APPARATUS, TRANSFER METHOD, CHAMBER AND FRAME
FOR SEMICONDUCTOR BURN-IN PROCESS

Technical Field

[0001] The invention relates to burn-in apparatus for performing burn-in process
on the semiconductor devices or integrated circuits, particularly to a burn-in apparatus
comprising a burn-in chamber cooperatively operable with one or more
interchangeable frames to complete thermal insulation of the chamber, methods for
transferring at least one frame in and out of the chamber by respectively completing
and uncompleting the thermal insulation of the chamber, methods for transferring a
set of burn-in boards being supported on a frame between the burn-in apparatus and
at least one other apparatus in the burn-in area, and a burn-in apparatus that

incorporates a burn-in chamber and one or more interchangeable frames.

Background

[0002] Burn-in is a process where semiconductor devices are exposed to high
and/or low temperature together with stimulation power supplies and/or signals to
eliminate early failure prior to being placed in service.

[0003] In this process, a burn-in load/unload apparatus, which is an automated
machine, is used to load semiconductor devices onto burn-in boards. The burn-in
boards are then loaded into a burn-in system in which the burn-in boards are
connected to burn-in drivers which provide stimulation power supplies and signals to
the semiconductor devices. Thereafter, the burn-in boards are unloaded from the burn-
in system and then the semiconductor devices are unloaded from the burn-in boards
by the burn-in load/unload apparatus.

[0004] Generally, there are two existing methods for loading or unloading the
burn-in boards into or out of the burn-in system.

[0005] In a first method, burn-in boards are transported using a wheel rack. To
load, an operator moves the wheel rack carrying burn-in boards from the burn-in
load/unload apparatus to the burn-in system, opens the door of the burn-in chamber,
manually transfers board-by-board from the wheel rack to a rack inside the chamber.
After the board transfer is completed, the burn-in boards are manually inserted by the

operator or automatically inserted using the chamber board insert mechanism into



their respective connectors connected to the burn-in driver. After the board insertion
is completed, i.e., burn-in boards are connected to the burn-in driver, the operator
closes the chamber door, starts the burn-in process, moves the empty wheel rack
away, and parks it at a designated location.

[0006] When the burn-in process is completed, to unload, the operator moves
an empty wheel rack to the burn-in system, opens the chamber door, extracts the
boards manually or automatically using the chamber board extract mechanism from
the respective connectors. Once the board extraction is completed, i.e., burn-in boards
are disconnected from the burn-in driver, the operator manually transfers board-by-
board from the chamber rack to the wheel rack. Once the board transfer is completed,
the operator closes the chamber door and moves the wheel rack, carrying the burn-in
boards, from the burn-in system away to the burn-in load/unload apparatus.

[0007] In this method, the loading and/or unloading of the burn-in boards is
manual and therefore physically taxing on the operator. Over time, this can cause
operator fatigue resulting in burn-in board damage due to accidental impact against
the wheel rack or chamber rack during manual transfer. The operator fatigue is further
increased if the loading and/or unloading of the burn-in boards at the burn-in
load/unload apparatus is also manual and will result in even more burn-in board
damage. Moreover, after the burn-in boards are transferred from the wheel rack to the
burn-in system, the empty rack has to be parked at a designated location, thus wasting
precious production floor space.

[0008] In a second method, burn-in boards are placed inside at least one burn-
in board rack. The burn-in board rack is transported by a bulky trolley which may or
may not be power-assisted. To load, the operator moves the trolley carrying the burn-
in board rack to the burn-in system, opens the door of the burn-in chamber, manually
transfers rack-by-rack from the trolley to the chamber. After the rack transfer is
completed, the burn-in boards inside the rack are manually inserted by the operator
or automatically inserted using the chamber board insert mechanism into their
respective connectors connected to the burn-in driver. After the insertion is completed,
i.e., burn-in boards are connected to the burn-in driver, the operator closes the
chamber door, starts the burn-in process, and moves the empty trolley away and parks
it at a designated location.

[0009] When the burn-in process is completed, to unload, the operator moves
an empty trolley to the burn-in system, opens the chamber door, extracts the boards
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manually or automatically using the chamber board extract mechanism from the
respective connectors. After the board extraction is completed, i.e., burn-in boards are
disconnected from the burn-in driver, the operator manually transfers rack-by-rack
from the chamber to the trolley. After the rack transfer is completed, the operator
closes the chamber door and moves the trolley, carrying the racks loaded with burn-
in boards, away to the burn-in load/unload apparatus.

[0010] In this method, the size, weight, and cumbersome operation of the trolley
and manual transfer of rack between the burn-in system and trolley present a safety
and crash hazard. The bulky trolley, if power-assisted, will become bulkier, more
cumbersome to operate, and more costly to own and maintain. Moreover, the turning
radius of the bulky trolley necessitates a wider walkway in the production area, thus
incurring precious production floor space. Furthermore, manual transfer of burn-in rack
between the trolley and the burn-in load/unload apparatus further creates safety and

crash hazard.

Summary

[0011] According to one aspect, a burn-in apparatus for performing burn-in
process on the semiconductor devices or integrated circuits, the apparatus comprises:
a burn-in chamber having at least one side opening and at least one base opening; at
least one door or cover adapted to close the side opening; at least one
interchangeable frame which is movable through the side opening and removably
dockable in the chamber to close the base opening, each frame having a thermal
insulation base having a first and a second side, and a rack arranged at the first side
of the thermal insulation base, wherein when the side opening is closed and each
frame is removably docked in the chamber, the thermal insulation base is arranged at
the base opening and abuts the chamber to complete a thermal insulation of the
chamber, and the rack and the first side of the thermal insulation base are inside the
chamber while the second side of the thermal insulation base is outside the chamber.
[0012] According to another aspect, a method comprises: transferring a set of
burn-in boards into a chamber by moving at least one frame into the chamber through
a side opening thereof, wherein each frame includes a thermal insulation base and a
rack which is arranged at a first side of the thermal insulation base and supports the
set of burn-in boards; completing a thermal insulation of the chamber, including:

closing a base opening of the chamber by docking the at least one frame in the
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chamber by arranging the thermal insulation base of each frame at the base opening
and abutting the thermal insulation base to the chamber such that the rack and the
first side of the thermal insulation base are inside the chamber while a second side of
the thermal insulation base is outside the chamber, and closing the side opening; and
performing burn-in process on the semiconductor devices arranged in the set of burn-
in boards.

[0013] The method may further comprise: uncompleting thermal insulation of
the chamber, including: unclosing the side opening, and unclosing the base opening
by undocking the at least one frame from the chamber; transferring the set of burn-in
boards out of the chamber by moving the at least one frame out of the chamber
through the side opening.

[0014] The method may further comprise: transferring the set of burn-in boards
on the frame between the burn-in apparatus and at least one other apparatus in the
burn-in area, e.g. burn-in load/unload apparatus, burn-in board pre-check apparatus,
burn-in board storage apparatus, burn-in board cleaning apparatus, by moving into
and removably docking the at least one frame to one of the above-identified apparatus
or other apparatus in the burn-in area.

[0015] According to another aspect, the burn-in chamber of the above-
described burn-in apparatus is provided.

[0016] According to another aspect, the frame of the above-described burn-in
apparatus is provided.

[0017] The frame may be the common carrier of the burn-in boards for the burn-
in chamber and at least one other apparatus in the burn-in area, e.g. burn-in
load/unload apparatus, burn-in board pre-check apparatus, burn-in board storage
apparatus, burn-in board cleaning apparatus.

[0018] In some embodiments, the burn-in chamber includes at least one
thermal insulation side element arranged at least partially along the base opening and
adapted to abut the thermal insulation base when each frame is removably docked in
the chamber.

[0019] In some embodiments, when the side opening is closed and each frame
is removably docked in the burn-in chamber, the thermal insulation base is arranged
at the base opening.

[0020] In some embodiments, each frame further includes wheels which may

be manual or power assisted, or arrangements which are adapted to be used with
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autonomous guided vehicle (AGV), wherein the wheels or the arrangements are
arranged at the second side of the thermal insulation base.

[0021] In some embodiments, electronic circuitry is arranged at the second side
of the thermal insulation base, the electronic circuitry may include at least one of the
following: communication circuitry, sensor, memory storage, and microprocessor, and
is configured to send and/or receive signals at least while the at least one frame is
removably docked in the chamber and burn-in process is taking place in the chamber,
and/or when the at least one frame is undocked from the chamber.

[0022] In some embodiments, the at least one frame includes two or more
frames, wherein at least one of the two or more frames is loaded with burn-in boards
and wherein at least another of the two or more frames is devoid of burn-in board.
[0023] In some embodiments, a plurality of second frames are arranged outside
the chamber, wherein the at least one frame is interchangeable with at least one of
the second frames.

Brief Description of Drawings

[0024] Figure 1 shows a burn-in chamber according to one embodiment of the
invention;
[0025] Figure 2 shows a frame which is adapted to be moved into the burn-in

chamber of Figure 1;

[0026] Figure 3 shows a flow chart relating to a method for transferring burn-in
boards in/out of a burn-in chamber according to one embodiment of the invention;
[0027] Figure 4 is a perspective view showing an incomplete burn-in apparatus
comprising the burn-in chamber of Figure 1 and frame of Figure 2;

[0028] Figure 5A is a perspective view showing a completed burn-in apparatus
when the frame of Figure 2 is removably docked in the burn-in chamber of Figure 1;
[0029] Figure 5B is a see-through view taken from the front of Figure 5A; and
[0030] Figure 5C is a see-through view taken from the side of Figure 5A.

Detailed Description

[0031] In the following description, numerous specific details are set forth in
order to provide a thorough understanding of various illustrative embodiments of the
invention. It will be understood, however, to one skilled in the art, that embodiments of

the invention may be practiced without some or all of these specific details. In other
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instances, well known process operations have not been described in detail in order
not to unnecessarily obscure pertinent aspects of embodiments being described.
[0032] Embodiments described in the context of one of the methods, apparatus,
or systems are analogously applicable to the other methods, apparatus, or systems.
Similarly, embodiments described in the context of a method are analogously
applicable to an apparatus or system, and vice versa.

[0033] Features that are described in the context of an embodiment may
correspondingly be applicable to the same or similar features in the other
embodiments. Features that are described in the context of an embodiment may
correspondingly be applicable to the other embodiments, even if not explicitly
described in these other embodiments. Furthermore, additions and/or combinations
and/or alternatives as described for a feature in the context of an embodiment may
correspondingly be applicable to the same or similar feature in the other embodiments.
[0034] In the drawings, like reference numerals refer to same or similar
functionalities or features throughout the several views. The particular arrangements
shown in the drawings should not be viewed as limiting. It should be understood that
other embodiments can include more or less of each element shown in a given figure.
Some of the illustrated elements can be combined or omitted.

[0035] In the context of various embodiments, including examples and claims,
the articles “a@”, “an” and “the” as used with regard to a feature or element include a
reference to one or more of the features or elements. The terms “comprising,”
“‘including,” “having”, and their variations are intended to be open-ended and mean
that there may be additional features or elements other than the listed ones. The term
“and/or” includes any and all combinations of one or more of the associated listed
items. Identifiers such as "first", "second" and "third" are used merely as labels, and
are not intended to impose numerical requirements on their objects, nor construed in
a manner imposing any relative position or time sequence between limitations. The
term “coupled” may refer to physically coupling, electrically coupling, and/or
communicably coupling. The term “coupled” when applied to two objects may refer to
the two objects being coupled directly or indirectly through a third object. The term
“arranged at” may include references to “coupled to”. The term “supporting” when
applied to two objects may refer to a first object being supported directly by a second

object or indirectly through a third object.



[0036] Aspects of the invention provide for a burn-in apparatus for performing
burn-in process on the semiconductor devices or integrated circuits, the apparatus
comprising of a burn-in chamber and one or more interchangeable frames each
adapted to be removably moved into and docked in the burn-in chamber, and methods
for transferring in and out burn-in boards by respectively completing and uncompleting
the thermal insulation of a burn-in chamber.

[0037] A burn-in apparatus comprises of a burn-in chamber with an incomplete
base which is adapted to be completed and thermally insulated in cooperation with the
thermal insulation base of at least one interchangeable frame which is adapted to be
removably moved into and docked in the burn-in chamber. More particularly, the burn-
in apparatus comprises a burn-in chamber (alternatively referred to as “chamber”)
having at least one side opening and at least one base opening, and at least one door
or cover adapted to close or seal the side opening and provide thermal insulation
thereto. The base opening is closable or sealable by a thermal insulation base of a
frame when the frame is moved into the chamber and docked therein. When both side
opening and base opening are closed, thermal insulation of the burn-in chamber is
completed. Remaining portions of the chamber, i.e. other than the aforementioned
side opening and base opening, may be thermally insulated.

[0038] The burn-in apparatus may be coupled to or cooperate with at least one
burn-in driver or test apparatus adapted to be connected to burn-in boards and to
provide and/or receive power and/or electrical signals to the semiconductor devices
arranged in and/or connected to the burn-boards. The burn-in driver may be arranged
external of the chamber. The chamber is adapted to accommodate at least one frame
supporting burn-in boards. The complete assembly of the burn-in apparatus,
comprising the chamber and the frame, and burn-in driver forms the burn-in system.
[0039] The frame provides a carrier of burn-in boards and semiconductor
devices. The frame is suitably constructed and dimensioned to be removably moved
into and docked in the burn-in chamber. The frame comprises at least one rack, at
least one thermal insulation base (alternatively referred to as “insulation base”)
suitably located at the frame, e.g. bottom of the frame, such that when the frame is
docked in the chamber, the insulation base abuts at least a portion of the chamber
which at least partially defines the base opening, and thereby closing the base opening
and providing thermal insulation to the base opening of the chamber. The insulation

base includes a first side and a second side which may be opposite, or transverse, or
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otherwise appropriately oriented to the first side, e.g. same or different direction. The
rack is arranged at the first side of the insulation base, i.e. coupled to the insulation
base and/or frame. Consequently, when the insulation base is arranged at the base
opening of the chamber, the first side of the insulation base and the rack are arranged
inside the chamber and therefore subject to the temperature condition of the chamber
during burn-in process, while the second side of the insulation base is arranged
outside the chamber, e.g. in the ambient environment or within a housing of the burn-
in apparatus which is exterior of the chamber, and therefore not subject to the
temperature condition of the chamber during burn-in process.

[0040] Figures 1 and 4 show a burn-in apparatus 100 according to one
embodiment of the invention. The burn-in apparatus 100 comprises a burn-in chamber
110 and a burn-in driver section 150 which may be arranged adjacent to the burn-in
chamber 110. The burn-in driver section 150 may house burn-in driver or test
apparatus, and associated components or circuitry. The chamber 110 provides at least
two openings, e.g. base opening 112 and side opening 114. The base opening 112
may be provided at the bottom of the chamber 110. The chamber may comprise at
least one thermal insulation side element 116 provided along at least partially along
the base opening 112. The side element 116 may be an integral part of the chamber
110 or provided as at least one separate element coupled to the chamber 110.
Dimensions defined by the insulation side element 116 and the base opening 112 are
adapted to ensure the insulation side element 116 abuts the insulation base 212 of a
compatible frame 200 to close the base opening 112 when the frame is moved into
and docked in the chamber 110. The side opening 114 may be provided at a lateral
side of the chamber 110 and may be arranged in fluid communication with the base
opening 112, i.e. base opening 112 and side opening 114 intersect. Lateral side may
refer to non-top or non-bottom side, and may be transverse to the bottom side. The
side opening 114 allows transfer of the frame, e.g. loaded frame with burn-in boards,
into and out of the chamber 110. The side opening 114 is closable by at least one door
120 or cover which may be movably coupled, e.g. by hinge, to the chamber 110 or
burn-in apparatus 100, or by at least one door or cover which is detached or separate
from the chamber 110 or burn-in apparatus 100. The door 120 when closed is adapted
to provide thermal insulation to the side opening 114, however, even if the side
opening 114 is closed by the door 120 while the compatible frame 200 is absent from
or moved out from the chamber 110, thermal insulation of the chamber 110 is still
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incomplete due to the unfilled or uncovered base opening 112. The base opening 112
and the side opening 114 allow fluid communication between an interior of the
chamber 110 and an exterior of the chamber 110 or ambient environment when at
least one of them is not closed.

[0041] Figures 2 and 4 show a frame 200 which is adapted to be removably
docked in the burn-in apparatus 100 of Figure 1. The frame 200 comprises a rack 210
for supporting one or more burn-in boards 220 which may be stacked or arranged in
other configurations. The rack 210 may comprise other structural elements for directly
or indirectly supporting the burn-in boards. The frame 200 further comprises a thermal
insulation base 212 which may partially or fully form a bottom of the rack 210 or frame
200. In context of Figure 2, the thermal insulation base 212 has a first side, e.g. top
side, and a second side, e.g. bottom side. Although the first side and the second side
may be mutually opposite as shown in Figure 2, they may be mutually transverse or
arranged on non-opposite sides in other examples as long as during burn-in process
or when the frame 200 is docked in the chamber 110, the first side is arranged inside
the chamber 110 while the second side is arranged outside the chamber 110. The
frame 200 may further comprises wheels 230 arranged at the second side of the
insulation base 212, e.g. rotatably coupled to the insulation base 212 and/or rack 210.
Accordingly, during burn-in process or when the frame 200 is docked in the chamber
110, the wheels 230 are arranged outside the chamber 110. The wheels 230 may be
electrostatic discharge (ESD) safe wheels which may be manual, power assisted, or
are arrangements which are adapted to be used with autonomous guided vehicle
(AGV). A combination of the frame 200 and its wheels 230 may also be referred to as
a trolley.

[0042] The frame 200 of Figure 2 may further comprises electronic circuitry (not
shown) which are arranged at the second side of the insulation base 212. Accordingly,
during burn-in process or when the frame 200 is docked in the chamber 110, the
electronic circuitry is arranged outside the chamber 110 and therefore unaffected or
not subject to at least the temperature condition of the chamber 110 during burn-in
process. The electronic circuitry may include communication circuitry, e.g. transmitter,
receiver, adapted to send and/or receive signals to one or more remote devices, e.g.
communication device, by wired or wireless connection. The electronic circuitry may
further include at least one sensor, computing processor or microprocessor, and/or

memory device for storing instructions executable by the computing processor or
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microprocessor which may be communicably coupled to the communication circuitry,
sensor, and/or memory device. The signals may provide information about the frame
200 being docked in the chamber 110, burn-in boards and/or semiconductor devices
being supported by the particular frame 200. Such information may include location
and/or characteristics of the particular frame 200, burn-in boards and/or
semiconductors being supported by the particular frame 200.

[0043] Figure 3 shows a flow chart 300 for a method for transferring burn-in
boards in/out of a burn-in chamber and according to one embodiment of the invention.
[0044] In block 302 of Figure 3, at least one frame is loaded with a set of burn-
in boards and semiconductor devices. Loading of semiconductor devices onto the set
of burn-in boards may be performed by a burn-in load/unload apparatus (not shown)
when the frame is docked therein.

[0045] In block 304 of Figure 3, the loaded frame, including the rack supporting
burn-in boards, are transferred into a burn-in chamber. During this transfer-in process,
the loaded frame is progressively moved into the chamber through its side opening
while a thermal insulation base of the frame progressively closes the base opening of
the chamber; when the insulation base closes the base opening, the frame is docked
in the chamber. In the docked position, the insulation base closes the base opening
and provides thermal insulation thereto; a first side of the thermal insulation base and
the rack are inside the chamber while a second side of the thermal insulation base are
outside the chamber. This transfer of the set of burn-in boards into the chamber may
include moving the frame from the burn-in load/unload apparatus to the chamber
without unloading the set of burn-in boards from the rack or the frame.

[0046] In the embodiment of Figure 2 in which the frame 200 is a trolley, transfer
of the loaded frame 200 includes moving, e.g. pushing, the loaded trolley into the
chamber 110. Closing the base opening includes abutting the thermal insulation base
to at least one thermal insulation side element arranged at least partially along the
base opening.

[0047] In block 306 of Figure 3, the side opening is closed by using or actuating
at least one or more doors or covers designated for this purpose.

[0048] When the base opening is closed by docking the frame in the chamber,
and the side opening is also closed, thermal insulation of the chamber is completed,
e.g. see Figures 5A to 5C showing a burn-in system having a completed thermal

insulation.
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[0049] In block 308 of Figure 3, burn-in process takes place or is performed in
the chamber. Temperature inside the chamber is set to the desired temperature. The
burn-in boards supported by the frame as well as the first side of the insulated base of
the frame are exposed to the chamber temperature. The second side of the insulated
base, together with any wheels and/or any communication and electronic circuitry, is
outside the chamber and hence non-exposed to the chamber temperature and
therefore remains at ambient temperature. During burn-in process, the electronic
circuitry may operate, e.g. communication circuitry may operate to send and/or receive
signals to one or more devices, e.g. communication device, remote from the burn-in
apparatus.

[0050] In block 310 of Figure 3, burn-in process completes. The side opening
is unclosed, e.g. the door or cover is opened to allow access to the chamber through
the side opening.

[0051] In block 312, the loaded frame is transferred out of the chamber. During
this transfer-out process, the base opening is unclosed or revealed by undocking the
loaded frame from the chamber and progressively moving out of the chamber through
the side opening until the frame is outside or away from the base opening. In the
undocked position, the insulation base uncloses or reveals the base opening, hence
the thermal insulation of the chamber base is incomplete even if the side opening may
be closed. The frame may be transferred into the burn-in load/unload apparatus
without unloading the set of burn-in boards from the rack or the frame. At the burn-in
load/unload apparatus, the semiconductor devices that had completed the burn-in
process may be unloaded from the set of burn-in boards.

[0052] In the embodiment of Figures 4 and 5A, unclosing the base opening
includes un-abutting the thermal insulation base to at least one thermal insulation side
element arranged at least partially along the base opening.

[0053] In block 314 of Figure 3, at least one second loaded frame supporting a
second set of burn-in boards and semiconductor devices is transferred into the
chamber in the same manner as described with reference to block 304; the side
opening is closed as described with reference to block 306; burn-in process and
optional electronic and/or communication operation are performed as described with
reference to block 308; after burn-in process completes, the side opening is unclosed
as described with reference to block 310; the second frame is transferred out of the
chamber as described with reference to block 312. The second frame used in block
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314 and the frame used in block 304 may be different but interchangeable, i.e. the
second frame used in block 314 is arranged outside the chamber when the frame used
in block 304 is docked in the chamber during burn-in process.

[0054] Figures 5A to 5C show a completed burn-in system 500 which
incorporates the burn-in apparatus 100 of Figure 1 and frame 200 of Figure 2. The
system 500 comprises a burn-in apparatus 100 having a chamber 110 having at least
one side opening and at least one base opening which are devoid of thermal insulation
when they are unclosed. The system 500 further comprises at least one frame 200
which is movable through the side opening and removably dockable in the chamber
110, wherein the frame 200 includes a thermal insulation base 212 having a first side
and a second side. When the frame 200 is docked in the chamber 110, the insulation
base 212 is arranged at, e.qg. fitted or engaged within, the base opening 112 to abut
the chamber and/or its insulation side element 116, thereby closing the base opening
112, and providing thermal insulation thereto. When the frame 200 is docked in the
chamber 110 and the side opening 114 is closed, thermal insulation of the chamber
110 is completed; and the first side of the insulation base 212 is arranged inside the
chamber 110 while the second side is arranged outside the chamber 110. The system
500 further comprises at least one burn-in driver or test apparatus (not shown) housed
inside burn-in driver section 150.

[0055] It is to be appreciated that the above-described and/or illustrated
embodiments may be modified or varied as described below.

[0056] In one embodiment, the chamber may accommodate more than one
frame and therefore have one or more base openings and one or more side openings.
Accordingly, the base opening(s) may be closable by docking two or more frames in
the chamber. Each frame provides a thermal insulation base such that a combination
of the insulation bases abuts the chamber and/or its insulation side element to close
the base opening(s). In one example, multiple frames are adjacently arranged to close
a single base opening while in another example, multiple frames are arranged to
respectively close multiple base openings. In one example, all docked frames are
loaded with burn-in boards while in another example, at least one docked frame is
devoid of burn-in boards or is non-loaded but is necessarily docked in the chamber in
order to close the base opening(s) to complete thermal insulation of the chamber.
[0057] In the embodiment shown in the Figures, thermal insulation side element
may be provided along three sides of the base opening. In some other embodiments
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(not shown), the insulation side element may be provided along one or more sides of
the base opening, continuously or intermittently arranged. In yet some other
embodiments, no insulation side element may be provided along any side of the base
opening(s). In other words, the insulation base of the frame is configured to abut the
chamber in mutual direct contact.

[0058] In the embodiment shown in Figures, dimensions of the insulation base
of the frame may be substantially the same as or slightly smaller than the dimensions
of the base opening of the chamber. As such, in the docked position, the insulation
base is fitted or engaged in the base opening. In some other embodiments (not shown),
dimensions of the insulation base of the frame may be larger than the dimensions of
the base opening of the chamber. In one example of such embodiments, when the
frame is docked in the chamber, instead of fitting the insulation base in the base
opening, the thermal insulation base may be arranged under or adjacent to both the
chamber and base opening but abutting the chamber to cover or close the base
opening. In another example of such embodiments, when the frame is docked in the
chamber, at least one portion of the insulation base is fitted or engaged in the base
opening while at least another portion of the insulation base is arranged outside the
base opening. It is to be appreciated that in the foregoing and other embodiments,
abutting the thermal insulation base to the chamber to cover or close the base opening
includes arranging the insulation base at the base opening, such arrangement
includes arranging in, under, or adjacent to the base opening.

[0059] In one embodiment, the insulation base is cut-out or removed from the
burn-in chamber and coupled to the frame and/or rack.

[0060] In one embodiment, multiple frames may be compatible with the burn-in
apparatus. The multiple frames may have different arrangements for supporting
different types of burn-in boards, however, their overall construction and dimensions,
including their insulation bases, are adapted to be compatible with the burn-in
apparatus in order to allow docking in the chamber and thus completion of thermal
insulation thereof.

[0061] In one embodiment, no wheel may be provided to the frame. As such, a
vehicle may be required to transfer the frame into and out of the burn-in chamber. The
vehicle may be human-operated and/or automated, e.g. autonomous guided vehicle
(AGV), autonomous robot vehicle (ARV).
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[0062] In one or more embodiments, the wheels of the frame may be manual or
power-assisted, or the frame may alternatively or additionally include arrangements,
e.g. coupling or engagement elements, which are adapted to be used with
autonomous guided vehicle (AGV). The frame may comprise power supply and motor
which may be arranged on the second side of the insulation base such that these
components are arranged outside of the chamber during burn-in process.

[0063] In one embodiment, the wheels may not be electrostatic discharge (ESD)
safe wheels.
[0064] It is to be appreciated that the above-described embodiments may be

selectively combined. It is also to be appreciated that the above-described
modifications or variations and combinations may apply to method as described with
reference to Figure 3.

[0065] Embodiments of the invention provide several advantages including but
not limited to the following:

[0066] (i) The invention eliminates manual transfer of burn-in boards or burn-in
board racks to/from the burn-in chamber. Instead of manually transferring burn-in
boards or burn-in board racks into or out of the burn-in chamber, the invention provides
for interchangeable frames carrying the burn-in boards to be moved directly into or out
of the burn-in chamber.

[0067] Compared to the first existing method described in the Background, the
invention minimizes operator fatigue and reduces damage to burn-in boards due to
manual handling.

[0068] Compared to the second existing method described in the Background,
the invention does not require a bulky trolley or manual transfer of burn-in board racks
therefore minimizing safety and crash hazard.

[0069] It is to be appreciated that footprint of the frame of the invention is much
smaller, lighter, cheaper, easier to operate, and requires lesser maintenance
compared to the bulky trolley with burn-in board racks. It also has a smaller turning
radius enabling a more narrow walkway in the production area thus saving precious
floor space.

[0070] Itis also to be appreciated that, in the invention, after the frame is docked
in the chamber, there is no more empty wheel rack or empty trolley to be moved away
and parked at designated location, thus freeing the operator of additional steps and

also saving precious production floor space.
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[0071] (i) The invention enables seamless integration, simplified transfer and
facilitates automation between the burn-in apparatus and at least one other apparatus
in the burn-in area.

[0072] It is to be appreciated that, in the invention, the same frame which is
moved into the chamber can also be moved into at least one other apparatus in the
burn-in area, e.g. burn-in load/unload apparatus, burn-in board pre-check apparatus,
burn-in board storage apparatus, burn-in board cleaning apparatus, for various
operations. In other words, there is no unloading or loading of burn-in boards from/onto
the frame during transportation of burn-in boards from the burn-in apparatus to at least
one other apparatus in the burn-in area, and vice versa.

[0073] It is also to be appreciated that during burn-in process, the second side
or under side of the insulated base together with the wheels or arrangements adapted
to be used with autonomous guided vehicle (AGV) remain outside the chamber and
are exposed only to ambient condition. This enables mounting of automated drive,
sensor and/or electronic circuitry on the underside of the frame to simplify transfer and
facilitate automation between the burn-in apparatus and at least one other apparatus
in the burn-in area.

[0074] (i) The invention enables location tracking of burn-in boards which
otherwise would be not feasible in existing methods. In existing methods described in
the Background, the burn-in boards as well as the burn-in board rack(s) are fully
enclosed in the metallic structure of the burn-in chamber and exposed to high/low
temperature which environment renders powered or non-powered wireless location
tracking device unusable, or requires extremely expensive devices.

[0075] In the invention, during burn-in, only the first side of the insulated base,
rack and burn-in boards remain in the chamber and are exposed to the hot/cold
temperature condition, while the second side of the insulated base and wheels or
arrangements adapted to be used with autonomous guided vehicle (AGV) remain
outside the chamber and is exposed only to ambient condition. This enables mounting
of powered or non-powered location tracking device, sensor, and electronic circuitry
on the second side of the frame to facilitate location tracking of the frame and burn-in
board(s) in the entire burn-in area, even when the burn-in boards are fully enclosed in
the metallic structure of the burn-in apparatus and exposed to high/low temperature.
[0076] It is to be understood that the embodiments and features described

above should be considered exemplary and not restrictive. Many other embodiments
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will be apparent to those skilled in the art from consideration of the specification and
practice of the invention. Furthermore, certain terminology has been used for the

purposes of descriptive clarity, and not to limit the disclosed embodiments of the
invention.
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CLAIMS

1. A burn-in apparatus for performing burn-in process on the semiconductor
devices or integrated circuits, the apparatus comprising:

a burn-in chamber having at least one side opening and at least one base

opening;
at least one door or cover adapted to close the side opening;

at least one interchangeable frame which is movable through the side opening
and removably dockable in the chamber to close the base opening, each frame having
a thermal insulation base having a first and a second side, and a rack arranged at the
first side of the thermal insulation base, wherein when the side opening is closed and
each frame is removably docked in the chamber, the thermal insulation base is
arranged at the base opening of the chamber and abuts the chamber to complete a
thermal insulation of the chamber, and the rack and the first side of the thermal
insulation base are inside the chamber while the second side of the thermal insulation

base is outside the chamber.

2. The burn-in apparatus of claim 1, wherein the chamber includes at least one
thermal insulation side element arranged at least partially along the base opening and
adapted to abut the thermal insulation base when each frame is removably docked in

the chamber.

3. The burn-in apparatus of any one of claim 1 to claim 2, wherein each frame
further includes wheels which are manual or power assisted, or arrangements which
are adapted to be used with autonomous guided vehicle (AGV), wherein the wheels

or the arrangements are arranged at the second side of the thermal insulation base.

4, The burn-in apparatus of any one of claim 1 to claim 3, further comprising:
electronic circuitry arranged at the second side of the thermal insulation base, the
electronic circuitry includes one or more selected from the group consisting of:
communication circuitry, sensor, memory storage, and microprocessor, and is
configured to send and/or receive signals at least while the at least one frame is

removably docked in the chamber and burn-in process is taking place in the chamber.
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5. The burn-in apparatus of any one of claim 1 to claim 4, wherein the at least one
frame includes two or more frames, and wherein at least one of the two or more frames
is loaded with burn-in boards and wherein at least another of the two or more frames

is devoid of burn-in board.

6. The burn-in apparatus of any one of claim 1 to claim 5, further comprising: a
plurality of second frames arranged outside the chamber, wherein the at least one
frame is interchangeable with at least one of the second frames.

7. A method comprising:

transferring a set of burn-in boards into a chamber by moving at least one frame
into the chamber through a side opening thereof, wherein each frame includes a
thermal insulation base and a rack which is arranged at a first side of the thermal

insulation base and supports the set of burn-in boards;
completing a thermal insulation of the chamber, including:

closing a base opening of the chamber by docking the at least one frame
in the chamber by arranging the thermal insulation base of each frame at the
base opening and abutting the thermal insulation base to the chamber such
that the rack and the first side of the thermal insulation base are inside the
chamber while a second side of the thermal insulation base is outside the

chamber, and
closing the side opening; and
performing burn-in process on the semiconductor devices arranged in the set
of burn-in boards.
8. The method of claim 7, further comprising:
uncompleting thermal insulation of the chamber, including:

unclosing the side opening, and

unclosing the base opening by undocking the at least one frame from
the chamber,
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transferring the set of burn-in boards out of the chamber by moving the at least

one frame out of the chamber through the side opening.

9. The method of claim 8, wherein after transferring the set of burn-in boards out

of the chamber, the method further comprising:

transferring a second set of burn-in boards into the chamber by moving at least
one second frame into the chamber through the side opening thereof, wherein each
second frame includes a second thermal insulation base and a second rack which is
arranged at the first side of the second thermal insulation base and supports the

second set of burn-in boards;

completing thermal insulation of the chamber, including:

closing the base opening of the chamber by docking the at least one
second frame in the chamber by abutting the second thermal insulation base to
the chamber such that the second rack and the first side of the second thermal
insulation base are inside the chamber while a second side of the second

thermal insulation base is outside the chamber, and
closing the side opening by the door or cover; and

performing burn-in process on the semiconductor devices arranged in the

second set of burn-in boards supported by the second frame.

10. The method of any one of claim 7 to claim 9, wherein closing the base opening

of the chamber includes:

abutting the thermal insulation base to at least one thermal insulation side

element arranged at least partially along the base opening.

11. The method of any one of claim 8 to claim 9, wherein unclosing the base

opening of the chamber includes:

un-abutting the thermal insulation base from at least one thermal insulation side

element arranged at least partially along the base opening.

12.  The method of any one of claim 7 to claim 11, wherein docking the at least one

frame in the chamber includes:
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arranging wheels which are manual or power assisted, or arrangements which
are adapted to be used with autonomous guided vehicle (AGV), wherein the wheels
or the arrangements are arranged at the second side of the thermal insulation base

and outside the chamber.

13. The method of any one of claim 7 to claim 12, further comprising: while
performing burn-in process on the semiconductor devices arranged in the burn-in

boards,

operating electronic circuitry which is arranged at the second side of the thermal

insulation base, and/or

operating communication circuitry which is arranged at the second side of the
thermal insulation base, including sending and/or receiving signals via the

communication circuitry.

14. The method of any one of claim 7 to claim 13, wherein transferring the set of
burn-in boards into the chamber includes moving the frame from the burn-in
load/unload apparatus to the chamber without unloading the set of burn-in boards from

the rack or the frame,

wherein prior to transferring the set of burn-in boards into the chamber, the method
further comprising:

transferring the frame with the set of burn-in boards into a burn-in load/unload

apparatus; and

loading, by the burn-in load/unload apparatus, the semiconductor devices onto

the set of burn-in boards.

15. The method of any one of claim 8 to 9, wherein transferring the set of burn-in
boards out of the chamber includes transferring the frame into the burn-in load/unload
apparatus without unloading the set of burn-in boards from the rack or the frame, the
method further comprising:

unloading, by the burn-in load/unload apparatus, the semiconductor devices

that had completed the burn-in process from the set of burn-in boards.

16. The method of any one of claim 8 to claim 15, wherein transferring the set of

burn-in boards into or out of the chamber includes transferring the frame between the
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burn-in apparatus and at least one other apparatus in the burn-in area, which is
selected from the group consisting of burn-in load/unload apparatus, burn-in board
pre-check apparatus, burn-in board storage apparatus, burn-in board cleaning

apparatus, without unloading the set of burn-in boards from the rack or the frame.
17. A burn-in chamber comprising:

a chamber having at least one side opening and at least one base opening,
wherein the side opening is closable, and

wherein the base opening is closable by moving at least one frame through the
side opening and removably docking the at least one frame in the chamber, each
frame having a thermal insulation base and a rack arranged at a first side of the
thermal insulation base such that when the side opening is closed and each frame is
removably docked in the chamber, the thermal insulation base abuts the chamber to
complete a thermal insulation of the chamber, and the rack and the first side of the
thermal insulation base are inside the chamber while a second side of the thermal

insulation base is outside the chamber.

18.  The burn-in chamber of claim 17, wherein the chamber includes at least one
thermal insulation side element arranged at least partially along the base opening such
that when each frame is removably docked in the chamber, the thermal insulation base
of the frame is arranged at the base opening and abuts the at least one thermal

insulation side element.

19. A frame comprising:
a thermal insulation base having a first side and a second side; and

a rack for supporting burn-in boards, the rack being arranged at the first side of

the thermal insulation base;

wherein the frame is adapted to be moved into a chamber having at least one side
opening and at least one base opening removably docked therein such that when the
side opening is closed and the frame is removably docked in the chamber, the thermal
insulation base abuts the chamber to complete a thermal insulation of the chamber,

and further such that the first side of the thermal insulation base and the rack are
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arranged inside the burn-in chamber while the second side of the thermal insulation
base is arranged outside the chamber.

20.  The frame of claim 19, further comprising: wheels which are manual or power
assisted, or arrangements which are adapted to be used with autonomous guided
vehicle (AGV), wherein the wheels or the arrangements are arranged at the second

side of the thermal insulation base.

21. The frame of any one of claim 19 to claim 20, further comprising: electronic
circuitry arranged at the second side of the thermal insulation base, the electronic
circuitry includes one or more selected from the group consisting of: communication
circuitry, sensor, memory storage, and microprocessor, and is configured to send

and/or receive signals at least when the frame is removably docked in the chamber.

22.  The frame of any one of claim 19 to claim 21, wherein the frame is configured
to provide a common carrier of the burn-in boards for the burn-in chamber and at least
one other apparatus in the burn-in area being at least one selected from the group
consisting of: burn-in load/unload apparatus, burn-in board pre-check apparatus, burn-
in board storage apparatus, burn-in board cleaning apparatus, and is further
configured to be moved into and removably docked to at least the burn-in chamber

and the other apparatus.

22





