
BONDING DEVICE 

Technical Field 

The present invention relates to the field of semiconductor technology and, in 

particular, to a bonding device. 

Background 

Wafer bonding techniques are used to bond wafers of different materials together. 

Common bonding techniques include direct silicon/silicon bonding, direct silicon/glass 

bonding, metal diffusion bonding, polymer-based bonding, etc. In the semiconductor 

industry, bonding techniques have found their use in many segments and are regarded 

as one of the most important technologies in the future. Wafer bonding processes 

adopted in different applications typically have varying parameters, but they follow 

similar operating principles and all essentially include air evacuation, heating, pressure 

application, cooling and vacuum breaking. A complete wafer bonding process usually 

involves an alignment device and a bonding device. The alignment device is able to 

align two wafers with the aid of alignment marks thereon, insert a spacer between the 

wafers and fix the two wafers with respect to each other. Depending on the type of the 

alignment device, the process from the alignment to the fixation of the two wafers 

typically takes 5-8 minutes. The bonding device is capable of air evacuation, removal 

of the spacer, heating, pressing, cooling, vacuum breaking and bonding of the silicon 

wafers or wafers of different materials. The bonding of a pair of the silicon wafers or 

wafers performed by the bonding device typically costs 45-90 minutes. 

With wafer bonding techniques being widely used in the manufacturing of 

micro-electro-mechanical 	systems 	(MEMSs), 	micro-optoelectronic 	systems 	and 

especially of CMOS image sensors and the recent three-dimensional (3D) chips, e.g., 

in through silicon via (TSV) processes, increasingly high requirements are being 

placed on the performance of wafer bonding devices. 

Pressure application in currently existing bonding processes can be accomplished 
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by two different approaches. One approach is a rigid bonding process, in which a 

pressure originating from a power source is transmitted to a platen through a main 

shaft, under which the wafers are bonded together. This requires the platen to have 

sufficient rigidity, otherwise there tends to be pressure inconsistency between central 

and peripheral parts of the platen. Another approach is a flexible bonding process, in 

which bellows are used to connect a driving device to an upper platen assembly and 

can thus transfer a pressure from the driving device to the upper platen assembly. 

Upon the upper platen assembly coming into the surface of one of the wafers to be 

bonded under the action of the pressure, the bellows are gradually contracted into a 

rigid conduit, thereby gradually increasing the pressure applied on the upper platen 

assembly. In this way, slow pressure application is achievable. However, when the 

bellows are long, after a vacuum chamber in communication with the bellows is 

evacuated, the bellows tend to crack over time under the action of a pressure difference 

between inside and outside of the bellows. What is worse is that the cracks in the 

bellows may be enlarged when the higher-pressure ambient air floods into the bellows 

therethrough. 

In view of the above problems, it is necessary to further improve the conventional 

bonding devices. 

Summary of the Invention 

The present invention overcomes the above problems by proposing a bonding 

device having a flexible platen that connects an upper platen assembly to a 

transmission device and can expand to enable the upper platen assembly to apply a 

uniform pressure to objects to be bonded. 

To this end, the bonding device proposed in the present invention includes from 

top down: a driving device; a transmission device, in fixed connection with the driving 

device; an upper platen assembly, connected to the transmission device; a lower platen 

assembly in cooperation with the upper platen assembly, the lower platen assembly 

configured to support objects to be bonded that are disposed between the lower platen 

assembly and the upper platen assembly; and a vacuum chamber, in which the upper 
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platen assembly and the lower platen assembly are both housed, wherein the upper 

platen assembly is connected to the transmission device by a flexible platen which is 

able to expand so as to allow the upper platen assembly to apply a uniform pressure to 

the objects to be bonded. 

In a preferred embodiment, a rotation locking mechanism may be connected 

between the flexible platen and the transmission device and is configured to prevent 

the upper platen assembly from rotating about a central axis of the transmission 

device. 

In a preferred embodiment, the flexible platen may include, from top down, an 

upper plate and a lower plate, the upper plate connected to the lower plate by an 

expandable member. 

In a preferred embodiment, the expandable member may include lower bellows 

that are connected at one end to the upper plate and at the other end to the lower plate. 

In a preferred embodiment, a locking mechanism for the expandable member may 

be further disposed between the upper plate and the lower plate and is configured for 

limiting expansion and contraction of the expandable member. 

In a preferred embodiment, the transmission may include a main shaft fixed to a 

top of the flexible platen, the main shaft extending from an interior of the vacuum 

chamber to an exterior of the vacuum chamber and being fixedly connected to the 

driving device. 

In a preferred embodiment, the main shaft may be fixed to the top of the flexible 

platen through a spherical plain thrust bearing. 

In a preferred embodiment, the vacuum chamber may include a top chamber wall 

located in an upper portion and a bottom chamber wall located in a lower portion, and 

wherein the main shaft extends from the interior of the vacuum chamber through the 

top chamber wall to the exterior of the vacuum chamber. 

In a preferred embodiment, guide shafts may be provided on the top chamber wall 

and distributed uniformly around the main shaft, wherein a top of the main shaft is 

provided with an upper flange that is diametrically greater than the main shaft, and 

wherein the guide shafts are slidably engaged with the upper flange so that the main 
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shaft is moveable up and down along the guide shafts. 

In a preferred embodiment, the upper flange may define circular holes 

corresponding to the guide shafts, wherein the guide shafts are inserted through the 

circular holes, and wherein the guide shafts form clearance fits with the corresponding 

circular holes. 

In a preferred embodiment, the main shaft may define a deep bore and be 

connected to the driving device by a tapered shaft screw that is disposed within the 

deep bore, and wherein the tapered shaft screw forms a clearance fit with the deep 

bore. 

In a preferred embodiment, a screw nut may be fixedly connected to an end face 

of the upper flange and has an internal thread that is engaged with the tapered shaft 

screw so that the screw nut is disposed over the tapered shaft screw by a threaded fit. 

In a preferred embodiment, a lower flange surrounding the main shaft may be 

disposed on the top chamber wall, wherein the transmission device is provided with 

upper bellows that are fastened at one end to the upper flange and at the other end to 

the lower flange, and wherein each of the upper bellows has a radius smaller than a 

distance between a central axis of the main shaft and a central axis of any one of the 

guide shafts. 

In a preferred embodiment, a thrust bearing may be disposed over the tapered 

shaft screw between the driving device and the screw nut. 

In a preferred embodiment, the driving device may be a motor. 

Compared to the prior art, the present invention is advantageous in providing a 

bonding device, including from top down: a driving device; a transmission device, in 

fixed connection with the driving device; an upper platen assembly, connected to the 

transmission device; a lower platen assembly in cooperation with the upper platen 

assembly, the lower platen assembly configured to support objects to be bonded that 

are disposed between the lower platen assembly and the upper platen assembly; and a 

vacuum chamber, in which the upper platen assembly and the lower platen assembly 

are both housed, wherein the upper platen assembly is connected to the transmission 

device by a flexible platen which is able to expand so as to allow the upper platen 
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assembly to apply a uniform pressure to the objects to be bonded. 

According the present invention, the flexible platen disposed between the upper 

platen assembly and the transmission device and within the vacuum chamber can 

expand lengthwise to apply a downward pressure on the upper platen assembly 

connected thereto. Under the effect of the pressure, the upper platen assembly slowly 

moves downward until the upper platen assembly itself and the lower platen assembly 

respectively come into tight contact with the objects to be bonded. After that, the 

flexible platen continues exerting the downward pressure on the upper platen assembly. 

In this way, the pressure applied by the upper platen assembly on the objects to be 

bonded is uniform. Meanwhile, because of slow expansion of the flexible platen, the 

uniform pressure is applied slowly by the upper platen assembly. 

Brief Description of The Drawings 

Fig. 1 is a cross-sectional view of a bonding device according to the present 

invention. 

In the figure, 1-a motor; 2-thrust bearing; 3-tapered shaft screw; 4-main shaft; 

41-upper flange; 42-deep bore; 43-circular hole; 5-top chamber wall; 51-main-shaft 

hole; 52-lower flange; 6-vacuum chamber; 7-lower platen assembly; 8-bottom 

chamber wall; 9-upper platen assembly; 	10-lower bellows; 	11-bellows locking 

mechanism; 	12-spherical plain thrust bearing; 	13-rotation locking 	mechanism; 

14-guide shaft; 15-upper bellows; 16-screw nut; 17-upper plate; 18-lower plate. 

Detailed Description of Preferred Embodiments 

These and other objects, features and advantages of the present invention will 

become apparent from the following detailed description of particular embodiments 

thereof, which is to be read in connection with the accompanying drawing. 

Referring to Fig. 1, the present invention provides a bonding device, including, 

from the top downward: 

a motor 1, serving as a bonding power source; 

a transmission device in fixed connection with the motor 1 and driven by the 
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motor 1, configured for power transmission from the motor 1 downward to other 

components connected thereto; 

a vacuum chamber 6, defined by chamber walls including a top chamber wall 5 

located in the top portion and a bottom chamber wall 8 located in the bottom portion. 

In general cases, the vacuum chamber 6 may be connected to a vacuum pump for 

evacuating air from the vacuum chamber 6 during pressure application in a bonding 

process performed by the bonding device in order to prevent air bubbles between the 

silicon wafers or wafers to be bonded, which can degrade bonding quality. 

Within the vacuum chamber 6 are essentially disposed an upper platen assembly 

9 and a lower platen assembly 7 for bonding the silicon wafers or wafers. The silicon 

wafers or wafers are placed between the upper platen assembly 9 and the lower platen 

assembly 7. The upper platen assembly 9 is located in the upper portion and the lower 

platen assembly 7 is located in the lower portion. The upper platen assembly 9 is 

connected to the transmission device by a flexible platen. 

Specifically, the flexible platen may include an upper plate 17 and a lower plate 

18 from the top downward. Both of the upper plate 17 and the lower plate 18 may be 

diametrically equal to or slightly greater than the upper platen assembly 9. The upper 

platen assembly 9 comes into contact with the lower plate 18. During pressure 

application, the lower plate 18 diametrically equal to or greater than the upper platen 

assembly 9 allows the upper platen assembly 9 to have a large enough force-bearing 

area to prevent a non-uniform force distribution on an upper surface of the upper 

platen assembly 9. 

The upper plate 17 and the lower plate 18 may be both square or round in shape. 

In the illustrated embodiment, both of them are circular plates. The upper plate 17 may 

be connected to the lower plate 18 by lower bellows 10. In other words, the lower 

bellows 10 are connected at one end to the upper plate 17 and at the other end to the 

lower plate 18. The lower bellows 10 may connect the upper plate 17 and the lower 

plate 18 at their respective outer circumferences. The lower bellows 10 may be 

initially contracted and the lower bellows 10 have an air inlet (not shown) through 

which air can be introduced to inflate the lower bellows 10 so that the lower bellows 
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10 are gradually expanded longitudinally, causing the upper plate 17 and the lower 

plate 18 to move upward and downward, respectively. However, the upward 

movement is counteracted by the downward force from the transmission device. As a 

result, the upper plate 17 is immobilized and the lower bellows 10 longitudinally 

expand only downward, thereby displacing the lower plate 18 in this direction. Since 

the lengthwise expansion results from inflation, the lower plate 18 slowly applies a 

pressure to the upper platen assembly 9. 

Additionally, pressure-application protrusions 171 may project from the upper 

plate 17 toward the lower plate 18. These pressure-application protrusions 171 may be 

uniformly distributed and thus define therebetween equally-partitioned spaces into 

which air can be introduced and pressurized during the inflation of the lower bellows 

10 to drive the lower plate 18 to move downward. As a result, the pressure applied by 

the lower plate 18 to the upper platen assembly 9 and therethrough to the silicon 

wafers or wafers is uniform. 

Preferably, disposed between the upper plate 17 and the lower plate 18 is a 

bellows locking mechanism 11. The bellows locking mechanism 11 includes of several 

springs that are disposed uniformly along the circumferences of the upper and lower 

plates 17, 18 and have the same length and the same elasticity parameters. Each of the 

springs is fastened at one end to one of hooks attached to a circumferential side face of 

the upper plate 17 and at the other end to a corresponding one of hooks attached to a 

circumferential side face of the lower plate 18. The springs are able to prevent the 

upper plate 17 from rotating relative to the lower plate 18 during operation and to 

avoid damage to the flexible platen, during its downward movement, as a consequence 

of its own lengthwise expansion due both to its inflation and evacuation of the vacuum 

chamber 6. Upon the lower platen assembly 7 coming into contact with one of the 

objects to be bonded, the springs may be deactivated. According to the present 

invention, the power transmission from the motor 1 to the flexible platen may be 

essentially accomplished by a main shaft 4 coupled to the upper plate in the flexible 

platen by a spherical plain thrust bearing 12 that is fastened to the upper plate 17 at 

one end and disposed over the main shaft 4 at the other end. 
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Additionally, disposed between the main shaft 4 and the upper plate may be a 

rotation locking mechanism 13. The rotation locking mechanism 13 includes several 

metal strips that are curved or not and are each fastened at one end to the main shaft 4 

and at the other end to the upper plate 17. These metal strips may be disposed 

uniformly around the main shaft 4 and can neutralize any force tending to cause a 

rotation of the upper plate 17 about the main shaft 4 because of that these metal strips 

are fastened to both the main shaft 4 and the upper plate 17, which is unfavorable to 

the uniformity of the applied pressure during the rotation of the upper plate 17. 

The main shaft 4 may extend from the interior of the vacuum chamber 6 to the 

exterior of the vacuum chamber 6. A main-shaft hole 51 is formed in the top chamber 

wall 5. In other words, the main shaft 4 may be inserted through the main-shaft hole 51 

in the top chamber wall 5. 

The main shaft 4 may have a central deep bore 42. An upper edge of the central 

deep bore 42 is defined by an upper flange 41. Circular holes 43 are formed in the 

upper flange 41. Several guide shafts 14, which are distributed uniformly around the 

main-shaft hole 51, may be inserted through the respective corresponding circular 

holes 43. Each of the guide shafts 14 may extend from the top chamber wall 5 and 

protrude out of an upper edge of the circular hole 43 in which it is inserted. The guide 

shafts 14 may form clearance fits with the circular holes 43 so that the upper flange 41 

can slide up and down along the guide shafts 14. 

In order to prevent the ingress of air into the vacuum chamber 6 via the 

main-shaft hole 51 after the vacuum chamber 6 has been evacuated, upper bellows 15 

may be provided. The upper bellows 15 are connected at one end to the upper flange 

41 and at the other end to a lower flange 52 on the top chamber wall 5. The lower 

flange 52 may be fixed around the main-shaft hole 51. The upper bellows 15 have an 

inner diameter that is smaller than the distance from a central axis of the main shaft 4 

to that of any one of the guide shafts 14. In this way, except the upper flange 41, the 

remainder of the main shaft 4 is housed within the upper bellows 15. The upper 

bellows 15 may form, together with the vacuum chamber 6, a hermetic space, ensuring 

good airtightness of the vacuum chamber 6. 
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On an end face of the upper flange 41 of the main shaft 4, that faces toward the 

motor 1, may be fixed a screw nut 16. The screw nut 16 is configured to cause the 

main shaft 4 to move up and down. The screw nut 16 may be engaged with a tapered 

shaft screw 3. The tapered shaft screw 3 has a lower end received within the deep bore 

42 of the main shaft 4. The tapered shaft screw 3 may have an external thread 

complementary to internal thread of the screw nut 16. In other words, the screw nut 16 

is threadedly engaged with the tapered shaft screw 3. The tapered shaft screw 3 is 

fixed to the motor 1. When the tapered shaft screw 3 moves up or down under the 

action of the motor 1, the screw nut 16 and hence the main shaft 4 are driven to move 

in the same direction. During bonding, the main shaft 4 is caused to move downward, 

driving the flexible platen to move in the same direction from an initial position to a 

position for pre-bonding. The flexible platen is then inflated to enable the bonding. 

After that, the vacuum in the flexible platen is broken, and the flexible platen is caused 

to move with the main shaft 4 upward back to the initial position. 

Preferably, a thrust bearing 2 is disposed between the screw nut 16 and the motor 

1. The thrust bearing 2 has an outer diameter greater than an inner diameter of the 

screw nut 16 and thus serve as a limit stop for upward movement of the screw nut 16, 

which ensures that the screw nut 16 will not advance beyond a position corresponding 

to a maximum permissible length of the upper bellows 15 to cause damage of the 

upper bellows 15 or disconnection of the upper bellows 15 from the lower flange 52. 

A bonding process carried out by the bonding device of the present invention will 

be described in detail below. 

With the upper platen assembly 9 at the initial position, air is evacuated from the 

vacuum chamber 6, and the motor 1 causes a rotation of the tapered shaft screw 3. As a 

result of power transmission from the tapered shaft screw 3 to the screw nut 16 

sequentially to the main shaft 4, to the flexible platen and to the upper platen assembly 

9, the upper platen assembly 9 moves downward to the position for pre-bonding (a 

position where a bottom surface of the upper platen assembly 9 is 3 mm to 5 mm 

above the wafers). After heating discs respectively in the upper platen assembly 9 and 

the lower platen assembly 7 are heated to a desired temperature, the motor 1 causes the 
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upper platen assembly 9 to further move downward. As a result, the bottom surface of 

the upper platen assembly 9 comes into contact with an upper surface of the upper 

wafer and applies a pressure to the lower platen assembly 7. A sensor in the lower 

platen assembly 7 monitors this pressure and, when it reaches a predefined value, 

signals this to the motor 1 to instruct the motor 1 to stop operating. 

The lower bellows 10 is inflated to a pressure of 30 bar or lower and thus 

gradually expands longitudinally, causing the upper plate 17 and the lower plate 18 to 

move upward and downward, respectively. However, the upward movement is blocked 

when the screw nut 16 abuts against the thrust bearing 2 during upward movement of 

the main shaft 4 with the upper plate 17. For this reason, the upper plate 17 is 

immobilized, and the lower bellows 10 expand only downward, causing the lower 

plate 18 to drive the upper platen assembly 9 to move in this direction. The downward 

pressure on the lower platen assembly 7 continues even after the upper platen 

assembly 9 has come into contact with the upper wafer. The rotation locking 

mechanism 13 can prevent any rotation of the lower bellows 10 about the main shaft 4. 

During the downward movement of the lower bellows 10 about the main shaft 4, 

which may cause dislocation of the wafers. At the end of the bonding process, the 

vacuum in the lower bellows 10 is broken and, as a result, the pressure applied by the 

upper platen assembly 9 on the upper wafers decreases and finally disappears. The 

motor 1 then rotates the tapered shaft screw 3 to cause the upper platen assembly 9 to 

return to the initial position, and the bonded silicon wafers or wafers are then taken 

away. 

In summary, in the bonding device of the present invention, the flexible platen 

disposed between the upper platen assembly 9 and the transmission device and within 

the vacuum chamber 6 can expand lengthwise to apply a downward pressure on the 

upper platen assembly 9 connected thereto. Under the effect of the pressure, the upper 

platen assembly 9 slowly moves downward until the upper platen assembly 9 itself and 

the lower platen assembly 7 respectively come into tight contact with the objects to be 

bonded. After that, the flexible platen continues exerting the downward pressure on the 

upper platen assembly 9. In this way, the pressure applied by the upper platen 
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assembly 9 to the objects to be bonded is uniform. Meanwhile, because of slow 

expansion of the flexible platen, the uniform pressure is applied slowly by the upper 

platen assembly 9. 

While the present invention has been described above with reference to the 

foregoing embodiments, it is not limited to these embodiments. It is apparent that 

those skilled in the art can make various modifications and variations to the present 

invention without departing from the spirit and scope thereof. Accordingly, the 

invention is intended to embrace all such modifications and variations if they fall 

within the scope of the appended claims and equivalents thereof. 
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CLAIMS 

1. A bonding device, comprising from top down: 

a driving device; 

a transmission device, in fixed connection with the driving device; 

an upper platen assembly, connected to the transmission device; 

a lower platen assembly in cooperation with the upper platen assembly, the lower 

platen assembly configured to support objects to be bonded that are disposed between 

the lower platen assembly and the upper platen assembly; and 

a vacuum chamber, in which the upper platen assembly and the lower platen 

assembly are both housed, 

wherein the upper platen assembly is connected to the transmission device by a 

flexible platen which is able to expand so as to allow the upper platen assembly to 

apply a uniform pressure to the objects to be bonded. 

2. The bonding device of claim 1, wherein a rotation locking mechanism is 

connected between the flexible platen and the transmission device and is configured to 

prevent the upper platen assembly from rotating about a central axis of the 

transmission device. 

3. The bonding device of claim 1, wherein the flexible platen comprises, from 

top down, an upper plate and a lower plate, the upper plate connected to the lower 

plate by an expandable member. 

4. The bonding device of claim 3, wherein the expandable member comprises 

lower bellows that are connected at one end to the upper plate and at the other end to 

the lower plate. 

5. The bonding device of claim 3, wherein a locking mechanism for the 

expandable member is further disposed between the upper plate and the lower plate 

and is configured for limiting expansion and contraction of the expandable member. 

6. The bonding device of claim 1, wherein the transmission device comprises a 

main shaft fixed to a top of the flexible platen, the main shaft extending from an 
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interior of the vacuum chamber to an exterior of the vacuum chamber and being 

fixedly connected to the driving device. 

7. The bonding device of claim 6, wherein the main shaft is fixed to the top of 

the flexible platen through a spherical plain thrust bearing. 

8. The bonding device of claim 6, wherein the vacuum chamber comprises a top 

chamber wall located in an upper portion and a bottom chamber wall located in a 

lower portion, and wherein the main shaft extends from the interior of the vacuum 

chamber through the top chamber wall to the exterior of the vacuum chamber. 

9. The bonding device of claim 8, wherein guide shafts are provided on the top 

chamber wall and distributed uniformly around the main shaft, wherein a top of the 

main shaft is provided with an upper flange that is diametrically greater than the main 

shaft, and wherein the guide shafts are slidably engaged with the upper flange so that 

the main shaft is moveable up and down along the guide shafts. 

10. The bonding device of claim 9, wherein the upper flange defines circular 

holes corresponding to the guide shafts, wherein the guide shafts are inserted through 

the circular holes, and wherein the guide shafts form clearance fits with the 

corresponding circular holes. 

11. The bonding device of claim 9, wherein the main shaft defines a deep bore 

and is connected to the driving device by a tapered shaft screw that is disposed within 

the deep bore, and wherein the tapered shaft screw forms a clearance fit with the deep 

bore. 

12. The bonding device of claim 11, wherein a screw nut is fixedly connected 

to an end face of the upper flange and has an internal thread that is engaged with the 

tapered shaft screw so that the screw nut is disposed over the tapered shaft screw in 

threaded fit. 

13. The bonding device of claim 12, wherein a lower flange surrounding the 

main shaft is disposed on the top chamber wall, wherein the transmission device is 

provided with upper bellows that are fastened at one end to the upper flange and at the 

other end to the lower flange, and wherein each of the upper bellows has a radius 

smaller than a distance between a central axis of the main shaft and a central axis of 
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any one of the guide shafts. 

14.  The bonding device of claim 12, wherein a thrust bearing is disposed over 

the tapered shaft screw between the driving device and the screw nut. 

15.  The bonding device of claim 1, wherein the driving device is a motor. 
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