
DESCRIPTION 

Title of Invention 

BONDING APPARATUS AND METHOD OF MANUFACTURING SEMICONDUCTOR 

DEVICE 

TECHNICAL FIELD 

[0001] 

The present invention relates to bonding apparatuses, in 

particular to a structure of a flip-chip bonding apparatus and 

a method of manufacturing a semiconductor device using the 

flip-chip bonding apparatus. 

BACKGROUND ART 

[0002] 

Flip-chip bonding apparatuses have been widely used as 

an apparatus for bonding a semiconductor chip to a circuit board. 

A typical flip-chip bonding apparatus bonds a semiconductor 

chip to a circuit board by suctioning and fixing the circuit 

board onto a bonding stage, suctioning and holding the 

semiconductor chip at a tip of a bonding tool with a joining 

face (a surface on which a bump is formed) of the semiconductor 

chip facing down, moving the bonding tool down toward a surface 

of the circuit board, pressing the bump of the semiconductor 

chip against the circuit board, and heating. 

[0003] 
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In the flip-chip bonding apparatus, it is necessary to 

press the semiconductor chip against the circuit board while 

a position of the semiconductor chip suctioned by the bonding 

tool is aligned with a bonding position of the circuit board. 

Therefore, there is a method of providing an up-down double-view 

camera between a lower surface of the semiconductor chip 

suctioned by the bonding tool and an upper surface of the circuit 

board, taking an image of the lower surface of the semiconductor 

chip suctioned by the bonding tool and an image of the upper 

surface of the circuit board, and adjusting relative positions 

of the semiconductor chip and the circuit board based on 

positions of alignment marks respectively of the semiconductor 

chip and the circuit board shown in the images (see PTL 1, for 

example) . 	Alternatively, there is proposed a method of using 

a double-view camera having two different focal lengths with 

respect to the bonding tool and the circuit board for the 

flip-chip bonding apparatus, and of taking clear images even 

when a distance between the double-view camera and the 

semiconductor chip and a distance between the double-view 

camera and the circuit board are different 	(see PTL 2, 	for 

example) . 

Citation List 

Patent Literature 

[0004] 
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PTL 1: Japanese Unexamined Patent Application 

Publication No. 	2002-110742 

PTL 2: 	Japanese Patent No. 	4642565 

SUMMARY OF INVENTION 

Technical Problem 

[0005] 

In such a situation, a method of manufacturing a stacked 

semiconductor device by stacking semiconductor chips having 

through-silicon vias (TSVs) has been in use in recent years. 

In this method, a plurality of through-silicon via that 

penetrate through respective semiconductor chips are disposed 

at the same position of the corresponding semiconductor chips 

that are to be stacked, and when the semiconductor chips are 

stacked, the through-silicon vias are electrically connected 

to each other so as to configure a common electrode extending 

in a direction of the stack. 	According to this method, the 

semiconductor chips that have been stacked are electrically 

connected to each other via the plurality of through-silicon 

vias. 	Therefore it is possible to electrically connect a 

plurality of semiconductor chips without using other wiring or 

connecting means such as wires. 

[0006] 

Each of the semiconductor chips used in such a stacked 

semiconductor device is typically provided with several to 
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several tens of through-silicon vias, and connection between 

the corresponding through-silicon vias of the semiconductor 

chips is required to be ensured. 	Therefore, it is necessary 

to reduce displacement between positions of the semiconductor 

chips that are to be stacked as compared to a case in which a 

semiconductor chip is bonded to a circuit board as in the 

conventional techniques described in PTLs 1 and 2, for example. 

[0007] 

Unfortunately, as through-silicon vias are joined to each 

other by soldering, solder in a molten state comes between the 

through-silicon vias when semiconductor chips disposed one 

above the other are bonded with their positions aligned, and 

therefore the positions may often go out of alignment before 

the solder become hardened. 	Further, there is a case in which 

positional displacement may occur to an extent that the 

through-silicon vias are displaced due to unclearness of 

alignment marks. 	There is also a case in which displacement 

between joining positions of the through-silicon vias may occur 

due to variation in bonding conditions such as temperature 

during continuous bonding. 

[0008] 

In addition, a joining face between the through-silicon 

vias becomes invisible outside once the semiconductor chips are 

stacked. 	Accordingly, it is not possible to easily find whether 

or not the through-silicon vias are connected precisely, and 
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it is necessary to determine the bonding conditions by 

separating the semiconductor chips that are once bonded or by 

cutting the stacked semiconductor device after the connection, 

for example, to confirm a state of connection between the 

through-silicon vias. 	Furthermore, when displacement between 

the joining positions of the through-silicon vias occurs during 

bonding after the bonding conditions have been determined, it 

is not possible to find poor connection between the 

through-silicon vias until a result of product inspection after 

bonding such as defective conduction is obtained. 

[0009] 

Thus, an object of the present invention is to provide 

accurate connection between through-silicon vias using a simple 

method. 

Solution to Problem 

[0010] 

A bonding apparatus according to the present invention 

includes: a camera configured to take images of semiconductor 

chips; and a control unit configured to perform image processing 

of the images taken by the camera, and configured to perform 

bonding control of stacking and bonding a second-layer of the 

semiconductor chips onto a first-layer of the semiconductor 

chips, the first-layer of the semiconductor chip having a first 

through-silicon via, the second-layer of the semiconductor chip 

having a second through-silicon via at positions corresponding 
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to the first through-silicon via. 	The control unit includes: 

relative position detecting means configured to detect relative 

positions of the layers of the semiconductor chips that have 

been stacked and bonded based on an image of the first 

through-silicon via on a first surface of the first-layer of 

the semiconductor chip taken by the camera before stacked 

bonding, and an image of the second through-silicon via on a 

first surface of the second-layer of the semiconductor chip 

taken by the camera after stacked bonding. 

[0011] 

Preferably, in the bonding apparatus according to the 

present invention, the relative positions can be represented 

by one or more of positional displacement of the second-layer 

of the semiconductor chip in a direction along a reference axis 

on the first surface of the first-layer of the semiconductor 

chip, positional displacement of the second-layer of the 

semiconductor chip in a direction perpendicular to the 

reference axis, and a rotational angle of the second-layer of 

the semiconductor chip with respect to the reference axis. 

[0012] 

Preferably, in the bonding apparatus according to the 

present invention, the first-layer of the semiconductor chip 

and the second-layer of the semiconductor chip can be two 

adjacent layers of the semiconductor chips. 	Alternatively, it 

is preferable that the first-layer of the semiconductor chip 
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be an initial-layer of the semiconductor chips, and the 

second-layer of the semiconductor chip be a different one of 

the semiconductor chips that is stacked and bonded on top of 

the initial-layer of the semiconductor chip. 

[0013] 

Preferably, in the bonding apparatus according to the 

present invention, the control unit can include: first imaging 

means configured to take the image of the first through-silicon 

via on the first surface of the first-layer of the semiconductor 

chip using the camera before stacked bonding; first bonding 

means configured to stack and bond the second-layer of the 

semiconductor chip onto the first-layer of the semiconductor 

chip by aligning a first alignment mark on the first surface 

of the first-layer of the semiconductor chip taken by the camera 

before stacked bonding and a second alignment mark on a second 

surface of the second-layer of the semiconductor chip taken by 

the camera before stacked bonding; second imaging means 

configured to take the image of the second through-silicon vias 

on the first surface of the second-layer of the semiconductor 

chip using the camera after stacked bonding by the first bonding 

means; and offset setting means configured to detect the 

relative positions of the-layers of the semiconductor chips 

based on the image of the first through-silicon vias taken by 

the first imaging means and the image of the second 

through-silicon vias taken by the second imaging means, and to 
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set the detected relative positions as an amount of offset in 

stacked bonding. 

[0014] 

Preferably, 	in the bonding apparatus according to the 

present invention, the control unit can include: second bonding 

means configured to stack and bond the second-layer of the 

semiconductor chip onto the first-layer semiconductor chip by 

displacing the second-layer of the semiconductor chip by the 

amount of offset set by the offset setting means from a position 

at which the first alignment mark and the second alignment mark 

are aligned; third imaging means configured to take the image 

of the second through-silicon vias on the first surface of the 

second-layer of the semiconductor chip by the camera after 

stacked bonding by the second bonding means; and displacement 

detecting means configured to detect an amount of displacement 

of the relative positions of the-layers of the semiconductor 

chips based on the image of the first through-silicon vias taken 

by the first imaging means and the image of the second 

through-silicon vias taken by the third imaging means. 

[0015] 

Preferably, in the bonding apparatus according to the 

present invention, the control unit can include: offset 

correcting means configured to correct the amount of offset by 

a predetermined percentage of the amount of displacement when 

the amount of displacement detected by the displacement 
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detecting means is smaller than a first threshold value and 

equal to or greater than a second threshold value. 

[0016] 

A method of manufacturing a semiconductor device 

according to the present invention includes: a step of preparing 

a bonding apparatus configured to stack and bond a second-layer 

of the semiconductor chip onto a first-layer of the 

semiconductor chip having first through-silicon vias, the 

second-layer of the semiconductor chip having second 

through-silicon vias at positions corresponding to the first 

through-silicon vias; a first imaging step of taking an image 

of the first through-silicon vias on a first surface of the 

first-layer of the semiconductor chip using a camera before 

stacked bonding; a first bonding step of stacking and bonding 

the second-layer of the semiconductor chip onto the first-layer 

of the semiconductor chip by aligning a first alignment mark 

on the first surface of the first-layer of the semiconductor 

chip taken by the camera before stacked bonding and a second 

alignment mark on a second surface of the second-layer of the 

semiconductor chip taken by the camera before stacked bonding; 

a second imaging step of taking an image of the second 

through-silicon vias on the first surface of the second-layer 

of the semiconductor chip using the camera after the first 

bonding step; and an offset setting step of detecting relative 

positions of the-layers of the semiconductor chips based on the 
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image of the first through-silicon vias and the image of the 

second through-silicon vias, and to set the detected relative 

positions as an amount of offset in stacked bonding. 

[0017] 

Preferably, the method of manufacturing a semiconductor 

device according to the present invention can further include: 

a second bonding step of stacking and bonding the second-layer 

of the semiconductor chip onto the first-layer of the 

semiconductor chip by displacing the second-layer of the 

semiconductor chip by the amount of offset from a position at 

which the first alignment mark and the second alignment mark 

are aligned; a third imaging step of taking the image of the 

second through-silicon vias on the first surface of the 

second-layer of the semiconductor chip by the camera after the 

second bonding step; and a displacement detecting step of 

detecting an amount of displacement of the relative positions 

of the-layers of the semiconductor chips based on the image of 

the first through-silicon vias taken by the first imaging means 

and the image of the second through-silicon vias taken by the 

third imaging means. 

[0018] 

Preferably, in the method of manufacturing a 

semiconductor device according to the present invention, the 

first-layer semiconductor chip and the second-layer 

semiconductor chip can be two adjacent-layers of the 
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semiconductor chips. 	Alternatively, it is preferable that the 

first-layer semiconductor chip be an initial-layer 

semiconductor chips, and the second-layer chip be a different 

one of the semiconductor chips that is stacked and bonded on 

top of the initial-layer chip. 

Advantageous Effect of Invention 

[0019] 

The present invention has an advantageous effect of 

providing accurate connection between through-silicon vias 

using a simple method. 

BRIEF DESCRIPTION OF DRAWINGS 

[0020] 

Fig. 1 is a system diagram illustrating a configuration 

of a bonding apparatus according to an embodiment of the present 

invention. 

Fig. 2 is an illustrative diagram of an image of a first 

surface of a first-layer of the semiconductor chip, an image 

of a second surface of a second-layer of the semiconductor chip, 

and cross-sections of the semiconductor chips of the 

respective-layers. 

Fig. 3 is a flowchart showing an operation by the bonding 

apparatus according to the embodiment of the present invention. 
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Fig. 4 is an illustrative diagram showing an operation 

of stacked bonding by the bonding apparatus according to the 

embodiment of the present invention. 

Fig. 5 is an illustrative diagram showing a plan view and 

a sectional view of a stacked semiconductor device in teaching, 

having the first-layer of the semiconductor chip and the 

second-layer of the semiconductor chip that are stacked by 

stacked bonding. 

Fig. 6 is an illustrative diagram showing a state in which 

an image of a first surface of the second-layer of the 

semiconductor chip is taken after stacked bonding of the bonding 

apparatus of the present invention. 

Fig. 7 is an illustrative diagram showing a plan view and 

a sectional view of the stacked semiconductor device having the 

first-layer of the semiconductor chip and the second-layer of 

the semiconductor chip that are stacked by stacked bonding in 

production of the stacked semiconductor device. 

Fig. 8 is a flowchart showing another operation by the 

bonding apparatus according to the embodiment of the present 

invention. 

Fig. 9 is a flowchart showing yet another operation by 

the bonding apparatus according to the embodiment of the present 

invention. 

Fig. 10 is a sectional view of the stacked semiconductor 

device in teaching, having the first-layer of the semiconductor 
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chip and the second-layer of the semiconductor chip that are 

stacked by stacked bonding. 

Fig. 	11 shows sectional views respectively showing a 

state in which the first-layer of the semiconductor chip and 

the second-layer of the semiconductor chip are stacked and a 

state in which the first-layer of the semiconductor chip to a 

third-layer of the semiconductor chip are stacked, both by 

stacked bonding in production of the stacked semiconductor 

device. 

DESCRIPTION OF EMBODIMENT 

[0021] 

Hereinafter, a bonding apparatus according to an 

embodiment of the present invention will be described with 

reference to the drawings. 	Referring to Fig. 1, a flip-chip 

bonding apparatus 500 of this embodiment includes a bonding 

stage 11 for suctioning and fixing a first-layer of the 

semiconductor chip 20, an XY table 12 for supporting the bonding 

stage 11 movably in an XY direction (horizontal direction), a 

bonding stage driving mechanism 13 connected to the XY table 

12 and configured to drive the bonding stage 11 in the XY 

direction, a bonding tool 14 having a tip for suctioning a 

second-layer of the semiconductor chip 30, 	a bonding tool 

driving mechanism 15 configured to move the bonding tool 14 in 

a Z direction 	(vertical direction) 	and a 8 direction, 	a 
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double-view camera 16 capable of simultaneously taking images 

upward and downward as illustrated by outlined arrows in the 

figure, and a control unit 50 configured to perform image 

processing of the images taken by the double-view camera 16 and 

to control bonding. 	In Fig. 1, the XY direction corresponds 

to a right and left direction in the figure, the Z direction 

corresponds to an up and down direction in the figure, and the 

19 direction corresponds to a direction of rotation around a Z 

axis. 

[0022] 

Referring to Fig. 1, the control unit 50 is a computer 

including therein a CPU 51 configured to perform signal 

processing, a memory 52 storing data such as a control program 

and control data, a bonding tool driving mechanism interface 

64 for inputting and outputting a control signal to and from 

the bonding tool driving mechanism, a double-view camera 

interface 65 for inputting and outputting a control signal and 

an image signal to and from the double-view camera 16, and a 

bonding stage driving mechanism interface 66 for inputting and 

outputting a control signal to and from the bonding stage 

driving mechanism. 	The CPU 51, the memory 52, and the 

interfaces 64, 65, and 66 are connected to each other via a data 

bus 70. 	Further, the bonding tool driving mechanism 15, the 

double-view camera 16, and the bonding stage driving mechanism 
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13 are configured to be driven based on a command from the CPU 

51 of the control unit 50. 

[0023] 

Referring to Fig. 	1, 	the memory 52 stores a 

relative-position detection program 53 as relative position 

detecting means, a first imaging program 54 as first imaging 

means, a first bonding program 55 as first bonding means, a 

second imaging program 56 as second imaging means, an offset 

setting program 57 as offset setting means, a second bonding 

program 58 as second bonding means, a third imaging program 59 

as third imaging means, a displacement detection program 60 as 

displacement detecting means, an offset correction program 61 

as offset correcting means, a stopping program 62 as stopping 

means, and control data 63 such as images taken by the 

double-view camera 16, image data that has been subjected to 

image processing, and an amount of offset. 	The programs 53-62 

will be described later. 

[0024] 

Steps for stacking and bonding the second-layer of the 

semiconductor chip 30 onto the first-layer of the semiconductor 

chip 20 by the flip-chip bonding apparatus 500 according to this 

embodiment thus configured (a manufacturing process of a 

semiconductor device) will be described with reference to Fig. 

2 	to 	Fig. 	6. 

[0025] 
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A teaching operation from Step 5101 to Step S108 in Fig. 

3 will be described in the first place. 	First, the first-layer 

of the semiconductor chip 20 is suctioned and fixed onto the 

bonding stage 11, and the second-layer of the semiconductor chip 

30 is suctioned to the tip of the bonding tool 14 from a wafer 

using a pick-up unit that is not depicted. 

[0026] 

Referring to Fig. 2 (a) , on a first surface 20a (a surface 

on a positive side in the Z direction in Fig. 	1) 	of the 

first-layer of the semiconductor chip 20, cross-shaped 

alignment marks 21a are provided respectively at an upper-right 

corner and a lower-left corner. 	Further, the first-layer of 

the semiconductor chip 20 is provided with a plurality of first 

through-silicon vias 22. 	As illustrated in Fig. 2 (b) , the first 

through-silicon vias 22 are provided between the first surface 

20a and a second surface 20b of the first-layer of the 

semiconductor chip 20 such that the electrodes penetrate 

through the chip perpendicularly to the first surface 20a and 

the second surface 20b. 	First surfaces 22a of the first 

through-silicon vias 22 are exposed at the first surface 20a 

of the first-layer of the semiconductor chip 20, and second 

surfaces 22b of the first through-silicon vias 22 are exposed 

at the second surface 20b of the first-layer of the 

semiconductor chip 20 at the same positions as the first 
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surfaces 22a of the corresponding first through-silicon vias 

22. 

[0027] 

The second-layer of the semiconductor chip 30 is also 

provided with second through-silicon vias 32 at the same 

positions as those in the first-layer of the semiconductor chip 

20. 	In other words, 	the second through-silicon vias 32 are 

provided at positions that coincide with positions of the first 

through-silicon vias 22 when the second-layer of the 

semiconductor chip 30 is turned over and its second surface 30b 

is lapped over the first surface 20a of the first-layer of the 

semiconductor chip 20. 	Further, similarly to the first-layer 

of the semiconductor chip 20, as illustrated in Fig. 2(d), the 

second through-silicon vias 32 are provided between a first 

surface 30a and the second surface 30b of the second-layer of 

the semiconductor chip 30 such that the electrodes penetrate 

through the of the semiconductor chip perpendicularly to the 

first surface 30a and the second surface 30b. 	First surfaces 

32a of the second through-silicon vias 32 are exposed at the 

first surface 30a of the second-layer of the semiconductor chip 

30, and second surfaces 32b of the second through-silicon vias 

32 are exposed at the second surface 30b of the second-layer 

of the semiconductor chip 30 at the same positions as the first 

surfaces 22a of the corresponding second through-silicon vias 

32. 	Fig. 2(c) shows the second-layer of the semiconductor chip 
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30 when viewed from a side of the second surface 30b. 	On the 

second surface 30b of the second-layer of the semiconductor chip 

30, cross-shaped alignment marks 31b are provided respectively 

at an upper-left corner and a lower-right corner (positions that 

come to the same positions as the alignment marks 21a when the 

second-layer of the semiconductor chip 30 is turned over and 

the second surface 30b is lapped over the first surface 20a of 

the first-layer of the semiconductor chip 20) . 

[0028] 

As illustrated in Fig. 1, in an initial state before 

stacked bonding, the bonding tool 14 is positioned upwardly at 

a standby position, and the control unit 50 moves the 

double-view camera 16 between the bonding tool 14 and the 

bonding stage 11 using a double-view camera driving mechanism 

that is not depicted. 	Then, 	in a visual field below the 

double-view camera 16 as indicated by the outlined arrow facing 

downward in Fig. 1, an image of the first surface 20a of the 

first-layer of the semiconductor chip 20 including the 

alignment marks 21a and the first surfaces 22a of the first 

through-silicon vias 22 is obtained as illustrated in Fig. 2 (a) . 

Further, in a visual field above the double-view camera 16 as 

indicated by the outlined arrow facing upward in Fig. 1, an image 

of the second surface 30b of the second-layer of the 

semiconductor chip 30 including the alignment marks 31b and the 
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second surfaces 32b of the second through-silicon vias 32 is 

obtained as illustrated in Fig. 	2(c). 

[0029] 

The control unit 50 executes the first imaging program 

54 shown in Fig. 1. 	As shown in Step S101 in Fig. 3, the control 

unit 50 activates the double-view camera 16 to take an image 

of the first surfaces 22a of the first through-silicon vias 22 

on the first surface 20a of the first-layer of the semiconductor 

chip 20 illustrated in Fig. 2(a), and stores the image in the 

control data 63 in the memory 52 	(first imaging step). 

[0030] 

Further, the control unit 50 executes the first bonding 

program 55 shown in Fig. 1. 	As shown in Step S102 in Fig. 3, 

the control unit 50 activates the double-view camera 16 to take 

an image of the alignment marks 21a on the first surface 20a 

of the first-layer of the semiconductor chip 20 illustrated in 

Fig. 2(a), and stores the image in the control data 63 in the 

memory 52. 	Then, as shown in Step S103 in Fig. 3, the control 

unit 50 activates the double-view camera 16 to take an image 

of the alignment marks 31b on the second surface 30b of the 

second-layer of the semiconductor chip 30 illustrated in Fig. 

2(c) and stores the image in the control data 63 in the memory 

52. 	The control unit 50 performs image processing of the images 

of the alignment marks 21a and 31b, detects an amount of 

displacement of a position of each of the alignment marks 21a 
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and 31b in the XY direction or the 0 direction, and adjusts a 

position of the bonding stage 11 in the XY direction using the 

bonding stage driving mechanism 13 and a position of the bonding 

tool 14 in the 0 direction using the bonding tool driving 

mechanism 15. 	Then, when the amount of displacement of the 

position of each of the alignment marks 21a and 31b in the XY 

direction or in the 9 direction becomes equal to or smaller than 

zero or a predetermined value, the control unit 50 determines 

that the positions of the alignment marks 21a and 31b of the 

first-layer of the semiconductor chip 20 and the second-layer 

of the semiconductor chip 30 are aligned, and as shown in Step 

S104 in Fig. 3, outputs a command for moving the bonding tool 

14 downward using the bonding tool driving mechanism 15. 	This 

command causes the bonding tool 14 to move down as illustrated 

in Fig. 	4, 	and stacks and bonds the second-layer of the 

semiconductor chip 30 onto the first-layer of the semiconductor 

chip 20 as illustrated in Fig. 	5(a) 	to provide a stacked 

semiconductor device 40 	(first bonding step) . 

[0031] 

When the second-layer of the semiconductor chip 30 is 

stacked and bonded onto the first-layer of the semiconductor 

chip 20 as illustrated in Fig. 5 (b) , a hardened-layer 41 formed 

by hardened solder that has been molten is provided between each 

of the first surfaces 22a of the first-layer through-silicon 

vias 22 and corresponding one of the second surfaces 32b of the 
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second-layer through-silicon vias 32, 	and the corresponding 

through-silicon vias 22 and 32 are connected by the 

hardened-layer 41. 

[0032] 

Referring to Fig. 6, upon completion of the first bonding 

step, the control unit 50 moves the bonding tool 14 up to the 

standby position, and moves the double-view camera 16 above the 

second-layer of the semiconductor chip 30 of the semiconductor 

device using the double-view camera driving mechanism that is 

not depicted. 	In the visual field of the double-view camera 

16, an image in which the second-layer of the semiconductor chip 

30 is stacked on the first-layer of the semiconductor chip 20 

is obtained as illustrated in Fig. 5 (a) . 	Although the alignment 

marks 21a and the first surfaces 22a of the first 

through-silicon vias on the first-layer of the semiconductor 

chip 20 are indicated by dash lines in Fig. 5 (a) , only solid 

lines in Fig. 	5 (a) , 	that is, 	the first surface 30a of the 

second-layer of the semiconductor chip 30 and the first surfaces 

32a of the second through-silicon vias 32, are actually shown 

in the visual field of the double-view camera 16. 

[0033] 

The control unit 50 executes the second imaging program 

56 shown in Fig. 1. 	As shown in Step 5105 in Fig. 3, the control 

unit 50 takes an image of the first surfaces 32a of the second 

through-silicon vias 32 on the first surface 30a of the 
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second-layer of the semiconductor chip 30, and stores the image 

in the control data 63 	(second imaging step). 

[0034] 

The control unit 50 executes the relative-position 

detection program 53 shown in Fig. 1. 	As shown in Step 5106 

in Fig. 3, the control unit 50 causes the image of the first 

surfaces 22a of the through-silicon vias 22 on the first-layer 

of the semiconductor chip 20 taken previously in the first 

imaging step to be overlapped with the image of the 

through-silicon vias 32a on the second-layer of the 

semiconductor chip 30 taken in the second imaging step. 	In Fig. 

5(a), 	the first surface 20a of the first-layer of the 

semiconductor chip 20 and the first surfaces 22a of the first 

through-silicon vias 22 that are overlapped are indicated by 

the dash lines. 	The images that have been overlapped are shown 

such that the first surfaces 22a of the through-silicon vias 

are displaced from the first surfaces 32a of the through-silicon 

vias. 

[0035] 

As described previously, as the through-silicon vias 22 

and 32 are provided perpendicularly to the first surface 20a 

of the first-layer of the semiconductor chip 20 and the first 

surface 30a of the second-layer of the semiconductor chip 30, 

the fact that the positions of the first surfaces 22a are 

displaced from the positions of the first surfaces 32a leads 
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to determination that the first-layer of the semiconductor chip 

20 and the second-layer chip 30 are stacked in a displaced manner 

as illustrated in Fig. 	5 (b) . 

[0036] 

Further, as the first-layer of the semiconductor chip 20 

and the second-layer of the semiconductor chip 30 are stacked 

and bonded by aligning the alignment marks 21a and 31b on the 

respective-layer of the semiconductor chips, relative 

positions of the first-layer of the semiconductor chip 20 and 

the second-layer of the semiconductor chip 30 are not displaced 

too largely and the positions of the plurality of corresponding 

through-silicon vias 22 and 32 are partially overlapping with 

each other. 	Therefore, 	the control unit 50 determines that 

amounts of displacement AX and AY in the XY direction between 

the first surfaces 22a of the first through-silicon vias 22 and 

the corresponding first surfaces 32a of the second 

through-silicon vias 32 that are partially overlapping with 

each other as illustrated in Fig. 5 (a) to represent the relative 

positions of the first-layer of the semiconductor chip 20 and 

the second-layer of the semiconductor chip 30. 	In the example 

illustrated in Fig. 5 (a) , the positions of the alignment marks 

21a provided on the first surface 20a of the first-layer of the 

semiconductor chip 20 are also displaced from the positions of 

the alignment marks 31b provided on the second surface 30b of 

the second-layer of the semiconductor chip 30. 	Accordingly, 
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the amounts of displacement LX and ,LY are considered to be 

attributed to positional displacement between the 

corresponding through-silicon vias 22 and 32 in the XY direction 

due to an error when the control unit 50 recognizes the positions 

of the alignment marks based on the images of the alignment marks 

21a and 31b, 	for example, 	or to positional displacement 

occurring during stacked bonding due to the molten solder 

between the through-silicon vias. 	Then, as shown in Step 5107 

in Fig. 3, the control unit 50 repeats Steps S101-5106 in Fig. 

3 for a predetermined number of times, e. g., n times, and 

thereafter, as shown in Step 5108 in Fig. 3, the control unit 

50 sets an average or a median of the amount of displacement 

as an amount of offset 	(offset setting step). 

[0037] 

In the above embodiment, it has been described that the 

amounts of displacement LX and LY in the XY direction between 

the first surfaces 22a of the first through-silicon vias 22 and 

the first surfaces 32a of the second through-silicon vias 32 

illustrated in Fig. 5(a) 	(with respect to a reference axis of 

the first-layer of the semiconductor chip 20, the X direction 

represents a direction parallel to a side X in a lateral 

direction of the first-layer of the semiconductor chip 20 in 

Fig. 	5(a), 	and the Y direction represents a direction 

perpendicular to the X direction) 	are determined to be the 

relative positions of the first-layer of the semiconductor 
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chip 20 and the second-layer of the semiconductor chip 30. 

However, 	it is possible to determine the relative positions 

including positional displacement AO of the second-layer of the 

semiconductor chip in the direction of rotation with respect 

to the first-layer of the semiconductor chip 20 using the images 

of the first surfaces 22a and 32a of the plurality of 

through-silicon vias 22 and 32, in addition to the amounts of 

displacement AX and AY in the XY direction. 	The positional 

displacement AO in the direction of rotation can be obtained 

as an rotational angle AO with respect to an X axis as a reference, 

using, for example, amounts of displacement ,n,X1  and nYi  of the 

first surfaces 22a and 32a of the through-silicon vias 22 and 

32 in the XY direction shown at topmost left in Fig. 5 (a) , and 

amounts of displacement AX2 and AY2  of the through-silicon vias 

22 and 32 of the first surfaces 22a and 32a in the XY direction 

shown at lowermost right in Fig. 5 (a) (the through-silicon vias 

22 and 32 in the diagonal direction) . 	In this case, an average 

or a median of the amount of displacement LX, AY, or AO is set 

as an amount of offset in the X, 	Y, 	or el direction. 

[0038] 

With the teaching operation (Steps S106-5108 in Fig. 3) 

in this embodiment described above, it is possible to perform 

teaching of the flip-chip bonding apparatus with a simple method 

of detecting the amount of positional displacement between 

(relative positions of) the first-layer of the semiconductor 
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chip 20 and the second-layer of the semiconductor chip 30 in 

stacked bonding, and setting the amount of offset for stacked 

bonding based on the detected amount of displacement (relative 

positions) , without performing destructive inspection such as 

confirming of the joining face by separating the first and the 

second-layer of the semiconductor chip 20 and 30 that have been 

stacked and bonded, or confirming of the positions of the first 

and second through-silicon vias 22 and 32 by cutting the stacked 

semiconductor device 40 that have been stacked and exposing a 

cross section as illustrated in Fig. 5 (b), for example. 	Thus, 

it is possible to accurately join the through-silicon vias 22 

and 32. 

[0039] 

Next, an operation of stacked bonding (Steps S109-S119 

in Fig. 3) for manufacturing the stacked semiconductor device 

40 after the teaching will be described. 	Descriptions for steps 

that are the same as in the teaching operation that has been 

previously described are omitted. 

[0040] 

Similarly to the previous description in the teaching, 

the control unit 50 first causes the first-layer of the 

semiconductor chip 20 to be suctioned and fixed onto the bonding 

stage 11, causes the second-layer of the semiconductor chip 30 

to be suctioned to the tip of the bonding tool 14 from the wafer 

using the pick-up unit that is not depicted, and moves the 
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double-view camera 16 between the bonding stage 11 and the 

bonding tool 14. 	Then, the control unit 50 executes the first 

imaging program 54 shown in Fig. 1. 	As shown in Step 5109 in 

Fig. 3, the control unit 50 activates the double-view camera 

16 to take the image of the first surfaces 22a of the first 

through-silicon vias 22 on the first surface 20a of the 

first-layer of the semiconductor chip 20 illustrated in Fig. 

2(a), and stores the image in the control data 63 in the memory 

52 	(first imaging step). 

[0041] 

Next, the control unit 50 executes the second bonding 

program 58 shown in Fig. 1. 	As shown in Step 5110 in Fig. 3, 

the control unit 50 activates the double-view camera 16 to take 

the image of the alignment marks 21a on the first surface 20a 

of the first-layer of the semiconductor chip 20 illustrated in 

Fig. 2(a), and stores the image in the control data 63 in the 

memory 52. 	Then, as shown in Step S111 in Fig. 3, the control 

unit 50 activates the double-view camera 16 to take the image 

of the alignment marks 31b on the second surface 30b of the 

second-layer of the semiconductor chip 30 illustrated in Fig. 

2 (c) and stores the image in the control data 63 in the memory 

52. 	The control unit 50 performs image processing of the images 

of the alignment marks 21a and 31b, and detects the amount of 

displacement of the position of each of the alignment marks 21a 

and 31b in the XY direction or the 0 direction. 	Then, as shown 
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in Step S112 in Fig. 3, the control unit 50 adjusts the position 

of the bonding stage 11 in the XY direction and the position 

of the bonding tool 14 in the e direction respectively using 

the bonding stage driving mechanism 13 and the bonding tool 

driving mechanism 15, so that the amounts of displacement of 

the position of each of the alignment marks 21a and 31b in the 

XY direction and in the A direction correspond to the amounts 

of offset that have been set in Step S108 in Fig. 3. 	Then, when 

the amounts of displacement of the alignment marks 21a and 31b 

correspond to the amounts of offset, the control unit 50 outputs 

the command for moving the bonding tool 14 downward using the 

bonding tool driving mechanism 15 as shown in Step S112 in Fig. 

3. 	This command causes the bonding tool 14 to move down as 

illustrated in Fig. 4, and stacks and bonds the second-layer 

of the semiconductor chip 30 onto the first-layer of the 

semiconductor chip 20 as illustrated in Fig. 7(a) to provide 

a stacked semiconductor device 40 	(second bonding step). 

[0042] 

Upon completion of the second bonding step, as 

illustrated in Fig. 6, the control unit 50 moves the bonding 

tool 14 up to the standby position, and moves the double-view 

camera 16 above the second-layer of the semiconductor chip 30 

using the double-view camera driving mechanism that is not 

depicted. 	The control unit 50 executes the third imaging 

program 59 shown in Fig. 1. 	As shown in Step 5113 in Fig. 3, 
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the control unit 50 takes an image of the first surfaces 32a 

of the second through-silicon vias 32 on the first surface 30a 

of the second-layer of the semiconductor chip 30, and stores 

the image in the control data 63 	(third imaging step). 

[0043] 

In the above second bonding operation, the second-layer 

of the semiconductor chip 30 is displaced with respect to the 

first-layer of the semiconductor chip 20 by the amount of offset 

that has been set in the teaching operation shown in Steps 

S101-S108 in Fig. 	3. 	Therefore, after stacked bonding, the 

amounts of displacement AX, AY, and AG in the teaching operation 

shown in Fig. 	5(a) 	and Fig. 	5(b) 	should be zero, 	and the 

through-silicon vias 22 and 32 should be fully overlapping as 

shown in Fig. 7 (a) and Fig. 7(b). 	However, due to such reasons 

as inaccuracy in the alignment marks 21a and 31b on the 

first-layer of the semiconductor chip 20 and the second-layer 

of the semiconductor chip 30, a temperature change of the 

flip-chip bonding apparatus 500, or manufacturing errors in the 

positions of the through-silicon vias 22 of the first-layer of 

the semiconductor chip 20 and the through-silicon vias 32 of 

the second-layer chip 30, even if the amounts of offset are set 

in the teaching operation (Steps S101-S108 in Fig. 	3), 	there 

is a case in which the positional displacement between the 

corresponding through-silicon vias 22 and 32 as shown in Fig. 

5(a) and Fig. 5(b) occurs after the second bonding operation. 
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[0044] 

Thus, after the second bonding operation, the control 

unit 50 obtains the image of the first surfaces 32a of the second 

through-silicon vias 32 of the second-layer of the 

semiconductor chip 30 after stacked bonding using the 

double-view camera 16 as shown in Step S113 in Fig. 3, executes 

the displacement detection program 60 shown in Fig. 1 to lap 

the taken image over the image of the first surfaces 22a of the 

first through-silicon vias 22 of the first-layer of the 

semiconductor chip 20 taken in Step S109 in Fig. 3 as shown in 

Step S114 in Fig. 3, and thereby detects the positions of the 

first through-silicon vias 22 and the amounts of displacement 

AX, 	LxY, 	and AA of the second through-silicon vias 32 

(displacement detecting step). 

[0045] 

It should be noted that the displacement detection 

program 60 is the same as the relative-position detection 

program 53 shown in Fig. 1 described previously other than that 

this program is executed after the second bonding in which the 

first-layer of the semiconductor chip 20 and the second-layer 

of the semiconductor chip 30 are displaced by the amount of 

offset. 

[0046] 

Then, as shown in Step 5115 in Fig. 3, when the detected 

amount of displacement is smaller than a first threshold value 
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as a permissible amount of displacement and equal to or greater 

than a second threshold value as an amount of displacement that 

needs to be corrected, the control unit 50 determines that it 

is necessary to correct the amount of offset, and executes the 

offset correction program 61 shown in Fig. 1 as shown in Step 

S116 in Fig. 	3. 	The offset correction program 61 is for 

increasing or decreasing the amount of offset only by a 

predetermined percentage, 50%, for example, of the amount of 

displacement detected in Step S114 in Fig. 3. 	Then, upon 

completion of the correction of the amount of offset, the 

operation of the control unit 50 returns to Step S109 in order 

to perform the next bonding as shown in Step 5117 in Fig. 3. 

With this, it is possible to accurately join the through-silicon 

vias 22 and 32 	(offset amount correcting step) . 

[0047] 

It should be noted that an image of first surfaces of first 

through-silicon vias of a first-layer of the semiconductor chip 

obtained in Step S109 in Fig. 3 in the next bonding, is the image 

of first surfaces of the second through-silicon vias of the 

second-layer of the semiconductor chip in the previous bonding 

obtained in Step 5113 in Fig. 3, and this image is stored in 

the memory 52. 	Accordingly, in actual stacked bonding, it is 

possible to omit Step S109 and directly returns to Step 5110 

when moving to the next bonding. 

[0048] 
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Further, as shown in Step 5118 in Fig. 3, when the detected 

amount of displacement exceeds the first threshold value as the 

permissible amount of displacement, the control unit 50 

determines that this stacked bonding is defective, executes the 

stopping program 62 shown in Fig. 1, as shown in Step 5119 in 

Fig. 3 to stop the flip-chip bonding apparatus 500, and lights 

a warning lamp to alarm an abnormal condition (stopping step) . 

[0049] 

With the bonding apparatus of this embodiment described 

above, it is possible to correct the amount of offset during 

manufacturing and stop the bonding apparatus when the defective 

bonding occurs without performing destructive inspection of the 

first-layer of the semiconductor chip 20 and the second-layer 

of the semiconductor chip 30 to be stacked, 	and thus, 	it is 

possible to improve qualities of stacked bonding. 

[0050] 

While the above embodiment describes the example in which 

two-layers of the semiconductor chips are stacked and bonded, 

the present invention can be applied for stacked bonding of a 

greater number of-layers. 	Further, the amount of offset in 

bonding of the first-layer of the semiconductor and the 

second-layer of the semiconductor and the amount of offset in 

bonding of the second-layer of the semiconductor and a 

third-layer of the semiconductor can be different. 	Moreover, 

in this embodiment, it is described that stacked bonding is 
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performed by aligning the alignment marks 21a on the first-layer 

of the semiconductor chip 20 and the alignment marks 31b on the 

second-layer of the semiconductor chip 30 in teaching operation. 

However, if a relative distance between the alignment marks is 

known and stacked bonding is performed by displacing the 

alignment marks by the relative distance, this is also included 

in examples of stacked bonding performed by aligning alignment 

marks even if the alignment marks 21a and 31b are not overlapped. 

[0051] 

Furthermore, according to this embodiment, the flip-chip 

bonding apparatus 500 is described such that the bonding stage 

11 moves in the XY direction and the bonding tool moves in the 

Z direction and the 0 direction. 	However, the present invention 

is not limited to such a configuration, and can be configured 

such that the bonding tool moves in the Y, Z, and 8 directions, 

and the bonding stage 11 moves only in the X direction, or such 

that the bonding stage 11 does not move and the bonding tool 

moves in the X, 	Y, 	Z, 	and 8 directions. 

[0052] 

Hereinafter, a process of stacking and bonding of the 

semiconductor chips of three or more-layers using the flip-chip 

bonding apparatus 500 illustrated in Fig. 	1 	(process of 

manufacturing a semiconductor device in which three or 

more-layers of the semiconductor chips are stacked and bonded) 

will be described with reference to Fig. 8 through Fig. 11. 	Like 
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steps of those described with reference to Fig. 1 through Fig. 

7 shall be denoted by like reference numerals, and descriptions 

for such steps shall be omitted. 

[0053] 

A teaching operation from Step S201 to Step 5208 in Fig. 

8 will be described. 	This teaching operation is for determining 

an amount of offset between a first-layer (initial-layer) of 

the semiconductor chip 100 and a second-layer of the 

semiconductor chip 200 disposed adjacent to the initial-layer 

and stacked and bonded on a top side of the initial-layer of 

the semiconductor chip 100 illustrated in Fig. 10 based on an 

operation similar to that from Step 5101 to Step S108 in Fig. 

3. 

[0054] 

As shown in Steps 5201 and 5202 in Fig. 	8, the control 

unit 50 obtains an image of first surfaces 102a of first 

through-silicon vias 102 of the first-layer (initial-layer) of 

the semiconductor chip 100 illustrated in Fig. 10 and an image 

of alignment marks on a first surface 100a of the first-layer 

(initial-layer) of the semiconductor chip 100, and then as shown 

in Step 5203 in Fig. 8, obtains an image of alignment marks on 

a second surface 200b of the second-layer of the semiconductor 

chip 200 illustrated in Fig. 10. 	Then, as shown in Step S204 

in Fig. 8, the control unit 50 stacks and bonds the second-layer 

of the semiconductor chip 200 on the first-layer 
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(initial-layer) of the semiconductor chip 100 illustrated in 

Fig. 10. 	After stacked bonding, as shown in Step S205 in Fig. 

8, the control unit 50 obtains an image of the first surfaces 

202a of the second through-silicon vias 202 of the second-layer 

of the semiconductor chip 200, and detects an amount of 

displacement LX between the first-layer of the semiconductor 

chip 100 and the second-layer of the semiconductor chip 200 in 

the X direction as shown in Step 5206 in Fig. 8 based on the 

image of the first surfaces 102a of the first through-silicon 

vias 102 obtained in Step S201 in Fig. 8 and the image of the 

first surfaces 202a of the second through-silicon vias 202 

obtained in Step 5205 in Fig. 	8. 	Then, 	as shown in Steps 

S201-S206, the control unit 50 detects the amount of 

displacement between the initial-layer 	(first-layer) 	of the 

semiconductor chip 100 and the second-layer of the 

semiconductor chip 200 for a predetermined number of times when 

two-layer of the semiconductor chips are stacked, and when it 

is determined to have been repeated for the predetermined number 

of times as shown in Step S207 in Fig. 	8, 	sets an average of 

the predetermined number of amounts of displacement LX as the 

amount of offset, 	for example. 	It should be noted that the 

amount of offset can be set manually by an operator instead of 

executing the offset setting program 57 stored in the control 

unit 50. 

[0055] 
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Upon setting of the amount of offset in stacked bonding 

in the teaching operation shown in Steps S201-S208 in Fig. 8, 

the control unit 50 starts manufacturing of the stacked 

semiconductor device 40 as shown in Steps S209-S220 in Fig. 9. 

In this operation, based on an operation that is the same as 

that of Steps S109-S114 in Fig. 	3, 	interlayer amounts of 

displacement £X12 and AX23 of the semiconductor chips 100 to 

300 as illustrated in Fig. 	11(b) 	are detected, 	a calculated 

amount of displacement LX13 of the third-layer of the 

semiconductor chip 300 with respect to the first-layer of the 

semiconductor chip 100 is detected, and bonding is stopped when 

any of the interlayer amounts of displacement dX12 and xX23 and 

the calculated amount of displacement AX13 is equal to or 

greater than a threshold value. 

[0056] 

First, as shown in Step S209 in Fig. 9, the control unit 

50 sets 1 as an initial value for a counter N. 	Next, as shown 

in Steps 5210 and 211 in Fig. 	9, the control unit 50 obtains 

the image of the first surfaces 102a of the first 

through-silicon vias (N=1) 102 of the first-layer (N=1) of the 

semiconductor chip 100 illustrated in Fig. 11(a), and the image 

of the alignment marks on the first surface 100a of the 

first-layer (N=1) of the semiconductor chip 100, and then as 

shown in Step S212 in Fig. 9, obtains the image of the alignment 

marks on the second surface 200b of the second-layer (N+1=2) 
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of the semiconductor chip 200 illustrated in Fig. 11(a). 	Then, 

as shown in Step S213 in Fig. 9, the control unit 50 stacks and 

bonds the second-layer (N+1=2) of the semiconductor chip 200 

on the first-layer 	(N=1) 	of the semiconductor chip 100 

illustrated in Fig. 	11(a), by displacing a position of each 

alignment mark by a predetermined amount of offset. 

[0057] 

After stacked bonding, as shown in Step 5214 in Fig. 9, 

the control unit 50 obtains the image of the first surfaces 202a 

of the second through-silicon vias 202 of the second-layer 

(N+1=2) of the semiconductor chip 200, and detects the amount 

of displacement L1X12 between the first-layer 	(N=1) 	of the 

semiconductor chip 100 and the second-layer 	(N+1=2) 	of the 

semiconductor chip 200 in the X direction as shown in Step 5215 

in Fig. 9 based on the image of the first surfaces 102a of the 

first through-silicon vias 102 obtained in Step S210 in Fig. 

9 and the image of the first surfaces 202a of the second 

through-silicon vias 202 obtained in Step S214 in Fig. 9. 	When 

the amount of offset and the amount of displacement in stacked 

bonding is the same, the relative positions of the first-layer 

and the second-layer of the semiconductor chip are the same, 

and the interlayer amount of displacement ,,X12 is zero. 	In 

practice, however, there is a slight error between the amount 

of offset and the amount of displacement in stacked bonding. 

Accordingly, as illustrated in Fig. 11(a), even when stacked 
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bonding is performed by displacing the second-layer of the 

semiconductor chip 200 by the amount of offset, the interlayer 

amount of displacement LX12 is slightly produced between the 

first-layer of the semiconductor chip 100 and the second-layer 

of the semiconductor chip 200. 

[0058] 

Further, as shown in Step 5216 in Fig. 9, the control unit 

50 detects a calculated amount of displacement in the X 

direction between the first-layer of the semiconductor chip 100 

and the second-layer (N+1=2) 	of the semiconductor chip 200, 

based on the image of the first surfaces 102a of the first 

through-silicon vias 102 obtained in Step S210 in Fig. 9 and 

the image of the first surfaces 202a of the second 

through-silicon vias 202 obtained in Step S214 in Fig. 9. 	When 

two-layers are stacked, the calculated amount of displacement 

is identical with the interlayer amount of displacement AX12. 

[0059] 

Next, as shown in Step 5217 in Fig. 9, the control unit 

50 compares the interlayer amount of displacement LX12 between 

the first-layer of the semiconductor chip 100 and the 

second-layer of the semiconductor chip 200 with a third 

threshold value, and when the interlayer amount of displacement 

012 is equal to or greater than the third threshold value, the 

control unit 50 determines that this bonding is defective, and 

stops the bonding operation as shown in Step 5221 in Fig. 9. 
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Further, as shown in Step S218 in Fig. 9, the control unit 50 

compares the calculated amount of displacement between the 

first-layer of the semiconductor chip 100 and the second-layer 

of the semiconductor chip 200 with a fourth threshold value, 

and when the calculated amount of displacement is equal to or 

greater than the fourth threshold value, the control unit 50 

determines that this bonding is defective, and stops the bonding 

operation as shown in Step 5221 in Fig. 9. 	As described above, 

when two-layers are stacked, the calculated amount of 

displacement is identical with the interlayer amount of 

displacement £X12. 

[0060] 

Then, when both of the interlayer amount of displacement 

and the calculated amount of displacement are smaller than the 

third threshold value and the fourth threshold value, the 

control unit 50 determines whether a predetermined number 

of-layers of the semiconductor chips are bonded as shown in Step 

S219 in Fig. 9, and when the predetermined number of-layers are 

stacked and bonded, the control unit 50 stops bonding as shown 

in Step 5221 in Fig. 9. 	Further, when it has not been determined 

that the predetermined number of-layers are stacked and bonded, 

as shown in Step 5220 in Fig. 9, the control unit 50 increments 

the counter N by 1 to set N=2, returns the operation to Step 

S211 in Fig. 	9, 	stacks and bonds the third-layer of the 
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semiconductor chip 300 on the second-layer of the semiconductor 

chip 200 as shown in Fig. 	11 (b) . 

[0061] 

As shown in Step 211 in Fig. 9, the control unit 50 obtains 

an image of alignment marks on a first surface 200a of the 

second-layer (N=2) of the semiconductor chip 200 illustrated 

in Fig. 11 (b) , and then as shown by Step 5212 in Fig. 9, obtains 

an image of alignment marks on a second surface 300b of the 

third-layer (N+1=3) of the semiconductor chip 300illustrated 

in Fig. 11 (b) . 	Then, as shown by Step S213 in Fig. 9, the control 

unit 50 stacks and bonds the third-layer (N+1=3) 	of the 

semiconductor chip 300 on the second-layer 	(N=2) 	of the 

semiconductor chip 200 illustrated in Fig. 11(b) by displacing 

a position of each alignment mark by a predetermined amount of 

offset. 

[0062] 

After stacked bonding, as shown in Step S214 in Fig. 9, 

the control unit 50 obtains an image of first surfaces 302a of 

third through-silicon vias 302 of the third-layer (N+1=3) of 

the semiconductor chip 300, and detects the interlayer amount 

of displacement AX23 between the second-layer 	(N=2) 	of the 

semiconductor chip 200 and the third-layer 	(N+1=3) 	of the 

semiconductor chip 300 in the X direction as shown in Step 5215 

in Fig. 9 based on the image of the first surfaces 202a of the 

second through-silicon vias 202 obtained in Step 5214 in Fig. 
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9 in a previous loop (N=1) and the image of first surfaces 302a 

of the third through-silicon vias 302 obtained in Step 5214 in 

Fig. 9 in this loop (N=2). 	Similarly to the case between the 

first-layer and the second-layer, there is a slight error 

between the amount of offset and the amount of displacement in 

stacked bonding. 	Accordingly, as illustrated in Fig. 	11(b), 

even when stacked bonding is performed by displacing the 

third-layer of the semiconductor chip 300 by the amount of 

offset, the interlayer amount of displacement AX23 is slightly 

produced between the second-layer of the semiconductor chip 200 

and the third-layer of the semiconductor chip 300. 

[0063] 

Further, as shown in Step 5210 in Fig. 9, the control unit 

50 detects the calculated amount of displacement AX13 in the 

X direction between the first-layer of the semiconductor chip 

100 and the third-layer (N+1=3) of the semiconductor chip 300 

as illustrated in Fig. 11(b), based on the image of the first 

surfaces 102a of the first through-silicon vias 102 obtained 

in Step 5216 in Fig. 9 and the image of the first surfaces 302a 

of the third through-silicon vias 302 obtained in Step S214 in 

Fig. 	9 in this loop 	(N=2). 	The calculated amount of 

displacement AX13 is obtained by adding the interlayer amount 

of displacement iX12 between the first-layer of the 

semiconductor chip 100 and the second-layer of the 
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semiconductor chip 200 and the interlayer amount of 

displacement LX23 between the second-layer of the semiconductor 

chip 200 and the third-layer of the semiconductor chip 300 

(L.X13=LX12+AX23). 	As illustrated in Fig. 11(b), assuming that 

a direction of displacement of the second-layer with respect 

to the first-layer is a negative direction (leftward direction 

in the figure), a direction of displacement of the third-layer 

with respect to the second-layer is a positive direction 

(rightward direction in the figure). 	Therefore, an absolute 

value of the calculated amount of displacement 0X13=1X12+AX23 

of the third-layer with respect to the first-layer is smaller 

than an absolute value of the interlayer amount of displacement 

AX12 between the first-layer and the second-layer. 	By 

contraries, when the direction of displacement of the 

third-layer with respect to the second-layer is also the 

negative direction 	(leftward direction in the figure), the 

absolute value of the calculated amount of displacement 

LX13=X12+AX23 of the third-layer with respect to the 

first-layer becomes greater than the absolute value of the 

interlayer amount of displacement AX12 between the first-layer 

and the second-layer. 

[0064] 

Next, as shown Step S217 in Fig. 9, the control unit 50 

compares the interlayer amount of displacement AX23 between the 

second-layer of the semiconductor chip 200 and the third-layer 
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of the semiconductor chip 300 with the third threshold value, 

and when the interlayer amount of displacement 023 is equal to 

or greater than the third threshold value, the control unit 50 

determines that this bonding is defective, and stops the bonding 

operation as shown in Step S221 in Fig. 9. 	Further, as shown 

in Step S218 in Fig. 	9, 	the control unit 50 compares the 

calculated amount of displacement AX13 between the first-layer 

of the semiconductor chip 100 and the third-layer of the 

semiconductor chip 300 with the fourth threshold value, and when 

the calculated amount of displacement 0X13 is equal to or 

greater than the fourth threshold value, the control unit 50 

determines that this bonding is defective, and stops the bonding 

operation as shown in Step S221 in Fig. 	9. 

[0065] 

Then, when both of the interlayer amount of displacement 

AX23 and the calculated amount of displacement LX13 are smaller 

than the third threshold value and the fourth threshold value, 

the control unit 50 determines whether a predetermined number 

of-layers of the semiconductor chips are bonded as shown in Step 

S219 in Fig. 9, and when the predetermined number of-layers are 

stacked and bonded, the control unit 50 stops bonding as shown 

in Step S221 in Fig. 9. 	Further, when it has not been determined 

that the predetermined number of-layers are stacked and bonded, 

as shown in Step 5220 in Fig. 9, the control unit 50 increments 

the counter N by 1 to set N=3, returns the operation to Step 
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S211 in Fig. 	9, 	stacks and bonds the fourth-layer of the 

semiconductor chip on the third-layer of the semiconductor chip 

300. 

[0066] 

According to the embodiment described above, bonding is 

stopped when all of the interlayer amounts of displacement LX12 

and LX23, and the calculated amount of displacement AX13 are 

equal to or greater than a predetermined threshold value, and 

thus, 	it is possible to improve qualities of the stacked 

semiconductor device 40 manufactured by stacked bonding. 

[0067] 

In this embodiment, it is described that the amount of 

displacement is the amounts of displacement 0X12, AX23, or LX13 

in the X direction. 	However, for the amount of displacement 

in the Y direction or in the 0 direction, it is also possible 

to stop bonding when all of the interlayer amounts of 

displacement and the calculated amount of displacement are 

equal to or greater than a predetermined threshold value. 

[0068] 

The present invention is not limited to the embodiment 

described above, and includes any modifications and alterations 

without departing from the technical scope and the spirit of 

the present invention defined by the appended claims. 

Reference Signs List 
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[0069] 

11:  Bonding Stage 

12:  XY Table 

13:  Bonding Stage Driving Mechanism 

14:  Bonding Tool 

15:  Bonding Tool Driving Mechanism 

16:  Double-View Camera 

20: First-layer of the Semiconductor Chip 

20a, 22a, 	30a, 	32a: 	First Surface 

20b, 22b, 	30b, 	32b: 	Second Surface 

21a, 31a, 	31b: Alignment Mark 

22: First Through-Silicon Via 

30: Second-layer of the Semiconductor Chip 

32: Second Through-Silicon Via 

40:  Stacked Semiconductor device 

41:  Hardened-layer 

50:  Control Unit 

51:  CPU 

52:  Memory 

53:  Relative-Position Detection Program 

54:  First Imaging Program 

55:  First Bonding Program 

56:  Second Imaging Program 

57:  Offset Setting Program 

58:  Second Bonding Program 
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59: Third Imaging Program 

60: Displacement Detection Program 

61: Offset Correction Program 

62: Stopping Program 

63: Control Data 

64: Bonding Tool Driving Mechanism Interface 

65: Double-View Camera Interface 

66: Bonding Stage Driving Mechanism Interface 

70: 	Data Bus 

100, 200, 	300: Semiconductor Chip 

100a, 102a, 	200a, 	202a, 	300a, 	302a: First Surface 

102, 	202, 	302: 	Through-Silicon Via 

100b, 200b, 	300b: 	Second Surface 

500: Flip-Chip Bonding Apparatus 
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CLAIMS 

I. 	A bonding apparatus comprising: 

a camera configured to take images of semiconductor 

chips; and 

a control unit configured to perform image processing of 

the images taken by the camera, and configured to perform 

bonding control of stacking and bonding a second-layer of the 

semiconductor chips onto a first-layer of the semiconductor 

chips, the first-layer of the semiconductor chip having a first 

through-silicon via, the second-layer of the semiconductor chip 

having a second through-silicon via at positions corresponding 

to the first through-silicon via, wherein 

the control unit comprises: 

relative position detecting means configured to 

detect relative positions of the layers of the semiconductor 

chips that have been stacked and bonded based on an image of 

the first through-silicon via on a first surface of the 

first-layer of the semiconductor chip taken by the camera before 

stacked bonding, and an image of the second through-silicon via 

on a first surface of the second-layer of the semiconductor chip 

taken by the camera after stacked bonding. 

2. 	The bonding apparatus according to claim 1, wherein 
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the relative positions are represented by one or more of 

positional displacement of the second-layer of the 

semiconductor chip in a direction along a reference axis on the 

first surface of the first-layer of the semiconductor chip, 

positional displacement of the second-layer of the 

semiconductor chip in a direction perpendicular to the 

reference axis, and a rotational angle of the second-layer of 

the semiconductor chip with respect to the reference axis. 

3. The bonding apparatus according to claim 1, wherein 

the first-layer of the semiconductor chip and the 

second-layer of the semiconductor chip are two adjacent layers 

of the semiconductor chips. 

4. The bonding apparatus according to claim 2, wherein 

the first-layer of the semiconductor chip and the 

second-layer of the semiconductor chip are two adjacent layers 

of the semiconductor chips. 

5. The bonding apparatus according to claim 1, wherein 

the first-layer of the semiconductor chip is an 

initial-layer of the semiconductor chips, and the second-layer 

of the semiconductor chip is a different one of the 

semiconductor chips that is stacked and bonded on top of the 

initial-layer of the semiconductor chip. 
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6. The bonding apparatus according to claim 2, wherein 

the first-layer of the semiconductor chip is an 

initial-layer of the semiconductor chips, and the second-layer 

of the semiconductor chip is a different one of the 

semiconductor chips that is stacked and bonded on top of the 

initial-layer of the semiconductor chip. 

7. The bonding apparatus according to claim 1, wherein 

the control unit comprises: 

first imaging means configured to take the image 

of the first through-silicon via on the first surface of the 

first-layer of the semiconductor chip using the camera before 

stacked bonding; 

first bonding means configured to stack and bond 

the second-layer of the semiconductor chip onto the first-layer 

of the semiconductor chip by aligning a first alignment mark 

on the first surface of the first-layer of the semiconductor 

chip taken by the camera before stacked bonding and a second 

alignment mark on a second surface of the second-layer of the 

semiconductor chip taken by the camera before stacked bonding; 

second imaging means configured to take the image 

of the second through-silicon vias on the first surface of the 

second-layer of the semiconductor chip using the camera after 

stacked bonding by the first bonding means; and 

49 



offset setting means configured to detect the 

relative positions of the layers of the semiconductor chips 

based on the image of the first through-silicon vias taken by 

the first imaging means and the image of the second 

through-silicon vias taken by the second imaging means, and to 

set the detected relative positions as an amount of offset in 

stacked bonding. 

8. 	The bonding apparatus according to claim 7, wherein 

the control unit comprises: 

second bonding means configured to stack and bond 

the second-layer of the semiconductor chip onto the first-layer 

of the semiconductor chip by displacing the second-layer of the 

semiconductor chip by the amount of offset set by the offset 

setting means from a position at which the first alignment mark 

and the second alignment mark are aligned; 

third imaging means configured to take the image 

of the second through-silicon vias on the first surface of the 

second-layer of the semiconductor chip by the camera after 

stacked bonding by the second bonding means; and 

displacement detecting means configured to detect 

an amount of displacement of the relative positions of the 

layers of the semiconductor chips based on the image of the first 

through-silicon vias taken by the first imaging means and the 
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image of the second through-silicon vias taken by the third 

imaging means. 

9. The bonding apparatus according to claim 8, wherein 

the control unit comprises: 

offset correcting means configured to correct the 

amount of offset by a predetermined percentage of the amount 

of displacement when the amount of displacement detected by the 

displacement detecting means is smaller than a first threshold 

value and equal to or greater than a second threshold value. 

10. A method of manufacturing a semiconductor device, 

the method comprising: 

a step of preparing a bonding apparatus configured to 

stack and bond a second-layer of the semiconductor chip onto 

a first-layer of the semiconductor chip having first 

through-silicon vias, the second-layer of the semiconductor 

chip having second through-silicon vias at positions 

corresponding to the first through-silicon vias; 

a first imaging step of taking an image of the first 

through-silicon vias on a first surface of the first-layer of 

the semiconductor chip using a camera before stacked bonding; 

a first bonding step of stacking and bonding the 

second-layer of the semiconductor chip onto the first-layer of 

the semiconductor chip by aligning a first alignment mark on 
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the first surface of the first-layer of the semiconductor chip 

taken by the camera before stacked bonding and a second 

alignment mark on a second surface of the second-layer of the 

semiconductor chip taken by the camera before stacked bonding; 

a second imaging step of taking an image of the second 

through-silicon vias on the first surface of the second-layer 

of the semiconductor chip using the camera after the first 

bonding step; and 

an offset setting step of detecting relative positions 

of the layers of the semiconductor chips based on the image of 

the first through-silicon vias and the image of the second 

through-silicon vias, and to set the detected relative 

positions as an amount of offset in stacked bonding. 

11. 	The method of manufacturing a semiconductor device 

according to claim 10, the method further comprising: 

a second bonding step of stacking and bonding the 

second-layer of the semiconductor chip onto the first-layer of 

the semiconductor chip by displacing the second-layer of the 

semiconductor chip by the amount of offset from a position at 

which the first alignment mark and the second alignment mark 

are aligned; 

a third imaging step of taking the image of the second 

through-silicon vias on the first surface of the second-layer 
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of the semiconductor chip by the camera after the second bonding 

step; and 

a displacement detecting step of detecting an amount of 

displacement of the relative positions of the layers of the 

semiconductor chips based on the image of the first 

through-silicon vias taken by the first imaging means and the 

image of the second through-silicon vias taken by the third 

imaging means. 

12. The method of manufacturing a semiconductor device 

according to claim 10, wherein 

the first-layer of the semiconductor chip and the 

second-layer of the semiconductor chip are two adjacent layers 

of the semiconductor chips. 

13. The method of manufacturing a semiconductor device 

according to claim 11, wherein 

the first-layer of the semiconductor chip and the 

second-layer of the semiconductor chip are two adjacent layers 

of the semiconductor chips. 

14. The method of manufacturing a semiconductor device 

according to claim 10, wherein 

the first-layer of the semiconductor chip is an 

initial-layer of the semiconductor chips, and the second-layer 
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of the semiconductor chip is a different one of the 

semiconductor chips that is stacked and bonded on top 

initial-layer chip. 

15. 	The method of manufacturing a semiconductor 

according to claim 11, wherein 

the first-layer of the semiconductor chip is an 

initial-layer of the semiconductor chips, and the second

of the semiconductor chip is a different one of the 

semiconductor chips that is stacked and bonded on top 

initial-layer chip. 

of the 

device 

-layer 

of the 
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