorb vibration which is transmitted from device handler 165 to test head 151.
By contrast, when test head 151 is docked with device handler 163, if all the
locks in test head positioper system 150 were locked, electrical interface
components 167a,b would absorb transmitted vibrations. This may damage the
electrical interface.



Test head 151, Fig. 1A is supported and manipulated in its docking by
positioner assenbly 100 which is adapted to nove vertically on a main shaft
10. Assenbly 100 conprises main armtube 11, index |ock plate 33, shoul der
|'ock plate 32, upper arm assenbly 27, forearm assenbly 26, wist housing
assenbly 29, and shaft assenbly 30. Nhin shaft 10 is secured in place on
the front section of colum 45 by opposing pillow bl ocks 20, 21.

Posi tioner assenbly 100 is adapted to ride vertically on main shaft 10 by a
counter wei ght assenbly 125 which nove® vertically in either direction
within the rear section of colum 45. Assenbly 125 includes wei ght rod
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collar 12. Lo collar 12 is also

If the test head 151 has been docked with the device handler 165 in
the horizontal plane (i.e., the front surface of the test head 151 is parallel with
the floor), then, the test head 151 is undocked from the device handler 165 by
actuating lock screw assemblies 104, 114, 144, 36 as well as tumble action locks
(e.g. all locks except lock 14) and moving the test head 151 away from the
device handler 165 in a vertical direction. Lock screw assembly 14 is then
actuated to maintain positioner assembly 100 in a desired vertical position while
test head 151 is undocked. The test head 151 can then be pivoted about the first
vertical axis to facilitate access to the device handler 165. This is accomplished
by pulling lock pin 38 downward. As previously stated, lock pin 38 normally
engages one of several holes in shoulder lock plate 32. By pulling lock pin 38
downward, shoulder lock plate 32 (and thus upper arm assembly 27) can pivot
about the first vertical axis, until lock pin 38 is urged into a different hole.
Thus, the test head 151 can be pivoted about the first vertical axis without
loosening lock screw assembly 14. When any repairs or adjustments have been
completed to the test head or the device handler, redocking of the test head
relative to the device handler can be accomplished by pulling lock pin 38
downward, thus allowing shoulder lock plate 32 (and thus upper arm assembly
27) to pivot back to its original position so that lock pin 38 again engages the
hole in shoulder lock plate 32 which lock pin 38 originally engaged. Lock screw
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| ocat ed about main shaft 10. By tightening | ock screw assenbly 14, the
vertical position of main armtube 11 relative to nain shaft 10 remains
fExed. In an exenplary enbodi ment of the present invention, |ock collar 12
may be inplenented in accordance with that disclosed in U S. Patent No.
4,715,574, incorporated herein by reference. Lift block 19 securely
receives flexible cables 105a, b, respectively, through a plurality of
openings in lock collar 12. In this nmanpger, positioner assenbly 100 is
coupl ed to counter-wei ght assenbly 1257 - Referring now to Fig.
3, there is shown the details of a portion of positioner assenbly 100.

Ret ai ner rassgmbBly 14 isthenriooseaed ardriges poditicier Rsaetlyr 0 ishaoredmi thear m t ube
11. Retai ntﬁor r@@gs-y carries index |ock plate 33 ich slidably engages and
supports s 8&F 188« plate 32. Alternately, retainer ring 77 may be

del eted and index lock plate 33 attached directly to nmain_armtube by

wel di ng, for exanpl eWhendistesbleadis sloskgbwathcr devicg bardlenikthel wrdcgd2 each

i ncl ude ar};}@ﬁ,&h@%s& Hegd @lin BB uaBos@dbyRidtidtielokk sbiewaseatbly WaRSK ar m
assenbly Z7 i ncl ﬁ_(iles ahc i,ndri.cal nerber whicth pivots aggut 1151Ub 11.
Shoul der |RJ¥RUDS Licetesd %%fpﬂﬂlf Q‘eu‘bﬁ?rv%ﬁ?la%@é X/PYPURE 2G6Rk e dBrteassenb y
27 pivot s wdrtcdl axee witthbcklscrew assembly 14 actuated, the test head can be
manually pushed away from the device handler without changing the positioner
assembly's vertical position. Thus, when realigning the test head with the device
handler, it is unnecessary to adjust the vertical position of the positioner
assembly. After adjustments have been made to the device handler, the
positioner assembly can be redocked with the device handler.

Referring now to Figs. 1B and 7, there is shown still a further
embodiment of the present invention. - This embodiment includes forearm 26
which has a front "C" shaped section which rotatably receives wrist housing
705. Lock collar 139 is secured to the upper surface of forearm 26. Housing
705 rotates with respect to forearm 701 by way of vertical shafts 704a,b which
extend through a vertical opening in lock collar 139, through a vertical opening
in forearm 26, into wrist housing 705 and then from the bottom of wrist housing
705 into a lower opening in forearm26 Shafts 704a,b are rigidly secured within
wrist housing 705. Wrist housing 705 may be ternporarily prevented from
rotation by actuating lock screw assembly 114 which is formed within lock collar
139.

Projected cradle assembly 720 includes outer cradle back 713
which is secured to wrist housing 705. OQuter cradle back 713 is hollow with
inner cradle back 714 located therein. Cradle pivot shaft 710 extends through
one side of outer cradle back 713, through inner cradle back 714 and through the
other side of outer cradle back 713, thus allowing inner cradle back 714 to pivot
about cradle pivot shaft710 Cradle side 707 is secured to inner cradle back 714
at substantially right angles through an opening in outer cradle back 713. The
opening in outer cradle back 713 allows cradle side 707 to move up or down a
minor distance as inner cradle back 714 pivots about cradle pivot shaft 710. By
actuating lock screw assembly 711, which extends through an opening in outer
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Retainer ring 77 is secured to main armtube 11 by engagi ng main arm tube
11 in one of a plurality of increnentally spaced grooves |ocated on nmain
akm tube 11. Thus, by inserting retainer ring 77 in a different groove
within the main armtube 11, the height of the positioner assenbly 100
relative to main armtube 11 can be adj usted. Sl eeve bearing
43 is inserted inside shoulder | ock plate 32 and around nmain arm tube 11,
thus facilitating rotation of shoul der |ock plate 32 about nmain armtube
11. Thrust bearing 82 is | ocated bet wed® shoul der | ock pl ate 32 and i ndex
| ock plate 33. Thrust bearing 82b is | ocated between upper arm assenbly 27

and mai n a¢radleubaeld 713 t\ewet CradRabdckdy 43 movdnaaiofdridié WRRMOMREr arm
assenbl y 25/ Q) gel ock shoul der plate 32. Additional bearings arg |ocated
bet ween no an ﬁogrts at appropriate places within system 150. Cam fol | oner
80a and cam fol |l ower 80b (not shown) are_fastened to index |ock plate 33
and ride on either sMewing frogr wrishhoupingié0d s cugile pivet shafa71Quthgée bar 180

s distance between the top and bottom of outer cradle ?;rcklﬂ 3 decgééséﬁhed to col ugn
45, thus pgeuenting, thenl Siat Btk 9lo L1081l 355 AYALS daaROUL iy 2 ™ 1 ube
top and bottom of inner cradle back 714 decreases. In a preferred embodiment

of the present invention, inner cradle back 714 pivots about cradle pivot shaft

710 with + /- four degrees of motion.

Cradle side 707 is attached to cable pivot housing 715, on its
opposite end, thereby connecting inner cradle back 714 to cable pivot housing
715. Cable pivot housing 715 retains test head adapter ring 708 allowing ring
708 to rotate (in the O X direction) within cable pivot housing 715. The
operation of cable pivot housing 715 and test head adapter ring 708 is more fully
described in U.S. patent application (07/588, 144 filed July 15, 1990 herein
incorporated by reference. Test head yoke 7092 and b is attached to test head
adapter ring 708 and to the test head. In this exemplary embodiment O Z
movement is provided by the rotation of the inner cradle back 714 about cradle
pivot shaft 710.

The O X movement is provided as previously stated by the rotation
of the test head 151 and yoke 709 via test head adapter ring 707 rotation within
cable pivot housing 715.

It will now be understood that positioner assembly 100with this
exemplary embodiment simultaneously positions and projects large test heads
with 6 degrees of freedom over or under physically large handlers and probers.
Thus, the test head may be accurately and effortlessly positioned with respect to
the device to be tested as the test head and its cable assembly are rotated at their
center of gravity.

Referring now to Fig. 8, there is shown a further embodiment of
the present invention in which forearm 26 and forearm mounts 28a and 28b are
replaced with horizontal guide assembly 800. Horizontal guide assembty 800
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| hdex | ock pin assenbly 132 enabl es shoul der | ock plate 32 to be | ocked
into one of a plurality of positions about main armtube 11. Index |ock pin
assenbly 132 includes index |ock pin housing 37 which is secured to the
underside of index |ock plate 33 by fastener 60. Index |ock pin assenbly
132 al so includes index |ock pin 38. Index |ock pin 38 includes a first
portion, with tapered end, which fully occupies an opening in index plate
33, a second portion, with diameter smaller than the first portion,
surrounded by a spring, and a third pol?kon whi ch engages football knob 90,
exterior to index lock pin housing 37. Lock pin 38 is urged towards the
openi ng i fn3heuyl Eefar| gtde Blodk 8183 Ihefhdide blek 410 BH-R¥BMRashedagiedi ment
i ndex | ock pin.,38 . ,my be ac% ted by using pneumatics or ‘el ecf,romagnets,

al | owi ng i‘ﬁlfggé‘ll"t‘}gku Gf 38 Po'-be noved upward and/ or downward from a renpte
| ocation. O her |locks (14, 36, 104, 114, 124, etc.) may also be so renotely
control | ed. Linear guidepblock 8il € hasfinopebearings £oe rdcetvdng diorigostabul der

| ock pl at engfs 87163 AIDCTBAARR 2 IsEEERANG YrkXnBRAGRANSRY 1CBI GACH be
lined up w ock pin 38, ck pin.38 can be urged 1nto any of the
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pl at e 33. motion by actuating Upgkescrewrassesslely80O4 witichris fomesd withbplinéarg t hr ough
whi ch verny eb@gi&gqgrew 36 is inserted. Vernier lock screw 36 is a stepped
shank wit readed end. Football knob 36a (shown in Fig. 4) is secured to
non-t hreaded end of | ock - ew .36, and i sed. far rotating vernier |ock
screw 36. The threa @Je‘gﬁ%lggé’ WFWWW&)@%&% barigen wmggi?quéﬁ]f# hrough a
conti nuoumogemms Mcmedabbmwﬁmcke?&ngo e dnaldgoul eopgronertserf K. shoul der
| ock plate 32. Lock pad 34 is | ocated between upper arm 27 and | ock

shoul der §‘ate 32. The shoul der of

Horizontal wrist shaft 830 is attached to cradle back 830.

Cradle back 850 is fixedly attached to cradle side 890 through
spacer 891, Test head adapter ring 884 rotates within cable pivot housing 833 as
described above with respect to the analogous components of Fig. 7. Yoke 853
is fixedly attached to test head adapter 884 and to the test head as described
above with respect to Fig. 7. :

Referring now to Fig. 9, there is shown a further embodiment of
the present invention in which linear guide block 903 is attached to upper arm
927. Linear guide block 903 has linear bearings for receiving horizontal shafts
901, 902. Bumper 904 is secured to one end of horizontal shafts 901, 902 to
prevent horizontal shafts 901, 902 from sliding out of the openings in horizontal
guide block 903. Cable pivot adapter 990 is affixed to horizontal shafts 901,
902. Cable pivot adapter 990 includes flange 981 and beam 982. Beam 982 is
attached to flange 981 on one end and to cable pivot housing 983 on its opposite
end, thereby connecting flange 981 and cable pivot housing 983. Cable pivot
housing 983 retains test head adapter ring 984, allowing ring 984 to rotate (in the
Oy direction) within housing 983. The operation of cable pivot housing 983 and
test head adapter ring 984 is more fully described in U. S. Patent Application
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verni er |ock screw 36 bears agai nst the upper surface of |ock pad 34. Lock
pad 35 is | ocated bel ow | ock shoul der pad 32. The opening in shoul der pad
35 is threaded to accombdate vernier |ock screw 36. By rotating vernier

| ock screw - 13- 36, lock
pad 35 is drawn upwards by the threaded portion of vernier |ock screw 36
and | ock pad 34 is pushed downwards by the shoul der of vernier |ock screw
36. Thus, the rotation of upper arn1a2ﬁﬁnbly 27 relative to | ock shoul der
plate 32 is prevented by tightening vernier |ock screw 36. In
an exenpl ary enbodi nent of the present invention, shoulder |ock plate 32
and i ndex 074388, bt BledJuly 25 Efi0ahardinvintorporsid glyerefarppor. t Testdredle 136, Thi s
|5 shown ‘ggﬁh&a&&él{e%%%é@g%g ’Hx%;/tes?‘fﬁ%&rﬁ aﬁi‘?d?i@@&o bl Spirgf to main

arm t ube er arma upper _sur e of support
menber 13@0§@0§‘@bb6¢%1' meHpeR 6 HnBS%s Tedatailsofyguides MHppBd &reupper arm

assembl y ZymaAnd TBOEGN tha(detAIs T BRkde X0 Plevidtshakaut tube 11. Vernier |ock
screw 36 allows or prevents rotation of upper arm assenbly 27 relative to

ook Pt 196, b 1Sk GR3al ok 8 Kol VOB S3TLARIETEL Ao bR VPP
901a, 901b which are secured to cradle assembly 995 by mounting blocks 903a,
904a and 903b, 504b, respectively. Linear guide block 902a slides along
horizontal shaft 901a. Similarly, linear guide block 902b slides along horizontal
shaft 901b. Linear guide blocks 902a, 902b, each include pivot points 905a,
905b secured thereto, which allows the test head to pivot slightly about an axis
perpendicular to the axis defined by horizontal shafts 901a, 501b.

Referring now to Fig. 10, there is shown a further embodiment of
the present invention. In this embodiment, forearm 26 has been
deleted.Horizontal wrist housing 1026 is coupled to arm 1027 by way of shafts
1040 a,b inserted through mount blocks 28,29, respectively, with shafts 1040 a,b
also inserted through horizontal wrist housing 1029. In place of forearm 29,
cradle assembly 1006 is coupled to wrist housing 1029 by horizontal wrist shaft
1030. Horizontal wrist shaft 1030 allows cradle assembiy 1006 to be pivoted
about the horizontal axis. By tightening horizontal wrist shaft lock screw (not
shown), cradle assembly 1006 can be prevented from rotating about the
horizontal axis.

"Cradle assembly 1006 includes horizontal shafts 1001a, 1001b
which are secured to cradle assembly 1006 by mounting blocks 1003a, 1004a
and 1003b, 1004b, respectively. Linear guide block 1002a slides along
horizontal shaft 1001a. Similarly, linear guide block 1002b slides along
horizontal shaft 1001b. Linear guide blocks 1002a, 1002b, each include pivot
points 1005a, 1005b secured thereto, which allows the test head to pivot about
an axis perpendicular to the axis defined by horizontal shafts 1001a, 1001b.
Thus, by allowing movement about two vertical axes and along one horizontal
axis (via shafts 1001 a,b) motion identical to that obtained by allowing rotation
about three vertical axes (Figure 2) is obtained.
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Referring nowto Fig. 5, there is shown the details of a further portion of

posi ti oner assenbly 100. Secured to the front of upper arm
assenbly 27 are a pair of nmount blocks 28a, 28b and | ock collar 39
posi ti oned above nount bl ock 28a. Forearm 26 rotates with

respect to upper arm assenbly 27 by way of vertical shafts 40a and b (not
shown) which extends through a vertical opening in lock collar 39 through
mount bl ock 28a, into forearm 26 and then fromthe bottom of forearm 26
into an opening in nmount block 28b. Vertical shafts 40a and b are rigidly
secured within forearm 26. Forearm 26 may be tenporarily prevented from
rotati on by neans oRefeorfg seFegv bls'sethibteyis shdwnhbarton pladtodbeshigh (i n | ock

coll ar 39yiractly bolted on to Lt{:eoﬂé'@fr 1%%%@%@ ﬁﬁ{tr tB’I{:st cg%%w??ﬁi Iéﬁﬁ{gl @& Whi ch

rotatively recelves wist hous secured
to the upiﬁ@ﬁe@urﬁ"@d@lfﬁﬂseﬁ&féémﬁh% the elamenss sithip polupyt 43 83vene respect

to forearpeaifsHwnatn ofill Wabihef 8mbolithdr a%%ﬁawartﬁ mg( noB, sét@om)lplatyer tical ]
rough a

Shal LIRS R ORI B AR SREBLRAIN LSS GO Y e o
140b ext etdadjatenssigewalls of test cabinet 1111c. A leveling pad 1174 may be
provided for the leveling of the base. Instead of being bolted to cabinet 1111c,
bars 1170, 1171 may be extended (not shown) and coupled to two additional bars
holding the remaining two sides of the cabinet. Thus, the four bars may be

bolted to each other to rigidly engage cabinet 1111c¢.

In still another embodiment of the present invention as shown in
Fig. 12, the base 43¢ has been attached inside the test system cabinet 1201. By
controlling the plurality of locks (e.g. 14,36,104,114,124) by remote control in
conjunction with the embodiment of Fig. 7, the test head can be projected by a
long outer cradle back 713 to any desired distance. In this manner the complete
column mechanism can be enclosed in the test system cabinet and all salient
functions of the positioner system can be retained.

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 spirit and scope of the appended claims.
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-~ 14 - Dbottomof wist housing 29 into a | ower opening in forearm 26.
Shafts 140a and b are rigidly secured within wist housing 29. Wi st
housi ng 29 may be tenporarily prevented fromrotati on by means of |ock
screw assenbly 114 which is formed within | ock collar 139.

Wi st housing 29 includes a nenber 129 which projects froman end of wi st
housing 29 at a substantially right angle. Horizontal wist shaft 30 is
coupled to horizontal nenber 130. Horjizental nenber 130 is rotatable with
respect to nmenber 129 by neans of horiZontal wist shaft 30 which extends
t hrough housing 29. In other words, horizontal menber 130 is capable of
rotati ng Wbatisfolaimed defined by horizontal wist shaft 30. Horizontal
menber 130 slidably engages nenmber 129 to forma disc style | eck mechani sm

{ﬂor Ih tzon_t al Irrerrber 130 Ws%gzllf&rﬁ&MItﬁ{diﬁg’a@"eﬁ;é&bhﬁdte&ﬁMdr@?bifofﬁiﬁg%d

i ghtenin ock. screw asse hus i.n t essur et ween

hori zont alqmr‘ﬁgﬁﬁgg ngglegﬁtaowg e&%&l&anglggtré;mc%epu Slmdgeraag@\é\ﬁ& y 180 is
attached tprosidaig r@ation af baidicksrtoaic wenimad 400t a Thpter eftgrindtyd said at t ached
to the cr g aégeégﬁggg% 180 as shown in U S. Patent No. 4,705,447 herein

I ncor por at yre ereffce. In this manner, test head 151 may pivot about a
plurality of pivot points within_cradle assenbly 180. Wien the test head

pivots in this manndrSUPPRE QOANTN Ra%REi&OPai d to undergo test head tunble
action. Furthernore, when the test head pivots in this manner, the test

gead ishsaijfl to be im@&dﬁ&cnﬁﬁ&ss&h&lﬁ@ﬁphﬁb@g&a@&@o&anwlugﬂnghﬁpwth the
evi ce handl er usin .as..described in U S. Patent

No. 4, 705, 447. %fz’j%&eg%%#‘?%ﬁfﬁ%mﬁ%ﬁﬁ’émg erstood that positioner
assenbly 100

an outer cradle back having a first end and a second end, said outer
cradlé.back having a hollow region and an opening;

an inner cradle back having a first end and a second end, said inner
cradle back extending through said opening and said hollow region
of said outer cradle back and coupled to said outer cradle back;

said inner cradle back pivotable about an axis located near the
second end of said outer cradle back and the second end of said
inner cradle back; and

means for coupling said test head to said inner cradle back so that

a) said test head is projected horizontally away from a vertical axis
defined by said support column for pivotable movement of said test
head about said center of gravity and

b) at least a portion of said test head is below said top of said
- support column.

2. The system of claim 1, wherein said outer cradle back is
tapered from said first end to said second end.

3. The system of claim 1, wherein said inner cradle back is
tapered from said second end to said first end.

—
A
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simul taneously positions in 6 degrees of freedom X Y, Z Ox, Oy, Oz
As shown in Fig. 6, it is inportant for proper docking that test head 151
have 6 degrees of freedom so that electrical contactor 167b can accurately
and effortless be positioned with respect to electrical interface board
167a, for exanple. If the Y direction were considered to be
the vertical or up/down direction, then the novenent of assenbly 100
vertically with respect to shaft 10 prgvides the Y direction of freedom
OY freedom which is the rotation abot® "the Y axis is then provided by
rotation of upper arm 27 about tube 11, forearm 26 about shaft 40 and wri st

housi-ng 29 about shgf{ t THd §ystdm oﬁdwuhlpnwh@rcm setd tprejesiedtoeadl® aysomblgt i on

with respect.to t e c or Vi tation of
upper ar gb%cﬂﬁg?%gé}@%m%‘é&%gh@g M‘”}sﬁé@ nnggg%g%q;?ﬁa&g?bﬁ usi ng 29
about shafgidiands. If the X direction were considered to be the
left to right direction, then that freedomis provided by pivoting about

mein armtube 11, shafThefyseid ofRBfitn LAVheRiIA 5Ad TR B BRliplafy i
test head to said inner cradle back includes a cradle side interposed between said
inner cradle back and said means for coupling said test head to said inner cradle
back.

6. The system of claim 1, wherein said axis is defined by a shaft.

7. The system of claim 5, wherein said cradle side is coupled to
said inner cradle back near said first end of said inner cradle back.

8. The system of claim 5, wherein said cradle side is coupled to
said inner cradle back at a substantially right angle.

9. The system of claim 1, wherein said support column is housed
within an enclosure.

10. The system of claim 1, wherem said support column has a
main shaft, said system further comprising:

a tube disposed about the main shaft and movable along the main
shaft;

tube locking means for releasably preventing movement of the tube
along the shaft;

an upper arm assembly having a member for pivoting about the
- tube;

stationary support means secured to the tube and having a surface
for supporting the upper arm assembly and over which the upper
arm assembly slides as it pivots about the tube; and

I
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b x novenent, which is the rotation about the X axis, is provided by

pi voting the test head about the pivot points within cradle assenbly 180.
Wth respect to Z novenent which may be considered to be the in and out
novenent, such freedomis provided by pivoting about main armtube 11,

shaft 40 and shaft 140 in the sane way as O Y and X Oz
novenment, which is the rotation about the Z axis, is provided by pivoting
shaft 30 relative to wist housing 29. Test head positioner

system 150 is able to nove test head 1¥i-with 6 degrees of freedom between
a docked and an undocked position. Thus, positioner assenbly 100 can nove

vertical ly al ong shgid udder athtageé Bﬂaﬁﬁﬁﬁﬁﬁaﬁlﬁﬂ‘@'ﬁg@ﬂt main arm

tube 11, shaft 40, shaf 40 an 0 shaft” 3

When test head 151 e%@be‘%c%‘\g Ewp%a%ﬁﬁeg%%}ié%a’eawp%’ﬁ?‘ﬁé“q Bcks in
test head positioneprevest pivoling of ehguppercnsaniewbasstheiibees 104, 114, 144)
may be |left unlocked. This allows test head positioner system 150 to absorb
vi bration which is tira ' : [ : S ad 151. By
contrast, when_test %t%'ea 1 &?%foggc @gﬁv\ﬂ?%ﬁgg%lgéu nd{:glr géa;li&\f all the
| ocks in meain shafidsaie Systemnairthey SOMpIisHE: wer e | ocked, electrical interface
conponents 167a,b woul d absorb transmtted vibrations. This may damage the

el ectrical interfaca.tube disposed about the main shaft and movable along the main
shaft;

tube locking means for preventing movement of the tube along the
main shaft;

an upper arm assembly having a cylindrical member for pivoting
about the tube;

shoulder means pivotable about the tube and for slidably engaging
and supporting the upper arm assembly as the upper arm assembly
pivots about the tube;

upper arm locking means for releasably locking the upper arm
assembly to the shoulder means to prevent pivoting of the upper
arm assembly relative to the shoulder means;

lower support means secured to the tube and precluded from
rotation for slidably engaging and supporting the shoulder means as
it pivots about the tube; and

shoulder locking means for releasably locking the shoulder means
to the lower support means to prevent pivoting of the shoulder
. means relative to the lower support means.

12. A system for positioning an electronic test head for docking
and undocking said electronic test head with an electronic device handler and for
providing rotation of said electronic test head about a center of gravity, said
system comprising:

\

0 g



-'16 - Wien test head 151 is not docked with device handl er
165, all of the locks in test head positioner system 150 nay be actuated.
This maintains the position of test head 151. By contrast, when test head
151 is not docked with device handler 165, if the |locks in test head
positioner system 150 are unl ocked, the heavy test can easily nove. This
I ncreases the risk of operator injury and equi pnent danage. _
After the test head 151 has been docked with the device handler 165, it nmay
be necessary to undock the test head 4183- nake adjustnents to the test head
151 or the device handler 165, and then to redock the test head 151 with

t he devi ce handl er ﬁ gmhﬁﬁent I nvention allows this procedure to be
acconplished with n1n|ﬁg a jUS hent s to the positioner assenbly.

If the test head 151 has be cked with the, devi¢e handler 165 jpn the
hori zontal plane (i 2ePTOJSC q;rla asgemblycoupied Wesatléﬂpﬁ%ﬁp lymn, isaidhar al | el
with the floor), fhgrojetied cradie absmsblyebrigrismglocked from the devi ce
handl er 165 by actuating | ock screm/assenblles 104, 114, 144, 36 as well as

t unbl t | ock | 4 t
head 151 avay ffgmsta?% %%v%éeh%ﬁgﬁé?%bﬂ Sfhock ! RIS RS, Bkt 0\
screw assenbly 14 i $odisad ord enad.t widranter sradlp beck havisg adweltawl y 100 in a

desired verti cal pOEi'bgmﬁranﬂ/fud@ - head 151 is undocked. The test head
151 can then be pivoted about the first vertical axis to facilitate access

to the device handl gf 163 IH.S 8 %D es83 and a second end, said inner
cradle back extending through said opening and said hollow region
of said outer cradle back and coupled to said outer cradle back;

said first end of said inner cradle back movable upward and
downward between said top surface and said bottom surface of said
outer cradle back and pivotable about an axis located near the
second end of said outer cradle back and the second end of said
inner cradle back; and

means for coupling said test head to said inner cradle back for
pivotable movement of said test head about said center of gravity
and for supporting said test head for docking and undocking said
electronic test head with said electronic device handler.

13. A system for positioning an electronic test head according to
claim 11, wherein said inner cradle back has a linear elongated shape.

14. The system of claim 1 wherein said means for coupling said
test head to said inner cradle back includes means for supporting said test head
for docking and undocking said electronic test head with said electronic device
handler.

15. A system for positioning an electronic test head according to
claim 12, wherein said outer cradle back has an elongated shape extending
longitudinally lengthwise along a first axis, said inner cradle back has a further
elongated shape extending longitudinally lengthwise along a second axis, and

_—
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by pulling I ock pin 38 downward. As previously stated, lock pin 38 normally
engages one of several holes in shoulder |lock plate 32. By pulling [ock pin
38 downward, shoul der | ock plate 32 (and thus upper arm assenbly 27) can
pi vot about the first vertical axis, until lock pin 38 is urged into a
different hole. Thus, the test head 151 can be pivoted about the first
vertical axis without | oosening | ock screw assenbly 14. Wen any repairs or .
adj ustnents have been conpleted to the_test head or the device handler,
redocki ng of the test head relative t026he device handl er can be
acconplisZ:gﬁby pul ling lock pin 38 downward, thus allow ng shoul der | ock
pl at e” 32 (saidlirmisrisradip daclalsmpiasabloythat 3aid Firk Easited Par rdagd nal
position §Qc<}<rﬂf‘£xik>00k pin 38rp agai n engages tﬁgdéﬁgég In ss}lghuﬂééirﬁlégc pl at e
32 which I'ock pin 38 originally engaged. Lock screw
-17- assenbly 14 is then | oosened and the positioner assenbly 100 is noved
to the docked position. When the test head is docked with a
device handler in the vertical plane, the test head can be undocked by
actuating |lock screw assenbly 14 and pivoting the test head about the three
vertical axes. By pivoting about the three vertical axes with [ ock screw
assenbly 14 actuated, the test head can be

e
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manual | y pushed away fromthe device handl er w thout changing the
positioner assenbly's vertical position. Thus, when realigning the test
head with the device handler, it is unnecessary to adjust the vertical
position of the positioner assenbly. After adjustnents have been nmade to
t he device handl er, the positioner assenbly can be redocked wth the device
handl er. Referring nowto Figs. 1B and 7, there is shown
still a further enbodi nent of the presgft-invention. This enbodi nent

i ncl udes forearm 26 which has a frogégﬁggé shaped section which rotatably
receives wist housing 705. Lock co 9 is secured to the upper surface

of forearm 26. Housing 705 rotfésgcmint BaNTPEREOR t 0 forearm 701- by way of
vertical shafts 704a,b which extend through a vertical opening=in |ock

col lar 139, through A system @adxsqlp@duﬁcvgppmt:romrmmlzstromttgst\mdtwmusu ng
705 and thféa éétqmahhﬁeé%fﬁﬂ@ﬂbﬁ&e%hélkr itfher aSdethily 'n‘i&'t&desope”' ng in

f 26 Sh fts.7 i dl t hi 705. Wi st
houst ng. 70 BARASE dacks ciBisRiaions B e ks %%%WV% qu'p&lﬁ)wias bevatEng | ock
; crew aszI enhhtyorid:ﬂMﬂestfheaﬂ dboundw’ mainhshaft. Cas o el tast hkdd.can be ali ed

roj ecte C
seclur ed to&’ivtvri'l i'S Zﬁzg:ﬁ%h g &o&gbgﬂgégg%yﬁya@% #gﬁﬁg}aﬁg}ﬁ lPrF i nner
cradl e bac&dﬂ&mmmadmm easilyrealignegdiwish thehdgvicerhandden aftars t hr ough one
si de of ouj@fisteie BaRbden/chinpleRHO AIRAAMIR! Ry, Cth@@%%r@@%cl@ﬂl&? @r{ﬁ &fsgugh

r cradleb er cra

t he ot her qut
714 to pi v@"t %:tﬁo'{ﬂmte @Ee%ﬂlﬁ %P S f“(bﬁ%)?’@}vﬁﬂql% g}oasmgevgﬁpggélé%m to
i nper cr adilefbaThug,lthe a¢st diebd tambe alipyed indiht thenighvive Handizpghotaedabent ng i n

Cie 78??*51‘3&%@*%%“‘3@%9”%8% B8 RS RSy o e, 17 ©
pi vots aboind easaky r@abgmskw devioe hegdlar aftar adjystments Bavecheeassenmbly 71 1,
whi ch ext eébiﬁp!etb’d)%ﬂi'lﬁéx%ﬁ rallaﬁrs'tﬁl: gt BEad to be rotated from an initial

position to a temporary position and then rotated from the temporary position

back to the initial position without requiring realignment of the test head relative

to the device handler. The system includes a projected cradle assembly which

allows the heavy test head to be projected above or below a physically large

handler while still pivoting the load of the test head w1th its cable assembly at its

center of gravity.

(Fig. 2)



i 18 - cradle back 713 to inner cradle back 714, novenment of cradle side

707 is prevented. Movi ng fromwist housing 705 to cradle
ivot shaft 710, the distance between the top and bottom of outer cradle
ack 713 decreases. Mywving fromcradle pivot shaft 710 to cradle side 707,

t he di stance between the top and bottom of inner cradle back 714 decreases.

In a preferred enbodi nent of the present invention, inner cradle back 714

pi vots about cradle pivot shaft 710 with + /4 four degrees of notion.

Cradle side 707 is attached to cabl e pivot housing 715, on its opposite

end, thereby connecting inner cradle back 714 to cable pivot housing 715.

Cabl e pivot housing 715 retains test head adapter ring 708 allow ng ring

708 to rotate (in the O X direction) within cable pivot housing 715. The

operation of cable pivot housing 715 and test head adapter ring 708 is nore

fully described in U S. patent application 07/588,144 filed July 15, 1990

herein incorporated by reference. Test head yoke 709a and b is attached to

test head adapter ring 708 and to the test head. In this exenplary
enbodi mrent O Z novenent is provided by the rotggion of the inner cradle
back 714 about cradle ==
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%ivot shaft 710.

adapt er
Wi |1

The O X novenent

is provided as previously
stated by the rotation of the test head 151 and yoke 709 via test head

ring 707 rotation within cable pivot housing 715.
now be understood that positioner assenbly 100with this exenpl ary

It

enbodi ment sinul taneously positions and projects large test heads with 6
degrees of freedom over or

Thus,

under

physically | arge handl ers and probers.
the test head may be accurately and effortlessly positioned with

respect to the device to be tested as the test head and its cable assenbly
are rotated at their center of gravity. /13

8, there is shown a further enbodi nent of the present

Referring now to Fig.
i nvention in which

forearm 26 and forearm nounts 28a and 28b are replaced with horizontal
gui de assenbly 800

gui de assenbly 800. Hori zont al

219-

attached to or integral with upper arm 827.

1B

FIG.

i ncl udes |inear guide block 810. Linear guide block 8 10 is fixedly
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3 .
Li near gui de bl ock 810. has |inear bearings for receiving horizontal shafts
811 and 812. Bunper 813 is secured to one end of shafts 811, 812 to prevent
skhafts 811 and 812 fromsliding out of the openings in horizontal guide
bl ock 810. The other end of horizontal shafts 811, 812 is secured to
forearm 826. Horizontal shafts 811,812 may be tenporarily prevented from
| inear notion by actuating | ock screw assenbly 804 which is fornmed within
| i near gui de bl ock 810. Forear n3/826, wist housing 829 and
hori zontal wist shaft 830 cooperate as descri bed above with respect to the
anal ogous conponents of Fig. 5. Horizontal wist shaft 830 is
attached to cradl e back 850. | e back 850 is fixedly

attached to cradle side 890 through st head adapter ring 884
i i bove with respect to

t he anal ogous conponents of Fi ¢i—J7. |Yoke [ xedly attached to test
head adapter 884 and to the test hedd as deseyibed ahove mﬁtﬁ?f@spd?t to
Fig. 7. Referring nowt ,Ytherelis shown a further

ui de bl ock 903 is

enbodi ment of the present invention:in
has |inear bearings for

attached to upper arm 927. Linear gyide b
recei ving horizontal shafts 901, 903 4 ms #ecured to one end of
hori zontal shafts 901, 902 to preve¢ﬂ3.or|z al ‘ﬁaﬁts 901, 902 from

sliding out of the openings in h@g ontul R AE block 3. Cabl e pivot

adapter 990 is affixed to horiz oy ) bl e pi vot adapter
990 includes flange 981 and beam’ it ttached to fl ange 981 on
one end and to cabl e pivot hou5|ng i
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!
end, thereby connecting flange 981 and cabl e pivot housing 983. Cabl e pivot
housi ng 983 retains test head adapter ring 984, allowing ring 984 to rotate
(bn the Ox direction) within housing 983. The operation of cable pivot
housi ng 983 and test head adapter ring 984 is nore fully described in U S
Pat ent Application - 20 -
07/588, 144, filed July 25, 1990 herein incorporated by reference. Test ,
cradle 995 is attached to ring 984. The testy/pad is attached to the cradle
t hrough horizontal |inear notion guides 940, 950. The details of guides
940, 950 are simlar. Thus, the details ?;Bguid 940 are not shown.

Hori zontal |inear notion guides 949, 950fix@l.u hori zont al shﬁfts 901a,

901b which are secured to cradlbly 995 by nounting bl ) 903a, 904a
and 903b, 904b, respectively. Linear gpide block 902a l.des| aj of
horizontal shaft 90la. Simlarlly, linefrsguy o T des/la
hori zontal shaft 901b. Li e gui de bl pck , , eack; | ncl
poi nts 905a, 905b secured N fér ét o, | whi ch¥ ows the test qiaj Fo
slightly about an axis peﬂE ndifcul ar tp f i s defineg/Q\ nor
shafts 901a, 901b. N/ Referrif 0Y b\ hﬁ‘re |
further enmbodi ment of \\g 2l !
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3 .
the present invention. In this enbodi nent, forearm 26 has been
del et ed. Hori zontal wrist housing 1026 is coupled to arm 1027 by way of
shafts 1040 a,b inserted through nount bl ocks 28,29, respectively, wth
shafts 1040 a,b also inserted through horizontal wist housing 1029. In
pl ace of forearm 29, cradle assenbly 1006 is coupled to wist housing 1029
by horizontal wist shaft 1030. Horizontal wist shaft 1030 allows cradle
assenbly 1006 to be pivoted about the hori @t al axis. By tightening
horizontal wrist shaft |ock screw (not shown), cradle assenbly 1006 can be
prevented fromrotating about the horizggfél axi s. Cradl e
assenbly 1006 includes horizontal {shafts 4¥01a? 1001b which are secured to

oo
\T\g\
Ve

cradl e assenbly 1006 by nountifg 3l ocks 1003a, 1004a and 10§36,) 1004b,
respectively. Linear guide blgck %OOZa sl i des al ong aL T8 1001a
Simlarly, linear guide blg 1002b s|Tpgsra rizont sha Olb
Li near gui de bl ocks 1002a~igl0Q2b, jeach Ene| ude pivot poinps| 10058\ 4005b
secured thereto, which aliNgs |t heit est af to pivot abouytyan g
perpendi cul ar to the axi g’ 2f iined . by pofil2Qn h s—40014q,; 1 Thus,
by al | owi ng novenent abou{;imn veﬂticaI.J : Q 1o{i axi s
(via shafts 1001 a, b) nnbkjﬁ ijdenti cal ko.¥hat obtained Byjallo S
rotation about three verbk%él axe? (F g,ﬁq 2) is obtaine%\ j
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R%ferring to Fig. 11A, there is shown bottom plate 45e which is directly
bolted on to the floor imedi ately next to test cabinet 1111 ¢ of the test
system For purposes of sinplicity, the elenents within colum 45 have not
been shown. In still another enbodi ment as shown in Fig. 11B, bottom plate
45e has connected to its | ower surface, perpendicular legs 1170, 1171
connected to adjacent sidewalls of test cabinet 1111c. A leveling pad 1174
may be provided for the leveling of the baseﬁ/hnstead of being bolted to
cabinet 1111c, bars 1170, 1171 may be extended (not shown) and coupled to
two additional bars holding the remaining two sides of the cabinet. Thus,
the four bars nay be bolted to each other to rigidly engage cabinet 11l1lc.
In still another enbodi ment of the present invention as shown in Fig. 12,

t he base 45e has been attached inside the test system cabinet 1201. By
controlling the plurality of locks (e.g. 14,36, 104, 114, 124) by renote
control in conjunction with the enbodi nent of Fig. 7, the test head can be
projected by a long outer cradle back 713 to any desired distance. In this
manner the conpl ete col um mechani smcan be enclosed in the test system
cabinet and all salient functions of the positioner systemcan be retained.
Wil e the invention has been described in terns of an exenpl ary enbodi nent,
it is contenplated that it nay be praetiged as outlined above with

nodi fications within the spirit and cope of ¥he appended cl ai ns.
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-%22 - What is O ainmed: 1. A systemfor positioning an
el ectronic test head for docking and undocking said el ectronic test head
weth an el ectronic device handler and for providing rotation of said
el ectronic test head about a center of gravity, said system conprising:
a support columm having a top; a projected cradle assenbly

coupled to said support colum, said _ projected cradle
assenbly conpri sing: : an outer cradle back having a first end
and a second end, said outer cr e back having a hol | ow
regi on and an openi ng; an inner cradle back having a first
end and a second end, said inner cradl e back extending

t hrough sai d opening and said holl ow regi on of said outer
cradl e back and coupled to said outer cradle back; sai d

i nner cradle back pivotable about an axis | ocated near the
second end of said outer cradle back and the second end of said
i nner cradle back; and

FIG. &
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means for coupling said test head to said inner cradle back so that
a) said test head is projected horizontally away froma vertical axis
defined by said support colum for pivotable novenent of said test

head about said center of gravity and b) at |l east a portion
of said test head is bel ow said top of said support col um.
2. The systemof claim1, wherein said outer cradle back is tapered from
said first end to said second end. 3. The system of claiml,
wherein said inner cradle back is tapered frgfd said second end to said
first end. - 23 -

4. The systemof claiml, wherein said projected cradle assenbly further
conprises neans for fixing the position of said inner cradle back about

said axis.




5? The system of claim1, wherein said nmeans for coupling said test head to
said inner cradle back includes a cradle side interposed between said inner
ctadl e back and said neans for coupling said test head to said inner cradle

back. 6. The systemof claim1l, wherein said axis is defined
by a shaft. 7. The systemof claimb5, wherein said cradle
side is coupled to said inner cradle back near said first end of said inner
cradl e back. 8. The systemof claim5, wherein said cradle

side is coupled to said inner cradle back atggjsubstantially right angle.
9. The systemof claim11, wherein said support colum is housed within an

encl osure. 10. The systemof claim1l, wherein said support
colum has a main shaft, said system further conprising: a

t ube di sposed about the main shaft and novabl e along the main

shaft; tube | ocking ngans T 6r Tereasaphy preventing novenent
of the tube al ong the,shaft; 7 . an upper arm
assenbly having a nmenber for pivo/?ng about the / 0\ t ube;

N
/ N/ \

stationary support neans securegfto t he t ube and'havind\? surface

8




f%r supporting the upper arm assenbly and over which the upper
arm assenbly slides as it pivots about the tube; and

-24 - t he upper arm assenbly havi ng upper arm | ocki ng neans
for rel easably | ocking the upper armassenbly to the support
nmeans to prevent pivoting of the upper armunit about the

t ube. 11. The systemof claim1l, wherein said support colum
has a main shaft, said systemfurther conprising: a tube

di sposed about the nmain shaft and novabl e ali@r’ig t he main

shaft; tube | ocki ng neans for preventing novenent of the tube
al ong t he mai n shaft; " an upper arm assenbly

having a cylindrical nenber for pi vog ng

AY

agout the tube;
(=]
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&
shoul der neans pivotabl e about the tube and for slidably engaging
and supporting the upper arm assenbly as the upper arm assenbly

plvots about the tube; upper arm | ocking neans for rel easably
| ocki ng the upper arm assenbly to the shoul der neans to
prevent pivoting of the upper arm assenbly relative to the
shoul der neans; | ower support neans secured to the tube and
precl uded from rotation for slidably engaging and supporting

t he shoul der neans as it pivotigﬁfout t he tube; and

shoul der | ocking neans for rel easably | ocki he shoul der neans

to the | ower support neans to prevent pivoting of the shoul der

nmeans relative to the | ower support neans. 12. A system for
positioning an el ectronic test head for docking and undocking said
electronic test head with an el ectronic device handler and for providing
rotation of said electronic test head about a center of gravity, said

system conpri si ng:
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] .
-25 - a support col um; a projected cradle

assenbly coupled to said support colum, said proj ect ed
cBadl e assenbly conpri sing: an outer cradle back having a
top surface, a bottomsurface, a first end and a second end,
said outer cradle back having a holl ow regi on and an openi ng;

an i nner cradle back having a first end and a second end, said inner
cradl e back extending through said opening %aq said holl ow regi on

of said outer cradle back and coupled to sai %uter cradl e back;
said first end of said inner cradle back novabl e upward and
downwar d between said top surface and said bottom surface of said
outer cradl e back and pivotabl e about an axis |ocated near the
second end of said outer cradle back and the second end of said

i nner cradle back; and means for coupling said test head to
said inner cradle back for pi vot abl e novenent of said test
head about said center of «gravity and for supporting said
test head for docking and ocCkg d ectronic test head

with said el ectronic devicCe ) N\ 13. stem for
positioning an electronic tes N\t 0 claim 11\ W ereLp said

i nner cradle back has a |line
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15: The system of claim 1 wherein said neans for coupling said test head to
Zgid i nner cradl e back includes neans for supporting said test head for
etking and undocking said electronic test head with said electronic device
haadl er . 15. A systemfor positioning an el ectronic test
head.according to claim 12, wherein said outer cradl e back has an el ongated
sh#Pe extending longitudinally lengthwi se along a first axis, said inner
cradl e back has a further el ongated shape ext¥ ing longitudinally

| engt hwi se al ong a second axi %, and -26 -
said inner cradle back is pivotable so that said first axis becones
parallel to said second axis.

FIG. 12




