
DESCRIPTION 

TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD FOR 

MANUFACTURING SEMICONDUCTOR DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to structures of semiconductor devices and 

methods of manufacturing semiconductor devices. 

BACKGROUND ART 

[0002] In recent years, demand for increased capacity of semiconductor devices has 

resulted in frequent use of stacked semiconductor devices formed by stacking a plurality 

of semiconductor chips on a substrate or a leadframe. For such stacked semiconductor 

devices, which are at the same time required to be thinner and smaller, a wire bonding 

method in which pads on adjacent semiconductor chips and a pad on a semiconductor 

chip and a lead of a leadframe are sequentially connected to each other with wire is used, 

instead of connecting pads on semiconductor chips in respective layers and a leadframe 

separately. This method uses a method in which, in order to prevent damage to 

semiconductor chips during wire bonding, first, a bump is formed on each pad on each 

semiconductor chip, then reverse bonding is performed from a lead of a leadframe onto 

a pad on a semiconductor chip, and further next reverse bonding is performed from the 

top of the bump to which bonding has been performed onto a bump on an adjacent 

semiconductor chip, whereby wire is sequentially connected from the leadframe to a 

pad on a semiconductor chip in the uppermost layer (for example, see Patent Literature 

1). 

[0003] There is proposed another method in which a bump is formed on each pad 

surface located on intermediate layers of a stacked semiconductor device, ball bonding 

is performed on a pad on a semiconductor chip in the uppermost layer, wire is looped 

onto a bump formed on a pad on an intermediate layer to be bonded onto the bump, then 

the wire is further looped onto a bump on the next semiconductor chip to be bonded, 

whereby the pads on adjacent intermediate layers are connected to each other with the 

wire (for example, see Patent Literature 2). 
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CITATION LIST 

PATENT LITERATURE 

[0004] PATENT LITERATURE 1: JP 3573133 

PATENT LITERATURE 2: JP 3662461 

SUMMARY OF INVENTION 
TECHNICAL PROBLEM 
[0005] However, the conventional technology described in Patent Literature 1 has a 

problem that it has a large number of process steps and bonding takes time and cost 
because wire bonding is performed after a bump is formed on a pad on each 

semiconductor chip. For example, connection between each pad on a stacked 
semiconductor stacked in two layers and a lead requires a total of four steps with steps 
of forming respective bumps on pads on semiconductor chips in the two layers (two 
steps), bonding between the lead and the bump on the pad on the first-layer 

semiconductor chip, and bonding between the first-layer bump and the bump on the pad 
on the second-layer semiconductor chip. In the conventional technology described in 
Patent Literature 2, the number of process steps is smaller than that in the conventional 
technology described in Patent Literature 1 because bonding is performed after bumps 

are formed on pads on semiconductor chips located in intermediate layers, but a bump 
formation step needs to be provided in addition to a bonding step, and the problem of a 

large number of process steps is not solved. 
[0006] Further, semiconductor chips with pads recessed below the surface of the 
semiconductor chips are often used. When bonding is performed onto a pad recessed 
from the surface of a semiconductor chip, in order to prevent the tip of a capillary from 

contacting the surface of the semiconductor chip around the pad, the amount of pressing 
of wire (the amount of sinking of the capillary) cannot be increased. Therefore, it is 
necessary to form a bump on the pad, then perform bonding onto the bump as in the 

conventional technologies described in Patent Literatures 1 and 2, thus posing a 

problem that efficient bonding cannot be performed. 
[0007] The present invention has an object of performing wire connection on a 

semiconductor device with a lower bonding count while reducing damage to 
semiconductor chips. Further, the present invention has an object of performing 
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efficient bonding to an electrode recessed from the surface of a semiconductor chip. 

SOLUTION TO PROBLEM 
[0008] A semiconductor device of the present invention includes: a common wire that 
sequentially connects three or more electrodes; bonding portions that bonds the 

electrodes with a side surface of the common wire;f and looping portions that loops the 
common wire from the bonding portions onto the other electrodes, the bonding portions 

and the looping portions are formed alternately. 
[0009] In the semiconductor device of the present invention, the electrodes are 

preferably pads on semiconductor chips, and the semiconductor device preferably has a 

stacked body with the semiconductor chips stacked in layers, and the common wire 
sequentially connects the electrodes on the semiconductor chips in adjacent layers to 
each other. 
[0010] In the semiconductor device of the present invention, preferably, the bonding 

portions have a flat shape crushed to a thickness of 1/4 to 1/2 of the diameter of the 
common wire, and the looping portions have a heel portion bending and extending 
obliquely upward from the bonding portions, and the thickness of the heel portion is a 
thickness of 1/2 to 4/5 of the diameter of the common wire. 
[0011] In the semiconductor device of the present invention, preferably, the electrodes 

are recessed from the surface of the semiconductor chips, and the thickness of the 
bonding portions is greater than the recess depth of the electrodes. 
[0012] a method of manufacturing a semiconductor device of the present invention is a 

wire bonding method in which three or more electrodes on semiconductor chips and a 

substrate are sequentially connected with a common wire, and includes a bonding step 
of pressing a side surface of the wire against a first electrode with a capillary and 

bonding the side surface of the wire to the first electrode, and a looping step of looping 

the wire onto a second electrode with the capillary after the bonding step, and the 

bonding step and the looping step are repeated alternately to sequentially connect the 

three or more electrodes with the common wire. 
[0013] In the method of manufacturing the semiconductor device of the present 
invention, in the bonding step, preferably, the common wire is crushed to a thickness of 
1/4 to 1/2 of its diameter with the capillary to be made into a flat shape, and at the same 
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time the common wire is ultrasonicaily vibrated to be bonded to each of the electrodes. 
[0014] In the method of manufacturing the semiconductor device of the present 

invention, the looping step preferably includes a first raising step of raising the capillary 
vertically from the first electrode after the bonding step, a first obliquely moving step of 

moving the capillary obliquely downward toward the second electrode after the first 
raising step, a second raising step of raising the capillary vertically again after the first 

obliquely moving step, a reverse step of moving the capillary obliquely downward in a 

direction opposite to the second electrode after the second raising step, a second 
obliquely moving step of moving the capillary obliquely upward to directly above the 
first electrode after the reverse step, a third raising step of raising the capillary vertically 
again after the second obliquely moving step, and an arcuately moving step of moving 
the capillary in an arc to directly above the second electrode after the third raising step. 

[0015] In the method of manufacturing the semiconductor device of the present 
invention, in the reverse step, the capillary is preferably moved to a point at which an 

angle with respect to a line perpendicular to the electrode and passing through the 
bonding portion becomes 10 to 20°. 

[0016] In the method of manufacturing the semiconductor device of the present 
invention, preferably, at least one of the electrodes is a pad recessed from the surface of 

the semiconductor chip, and in the bonding step, the common wire is crushed with the 
capillary to a thickness greater than the recess depth of the pad to be made into a flat 
shape, and at the same time, the common wire is ultrasonicaily vibrated to be bonded to 
the pad. 

ADVANTAGEOUS EFFECTS OF INVENTION 
[0017] The present invention has an effect of allowing, on a semiconductor device, 
wire connection to be performed with a smaller bonding count while reducing damage 

to semiconductor chips, and at the same time allowing bonding to be performed 
efficiently to an electrode recessed from the surface of a semiconductor chip. 

BRIEF DESCRIPTION OF DRAWINGS 
[0018] [FIG. 1] FIG, 1 is a cross-sectional view showing a structure of a 
semiconductor device according to an embodiment of the present invention. 
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[FIG. 2] FIG. 2 is a perspective view showing a bonding portion on the 

semiconductor device according to the embodiment of the present invention. 
[FIG. 3] FIG. 3 is an explanatory diagram illustrating a step of forming the 

bonding portion on the semiconductor device according to the embodiment of the 
present invention. 

[FIG. 4] FIG. 4 is a side view of the bonding portion on the semiconductor 

device according to the embodiment of the present invention. 
[FIG 5] FIG. 5 is a system diagram of a wire bonding apparatus for 

manufacturing the semiconductor device according to the embodiment of the present 

invention. 
[FIG. 6] FIG. 6 is an explanatory diagram illustrating a process of 

manufacturing the semiconductor device of the present invention using the wire 
bonding apparatus shown in FIG 5. 

[FIG 7] FIG 7 is an explanatory diagram illustrating the process of 
manufacturing the semiconductor device of the present invention using the wire 
bonding apparatus shown in FIG. 5. 

[FIG. 8] FIG 8 is an explanatory diagram illustrating a path of the tip of a 
capillary in a looping step during manufacturing of the semiconductor device of the 
present invention. 

[FIG. 9] FIG. 9 is a side view of a bonding portion on a semiconductor device 

according to another embodiment of the present invention. 

DESCRIPTION OF EMBODIMENTS 
[0019] Hereinafter, with reference to the drawings, an embodiment of the present 
invention will be described. As shown in FIG. 1, a semiconductor device 100 in this 

embodiment has a stacked body with semiconductor chips 56 to 51 stacked in multiple 

layers on a substrate 10, and has pads 66 to 61, electrodes provided on the surface of the 
semiconductor chips 56 to 51, sequentially connected with a single common wire 12. 
As shown in FIG. 1, the semiconductor chips 56 to 51 are semiconductor chips in layers 
adjacent to each other, and the pads 66 to 61 are pads in layers adjacent to each other. 

The pads 66 to 61 are also pads adjacent to each other. The common wire 12 can be a 
gold wire, or can be an aluminum wire, a copper wire, or the like. The common wire 
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12 is ball-bonded onto the pad 66 on the semiconductor chip 56 in the uppermost tier, 
and a press-bonded ball 90 is formed on the pad 66. A looping portion 86 into which 
the wire 12 is looped in an arc is formed from a starting end portion 86a on the 

press-bonded ball 90 side to an ending end portion 86b on the side of the pad 65 on the 
semiconductor chip 55 in the next tier. At the ending end portion 86b of the looping 
portion 86, a side surface of the wire 12 is pressed and bonded onto the pad 65 to form a 

bonding portion 75. Then, the wire 12 is again looped in an arc from a starting end 
portion 85a on the bonding portion 75 side to an ending end portion 85b on the side of 
the pad 64 on the semiconductor chip 54 in the next layer, forming an arc-shaped 

looping portion 85 heading from the starting end portion 85a on the pad 65 side to the 
ending end portion 85b on the pad 64 side. At the ending end portion 85b of the 

looping portion 85, a side surface of the wire 12 is pressed and bonded onto the pad 64 
to form a bonding portion 74. Likewise, a looping portion 84, a bonding portion 73, a 
looping portion 83, a bonding portion 72, a looping portion 82, and a bonding portion 

71 are sequentially formed, and finally the wire 12 is looped from the pad 61 onto an 
electrode 70 on the substrate 10, and bonded at its side surface onto the electrode 70 and 
then cut off. Thus, on the semiconductor device 100 in this embodiment, the pads 66 
to 61 on the semiconductor chips 56 to 51 and the electrode 70 on the substrate 10 are 

sequentially connected with the single common wire 12. 
[0020] In other words, as shown in FIG. 1, the semiconductor device 100 in this 

embodiment has the looping portions 86 to 82 and the bonding portions 75 to 71 formed 
alternately to sequentially connect the five pads 65 to 61 on the semiconductor chips 55 

to 51 in adjacent layers with the single wire 12. In the description of this embodiment, 

ball bonding is performed on the pad 66 on the semiconductor chip 56 in the uppermost 
tier to bond the wire 12 and the pad 66, but the bonding method is not limited to this. 

A side surface of the wire 12 may be bonded to the surface of the pad 66 as at the 

bonding portions 75 to 72. 
[0021] Next, with reference to FIGS. 2 to 4, details of the bonding portions 75 to 71, 
the ending end portions 86b to 82b of the looping portions 86 to 82, and the starting end 
portions 85a to 81a of the looping portions 85 to 81 on the semiconductor device 100 in 

this embodiment will be described. As shown in FIG 2, the bonding portions 75 to 71 
are in an oval flat-plate shape with thickness (height) Hi, and the ending end portions 
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86b to 82b of the looping portions 86 to 82 and the starting end portions 85a to 81a of 
the looping portions 85 to 81 extend obliquely upward from the longer-diameter ends of 
the bonding portions 75 to 71, respectively, and have a cross-sectional shape changing 

from a flat shape into a circle with diameter D. As shown in FIG. 2, the starting end 

portions 85a to 81a of the looping portions 85 to 81 extend obliquely upward at angle 0i 
with respect to the surface of the pads 66 to 61, and the thickness (height) of heel 

portions 75b to 71b is thickness (height) H2. 

[0022] As shown in FIG.3, the bonding portions 75 to 71 are formed by pressing a tip 
surface 16b of a capillary 16 against a side surface of the wire 12 as shown by arrow p 
in FIG 3, crushing the wire 12 with a circular section of diameter D into a circular or 
oval flat-plate shape with thickness (height) Hi. Thickness (height) Hi of the bonding 
portions 75 to 71 is a thickness (height) of about 1/4 to 1/2 of diameter D of the wire 12. 
The wire 12 is horizontally ultrasonicaily vibrated as shown by arrows q in lateral 

directions in FIG. 3 while being crushed into a flat shape with the tip surface 16b of the 
capillary 16. With this, metal-bonding portions 75a to 71a shown in FIG. 3 are formed, 

and the side surface of the wire 12 is metal-bonded onto the pads 65 to 61. 
[0023] As shown in FIG. 4, the side surface of the wire 12 is in contact with the 
surface of the pads 65 to 61 at portions adjacent to the metal-bonding portions 75a to 

71a of the bonding portions 75 to 71, and rises from the surface of the pads 65 to 61 at 
points 75c to 71c in FIG. 4, extending obliquely upward at angle 9i and connecting to 
the starting end portions 85a to 81a of the looping portions 85 to 81. Portions 
connecting from the bonding portions 75 to 71 through the points 75c to 71c to the 

starting end portions 85a to 81a of the looping portions 85 to 81 shown in FIG. 4 
constitute the heel portions 75b to 71b. The section of the heel portions 75b to 71b on 
the side of the bonding portions 75 to 71 is in a flat shape of 1/4 to 1/2 of diameter D of 
the wire 12 like the bonding portions 75 to 71, and changes into a circular 

cross-sectional shape with diameter D like the wire 12 toward the starting end portions 
85a to 81a. As shown in FIG. 4, thickness (height) H2 of the heel portions 75b to 71b 
at the points 75c to 71c is about 1/2 to 4/5 of diameter D of the wire 12, a thickness 

(height) of about twice the thickness (height) of the bonding portions 75 to 71. 
[0024] The bonding portions 75 to 71 are crushed only to thickness (height) H( of 1/4 
to 1/2 of diameter D of the wire 12, and thus have strength enough to connect to the heel 
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portions 75b to 71b. Thickness (height) H2 of the heel portions 75b to 71b is a 
thickness (height) that allows the wire 12 to connect from the heel portions 75b to 71b 

to the starting end portions 85a to 81a of the looping portions 85 to 81 without causing 
damage such as cracks during looping. Angle 0i of the heel portions 75b to 71b is 
preferably set to about 45 to 60°. Since the input voltage of an ultrasonic transducer is 

set to about 1.5 times that in normal second bonding to form the bonding portions 75 to 
71 as described below, the metal-bonding portions 75a to 71a are adequately formed 
even by a small amount of crushing, providing a sufficient bond strength between the 

side surface of the wire 12 and the pads 66 to 61, and thus preventing the wire 12 from 
coming off the pads 66 to 61 during looping. 

[0025] In the above-described embodiment, thickness (height) Hj of the bonding 
portions 75 to 71 has been described as 1/4 to 1/2 of diameter D of the wire 12, but is 
not limited to this, and can be 8/30 to 12/30 of diameter D of the wire 12, for example, 
or is more preferably 9/30 to 11/30 or about 1/3 of diameter D of the wire 12. 

Thickness (height) H2 of the heel portions 75b to 71b has been described as 1/2 to 4/5 of 
diameter D of the wire 12, but is not limited to this, and can be 16/30 to 24/30 of 
diameter D of the wire 12, for example, or is more preferably 18/30 to 22/30 or about 
2/3. 

[0026] Next, with reference to FIGS. 5 to 8, a process of manufacturing the 

semiconductor device 100 in the embodiment described with reference to FIGS. 1 to 4 
by a wire bonding apparatus 101 will be described. First, with reference to FIG. 5, the 

wire bonding apparatus 101 used for manufacturing the semiconductor device 100 will 

be described. In FIG. 5, signal lines are shown by dashed dotted lines. As shown in 
FIG. 5, the wire bonding apparatus 101 includes an XY table 20, a bonding head 19 
installed on the XY table 20, and a bonding stage 14 that fixes the substrate 10 by 

suction. A bonding arm 13 to be driven around a rotation center 28 by a Z-direction 

motor is attached to the bonding head 19. An ultrasonic horn 13b is attached to the 

distal end of the bonding arm 13. The distal end of the ultrasonic horn 13b is 
configured to move in an arc toward or away from the surface of the bonding stage 14. 
The distal end of the ultrasonic horn 13b moves in a Z direction, a vertical direction, in 
the vicinity of the surface of the bonding stage 14. An ultrasonic transducer 15 is 
attached to the root of the ultrasonic horn 13b, and is configured to ultrasonicaily 
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vibrate the capillary 16 attached to the distal end of the ultrasonic horn 13b. The XY 
table 20 and the bonding head 19 constitute a moving mechanism 18. The moving 

mechanism 18 can move the bonding head 19 to any position in a plane along the 
surface of the bonding stage 14 (in an XY plane) by the XY table 20, and can move the 

distal end of the ultrasonic horn 13b attached to the distal end of the bonding arm 13 
and the capillary 16 attached to the distal end of the ultrasonic horn 13b in XYZ 
directions as desired. 

[0027] As shown in FIG. 5, the wire bonding apparatus 101 performs detection of the 
position and control of the operation of each unit by a controller 31 having a CPU inside. 
The XY table 20 has a built-in XY position detection means that detects the 

XY-direction position of the bonding head 19. A capillary height detector 29 that 
detects the height in the Z direction of the tip of the capillary 16 by detecting the 
rotation angle of the bonding arm 13 around the rotation center 28 is provided to the 

bonding head 19. The capillary height detector 29 can be configured to directly detect 
the position of the distal end of the bonding arm 13 or the tip of the capillary 16 instead 
of detecting the rotation angle. The capillary height detector 29 can be of a 
non-contact type or of a contact type. 

[0028] A detection signal of the capillary height detector 29 is input via a capillary 
height detection interface 36 through a data bus 39 into the controller 31 including the 
CPU. The moving mechanism 18 including the XY table 20 and the bonding head 19, 
a clamper opening/closing mechanism 27, and the ultrasonic transducer 15 are 

connected via a moving mechanism interface 38, a clamper opening/closing mechanism 
interface 35, and an ultrasonic transducer interface 37, respectively, through the data bus 
39 to the controller 31. Each unit is configured to operate under a command from the 
controller 31. 

[0029] A storage unit 32 is connected to the data bus 39. In the storage unit 32, a 

control program 33 to control overall bonding control and control data 34 necessary for 

position detection processing and control command output operation performed by the 
controller 31 are stored. The controller 31, the data bus 39, the storage unit 32, and the 

interfaces 35 to 38 are integrated into a computer 30. 
[0030] A method of manufacturing the semiconductor device 100 shown in FIG. 1 by 
the wire bonding apparatus 101 configured as above will be described. As shown in 
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FIG. 5, the substrate 10 on which the semiconductor chips 56 to 51 of different sizes are 
stacked and fixed stepwise is fixed by suction to the surface of the bonding stage 14 by 

a die bonder unit or the like not shown (FIG. 1 shows the layers reduced in number). 
As shown in FIG. 6(a), the capillary 16 is positioned directly above the pad 66 on the 

semiconductor chip 56 in the uppermost tier, and the height of the tip is height CI. 
[0031] At time tl in FIG 6, the controller 31 starts ball bonding, lowering the capillary 

16 from height CI toward the pad 66 on the semiconductor chip 56 in the uppermost tier. 

The height of the capillary 16 is detected by the capillary height detector 29 shown in 
FIG. 5, and is input through the capillary height detection interface 36 into the controller 

31. When receiving a signal that the height of the capillary 16 has been lowered to 
height C3 at time t2 in FIG. 6, the controller 31 reduces a lowering speed of the 
capillary 16 and lowers the capillary 16 further, checking whether a free air ball 80 at 

the tip of the capillary 16 contacts the surface of the pad 66. When detecting a signal 
that the free air ball 80 has contacted the surface of the pad 66 with the capillary 16 at 

height C4 at time t3 in FIG. 6, the controller 3 lowers the capillary 16 further, pressing 
the free air ball 80 against the surface of the pad 66 to form the press-bonded ball 90. 
At the same time, the controller 31 energizes the ultrasonic transducer 15 shown in FIG 
5 to generate ultrasonic vibrations, ultrasonicaily vibrating the press-bonded ball 90 for 

a predetermined time with the capillary 16, and thereby metal-bonding it to the surface 
of the pad 66. For the detection of contact, for example, when a signal detected by the 

capillary height detector 29 does not change for a predetermined unit time, the free air 
ball 80 can be determined to be in contact. Alternatively, a voltage can be applied 

across the semiconductor chip 56 and the wire 12 to detect the flow of current across the 

semiconductor chip 56 and the wire 12. 
[0032] When the ball bonding is completed at time t4 in FIG. 6, the controller 31 starts 
second bonding as shown in FIGS. 6(c) and 6(d). The controller 31 raises the capillary 

16 to height C2, and then moves the tip of the capillary 16 in an arc toward the pad 65 
on the semiconductor chip 55 in the next tier to move the capillary 16 to directly above 

the pad 65, and at the same time lowers the capillary 16 to height C5. When the height 
of the capillary becomes C5 at time t5 in FIG. 6, the controller 31 reduces a lowering 
speed of the capillary 16, and lowers the capillary 16 further, checking whether a side 
surface of the wire 12 at the tip of the capillary 16 contacts the surface of the pad 65. 
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When detecting a signal that the side surface of the wire 12 has contacted the surface of 
the pad 65 with the capillary 16 at height C8 at time t6 in FIG. 6, the controller 31 

presses the tip surface 16b of the capillary 16 against the side surface of the wire 12 as 
shown in FIG. 3. The controller 31 detects the amount of sinking of the capillary 16, 

that is, the amount of crushing of the wire 12 by the capillary height detector 29 shown 
in FIG. 5, crushes the wire 12 by about 2/3 of diameter D of the wire 12, and presses the 

wire 12 until thickness (height) H| of the bonding portion 75 becomes about 1/3 of 

diameter D of the wire 12. When thickness (height) Hi of the bonding portion 75 
becomes about 1/3 of diameter D of the wire 12, pressing is stopped. Simultaneously 
with the pressing of the wire 12, the controller 31 energizes the ultrasonic transducer 15 
shown in FIG. 5 to generate ultrasonic vibrations, ultrasonicaily vibrating the bonding 
portion 75 for a predetermined time with the capillary 16, and thereby forming the 
metal-bonding portion 75a between the bonding portion 75 and the surface of the pad 

65. When the bonding portion 75 is formed at time t7 shown in FIG. 7, the pad 66 and 
the pad 65 are connected with the looping portion 86. The looping portion 86 has the 

starting end portion 86a on the pad 66 side and the ending end portion 86b on the pad 
65 side as described with reference to FIGS. 2 and 4, and the ending end 86b connects 
to the bonding portion 75. When the bonding portion 75 is formed, the second 

bonding to the pad 65 is completed. When the second bonding is completed, the wire 
12 inserted through a hole 16a of the capillary 16 extends substantially vertically 
upward from the pad 65 as shown in FIG. 3. 
[0033] When the second bonding to the pad 65 is completed, the controller 31 

performs looping to move the tip of the capillary 16 as shown in FIG. 8. The controller 

31 raises the capillary 16 vertically upward from the pad 65 to point a in FIG. 8 (a first 
raising step). Next, the controller 31 moves the capillary 16 obliquely downward in an 

arc from point a to point b shown in FIG. 8, that is, from the pad 65 toward the pad 64 to 

which bonding is performed next (a first obliquely moving step). Next, the controller 
31 raises the capillary 16 vertically from point b to point c (a second raising step). 

Upon moving the capillary 16 to point c, the controller 31 performs a reverse step. In 
the reverse step, the capillary 16 is moved obliquely downward in an arc from point c in 
a direction opposite to the next pad 64 to point d. Point d is a point at which an angle 
with respect to a line perpendicular to the pad 65 and passing through the bonding 
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portion 75 (the path of the capillary 16 in the first raising step) becomes 10 to 20°. 

When the capillary 16 is moved to point d, the wire 12 provided with a bend extends 

from the bonding portion 75 to the tip of the capillary 16 as shown in FIG. 7(e). Next, 
the controller 31 moves the capillary 16 obliquely upward along the path of the 

capillary 16 from point c to point d in the previous reverse step toward the next pad 64 
to position the capillary 16 at point e directly above the pad 65 (a second obliquely 

moving step). Then, the controller 31 raises the capillary 16 vertically again from 

point e to point f (a third raising step). Thereafter, the controller 31 moves the 
capillary 16 in an arc from point f to point g directly above the pad 64. Thus, by 
moving the capillary 16 from the pad 65 as in the first raising step, the first obliquely 

moving step, the second raising step, the reverse step, the second obliquely moving step, 

and the third raising step, then moving the capillary 16 in an arc to point g directly 
above the pad 64, the heel portions 75b to 71b and the starting end portion 85a of the 

looping portion 85 in a shape as described with reference to FIGS. 2 and 4 are formed. 
In particular, in the reverse step, by moving the capillary 16 to point d at which an angle 
with respect to a line perpendicular to the pad 65 and passing through the bonding 
portion 75 (the path of the capillary 16 in the first raising step) becomes 10 to 20°, 
thickness (height) H2 of the heel portion 75b and obliquely upward angle 9| of 45 to 60° 

are formed. 
[0034] When the capillary 16 is lowered to height C9 at time t8 shown in FIG. 7, as in 

the earlier formation of the bonding portion 75 to the pad 65, the controller 31 reduces 
the lowering speed of the capillary 16, and performs a checking operation to detect 
whether a side surface of the wire 12 at the tip of the capillary 16 contacts the pad 64. 
When detecting a signal that the side surface of the wire 12 has contacted the surface of 

the pad 64 with the capillary 16 at height C10 at time t9 in FIG. 7, the controller 31 
presses the tip surface 16b of the capillary 16 against the side surface of the wire 12 as 

shown in FIG 3. While controlling the amount of sinking of the capillary 16 by the 
capillary height detector 29, the controller 31 presses the wire 12 until thickness 
(height) Hi of the bonding portion 74 becomes about 1/3 of diameter D of the wire 12, 
and at the same time energizes the ultrasonic transducer 15 to generate ultrasonic 
vibrations, ultrasonicaily vibrating the bonding portion 74 for a predetermined time with 
the capillary 16, thereby forming the metal-bonding portion 74a between the bonding 

12 



portion 74 and the surface of the pad 64. When the bonding portion 74 is formed at 
time tlO in FIG. 7, the pad 65 and the pad 64 are connected with the looping portion 85 
having the starting end portion 85a and the ending end portion 85b. When the bonding 

portion 74 is formed, the second bonding to the pad 64 is completed. 
[0035] When the second bonding to the pad 64 is completed at time tlO in FIG. 7, as in 
the connection between the pad 65 and the pad 64 described earlier, as shown in FIGS. 

7(g) and 7(h), the controller 31 moves the capillary 16 from the pad 64 in a path from 
points a to f shown in FIG. 8, and then loops the capillary 16 toward the pad 63. When 
the capillary 16 is at height Cll at time til in FIG. 7, the controller 31 reduces the 
lowering speed of the capillary 16, and lowers the capillary 16 until a side surface of the 
wire 12 contacts the surface of the pad 63 while performing checking. When detecting 

contact at time tl2 in FIG. 7, the controller 31 presses the wire 12 against the pad 63 
while detecting the height of the capillary 16 by the capillary height detector 29, and at 
the same time applies a voltage to the ultrasonic transducer 15, ultrasonicaily vibrating 

the bonding portion 73, and thereby forming the metal-bonding portion 73a shown in 
FIG. 3. 
[0036] Subsequently, the pad 63 and the pad 62, and the pad 62 and the pad 61 are 

sequentially connected with the single common wire 12 in the same manner, When 
second bonding to the pad 61 is completed, the controller 31 loops the capillary 16 
toward the electrode 70 on the substrate 10, performs normal second bonding onto the 

electrode 70 on the substrate 10, then raises the capillary 16, then closes a clamper 17 
shown in FIG. 5 and raises the capillary 16 further, cutting off the wire 12, and 

completes bonding of the single wire 12, Here, in the normal second bonding to the 

electrode 70 on the substrate 10, in order to allow smooth cutting of the wire 12, the 
amount of crushing of the wire 12 is twice or more the amount of crushing of the wire 

12 during the formation of the bonding portions 75 to 71, and the pressing load is also 

much greater than the pressing load during the formation of the bonding portions 75 
to71. In contrast, the greater pressing load allows adequate metal-bonding between the 

wire 12 and the electrode 70 even under fewer ultrasonic vibrations. Thus, a voltage 
applied to the ultrasonic transducer 15 is smaller than the voltage during the formation 

of the bonding portions 75 to 71, and is about 1/1.5, for example. 
[0037] In this embodiment described above, the amount of crushing of the wire 12 is 
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smaller, about half the amount of crushing during normal second bonding in which the 
wire 12 is cut off after bonding to form a wire tail, and the pressing load to the wire 12 

is smaller. Thus, direct bonding of the side surface of the wire 12 to the surface of the 
pads 65 to 61 on the semiconductor chips 55 to 51 causes less damage to the 

semiconductor chips 55 to 51. Further, application of ultrasonic vibrations is 
performed by applying a voltage about 1.5 times that during the normal second bonding 
to the ultrasonic transducer 15, allowing the metal-bonding portions 75a to 71a shown 

in FIG. 3 to be adequately formed even under a smaller pressing load, and ensuring the 
bond strength between the wire 12 and the pads 65 to 61. Further, by setting thickness 
(height) H[ of the bonding portions 75 to 71 to a thickness (height) of about 1/3 of 

diameter D of the wire 12, the ending end portions 86b to 82b of the looping portions 86 
to 82 and the starting end portions 85a to 81a of the looping portions 85 to 81 smoothly 

connect to the bonding portions 75 to 71 without causing cracks or the like. Thus, by 
favorably bonding the side surface of the wire 12 to the pads 65 to 61, the pads 65 to 61 

can be connected with the single wire 12. 
[0038] In the description of this embodiment, the amount of crushing of the wire 12 is 
controlled by detecting the height of the capillary 16 by the capillary height detector 29 
to make the height of the bonding portions 75 to 71 about 1/3 of diameter D of the wire 

12. Alternatively, with the relationship between the pressing load and the amount of 
crushing of the wire 12 mapped with diameter D or material of the wire 12, the amount 
of crushing of the wire 12 can be controlled by detecting the pressing load of the 
capillary 16 to make the height of the bonding portions 75 to 71 about 1/3 of diameter D 

of the wire 12. In this case also, the pressing load can be made lower than that in the 
normal second bonding, thus reducing damage to the semiconductor chips 55 to 51. 
[0039] As described above, the wire bonding method in this embodiment allows 

connecting of the common wire 12 with a smaller bonding count while reducing 
damage to the semiconductor chips 55 to 51, and thus allows efficient manufacturing of 
the semiconductor device 100. Further, the semiconductor device 100 of the present 

invention has the pads 65 to 61 on the semiconductor chips 55 to 51 sequentially 
connected with the single wire 12, thus forming a single metal-bonded surface between 
the pads 65 to 61 and the wire 12. Consequently, the continuity resistance between the 
pads 65 to 61 and the common wire 12 is reduced compared to the case where bumps 
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are formed on the pads 65 to 61 for bonding. This allows a reduction in electrical 

connection resistance between the pads 65 to 61 to provide a highly reliable 
semiconductor device. 

[0040] Next, another embodiment of the present invention will be described with 
reference to FIG. 9. The same portions as those in the embodiment described earlier 

with reference to FIGS. 1 to 8 are denoted by the same reference numerals and will not 

be described. In the embodiment described earlier with reference to FIGS, 1 to 8, the 
pads 66 to 61 on the semiconductor chips 56 to 51 have been described as having a 

shape protruded from the surface of the respective semiconductor chips 56 to 51. 
Alternatively, pads 66 to 61 on semiconductor chips 56 to 51 can be recessed portions 

recessed below the surface of the semiconductor chips 56 to 51. When a side surface 
of a wire 12 is pressed against the pads 65 to 61 in such a recessed shape to form 
bonding portions 75 to 71, it is necessary to prevent the tip surface 16b of the capillary 

16 shown in FIG. 3 from hitting the surface of the semiconductor chips 55 to 51. In 
this case, the amount of sinking of the capillary 16 during bonding is controlled, so that 

thickness (height) Hi of the bonding portions 75 to 71 becomes higher than recess depth 
Di of the pads 65 to 61. When recess depth Di is greater than about 1/3 of diameter D 
of the wire 12, thickness (height) Hi of the bonding portions 75 to 71 is greater than 1/3. 

Therefore, in order to ensure the bond strength of metal-bonding portions 75a to 71a of 
the bonding portions 75 to 71, a voltage input to the ultrasonic transducer 15 can be 
made greater. Other than the above respect, this embodiment is the same as the 

semiconductor device 100 described with reference to FIGS. 1 to 8, and its 

manufacturing process is also the same. 
[0041] In addition to the effects of the embodiment described earlier, this embodiment 

has an effect of allowing bonding to be performed in a short time even when the pads 65 
to 61 are recessed below the surface of the semiconductor chips 55 to 51 because the 
side surface of the wire 12 can be directly bonded to the surface of the pads 65 to 61 

without previously forming bumps also on the pads 65 to 61 recessed from the surface 
of the semiconductor chips 55 to 51 because the bond strength between the wire 12 and 
the pads 65 to 61 can be provided even when the pads 65 to 61 are recessed below the 

surface of the semiconductor chips 55 to 51. 
[0042] The present invention is not limited to the embodiments described above, and 
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includes ali alterations and modifications without departing from the technical scope or 

essence of the present invention defined by the claims. 

REFERENCE SIGNS LIST 
[0043] 10: substrate 

12: wire 

13: bonding arm 
13b: ultrasonic horn 
14: bonding stage 

15: ultrasonic transducer 

16: capillary 
16a: hole 
16b: tip surface 
17: clamper 

18: moving mechanism 
19: bonding head 

20: XY table 
27: clamper opening/closing mechanism 

28: rotation center 
29: capillary height detector 

30: computer 

31: controller 

32: storage unit 
33: control program 

34: control data 
35: clamper opening/closing mechanism interface 

36: capillary height detection interface 

37: ultrasonic transducer interface 

38: moving mechanism interface 

39: data bus 
51 to 56: semiconductor chip 
61 to 66: pad 
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70: electrode 
71 to 75: bonded portion 

71a to 75a: metal-bonded portion 
71b to 75b: heel portion 
71c to 75c: point 

80: free air ball 
81 to 86: looping portion 
81a to 86a: starting end portion 
86b to 82b: ending end portion 
90: press-bonded ball 
100: semiconductor device 

101: wire bonding apparatus 
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CLAIMS 

1. A method of manufacturing a semiconductor device: 

a bonding step of pressing a side surface of a wire against a first electrode with 

a capillary and bonding the side surface of the wire to the first electrode; and 

a looping step of looping the wire onto a second electrode with the capillary 

after the bonding step, 

the bonding step and the looping step being repeated alternately to sequentially 

connect three or more electrodes on semiconductor chips and a substrate with the 

common wire, 

the looping step comprising: 

a first raising step of raising the capillary vertically from the first 

electrode after the bonding step; 

a first obliquely moving step of moving the capillary obliquely 

downward toward the second electrode after the first raising step; 

a second raising step of raising the capillary vertically again after the 

first obliquely moving step; 

a reverse step of moving the capillary obliquely downward in a 

direction opposite to the second electrode after the second raising step; 

a second obliquely moving step of moving the capillary obliquely 

upward to directly above the first electrode after the reverse step; 

a third raising step of raising the capillary vertically again after the 

second obliquely moving step; and 

an arcuately moving step of moving the capillary in an arc to directly 

above the second electrode after the third raising step. 

2. The method of manufacturing the semiconductor device according to claim 1 

wherein, 

in the bonding step, the common wire is crushed to a thickness of 1/4 to 1/2 of 

its diameter with the capillary to be made into a flat shape, and at the same time the 

common wire is ultrasonicaily vibrated to be bonded to each of the electrodes. 
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3. The method of manufacturing the semiconductor device according to claim 1, 

wherein in the reverse step, the capillary is moved to a point at which an angle with 

respect to a line perpendicular to the electrode and passing through the bonded portion 

becomes 10 to 20°. 

4. The method of manufacturing the semiconductor device according to claim 1, 

wherein 

at least one of the electrodes is a pad recessed from the surface of the 

semiconductor chip, and 

in the bonding step, the common wire is crushed with the capillary to a 

thickness greater than the recess depth of the pad to be made into in a flat shape, and at 

the same time, the common wire is ultrasonicaily vibrated to be bonded to the pad. 
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