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APPARATUS AND METHOD FOR BURN-IN BOARD ALIGNMENT AND SEALING 

BETWEEN CHAMBER AND FRAME FOR SEMICONDUCTOR BURN-IN PROCESS 

 

Related Application 

[0001]  The present application claims priority to International Application No. 

PCT/SG2020/050791 filed on 30 December 2020, the contents of which are hereby 

incorporated by reference in its entirety. 

 

Technical Field 

[0002]  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 and to bring the burn-in boards 

supported by the frame into alignment to the receiving connectors in the burn-in 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, thereby bringing the 

burn-in boards into alignment and unalignment to the receiving connectors in the burn-in 

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, both the chamber and the frame having cooperating set of alignment elements 

and/or cooperating set of thermal insulation side elements.  

 

Background 

[0003]  A burn-in apparatus as described in PCT/SG2020/050791 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 of the frame 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 in the chamber while the second side of the 

thermal insulation base is outside the chamber.  

[0004]  A potential issue may arise if a ground surface, e.g. production floor, on which the 

burn-in apparatus and the docked interchangeable frame are arranged on may be uneven. 
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A slight angle of unevenness may introduce a misalignment or an alignment error between 

the interfacing connectors of a set of burn-in boards which are carried on the frame and 

the receiving connectors which are arranged in the chamber prior to burn-in process. In 

particular, the interfacing connectors and the receiving connectors may be provided in the 

form of edge finger and edge connector, plug and socket, header and connector, pin and 

receptacle, spring or compression probe, or equivalent mating connectors. This error may 

present in one or more of three forms, e.g. pitch, roll and yaw, and the error is amplified 

when it is further away from the ground surface which is the origin of unevenness. 

[0005]  As a result of this misalignment or alignment error, the set of burn-in boards carried 

by the interchangeable frame cannot be inserted correctly into the corresponding set of 

receiving connectors in the chamber. In the event of forced insertion under misaligned 

condition, damage to the interfacing connectors of the burn-in boards, the receiving 

connectors in the chamber, or both, would be inevitable.  

[0006]  Another potential issue relates to thermal sealing between the thermal insulation 

base of the interchangeable frame and the base opening of the chamber. In the burn-in 

apparatus as described in PCT/SG2020/050791, a thermal insulation side element may 

be provided at the base opening of the chamber which is to abut the thermal insulation 

base of the interchangeable frame to close the base opening of the chamber.  

[0007]  In an example, the thermal insulation side element may be high and/or low 

temperature insulative material block, e.g. G10, G11, PTFE, Teflon, or any composite 

material, which may be integrally formed with the base of the chamber or attached thereto, 

and suitably sized to abut the thermal insulation base of the interchangeable frame. In 

order to dock the interchangeable frame in the chamber, the frame is progressively moved 

or inserted into the base opening of the chamber while the thermal insulation base of the 

frame progressively abuts with the thermal insulation side element of the chamber until 

the frame is fully docked or inserted such that the base opening of the chamber is closed. 

[0008]  Similarly, unevenness of the ground surface may introduce misalignment and 

cause difficulty in inserting the interchangeable frame into the base opening of the 

chamber. Furthermore, abutment between the thermal insulation base of the 

interchangeable frame and the thermal insulation side element of the chamber may not 

be completely sealed and this could result in leakages from the chamber to the external 

or ambient environment, or vice versa, during burn-in process when the side opening is 

also closed. 

[0009]  In another example, the thermal insulation base of the interchangeable frame 

and/or the thermal insulation side element of the chamber may optionally include high or 

low temperature compressible seal or gasket, e.g. silicone compressible or inflatable seal 
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or foam gasket, which is suitably sized to abut with each other with some compression 

force for complete sealing. During docking process, as the frame is progressively moved 

into the base opening of the chamber, the thermal insulation base of the frame and/or the 

thermal insulation side element of the chamber will be progressively compressed and 

complete the sealing of the base opening of the chamber when the burn-in board frame is 

fully docked or inserted in the chamber. 

[0010]  In this example, yet again, the unevenness of the ground surface may introduce 

misalignment and cause difficulty in inserting the interchangeable frame into the base 

opening of the chamber. Moreover, the progressive compression of the thermal insulation 

side element of the burn-in chamber with the thermal insulation base of the frame 

produces resistance and friction during docking and undocking. This resistance and 

friction would cause wear and tear to the thermal insulation base of the frame as well as 

the thermal insulation side element of the chamber. This wear and tear of the thermal 

insulation base and/or the thermal insulation side element would also result in leakages 

from the chamber to the external or ambient environment, or vice versa, during burn-in 

process when the side opening is also closed. 

[0011]  While it is possible to modify or level a ground surface under the burn-in chamber 

by flattening the ground surface or adding a platform to the ground surface, this is not a 

simple or convenient solution. Whenever a new burn-in chamber is installed or an existing 

burn-in chamber is moved to a new location, it would be necessary to repeat the ground 

surface modification or levelling at the new location. This is a cumbersome activity and 

results in unnecessary production downtime. 

 

Summary 

[0012]  According to one aspect, a burn-in apparatus for performing burn-in process on 

semiconductor devices or integrated circuits is provided. The apparatus comprises: 

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

a set of receiving connectors arranged in the chamber; 

        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 and supporting a set of burn-in boards; and  

        a plurality of cooperating alignment elements respectively arranged at the frame and 

the chamber, and configured to progressively and movably couple to each other to lift the 

frame to bring the set of burn-in boards that are supported by the rack into alignment for 

insertion into the set of receiving connectors in the chamber and to close the base opening 
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by arranging at least the thermal insulation base of the frame in the base opening of the 

chamber, thereby removably docking the frame in the chamber, 

        wherein when the side opening is closed and each frame is removably docked in the 

chamber, a thermal insulation of the chamber is completed thereby defining a thermal 

zone configured to be subject to burn-in condition provided by the chamber, such that the 

rack, the set of burn-in boards and the first side of the thermal insulation base are in the 

thermal zone while the second side of the thermal insulation base is outside the thermal 

zone.  

[0013]  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, wherein the chamber includes a set of receiving 

connectors arranged therein, wherein a plurality of cooperating alignment elements are 

respectively arranged at the frame and the chamber; 

        completing a thermal insulation of the chamber thereby defining a thermal zone 

configured to be subject to burn-in temperature provided by the chamber, including: 

        progressively and movably coupling the cooperating alignment elements to each 

other to lift the frame to bring the set of burn-in boards on the rack into alignment for 

insertion into the set of receiving connectors in the chamber and to close the base opening 

of the chamber by arranging at least the thermal insulation base of the frame in the base 

opening of the chamber, thereby removably docking the frame in the chamber,  

        inserting the set of burn-in boards into the set of receiving connectors in the chamber, 

and 

        closing the side opening such that the rack, the set of burn-in boards, and the first 

side of the thermal insulation base are in the thermal zone while a second side of the 

thermal insulation base is outside the thermal zone; and 

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

boards. 

[0014]  According to another aspect, the burn-in chamber of the above-described burn-in 

apparatus is provided.  

[0015]  According to another aspect, the frame of the above-described burn-in apparatus 

is provided. 

[0016]  In some embodiments of the above-described aspects, each frame further includes 

wheels which are manual or power assisted or adapted to be used with an autonomous 

guided vehicle (AGV), or a non-wheel arrangement which is adapted to be used with the 
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AGV, wherein the wheels or the non-wheel arrangement is arranged at the second side 

of the thermal insulation base, wherein the cooperating alignment elements are configured 

to lift the wheels off a ground surface or lift the non-wheel arrangement off the AGV. 

[0017]  In some embodiments of the above-described aspects, a plurality of cooperating 

thermal insulation side elements are respectively arranged at the frame and the chamber, 

and respectively having complementary characteristics configured to provide a clearance 

gap between the cooperating thermal insulation side elements when the cooperating 

thermal insulation side elements partially overlap each other and further configured to 

provide an abutting fit between the cooperating thermal insulation side elements when the 

cooperating thermal insulation side elements substantially or fully overlap each other. 

[0018]  In some embodiments of the above-described aspects, the wheels of the frame 

include at least front wheels and rear wheels; the cooperating alignment elements include 

rollers comprising at least front rollers and rear rollers, and further include at least one 

roller-receiving support; the front rollers and the rear rollers are configured to respectively 

lift the front wheels and the rear wheels when the front rollers and the rear rollers are 

respectively coupled to the roller-receiving support; the cooperating alignment elements 

are arranged either  

        above the cooperating thermal insulation side elements such that when the side 

opening is closed and each frame is removably docked in the chamber, the cooperating 

alignment elements are arranged inside the thermal zone, or  

        below the cooperating thermal insulation side elements such that when the side 

opening is closed and each frame is removably docked in the chamber, the cooperating 

alignment elements are arranged outside the thermal zone.  

[0019]  In some embodiments of the above aspects, the rollers are arranged at the frame 

and the roller-receiving support is arranged at the chamber; or the rollers are arranged at 

the chamber and the roller-receiving support is arranged at the frame. 

[0020]  In some embodiments of the above aspects, the cooperating alignment elements 

and/or the cooperating thermal insulation side elements are arranged proximal to or at the 

thermal insulation base of the frame and the base opening of the chamber. 

 

Brief Description of Drawings 

[0021]  Figures 1A and 1B are plan views wherein Figure 1A shows interfacing connectors 

of a burn-in board prior to their insertion into receiving connectors of a burn-in chamber, 

and Figure 1B shows the interfacing connectors after insertion into the receiving 

connectors; 

[0022]  Figures 1C and 1D are side views corresponding to Figures 1A and 1B respectively; 
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[0023]  Figure 2A is a perspective view of a burn-in chamber with its door closed; 

[0024]  Figure 2B is a perspective view of the burn-in chamber of Figure 2A with its door 

opened and a loaded interchangeable frame docked therein; 

[0025]  Figure 2C is a perspective view of the burn-in chamber of Figure 2A with its door 

opened and the loaded interchangeable frame undocked therefrom; 

[0026]  Figure 2D shows Figure 2C with parts of the burn-in chamber removed to show the 

chamber’s back panel and its set of receiving connectors;  

[0027]  Figure 3A shows a perspective view of an interchangeable frame having rollers 

arranged above its thermal insulation side elements which are configured to cooperate 

with the chamber’s thermal insulation side elements of Figure 3B, according to an 

embodiment; 

[0028]  Figure 3B shows roller-receiving supports and thermal insulation side elements 

provided at a burn-in chamber which are configured to cooperate with the rollers and 

thermal insulation side elements of Figure 3A; 

[0029]  Figure 4A shows a side view of the interchangeable frame of Figure 3A which is 

undocked from the burn-in chamber of Figure 3B, i.e. in an undocked position; 

[0030]  Figure 4B shows a partial close-up view of Figure 4A; 

[0031]  Figure 4C shows a side view of the interchangeable frame of Figure 3A which is 

partially docked in the burn-in chamber of Figure 3B, i.e. in a partially docked position;  

[0032]  Figure 4D shows a partial close-up view of Figure 4C; 

[0033]  Figure 4E shows a side view of the interchangeable frame of Figure 3A which is 

fully docked in the burn-in chamber of Figure 3B, i.e. in a docked or fully docked position; 

[0034]  Figure 4F shows a partial close-up view of Figure 4E;  

[0035]  Figure 5A is a front view of an undocked position wherein the chamber of Figure 

3B is unoccupied;  

[0036]  Figure 5B is a partial close-up view of Figure 5A; 

[0037]  Figure 5C is a front view of a docked position wherein the chamber of Figure 3B is 

docked with the interchangeable frame of Figure 3A; 

[0038]  Figure 5D is a partial close-up view of Figure 5C;  

[0039]  Figure 6A shows a perspective view of an interchangeable frame having rollers 

arranged below its thermal insulation side elements which are configured to cooperate 

with the chamber’s thermal insulation side elements of Figure 6B, according to an 

embodiment; 

[0040]  Figure 6B shows roller-receiving supports and thermal insulation side elements 

provided at a burn-in chamber which are configured to cooperate with the rollers and 

thermal insulation side elements of Figure 6A; 
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[0041]  Figure 7A shows a side view of the interchangeable frame of Figure 6A which is 

undocked from the burn-in chamber of Figure 6B, i.e. in an undocked position; 

[0042]  Figure 7B shows a partial close-up view of Figure 7A; 

[0043]  Figure 7C shows a side view of the interchangeable frame of Figure 6A which is 

partially docked in the burn-in chamber of Figure 6B, i.e. in a partially docked position;  

[0044]  Figure 7D shows a partial close-up view of Figure 7C; 

[0045]  Figure 7E shows a side view of the interchangeable frame of Figure 6A which is 

fully docked in the burn-in chamber of Figure 6B, i.e. in a docked or fully docked position; 

[0046]  Figure 7F shows a partial close-up view of Figure 7E;  

[0047]  Figure 8A is a front view of an undocked position wherein the chamber of Figure 

6B is unoccupied;  

[0048]  Figure 8B is a partial close-up view of Figure 8A; 

[0049]  Figure 8C is a front view of a docked position wherein the chamber of Figure 6B is 

docked with the interchangeable frame of Figure 6A; 

[0050]  Figure 8D is a partial close-up view of Figure 8C;  

[0051]  Figure 9 shows a flow chart for a method for transferring burn-in boards in/out of a 

burn-in chamber, including a method for alignment and thermal sealing of the frame and 

the chamber; 

[0052]  Figure 10A shows a partial close-up side view of an interchangeable frame, 

according to another embodiment, which is undocked from a burn-in chamber, i.e. in an 

undocked position; 

[0053]  Figure 10B shows a partial close-up side view of the interchangeable frame of 

Figure 10A which is partially docked in the burn-in chamber, i.e. in a partially docked 

position; 

[0054]  Figure 10C shows a partial close-up side view of the interchangeable frame of 

Figure 10A which is fully docked in the burn-in chamber, i.e. in a docked or fully docked 

position; 

[0055]  Figure 11A shows a partial close-up side view of an interchangeable frame, 

according to yet another embodiment, which is undocked from a burn-in chamber, i.e. in 

an undocked position; 

[0056]  Figure 11B shows a partial close-up side view of the interchangeable frame of 

Figure 11A which is partially docked in the burn-in chamber, i.e. in a partially docked 

position; and 

[0057]  Figure 11C shows a partial close-up side view of the interchangeable frame of 

Figure 11A which is fully docked in the burn-in chamber, i.e. in a docked or fully docked 

position. 
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Detailed Description 

[0058]  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 instances, well 

known process operations have not been described in detail in order not to unnecessarily 

obscure pertinent aspects of embodiments being described.  

[0059]  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. 

[0060]  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. 

[0061]  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. 

[0062]  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 “support” 

or “supporting” when applied to two objects may refer to a first object being supported 
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directly by a second object or indirectly through a third object. The term “above” is not 

limited to “directly above”; the term “below” is not limited to “directly below”. The term “abut” 

and its related terms when applied to two objects may refer to arranging the two objects 

in contact or compressive contact with each other whether such contact or compressive 

contact is direct or indirect. The phrase “arranged on” and its related terms when applied 

to two objects may refer to arranging a first object in contact with or coupled to a second 

object; such contact may be direct or indirect; such coupling may be direct or indirect via 

at least a third object which may be coupled to or an integral part of the first and/or the 

second object. 

[0063]  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 a 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 at least 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 thereby defining a 

thermal zone which is in the chamber and configured to be subject to burn-in condition, 

e.g. temperature, provided by the chamber. This thermal zone corresponds to an 

enclosure in which burn-boards undergo burn-in process and which may be defined at 

least by the closed base opening, closed side opening and remaining portions of the 

chamber. The remaining portions of the chamber, i.e. other than the aforementioned side 

opening and base opening, may be thermally insulated and include a back panel having 

a set of receiving connectors which are to receive or couple to a set of burn-in boards 

respectively.  

[0064]  The burn-in apparatus may be coupled to or cooperate with at least one burn-in 

driver or test apparatus which is adapted to be connected to burn-in boards on a docked 

frame via the set of receiving connectors in the chamber and to provide and/or receive 

power and/or electrical signals to the semiconductor devices arranged in and/or 

connected to the burn-in boards. The burn-in driver may be arranged in a driver section 

or cabinet which may be external of the chamber but may be arranged adjacent to 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. 
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[0065]  The frame provides a carrier of burn-in boards and semiconductor devices to 

transport them at least to and from the burn-in chamber and hold them during burn-in 

process. The frame is suitably constructed and dimensioned to be removably moved into 

and docked in the burn-in chamber, and interchange with another similar frame. 

Accordingly, the frame may alternatively be referred to as interchangeable frame, 

transportation frame, removable frame, dockable frame, or an appropriate combination 

thereof. 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 of the 

frame is arranged in the base opening of the chamber, e.g. abuts at least a portion of the 

chamber or its base frame which at least partially defines the base opening of the chamber, 

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 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 in/inside the chamber or thermal zone and therefore subject to the burn-in 

temperature in the chamber during burn-in process, while the second side of the insulation 

base is arranged outside the chamber or thermal zone, 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 burn-in temperature in the chamber during burn-in process. 

[0066]  Cooperating alignment elements, e.g. at least first and second alignment elements, 

are respectively arranged at the frame and the chamber, or vice versa, and configured to 

progressively and movably coupled to each other while the frame is being moved into or 

docked in the chamber to progressively lift the frame. After the cooperating alignment 

elements are substantially or fully coupled to each other, the frame is lifted, hence the set 

of burn-in boards supported on the rack of the frame is brought into alignment, e.g. a 

desired alignment position, for subsequent insertion of the set of burn-in boards, e.g. their 

interfacing connectors, into the set of receiving connectors in/of the chamber and, 

furthermore, the base opening of the chamber is closed due to at least the thermal 

insulation base docked therein. To illustrate this alignment position, Figure 1A and 1C 

show a burn-in board 220 and its interfacing connectors 221, e.g. edge fingers, etc., in 

alignment to receiving connectors 119 in the chamber prior to inserting the interfacing 

connectors 221 of the burn-in board 220 into the receiving connectors 119 in the chamber. 

Figures 1B and 1D show the interfacing connectors 221 of the burn-in board 220 inserted 
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into the receiving connectors 119 of the chamber thereby conductively coupling the burn-

in board to the burn-in driver or test apparatus for burn-in process. Accordingly, alignment 

of the set of burn-in boards to the set of receiving connectors generally refers to a co-

planar or substantially co-planar arrangement of at least the interfacing connectors of the 

burn-in boards and receiving connectors in the chamber to facilitate proper insertion of the 

interfacing connectors of the burn-in boards, e.g. edge fingers, etc., into the receiving 

connectors arranged in the chamber. An example of cooperating alignment elements 

includes rollers arranged at the frame and at least one complementary roller-receiving 

support arranged at the chamber, or vice versa. Another example of cooperating 

alignment elements includes a slide rail assembly having a fixed rail and a complementary 

movable sliding device which are arranged at the chamber and the frame respectively, or 

vice versa.  

[0067]  Cooperating thermal insulation side elements, e.g. at least first and second thermal 

insulation side elements, may be respectively arranged at the frame and the chamber, or 

vice versa, and provided with complementary characteristics, e.g. gradients, shapes, 

dimensions, which are configured to provide a clearance gap between the cooperating 

thermal insulation side elements when they partially overlap each other during docking 

and to provide an abutting fit therebetween when they substantially or fully overlap each 

other upon docking to provide thermal sealing. Progressive coupling of the cooperating 

alignment elements would result in progressive overlap of the cooperating thermal 

insulation side elements. Examples of complementary gradients and/or shapes may 

include a set of complementary trapezoidal profiles, a set of complementary triangular 

profiles, and a set of complementary convex and concave profiles.  

[0068]  Figures 2A to 2D 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 or cabinet 150 which may be arranged adjacent to a back panel 118 of the 

burn-in chamber 110. The burn-in driver section or cabinet 150 may house burn-in driver 

or test apparatus, and associated components or circuitry. The back panel 118 comprises 

a set of receiving connectors 119 which are coupled to the burn-in driver or test apparatus, 

and adapted to receive a set of burn in boards 220 or their interfacing connectors 221. 

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, e.g. 

chamber’s base frame 111. The chamber 110, e.g. chamber base frame 111, may 

comprise at least one thermal insulation side element 116 (see Figures 3B and 6B) 

provided at least partially along the base opening 112 to provide at least one of the 

cooperating thermal insulation side elements. The thermal insulation side element 116 
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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 thermal insulation side element 

116 and the base opening 112 are adapted to ensure the thermal insulation side element 

116 abuts the thermal insulation side element 216 (see Figures 3A and 6A) 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, slider, or equivalents, 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 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. The chamber 110 is 

arranged on a ground surface 90 (e.g. in contact with or coupled to the ground surface 90) 

via supporting foot mounts or adjustable supporting foot mounts extending from the 

chamber’s base frame 111.  

[0069]  Figures 2B to 2D show a frame 200 which is adapted to be removably docked in 

the chamber 110. The frame 200 comprises a rack 210 (see Figures 3A and 6A) for 

supporting one or more burn-in boards (alternatively referred to as a set of 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 (see Figures 3A and 6A) 

which may partially or fully form a bottom of the rack 210 or frame 200. In context of 

Figures 2B to 2D, 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 Figures 2B to 2D, 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 or 

thermal zone while the second side is arranged outside the chamber 110 or thermal zone. 
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The frame 200 may further comprise wheels 230 (see Figures 3A and 6A) 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 or thermal zone. 

The wheels 230 may be electrostatic discharge (ESD) safe or non-ESD safe wheels which 

may be manual, power assisted, or adapted to be used with autonomous guided vehicle 

(AGV). The wheels 230 may comprise front wheels 2301 and rear wheels 2302 (see 

Figures 3A and 6A). The terms “front” and “rear” may be understood in context of a docking 

sequence of the frame 200 in relation to a docking direction 250, i.e. the front wheels 2301 

would be first to move into the chamber 110 during docking while the rear wheels 2302 

would move into the chamber 110 thereafter. A combination of the frame 200 and its 

wheels 230 may be referred to as a trolley.  

[0070]  The frame 200 may further comprise 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 or a thermal zone and therefore unaffected or not 

subject to at least the temperature condition in 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 

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. 

[0071]  When the frame 200 is removably docked in the chamber 110 (Figure 2B), the 

frame 200 is lifted to be arranged on the chamber 110 (e.g. in contact with or coupled to 

the chamber base frame 111 or another structure which is coupled to or is a part of the 

chamber 110) hence a set of burn-in boards supported by the frame 200 and/or its rack 

210 are brought into alignment to a set of receiving connectors 119 arranged on a back 

panel 118 of the chamber 110. With this aligned arrangement, interfacing connectors 221 

of burn-in boards may be properly inserted into the receiving connectors 119 (e.g. see 

Figures 1A to 1D).  
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[0072]  Figures 3A and 3B show an interchangeable frame 200 and a partial view of an 

interior of a burn-in chamber 110 respectively, according to an embodiment. At the frame 

200 having four sides, front rollers 2401 and rear rollers 2402 (collectively 240) are 

arranged thereon, e.g. directly or indirectly coupled to the frame 200. The terms “front” 

and “rear” may be understood in context of a docking sequence of the frame 200 in relation 

to a docking direction 250, i.e. the front rollers 2401 (or first rollers) would be first to 

movably couple to roller-receiving supports 140 of the chamber 110 during docking while 

the rear rollers 2402 (or second rollers) would movably couple to the roller-receiving 

supports 140 thereafter. The term “rollers” may refer to wheels, ball bearings, rotary device, 

sliding device, or equivalent, which facilitate motion of the frame 200 on the chamber 110, 

e.g. its base frame 111. The rollers 2401, 2402 may be arranged along opposite sides of 

the frame 200, e.g. proximal to its thermal insulation base 212. The rollers 2401, 2402 

may be arranged at a suitable distance from front and rear sides of the frame 200 to 

reduce or minimize pitch motion of the frame 200 and instability during docking. At the 

frame 200, thermal insulation side elements 216 are also arranged thereon, e.g. directly 

or indirectly coupled to the thermal insulation base 212 of the frame 200, and may be 

arranged along opposite or three sides of the frame 200. At least one of the thermal 

insulation side elements 216 may taper, i.e. towards reduced thickness, from the frame’s 

rear side to its front side, i.e. along a direction taken from the rear rollers 2402 to the front 

rollers 2401. The frame’s thermal insulation side elements 216 may be arranged below 

the frame’s front and rear rollers 2401, 2402.  

[0073]  At the chamber 110, roller-receiving supports 140 and thermal insulation side 

elements 116 may be arranged along opposite or three sides of the base opening 112 of 

the chamber 110, e.g. directly or indirectly coupled to the chamber 110 or its base frame 

111 which defines the base opening 112 having an inner side proximal to the receiving 

connectors 119 in the chamber 110, opposite lateral sides, and an outer side distal (less 

proximal) from the receiving connectors 119. At least one of the thermal insulation side 

elements 116 may taper, i.e. towards reduced thickness, from the base opening’s inner 

side to its outer side (i.e. along a direction taken from an end of the roller-receiving support 

140 which is proximal to the receiving connectors 119 to another end of the roller-receiving 

support 140 which is distal (less proximal) from the receiving connectors 119). The 

chamber’s thermal insulation side elements 116 may be arranged below its roller-receiving 

supports 140.  

[0074]  Collectively, the front rollers 2401 and the rear rollers 2402 as well as the roller-

receiving supports 140 provide cooperating alignment elements which are operable to lift 

the frame 200 to bring a set of burn-in boards 220 supported on a frame 200 into alignment 
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with a set of receiving connectors 119 in the chamber 110. Collectively, the frame’s 

thermal insulation side elements 216 and the chamber’s thermal insulation side elements 

116 provide cooperating thermal insulation side elements having complementary 

characteristics, e.g. gradients and shapes, which are operable to facilitate unimpeded 

relative motion or progressive coupling of the cooperating alignment elements 140, 240 

along the docking direction 250 by providing a clearance gap when the cooperating 

thermal insulation side elements 116, 216 are partially overlapping each other and further 

operable to impede further or increased overlap by providing an abutting fit when the 

cooperating thermal insulation side elements 116, 216 are substantially or fully 

overlapping.       

[0075]  Figures 4A, 4C, 4E show side views of an interchangeable frame 200 of Figure 3A 

which are respectively in undocked position, partially docked position, and docked or fully 

docked position. Figures 4B, 4D, 4F are partial close-up views of Figures 4A, 4C, 4E 

respectively. Accordingly, the motion sequence of the frame 200 shown by Figures 4A, 

4C, 4E and Figures 4B, 4D, 4F each defines a docking direction 250. 

[0076]  In the undocked position (see Figures 4A and 4B), the frame 200 is arranged on a 

ground surface 90 (e.g. in contact with or coupled to the ground surface 90) which the 

burn-in chamber 110 may also be arranged on. The front rollers 2401 and rear rollers 

2402 are free-hanging (e.g. not in contact with nor coupled to roller-receiving support 140) 

while the front wheels 2301 and rear wheels 2302 are arranged on the ground surface 90. 

Correspondingly, Figures 5A and 5B show a front view of an undocked position, e.g. the 

unoccupied chamber 110 having a set of receiving connectors 119 arranged at its back 

panel 118, roller-receiving supports 140 arranged along two opposite sides of its base 

frame 111, and thermal insulation side elements 116 arranged along three sides of its 

unoccupied base opening 112. In Figures 5A and 5B, the roller-receiving supports 140 

are arranged above the thermal insulation side elements 116. 

[0077]  In the partially docked position (see Figures 4C and 4D), the frame 200 is partially 

arranged on the chamber 110 and partially arranged on the ground surface 90. In 

particular, the front rollers 2401 are movably coupled to the roller-receiving supports 140 

of the chamber 110 such that the front wheels 2301 of the frame 200 are lifted off the 

ground surface 90; the rear rollers 2402 are free-hanging such that the rear wheels 2302 

of the frame 200 remain arranged on the ground surface 90. In this partially docked 

position, the cooperating thermal insulation side elements 116, 216 partially overlap each 

other. Due to their complementary characteristics, the cooperating thermal insulation side 

elements 116, 216 are spaced apart by a clearance gap 92, e.g. vertical gap, which allows 
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further unimpeded relative motion of the cooperating thermal insulation side elements 116, 

216 in the docking direction 250 to increase their overlap.  

[0078]   In the docked position (alternatively referred to as fully docked position, see 

Figures 4E and 4F), the frame 200 is arranged on the chamber 110. In particular, the front 

rollers 2401 and the rear rollers 2402 are movably coupled to the roller-receiving supports 

140 of the chamber 110 such that the front wheels 2301 and the rear wheels 2302 are 

lifted off the ground surface 90 and hence are no longer arranged on the ground surface 

90. In this docked position, the cooperating thermal insulation side elements 116, 216 

substantially or fully overlap each other. Due to their complementary characteristics, the 

clearance gap 92 between the cooperating thermal insulation side elements 116, 216 is 

substantially reduced or eliminated such that the cooperating thermal insulation side 

elements 116, 216 abut each other to provide a thermal seal therebetween. 

Correspondingly, Figures 5C and 5D show a front view of the docked position, i.e. a set 

of receiving connectors 119 in the chamber 110 are aligned to a set of burn-in boards 220 

supported on the frame 200, the front rollers 2401 and the rear rollers 2402 of the frame 

200 are movably coupled to the roller-receiving supports 140 of the chamber 110, thermal 

insulation side elements 116 of the chamber abut the cooperating thermal insulation side 

elements 216 of the frame 200, and the frame 200 is arranged on the chamber 110 such 

that the front wheels 2301 and the rear wheels 2302 are lifted (see Figures 4F and 5D for 

a gap 95 between wheels 230 and ground surface 90). In the docked position, the front 

rollers 2401 and the rear rollers 2402, the thermal insulation side element 216 of the frame 

200, and the roller-receiving support 140 of the chamber 110 are arranged inside a thermal 

zone.  

[0079]  In the embodiment illustrated in Figures 3A, 3B, 4A to 4F, 5A to 5D, the frame’s 

rollers 2401, 2402 are arranged above the frame’s thermal insulation side elements 216, 

some of which taper, i.e. towards reduced thickness, from the frame’s rear side to its front 

side while the chamber’s roller-receiving supports 140 are arranged above the chamber’s 

thermal insulation side elements 116, some of which taper, i.e. towards reduced thickness, 

from the base opening’s inner side to its outer side. When the frame 200 is in the docked 

position, the cooperating alignment elements 140, 240 are above the thermal insulation 

side elements 116, 216.  

[0080]  In a modified embodiment illustrated in Figures 10A to 10C in which the tapered 

thermal insulation side elements 116, 216 remain the same as in Figures 3A, 3B, 4A to 

4F, 5A to 5D (hence their description will not be repeated), the frame’s rollers 2401, 2402 

are modified to be arranged below the frame’s thermal insulation side element 216 while 

the chamber’s roller-receiving supports 140 are modified to be arranged below the 
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chamber’s thermal insulation side element 116. Figures 10A and 10B show the frame in 

an undocked position and a partially docked position respectively. When the frame 200 is 

in the docked position (see Figures 10C), the cooperating alignment elements 140, 240 

are arranged below the cooperating thermal insulation side elements 116, 216.  

[0081]  Figures 6A and 6B show an interchangeable frame 200 and a partial view of an 

interior of a burn-in chamber 110 respectively, according to an embodiment. Similar to the 

frame 200 of Figure 3A, front rollers 2401, rear rollers 2402, and thermal insulation side 

elements 216 are arranged at the frame 200. However, in Figure 6A, the frame’s thermal 

insulation side elements 216 are arranged above the front rollers 2401 and rear rollers 

2402; at least one of the frame’s thermal insulation side elements 116 may taper, i.e. 

towards reduced thickness, along a direction from the rear rollers 2402 to the front rollers 

2401. Similar to the chamber 110 of Figure 3B, roller-receiving supports 140 and thermal 

insulation side elements 116 are arranged at the chamber 110. However, the chamber’s 

thermal insulation side elements 116 may be arranged above chamber’s roller-receiving 

supports 140; at least one of the chamber’s thermal insulation side elements 116 may 

taper, i.e. towards reduced thickness, from the base opening’s inner side to its outer side. 

Collectively, the front rollers 2401 and the rear rollers 2402 as well as the roller-receiving 

supports 140 provide cooperating alignment elements. Collectively, the frame’s thermal 

insulation side elements 216 and the chamber’s thermal insulation side elements 116 

provide cooperating thermal insulation side elements having complementary 

characteristics, e.g. gradients and shapes. 

[0082]  Figures 7A, 7C, 7E show side views of an interchangeable frame 200 of Figure 7A 

which are respectively in undocked position, partially docked position, and docked or fully 

docked position. Figures 7B, 7D, 7F are partial close-up views of Figures 7A, 7C, 7E 

respectively. Accordingly, the motion sequence of the frame 200 shown by Figures 7A, 

7C, 7E and Figures 7B, 7D, 7F each defines a docking direction 250. 

[0083]  In the undocked position (see Figures 7A and 7B), the frame 200 is arranged on a 

ground surface 90 which the burn-in chamber 110 is arranged on. The front rollers 2401 

and rear rollers 2402 are free-hanging (e.g. not in contact with nor movably coupled to 

roller-receiving support 140) while the front wheels 2301 and rear wheels 2302 are 

arranged on the ground surface 90. Correspondingly, Figures 8A and 8B show a front 

view of an undocked position, e.g. the unoccupied chamber 110 having a set of receiving 

connectors 119 arranged at its back panel 118, roller-receiving supports 140 arranged 

along two opposite sides of its base frame 111, and thermal insulation side elements 116 

arranged along three sides of its unoccupied base opening 112. In Figures 8A and 8B, the 

roller-receiving supports 140 are arranged below the thermal insulation side elements 116. 
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[0084]  In the partially docked position (see Figures 7C and 7D), the frame 200 is partially 

arranged on the chamber 110 and partially arranged on the ground surface 90. In 

particular, the front rollers 2401 are movably coupled to the roller-receiving supports 140 

of the chamber 110 such that the front wheels 2301 of the frame 200 are lifted off the 

ground surface 90; the rear rollers 2402 are free-hanging such that the rear wheels 2302 

of the frame 200 remain arranged on the ground surface 90. In this partially docked 

position, the cooperating thermal insulation side elements 116, 216 partially overlap each 

other. Due to their complementary characteristics, the cooperating thermal insulation side 

elements 116, 216 are spaced apart by a clearance gap 92, e.g. vertical gap, which allows 

further unimpeded relative motion of the cooperating thermal insulation side elements 116, 

216 in the docking direction 250 to increase their overlap.  

[0085]   In the docked position (alternatively referred to as fully docked position, see 

Figures 7E and 7F), the frame 200 is arranged on the chamber 110. In particular, the front 

rollers 2401 and the rear rollers 2402 are movably coupled to the roller-receiving supports 

140 of the chamber 110 such that the front wheels 2301 and the rear wheels 2302 are 

lifted off the ground surface 90 and hence are no longer arranged on the ground surface 

90. In this docked position, the cooperating thermal insulation side elements 116, 216 

substantially or fully overlap each other. Due to their complementary characteristics, the 

clearance gap 92 between the cooperating thermal insulation side elements 116, 216 is 

substantially reduced or eliminated such that the cooperating thermal insulation side 

elements 116, 216 abut each other and provide a thermal seal therebetween. 

Correspondingly, Figures 8C and 8D show a front view of the docked position, i.e. a set 

of receiving connectors 119 in the chamber 110 are aligned to a set of burn-in boards 220 

supported on the frame 200, the front rollers 2401 and the rear rollers 2402 of the frame 

200 are movably coupled to the roller-receiving supports 140 of the chamber 110, thermal 

insulation side elements 116 of the chamber 110 abut the cooperating thermal insulation 

side elements 216 of the frame 200, and the frame 200 is arranged on the chamber 110 

such that the front wheels 2301 and the rear wheels 2302 are lifted (see Figures 7F and 

8D for a gap 95 between wheels 230 and ground surface 90). In the docked position, the 

front rollers 2401 and the rear rollers 2402, the thermal insulation side element 216 of the 

frame, and the roller-receiving support 140 of the chamber 110 are arranged outside a 

thermal zone.  

[0086]  In the embodiment illustrated in Figures 6A, 6B, 7A to 7F, 8A to 8D, the frame’s 

rollers 2401, 2402 are arranged below the frame’s thermal insulation side elements 216, 

some of which taper, i.e. towards reduced thickness, from the frame’s rear side to its front 

side while the chamber’s roller-receiving supports 140 are arranged below the chamber’s 
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thermal insulation side elements 116, some of which taper, i.e. towards reduced thickness, 

from the base opening’s inner side to its outer side. When the frame 200 is in the docked 

position, the cooperating alignment elements 140, 240 are arranged below the 

cooperating thermal insulation side elements 116, 216.  

[0087]  In a modified embodiment illustrated in Figures 11A to 11C in which the tapered 

thermal insulation side elements 116, 216 remain the same as in Figures 6A, 6B, 7A to 

7F, 8A to 8D (hence their description will not be repeated), the frame’s rollers 2401, 2402 

are modified to be arranged above the frame’s thermal insulation side element 216 while 

the chamber’s roller-receiving supports 140 are modified to be arranged above the 

chamber’s thermal insulation side element 116. Figures 11A and 11B show the frame in 

an undocked position and a partially docked position respectively. When the frame 200 is 

in the docked position (Figure 11C), the cooperating alignment elements 140, 240 are 

arranged above the cooperating thermal insulation side elements 116, 216.  

[0088]   Figure 9 shows a flow chart 900 for a method for/of transferring frame supporting 

a set of burn-in boards in/out of a burn-in chamber, including a method for alignment and 

thermal sealing of the frame and the chamber. 

[0089]   In block 902 of Figure 9, 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.   

[0090]  In block 904 of Figure 9, the loaded frame, including the rack supporting burn-in 

boards, are transferred into a burn-in chamber having a set of receiving connectors 

arranged therein. During this transfer-in or docking process, the loaded frame is 

progressively moved into the chamber through its side opening while at least a thermal 

insulation base of the frame progressively closes the base opening of the chamber. In 

particular, this transfer-in or docking process includes progressively and movably coupling 

the cooperating alignment elements of the frame and the chamber, to each other to lift the 

frame to bring the set of burn-in boards on the frame or rack into alignment for insertion 

into the set of receiving connectors in the chamber and to close the base opening of the 

chamber by arranging the thermal insulation base of the frame in the base opening of the 

chamber, thereby removably docking the frame in the chamber. More particularly, the 

progressive and movable coupling includes mounting or lifting front rollers of the frame 

onto the roller-receiving support of the chamber, thereby lifting front wheels of the frame 

off a ground surface while maintaining rear wheels of the frame on the ground surface, 

and subsequently mounting or lifting rear rollers of the frame onto the roller-receiving 

support of the chamber, thereby lifting rear wheels of the frame off the ground surface and 
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thereby maintaining both the front and the rear wheels of the frame off the ground surface. 

Concurrently, the progressive and movable coupling also includes progressively 

overlapping the cooperating thermal insulation side elements which complementary 

characteristics provide a clearance gap therebetween when the cooperating thermal 

insulation side elements partially overlap each other, and an abutting fit therebetween 

when the cooperating thermal insulation side elements substantially or fully overlap each 

other. 

[0091]  The transfer-in or docking process may include inserting the set of burn-in boards 

on the frame or rack into the set of receiving connectors in the chamber, more specifically 

inserting the interfacing connectors of the burn-in boards into the receiving connectors in 

the chamber. This insertion may take place after docking, e.g. board-by-board insertion or 

insertion of multiple boards at the same time. Alternatively, this insertion may take place 

upon or concurrent with fully docking the frame in the chamber.  

[0092]  This transfer-in or docking process may include, prior to moving the loaded frame 

into the chamber, moving the loaded 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.  

[0093]  In block 906 of Figure 9, the side opening is closed by using or actuating at least 

one or more doors or covers designated for this purpose. 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, thereby defining a thermal zone which is 

configured to be subject to burn-in condition, e.g. temperature, provided by the chamber. 

At this time, a first side of the thermal insulation base and the rack, both of the frame, are 

inside the chamber or thermal zone while a second side of the thermal insulation base of 

the frame is outside the chamber or thermal zone.  

[0094]  In block 908 of Figure 9, burn-in process takes place or is performed inside the 

chamber or thermal zone. Temperature in the chamber or thermal zone is set to the 

desired burn-in temperature. The burn-in boards supported by the frame as well as the 

first side of the insulation base of the frame are exposed to the burn-in temperature. The 

second side of the insulation base, together with any wheels and/or any communication 

and electronic circuitry, is outside the chamber or thermal zone and hence not exposed to 

the chamber or thermal zone 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. 
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[0095]  In block 910 of Figure 9, burn-in process completes. The side opening is unclosed, 

e.g. the door or cover is opened to allow access of the loaded frame and/or burn-in boards 

in the chamber through the side opening. 

[0096]  In block 912, the loaded frame is transferred out of the chamber. During this 

transfer-out or undocking process, the interfacing connectors of the set of burn-in boards 

on the frame are extracted from the set of receiving connectors in the chamber. This 

extraction may include board-by-board extraction or extraction of multiple boards at the 

same time. The base opening is then unclosed or revealed by undocking the loaded frame 

from the chamber and progressively moving it out of the chamber through the side opening 

until the frame is outside or away from the base opening. In particular, this transfer-out or 

undocking process includes progressively reducing an overlap of the cooperating thermal 

insulation side elements to undo the abutting fit to provide a clearance gap or non-abutting 

arrangement therebetween when the cooperating thermal insulation side elements 

progressively reduce their overlap, i.e. reduce from substantially or fully overlap to partial 

overlap or no overlap. Concurrently, the progressive and movable decoupling also 

includes progressively and movably decoupling cooperating alignment elements of the 

frame and the chamber, from each other to lower the frame from the chamber to unalign 

the set of burn-in boards on the frame from the set of receiving connectors in the chamber 

and to unclose the base opening of the chamber when the thermal insulation base of the 

frame progressively moves out of the chamber. More particularly, this includes decoupling 

rear rollers of the frame from the roller-receiving support of the chamber thereby lowering 

rear wheels of the frame to a ground surface while maintaining front wheels of the frame 

coupled to the roller-receiving support of the chamber, and subsequently decoupling front 

rollers of the frame from the roller-receiving support of the chamber thereby lowering front 

wheels of the frame to the ground surface and thereby arranging the front and the rear 

wheels of the frame on the ground surface. 

[0097]  In the undocked position, the thermal insulation base of the frame uncloses or 

reveals the base opening of the chamber, hence the thermal insulation of the chamber is 

incomplete even if the side opening of the chamber may be closed. The loaded frame may 

then 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. 

[0098]  It is to be appreciated that the above-described and/or illustrated embodiments 

and/or example may be modified or varied as described below. 
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[0099]  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 frame’s insulation 

bases abuts the chamber and/or the chamber’s thermal insulation side element to close 

the base opening(s) of the chamber. 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. 

[0100]  In the embodiments shown in the Figures, thermal insulation side element may be 

provided along three sides of the base opening of the chamber and also three sides of the 

thermal insulation base of the frame. In some other embodiments (not shown), thermal 

insulation side element may be provided along one or more sides of the base opening of 

the chamber and also one or more sides of the thermal insulation base of the frame. In 

yet some other embodiments, no thermal insulation side element may be provided along 

any side of the base opening(s) of the chamber and the thermal insulation base of the 

frame. In other words, the thermal insulation base of the frame may be configured to abut 

the chamber, at its base opening, in mutual direct contact.  

[0101]  In the embodiments shown in the Figures, wheels are provided to the frame. In 

some other embodiments (not shown), 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 

frame may include at least one non-wheel arrangement which is to be arranged on or 

engaged with the vehicle during transportation of the frame. The vehicle may be human-

operated and/or automated, e.g. autonomous guided vehicle (AGV), autonomous robot 

vehicle (ARV). Accordingly, it is to be appreciated that preceding references to “wheels” 

may not be relevant and can be omitted. Instead, the non-wheel arrangement of the frame 

may be arranged on an AGV when the frame is undocked, partially arranged on both the 

AGV and the chamber when the frame is partially docked, and arranged on the chamber 

when the frame is docked or fully docked. Hence, in this context, preceding references to 

arranging the frame on a ground surface may be replaced by arranging the frame on an 

AGV which in turn is arranged on the ground surface.     

[0102]  In the embodiments shown in the Figures, wheels of the frame and the chamber, 

e.g. its base frame, adjustable supporting foot mounts, or bottom of the chamber, are 

arranged on the same ground surface prior to docking the frame in the chamber, whether 
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AGV is used or not. In some other embodiments (not shown), the frame and the chamber 

may be arranged on different surfaces prior to docking, e.g. the chamber may be arranged 

on a ground surface while the wheels of the frame may be arranged on a platform or 

equivalent which in turn is arranged on the ground surface or the non-wheel arrangement 

of the frame may be arranged on an AGV. Hence, docking the frame in the chamber would 

result in lifting the wheels off the platform or equivalent, or lifting the non-wheel 

arrangement off the platform or AGV. Hence, reference to ground surface may refer to the 

above-mentioned platform or equivalent. 

[0103]  In the embodiments shown in the Figures, cooperating alignment elements are 

provided at the bottom or near bottom of both the frame and the chamber, e.g. rollers are 

arranged proximal to the thermal insulation base of the frame and hence roller-receiving 

supports are arranged proximal to the base opening of the chamber at a complementary 

position to cooperate with the rollers as described in the foregoing. In some other 

embodiments (not shown), rollers may be arranged at any suitable position along a height 

of the frame, e.g. mid-height, near top or top, or any intermediate position along the 

frame’s height, and hence roller-receiving supports may be arranged at a complementary 

position, e.g. mid-height, near top or top, or any intermediate position along the chamber’s 

height, to facilitate cooperation with the rollers as described in the foregoing. In the 

embodiments shown in the Figures, one set of alignment elements is illustrated. In some 

other embodiments (not shown), more than one set of alignment elements may be 

provided at two or more of the above-described positions. Similarly, in the embodiments 

shown in the Figures, cooperating thermal insulation side elements are provided at the 

bottom or near bottom of both the frame and the chamber. In some other embodiments 

(not shown), cooperating thermal insulation side elements may be provided at any suitable 

position along the height of both the frame and the chamber. Also, one or more sets of 

thermal insulation side elements may be provided at two or more of the above-described 

positions. 

[0104]   In the embodiments shown in the Figures, gradients of thermal insulation side 

elements are linear or straight-line. In some other embodiments (not shown), gradients 

may be piecewise linear, non-linear, e.g. curved, or any combination thereof. However, 

the gradients should preferably be complementary to allow unimpeded relative motion of 

the thermal insulation side elements along docking direction to increase overlap and 

provide abutting fit when the thermal insulation side elements are substantially or fully 

overlapping.   

[0105]  In the embodiments shown in the Figures, a plurality of rollers are arranged at the 

frame while at least one roller-receiving support is arranged at the chamber, i.e. rollers 
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240 is arranged on roller-receiving support 140 when the frame 200 is docked in the 

chamber 110. In some other embodiments (not shown), a plurality of rollers are arranged 

at the chamber and at least one roller-receiving support is arranged at the frame, i.e. roller-

receiving support 140 is arranged on rollers 240 when the frame 200 is docked in the 

chamber 110. 

[0106]  In the embodiments shown in the Figures, both cooperating alignment elements 

and cooperating thermal insulation side elements are provided as separate mechanisms. 

In some other embodiments (not shown), only cooperating alignment elements are 

provided which may integrally provide a thermal sealing function in addition to alignment 

function. An example having this dual function is a cooperating slide rail assembly having 

at least one insulated fixed rail and at least one complementary insulated sliding device. 

In yet some other embodiments, only cooperating thermal insulation side elements are 

provided which may integrally provide an alignment function in addition to thermal sealing 

function. An example having this dual function is the cooperating thermal insulation side 

elements only which also function as cooperating alignment elements. This example may 

be envisaged by removing the rollers 2401, 2402 and the roller-receiving supports 140 

shown in Figures 3A, 3B, 4A to 4F, 5A to 5D. 

[0107]  In yet some other embodiments (not shown), the cooperating thermal insulation 

side elements may additionally function as roller or roller-receiving support. This example 

may be envisaged by modifying Figures 6A, 6B, 7A to 7F, 8A to 8D, e.g. arranging rollers 

2401, 2402 in place of the roller-receiving supports 140, and using bottom surface of 

thermal insulation side element 216 as the roller-receiving support. 

[0108]  In some embodiments, cooperating alignment elements may additionally include 

at least one dowel or guide pin arranged at the chamber and at least one dowel or guide 

pin receiver, e.g. opening, arranged at the frame, or vice versa. These additional 

cooperating alignment elements further ensure desired alignment of the frame during and 

upon docking.  

[0109]  In some embodiments, a frame includes first alignment elements, e.g. rollers, and 

first thermal insulation side elements while a burn-in chamber includes second alignment 

elements, e.g. roller receiving support(s), and second thermal insulation side elements. In 

some other embodiments, a burn-in chamber includes first alignment elements, e.g. roller-

receiving support(s), and first thermal insulation side elements while a frame includes 

second alignment elements, e.g. rollers, and second thermal insulation side elements. 

Accordingly, the phrases “first alignment elements” and “second alignment elements” may 

each refer to different features in different contexts.  
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[0110]  In Figures 1A to 1D, each burn-in board 220 includes a plurality of interfacing 

connectors 221 for insertion into a plurality of receiving connectors 119. In some other 

embodiments, each burn-in board 220 may include only one interfacing connector 221 for 

insertion into only one receiving connector 119. 

[0111]  It is to be appreciated that the above-described embodiments and/or examples 

may be selectively combined.   

[0112]  Embodiments of the invention provide several advantages, e.g. issues caused by 

unevenness of ground surface are resolved. Alignment of the burn-in boards carried by 

the frame to the receiving connectors in the burn-in chamber is independent of the ground 

surface condition and can be easily and conveniently achieved. Once the frame is docked 

in the chamber, the position of burn-in boards is taken with reference from the chamber, 

e.g. chamber base frame, instead of the ground surface. Particularly, the frame may be 

lifted off or spaced from the ground surface or AGV which previously carries or supports 

the frame, e.g. the frame’s wheels which were arranged on the ground surface prior to 

docking are arranged on the chamber, e.g. chamber base frame, upon docking, or the 

frame’s non-wheel arrangement which was arranged on an AGV is arranged on the 

chamber, e.g. chamber base frame, upon docking. Furthermore, thermal sealing between 

cooperating thermal insulation side elements of the frame and the chamber is also 

independent of the ground surface condition upon docking and adequate thermal sealing 

can be easily and conveniently achieved without producing much impedance or frictional 

wear of the thermal insulation side elements. Furthermore, embodiments of the invention 

enable hassle-free installation of new burn-in chamber and relocation of existing burn-in 

chamber without having to overcome uneven ground surface at the new location or 

throughout the entire burn-in production floor. 

[0113]  It is to be understood that the embodiments and features described above should 

be considered exemplary and not restrictive. Many other embodiments 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 semiconductor devices or 

integrated circuits, the apparatus comprising: 

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

and a set of receiving connectors arranged in the chamber; 

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 and supporting a set of burn-in boards; and  

a plurality of cooperating alignment elements respectively arranged at the frame 

and the chamber, and configured to progressively and movably couple to each other to 

lift the frame to bring the set of burn-in boards that are supported by the rack into 

alignment for insertion into the set of receiving connectors in the chamber and to close 

the base opening by arranging at least the thermal insulation base of the frame in the 

base opening of the chamber, thereby removably docking the frame in the chamber, 

wherein when the side opening is closed and each frame is removably docked in 

the chamber, a thermal insulation of the chamber is completed thereby defining a 

thermal zone configured to be subject to burn-in condition provided by the chamber, 

such that the rack, the set of burn-in boards and the first side of the thermal insulation 

base are in the thermal zone while the second side of the thermal insulation base is 

outside the thermal zone.  

2.   The burn-in apparatus of claim 1, wherein each frame further includes wheels 

which are manual or power assisted or adapted to be used with an autonomous guided 

vehicle (AGV), or a non-wheel arrangement which is adapted to be used with the AGV, 

wherein the wheels or the non-wheel arrangement is arranged at the second side of the 

thermal insulation base, wherein the cooperating alignment elements are configured to 

lift the wheels off a ground surface or lift the non-wheel arrangement off the AGV. 

3. The burn-in apparatus of claim 2, further comprising: 

 a plurality of cooperating thermal insulation side elements respectively arranged 

at the frame and the chamber, and respectively having complementary characteristics 

configured to provide a clearance gap between the cooperating thermal insulation side 
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elements when the cooperating thermal insulation side elements partially overlap each 

other and further configured to provide an abutting fit between the cooperating thermal 

insulation side elements when the cooperating thermal insulation side elements 

substantially or fully overlap each other. 

4. The burn-in apparatus of claim 3,  

wherein the wheels of the frame include at least front wheels and rear wheels, 

wherein the cooperating alignment elements include a plurality of rollers comprising at 

least front rollers and rear rollers, and further include at least one roller-receiving support, 

wherein the front rollers and the rear rollers are configured to respectively lift the front 

wheels and the rear wheels when the front rollers and the rear rollers are respectively 

coupled to the roller-receiving support, 

wherein the cooperating alignment elements are arranged either  

above the cooperating thermal insulation side elements such that when the side 

opening is closed and each frame is removably docked in the chamber, the cooperating 

alignment elements are arranged inside the thermal zone, or  

below the cooperating thermal insulation side elements such that when the side 

opening is closed and each frame is removably docked in the chamber, the cooperating 

alignment elements are arranged outside the thermal zone.  

5.  The burn-in apparatus of claim 4, wherein  

 the rollers are arranged at the frame and the roller-receiving support is arranged 

at the chamber; or 

 the rollers are arranged at the chamber and the roller-receiving support is 

arranged at the frame. 

6. The burn-in apparatus of any one of claim 3 to claim 5, wherein the cooperating 

alignment elements and/or the cooperating thermal insulation side elements are 

arranged proximal to or at the thermal insulation base of the frame and the base opening 

of the chamber.   

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 
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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, wherein the chamber includes a set of receiving 

connectors arranged therein, wherein a plurality of cooperating alignment elements are 

respectively arranged at the frame and the chamber; 

completing a thermal insulation of the chamber thereby defining a thermal zone 

configured to be subject to burn-in temperature provided by the chamber, including: 

progressively and movably coupling the cooperating alignment elements 

to each other to lift the frame to bring the set of burn-in boards on the rack into 

alignment for insertion into the set of receiving connectors in the chamber and to 

close the base opening of the chamber by arranging at least the thermal 

insulation base of the frame in the base opening of the chamber, thereby 

removably docking the frame in the chamber,  

inserting the set of burn-in boards into the set of receiving connectors in 

the chamber, and 

closing the side opening such that the rack, the set of burn-in boards, and 

the first side of the thermal insulation base are in the thermal zone while a 

second side of the thermal insulation base is outside the thermal zone; and 

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

burn-in boards. 

8.  The method of claim 7, wherein docking the at least one frame in the chamber 

includes: 

arranging wheels which are manual or power assisted or are adapted to be used 

with an autonomous guided vehicle (AGV), or a non-wheel arrangement which is 

adapted to be used with the AGV, wherein the wheels or the non-wheel arrangement is 

arranged at the second side of the thermal insulation base, wherein docking the at least 

one frame in the chamber includes lifting the wheels of the frame off a ground surface or 

lifting the non-wheel arrangement of the frame off the AGV. 

9. The method of claim 8, wherein progressively and movably coupling the 

cooperating alignment elements to each other includes:  

progressively overlapping a plurality of cooperating thermal insulation side 

elements which are respectively arranged at the frame and the chamber;  

providing, by complementary characteristics of the cooperating thermal insulation 

side elements, a clearance gap between the cooperating thermal insulation side 
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elements when the cooperating thermal insulation side elements partially overlap each 

other; and  

providing, by the complementary characteristics of the cooperating thermal 

insulation side elements, an abutting fit between the cooperating thermal insulation side 

elements when the cooperating thermal insulation side elements substantially or fully 

overlap each other.  

10. The method of claim 9, wherein the wheels of the frame include at least front 

wheels and rear wheels, 

wherein the cooperating alignment elements include a plurality of rollers comprising at 

least front rollers and rear rollers, and further include at least one roller-receiving support,  

wherein progressively and movably coupling the cooperating alignment elements to 

each other to lift the frame to bring the set of burn-in boards on the rack into alignment 

for insertion into the set of receiving connectors in the chamber includes respectively 

lifting the front wheels and the rear wheels when the front rollers and the rear rollers are 

respectively coupled to the roller-receiving support, 

wherein the cooperating alignment elements are arranged either  

above the cooperating thermal insulation side elements such that when the side 

opening is closed and each frame is removably docked in the chamber, the cooperating 

alignment elements are arranged inside the thermal zone, or  

below the cooperating thermal insulation side elements such that when the side 

opening is closed and each frame is removably docked in the chamber, the cooperating 

alignment elements are arranged outside the thermal zone. 

11. The method of claim 10, wherein  

 the rollers are arranged at the frame and the roller-receiving support is arranged 

at the chamber; or 

 the rollers are arranged at the chamber and the roller-receiving support is 

arranged at the frame. 
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12.   A burn-in chamber comprising: 

a chamber having at least one side opening, at least one base opening 

intersecting the side opening, a set of receiving connectors arranged in the chamber, 

and a first alignment element arranged at the chamber,  

wherein at least the base opening, when unclosed, is configured to allow fluid 

communication between an interior of the chamber and an exterior of the chamber and 

to incomplete a thermal insulation of the chamber,  

wherein the first alignment element is configured to be progressively and movably 

coupled to a cooperating second alignment element of at least one frame to lift the frame 

to bring a set of burn-in boards on the frame into alignment for insertion into the set of 

receiving connectors in the chamber and to close the base opening of the chamber by 

arranging a thermal insulation base of the frame in the base opening of the chamber, 

thereby removably docking the frame in the chamber, 

wherein the thermal insulation of the chamber is configured to be completed 

when the side opening is closed and each frame is removably docked in the chamber to 

thereby define a thermal zone configured to be subject to burn-in condition provided by 

the chamber. 

13. The burn-in chamber of claim 12, further comprising a first thermal insulation side 

element having a first characteristic which is complementary to a second characteristic 

of a second thermal insulation side element arranged at the frame, and configured to 

provide a clearance gap from the second thermal insulation side element when the first 

thermal insulation side element and the second thermal insulation side element partially 

overlap each other and to provide an abutting fit when the first thermal insulation side 

element and the second thermal insulation side element substantially or fully overlap 

each other. 

14.  The burn-in chamber of claim 13,  

wherein the first and the second alignment elements include at least one roller-receiving 

support and a plurality of rollers comprising at least front rollers and rear rollers, wherein 

the front rollers and the rear rollers are configured to respectively lift front wheels and 

rear wheels of the frame when the front rollers and the rear rollers are respectively 

coupled to the roller-receiving support,  

wherein the first and the second alignment elements are arranged either  
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above the first and the second thermal insulation side elements such that when the 

side opening is closed and each frame is removably docked in the chamber, the 

cooperating alignment elements are arranged inside the thermal zone, or  

below the first and the second thermal insulation side elements such that when the 

side opening is closed and each frame is removably docked in the chamber, the 

cooperating alignment elements are arranged outside the thermal zone.  

15. The burn-in chamber of claim 14, wherein the first alignment element includes at 

least one roller-receiving support or a plurality of rollers. 

16. The burn-in chamber of any one of claim 13 to claim 15, wherein the first alignment 

element and/or the first thermal insulation side element are arranged proximal to or at 

the base opening.   

17.   A frame for transporting burn-in boards, the frame comprising: 

a rack supporting a set of burn-in boards;  

a thermal insulation base having a first side and a second side, wherein the rack 

is arranged at the first side of the thermal insulation base; and 

a first alignment element configured to progressively couple to a cooperating 

second alignment element of a burn-in chamber to lift the frame to bring the set of burn-

in boards on the rack into alignment for insertion into a set of receiving connectors 

arranged in the burn-in chamber and to close the base opening by arranging the thermal 

insulation base in the base opening of the chamber, thereby removably docking the 

frame in the chamber such that when a side opening of the burn-in chamber is closed, a 

thermal insulation of the burn-in chamber is completed to define a thermal zone 

configured to be subject to burn-in temperature of the chamber, and such that the rack, 

the burn-in boards, and the first side of the thermal insulation base are in the thermal 

zone while the second side of the thermal insulation base is outside the thermal zone. 

18.  The frame of claim 17, further comprising: wheels which are manual or power 

assisted or adapted to be used with an autonomous guided vehicle (AGV), or a non-

wheel arrangement which is adapted to be used with the AGV, wherein the wheels or 

the non-wheel arrangement is arranged at the second side of the thermal insulation 

base, wherein when the frame is removably docked in the burn-in chamber, the first 

alignment element is configured to lift the wheels off a ground surface or lift the non-

wheel arrangement off the AGV.  
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19. The frame of claim 18, further comprising a first thermal insulation side element 

having a first characteristic which is complementary to a second characteristic of a 

second thermal insulation side element arranged at the burn-in chamber, and configured 

to provide a clearance gap from the second thermal insulation side element when the 

first thermal insulation side element and the second thermal insulation side element 

partially overlap each other and further configured to provide an abutting fit when the 

first thermal insulation side element and the second thermal insulation side element 

substantially or fully overlap each other. 

20. The frame of claim 19,  

wherein the wheels include at least front wheels and rear wheels, 

wherein the first and the second alignment elements include a plurality of rollers 

comprising at least front rollers and rear rollers, and further include at least one roller-

receiving support, wherein the front rollers and the rear rollers are configured to 

respectively lift the front wheels and the rear wheels when the front rollers and the rear 

rollers are respectively coupled to the roller-receiving support,  

wherein the first and the second alignment elements are arranged either  

above the first and the second thermal insulation side elements such that when 

the side opening is closed and each frame is removably docked in the chamber, the 

cooperating alignment elements are arranged inside the thermal zone, or  

below the first and the second thermal insulation side elements such that when 

the side opening is closed and each frame is removably docked in the chamber, the 

cooperating alignment elements are arranged outside the thermal zone.  

21. The frame of claim 20, wherein the first alignment element includes a plurality of 

rollers or at least one roller-receiving support. 

22. The frame of any one of claim 19 to claim 21, wherein the first alignment element 

and/or the first thermal insulation side element are arranged proximal to or at the thermal 

insulation base.   

 

 

 




