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ELECTRONIC ASSEMBLY TEST SYSTEM

TECHNICAL FIELD
This specification relates generally to a system for testing electronic

assemblies (EAs), such as printed circuit boards (PCBs), in parallel.

BACKGROUND

Manufacturers typically test devices, including electronic assemblies (EAs)
such as printed circuit boards (PCBs), for compliance with various requirements.
Typically, PCBs are tested in panels. Generally, a panel includes multiple instances
of a PCB in a common matrix. A panel is instailled in a test system and, one-by-one,
the individual PCBs within the panel are tested. Panel-based testing is primarily an
artifact of the sizes of PCBs. For example, traditionally, PCBs were sized for
computers, which made panel-based testing an acceptable alternative. However, in
recent years, a large portion of PCBs to test, such as those used in smartphones,
are considerably smalter than in previous eras. Due to the proliferation of
smartphones and other portable electronic devices, the numbers of smaller PCBs
that require testing have also increased, while the testing requirements have, in

many cases, become more stringent.

SUMMARY
An example system for testing electronic assemblies (EAs) may include:

carriers for holding EAs; and slots for testing at least some of the EAs in parallel,
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with each slot being configured to receive a corresponding carrier containing an EA
and to test the EA. An example carrier comprises a first part and a second part, with
at least one of the first part and the second part comprising a first structure. The first
structure is movable to enable electrical connection between an EA and an electrical
interface, where a direction of movement of the first structure is substantially
perpendicular to a surface of the EA. The example system may include one or more
of the following features, either alone or in combination.

At least one of the first part and the second part may comprise a second
structure. The second structure may be moveable to enable electrical connection
between the EA and an electrical interface.

At least a portion of the first part may be configured to move relative to the
second part to enable insertion of the EA into the carrier and removal of the EA from
the carrier. The first part may be configured to move relative to the second part to
achieve electrical connection of the EA through the first structure, where a direction
of motion of the first structure is substantially perpendicular to a surface of the EA.
The at least a portion of the first part may be configured to move non-vertically
relative to the second part when there is already separation between the first part
and the second part. The first part may comprise a hinge and a frame, with the
frame being the portion of the first part that is configured to move angularly.

The example system may comprise guides between the first part and the
second part. In a first position, the guides may separate the first part from the

second structure so that the first part and the second part are substantially parallel to
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each other. In a second position, the guides may be moved within at least one of
the first structure and the second structure so that the first part and the second part
move closer together (touching or not touching).

The EA may have localized heat sourceé. At least one of the first part and
the second part may comprise thermally-conductive objects at locations
corresponding to the localized heat sources, where the thermally-conductive objects
are used to conduct, convect, or radiate heat from the localized heat sources. The
thermally-conductive objects may comprise pins that are thermally conductive and
that are arranged at a location of the first structure or the second structure that
corresponds to a location of the localized heat sources. The thermally-conductive
objects may comprise fins that are thermally conductive and that are arranged at a
location of the first structure or the second structure that corresponds to a location of
the focalized heat sources.

The carrier may comprise circuitry configured to emulate a power source that
is usable in a product for which the EA is intended. Each carrier may comprise one
or more air pathways, through which air is able to flow through the carrier. Each slot
may comprise an air mover for blowing air through the slot and through air pathways
in a carrier in the slot. The air may be below 25°C or above 25°C.

The first structure may comprise first pins that can pass through the first
structure; and a third structure comprising circuit traces, with the first pins for
effecting electrical connection between the EA and the circuit traces on the third

structure. The first part may comprise the first structure and the second part may
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comprise a second structure. The second structure may be moveable to enable
electrical connection with an electrical interface. The second part may comprise
second pins that can pass through the second structure; and a fourth structure
comprising circuit traces, with the second pins for effecting electrical connection
between the EA and the circuit traces on the fourth structure.

The example system may comprise a heat source for providing heat to an
interior of the carrier. The example system may comprise radio frequency (RF)
shielding for each carrier.

The example system may comprise automation to move carriers into, and out
of, the slots during a testing process. The automation may comprise: a device
transport mechanism to move carriers between a shuttle mechanism and slots; a
feeder to provide carriers containing untested EAs and to receive carriers containing
tested EAs; and the shuttle mechanism to receive a carrier containing an untested
EA from the feeder and to provide the carrier containing the untested EA to the
device transport mechanism, and to receive a carrier containing a tested EA from
the device transport mechanism and to provide the carrier containing the tested EA
to the feeder.

At least some of the slots in the example system may comprise a pack for
receiving corresponding carriers, with a carrier and a pack each having beveled
edges that are configured to interact to force motion of the first structure.

A carrier in the example system may comprise a first interior region that

includes the EA; a second interior region; RF (Radio Frequency) shielding material
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between the first interior region and the second interior region; an antenna for
communicating with an RF test system; and RF control circuitry communicatively
coupled to the EA and the antenna, to enable wireless RF testing of the EA. The
example carrier may comprise a cable having RF shielding that is in electrical
communication with the EA for wired RF testing of the EA.

An example carrier for holding an electronic assembly (EA) to test may
comprise: a first part; and a second part, with at least one of the first part and the
second part being movable towards the EA, with a direction of motion of the at least
one of the first part and the second part being substantially perpendicular to a
surface of the EA, and with motion of the at least one of the first part and the second
part resulting in electrical connection between the EA and an electrical interface.
The example carrier may inctude one or more of the following features, either alone
or in combination.

At least one of the first part and the second part may comprise: a structure
having first holes therethrough at points corresponding to electrical test points of the
EA; and a substrate comprising first pins at locations corresponding to the first holes,
with the first pins being part of an electrical pathway to a connector. The first part
may be movable relative to the second part so that the first pins move through the
first holes to connect to/disconnect from the EA. The first part may be movable
angularly relative to the second part when there is already separation between the
first part and the second part. The first part may comprise a hinge and a frame, with

the frame being configured to pivot angularly about the hinge.
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The example carrier may comprise guides between the second part and the
first part. In a first position, the guides may separate the first part from the second
part so that the first part and the second part are substantially parallel to each other.
In a second position, the guides may be moved within at least one of the first part
and the second part so that the second part and the first part move closer together.

The EA may have localized heat sources. At least one of the first part and
the second part may comprise thermally-conductive objects corresponding to the
localized heat sources, with the thermally-conductive objects to conduct, convect, or
radiate heat from the localized heat sources. The thermally-conductive objects may
comprise pins that are thermally conductive and that are arranged at a location of
the first part or second part that corresponds to a location of the localized heat
sources. The thermally-conductive objects may comprise fing that are thermally
conductive and that are arranged at a location of the first part or second part that
corresponds o a location of the localized heat sources.

The example carrier may comprise ci.rcuitry configured to emulate a power
source that is usable in a product for which the EA is intended. The example carrier
may comprise one or more air pathways, through which air is able to flow over an
EA in the carrier. The air may be below 25°C or above 25°C.

The example carrier may comprise a heat source for providing heat to an
interior of the carrier and/or radio frequency {RF) shielding enclosing at least part of
the carrier. At least one of the first part and the second part may have a beveled

surface. The example carrier may comprise a first interior region that includes the
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EA; a second interior region; RF shielding material between the first interior region
and the second interior region; an antenna for communicating with an RF test
system; and RF control circuitry communicatively coupled to the EA and the
antenna, to enable wireless RF testing of the EA. The example carrier may
comprise a cable having RF shielding that is in electrical communication with the EA
for wired RF‘testing of the EA.

An example method may be for use in an example system comprising carriers
for holding EAs and slots for testing at least some of the EAs in parallel, with each
slot being configured to receive a corresponding carrier containing an EA and to test
the EA. An example carrier may comprise a first part and a second part; where at
least one of the first part and the second part is configured to enable electrical
connection between an EA and an electrical interface. The example method may
comprise: moving the first part away from the second part; moving the first part to
expose an area for receiving an EA,; inserting an EA into the area; and moving the
first part s0 as to contact the EA and thereby establish an electrical connection
between the EA and the electrical interface, where a direction of motion of the first
part is substantially perpendicular to a surface of the EA.

In the example method, moving the first part to expose an area for receiving
an EA may comprise moving the first part angularly relative to the second part when

there is already separation between the first part and the second part.
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Any two or more of the features described in this specification, including in
this summary section, can be combined to form implementations not specifically
described herein.

The systems and techniques described herein, or portions thereof, can be

5 implemented as/controlled by a computer program product that includes instructions
that are stored on one or more non-transitory machine-readable storage media, and
that are executable on one or more processing devices to control (e.g., coordinate)
the operations described herein. The systems and techniques described herein, or
portions thereof, can be implemented as an apparatus, method, or electronic system

10 that can include one or more processing devices and memory to store executable
instructions to implement various operations.

The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will be

apparent from the description and drawings, and from the claims.

15
DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of an example carrier in an open position.
Fig. 2 is a perspective view of an example carrier in a position where the first
part (e.g., a top) is separated from, and parallel to, the second part (e.g., a base).
20 Fig.3isa perspecﬂve view of an example carrier in a closed position.

Fig. 4 is a top perspective view of an example carrier in a closed position,

which shows latches for opening and closing the carrier.
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Fig. 5 is a perspective view of an example second part of the carrier.

Fig. 6 is a perspective cut-away view of an example second part of the
carrier, which shows the support plate elevated and floating vertically.

Fig. 7 is a is a perspective cut-away view of an example second part of the
carrier, which shows the support plate compressed.

Fig. 8 is a side, cut-away view of an example second part of a carrier.

Fig. 9 is a side, cut-away view of an example second part of a carrier, which
shows a mechanism for elevating a PCB above the support plate.

Fig. 10 is a side, cut-away view of an example second part of a carrier, which
shows an example heat sink.

Fig. 11 is a perspective view of an example carrier in a closed position, which
shows air pathways, e.g., vents, through which air may pass.

Fig. 12A is a perspective view of a front of an example test system, in which
the carrier may be used in testing multiple PCBs in parallel.

Fig. 12B is a perspective close-up view of a shuttle and an elevator shown in
the example system of Fig. 12A.

Figs. 13 to 26 are perspective views that depict an example operation of an
example test system of the type shown in Figs. 12A and 12B.

Figs. 27 and 28 are perspective views of racks in an example test system.

Fig. 29 is a side view of example racks in a test system.

Fig. 30 is a perspective view of example slots in a test system.
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Fig. 31 is an exploded view of components of an example rack in a test
system.

Fig. 32 is a perspective side view of an example warm atrium in a test
system.

Fig. 33 is a perspective view of an example of a rack containing air movers
and heat exchangers mounted in a column of the rack.

Figs. 34 and 35 are perspective views of an example test system, in which
the carrier may be used in testing multiple PCBs in parallel.

Fig. 36 is a side view of an example carrier in a partially closed position.

DETAILED DESCRIPTION

Described herein are example systems for testing devices in parallel,
including, but not limited to, electronic assemblies (EAs) such as printed circuit
boards (PCB). Although the example systems described herein focus on testing
PCBs, the systems may be used in testing any type of device or assembly.

Example systems for testing devices, such as PCBs, include multipie slots
arranged, e.g., in a rack of slots. Each slot is configured to test a corresponding
PCB in parallef with PCBs being tested in other slots. For example, each slot may
include electrical connections, circuitry, processing devices, communication
mechanisms, and the like, which may be used to perform one or more tests on a
PCB contained therein. As noted, testing of PCBs in some slots may be performed

in parallel with testing of other PCBs in other slots. Furthermore, the testing may be

-10-
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asynchronous. For example, testing in one slot need not be synchronized with
testing in any other siot. Rather, testing in each slot may proceed according to its
own schedule. Furthermore, the testing performed in different slots of the same
system may include the same tests or different tests.

_In some implementations, PCBs may be inserted into, and removed from, the
slots using automated mechanisms, examples of which are described below. In
some implementations, PCBs may be inserted into, and removed from, the slots
manually. In some implementations, PCBs may be inserted into, and removed from,
the slots using a combination of automated mechanisms and manual labor. The
example systems described herein are not limited to use with the automated and/or
manual brocesses of PCB insertion and removal that are described herein. Rather,
any appropriate insertion and removal processes may be used.

In some implementations, each PCB is resident in a carrier. The carrier
includes a physical and electrical interface to a corresponding slot. For example, the
carrier may include one or more electrical connectors that mate to one or mbre
corresponding electrical connectors in a slot. Test signals to/from the PCB in the
carrier are transmitted through such electrical connector(s). The slot may be sized
and shaped to accommodate the size and shape of a carrier.

Figs. 1 to 3 shows an example of a carrier 10 that may be used in the
example test systems described herein. In Fig. 1, carrier 10 is open. As shown,
carrier 10 inctudes a first part 11 and a second part 12. The first part may be, e.g., a

top part and the second part may be, e.g., a base part. First part 11 opens to

-11-
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expose an area 13 for receiving a PCB. In some implementations, first part 11
includes a frame 14 and a hinge 15. Hinge 15 may be, e.g., a spring hinge, a friction
hinge, or any other appropriate type of hinge. Referring also to Figs. 2 and 3, frame
14 is attached to hinge 15 to allow frame 14 to pivot angularly relative to second part
12, as shown in Fig. 1. This angular motion opens carfier 10, thereby exposing area
13 for inserting, or removing, a PCB in carrier 10. Angular motion is one example of
the type of motion that may be used at this point; other types of vertical or non-
vertical motion may be used as well, examples of which include, but are not limited
to, linear motion, rotational motion, extra-dimensional motion, and so forth.

First part 11 also includes a lock 16, which mates to a corresponding
mechanism 17 on second part 12, to prevent carrier 10 from opening during testing
or other operations. In order to reduce friction on electrical connections (described
below) on the PCB and on the first part and/or the second part, carrier 10 is
configured so that, during closing, different sides of the perimeter of the first part
contact corresponding sides of the perimeter of the second part at approximately the
same time. To this end, first part 11 includes guides to control separation of the top
and second parts. In the example implementations described herein the guides are
posts; however, other types of guides may be used. Posts 19a to 19c control
separation of first part 11 from second part 12 during angular motion of frame 14
(Fig. 1), and control closing of the carrier. Posts 19a to 19c may be any type of
structure (e.g., screws) that can be used to hold first part 11 above, and separated

from second part 12, and that can be moved within corresponding holes to bring the
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top and second parts together in a compressive motion and thereby close the
carrier.

in the example of Figs. 1 to 3, posts 19a and 19b are located on first part 11
and corresponding holes 20a and 20b are located on second part 12. Posts 19c are
located on hinge 15, and fit into corresponding holes on second part 12. In some
implementations, the posts and holes may be positioned differently on the top and
second parts than what is shown in the figures. In some implementations, there may
be more or less posts than those shown in the figures.

To load an untested PCB into carrier 10 (or to remove a tested PCB from
carrier 10), carrier 10 is opened from a closed position (Fig. 3). To open carrier 10,
first part 11 is moved vertically (in the direction of arrow 21). In other words, a
direction of motion of first part 11 is substantially perpendicular to a surface of a
plate or PCB in the carrier. The vertical movement may be implemented manually or
automatically. For example, an automated mechanism (not shown) may force
separation of first part 11 and second part 12. In another example, first part 11 and
second part 12 may be forced apart by a technician or test engineer. Fig. 4 shows
an example implementation in which latches 22 may be squeezed in the direction of
arrows 23 to open carrier 10, and pushed in the opposite direction to close (and
lock) carrier 10. In some implementations, there may be limitations on the amount
that the first part and the second part can be separated (e.g., o as not to permit
complete separation of the top and second parts). In other implementations, the top

and second parts may be completely separated.
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As shown in Fig. 2, when separated, first part 11 and second part 12 remain
substantially in parallel to each other, and separated at a distance 24. Such
separation may be maintained through appropriate friction in the posts or through
the use of one or more screws and/or other mechanisms that enable movement yet
permit separation, once achieved, to be maintained. When separated, as shown in
Fig. 1, frame 14 may pivot/move angularly about hinge 15 to open carrier 10 and
thereby expose an area 13 for holding a PCB during test. For example, as shown in
Fig. 1, frame 14 pivots (e.g., swings angularly) while first part 11 and second part 12
maintain separation. This pivot exposes area 13, as noted. A tested PCB may be
removed from a structure (described below) at area 13, and an untested PCB may
be placed into a structure at area 13, as described below. In this example
implementation (described below), the structure is a plate; however, in other
example implementations other types of structures may be used.

To close carrier 10, frame 14 may be pivoted downwards, in the direction of
arrow 25, to the position shown in Fig. 2. From there, first part 11 may be moved
downward, in the direction of arrow 26, to the position shown in Fig. 3. The
downward motion is vertical (e.g., normal to the PCB) so that electrical circuits
created between the PCB and the top and/or second part are achieved through
compression connection of electrical contacts on the PCB and the top and second
parts, thereby reducing the amount of frictional force to which those contacts are

exposed.
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In some implementations, a support structure (e.g., a support plate) may be
included on the first part or second part only. In such implementations, the electrical
connections are implemented only via the part containing the support structure and
associated circuitry.

Fig. 5 is a perspective view of an implementation of second part 12. As
shown in Fig. 5, second part includes a support plate 27. A PCB to test is placed on
support plate 27 when first part 11 is opened. Support plate 27 is typically
customized to include holes at locations that correspond to electrical contacts of a

PCB under test. In other implementations, the holes may be replaced by conductive

- traces or other electrical connectors that can form a conductive pathway upon

contact between the PCB and pins {described below).

The PCB may include electrical contacts on both sides, e.g., its top and
bottom. Support plate 27 may therefore include holes having a pattern that
corresponds to a pattern of electrical contacts on the bottom of the PCB under test.
Referring to Figs. 6 and 7, support plate 27 floats verticaily such that its holes are
above corresponding electrical contacts 29. In this example, electrical contacts 29
are POGO pins; however, other types of contacts and/or pins may be used. The
pins are held in a structure, such as a substrate 30. The substrate and support plate
may have a footprint that matches the footprints of the PCB. In operation, a PCB on
support plate 27 is forced downwards when the carrier is closed so that the pins

pass through the holes in the support plate and contact corresponding electrical
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contacts on the PCB. For example, Fig. 7 shows support plate forced downward,
with the pins mating to corresponding holes.

Below substrate 30, and not shown in Figs. 5 to 7, is another structure, e.g., a
plate, that contains circuit traces to an input/output connector for the carrier (not
shown). Fig. 8 shows this plate 31, along with a PCB 32, pins 33, a substrate 30,
and the second part's frame. The circuit traces on plate 31, when connected by the
pins through compressive force, complete a circuit between the electrical contacts
on the PCB, the pins, the traces and the electrical connecter, over which electrical
signals are communicated to/from the PCB during and after test. The signals may
be sent to/from the PCB from a controller in a test slot and/or from a test engineer
operating at a remote or local test station (e.g., a computer). Use of circuit traces
can be advantageous in that it reduces the need for wires. However, in other
implementations, wires and/or other conductive media may be used instead of, or in
addition to, circuit traces to provide electrical connections.

fn the example of Figs. 5 to 7, a support frame 35 is used to enable the
vertical motion of the support plate and PCB. In another implementation, such as
that shown in Fig. 9, a support plate 40 floats vertically on capacitive hardware, and
the PCB rests on spring-lcaded supports 41. As the PCB is pushed downward, the
spring 42 compresses, thereby enabling the electrical circuit described above.

Figs. 5 to 9 show example second parts. An example first part may be
substantially similar to the example second parts. That is, an example first part may

also include a plate containing traces, a substrate having electrically conductive pins
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therethrough, a support plate with holes, and a support frame to enable vertical
motion of the support plate and PCB. In the first part, the support plate holes and
the pins may be arranged to match the configuration of electrical contacts on the top
of the PCB. The electrical circuit that results from compressive connection of the
PCB, the support plate, the pins, and the traces may be fo the same electrical
connector that connects to the second part, or to a different electrical connector.

In some implementations, chips and other circuitry on the PCB act as
focalized heat sources. This heat can build and can have various adverse effects.
To address this, the carrier may include thermally-conductive objects, examples of
which include, but are not limited to, heat sinks at locations corresponding to the
local heat sources. The heat sinks draw heat from the local heat sources, and
dissipate the heat. In this context, drawing the heat may include conducting,
convecting, and/or radiating heat away. In some implementations, the heat sinks
are structures that are connected to the support plate at locations corresponding to
locations on the PCB that have more than a predefined amount of heating. For
example, the heat sinks may be placed proximate {e.g., below or above) the
locations of chips on the PCB. For example, Fig. 10 shows a heat sink 44 that is
placed below a corresponding chip 45 on a PCB. The heat sinks may extend
through the support plate, may have a high thermal conductivity and a high electrical
resistance in order to reduce the chances that electrical circuits will be created

through the heat sinks.
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In some implementations, the heat sinks may include multiple pins or posts in
order to increase the surface area over which heat is dissipated. In some
implementations, the heat sinks may include fins or the like, which also increases
surface area dissipation. The heat sink can be any appropriate thermal conductor.

Heat may dissipate from the heat sinks by air flow passing through the slot.
To facilitate this dissipation, in some implementations, a carrier may include one or
more air pathways or access ports, through which the air may pass. In some
implementations, the air pathways or access ports may be vents 47 (Fig. 11). One
or more air movers may be included in each slot to bring air into the slot from, e.g., a
cool atrium, and to move heated, or warmer, air out of the slot into a warm atrium.

In some implementations, the carrier may include one or more heat sources.
The one or more heat sources may be computer-controlled, and used for
temperature control inside the carrier. The heat sources may be located along the
sides 49, 50 (Fig. 1) of the top and/or second part of the carrier. The heat sources
may be run at the same time as the heat sinks dissipate localized heating in order to
maintain substantially uniform temperature across the PCB, or to otherwise affect
the temperature at one or more locations on the PCB. In other implementations, the
heat source(s) may be external to the carrier, and heat therefrom may be provided
through one or more air or thermally-conductive pathways into the carrier.

In some implementations, each carrier may have Radio Frequency (RF)
shielding so as to reduce the effects of RF cross-talk among PCBs in a rack, or to

comply with regulations concerning RF emissions. The RF shielding may enclose all
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of, or part of, the carrier. The RF shielding may be sheet metal, metal screen, metal
foam, metal mesh or any other appropriate material, with openings in the shielding, if
any, being smaller than the wavelength of the radiation that is of concern.

In some implementations, the connector may include coaxial cable or other
appropriately shielded wire or other environment so as to enable, and test, RF
communications to and from the PCB through wired or wireless connection to
external RF instrumentation. The RF cable and/or other RF circuitry may be
communicatively coupled to the PCB via the test connections described herein to
enable wired and/or wireless RF testing. In an example system for wirelessly testing
an RF signal transceiver device, a structure, such as the carrier, defines a shield
enclosure or a controlled electromagnetic environmént which includes interior and
exterior regions, with the interior region substantially isolated from electromagnetic
radiation in the exterior region. The interior region includes a first interior region that
holds the PCB and a second interior region that is around the first interior region.
RF-absorbent material(s) may be incorporated into a volume between the first and
second interior regions. An electrically conductive signal path is coupled to the PCB
and conveys one or more electrical signals between the interior and exterior regions.
One or more antennas are disposed at the second interior region to radiate phase-
controlled RF test signals. RF signal control circuitry is coupled to the electrically-
conductive signal path and to the antennas. The RF signal control circuitry is
responsive to a plurality of data signals from the PCT related to the phase-controlled

RF signals and conveyed via one or more electrical signals and to an RF test signal
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by: replicating the RF test signal to provide replica RF test signals, and controlling,
in accordance with the data signals, respective phases of at least a portion of the
replica RF test signals to provide the phase-controlled RF test signals. An example
system for testing an RF system wirelessly is described in U.S. Patent Application
No. 13/839,583, titled “System and Method for Testing Radio Frequency Wireless
Signals Transceivers Using Wireless Test Signals”, the contents of which are
incorporated herein by reference as if set forth in full.

In some implementations, the carrier includes circuitry configured to emulate
a power source, such as a battery, that is usable in a product for which the PCB is
intended. For example, if the PCB is intended to be part of a smartphone, the
emulation circuitry will emulate the battery of that smartphone, and power the PCB.
ncluding emulation circuitry in the carrier can enable testing of the PCB under
conditions that more accurately simulate actual operating conditions.

The carrier described above may be used in any appropriate testing system,
examples of which are provided below. In this regard, the systems described below
are described with respect to testing PCBs. However, they may be used to test any
EA, device, or system massively and in parallel.

Referring Fig. 12A, an example PCB testing system 100 may include multiple
test racks 101 (only one depicted) and automated elements to move PCBs housed
in carriers, such as those described above, between a feeder and the test racks.
The test racks may be arranged in horizontal rows and vertical columns, and

mounted in one or more chassis. As shown in Fig 12A, each test rack 101 generally
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includes a chassis 102. Chassis 102 can be constructed from a plurality of structural
members (e.g., formed sheet metal, extruded aluminum, steel tubing, and/or
composite members) that are fastened together and that together define receptacies
for corresponding test slots or packs of test slots. Each rack houses multiple test
slots. Different ones of the test slots may be used for performing the same or
different types of tests and/or for testing the same or different types of PCBs.

In an example implementation, a rack 101 is served by a mast 105. In this
example, “servicing” includes moving untested PCBs (in carriers) into test slots in
the rack, and moving tested PCBs (in carriers) out of test slots in the rack. An
example of a mast 105 used to service test rack 101 is shown in Fig. 12A.

In the example of Fig. 12A, mast 105 includes magnets (not shown) and a
linear motor (not shown) that'enable mast 105 to move horizontally along a track
106. The combination of a linear motor and magnets may eliminate the need for
belts or other mechanics that can complicate the construction of the system.
However, in other implementations, belts or other mechanics may be used, at least
in part, to move the mast along the track.

In some implementations, track 106 may run substantially paralle! to the front
(see, e.g., Figs. 12A and 12B) of rack 101. In this context, the “front” of a rack is the
side of the rack from which carriers can be loaded into, and removed from, slots in
the rack. In other implementations, carriers can be loaded into, and removed from,

both sides (back and front) of a rack. In such implementations, as described below,
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there may be a track on each side (e.g., front and back) of the rack, with each such
track serviced by a separate mast.

In some implementations, mast 105 includes an automation arm 107 for
removing carriers from, and inserting carriers into, corresponding test slots in the
rack. In an example implementation, automation arm 107 is a structure that
supports a carrier, and that projects from the mast to a slot during engagement with
a slot, and that retracts towards the mast when disengaging from the slot.
Automation arm 107 is movable vertically along mast 105 to align to a slot to be
serviced. In this regard, as noted above, mast 105 moves horizontally along track
106. The combination of the mast's horizontal motion and the automation arm’s
vertical motion enables servicing of any slot in a test rack. At least part of the
horizontal and vertical motions may be concurrent.

Referring to Fig. 13, in some implementations, a mast 201 contains two
automation arms 202, 203, with one on each side of the mast. Each automation arm
is configured to service a corresponding rack. So, for example, automation arm 202
services rack 204. Automation arm 203 services another rack (not shown) facing
rack 204. In the examples of Fig. 12A and 13, the automation arm is not rotatable
relative to the mast. This is why there are two automation arms — one for each side
of the mast. In other implementations, a single automation arm may be used, and
that automation arm may be rotatable to service racks on each side of the mast. In

some implementations, the automation arm can have multiple degrees of movement.
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In some implementations, the automation arm can be fixed to the mast to serve two
sides of the mast or pivotal to serve the two sides.

Referring to Fig. 12B, elevator 109 is movable vertically along mast 105
between the location of a shuttle 110 (described below) and the location of the
automation arms. Elevator 109 is configured to receive a carrier containing a PCB
to be tested from the shuttle, to move that carrier containing the PCB vertically
upwards along the mast to reach an automation arm, to receive a carrier containing
a tested PCB from the automation arm, and to move the carrier containing the tested
PCB vertically downwards to reach the shuttle. Mechanisms (described below) at
each automation arm and at the shuttle are configured to move a carrier to/from
corresponding mechanisms on elevator 109. In the implementation of Fig. 12A,
elevator 109 is rotatable relative to mast 105 to service both of its automation arms.
For example, referring to Fig. 13, the elevator may or may not rotate in one direction
to service automation arm 202, and in the opposite direction to service automation
arm 203. In this context, servicing includes, but is not limited to, exchanging carriers
containing tested and untested PCBs with an automation arm.

Shuttle 110 is an automated device that is movable horizontally along a track
between a feeder and mast 105. Shuttle 110 is configured to move carriers
containing untested PCBs from the feeder to elevator 109, and to move carriers
containing tested PCBs from elevator 109 to the feeder. Advantageously, shuttle
110 is operable so that a carrier containing an untested PCB is carried from the

feeder to the elevator, and then a carrier containing a tested PCB is carried from the
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elevator on the shuttle’s return trip back to the feeder. This can increase testing
throughput, since no shuttle trip is wasted,

Shuttle 110 includes an automation arm 112 for holding carriers containing
tested and untested PCBs, and for interacting with elevator 109. As described
below, automation arm 112 is controllable to retrieve a carrier containing an untested
PCB from the feeder, to transfer the carrier containing the untested PCB to elevator
109, to receive a carrier containing a tested PCB from elevator 109, and to transfer
the carrier containing the tested PCB to the feeder. In the implementation of Fig. 13,
the shuttle automation arm is rotatable relative to the mast. As such, shuttle 205 is
rotatable so that it faces either mast 201 or feeder 208 (see Figs. 14 and 15). In
some implementations, as described in an example below, the shuttle’s automation
arm need not rotate in this manner.

Referring to Fig. 13, an example feeder 208 is configured to move carriers
containing untested PCBs to the shuttle, and to accept carriers containing tested
PCBs from the shuttle. Carriers containing untested PCBs may be loaded manually
or automatically into feeder 208, and carriers containing tested PCBs may be
unloaded manually or automatically from feeder 208. For example, carriers may
pass through conduits 213 and down/up towers 214 to a loading/unloading area 215.
In some implementations, the shuttle may move left to right along another track (not
shown) that is parallel to the feeders so as to align with different towers. In other

implementations, as described below, there may be multiple shuttles, along multipfe
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tracks, which access different loading/unloading areas of different towers of feeder
208.

Figs. 13 to 26 show an example operation of example a test system 200 that
includes features of the type described above with respect to Figs. 12A and 12B. In
Fig. 2, shuttle 205 is at a loading/unloading area of feeder 208. There, shuttle 205
receives a carrier containing an untested PCB. As shown in Fig. 14, automation arm
216 rotates from the loading/unioading area toward mast 201. This may be done as
shuttle 205 moves along track 217 towards mast 201 or it may be done beforehand.
Concurrently, in Fig. 14, automation arm 202 of mast 201 éngages with a slot 219 in
rack 220 containing a carrier with a PCB that has been tested.

In Fig. 15, a carrier containing tested PCB 221 is output to automation arm
202, while a carrier containing untested PCB 222 remains in elevator 224 ready to
be inserted into slot 219. Fig. 15 also shows automation arm 216 of shuttle 205 fully
rotated towards mast 201 and traveling towards mast 201. Meanwhiie, referring to
Fig. 16, a carrier containing a tested PCB 221 continues output into automation arm
202. Eventually, the carrier containing tested PCB 221 is fully output into
automation 202, leaving slot 219 empty and ready to receive a carrier containing
untested PCB 222.

Referring to Fig. 17, elevator 224 shifts sideways to move carrier containing
tested PCB 221 out of the insertion path of siot 219 (e.g., out of automation arm
202), and to move carrier containing untested PCB 222 into the insertion path of slot

219 (e.g., into place in automation arm 202). In Fig. 18, carrier containing untested
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PCB 222 is in automation arm 202, and ready for insertion into slot 219. In Fig. 19,
carrier containing untested PCB is inserted (e.g., pushed) by automation arm 202
into slot 219. Meanwhile, elevator 224 moves downward vertically, towards the
shuttle 205, which awaits with a carrier containing untested PCB 223 to be loaded
into elevator 224. The carrier containing the tested PCB in the elevator may likewise
be loaded into the shuttle.

In Fig. 20, carrier containing untested PCB 222 is almost completely inserted
into slot 219. Meanwhile, elevator 224, which is holding carrier containing tested
PCB 221, rotates towards automation arm 216 of shuttle 205. Elevator 224 hands-
off carrier containing tested PCB 221 to automation arm 216 of shuttle 205, as
shown in Fig. 21. In some implementations, at about the same time, elevator 224
receives the carrier containing untested PCB 223 from automation arm 216 of
shuttle 205. Automation arm 202 of mast 201 disengages from the previously-
serviced slot, and moves up or down in a direction of a next slot to be serviced (e.g.,
towards the slot in which carrier containing untested PCB 222 is to be inserted).

Referring to Fig. 22, automation arm 202 of mast 201 is disengaged from siot
219. Also, elevator 224 has possession of carrier containing untested PCB 223 and
shuttle 205 has possession of carrier containing tested PCB 221. In Fig. 22, shuttle
205 is rotating away from mast 201, towards feeder 208, in order to hand-off a
carrier containing tested PCB 221 to feeder 208 and pick-up a carrier containing an
untested PCB at the loading/unloading station. Meanwhile, referring to Figs. 22, 23

and 24, mast 201 moves along track 217 towards the next slot to be serviced. This
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movement may occur at the same time as movement of automation arm 202, 203
vertically along mast 201, until the automation arm reaches the next slot to be
serviced. Meanwhile, elevator 224 rotates towards mast 201 to a position so that it
can move upwards along mast 201 toward automation arm 202 (or arm 203 if the
slot being serviced faces arm 203). The shuttle 205, at this time, deposits the carrier
containing tested PCB 221 in feeder 208 and picks-up a carrier containing an
untested PCB. Fig. 25 shows further movement of elevator 224 and automation arm
202 along mast 201.

In Fig. 25, elevator 224 moves the carrier containing the untested PCB toward
the new slot, e.g., upwards along mast 201. Meanwhile, in Fig. 26, shuttle 205
picks-up a carrier containing an untested PCB to be brought to elevator 224,
Thereafter, the process described above is repeated to load/unload PCBs in a test
slot.

Fig. 27 shows two racks of test slots of the type described above arranged
side-by-side. Although only two test racks are shown in Fig. 27, a test system may
include any number of test racks arranged side-by-side, as shown in Fig. 28. In the
example implementation of Fig. 27, a mast, of the type shown in Fig. 12A, runs
along a track between racks 501 and 502 to service slots therein as described
herein. The mast and the track are not shown in Fig. 27; however, Fig. 29 is a side
view of racks 501, 502, showing mast 504, track 505, and shuttle 506. In some

implementations, there may be shuttles on two sides of a mast.

27-



10

15

20

WO 2014/168694 PCT/US2014/019832

Area 508 between racks 501 and 502 is referred to as a cold atrium. Area
509 outside of rack 501 and area 510 outside of rack 502 are referred to as warm
atriums. In implementations like that shown in Fig. 28, there are additional racks
adjacent to racks 501 and 502, making at least some of warm atriums semi-
enclosed spaces, and at least some of the c¢old atriums semi-enclosed spaces. In
this regard, each atrium may be an open, enclosed, or semi-enclosed space.

Generally, air in a cold atrium is maintained at a lower temperature than air in
a warm atrium. For e)zample, in some implementations, air in each cold atrium is
below 25°C and air in each warm atrium is above 25°C. In some implementations,
air in each cold atrium is at about 15°C and air in each warm atrium is at about 40°C.
In some implementations, the air temperature in the warm and cold atriums is within
prescribed ranges of 40°C and 15°C, respectively. In some implementations, the air
temperatUres in the warm and cold atriums may be different than 40°C and/or 15°C,
respectively. The relative air temperatures may vary, e.g., in accordance with
system usage and requirements.

During testing, cold air from a cold atrium 508 is drawn through the test slots,
and through the carriers in the slots. This is done in order to control the temperature
of PCBs during test. Due at least in part to PCB testing and/or operation in the slots,
the temperature of the cold air passing over the devices rises. The resulting warm
air is then expelled into a warm atrium 510. Air from each warm atrium is then
drawn through a corresponding cooling mechanism, and expelled to the cold atrium.

From there, the resulting cold air is re-cycled. In the example implementation of Fig.
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28, there are one or more cooling mechanisms 512 and corresponding air movers
513 at the top of each rack and at the bottom of each rack. There may be different
arrangements and/or mechanisms used in other implementations.

Air flow between the cold and warm atriums is depicted by the arrows shown
in Fig. 28. More specifically, warm air 515 exits test slots 516. This warm air 515 is
drawn by air movers 513 (e.g., fans) through corresponding cooling mechanisms
512, resulting in cold air 518. Cold air 518 is output towards the center of the rack
(either upwards or downwards, as shown). From there, air movers in the slots draw
the cold air through the slots, resulting in output warm air. This process/air flow
cycle continually repeats to thereby maintain devices under test and/or other
electronics a slot within an acceptable temperature range.

In some implementations, slots in a rack are organized as packs. Each pack
may hold multiple slots and is mounted in a rack. An example pack 520 is shown in
Fig. 30. The example pack 520 includes air movers 521 (e.g., blowers) in each slo,
which force air over devices in the slots during testing.

In some implementations, the air blown through a slot is above 25°C, and in
some implementations, the air blown through a slot is over 25°C. Accordingly, the
air blown through a slot may be either warm or cold.

Referring to Fig. 29, in some implementations, carriers are loaded into slots in
the rack only from the cold atrium. In these implementations, the side of the rack

from which devices are loaded is referred to as the “front” of the rack. Accordingly,
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using this convention, the front of the rack faces the cold atrium and the back of the
rack faces the warm atrium.

Fig. 31 shows an exploded view of components of an example
implementation of a rack 501 (or 502) depicted from the front of the rack. Rack 501
includes packs 530 (also referred to as modular bays) containing slots in which
devices are inserted for test. The packs are held together by structural members
531, which may be of the type described above. In this example, there are two heat
exchanging plenums 512a and 512b, which are examples of the cooling
mechanisms described above. One plenum 512a is mounted near or to the base of
the rack and another plenum 512b is mounted near or to the top of the rack. As
explained above, plenums 512a and 512b receive warm air from the warm atrium,
and cool the air (e.g., by removing heat from fhe warm air using, e.g., a heat
exchanger), and expel cold air into the cold atrium.

In some implementations, each air plenum outputs cold air, which moves
towards the center of a rack. For example, air may move from the top of a rack
towards the center or from the bottom of a rack towards the center. In this regard,
air movers create a high pressure area at the plenum exhaust, and the movement of
the air through the slots causes a relatively lower air pressure towards the middle of
the racks, so the air appropriately diffuses. Air movers in the slots draw this cold air
from the cold atrium over devices in the slots.

In some implementations, the warm atrium may include one or more air

mover boxes 513a, 513b at the top and/or bottom of the racks. An example interior
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of a warm atrium is shown in Fig. 32, including air mover boxes 533. Each such air
mover box may include one or more fans or other air movement mechanisms. The
air movers in the warm atrium draw warm air from the slots towards/into
corresponding plenums. The plenums receive this warm air and cool it, as
described above. Although only two air mover boxes and corresponding plenums
per rack are shown in Fig. 31, there may be different numbers and configurations of
air mover boxes and plenums per rack in other implementations.

In some implementations, a grating may be installed over and above air
mover boxes at the bottom of the rack, thereby forming a walkway for a technician to
access the back of each slot via the warm atrium. Accordingly, the technician may
service a slot through the back of a slot, without requiring an interruption in
movement of the automated mechanisms {(mast, shuttle, etc.) at the front of the rack.

In some implementations, two devices (e.g., PCBs, disposed within
corresponding carriers) may be tested in same slot, and those two devices are not
physically or electrically connected together in a way that would cause testing,
removal or replacement of a PCB in one carrier to have a significant (or any) effect
on testing, removal or replacement of a PCB in another carrier that is still in the slot,
Also, in some implementations, testing performed on two PCBs in the same slot is
not coordinated. Accordingly, the test system may operate asynchronously or
mostly asynchronously vis-a-vis the two devices in the same slot.

Implementations that use a two-sided slot will typically employ a mast, shuttie,

and other automated mechanisms of the type described herein in both the warm
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atriums and the cold atriums. Accordingly, in such implementations, there may be
less opportunity for a technician to service slots from the warm atrium. However, the
increase in throughput resulting from double-sided servicing may make-up for this
decrease in serviceability.

In some implementations, the plenums and air movers may be located in a
column of each rack instead of at the rack top and bottom. An example
implementation in which this is the case is shown in Fig. 33. For example, plenums
545 may be located on the side of the rack facing the warm atrium and air movers
546 may be adjacent to the plenums on the side of the rack facing the cold atrium, or
vice versa. A column may service one rack, two racks, or more than two racks.
When arranged in this manner, the air movers force the warm air from the warm
atrium,.through corresponding plenums, resulting in cold air that is expelled into the
cold atrium. Because the plenums and air movers are arranged in a column, there is
less need to circulate the air from top to bottomn of the racks, as in implementations
where the plenums and air movers are located at the rack top and bottoms.
Furthermore, additional slots can be added at tops and bottoms of the racks to
make-up for space taken-up in the columns.

In some implementations, a test system may include a control center, from
which one or more test engineers may direct testing of PCBs in the slots. The test
system may include or more of the features described herein, either above or below,
or it may have different features. In some examples, the test system includes slots

for holding devices under test, and automation for moving carriers into, and out of,
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the slots. In other implementations, the test sites may not be slots, but rather other
areas or structures at which a test may be conducted.

Each slot or site of the test system may include one or more processing
devices. [n some implementations, the processing devices may be in the carriers or
there may be different processing devices in the carriers and the slots, which
coordinate operation together. In some implementations, a processing device may
include, but is not limited to, a microcontroller, a microprocessor, an application-
specific integrated circuit (ASIC), a field-programmable gate array (FPGA), a
network processor, and/or any other type of logic and/or circuitry capable of
receiving commands, processing data, and providing an output. In some
implementations, a processing device in each slot is also capable of providing and/or
routing power to the siot, including to a device under test in the slot and to other
circuit elements in the slot.

Each processing device may be configured {(e.g., programmed) to
communicate with a device under test (e.g., a PCB) in the slot and with other
elements of the slot, such as the slot air mover. For example, each processing
device may monitor operations of a device in the slot during testing (including test
responses), and report test results or other information back to the control center.

In some implementations, as described above, there may be a single (one)
processing device per slot. In other implementations, a single processing device
may serve multiple slots. For example, in some implementations, a single

processing device may service a pack, a rack, or other grouping of slots.
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The communications to/from each processing device may include, but are not
limited to, data representing/for testing status, yield, parametrics, test scripts, and
device firmware. For example, testing status may indicate whether testing is
ongoing or completed, whether the device under test has passed or failed one or
more tests and which tests were passed or failed, whether the device under test
meets the requirements of particular users (as defined, e.g., by those users), and so
forth. Testing yield may indicate a percentage of times a device under test passed a
test or failed a test, a percentage of devices under test that passed or failed a test, a
bin into which a device under test should be placed following testing (e.g., a highest
quality device, an average quality device, a lowest quality device), and so forth.
Testing parametrics may identify particular test perfor'mance and related data. For
example, for a disk drive under test, parametrics may identify a non-repeatable run-
out track pitch, a position error signal, and so forfh.

In some implementations, test scripts may include instructions and/or
machine-executable code for performing one or more test operations on a device
held in a slot for test. The test scripts may be executable by a processing device,
and may include, among other things, test protocols and information specifying how
test data is to be handled or passed to the control center.

A control center for use with the test system may include a computing device.
The computing device may include one or more digital computers, examples of
which include, but are not limited to, laptops, deskiops, workstations, personal digital

assistants, servers, blade servers, mainframes, and other appropriate computing
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devices. The computing device may also include various forms of mobile devices,
examples of which include, but are not limited to, personal digital assistants, cellular
telephones, smartphones, and other similar computing devices. The components
described herein, their connections and relationships, and their functions, are meant
to be examples only, and are not meant to limit implementations of the technology
described and/or claimed herein.

The computing device includes appropriate features that enable it to
communicate with the processing devices in the test system slots in the manner
described herein. The computing device (or other devices directed by it) may also
control various other features of the example test system described herein, such as
the feeder(s), the mast(s), the shuttle(s), and so forth.

In some implementations, the carriers described herein may be used with a
PCB test system having the configuration of Figs. 34 and 35. As shown in Fig. 34, a
PCB test system includes a plurality of racks, a transfer station, and an automated
transporter. The automated transporter is located in an atrium, which is a space
enclosed by the racks and a canopy. The atrium also serves as a reservoir for
chilled air. Referring to Fig. 34, the automated transporter includes a robotic arm
910 and a manipulator 911 (sometimes referred to as an end effector) disposed at a
distal end of the robotic arm. The robotic arm defines a first axis normal to a floor
surface and is operable to rotate through a predetermined arc about and extends
radially from the first axis within an automated transporter operating area. The

robotic arm is configured to independently service each test slot 912 in racks 914 by
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transferring carriers containing tested or untested PCBs between a transfer station
and the test racks. In some embodiments, the robotic arm is configured to remove a
carrier containing a tested PCB, from a test slot with the manipulator, deposit the
carrier at a first location in the transfer station, retrieve a second carrier containing
an untested PCB from a second location in the transfer station with the manipulator,
and then deposit the second carrier, with the untested PCB contained therein, in the
test slot for testing and/or control. Atfter testing or control is complete, the robotic
arm retrieves the second carrier, along with the PCB contained there, from the test
slot and returns it to the transfer station (or moves it to another one of the test slots)
by manipulation of the storage device transporter (i.e., with the manipulator).

Fig. 35 shows a perspective view of a system rack, containing multiple test
slot assemblies that can accommodate the carriers described herein. In addition to
the test slot assemblies, the rack may contain air movers configured to move air
from the cold atrium 915 through the test slots, through a heat exchanger, and back
to the cold atrium. The movement of the air from the cold atrium through the test
slots and through the heat exchanger serves to control the temperature of the air in
the atrium, to be used as a common source of controlled air to provide a
temperature control source for the test slots. As described above, additional
temperature controls may be provided within the carrier itself.

Any features described herein with respect to Figs. 1 to 33, and that are
appropriate for use with the system of Figs. 34 and 35, may also be used with the

system of Figs. 34 and 35.
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Fig. 36 shows another implementation of a carrier 950 that may be used in
test systems of the type described herein. In. the example implementation of Fig. 36,
the test slot includes a pack 952. In this example, there is one carrier per pack and
one pack per slot; however, this need not be the case. Rather, in some
implementations, there may be multiple carriers per pack and/or multiple packs per
slot. Pack 952 has one or more beveled edges 953. These beveled edges assist in
closing the carrier, as described in more detail below. In some implementations, the
siot need not include a pack, but rather the slot itself may have beveled edges of the
type shown in Fig. 36

In the example implementation of Fig. 36, carrier 950 includes, but is not
limited to a first part 955 (e.g., a top part), a second part 956 (e.g., a bottom or base
part), electrical contacts 958 (depicted as arrows, but not necessarily having that
shape), and guides 960. Carrier 950 also includes one or more electrical conduits
(e.g., traces, wires, etc. — not shown) to create electrical pathways between the
electrical contacts and an electrical interface, e.g., connector 961. Carrier 950 may
also include one or more mechanisms for supporting a PCB in the carrier.

In some implementations, the mechanisms may include one or more plates,
as described above. In some implementations, the mechanisms may include one or
more support pins (also referred to as “tooling pins”) that may be supported by
second part 956, that do not contact electrical contacts on the PCB, and that hold
the PCB. In some implementations, an area of second part 956 (or top part 955)

may be routed-out (e.g., hollowed) to match, substantially, the shape of a PCB under
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test. The PCB may be placed in that area prior to closing the carrier. In other
implementations, different types of mechanisms may be used to support the PCB in
the carrier prior to closing the carrier and/or while the carrier is closed.

As in the example of Figs. 1 to 3, the first part may be configured to move
towards the second part so as {o sandwich a PCB contained in the carrier between
the first and second parts, and thereby create an electrical connection between the
PCB and one or more external electrical interfaces 963. In some implementations,
the electrical connection is created at the time of contact between the first and
second parts, and in other implementations, the electrical connection is created
without physical contact between the first and second parts (e.g., pins may contact
electrical contacts on the PCB without the first and second parts actually coming into
physical contact). During final closing or initial opening of the carrier, the direction of
motion of the first part and/or the second part, e.g., the direction of arrow 967, is
substantially perpendicular to a surface 965 of PCB board 966. In this example, the
word “substantially” tybical[y encompasses a less than ten degree variation from
perpendicular; howe\.;er, this variation may differ in other implementations.
Perpendicular motion of first (e.g., top) part 955 may be in the direction of arrow 967
(when the top part moves) and perpendicular motion of bottom part 956 may be in
the direction of arrow 968 (when the bottom part moves). As noted above, the
perpendicular motion to achieve electrical connection reduces the amount of friction

on both carrier and PCB electrical contacts relative to non-perpendicular motion.
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As in the example of Figs. 1 to 3, when there is already vertical separation
between the first part and the second part, first part 955 may pivot angularly relative
to second part 956 in order to enable loading or unloading of carrier 950. For
example, as is the case in the example of Figs. 1 to 3, theré may be a hinge (not
shown in Fig. 36) connecting first part 955 and second part 956. The angular motion
resuiting from the hinged connection opens carrier 950 to expose area 970 for
loading or unloading a PCB in carrier 950. Angular motion is only one example of
the type of motion that may be used to separate the first and second parts and
thereby expose area 9700; other types of vertical or non-vertical (e.g., non-
perpendicular) motion may be used as well, examples of which include, but are not
limited to, linear motion, rotational motion, extra-dimensional motion, and so forth.

In other implementations, first part 955 may be removed completely from
second part 956 (e.g., lifted-off) to enable loading or unlcading of the PCB in carrier
950. In other implementations, other methods and mechanisms may be used to
open carrier 950 and thereby expose area 970 for [oading/unloading a PCB.

In the example implementation of Fig 36, the motion of first part and/or
second part 956 is controlled using guides 960. Guides 960 may be posts, screws,
or other mechanism that fit, and move, within corresponding holes on the first and/or
second parts. The guides enable controlled motion between the first and second
parts for proper opening and closing of the carrier. In the example of Fig. 36, guides
960 are fixed to first part 955 and move within a hole in second part 956; however, in

other implementations, this need not be the case. For example, the guides may be
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fixed within the second part and move within the first part, some guides may be fixed
in the first part and move in the second part and at the same time other guides may
be fixed in the second part and move in the first part, and so forth. In some
implementations, as shown in Fig. 36, the guides may be spring-loaded, e.g., each
guide may have a corresponding spring 971 that is biased to hold carrier 950 open
in the absence of applied vertical pressure, and that compresses in response to
vertical pressure in the directions of arrows 967 and/or 968, as described below, in
order to enable closing of the carrier.

As shown in Fig. 36, first part 955 has a beveled edge 953 that corresponds
to the beveled edge 974 of pack 952. Although second part 956 does not include a
beveled edge in the example of Fig. 36, second part 956 may also include a beveled
edge (e.g., to correspond to the beveled edge 953 of pack 952). In some
implementations, beveled edges of the type shown are not included on either the
carrier or the pack/slot. For example, the beveled edges may be replaced by
smooth sloping edges or other features that facilitate closing of the carrier during
insertion of the carrier. In some implementations, the carrier may be closed prior to
insertion into the pack/slot, relieving the carrier of the need for any mechanism to
facilitate closing the carrier during insertion into the pack siot.

In operation, carrier 950 is opened, either manually or automatically, and an
area for holding a PCB is thereby exposed. The PCB is placed in that area, either
manually or automatically. The carrier is then closed, either manualiy or

automatically. For example, initial closure or final opening of the carrier may be
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performed as described above with respect to Figs. 1 to 3 or according to any other
appropriate method. Final closure of the carrier (e.g., when pins 958, or other
electrical contacts on the carrier contact corresponding contacts on the PCB) is
achieved by moving first part 955 and/or second part 956 in a direction that is
substantially perpendicular to the face (top or bottom) of the PCB. By virtue of this
motion, pins 958 on the carrier contact electrical contacts on PCB 966. The pins are
connected to electrical pathways (e.g., wires or traces) on or off of the carrier, which
terminate at electrical connection (e.g., connector 961). This electrical connection
mates to a corresponding electrical connection (e.g., connector 963) in the pack/siot.
As above, there may be a single connector for both the first and second parts, or
there may be different connectors for the first and second parts.

In some implementations, such as that shown in Fig. 36, the carrier is closed
as it is inserted into the pack or slot. In the example of Fig. 36, carrier 950 is
inserted in the direction of afrow 975. This motion, coupled with beveled edges 953,
result in a downward (direction of arrow 967) force component that pushes first part
955 downwards in the direction of PCB 966. In response to force in the direction of
arrow 975, beveled edge 963 of pack 952 slides against beveled edge 974 of carrier
950, forcing first part 955 further towards PCB 966. This eventually results in pins
958 on the top part contacting electrical contacts on PCB 966, thereby creating an
electrical circuit that includes the electrical contacts, the pins, an electrical pathway
to connector 961, and connector 961. Eventually, connector 961 mates to |

corresponding connector 963 in pack 952, when carrier 950 is fully inside pack 952.
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In some implementations, only the top part and/of the bottom part is movable,
with the other part remaining stationary during closing. In other implementations,
both the top part and the bottom part are movable durihg closing. Furthermore,
electrical connections may be made via pins and contacts on the top of the PCB
and/or via pins and contacts on the bottom of the PCB, as also described above.

In some implementations, the carrier may be hinged, but this movement does
not cause electrical connection. For example, the cafrier may be vacuum operated,
and the connection of pins to electrical contacts on the PCB board may be achieved
using vacuum and perpendicular motion. Other, non-vacuum carriers may use a
press down unit (PDU) to force the pins to contac’; the PCB at a normal angle.

In some implementations, there may be no electrical contacts on either the
top part or the bottom part, resulting in electrical connections being made solely
through the part containing the electrical connections.

The implementations described herein show the carrier insérted horizontally
into the slots or packs. Thatis, in the examples,‘the carrier is inserted such that the
PCB is oriented horizontally in the slot or pack. In other implementations, the carrier
may be inserted into the slots such that the PCB (and also the carrier) is oriented
vertically in a slot or pack. In some implementations, the slots or packs may be
arranged so as to accommodate both horizontal and vertical insertion.

While this specification describes example implementations related to
"testing” and a "test system," the systems described herein are equally applicable to

implementations directed towards burn-in, manufacturing, incubation, or storage, or
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any implementation which would benefit from asynchronous processing,
temperature control, and the other features described herein.

Testing performed by the example test system described herein, which
includes controlling (e.g., coordinating movement of) various automated elements to
operate in the manner described herein or otherwise, may be implemented using
hardware or a combination of hardware and software. For example, a test system
like the ones described herein may include various controllers and/or processing
devices located at various points in the system to control operation of the automated
elements. A central computer (not shown) may coordinate operation among the
various controllers or processing devices. The central computer, Controilers, and
processing devices may execute various software routines to effect control and
coordination of the various automated elements.

In this regard, testing of PCBs and other types of EAs in a system of the type
described herein may be controlled by a computer, e.g., by sending signals to and
from one or more connections to each test slot. The testing can be controlled, at
least in part, using one or more computer program products, e.g., one or more
computer program tangibly embodied in one or more information carriers, such as
one or more non-transitory machine-readable media, for execution by, or to control
the operation of, one or more data processing apparatus, e.g., a programmable
processor, a computer, multiple computers, and/or programmable logic components.

A computer program can be written in any form of programming language,

including compited or interpreted languages, and it can be deployed in any form,
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including as a stand-alone program or as a module, component, subroutine, or other
unit suitable for use in a computing environment. A computer program can be
deployed {o be executed on one computer or on multiple computers at one site or
distributed across multiple sites and interconnected by a network.

Actions associated with implementing all or part of the testing can be
performed by one or more programmable processors executing one or more
computer programs to perform the functions described herein. All or part of the
testing can be implemented using special purpose logic circuitry, e.g., an FPGA (field
programmable gate array) and/or an ASIC (application-specific integrated circuit).

Processors suitable for the execution of a computer program include, by way
of example, both general and special purpose microprocessors, and any one or
more processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only storage area or a random access storage
area or both. Elements of a computer (including a server) include one or more
processors for executing instructions and one or more storage area devices for
storing instructions and data. Generally, a computer will also include, or be
op;eratively coupled to receive data from, or transfer data to, or both, one or more
machine-readable storage media, such as mass PCBs for storing data, e.g.,
magnetic, magneto-optical disks, or optical disks. Machine-readable storage media
suitable for embodying computer program instructions and data include all forms of
non-volatile storage area, including by way of example, semiconductor storage area

devices, e.g., EPROM, EEPROM, and flash storage area devices; magnetic disks,
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e.g., internal hard disks or removable disks; magneto-optical disks; and CD-ROM
and DVD-ROM disks.

Although the example test systems described herein are used to test PCBs,
the example test systems may be used to test any type of device.

Any “electrical connection” as used herein may imply a direct physical
connection or a connection that includes intervening components but that
nevertheless allows electrical signals to flow between connected components. Any
“connection” involving electrical circuitry mentioned herein, unless stated otherwise,
is an electrical connection and not necessarily a direct physical connection
regardless of whether the word “electrical” is used to modify “connection”.

Elements of different implementations described herein may be combined to
form other embodiments not specifically set forth above. Elements may be left out of
the structures described herein without adversely affecting their operation.
Furthermore, various separate elements may be combined into one or more
individual elements to perform the functions described herein.

What is claimed is:
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1. A system for testing electronic assemblies (EAs) comprising:

carriers for holding EAs; and

slots for testing at least some of the EAs in parallel, each slot being
configured to receive a corresponding carrier containing an EA and to test the EA;

wherein a carrier comprises a first part and a second part, at least one of the
first part and the second part comprising a first structure, and

wherein the first structure is movable to enable electrical connection between
an EA and an electrical interface, wherein a direction of movement of the first

structure is substantially perpendicular to a surface of the EA.

2. The system of claim 1, wherein at least one of the first part and the second
part comprises a second structure, and
wherein the second structure is moveable to enable electrical connection

between the EA and an electrical interface.

3. The system of claim 1, wherein at least a portion of the first part is
configured to move relative to the second part to enable insertion of the EA into the
carrier and removal of the EA from the carrier; and

wherein the first part is configured to move relative to the second part to
achieve electrical connection of the EA through the first structure, wherein a
direction of motion of the first structure is substantially perpendicular to a surface of

the EA.
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4. The system of claim 3, wherein the at least a portion of the first part is
configured to move non-vertically relative to the second part when there is already

separation between the first part and the second part.

5. The system of claim 4, wherein the first part comprises a hinge and a
frame, the frame being the portion of the first part that is configured to move

angularly.

10 6. The system of claim 1, further comprising:
guides between the first part and the second part;
wherein, in a first position, the guides separate the first part from the second
structure so that the first part and the second part are substantially parallel to each
other; and
15 wherein, in a second position, the guides are moved within at least one of the
first structure and the second structure so that the first part and the second part

move closer together.

7. The system of claim 1, wherein the EA has localized heat sources; and

20 wherein at least one of the first part and the second part comprises:
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thermally-conductive objects at locations corresponding to the
localized heat sources, the thermally-conductive objects to conduct, convect,

or radiate heat from the localized heat sources.

8. The system of claim 7, wherein the thermaily-conductive objects comprise
pins that are thermally conductive and that are arranged at a location of the first
structure or the second structure that corresponds to a location of the localized heat

sources.

9. The system of claim 7, wherein the thermally-conductive objects comprise
fins that are thermally conductive and that are arranged at a location of the first
structure or the second structure that corresponds to a location of the localized heat

sources.

10. The system of claim 1, wherein the carrier comprises circuitry configured

to emulate a power source that is usable in a product for which the EA is intended.

11. The system of claim 1, wherein each carrier comprises one or more air
pathways, through which air is able to flow through the carrier; and
wherein each slot comprises an air mover for blowing air through the slot and

through air pathways in a carrier in the slot.
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12. The system of claim 11, wherein the air is below 25°C.
13. The system of claim 11, wherein the air is above 25°C.

5 14. The system of claim 1, wherein the first structure comprises:
first pins that can pass through the first structure; and
a third structure comprising circuit fraces, the first pins for effecting electrical

connection between the EA and the circuit traces on the third structure.

10 15. The system of claim 14, wherein the first part comprises the first structure
and the second part comprises a second structure,
wherein the second structure is moveable to enable electrical connection with
an electrical interface; and |
wherein the second part comprises:
15 second pins that can pass through the second structure; and
a fourth structure comprising circuit traces, the second pins for
effecting electrical connection between the EA and the circuit traces on the

fourth structure.

20 16. The system of claim 1, wherein the system comprises a heat source for

providing heat to an interior of the carrier.
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17. The system of claim 1, further comprising:

radio frequency (RF) shielding for each carrier.

18. The system of claim 1, further comprising:
5 automation to move the carriers into, and out of, the slots during a testing

process.

19. The system of claim 18, wherein the automation comprises:
a device transport mechanism to move carriers between a shuttle mechanism
10 and s[ots;' |
a feeder to provide carriers containing untested EAs and to receive carriers
containing tested EAs; and
the shuttle mechanism to receive a carrier containing an untested EA from the
feeder and to provide the carrier containing the untested EA to the device transport
15 mechanism, and to receive a carrier containing a tested EA from the device
transport mechanism and to provide the carrier containing the tested EA to the

feeder.
20. The system of claim 1, wherein at least some of the slots comprises a

20 pack for receiving corresponding carriers, a carrier and a pack each having beveled

edges that are configured to interact to force motion of the first structure.
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21. A carrier for holding an electronic assembly (EA) to test, comprising:
a first part; and
a second part, at least one of the first part and the second part being movable
towards the EA, a direction of motion of thé at least one of the first part and the
5 second part being substantially perpendicular to a surface of the EA, wherein motion
of the at least one of the first part and the second part results in electrical connection

between the EA and an electrical interface.

22. The carrier of claim 21, wherein at least one of the first part and the
10 second part comprises:
a structure having first holes therethrough at points corresponding to
electrical test points of the EA; and
a substrate comprising first pins at locations corresponding to the first
holes, the first pins being part of an electrical pathway to a connector;
15 wherein the first part is movable relative to the second part so that the first

pins move through the first holes to connect to/disconnect from the EA.

23. The carrier of claim 21, wherein the first part is movable angularly relative

to the second part when there is already separation between the first part and the

20 second part.
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24. The carrier of claim 23, wherein the first part comprises a hinge and a

frame, the frame being configured to pivot angularly about the hinge.

25. The carrier of claim 21, further comprising:
5 guides between the second part and the first part;
wherein, in a first poéition, the guides separate the first part from the second
part so that the first part and the second part are substantially parallel to each other;

and

wherein, in a second position, the guides are moved within at least one of the
10 first part and the second part so that the second part and the first part move closer

together.

26. The carrier of claim 21, wherein the EA has localized heat sources; and
wherein at least one of the first part and the second part comprises:

15 thermally-conductive objects corresponding to the localized heat
sources, the thermally-conductive objects to conduct, convect, or radiate heat

from the localized heat sources.

27. The carrier of claim 26, wherein the thermally-conductive objects
20 comprise pins that are thermally conductive and that are arranged at a location of

the first part or second part that corresponds to a location of the localized heat

SOurces.
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28. The carrier of claim 26, wherein the thermally-conductive objects

comprise fins that are thermally conductive and that are arranged at a location of the

first part or second part that corresponds to a location of the localized heat sources.

29. The carrier of claim 21, further comprising:
circuitry configured to emulate a power source that is usable in a product for

which the EA is intended.

30. The carrier of claim 21, wherein the carrier comprises one or more air

pathways, through which air is able to flow over an EA in the carrier.

31. The carrier of claim 30, wherein the air is below 25°C.

32. The system of claim 30, wherein the air is above 25°C.

33. The carrier of claim 21, further comprising:

a heat source for providing heat to an interior of the carrier.

34. The carrier of claim 21, further comprising:

radio frequency (RF) shielding enclosing at least part of the carrier.
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35.. The carrier of claim 21, wherein at least one of the first part and the

second part has a beveled surface,

36. The carrier of claim 21, wherein the carrier comprises:
5 a first interior region that includes the EA;
a second interior region;
RF shielding material between the first interior region and the second interior
region;
an antenna for communicating with an RF test system; and
10 RF control circuitry communicatively coupled to the EA and the antenna, to

enable wireless RF testing of the EA.

37. The carrier of claim 21, wherein the carrier comprises a cable having RF

shielding that is in electrical communication with the EA for wired RF testing of the

15 EA.
38. The system of claim 1, wherein the carrier comprises:
a first interior region that includes the EA;
a second interior region;
20 RF shielding material between the first interior region and the second interior
region;

an antenna for communicating with an RF test system; and
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RF control circuitry communicatively coupled to the EA and the antenna, to

enable wireless RF testing of the EA.

39. The system of claim 1, wherein the carrier comprises a cable having RF
5 shielding that is in electrical communication with the EA for wired RF testing of the

EA.

40. A method for use in a system comprising:
carriers for hoiding EAs; and

10 slots for testing at least some of the EAs in parallel, each slot being

configured to receive a corresponding carrier containing an EA and to test the
EA;
wherein a carrier comprises:
a first part and a second part;

15 wherein at least one of the first part and the second part is
configured to enable electrical connection between an EA and an
electrical interface;

wherein method comprises:
moving the first part away from the second part;
20 moving the first part to expose an area for receiving an EA;

inserting an EA into the area; and
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moving the first part so as to contact the EA and thereby establish an
electrical connection between the EA and the electrical interface, wherein a

direction of motion of the first part is substantially perpendicular to a surface

of the EA.
5
41. The method of claim 36, wherein moving the first part to expose an area
for receiving an EA comprises:
moving the first part angularly relative to the second part when there is
already separation between the first part and the second part.
10

-56-



WO 2014/168694 PCT/US2014/019832

1/32

FiG. 1




WO 2014/168694 PCT/US2014/019832

2/32

FIG. 4




WO 2014/168694 PCT/US2014/019832

3/32




WO 2014/168694 PCT/US2014/019832

4/32

FIG. 8




WO 2014/168694 PCT/US2014/019832

5/32

FIG. 9




WO 2014/168694 PCT/US2014/019832

6/32

45
-
FIG. 10




WO 2014/168694 PCT/US2014/019832

7/32

FiG. 11




WO 2014/168694 PCT/US2014/019832

8/32

FIG. 128

105

FIG. 12A



WO 2014/168694

9/32

.,
.
.,

d

.
,
'0‘ ,
, a
0‘ ’
-
R 7
l‘ 2 ’
) [—r—r—F I
0 ’ ’
d ¢
0
K
2 ’

&
; T
= ]
d
- &
& &
T o o TIH
) &

s 27
L | O
2 1 |
H |

213

PCT/US2014/019832

FIG. 13



WO 2014/168694 PCT/US2014/019832

10/32

219
202
=
=
=~

)
O

2
216

205

.4
i __——
tHE -4-1-1""
{13 <‘—_
- |
-------- w,: N1
g — .
AR ERAI |} -
HIHL | R
8 e |
2 .
M. -~\ | L1
oS o : /’
4. N1
., ‘\.
“\ P
.
. <
.
. N
.
.,
Y
hS
S
.
S
hY
A
hS
.

FIG. 14



WO 2014/168694

PCT/US2014/019832

11/32

[ =

N

l—

21

2021 2
\

222
224 ¥
als
—~ZA

-
e
e,
.

205

=
s
g - -8
- *
[id ot
~ &
1T s
——_
N1
11 b ~
] -
1 .
‘.. [\t a -
-, — “a,
RS <‘ ey
. . L1
o ~ Nt

FIG. 15



WO 2014/168694 PCT/US2014/019832

12/32

222
~z,

~
.
.
.. (2
“ay -
- P
H O gy, e
N
1 q
v Y
-t
e HH
.~ N
N - 2
Y
T 111 b5
iy . <_—_
enfel [t
---------- 3 N1
S - <
. 5 ! |11 N
8 g ——
., ~ < e - -
~, “t. .. » -
0
S o ) e e
0 o v <— .~
3
N 0y ) L]
P ~, B
0 .~ ~f.
-
Y I 4
. - o
N S N
'~ )
. < J..-3 .
s, N -
e SNty T e
o NN 1ttty et
0y e
. Pt
., ..
~  LLEr LY eee
S = G 2 N O E I L L
s, Pt
-
S, L
o0 NPT T et
., e
LSRR R I N B SR Ligs
. .o
. -y
O] Q
X e
N J

FIG. 16



PCT/US2014/019832

WO 2014/168694

13/32

L1 old

g,

e

7
ooty . 4
PP R 2

AR

R
¥
¥

A A N

AN

b i

SRS ERaRRs

ORI 00 s

vee

™
e .

o
R,

Z

ARt i,

e e
\ e I

7
7

i

et i,

e

AR

ANRNERSNE

AR

Y PR RORR

5
Sl

%



WO 2014/168694

PCT/US2014/019832

14/32

SRR ISP A e

gl Oid

e

7

orriiis g,

et sy

RS

K e




WO 2014/168694

PCT/US2014/019832

15/32

R e
z

AN s,

e,
%

7

pasisidtng,

AR

esssitses)

AR

AN




WO 2014/168694

PCT/US2014/019832

16/32

Mt bttty
rssserrssccces i, s,
S,

IR v rersa,

i, -
paiiis
LIS kg, o

LSS g, LR g ps

e ety

S

S IIIIIAEY.

SIS cesetnrrryy:
7z

e 59994 res
ASII At kg . A o
sttt EEI g
bttt e e r i
SO St e
e,

LI s,y

ircece,

e
Lt
Qe

tiropppe
CRLEPIIII

S

AR

B aasi

AR

L

s cnenenttisisiices,

NOSE.




WO 2014/168694

PCT/US2014/019832

17/32

R eshicen

A

R D

[ Ssesses

SN

R rd S s e s,

i,

S AIEL e,

Gerttiiinrspoons

Ittt r e

,
‘9iz

H
H
0. pecen
By

m\“\\ ?

S

R T

AR
Ny
N
s
o

o saaass,

AL 1 15 1

el T RRRERRRRE

R AR
RN

4

7
3
b
%,

. %
rnnrrrnnricecciicsss Y




WO 2014/168694 PCT/US2014/019832

18/32

218

202

| | —

1

1

1

\
_
A

\\“\L"

[
L

FIG. 22



PCT/US2014/019832

WO 2014/168694

19/32

£c Old

e

e S
R

LLLL g
SRR )

[P
3

e ;
St

SRR
SRR,

2y

Gt teps g,

%
4
%
Z
Z
7
e
Z
Z
Z

EERRRREERERC

i
2 regrons,
b

S o i

$
ook

NananaRSA

A,
o

N

AP PP PP S o iy %
e

.

BN

N
Vv,
A

%
3
3
3
3
%

b2

£
£

:

AR s s

R s e i

%
[

SO P P




PCT/US2014/019832

WO 2014/168694

20/32

RISIES 1000

2ok
N JEREERRERs
’
2
L. crrr e am
OIS Bl 00 g gy
“ Y ikt
\\ AN o,
7 oo b
, e,

Rt o,

Sl s

R
RS

R

SR

S
e

KA
S
0

R

SRR

AR

HOE LRI L i,

A
¥
H
H
g

JESPRRINE L

%

A Aty B P

SRR



PCT/US2014/019832

WO 2014/168694

21/32

3

SRS

Sszeeie, ‘

et sy

SRR

R

er et pry

5

‘

IS b b,

P?
3
4

b

%

\
3 v
% : o
L : gt Ry sssbesindy
A 2 <
il ; ;
iy
g ;
‘h :
7k
7o

i/
Fg o
7o ogs ot sceess s

£50

TIRRY

SR

SR

N

b

e

L TTIVIIIVSINIIr
F
S

SNEE e

AR

SEnII

e

I N

\\\\\\\\\\\\;\\\_
O
o
O

SRR

\
I
1
z



PCT/US2014/019832

22/32

AR A

AR

At aii

e A s
p;

s Ly ft i rap s inmg,

URKRAN,

RN

WO 2014/168694

RRREICRRES




PCT/US2014/019832

WO 2014/168694

23/32

FIG. 27



WO 2014/168694

24/32

PCT/US2014/019832

FIG. 28



WO 2014/168694

506 |

25/32

ez

FIG. 29

508

PCT/US2014/019832




WO 2014/168694 PCT/US2014/019832

26/32
_J
520 Ll
521/ 0
-

FIG. 30



WO 2014/168694 PCT/US2014/019832

27/32

512a

FIG. 31



000000000000000000000000000000

22222




PCT/US2014/019832

WO 2014/168694

29/32

e,
e
- ;
e H
m H
a
i
m ;
} 7
4 ;
4 #
4 1
H g
7
4
i 7
4 v’
] 3
i 7 3
4 2 R s .,
H s o s,
; q .
:
B

X

]

oo,

ORI

S

e,

4

Y

TN

By

R
>
Axnan i fia

AR

SheReAN

e

SR

e
RN

&

N i

R

S
&

i
i

S




PCT/US2014/019832

WO 2014/168694

30/32

b\
s\\ I

/fff::;V::::;V:‘;::V:’;

\

\\\ \\\\\\\ \\\\\\\\\\\\\\\\\\\\\\‘

IRy B

p———1

=
nr [ttt

T
%J%zz%

FIG. 34



WO 2014/168694 PCT/US2014/019832

31/32

A 810

| / a1z
i

o 1 -
2T -~ -
L= — =] h
. —H]
— iy o
— N § o X
1 g ¢ B
= =¥
LT =—H-3
: -~
—
—
—
u —
—
—
—
—
“N
' \.—
1
— 914
—H— |
B=H—1 .
H—H—H— |
- ey
11—
11— .
H—11—H—
T |
- ;
|

8915



32/32

9¢ Old

296




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/019832

A. CLASSIFICATION OF SUBJECT MATTER
GO1R 31/28(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO1R 31/28; HO5SK 7/10; GO1D 11/24; HO1L 23/32; HO1L 23/50; GO1R 31/02; GO1R 1/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: test, slot, carrier, move, air

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 00-67540 A1 (WELLS-CTI, INC.) 09 November 2000 21-35,37
See abstract, page 1, line 1 - page 11, line 12, claims 1, 20-22 and figures
1-6, 12.
Y 1-20,36,38-41
Y US 2011-0185811 Al (MERROW et al.) 04 August 2011 1-20,38-41

See abstract, paragraphs [0049]-[0053], claim 1 and figures 1-6.

Y US 2012-0274345 A1 (CHEN et al.) 01 November 2012 36,38
See abstract, paragraphs [0012]-[0019], claim 1 and figures 1-4.

A US 5596229 A (SIMON) 21 January 1997 1-41
See columns 2-3, claims 1-6 and figures 1-4.

A US 6396290 B1 (KIMURA et al.) 28 May 2002 1-41
See abstract, claims 1-8 and figures 1-5.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
14 August 2014 (14.08.2014) 14 August 2014 (14.08.2014)
Name and mailing address of the [ISA/KR Authorized officer
International Application Division
¢ Korean Intellectual Property Office KANG, Sung Chul

189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8405
Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/019832

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 00-67540 Al 09/11/2000 AU 2000-45030 Al 17/11/2000
AU 4503000 A 17/11/2000

US 2011-0185811 Al 04/08/2011 CN 102741931 A 17/10/2012
US 8631698 B2 21/01/2014
WO 2011-097230 A2 11/08/2011
WO 2011-097230 A3 22/12/2011

US 2012-0274345 Al 01/11/2012 CN 102761378 A 31/10/2012
CN 102761378 B 30/04/2014
TW 201243734 A 01/11/2012
US 8513963 B2 20/08/2013

US 05596229 A 21/01/1997 None

US 6396290 Bl 28/05/2002 JP 2000-193713 A 14/07/2000
JP 3102423 B2 23/10/2000

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - wo-search-report
	Page 92 - wo-search-report

