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TEST HEAD MANIPULATOR

This invention relates to the field of art of
electronlc 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
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- The elrectronic testing itself is provided by a | arge and expensive
aytomatic testing systemwhich includes a test head which has been required
to*connect to and dock with the device handler. In such testing systens,
the test head has been usually very heavy - on the order of 40 to 300

kil ograns. Thﬁ Feiagn for this heaV|ne55j s that
preci si on hi gh~Tr&juency control and dat& signal mggﬁggfngsggggt oni c
deentacender tgst.

circuits must be located as-close as possible to

Accordingly, the test head has been densely pack

circuits in order to achieve the accurate high speed testlng of the

sophi sti cat ed deyi ges.
position. The electronic testing itself is provided by a
large and expensive automatic testing system 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 kilégrams. 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 electronic circuits in order to
achieve the accurate high speed testing of the
sophisticated devices.

Test head positioner systems may be used to
position the test head with respect to the device
handler. When the test head is accurately in position
with respect to the device handler, the test head and the
device handler are said to be aligned. When the test
head and device handler are aligned, the fragile test
head and device handler electrical connectors can be
brought together (i.e. docked), enabling the transfer of
test signals between the test head and the device
handler. Prior to docking, the fragile test head and
device handler electrical connectors must be precisely
aligned to avoid damaging the fragile electrical
connectors. |
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Test head positioner systens nmay be used to position the test head with
respect to the device handler. Wen the test head is accurately in
podsition with respect to the device handler, the test head and the device
handl er are said to be aligned. \Wen the test head and devi ce handl er are
al i gned, the fr& % test head and deV|cs handl er FrecEREeai—coRAS Qr s can
be brought to 13 i .e. docked), enabli”ng the trg

bet ween the test head and the

RERLACED

Test head positioners are designed in several
configurations, each configuration being desirable for a
particular purpose. In a tumble mode positioner, the

v test head pivots ‘(or tumbles) about two aoppositely
disposed pivot points within a cradle. This enable the
user to tumble the test head in the cradle from a

' positioﬁ 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 pléne 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 positioné; assembly which enables a
test head to be moved for docking and'uﬁdocking 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
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deV|ce handl er. Prior to docking, the fragile test head and devi ce handl er
efectrical connectors nust be precisely aligned to avoid damagi ng the
fragile electrical connectors. Test head positioners are designed in

sever al configurations,-each configuration being desirable for .a particul ar

pur pose. mode positioner, the test T | es)
about two opggglte#y di sposed pi vot p0|nﬁg Wit hilp gmgg ;ﬁ%ﬁk eflabl e t he
user to tunble the test head in the cradle from pnqu le device

handl er interface board is up (for interface to horizontal plane handlers
fromthe bottom, through 180 degrees, to a position

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 common lock may
prohibit both-vertical motion and rotational motion of
the test head about a main shaft. To move the test head
vertically, the common lock is loosened, thus permitting
rotational movement of the test head. Similarly, to
rotate the test head, the common lock is loosened, thus
allowing the test head to move vertically. However, when
a test head is temporarily moved away from the device

 handler (i.e. undocked) so that adjustments or repairs
can be made, both the vertical and the rotational
position of the test head may need readjustment to ensure
that the test head is aligned with the .device handler.
The large variety of orientations which the test head may
assume may overwhelm an unskilled operator, thus making

- realignment difficult.

Additional problems have been incurred in
realigning the test head and the device handler after the
test head has been moved away for repairs or 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,
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where‘the device handler interface board is down (for interface to
horizontal plane handlers fromthe top). In a cable pivot node positioner,
the test head pivots on the axis of the test head cables. Conpared to the
tunbl e node positioner, a cable pivot node positioner allows, the use of
reduced cable I engths. An exanple of a tunble npode positioner is disclosed
in a previousrpatenpg by Smth (U S Patert .No. _ 7
i ncorporated by reference. This patent disclosgs i PERN nbl y
whi ch enables a test head to be noved for dock '
respect to three vertical axes. In an alternative enbodlnent,
may be noved for docki ng and undocki ng

the test head can be rotated about the axis defined by
the link, thus maintaining the relative orientations of
the remaining parts of the positioner. However, by
adding additional links, the distance between the main
shaft and the 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 lafger and more expensive
to provide eased movement and reduced friction between
manipulator parts under a greater load.

€ test head

Examples of cable pivot mode positioner are
disclosed ih_a previoﬁs 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, horizontal plane handlers
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Wi th respect to two vertical axes and one horizontal axis. Thus, in either

enbodi nent ,

the test head nay be manipul ated with six degrees of freedom

with respect to the center of the plane defined by the test head el ectrical

i nterface. Problens have been incurred in easily noving the heavy test head
accurately into position with respect to the deV|c: .......................... A
common | ock MEYCpkdMibit both vertical~ndtfon and H t he

test head about a main shaft. To npbve the test heam clonmon

| ock is | oosened, thus permtting rotational nove 4 el .
to rotate the test head, the conmmpn lock is Ioosened, t hus

Simlarly,

allowing the test head to

which are built like two pedestal office desks; the
positioner stands where one pedestal of such a desk would
be located. If the test head were to be projected away
from the positioner assembly’s support column so that the
centerline of the device under test was physically close

to the physical center of the test head, pivoting would

not occur at the center of gravity of the horizontal
wrist shaft, resulting in an unbalanced system.

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 overwhelming 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. It is also important to continue to
enable the test head to pivot with six degrees of motion
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nove vertically. However, when a test head is tenporarily noved away from
Substitute sheet - 22 Novenber 1997 the device handler (i.e. undocked) so
t hat adjustments or repairs can be nmade, both the vertical and the
rotational position of the test head nmay need readjustnent to_ensi t hat
the test head is aligned with the device handler. 80 AR BN Jlof
orient ati ons I®@-a3ot he test head nay assune may oje m% FRHCED

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. : nv o]

3,262,593 William Hainer

4,345,847 : Schiff et al.

4,229,136 Hugo Panissidi

4,132,318 - Wang et al. |

3,128,887 ' ' Guennec et al.
S (®) B NTION

A system for positioning an electronic test
head with respect to an electronic device handler. The
system ‘includes a support column with a main shaft. A
tube moves along the main shaft. The tube may be locked
in place to prevent its movement along the main shaft. An
upper arm assembly pivots about the tube. A shoulder
index plate supports the upper arm assembly as the upper
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unski'l  ed operator, thus making realignnent difficult. Additional problens
have been incurred in realigning the test head and the device handl er after
the test head has been noved away for repairs or adjustnents. Sone prior
art mani pul ators include an additional point of rotation (i.e. an
additional link) between the main shaft and the test head.. By creating an
addi ti onal | Lk, e test head can be rqtated abopt by the
l'i nk, thus nggﬁféﬁﬁing the relative orieéntations '”?ﬁgﬂggﬂaﬁgﬁﬁgnﬁ rts of
the positioner. However, by adding additional |inkss ween
the main shaft and the test head is increased, thus increasing the torque
which is inposed by the test

arm assembly pivots about the tube. A lock screw, when
actuated, locks the upper arm assembly to the shoulder
index plate, thus preventing the upper arm assembly from
pivoting relative to the shoulder index plate.

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 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. 2 to 5 showing the docking of a test head with
the electrical interface of a handler;

Fig. 1B is a diagrammatic view of the systam of
Figs. 7-8 showing the docking of a test head in a |
projected cradle with the electrical intérface of a
handler;
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head on the main shaft bearings. Thus, the main shaft bearings, main shaft
and main arm nmust becone |arger and nore expensive to provide eased
novenent and reduced friction between mani pul ator parts under a greater

| oad. Exanpl es of cabl e pivot node positioner are disclosed in a previous
patent by Holt (U S. Patent No. 4,893,074), herein |ncorp912ng_>~_1
reference. Hifp.da@nd Fig. 2 of this pagent showe=a=H N giabl e

(OECP) style cradle assenbly. As shown in Fig. 1 g
Is held at its center of gravity by the positione .
positioner are attached to the

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;

Fig. 6 diagrammatically shows the six degrees
of freedom of the system of Figs. 1 through 4;

. Fig. 7 is a perspective view of the projected
cradle assembly in accordance with the present invention;

Fig. 8 is another embodiment of the present
invention in which a plurality of shafts, oriented
horizontally, and an offset cradle assembly is used;

Fig. 9 is another embodiment of the present
invention in which a cable pivot housing is used;
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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

el ectrical outputs of the test head (|l ocated near the physical center of
the test head) the OECP style cradle assenbly nmay be |nappropr|ate for use
with large device handlers. This is because the CEC lLe assenbly
cannot accesgypd-nay underneath, hori zant@a pl ane h lﬂ&ﬁ’@Aé:BEéﬁ bui | t

| i ke two pedestal office desks; the positioner sfja bst al  of
such a desk would be located. |If the test head Were—ta-—pe-proleac el away
fromthe positioner assenbly's support columm so that the centerllne of the
devi ce under test was physically close to the

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 positicner system
in a test sSystem cabinet.

QVERVIEW

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.
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physi cal center of the test head, pivoting would not occur at the center of
gravity of the horizontal wist shaft, resulting in an unbal anced system -
Fig. -3 of the '074 patent shows a second type of cable pivot nopbde
positioner which is referred to as a cable pivot with center of gravity
offset (CPCG style cradle. The CPCG style cradle allows sonemhat nor e
projection ofTCha3ldest head than the GEQGR style crad|fe —Howvs SRS

the OECP style THIS SHEET HAS BEEN |
REPLACED

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 10. Main arm
tube 11 can be prevented from moving along shaft 10 by
tightening 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 maintaihed_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 wvertical axis is prevented by engaging lock pin
38 in one of several openings in shoulder lock plate 32.

This Sheet Has Been Reﬂlaced
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cradle, the CPCG style cradle is unable to sufficiently project the test
head w t hout inposing overwhel m ng torque on the positioner assenbly. Thus,
to solve the interface problem it is desirable to project the electrical
out put of the test head a | arge di stance under or over the physically |arge
handl ers or probers so that the positioner itself can stand clear of the
handl er s or;*y&ngbto whi chthe test he is interfgead—it-is-alsqg
i nportant to continue to enable the test ead to pi vat TS SHEEXHAS BEERS|| of
noti on freedom about the center of gravity of the tesf heaskegudcenbl e
assenbly. For purposes of considering patentability, abFeF—parerabrHlty

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 or vibration from the handler. If the
positioner were locked, then the electrical interface
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T



search was conducted. The patents identified to be of possible interest

the search were: Patent No. | nventor 3,262,593
W |iam Hai ner 4, 345, 847 Schiff et al. 4,229, 136
Hugo Pani ssidi 4,132, 318 ' Wang et al. 3,128, 887

Guennec et al.
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between test head 151 and device handler 165 would absorb
the motion or vibration. This may damage the electrical
interface. Conversely, the positioner locks are
tightened when the test head is undocked. If the
positioner locks were not tightened, the test head may
move (float), causing possible damage to the equipment
and injury to the operator.

The test head 151 maf be undocked and redocked
with the device 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, ‘although 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
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A system for positioning an electronic test head with respect to an
elsectroni c device handl er. The systemincludes a support colum with a nain
shaft. A tube noves along the main shaft. The tube may be | ocked in place
to prevent its novenent along the main shaft. An upper arm assenbly pivots
about the tube. A shoulder index plate supports the_upper arm assenbly as

t he upper armmsseydly pivots about the f4be. A l0Q 'H?%é mgrbéaénlat ed,

| ocks the upper armassenbly to the shoulder indexjplal gg &%%Doreveﬁti ng

t he upper arm

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 1o¢k 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 thé 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.
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assehﬁly frompivoting relative to the shoul der index plate. The system
I ncl udes a projected cradle assenbly which allows the heavy test head to be
pi voti ng

the | oad 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

proj ected above or below a physically large handler while stil

t he heavy tegtrchea@g can easily interfacgga a phy
prober in the horizontal plane. BRI EF DESCRI PTI ON
is a diagranmatic view of the systemof Figs. 2 tq_ S REPLACED

PEEER

|

—r—

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

r or
s. 1A

Referring now to Fig. 1A, there is shown a test

head positioner system 150 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
transistors, chips or dies, etc. In operation,
positioner assembly 100 is moved manually in a

as

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, 151ib

projecting from docking assembly 170 are inserted 1nto
corresponding openlngs 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
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showi ng the docking of a test head with the electrical interface of a
handler; Fig. 1B is a diagrammtic view of the systemof Figs. 7-8 show ng
t he 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 systemin accordance with the present invention; Fig. 3 is a
perspective ctf@wkyQview of a portion of1fig. 1; f i ‘ tive
cutaway view of an alternate enbodi ment of the prgspat SHFEEMAPBEEN

RERLAGED

—

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 a 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
45 has opposing walls 45a, b, front wall 45c, top plate
454 and bottom plate 45e. Column 45 is supported at its
bottom by a base assembly 103 having a base plate 108 and
outwardly extending legs 109a through 109e which are
bolted to the bottom of plate 108, for example. Wheel
assemblies 115a through d are also bolted to the bottom
of plate 108. Column 45 is secured to plate 108 by bolts
i08a, for example. The rear of colimn 45 is.enclosed by
a U-shaped cover 46 which engages a plurality of pins
located on bottom plate 45e. Cover 46 is held in place
by a frictional hold relative to walls 45a,b.

Test head 151, Fig. 1A, is supported and
manipulated in its docking by positioner assembly 100

This Sheet Has Been Reﬂ
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Fig. 5is a perspective view of the detailed structure of the positioner
assenbl y; Fig. 6 diagrammatically shows the s systemof Figs. 1 through
4, Fig. 7 is a perspective view of the projected cradle assenbly in
accordance with the present invention;

ITC-130 - 17 - : P
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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 verticaliy in either direction within the
rear section of column 45. Assembly 125 includes weight
rod mount 24 with vertically extending weight rods 2a,b
secured thereto and weight 25a coupled to the weight
rods. Additional weights (not shown} are added to
exactly counterbalance the ﬁeight of assembly 100,
together with the test head, so that the test head and
assembly 100 are substantially weightless.

Mount 24 securely'géceivés flexible cables
105a,b respectively. Cables 105a,b are received through
an opening in top plate 45e 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 45e. Pulley mount 22 includes an
opening through which shoulder screws 96a and 96b are
placed. Shoulder screws 96a and 96b permit the rotation

_ P
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Fig. 8 is another enbodiment of the present invention in which a plurality
of shafts, oriented horizontally, and an offset cradle assenbly is used,
Fig. 9 is another enbodi nent of the present invention in which a cable

pi vot housing is used; Fig. 10 is another enbodi nent of the present
invention in which horizontal |inear notion guides are used; Figs. 1 |A-B
show further Tbadiorents of the inventdi @B wth respect to securing the
positioner systeminside or alongside the test systefi- .

further enbodi ment of the invention with respect

HAS BEE
REPLACED N

of pulleys 23a,b. Pulley assembly 122 is enclosed within
hood 47.

Positioﬁer assembly 100 includes main arm tube
11 which is disposed about main ‘shaft 10. Main arm tube
11 moves vertically in either direction along main shaft
10. The upper end of main arm tube 11 is secured to lift
block 19 which in turn is connected to lock collar 12.
Lock collar 12 is also located about main shaft 10. By
tightening lock screw assembly 14, the vertical position
of main arm tube 11 relative to main shaft 10 remains
fixed. In an exemplary embodiment of the present
invention, lock collar 12 may be implemented 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 manner, positioner assembly 100 is_
coupled to counter-weight assembly 12S5.

Referring now to Fig. 3, there is shown the
details of a portion of positibner assembly 100.
Retainer ring 77 is a circular member which is secured
about main arm tube 11. Retainer ring 77 carries index
lock plaﬁe 33 which slidably engages and supports
shoulder lock plate 32. Alternately, retainer ring 77
may be deleted and index lock plate 33 attached directly

"



to seburing the positioner systemin a test system cabi net. OVERVI EW The
pyresent invention is a positioner system 150 for positioning an electronic
test head 151 with respect to an el ectronic device handler 165. The
positioner systemallows the electronic test head 151 to be noved away from
the el ectronic device handler 165 (for adjustnments or repairs) while
partial ly megpgajgpng alignnent betweeniphe el ect Lc test head 151 and
the el ectronic device handl er 165. By nal ntaining pﬁgé@@} g;égg.,
redocking of the electronic test head 151 with th 'E“ﬁéﬁﬁkdéd] N g
handl er 165 is sinplified.

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 to main arm tube 11 can be
adjusted.

Sleeve bearing 43 is lnserted 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 tubelll. 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 followers
80a,b are fastened to index lock plate 33 and ride on
either side of vertical guide bar 180. Vertical guide
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An exenpl ary enbodi nent of the positioner systemis show in Figs. 1A and
2+ The positioner system 150 includes a shaft 10 defining a first verti cal
axis. A positioner assenbly 100 noves the test head 151 along the first
vertical axis. This is acconplished by novenent of main armtube 11 al ong
shaft Substitute sheet - 22 Novenber 1997

ITC-130 - 20 -
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bar 180 is attached to column 45, thus preventing the
rotation of index lock plate 33 about main arm tube 11.

Index lock pin assembly 132 enables shoulder
lock plate 32 to be locked into one of a plurality of
positions about main arm tube 11. Index lock pin
assembly 132 includes index lock pin housing 37 which is
secured to the 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 platas 33 by
spring 95. In an exemplary embodiment, index lock pin 38
may be actuated by using pneumatics 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 incrementaily spaced
and can each be lined up with lock pin 38. Lock pin 38
can be urged into any of the openings in shouldexr lock
plate 32 depending on the orientation of shoulder lock

—_—
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10. Main armtube 11 can be prevented from noving al ong shaft 10 by
tightening vertical |ock screw assembly 14. The test head 151 may be noved
about the first vertical axis by rotating upper armunit 27. Upper arm unit
27 is carried by shoul der |ock plate 32 which in turn is carried by index

| ock plate 33. Index lock plate 33 is secured to tube 11 Thus.. . lndex | ock
plate 33, sHEGde30|ock plate 32 and upPdr -arm urfFE=27 U
along the first vertical axis. Upper armunit 27
vertical axis while shoulder |lock plate 32 is mai
Movenent of upper armunit 27 relative to shoul der

ock plate 32 )
plate 32 about main arm tube 11. In this manner, 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 rotatlng
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
36, lock pad 35 is drawn upwards by the threaded portion
of vernier lock screw 36 and lock pad 34 is pushed
downwards by the shoulder of vernier lock screw 36.

Thus, the rotation of upper arm assembly 27 relative to
lock shoulder plate 32 is prevented by tightening vernier
lock screw 36.
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\\\\\\\\\\\\\\ Ml



about the first vertical axis can be prevented by actuating vernier |ock
serew 36. Upper armunit 27 and shoul der | ock plate 32 nmay pivot together
about the first vertical axis. Myvenent of shoulder |ock plate 32 about the
first vertical axis is prevented by engaging |ock pin 38 in one of several
openi ngs in shoulder lock plate 32. The test head 151 may be noved about

t he second VETC-e&3l0 axis. The second werRi cal axis i 1 0.
Forearm 26 noves about the second vertical axis by p VP RERS SRS t|| 40.
Movenent of forearm 26 about the second vertical axi§ _can . @ nt. y

actuating | ock screw assenbly 104.

In an exemplary embodiment of the present
invention, shoulder lock plate 32 and index lock plate 33
are replaced with a single support member 136. This is
shown with referehce to Fig. 4. Support member 136 is
secured to main arm tube 11. Upper arm assembly 27
slides over the upper surface of support member 136 as
support member 136 remains stationary and supports upper
arm assembly 27 and upper arm assembly 27 pivots about
tube 1l1. Vernier lock screw 36 allows or prevents
rotation of upper arm assembly 27 relative to lock plate
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 28, 29 and lock collar 39
positioned above mount block 28.

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 28, into forearm 26 and
then from the bottom of forearm 26 into an opening in
mount block 29. Vertical shafts 40a and b are rigidly
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The test head 151 may be noved about the third vertical axis. The third
vertical axis is defined by shaft 140. Wist housing 29 noves about the
third vertical axis by pivoting about shaft 140. Movenent of wi st housing
29 about the third vertical axis can be prevented by actuating | ock screw
assenbly 114..thg st head 151 may be ed about a horizontal axis. This

i s acconpl i shed” by pi voting hori zontal ™ st shaft 30_relative to wi st
housi ng 29. Movenent of horizontal wist shaft 30 ab THEPQHEE ] ﬁxis
can be prevented by | ock screw assenbly 124. REPL;ﬁégBEEN

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 38.

>

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 bottom of wrist housing 29 into a lower

" opening in forearm 26. Shafts 140a and b are rigidly
secured within wrist housing 29. Wrist housing 29 may be
temporarily prevented from rotation by means of lock
screw assembly 114 which is formed within lock collar
139.

Wrist housing 29'includes a member 129 which
projects from an end of'wrist housing 29 at a
substantially right angle. Horizontal wrist shaft 30
includes horizontal member 13Q. Horizontal member 130 is
rotatable with respect to member 129 by means of
horizontal wrist shaft 30 which extends through housing
29. Horizontal member 130 slidably engages member 129 to
form a disc style lock mechanism. Horizontal member 130
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The various | ocks within positioner assenbly 100 (e.g. 104, 114) are al ways
| eft unl ocked when the test head 151 is docked with the device handler.
This allows the positioner assenbly 100 to float and absorb any notion
or vibration fromthe handler. If the positioner were | ocked, then the

electrical interface between test head 151 and devi FggHUICI d
absorb the nBTEoA38r vibration. This mau@4ddamage t hejf el &fﬁéﬁﬁﬁ&ﬁ&&v ce.

Conversely, the

may be temporarily prevented from rotation by tightening
lock screw assembly 144, thus 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. S. Patent No.
4,705,447 herein incorporated by reference. Ia 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 tumble 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_undérstcod that positioner
assembly 100 simultaneously positions in 6 degrees of
freedom, - X, ¥, Z, 8 x, © y; 8 z. As shown in Fig. 6, it
is important for proper docking that test head 151 have 6
degrees of freedom so that eléctrical contactor 167b can
accurately and‘effortless be positioned with respeét 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

i

“This Sheet Has Been Re;

(VA




positioner | ocks are tightened when the test head is undocked. If the
positioner |ocks were not tightened, the test head may nove (float),
causi ng possi bl e damage to the equi pnent and injury to the operator. The
test head 151 may be undocked and redocked with the device handler with

m ni mal realignment. Wen the test head is docked with a device handler in

the hori zontgbcplane, the test head can 3® -undock:dT'ﬁg 1] ua. TRpner
g: §§g§%

assenbly 100 away fromthe docked position al ong BREN ¢
novi ng positioner assenbly 100, |ock screw assenb &3t yated to
ensure that the test head does not nove inits undocked state. Thus,” danmage

assembly 100 vertically with respect to shaft 10 provides
the Y direction of freedom.

8 Y freédom, which is the rotation about the Y
axis is then provided by rotation of upper arm 27 about
tube 11, forearm 26 about shaft 40 and wrist housing 29
about shaft 140. In addition, a true translated 8 Y
rotation with respect to the center of the connectors is
provided by the rotation of upper arm 27 about tube 11,
forearm 26 about shaft 40 and wrist housing 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 8 Y.

6 X movement, which is the rotation about the X
axig, is provided by pivoting the test head about the
pivot points within cradle assembly 180.

With respect to Z movement which may be
congidered 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 8 Y and X.

"ffns Sheet H

Hll il Tf“d



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 |lock pin 38 downward. Lock
pin 38 normal |y engages one of several holes in shoulder |ock plate 32. By
pul l'ing lock pin 38 downward, shoulder |ock plate 32 (and thus upper arm
assenbly 27) raas: u3iovot about the first- \@agtical axis. Thus, althol t he
test head is noved away fromthe device handler, Tél ) f the
test head relative to the device handler is mainta fﬂ ﬁ

| ock screws (36, 104, 114, 124, etc.) are actuat d,hpfﬁ’n
I s undocked. To redock the test head with

8. Z movement, which ig the rotation about the 2Z

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 § degrees of freedom between a docked
and an undocked position. Thus, positicnér 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 165, if all
the locks in test head positioner system 150 were locked,
electrical interface components 1é67a,b would absorb
transmitted vibrations. This may damage the electrical
interface. '

_ When test head 151 is not docked with device
handler 165, all of the locks in test head positioner
system 150 may be actuated. This maintains the position
of test head 151. By contrast, when test head 151 is not
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t he device handl er, shoul der lock plate 32 (and thus upper arm assenbly 27)
I's pivoted back to its original position so that |ock pin 38 again engages
the hole in shoulder |ock plate 32 which |ock pin 38 originally engaged.
The positioner assenbly 100 is then noved down shaft 10 to the docked
position. When the test head is docked with a devig I n the
vertical plamec-u3® test head can be undorked by a : D
assenbly 14 and pivoting the test head about the 1
pi voting about the three vertical axes with | ock Serew.:
actuated, the test head can be manual |y pushed away from the device. handl er
W t hout changlng t he positioner

docked with device handler 165, if the locks in test head
positioner gsystem 150 are unlocked, the heavy test can
easily move. This increases the risk of operator injury
and equipment damage.

After the test head 151 has been docked with
the device handler 165, it may be necessary to undock the
test head 151, make adjustments to the test head 151 or
the device handler 165, and then to redock the test head
151 with the device handler 165. The present invention
allows this procedure to be accomplished with minimal

"adjustments to the positioner assembly.

" 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.gq.
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
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assenbly's vertical position. Thus, when realigning the test head wth the
device handler, it is unnecessary to adjust the vertical position of the
posi ti oner assenbly. After adjustnments have been nade to the device
handl er, the positioner assenbly can be redocked with the device handler.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT LT s BEEN 1A,
there is sho a st head positioner . !
¥9c2158 P - 28 - REPLACED

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 wvertical
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 shoﬁlder lock plate 32 which lock pin
38 originally engaged. Lock screw assembly 14 is then
loosened and the positioner assembly 100 is moved 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 actﬁating lock screw assembly 14 and pivoting
the test head about the three vertical axes. By pivotindg
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
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system 150 i n accordance with the invention. 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 underst
that other electronic devices nmay be handl ed by the device handl er, suc

transi stors,

chips or dies, etc. In operation, positioner assenbly 100

ood
h as
i's

noved manual pypcl-A33 substantial ly wei ghtdeess condition to mani pul ate the
heavy test head 151 accurately and precisely and dock it to handl er 165.

handl er

Docki ng is acconplished through the use of a docking i
to test head 151 and a docki ng gusset assenbly 171, fat @E% 2
I n docki ng, A

165.

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 forearm 26. Shafts 704a,b are rigidly secured within
wrist housing 705. Wrist housing 705 may be temporarily
prevented from rotation by actuating lock screw assembly
114 which is formed within lock collar 139.

Prbjected cradle assembly 720 includes outer
cradle back 713 which is secured to wrist housing 70S.
Outer 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
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| ocation pins 15%a, 15l b projecting from docking assenbly 170 are inserted
I it 0 correspondi ng openi ngs 165a, 165b in docking gusset assenbly 171 and
el ectrical interface board 167a enters and nates with mating el ectrical
contactor 167b which electrically connects the test head to the device to
be tested. Electrical interface board 167a and el ectrical contactor 167b
are collectively referred to as the electrical interface. As wll |ater be
described i nfTBEt330, the position of tedf head 151 . by
aRMIERE THAROSEEN A

mani pul ated in a substantially weightless conditionjtfay 3
170 pepiactder d Fklng

wi th six degrees of freedomto dock docking assenbl }
gusset assenblies in any position. For

pivot about cradle pivot shaft 710. Cradle side 707 is
secured to inner cradle back 714 at substantially right
angles through an opening in outer cradle back 713. The
opening ih 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 cradle back 713 to inner cradle back 714,
movement of cradle side 707 is prevented.

Moving from wrist housing 705 to cradle pivot
shaft 710, the distance between the top and bottom of
outer cradle back 713 decreases. Moving from cradle
pivot shaft 710 to cradle side 707, the distance between
the 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 SLde 707 ig.- 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 0 X direction) wzchln
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

—~——
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‘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
fromthe 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. fpdnydich there is providegya.C shaped beanlfornlng a
vertical housing or support columm 45. Col umm 45 hgs—=¢ s34
front wall 45c, top plate 45d (not shown) and bott Y
is supported at its bottom by a base REPLACED

-

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 exemplary
embodiment § Z movement is provided by the rotation of
the inner cradle back 714~about cradle pivot shaft 710.

The 8 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
pivct-housing 71S.

It will now be understood that positioner
assembly 70 with 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
£urther'embodiment of the present invention in which
-forearm 26 and forearm mounts 28 and 29 are replaced with
horizontal guide assembly 800. Horizontal guide assembly
800 includes linear guide block 810. Linear guide block

810 is fixedly attached to or integral with upper arm
827. |
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assenbly 103 having a base plate 108 and outwardly extending | egs 109a
t;hrough 109e which are bolted to the bottomof plate 108, for exanple.
Wheel assenblies 115a through d are also bolted to the bottom of plate 108.
Colum 45 is secured to plate 108 by bolts 108a, for exanple. The rear of
colum 45 is enclosed by a U shaped cover 46 (not shown) which engages a
plurality of ¥¥@sl30@cated on bottom pl at 8245e. Cover 46 is heId in place by
a frictional hold ==
: THIS SHEET HAS BEEN
REPLACED

Linear guide block 810 has linear bearings for
receiving horizontal shafts 811 and 812. Bumper 813 is
secured to one end of shafts 811, 812 to prevent shafts
811 and 812 from sliding out of the openings in
horizontal guide block 810. The other end of horizontal
shafts 811, 812 is secured to forearm 826. Horizontal
shafts 811,812 may be temporarily prevented from linear
motion by actuating lock screw assembly 804 which is
formed within linear guide block 810.

Forearm 826, wrist housing 829 and horizontal
wrist shaft 830 cooperate as described above with respect
to the analogous components of Fig. 5.

Horizontal wrist shaft 830 is attached to
cradle back 850.

Cradle back 850 is fixedly attached to cradle
side 850 through spacer 891. Test head adapter ring 884
rotates within cable pivot housing 883 as described above
with respect to the analogous components of Fig. 7. Yoke
853 isg 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
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relati.ve to walls 45a,b. Test head 151, Fig. 1A is supported and

mahi pul ated in its docking by positioner assenbly 100 which is adapted to

nove vertically on a main shaft 10. Assenbly 100 conprises nmain armtube
11, index lock plate 33, shoulder |ock plate 32, upper arm assenbly 27,

forearm assenbly 26, wrist housing assenbly 29, and shaft assenbly 30. Main

shaft 10 is 48€#18® i n pl ace on the fr-oM@3 section of colunn 45 by opposi ng

pi |l ow bl ocks 20, 21. Positioner assenbly 100 is adagfes—to—Frd
on main shaft 10 by a counter melght assenbly 125 whilcAHESHEENIHAS BEENI
ei ther direction RERLACED

linear guide block 903 is attached to upper arm 927.
Linear guide block 303 has linear bearings for receiwving
horizontal shafts 901, 902. Bumper 904 is secured to one
"end of horizontal' shafts 901, 902 to prevent horizon;al'
shafts 901, 902 from sliding out of the openings in
horizontal quide block 903. Cable pivot adapter 990 is
affixed to horizontal shafts 901, %02. Cable pivot
adapter 990 includes fiange 981 and bheam 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 07/588,144, filed July 25, 1990 herein
incorporated by reference. Tast cradle 995 is attached
to ring 984. The test head is attached to the cradle
through horizontal linear motion guides 940, 950. The.
details of guides 940, 950 are similar. Thus, the
details of guide 940 are not shown.

Horizontal linear motion guides 940, S50
include horizontal shafts 90la, 901b which are secured to
cradle assembly 995 by mounting blocks 903a, 904a and
903b, 904b, respectively. Linear guide block 902a slides
along horizontal shaft 90la. Similarly, linear guide
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within the rear section of colum 45. Assenbly 125 includes wei ght rod
nmount 24 with vertically extending weight rod 2a and vertical ly extending
wei ght rod 2b not shown) secured thereto and wei ght 25a coupled to the
wei ght rods. Additional weights (not shown) are added to ‘exactly
count er bal ance the wei ght of assenbly 100, together with the test head, so
that the testIPeas3land assenbly 100 are 3Sabstantially ‘
securely receives flexible cables 105a,b respectlvelrfnasbhﬁﬂjlﬂﬁhBEEMr
recei ved through an opening in top plate 45e and are|jr ecei REBLACEDI n
grooves of pulleys 23a,b respectively of pulley assersy — ASSE

block 902b slides along horizontal shaft 901b. Linear
guide blocks 902a, 902b{ each include pivot points 90Sa,
905b secured thereto, which allows the test head to pivot
slightly about an‘axis perpendicular to the axis defined
by horizontal shafts 90l1a, S0lb.

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 26
cradle assembly 1006 is coupled to wrist housing 1029 by
horizontal wrist shaft 1030. Horizontal wrist shaft 1030
allows cradle assembly 1006 to be pivoted about the
horizontal axis. By attenuating 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, 1001ib which are secured to cradle assembly 1006 by
mounting blocks 1003a, 1004a and 1003b, 1004b,
respectively. Linear guide block 1002a slides along
horizontal shaft 100la. Similarly, linear guide block
1002b slides along horizontal shaft 100lb. Linear guide
blocks 1002a, 1002b, each include pivot points 1005a,

———
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122 includes pulley nount 22 which is secured to top plate 45e. Pulley
mount 22 i ncludes an opening through whi ch shoul der screw 96a and shoul der
screw 96b (not shown) are placed. Shoul der screws 96a and 96b permt the
rotation of pulleys 23a,b. Pulley assenbly 122 is enclosed within hood 47.
Positioner assenbly 100 includes main armtube 11 which is di sposed about
mai n shaft 10.xgdizg@r m tube 11 noves verggcally in either direction al ong

mai n shaft 10. The upper end of main armtube 11 i|§; SnEs BeEN bl ock
SEat oAy

19 which in turn is connected to |ock collar 12. I's ajjso
) : . d

—

1065b secured thereto, which allows the test head to
pivot about an axis perpendicular to the axis defined by
horizontal shafts 100la, 1001b. Thus, by allowing
movement about twb vertical axes and along one horizontal
axig (via shafts 1001 a,b) motion identical to that
.obtained by allowing rotation about three vertical axes
(Figure 2) is. obtained.

Referring to Fig. 11A, there is shown bottom
plate 45e which is directly bolted on to the floor
immediately next to test cabinet 11lic of the test
system. For purposes of simplicity, the elements within
column 45 have not been shown. In still another
embodiment as shown in Fig. 11B, bottom plate 45e has
connected to its lower surface, perpendicular legs 1170,
1171 connected to adjacent sidewalls of test cabinet
1llic. A leveling pad 1174 may be provided for the
leveling of the base. Instead of being bolted to cabinet
1lllc, 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 1l1llc.

~ In still another embodiment of the present
invention as shown in Fig. 12, the base 45e has been
attached inside the test system cabinet 1201. By
controlling the plurality of locks (e.g.

This Sheet Has Been RTi
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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
fixed. In an exenplary enbodi nent of the present invention, |ock collar
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 fl e?h@k%éabl es |1 05a, b, respe% vely, thr y of
openings in 3 lar 12. In this neEn , pos'.hQ§%hE§$$gm¢$aaa 0 is
coupl ed to counter-wei ght assenbly 125. RERLACED

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.

' )




Referring nowto Fig. 3, there is shown the details of a portion of
posi ti oner assenbly 100. Retainer ring 77 is a circular nenber which is
secured about nmain armtube 11. Retainer ring 77 carries index |lock plate
33 which slidably engages and supports shoul der | ock plate 32. Alternately,
retainer ring 77 may be deleted and index |ock plate 33 attached directly
to main armtube by wel ding, for exanple. Index |ock plate 33 and shoul der

| ock plate g’l‘ ach include an opening tg,;ough whi "-—-..,..m_ r.

pl aced. Upp T*ﬁ%wsenbly 27 incl udes cylindrica
about tube 11. Shoul der | ock plate 32 supports uppe
upper arm assenbly N

o o e ORI

1. A system for positioning an electronic
test head for docking and undocking with an electronic
device handler comprising: '

a support column haviﬁg a main shaft;

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

tube lccking 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 Sﬁer which the -upper arm
assembly slides as it pivots about the tube;
and :

the upper arm assembly having upper arm locking
means for releasably locking the upper arm
assembly to the support means to prevent
pivoting of the upper arm unit about the tube.

This Sheet Has Been Reﬂlaced
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27 pivots about the tube-11. ‘Retainer ring 77 is secured to main armtu

11‘by engagi ng frai n” ar
spaced grooves Ioc
ring 77 in a dlffe

t he positioner assenbly 100 relative to main armtube 11 can be adjusted
Sl eeve bear|n§g63 ? i nserted inside shoylyder | ock pf= : -

acilitating rotation of shoul der
mai n armtube 11. Thrust bearing 82 is |ocated betwegn shoBERIACEDCk

arm tube 11,

one of a plurality of increnentally
n@ \ “Mtube 11. Thus, by inserting retainer

be

W thin the main arn1tube 11, the height of

o'tHdS SHEES 9B BEOVI|

2. A system for positioning an electronic test

head for docking and undocking with an electronic device
handler comprising:

a support column having a main shaft;

a 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

gl



3

pl ate 32 and i ndex 1 ock plate rust bearing 82b is | ocated between
upper arm assenbly m“m‘m ﬁLM‘ ube 11. Needl e bearing 83 is |ocated
bet ween upper arn1a ck shoul der plate 32. Additiona
bearings are | ocat ed *bet'weén moving parts at appropriate places within
system 150. Cam fol l ovier 80a and cam fol |l ower 80b (naqt,_shown) are fastened
to index | ockmd-at3® 33 and ride on eithez9side of verfl

Vertical guide-bar 180 is ,

SHEET HAS BEEN ||
REPLACE EN

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.

3. The system of claim 1, further comprising:

a retainer ring for supporting said stationary
support means; and

means for securing said retainer ring to said
main shaft at one of a plurality of locations
along said main shaft.

4. The system of claim 1, wherein said upper
~arm assembly and stationary support means each
include an opening, and wherein said upper arm
locking means comprises:

a locking member having a first end and a
second threaded end, said locking member
positioned in said upper arm assembly opening
and said stationary support means opening, said

This Sheet Has Bee;
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Substitute sheet - hb 97 REPLACEMENT SHEET attached to col um
43 t hus preventy ‘“ﬁ r‘i%‘m I ndex | ock plate about nain armtube
11. Index | ock “ 2*enab|es shoul der | ock plate 32 to be | ocked
into orie of a plutality of positions about nmain armtube 11. Index |ock pin
assenbly 132 includes index | ock pin housing 37 whi g
under si de offma*da0 | ock plate 33 by fasé@ner 60. In
132 al so includes index |ock pin 38. Index |ock pin
portion, with

locking member extending from above said upper
arm assembly to below said shoulder means;

a lock pad having a threaded opening and
located below said stationary support means;

said second locking member end extending into
and engaging said lock pad threaded opening;

said locking member including a shoulder
located above said shoulder means;

wherein rotation of said locking member causes
said lock pad and said shoulder to be drawn
towards said stationary support means, thereby
causing friction against said shoulder means
and preventing movement of said upper arm
assembly relative to said shoulder means.

-'S. The system of claim 2, further comprising:

a retainer ring for éﬁpporting said lower
support means; and

means for securing said retainer ring to said
main shaft at one of a plurality of locations
along said mzin shaft.

This Sheet Has B
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tapered end, mhl Iul ul an opening in index plate 33, a second
portion, with dJﬂ lu |“"Hﬂﬂ!ﬂ"ﬂﬁan the first portion, surrounded by a
spring, and a thi*rd®pokti®mn swhi*ch engages football knob 90, exterior to
i ndex | ock pin housing 37. Lock pin 38 is urged towards the opening in

shoul der | ock plate 33 by spring 95. In an. exenplary enbodi nent, i ndex
| ock pin 38 oY% g Pactuated by using Qngﬁnatlcs or electronagnets al | owi ng
3

i ndex | ock pi'n o0 be noved upward an down
| ocation. Qther locks (14, 36, 104, 114, 124, et c})THEBHEESGASBERN rlenot el vy
controlled. A plurality of openings are |ocated ifj shouRERFAGRRK pldfe 32.

6. The system of claim 2, wherein said upper
arm assembly and said shoulder means each include an
opening, and wherein said upper arm locking means
comprises:

a locking member having a first end and a
second threaded end, said locking member
positioned in said upper arm assembly opening
and said shoulder means opening, said locking
- member extending from above said upper arm
assembly to below said shoulder means;

a lock pad having a threaded opening and
located below said shoulder means,

said second locking member end extending into
and engaging said lock pad threaded opening;

said locking member including a shoulder
located above said shoulder means;

' wherein rotation of'said locﬁing member causes
said lock pad and said shoulder to be drawn
towards said shoulder means, thereby causing
friction against said shoulder means and
preventing movement of said upper arm assembly

- relative to said shoulder means.

This Sheet Has Bee,
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Tbese openi ngs a paced and can each be lined up with |ock
pi*n 38. Lock pi nrmmnﬂmrlﬂmmlumrnto any of the openings in shoulder |ock
pl ate 32 dependi ng o the ®ri®ent*ati on of shoul der | ock plate 32 about nain
armtube 11. In this manner, the orientation of shs s 2
about main armtube 11 may be mai nt ai ned by prevent TR{E SHEEDPHXS BERY pf
shoul der IockI$Fa%§ 32 relative to i ndex4Rock plag 33. RﬂﬁpAEEan1as enbl y
27 includes an opening through which vernier |ock seFew=S6T1s rnserted.
Vernier |ock screw 36 is a stepped shank with threaded end. Football knob
36a (shown in Fig. 4) is secured to non-threaded

7. The system of claim 2, wherein said
shoulder means includes a plurality of openings and said
lower support means includes an opening, said locking
means comprising:’

a shaft;

means for inserting and maintaining said shaft
into one of said plurality of openings in said
. shoulder means.

8. The system of claim 7, wherein said shaft
is maintained in said opening in said lower support
means.

9. A system for positioning an electronic
test head for docking and undocking with an electronic
device handler in accordance with claims 1 or 2, said
system including a projected cradle assembly coupled to
said upper arm assembly for.prbviding rotation of said
electronic test head abouE.a'center of gravity, said
projected cradle assembly comprising:

an outer cradle back having an opening, a first
end and a second end;

This Sheet Has Been Replaced
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end of lock screw 36 and is used for rotating vernier |lock screw 36. The

t hreaded end of 36 is inserted through a continuous
openi ng whi ch |s\mllnmmunﬂmzﬂﬂﬁwt of the perineter of shoulder |ock plate
32. Lock pad 34 i< | 6cated bet wden upper arm 27 and | ock shoul der plate 32.
The shoul der of vernier |ock screw 36 bears agai nst the upper surface of

| ock pad 34. rheck 3pad 35 is | ocated bel oy | ock shoul der pad 32. The opening
i n shoul der pad 35 is threaded to accomrpdat e ver nif@E ==

rotating vernier |ock screw THIS SHEET HAS BEEN
REPLACED

an inner cradle back having a first end and a
second end, said inner cradle back extending
through said opening 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 for pivotable movement of said test
head about said center of gravity.

10. A'system for positioning an electronic
test head according to claims 1 or 2, wherein said main
shaft defines a first vertical axis and said upper arm
assembly defines a second vertical axis spaced from said
first vertical axis, said system further comprising:

(a) a forearm:
having means for mounting said forearm to
said upper arm assembly for pivotal
movement about said second vertical axis;
defining a third vertical axis;

(b) a wrist housing:

T fin )



3&, Iock pad 35 [ by the threaded portion of vernier |ock
screw 36 and | o Mma! d downwar ds by the shoul der of vernier
| ock- screw 36. nr 05 at+ on of upper arm assenbly 27 relative to

| ock shoul der plate 32 is prevented by tightening vernier |lock screw 36. In
an exenpl ary enbodi nent of the present invention, shoulder |ock plate 32
‘and index | ockT®t&3@ 33 are repl aced wrtf4a- S|ngle ) Thi s
is showmn with reference to Fig. 4. Support nenber 1 §€EETé!asthgm' n
armtube 11. Upper arm assenbly 27 slides over the SFPLACEDOS

having means for mounting said wrist
housing to said forearm for pivotal
movement about said third vertical axis;
defining a horizontal axis;

(c) a horizontal wrist shaft:
having means for mounting said horizontal
wrist shaft to said wrist housing for
pivotal movement about said horizontal
- axis;
having means for coupling said test head
to said horizontal wrist shafct.

11. A system for positioning an electronic
test head according to claims 1 or 2, wherein said main
shaft defines a first vertical axis and said upper arm
assembly defines a second vertical axis spaced from said ..
first vertical axis, said system further comprising:

(a} a forearm
haviﬁg means for mounting said forearm to
said upper arm assembhly for pivotal
movement about said second vertical axis;
defining a horizontal forearm axis;

(b} a cradle assembly

—_—_
—~—
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support nmenbef 136 as sup

wpper arm aiss \mm

Vernier |oc
relative to
to support
Referring n
posi ti oner

a pair of mount blocks 28a, 28b and | ock collar 39

bl ock 28a.

| ock pTaUe 13
member. This i

gggté%%ﬁ;glog

12.

or nber 136 renmains stationary and supports
mwearmassenbly 27 pivots about tube 11.

prevents rotation of upper arm assenbly 27
6 by releasably | ocking the upper arm assenbly 27

s described above with reference to Fig. 3.
there is shomQ the details afurther

n of

Secured to the>front of uppery SnESSeadBEeR /|| ar e

having means for mounting said cradle
assembly to said forearm for pivotal
movement about said horizontal forearm
axis;

having horizontal linear motion guide
means for providing horizontal movement of
the electronic test head along a first
horizontal axis with respect to the main
shaft.

A system for positioning an electronic

test head according to claims 1 or 2, said system further

comprising:

(a)

(b)

first horizontal linear motion guide
means, coupled to said upper arm assembly,
for providing horizontal movement of the
electronic test head along a second
horizontal axis with respect to the main
shaft;

'a cradle assembly, coupled to said first
horizontal linear motion guide means, and
having second horizontal linear motion
guide means for providing horizontal
movement of the electronic test head along
a third horizontal axis with respect to

eet Has Been. RT laced
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Forearn126 rotates mnth resEect t 0 upper arm assenbly 27 by way of vertical

shafts 40a and bLuu mﬂ “ Hh extends through a vertical opening in
| ock collar 39t

k 28a, into forearm 26 and then fromthe
bottom of forearm'26 into an openlng i n mount bl ock 28b. Vertical shafts
40a and b are rigidly secured within forearm 26. Forearn126 nay be

tenporarily \ ed fromrotation by ns of | ock e
which is for%gg %Pphln | ock collar g%aearm (8

section which rotatively receives Mﬁlst housi ng g.ngghLAoEDar 13 is
slidably secured to the upper '

the first horizontal linear motion guide

means.

13. A system for positioning an electronic test
head according to claim 10, further comprising:

(a) first locking means for releasably
preventing pivotal movement of said
forearm about said second vertical axis
when said first locking means is locked;

(b) second locking means for releasably
preventing pivotal movement of said wrist
housing about said third vertical axis
when said second locking means is locked;

(c) third locking means for releasably
preventing pivotal movement of said
horizontal wrist shaft about said
horizontal axis when said third locking
means is locked; _
wherein at least one of said tube locking
means, said upper arm locking means, said
first locking means, said second locking
means and said third locking means are
locked when said electronic test head is

This Sheet ‘Has Been
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surface of forearm 26. Wist housing 29 rotates with respect to forearm 26
by way of verti |mm‘m‘ ﬁnd b (not shown). Vertical shaft 140a

ext ends throughfu\ : ng in lock collar 139, through a vertica
opening in forearm %6 and" into wist housi ng 29. Vertical shaft 140Db

ext ends through the bottom of wist housing 29 into a | ower opening in
forearm 26 nﬁag_&tkdare rigidly secured vxa,;hl_.n Wi T T s o

housi ng 29 .
REPLACED

undocked with said electronic device
handler; and
wherein at least one of said tube locking means, said
upper arm locking means, said first locking means, said
second locking means and said third locking means are
unlocked when said electronic test head is docked with
said electronic device handler.

14. A system for positioning an electronic test
head according to claim 11, further comprising:

(a) first locking means for releasably
preventing pivotal movement of said
forearm about said second vertical axis
when said first locking means is locked;

(b) second locking means for releasably
preventing pivotable movement of said
cradle about said horizontal forearm axis
when said first locking means is locked;:

(c) third locking means for releasably

‘ preventing 'horizonqgl movement of said
electronic test head along said horizontal
axis when said third locking means is
locked;

wherein at least one of said tube locking

means, said upper arm locking means, said first locking
means, said second loéking means, and said third locking

This Sheet f.
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tenporarily pr ‘W\‘g |on by neans of |ock screw assenbly 114
which is forne m{“ ‘ ar 139. Wist housing 29 includes a nenber
129 which proje drom &An &nd of wrist housi ng 29 at a substantially right
angle. Horizontal wist shaft 30 is coupled to horizontal nenber 130.
Horizontal nenber 130 is rotatable with respect to nenber 129 b- pans of
hori zontal WEFSr1dRaft 30 which extemﬁ;ﬁ%woughr""r“ T, er wor ds,
hori zontal nenmber 130 is capable of rotating abg by
horizontal wist shaft 30. Horizontal menber 13§
129 to forma disc style | ock mechani sm

means are locked when said electronic test head is
undocked with said electronic device handler; and
wherein at least one of said tube locking means, said
upper arm locking’ means, said first locking means, said
second locking means and said third locking means are
unlocked when said electronic test head is docked with
said electronic device handler. .

15. A system for positioning an electronic test
head according to claim 12, further comprising:

(a) first locking means for releasably
preventing horizontal movement of said
electronic test head along said second
horizontal axis when said first locking
means is locked; .

(b) second locking means for releasably
preventing horizontal movement of said
electronic test head along said third

" horizontal axis when said second locking
means is locked

wherein at least one of sa1d tube locking.

means,-sald upper arm locking means, said first locking
means, and said second locking means are locked when said
electronic test head is undocked with said electronic
device handler; and

wherein at least one of said tube locking

means, said upper arm locking means, said first locking
means, and said second locking means are unlocked when

Sheet Has Been Replaced
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Hori zont al enporarily prevented fromrotation by

tsi ght eni ng Ioc j 144, t hus appl yi ng pressure between

hori zont al Land me er 129. Cradle assenbly 180 is attached to
shaft 30 via: horlzontal menber 130. The test head is attached to the cradle
assenbly 180 _as shown in U S. Patent No. 4,705,447 herein incorporated by
reference. |BTE€hL30manner, test head 1559nay pi y of

pi vot points within cradle assenbly 180. Wien -t jeTHSSIHERIAdADBEBNIS]| i n thi s
manner, the test head is said to undergo test hgad tuﬁ%?%ﬁ%ﬁﬁlon
FurthernDre when the test head pivots in this manner, tne

said electronic test head is docked with said electronic
device handler.

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

a support column;

a projected cradle assembly coupled to said
support column, said projected cradle assembly
- comprising:

an outer cradle back having a first end and a
second end;

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

at least a part of said inner cradle back
located within said outer cradle back;

said inner cradle back having a first end and a
second end;

is Sheet Has Been Reﬂlaced
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test head is said to be in tunble node. The test head docks and undocks
wft h the device h docki ng apparatus, as described in U S
Pat ent No. 4, 705, 3mﬂmluﬂ'“mﬂlllmmbe understood that positioner assenbly
100 simul taneously "po$itton% i'n 6 degrees of freedom X, Y, Z, 0 x, Oy, 0
z. As shown in Fig. 6, it is inportant for proper docking that.test head
151 have 6 degrees3®f freedom so that el ggteical contactor 167b can
accurately and effortless be positioned with respegt=to-elecirica

interface board 167a, for exanple. If the Y directff omya8pesf RS AFF to be
the vertical or .up/down REPLACED

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 for pivotable movement of said test
head about said center of gravity.

17. The system of claim 16, wherein said outer
cradle back is tapered from said first end to said second
end.

18. The system of claim 16, wherein said inner
cradle back is tapered from said second end to said first
end.

19. The system of claim 16, wherein said
projected cradle assembly further comprises means for
fixing the position of said inner cradle back about said
axis.

20. The system of claim 16, wherein a cradle
side is interposed between said inner cradle back and

\“ \“ T\
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direction, then the novenent of assenbly 100 vertically VWith respect to
shaft 10 provides the Y direction of freedom 0Y fre m ‘\ﬂmnt
rotation about the axis is then provided by rotation of. @o \“ﬂw

tube 11, forearm 26 about shaft 40 and wist housing 29 about shaft 1%0.

addition, a true translated O Y rotation with respect to the center of the
connector3|511¢omzded by the rotation-of1upper

said means for coupling said test head to said inner
cradle back.

21. The system of claim 16, wherein said axis
is defined by a shaft.

22. The system of claim 20, wherein said
cradle side is coupled to said inner cradle back near
said first end of said inner cradle back.

23. The system of claim 20, wherein said
cradle side is coupled to said inner cradle back at a
substantially right angle.

24. The system of claim 16, wherein said
support column is housed within an enclosure.

' 25. The system of claim 16, wherein 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;

This Sheet Has Been Rep
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arm 27 about tube 11, forearm 26 about shaft 40 and” Mﬁlst “housi ng 29 about
shaft 140. If the X direction were considered to be t mmuﬂ‘ﬂl}
direction, then that freedomis provided by pi votlngl ﬁﬂm be
11, shaft 40 and shaft 140 in the same manner as 0 Y. © X noveffenf, Which
Is the ratation about the X axis, is provided by pivoting the test head
about the pi ¥8€-paPnts within cradl e assenbly 180. Wth respect to Z

novenent which nmay be considered to be the in and

freedomis provided by pivoting about main armtu eTHIS SHEET HAS BEEN
REPLACED

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

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

the-upper arm assembly having upper arm locking
means for releasably locking the upper arm
assembly to the support means to prevent
" pivoting of the upper arm unit about the tube.

. 26. The system of claim 16, wherein 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 preventing movement of
the tube along the main shaft;

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

—_—
—_—
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11, shaft 40 and shaft 140 in the same way as 0 Y and X..0O.Z anenent

relative to wist housing 29. Test head positioner syste m

Wmch Is the rotation about the Z axis, is provided by pi votlni m”ﬂﬁl

nove test head 151 with 6 degrees of freedom between a d

undocked position. Thus,
shaft 10, ankff®+132 al
shaft 140 and hori zont al

devi ce handl er

165, all

of the

posi ti oner assenbly 100 can nove vertlcally al ong

novenent is allewsd about main armtube 11, shaft 40,

1 is docked with

THIS SHEET Ha :
S BE
T HF?&. ACED EN
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wist shaft 30. \Wen te

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 meens to the lower support means
to prevent pivoting of the shoulder means
relative to the lower support means.

—_—
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| ocks in test head positioner system 150 (e.g. |ock screw assenblies 104,
114, 144) may be left unlocked. This allows test head positioner system 150
to absorb vibration which is transmtted fromdevice handler 165 to test
head 151. By contrast, when test head 151 is docked:Wwith device handl er
165, if all the * locks in test head positioner system 150 were | ocked,

el ectrical interface conponents 167a, b woyli{gd absor I tted vibrations.
This may damage the el ectrical interface. THIS SHEETHAs BEEN
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Wien test head 151 is not docked with device handler 165, all of the | ocks
ih test head positioner system 150 may be actuated. This maintains the
position of test head 151. By contrast, when test head 151 is not docked
wi th device handler 165, if the locks in test head positioner system 150
are unl ocked, the heavy test can easily nove. This increases the risk of

operator injury and equi pnent damage. Af tﬁq%t he '%uj heﬁ_:t%ﬁ‘:%%h‘?:en
St e AL -

docked with the device handler 165, it may be nege %E e test
head 151, nmake adjustnents to the
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test head 151 or the device handl er 165, and then to redock the test head
151 with the device handl er 165. The present invention allows this
procedure to be acconplished with mninmal adjustnments to the positioner
assenbly. If the test head 151 has been docked w vi ce handl er 165
in the horizontal plane (i.e., the front Z rface [lof . lis
parallel wth the floor), then, the test dhbad 157 | HACK Ml he
devi ce handl er 165 by actuating | ock screw assenbries=104:-=112 36 as
wel | as tunble action |locks (e.g. all 4+egcks except |ock 14) and noving the
test head 151 away fromthe device 65 in a vertical direction
Lock screw assenbly 14 is then '

47
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actuated to maintain positioner assenbly 100 in a desired vertical position
whil e test head 151 is undocked. The test head 151 can then be pivoted

about the first verti cal

plate 32. By pulling | ock pin 38 downward,
upper arm assenbly 27) can pivot about the first

pin 38 is urged into a different hole.fTis, 3 he tes

pi voted about the first vert
14. When any repairs or adju
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| ' |s W thout |oosening |o
nts

axis to facilitate access to the device handl er
165. ‘This is acconplished by pulling | ock pin 38

stated, lock pin 38 normally engages one qusever Fnhg@g@E#nAéﬂ%%!
Fﬂ.'A%E%

ard. _As previously
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conpleted to the test head or the device handl er, redocking of the test
head rel ative to the device handl er can be acconplished by pulling lIock pin
38 downward, thus allow ng shoul der |ock plate 32 (and thus upper arm
assenbly 27) to pivot back to its original position[So that 1otk _
agai n engages the hole in shoul der |ock pbp@e 32 whi|cH¥PSEIEED; HASSBEEN

originally engaged. Lock screw assenbly 14 is th@n L oRERALENG th
positioner assenbly 100 is noved to the ,
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docked position. Wien the test head is docked with a device handler in the
vértical plane, the test head can be undocked by actuating | ock screw
assenbly 14 and pivoting the test head about the three vertical axes. By

pi voting about the three vertical axes with | ock screw assenbly 14
actuated, the test head can be manual |y pushed away from the device handl er

w t hout changi ng the positioner assenbl y'@ 1)iert I cal — 3
realigning the test head with the device Hdddlier, it giﬁﬁzBEEN
e stier

adjust the vertical position of the positioner assenb
have been nade to the device handl er, the
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positioner assenbly can be redocked with the device handler. Referring now
to Figs. 1B and 7, there is shown still a further enbodi nent of the present
i nvention. This enbodi nment includes forearm 26 which has a front "C "
shaped section which rotatably receives wist 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 704 Feh-—axt end
t hrough a vertical opening in.lock collar 7130, throu:HﬂﬂsmmmEnHﬂs g@@l
in forearm 26, into wist housing 705 and then from fhe bOﬁEEKAGEDVWISt
housing 705 into a |l ower opening in forearm 26. Shaf s 704a P-are—tigid y
secured

FIG. 6
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W thin wist housing 705. Wist housing 705 nmay be tenporarily prevented
fromrotation by actuating | ock screw assenbly 114 which is fornmed within
| ock collar 139. Projected cradle assenbly 720 includes outer cradle back
713 which is secured to wist housing 705. Quter cradle back 713 is holl ow

with inner cradle back 714 | ocated therelna{ﬁiadle , haf 10,extends
t hrough one side of outer cradle back 713 rough 114
and through the other side of outer cradle back 713 nher

cradl e back 714 to pivot about cradle pivot shaft 710 ‘ 70V is
secured to inner cradle back 714
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at substantially right angles through an opening in outer cradle back 713.
The opening in outer cradle back 713 allows cradle side 707 to nove up or
down a mnor distance as inner cradle back 714 pivots_about cradle pivot
shaft 710. By actuating lock screw assenbly 71 1, whil chyg ) p an
opening in outer cradl e back 713 to inn§f3cradle g?ﬁ i&iﬁﬂf?‘ %@#@ of
cradle side 707 is prevented. !
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Moving fromwist housing 705 to cradle pivot shaft 710, the distance

bet ween the top and bottom of outer cradle back 713 decreases. Moyving from
cradle pivot shaft 710 to cradle side 707, the distance between the top and
bottom of inner cradle back 714 decreases. In a prefgrrad LRERECQT] t he .
present invention, inner cradle back 714 pivofs about cradﬁﬁggi gg_sﬁaf

710 with + / - four degrees of notion. Cradi®idide 70z bl e

pi vot housing 715, on its opposite end, thereby connecting inner cradle
back 714 to cabl e pivot housing 715. Cable pivot housing 715 retains test

head adapter ring 708 allowing ring € <
&K Ny &
& iy A
8 K‘_I X \\ ‘\

9018
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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.

1LOLS €
embodi nent 0 Z novenent is provided by tiidi3otatilpn éﬁgﬁﬂ%%ﬁg dl e
back 714 about cradle pivot shaft 710. The 0 X no OV as

previously stated by the rotation of the test head 151 and yoke 709 via
test head adapter ring 707 rotation within

10

FIG.

1027 103
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L 4
cabl e pivot housing 715. It will now be understood that positioner assenbly
00 with this exenplary enbodi nent sinultaneously positions and projects
| arge test heads with 6 degrees of freedom over or under physically |arge
handl ers 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 assenbly are rotated at,their center of gravity.
Referring nowto Fig. 8, there is shown 8Hdrther e ' |
invention in which forearm 26 and forearm mounts 28a Tansl SRBET /a8 grey

REPLACED

a
“
-«
&
—
L
=
= S
Qo
)
o
<
“
b 3
8 This Sheet Has Been Replaced




replaced with horizontal guide assenbly 800. Horizontal guide assenbly 800
i'ncl udes linear guide block 810. Linear guide block 810 is fixedly attached
to or integral with upper arm 827. Linear guide block 810 has |inear
bearings for receiving horizontal shafts 811 and 812. Bunper 813 is secured
to one end of shafts 811, 812 to prevent shafts 811 and 812 from sliding

out of the openings in horizontal ui de
pentng d 13/13
THIS SHEET HAS BEEN
. REPLACE!

FIG. 12

This Sheet Has B

I



bl ock 810. The other end of horizontal shafts 811, 812 is secured to
forearm 826. Horizontal shafts 811,812 may be tenpord eﬁ¥$§%:VUHLU

" linear notion by actuating | ock screw assenbly 804 wh
| i near gui de bl ock 810. Forearm 826, wist housing 82D _and’
shaft 830 cooperate as descri bed abonggﬁggékggpect to the anaTogous
conponents of Fig. 5. Horizontal wi st Ois attached to cradl e back
850. Cradle back 850 is fixedly attached to cradle side 890 EHUBRgh

ITC-130 TEST HEAD MANIPULATOR

A system is disclosed for positioning an
electronic test head with'respect to an electronic device
handler. The positioner assembly includes separate locks
which allow the test head to move vertically while
preventing rotation of the test head about the main
shaft. Thus, the test head can be aligned with the device
handler, moved vertically away from the device handler
while adjustments are made, and easily realigned with the
device handler after adjustments have been completed.
Alternatively, the separate locks allow the test head to
rotate about the main shaft while preventing movement
along the main shaft. Thus, the test head can be aligned
with the device handler, rotated about the main shaft and
away from the device handler while adjustments are made,
and easily realigned with the device handler after
adjustments have been completed. An index pin allows the
test head 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 with its cable assembly at its
.center of gravity. '

is Sheet Has Been RTlaced
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& T e IR s A
spacer 891. Test head adapter ring 884 rotates w thin cable pivot housing
883 as described above with respect to the anal ogous; conponents of Fig. 7.
“Yoke 853 is fixedly attached to test head RiaBt&e Sbtantk Novdrbdesbohead
as descri bed above with respect to Fig. 7. Referring nowto Fig. 9, there
is shown a further enbodi nent of the present invention in which |inear
-gui de bl ock 903 is attached to upper érlnﬁ 927. Linear guide block 903 has
| i near bearings for receiving horizontal shafts 901, 902. Bunper 904 is

secured to one end of horizontal shafts 901, 902 to prevent horizontal

shafts 901, 902 fromsliding out of the openin —
A

Date :..........,

L LTETYS PR

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 system 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
electronic circuits in order to achieve the accurate high speed testing of the
sophisticated devices. -

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



~gui de bl ock 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 WbstitutedHeRtRi 22 RipShdl01983 on
‘its opposite end, thereby connecting flange 981 r-—"““" etisit ng

983. Cabl e pivot housing 983 retains test head ad ' al I’ pwi ng
ring 984 to rotate (in the Ok directiop) w thin hqusi ) opefiati on

of cabl e pivot housing 983 and test head adapter rj RPgle9B84 i g ] aiaTar- e I |y

d bed | cat | i
escrl epolsxrtlxolrJl w1sth rle::)?pte%{] to é%péelvggé hgr?dler the test head and the device handler

are said to be aligned. When the test head and device handler are ahgned 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 allov'_vs, 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
common lock may prohibit both vertical motion and rotational motion of the test
head about a main shaft. To move the test head vertically, the common lock is
~ loosened, thus permitting rotational movement of the test head. Similarly, to
rotate the test head, the common lock is loosened, thus allowing the test head to
move vertically. However, when a test head is temporarily moved away from



07/588, 144, filed July 25, 1990 herein incorporated by reference. Test

€radle 995 is attached to ring 984. The test head is attached to the cradle
Through horizontal Iinear nmotion guides 94QhsBBtte é'Hfb%tdeiﬁ'Noﬁleﬁfnb&u’l 869

940, 950 are simlar. Thus, the details of gui 940 are-—e

Horizontal |inear notion guides 940, 950 i ncl gEhQAcznaNatISHﬁEaff s 901a,
901b which are secured to cradle assepmgly 995 y nou ti sii903a, 904a
and 903b, 904b, respectively. Linear guide bl dtlpsR025 Jh%@e oflg

' . m | i near gui de: i
.hor ' zont 311 %Q\?ifcte h%gglfler (1S|e un ocl?éd) so that adjustments or repairs can be Mmade,

al ong

hor zont both the vertical and the rotational position of the test head may need -
readjustment to ensure that the test head is aligned with the device handler. The
large variety of orientations which the test head may assume may overwhelm an
unskilled operator, thus making realignment difficult.

Additonal problems have been incurred in realigning the test head
and the device handler after the test head has been moved away for repairs or
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,
thus maintaining the relative orientations of the remaining parts of the positioner.
" However, by adding additional links, the distance between the main shaft and the
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,
horizontal plane handlers which are built like two pedestal office desks: the
positioner stands where one pedestal of such a desk would be located.  If the
. test head were to be projected away from the positioner assembly's support
column so that the centerline of the device under test was physically close to the



shaft 90 I b. Linear guide bl ocks 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 dgﬁ_,'bggf{,teysmii-zz}m@lveﬁhaért‘sgwm,
901b. Referring nowto Fig. 10, there is shown [fFurther enoodrnept of the
present invention. In this enbodi ment, forearm{pBER éc @ efl.
Hori zontal wist housing 1026 is couplg¢d to arm 102 3} shfif t s 1040
aI b |nserteddthLoughhnﬁunt bl ocks 28 29 respectpé‘@l y, wi-ttrestraft § 1040 a, b
also inserted thro ori zaqnt 1029, ce earm
26, cr adPBYHERLGANT %Fg‘lf)@@ test qteé‘ap Pb"d’ ﬁt@tmﬁcﬂﬁ}lﬁ gt %Z%ngv %tgéﬁavgkt al

wri st shafihelB3fAzontal wrist shaft, resulting in an unbalanced system.

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 overwhelming 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
Jarge handlers or probers so that the positioner itself can stand clear of the
handlers or probers to which the test head is interfaced. It is 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. I_q_\@_x_lg
3,262,593 William Hainer
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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Horizontal wrist shaft 1030 all ows cradle assenbly 1006 to be pivoted about
the horizontal axis. By tightening horizontal wist shaft |ock screw (not

shown), cradl e assenbly 1006 can be preve@@ggiﬁ{%&”éﬁé&@t?f&m?%‘g??

afts

hori zontal axis. Cradle assenbly 1006 inclu orizonta
1001b which are secured to cradle assenbly 1006 by
1004a and 1003b, 1004b, respectively._ Bi_near gui de
hori zontal shaft 100la. Simlarly, |ingar guide bl
hori zontal shaft 100 Ib. Linear guide bl ocks 1002 2b;:--eaeh..i-ncl
pi vot points 1006a, 1005bSUMMARY: OFr THE INNENTKINGWS T he tast
pi vot about -

A system for positioning an electronic test head with respect to an

electronic device handler. The system includes a support column with a main

_ shaft. A tube moves along the main shaft. The tube may be locked in place to
prevent its movement along the main shaft. An upper arm assembly pivots about
the tube. A shoulder index plate supports the upper arm assembly as the upper
arm assembly pivots about the tube. A lock screw, when actuated, locks the
upper arm assembly to the shoulder index plate, thus preventing the upper arm
assembly from pivoting relative to the shoulder index plate.

FRERUACEMENT SHEER
ck 10020 DECI 8% al

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 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 borizontal plane. T '

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 view 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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an axi s perpendicular to the axis defined by horizontal shafts 1001a,
4001b. Thus, by allow ng novenent about two vertical axes and al ong one
hori zontal axis (via shafts 1001 a,b) mti%étﬁﬁf@&l‘&%t 192N lerRBéRN 59T
Referring to Fig. 1 IA there is shown bottomplate 45e which is directly -
- bolted on to the floor imediately next to tegt—eabi-m Of]| t he test
system For purposes of sinplicity, thg_elene t RERLACEMENDBURRT 45 have not

Fig. 6 diagrammatically shows the six-de ;
system of Figs. 1 through 4; .

r,
.
6
L}
o

Fig. 7 is a perspective view of the projected cradle assembly in
accordance with the present invention;

Fig. 8 is another embodiment of the present invention in which a
plurality of shafts, oriented horizontally, and an offset cradle assembly is used;

Fig. 9 is another embodiment of the present invention in which a
cable pivot housing is used; :

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 haridler 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 movés 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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been shown. In still another enbodi ment as shown in Fig. | IB, bottomplate
45e has connected to its | ower surface, perpendicular legs 1170, 1171
connected to adjacent sidewalls of test cafifgiutel t LobN&dRBeP 3899174
may be provided for the leveling of the base. ted to
cabi net” 1111c, bars 1170, 1171 nmay be ext ended|| (RERLACEMGENT SIEETdupl ed to
two additional bars hol di ng the remai npng two §i des 8 g w . Thus,
the four bars may be bolted to each other to rljdghaiéy éh@ ge bi-net 1111c.
In-still another enbodi nent of the present inve as snown 1n Fig. 12,

the base UbeMain assembgt L heanbe pﬁ%weaéect frem moving aloag haf H%bmzol By
tightening 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



controlling the plurality of locks (e.g. 14,36, 104, 114, 124) by renote
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* interface between test head 151 and device handler 165 would absorb the motion
or vibration. This may damage the electrical interface. Conversely, the
positioner locks-are tightened when the test head is undocked. If the positioner
locks were not tightened, the test head may move (float), causing possible

damage to the equipment and injury to the operator.

The test head 151 may be undocked and redocked with the device
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, although 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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assembly. After adjustments have been made to the device handler, the_
positioner assembly can be redocked with the ‘device handler. -

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Fig. 1A, there is shown a test head positioner
* system 150 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 a 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 45 has opposing walls 45a, b, front wall 45c, top plate 45d (not
shown) and bottom plate 45e. Column 45 is supported at its bottom by a base
assembly 103 having a base plate 108 and outwardly extending legs 109a
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an upper arm assenbly having a nmenber for pivoting about the tube;
stationary support neans secured to the tube and having a surface for

supporting the upper arm assenbly and OVefsdﬂytﬁGtetQ?eé{ppfﬁ JBrASSETBYOY
slides as it pivots about the tube; and the up

support means to prevent pivoting of t upper m uni t _about the ube. 2.
The systemof claim1, further conpri sﬁg | Date .0.5.DEC..1997....

through 109e which are bolted to the bottom of plate 108, for example. Wheel
assemblies 115a through d are also bolted to the bottom of plate 108. Column
45 is secured to plate 108 by bolts 108a, for example. The rear of column 45 is
enclosed by a U-shaped cover 46 (not shown) which engages a plurality of pins
located on bottom plate 45e. Cover 46 is held in place by a frictional hold
relati_ve to walls 45a,b.

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 shown) 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 45e 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 45e. 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 10. Main arm tube 11 moves vertically in either
direction along main shaft 10. The upper end of main arm tube 11 is secured to
lift block 19 which in turn is connected to lock collar 12. Lock collar 12 is also



a retainer ring for supporting said stationary support neans; and neans for
securing said retainer ring to said nain shaft at one of a pl urallty of

I'ocati ons along said main shaft. 3. The sy ere g
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sai d upper arm assenbly opening and sai d statloBg%ymgyR ______ t"neang opening,
sai d Iocﬁb

grﬂed about main shaft 10. By tightening lock screw assembly 14, the vertical
position of main arm tube 11 relative to main shaft 10 remains fixed. Iran
exemplary embodiment of the present invention, lock collar 12 may be
implemented 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
manner, positioner assembly 100 is coupled to counter-weight assembly 125.

Referring now to Fig. 3, there is shown the details of a portion of
positioner assembly 100. Retainer ring 77 is a circular member which is secured
about main arm tube 11. Retainer ring 77 carries index lock plate 33 which
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
to 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
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attached to column 435, thus preventing the rotation of index lock plate 33 about
main arm tube 11. .

Index lock pin assembly 132 enables shoulder lock plate 32 to be
locked into one of a plurality of positions about main arm tube 11. Index lock
pin assembly 132 includes index lock pin housing 37 which is secured to the
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 pneumatics 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 manner, 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
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36, lock pad 35 is drawn upwards by the threaded portion of vernier lock screw
36 and lock pad 34 is pushed downwards by the shoulder of vernier lock screw
36. Thus, the rotation of upper arm assembly 27 relative to lock shoulder plate
32 is prevented by tightening vernier lock screw 36.

In an exemplary embodiment of the present invention, shoulder

lock plate 32 and index lock plate 33 are replaced with a single support member

. 136. This is shown with reference to Fig. 4. Support member 136 is secured to
main arm tube 11. Upper arm assembly 27 slides over the upper surface of
support member 136 as support member 136 remains stationary and supports
upper arm assembly 27 and upper arm assembly 27 pivots about tube 11.
Vernier lock screw 36 allows or prevents rotation of upper arm assembly 27
relative to lock plate 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
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bottom of wrist housing 29 into a lower opening i a and
b are rigidly secured within wrist housing 29. Wrist housing 29 may be
temporarily prevented from rotation by means of lock screw assembly 114 which

is formed within lock collar 139.

Wrist housing 29 includes a member 129 which projects from an

end of wrist housing 29 at a substantially right angle. Horizontal wrist shaft 30
is coupled to horizontal member 130. Horizontal member 130 is rotatable with
respect to member 129 by means of horizontal wrist shaft 30 which extends
through housing 29. In other words, horizontal member 130 is capable of
rotating about an axis defined by horizontal wrist shaft 30. 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, thus 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. S.
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 tumble 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, 0y, Oz 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.
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provided by rotation of upper arm 27 about tube 11, forearm 26 about shaft 40
and wrist housing 29 about shaft 140. In addition, a true translated O Y rotation

~ with respect to the center of the connectors is provided by the rotation of upper
arm 27 about tube 11, forearm 26 about shaft 40 and wrist housing 29 about
shaft 140.

- 15 -

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 180.

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 165, if all the

" locks in test head positioner system 150 were locked, electrical interface

components 167a,b would absorb transmitted vibrations. This may damage the
electrical interface.
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When test head 151 is not docked with device handler 1635, all of
the locks in test head positioner system 150 may be actuated. This maimains 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 unlocked,

" the heavy test can easily move. This increases the risk of operator injury and
equipment damage.

After the test head 151 has been docked with the device handler
165, it may be necessary to undock the test head 151, make adjustments to the
test head 151 or the device handler 165, and then to redock the test head 151
with the device handler 165. The present invention allows this procedure to be
accomplished with minimal adjustments to the positioner assembly.

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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assembly 14 is then loosened and the positioner assembly 100 is moved 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
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 forearm 26. Shafts 704a,b are rigidly secured
within wrist housing 705. Wrist housing 705 may be temporarily prevenied
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. Outer 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 shaft 710. 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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cradle back 713 to inner cradle back 714, movement of cradle side 707 is
prevented. ' _ -

Moving from wrist housing 705 to cradle pivot shaft 710, the
distance between the top and bottom of outer cradle back 713 decreases.
Moving from cradle pivot shaft 710 to cradle side 707, the distance between the
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 100 with 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 t 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 assembly 800
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_ includes linear guide block 810. Linear guide block 810 is fixedly attached to or
integral with upper arm 827.

Linear guide block 810 has linear bearings for receiving horizontal
shafts 811 and 812. Bumper 813 is secured to one end of shafts 811, 812 to
prevent shafts 811 and 812 from sliding out of the openings in horizontal guide
block 810. The other end of horizontal shafts 811, 812 is secured to forearm
826. Horizontal shafts 811,812 may be temporarily prevented from linear
motion by actuating lock screw assembly 804 which is formed within linear
guide block 810.

Forearm 826, wrist housing 829 and horizontal wrist shaft 830
cooperate as described above with respect to the analogous components of Fig.
5. '

Horizontal wrist shaft 830 is attached to cradle back 850.

Cradle back 850 is fixedly attached to cradle side 890 through
spacer 891. Test head adapter ring 884 rotates within cable pivot housing 883 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



8. The systemof claim7, wherein said shaft is maintained in said opening
in said | ower support neans. 9. A systemfor positioning an el ectronic test

head for docking and undocking with an el <P §l?evétce2f?\[we%qbém‘é%?g

accordance with clainms 1 or 4, said systemirAeroe= ete _
assenbly coupled to said upper arm assenbl ﬁﬁPLﬂCEMEmWEEJt ion of said
el ectronic test head about a center of,gra s@ 8 DECi19gF eql cradle
assenbly conprising: an outer cradle back tﬁg .an..openi.ng... § first end

and a second end;
07/588, 144, filed July 25, 1990 herein incorporated by reference. Test_cradle

995 is attached to ring 984. The test head is attached to the cradle through
horizontal linear motion guides 940, 950. The details of guides 940, 950 are
similar. Thus, the details of guide 940 are not shown.

Horizontal linear motion guides 940, 950 include horizontal shafts
901a, 901b which are secured to cradle assembly 995 by mounting blocks 903a,
904a and 903b, 904b, 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, 901b.

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 26, cradle
assembly 1006 is coupled to wrist housing 1029 by horizontal wrist shaft 1030.
Horizontal wrist shaft 1030 allows cradle assembly 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

Referring to Fig. 11A, there is shown bottom plate 45¢ which is
directly bolted on to the floor immediately next to test cabinet 1111c of the test



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

Said i nner cradl e back pivotable about an | C N $CP end
of said outer cradle back and the second en Sﬁy‘y@m %’ang cra a§§7 and
means for coupling said test head to said inne ‘NC%WSHQETF vot abl e
movenment of said test head about said ggnter o graV|

system. For purposes of simplicity, the elements thhm column 45 have not
been shown. In still another embodiment as shown in Fig. 11B, bottom-plate
45¢ has connected to its lower 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 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 45¢ 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.



10. A systemfor positioning an electronic test head according to clains 1
;or 4, wherein-sai.d main-shaft _defines a first vertical axis and said upper

*arm assenbl y defines a second vertical axd ] ' | yeit i cal
axis, said smll m"rmugmprl si ng: (aﬁ‘?%?ﬁ?’?ﬁ étﬁg\kllﬁﬁg&rféed;%? 1J or
mount i ng sai ot W BISEIM upper arm assenbly for pivotal novement about

sai d second vertica -2 : ;
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1. A system for positioning an electronic test head for docking

and undocking with an electronic device handler comprising:
a support column having a main shaft;

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

the upper arm assembly having upper arm locking means for
releasably locking the upper arm ass_embly to the support means to
prevent pivoting of the upper arm unit about the tube.

2. The system of claim 1, further comprising:
a retainer ring for supporting said stationary support means; and

means for securing said retainer ring to said main shaft at one of a
plurality of locations along said main shaft.

. 3. The system of claim 1, wherein said upper arm assembly and
stationary support means each include an opening, and wherein said upper arm
locking means comprises: i .

a locking member having a first end and a second threaded end,
said locking member positioned in said upper arm assembly
opening and said stationary support means opening, said locking



axis; defining a third vertical axis; (b) a wist housing: having nmeans for
smounting said wWrist housing to said forearmfor pi votal novenment about said

“third vertlcalI '“ “ I hor i zont adutstitGte §iegeta- PRI er WROFt

shaft: having m‘g rml ﬂEg said horizo 2 dkfeetrolisai d wri st
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member extending from above said upper arm assembly to below
said stationary support means; -

a lock pad having a threaded opening and located below said
stationary support means;

said locking member second threaded end extending into and
engaging said lock pad threaded opening;

said locking member including a shoulder located above said
stationary support means;

wherein rotation of said locking member causes said lock pad and
said shoulder to be drawn towards said stationary support means,

thereby causing friction against said stationary support means and
preventing movement of said upper arm assembly relative to said

stationary support means.

. 4. A system for positioning an electronic test head for docking and
undocking with an electronic device handler comprising:

a support column having a main shaft;

a 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;



hori zontal axis; having neans for coupling said test head to said
horizontal wist shaft.—11.-A systemfor positioning an electronic test

head accor dj | further corrprigﬂugg‘t feP3hdet’-S32 INWEnSer 889 for
rel easabl y H'mvlkmll ﬂ“m l&l novenent of sai t1“ 24 second
vertical axis en sal ds t locking neans is l|p&REPOACEMENT SHEET

" 24- bate .0 5 DEC 1997
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upper arm locking means for releasably locking the upper arm
assembly to the shoulder means to prevent pivoting of the apper
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.

5. The system of claim 4, further comprising:
a retainer ring for supporting said lower support means; and

means for securing said retainer ring to said main shaft at one of a
plurality of locations along said main shaft.

6. The system of claim 4, wherein said upper arm assembly and
said shoulder means each include an opening, and wherein said upper arm
locking means comprises:

a locking member having a first end and a second threaded end,
said locking member positioned in said upper arm assembly
opening and said shoulder means opening, said locking member
extending from above said upper arm assembly to below said
shoulder means;

a lock pad having a threaded opening and located below said
". shoulder means,

said second locking member end extending into and engaging said
lock pad threaded opening; '

said locking member including a shoulder located above said
shoulder means;



(b) second | ocking means for releasably preventing pivotal novenent of said
_wist housing about said third vertical axis when said second | ocking neans

“is locked; (c) third I'6cking means for f%hﬁ%%ﬁ@éé’s é%\/_eflﬁime(?hy&t 7897
about sai j when

frlrg:/grrfﬂlt rgf I ?’Hmmm"’mn "m”mlcitedShaLterel n at eﬁ@m_mg;\ggi-r §AEgr tiube

ocki ng neans, *sat d wpper sar i | ocki NG5 . ,

wherein rotation of said locking member causes said lock pad and
said shoulder to be drawn towards said shoulder means, théreby
causing friction against said shoulder means and preventing
movement of said upper arm assembly relative to said shoulder
means.

7. The system of claim 4, wherein said shoulder means includes a
plurality of openings and said lower support means includes an opening, said
shoulder locking means comprising:

a shaft;

means for inserting and maintaining said shaft into one of said
plurality of openings in said shoulder locking means.

8. The system of claim 7, wherein said shaft is maintained in said
opening in said lower support means.

9. A system for positioning an electronic test head for docking
and undocking with an electronic device handler in accordance with claims 1 or
4, said system including a projected cradle assembly coupled to said upper arm
assembly for providing rotation of said electronic test head about a center of
gravity, said projected cradle assembly comprising:

an outer cradle back having an opening, a first end and a second
end;

an inner cradle back having a first end and a second end, said inner
cradle back extending through said opening 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 for
pivotable movement of said test head about said center of gravity.



means, said first |ocking neans, said second | ocking neans and said third
;Iocklng nmeans—are | ocked when sai d el ectronic test head I s undocked with

"said el ectronic device handler; and wher a4 to,ng NoverhHet 1997
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10. A system for positioning an electromc ' 3 ,
claims 1 or 4, wherein said main shaft defines a first vertical axis and sand upper
arm assembly defines a second vertical axis spaced from said first vertical axis,
said system further comprising:

(a) a forearm:

having means for mounting said forearm to said upper arm
assembly for pivotal movement about said second vertical
axis;
defining a third vertical axis;

(b) a wrist housing:

having means for mounting said wrist housing to said
forearm for pivotal movement about said third vertical axis;

defining a horizontal axis;
(c) a horizontal wrist shaft: |

having means for mounting said horizontal wrist shaft to
said wrist housing for vaotal movement about said
horizontal axis;

having means for coupling said test head to said horizontal
wrist shaft.

11. A system for positioning an electronic test head according to
claim 10, further comprising:

(a) first locking means for releasably preventing pivotal movement
of said forearm about said second vertical axis when said first
locking means is locked;



»
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12. A systemfor positioning an electronic test head according to clains 1
or 4, wherern—satdrai-n staft—defines a first vertlcal aX| S and sai d upper

‘ar m assenbl y vertical aXidy,paRidGRdshdes d ygobi cal
axis, said s IH& ! rising: (a) a fdfe or
rmunti ng sal upper arm assenb y rrent about

sai d second vert i cal axis; defl ning a 4prizontial

.............

(b) second locking means for releasably preventing pivotal
movement of said wrist housing about said third vertical agis when
said second locking means is locked;

(c) third locking means for releasably preventing pivotal
movement of said horizontal wrist shaft about said horizontal axis
when said third locking means is locked;

wherein at least one of said tube locking means, said upper arm locking
means, said first locking means, said second locking means
and said third locking means are locked when said electronic

test head is undocked with said electronic device handler;
and

wherein at least one of said tube locking means, said upper arm locking
means, said first locking means, said second locking means
and said third locking means are unlocked when said

electronic test head is docked with said electronic device
handler.

12. A system for positioning an electronic test head according to
" claims 1 or 4, wherein said main shaft defines a first vertical axis and said upper
arm assembly defines a second vertical axis spaced from said first vertical axis,
said system further comprising:

(a) a forearm

having means for mounting said forearm to said upper arm
assembly for pivotal movement about said second vertical
axis;

defining a horizontal forearm axis;

(b) a cradle assembly



(b) a cradle assenbly havi ng neans for nmounting said cradle assenbly to
,said forearmfor pivotal- mverrent about sai d horizontal forearm axis;

ng horizontal |inear ml on bgf&w@?ggégi P8 NevérmBe 3097
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having means for mounting said cradle assembly to said
forearm for pivotal movement about said horizontalforearm
axis;

having horizontal linear motion guide means for providing
horizontal movement of the electronic test head along a first
horizontal axis with respect to the main shaft.

13. A system for positioning an electronic test head according to
claim 12, further comprising:

(a) first locking means for releasably preventing pivotal movement of
said forearm about said second vertical axis when said first locking
means 'is locked;

(b) second locking means for releasably preventing pivotable movement
of said cradle assembly about said horizontal forearm axis when
said first locking means is locked;

(c) third locking means for releasably preventing horizontal movement
of said electronic test head along said horizontal axis when said
third locking means is locked;

wherein at least one of said tube locking means, said upper arm
locking means, said first locking means, said second locking means, and said
third locking means are locked when said electronic test head is undocked with
- said electronic device handler; and

wherein at least one of said tube locking means, said upper arm locking means,
said first locking means, said second locking means and said third locking means
are unlocked when said electronic test head is docked with said electronic device
handler. '

14. A system for positioning an electronic test head according to
claims 1 or 4, said system further comprising:



horizontal axis with respect -to the main shaft. 13. A systemfor
._posi tioni ng—an elect ronic test head according to claim 12, further

“conpri sing: \m‘m neans for rsu@ﬁﬁeul@éshaéteveatmaqembwt1e997
novenent of - !‘ t said second v id first
| ocki ng mean ockel: %(b) second |ocking ne&EPLAGEMENTSHIERH i preventing

pi vot abl e m)vement of said cradle assgghly abput sai alll forearm
axis when said first locking neans is |ocked;|| Date :. 05*]5156 agg?t

(a) first horizontal linear motion guide means, coupled to said
upper arm assembly, for providing horizontal movement of the
electronic test head along a second horizontal axis with respect to
the main shaft;

(b) a cradle assembly, coupled to said first horizontal linear motion
guide means, and having second horizontal linear motion guide
means for providing horizontal movement of the electronic test
head along a third horizontal axis with respect to the first orizontal
linear motion guide means.

15. A system for positioning an electronic test head according to
claim 14, further comprising:

(a) first locking means for releasably preventing horizontal movement of
said electronic test head along said second horizontal axis when
said first locking means is locked;

(b) second locking means for releﬁsably- preventing horizontal movement
of said electronic test head along said third horizontal axis when
said second locking means is locked;

wherein at least one of said tube locking means, said upper arm
locking means, said first locking means, and said second locking means are
locked when said electronic test head is undocked with said electronic device
handler; and '

wherein at least one of said tube locking means, said upper arm
locking means, said first locking means, and said second locking means are
unlocked whgen said electronic test head is docked with said electronic device
. handler.



(c) third locking neans for releasably preventing horizontal novenent of
said electronic test head along said horizontal axis when said third

| ocki ng means is | ocked; wherein at |east QUEsﬁfuté%ih‘ée’tUtﬂ h@ggmr :
sai d upper arm | ocking neans, said first |ockling neans, sald second | ocking
means, and said third | ocking nmeans are 1ocked when said electronic test
head is undocked with said eIectronic_@gyjce{ﬁaﬁngF; and wierelln at | east

one of said tube |ocking neans , s TRRRer 'ﬁ?bﬁ%ﬁi&“ T gaid first
| ocki ng nmeans, said second | ocki ng ~ffeatis—and lfai d eH’i ng [jmeans
! .
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A system is disclosed for positioning an electronic test head with
respect to an electronic device bandler. The positioner assembly includes
separate locks which allow the test head to move vertically while preventing

- rotation of the test head about the main shaft. Thus, the test head can be aligned
with the device handler, moved vertically away from the device handler while
adjustments are made, and easily realigned with the device handler after
adjustments have been completed. Alternatively, the separate locks allow the test
head to rotate about the main shaft while preventing movement along the main

( shaft. Thus, the test head can be aligned with the device handler, rotated about
' the main shaft and away from the device handler while adjustménts are made,

and easily realigned with the device handler after adjustments have been
completed. An index pin allows the test head 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 realigmneht 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 with its cable assembly at its
center of gravity. : '

(Fig. 2)
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are unl ocked when sai d electronic test head is docked with said el ectronic
device handler. 14. A systemfor positioning an electronic test head

according to claims 1 or 4, said systemfurther conprising: (a) first
hori zontal |inear notion guide neans, coupled tq said upper_arm asserrblg
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el ectronic test head al ong a second horizontal axis with respect to the
i n shaft; (b) a cradle assenbly, coupled to said first horizontal |inear
ot i on gui de neans, and havi ng second horizontal |inear notion guide means
for providing horizontal novenment of the electronic test head alopng a é@ird
horizontal axis with respect to the first dubssitute shﬁﬂe‘a?zrﬂﬂ‘(%ﬂbgﬁﬂa
means. 15. A system for positioning an electronic st head according to
claim 14, further conpri sing:
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(a) first locking means for releasably preventing horizontal novenment of

said electronic test head al ong said second horizontal axis when said first
Tocking means is | ocked; (b) second |ocking means for releasably preventing
hori zont'al novenent of said electronic test head along said third

hori zontal axis when said second | ocki ng mSubstitute sheatd; 24Novamber 1084st
one of said tube |ocking neans, said upper arm /| ocl ' st
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and wherein at |east one of said tube | ocki ng neans,
said first |ocking neans,

handl er;

arm | ocki ng neans,
are unl ocked when said electronic test head is docked with said electronic

devi ce handl er.
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