
DESCRIPTION 

Title of Invention 

WIRE-BONDING APPARATUS AND METHOD OF MANUFACTURING 

SEMICONDUCTOR DEVICE 

TECHNICAL FIELD 

[0001] 

The present invention relates to a wire-bonding apparatus 

capable of performing wire bonding using a capillary, and a 

method of manufacturing a semiconductor device. 

BACKGROUND ART 

[0002] 

A wire-bonding apparatus is used for connecting between 

a lead of a substrate and a pad of a chip with a fine wire, for 

example. 	The wire bonding is performed in the following manner. 

Specifically, a wire along with a tool for wire bonding is caused 

to move down toward a lead. 	The wire and the tool are first 

moved down at high speed, and then slowed down when they come 

closer to the lead. 	The low-speed lowering at this time is 

referred to as first searching (1'st searching) . 	Then, the wire 

is pressed against the lead by a tip of the tool, and the wire 

and the lead are bonded while ultrasonic vibration is applied. 

This bonding is referred to as first bonding (1'st bonding). 

After the first bonding, the tool is moved upward to feed the 
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wire and moved above a pad while forming an appropriate loop. 

When the tool comes above the pad, the tool is moved down. 	The 

wire is first moved down at high speed, and then slowed down 

when it comes closer to the pad. 	The low-speed lowering at this 

time is referred to as second searching (2' nd searching) . 	Then, 

the wire is pressed against the pad by the tip of the tool, and 

second bonding (2'nd bonding) is performed by bonding the wire 

and the pad while ultrasonic vibration is applied. 	After the 

second bonding, the tool is moved upward while the movement of 

the wire is stopped by a wire clamper to cause the wire to be 

disconnected at the second bonding point. 	Repeating this, a 

plurality of leads of a substrate and of a plurality of pads 

of a chip are connected. 	Note that, heating may be performed 

appropriately during the first bonding and the second bonding. 

Moreover, the first bonding may be performed to the pads, and 

the second bonding may be performed to the leads. 

[0003] 

As described above, 	in the wire bonding, two bonding 

including the first bonding and the second bonding are performed. 

Unfortunately, 	however, 	there is a case in which the first 

bonding or the second bonding is not normally performed. 

Further, there may be a case in which, as the first bonding is 

insufficient, the wire is separated from the lead at the stage 

of the loop formation before the second bonding. 	There may also 

be a case in which the wire is disconnected in the middle of 
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the loop formation even if the first bonding has been normally 

performed. 	These phenomena are collectively referred to as 

nonsticking, and detection of such nonsticking is required to 

be performed at an early stage. 	In order to detect nonsticking, 

a voltage or a current is applied between a side of the substrate 

and a side of the wire of the tool, and nonsticking is determined 

based on whether or not a resistance component, a diode 

component, and a capacitance component between these sides are 

normal 	(e.g., 	PTLs 	1 and 2) . 

[0004] 

Known methods of wire bonding include a ball bonding 

method and a wedge bonding method. 

[0005] 

In the ball bonding method, a gold wire or the like with 

which a FAB (Free Air Ball) may be formed by high-voltage spark 

or the like is used, and a capillary having a chamfer portion 

rotationally symmetric about an axis along a longitudinal 

direction at its tip is used as a tool. 	Here, in order to make 

the FAB to be a directionless spherical shape regardless of a 

direction in which a tip of the wire faces, it is proposed to 

use a high-voltage discharge electrode in a ring shape so as 

to encircle the tip of the wire 	(e.g., 	PTL 3) . 

[0006] 

In the wedge bonding method, an aluminum wire or the like 

is used and any FAB is formed, and a tool for wedge bonding having 
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a wire feed guide and a pressing surface at its tip is used as 

a tool for bonding instead of a capillary. 	In the wedge bonding, 

at the tip of the tool, the wire is fed along the wire feed guide 

at an angle on a side of the pressing surface, and a side surface 

of the wire is pressed against a bonding target with the pressing 

surface so as to perform bonding. 	Therefore, the wire projects 

laterally from the pressing surface by the tip of the tool, and 

the tip of the tool is not rotationally symmetric about the axis 

along a longitudinal direction 	(e.g., 	PTL 4) . 

[0007] 

As the tip of the tool for wedge bonding is not 

rotationally symmetric, there is a case in which a direction 

of the wire feed guide may not be aligned with a direction of 

connection of the wire as it is depending on the arrangement 

of the pads and the leads. 	Accordingly, a bonding head that 

holds the tool is configured as a rotary type 	(e.g., 	PTL 5) , 

or a bonding stage that holds the bonding target is rotated. 

Thus, there is proposed a method of using a capillary having 

a rotationally symmetric tip, and of pressing the side of the 

wire with the tip of the capillary to perform bonding (e.g., 

PTL 	6) . 

Citation List 
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[0008] 
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SUMMARY OF INVENTION 

Technical Problems 

[0009] 

In the wedge bonding method, an aluminum wire whose 

stretching property is smaller than that of a gold wire. 

Therefore, in a case in which wire bonding at a first bonding 

point is normally, wire bonding at a second bonding point 

performed subsequently is insufficient and makes a wire 

nonsticking, and then wire disconnection is performed while the 

wire is clamped, the wire can be possibly disconnected at a loop 

between the first bonding point and the second bonding point. 

[0010] 

It is possible to determine whether or not a wire is 

nonsticking or disconnected based on a response of an 

application of an electrical signal applied between a bonding 

target and the wire. 	However, considering a case in which the 
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wire is disconnected at a loop between the first bonding point 

and the second bonding point before determining whether or not 

the wire is nonsticking in the wire bonding at the second bonding 

point, this case is the same as the case in which the wire bonding 

at the second bonding point is normally performed and the wire 

is disconnected normally at the second bonding point in that 

power is not conducting between the bonding target and the wire. 

Therefore, by making the determination on whether or not the 

wire is nonsticking or disconnected after the bonding at the 

second bonding point, the case in which the bonding at the second 

bonding point ends up nonsticking and the wire is disconnected 

at a loop between the first bonding point and the second bonding 

point shall be erroneously determined to be the case in which 

the bonding at the second bonding is normal and the wire is 

disconnected normally. 

[0011] 

When the bonding at the second bonding point ends up 

nonsticking and the wire is disconnected at a loop between the 

first bonding point and the second bonding point, a long wire 

projects from a tip of a tool for bonding. 	If this state is 

erroneously determined to be the case in which the wire bonding 

at the second bonding point normal, the next bonding is going 

to be performed in this state without any change. 	In other words, 

wire bonding at a next first bonding point is going to be 

performed in a state in which a long wire projects from the tip 
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of the tool for bonding, and a defective product shall be 

produced. 	Thus, making erroneous determination on whether or 

not the bonding at the second bonding point is normal 

contributes to defective products. 

[0012] 

An object of the present invention is to provide a 

wire-bonding apparatus and a method of manufacturing a 

semiconductor device, both capable of making correct 

determination on whether or not bonding at a second bonding 

point is normal. 

Solution to Problems 

[0013] 

A wire-bonding apparatus according to the present 

invention includes: a capillary through which a wire is 

inserted; an annular wire projecting length detection ring 

disposed coaxially with the capillary; and a projecting length 

determination unit configured to determine whether or not a 

projecting length of the wire projecting from the tip of the 

capillary is appropriate based on detection on whether or not 

power is conductive when a predetermined inspection voltage is 

applied between the wire and the wire projecting length 

detection ring. 

[0014] 

Further, it is preferable that the wire-bonding apparatus 

according to the present invention be configured such that a 
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predetermined inspection high voltage is applied between the 

wire and the wire projecting length detection ring to detect 

a presence of a discharge spark, if the power has been detected 

to be non-conductive when the predetermined inspection voltage 

is applied between the wire and the wire projecting length 

detection ring. 

[0015] 

It is also preferable that the wire-bonding apparatus 

according to the present invention be configured such that the 

projecting length determination unit: previously obtains a 

relation regarding detection among the projecting length of the 

wire, the inspection high voltage, and the presence of a spark; 

sets the inspection high voltage according to a bonding 

condition for wire bonding; and determines whether or not the 

projecting length of the wire is suitable for the bonding 

condition. 

[0016] 

It is also preferable that the wire-bonding apparatus 

according to the present invention further includes: a 

disconnection determination unit configured to apply a 

predetermined electrical signal and to determine whether or not 

the wire is disconnected based on a response of the application 

of the predetermined electrical signal, the predetermined 

electrical signal being applied between a bonding target and 

the wire in a clamped state after an operation of disconnecting 
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the wire from a second bonding point is performed by moving the 

capillary while the wire is in the clamped state after wire 

bonding at the second bonding point is performed subsequent to 

wire bonding at a first bonding point, and is configured such 

that when the disconnection determination unit has determined 

that the wire is disconnected, the projecting length 

determination unit determines whether or not the projecting 

length of the wire is appropriate, and when the projecting 

length of the wire has been determined to be inappropriate, 

outputs an abnormal signal determining that bonding at the first 

bonding point has not been performed and that the wire has been 

disconnected between the first bonding point and the second 

bonding point. 

[0017] 

It is also preferable that the wire-bonding apparatus 

according to the present invention further includes: a 

preliminary bonding unit configured to, when the projecting 

length of the wire has been determined to be inappropriate, make 

a disconnected tip portion of the wire be an appropriate 

projecting length using a previously determined preliminary 

bonding point. 

[0018] 

It is also preferable that the wire-bonding apparatus 

according to the present invention be configured such that the 
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wire bonding at the first bonding point and the second bonding 

point is performed according to a wedge bonding method. 

[0019] 

In addition, a method of manufacturing a semiconductor 

device according to the present invention includes: a first wire 

bonding step of bonding a wire to a first bonding target at a 

first bonding point of wire bonding using a capillary through 

which the wire is inserted, the bonding being performed 

according to a wedge bonding method; a second wire bonding step 

of feeding the wire by a predetermined wire length from the first 

bonding point after the wire bonding at the first bonding point, 

and bonding the wire to a second bonding target at a second 

bonding point of the wire bonding; a movement step of, after 

the wire bonding at the second bonding point, moving the 

capillary through which the wire is inserted while the wire is 

clamped to disconnect the wire from the second bonding point; 

a disconnection determination step of applying a predetermined 

electrical signal between the second bonding target and the wire 

after the capillary has been moved to disconnect the wire, and 

determining whether or not the wire is disconnected based on 

a response of the application of the predetermined electrical 

signal; a projecting length determination step of determining 

whether or not the projecting length of the wire projecting from 

the tip of the capillary is appropriate when the wire has been 

determined to be disconnected, the determination being made 
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based on detection on whether or not power is conductive when 

a predetermined inspection voltage is applied between the wire 

and an annular wire projecting length detection ring disposed 

coaxially with the capillary; and an output step of, when the 

projecting length of the wire has been determined to be 

inappropriate, outputting an abnormal signal determining that 

bonding at the second bonding point has not been performed and 

that the wire has been disconnected between the first bonding 

point and the second bonding point. 

[0020] 

It is also preferable that the method of manufacturing 

a semiconductor device according to the present invention a 

predetermined inspection high voltage is applied between the 

wire and the wire projecting length detection ring to detect 

a presence of a discharge spark, if the power has been detected 

to be non-conductive when the predetermined inspection voltage 

is applied between the wire and the wire projecting length 

detection ring. 

[0021] 

It is also preferable that the method of manufacturing 

a semiconductor device according to the present invention 

further include a preliminary bonding step of making a 

disconnected tip portion of the wire be an appropriate 

projecting length using a previously determined preliminary 
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bonding point when the projecting length of the wire has been 

determined to be inappropriate. 

Advantageous Effects of Invention 

[0022] 

According to a wire-bonding apparatus and a method of 

manufacturing a semiconductor device of the present invention, 

it is possible to make correct determination on whether or not 

bonding at a second bonding point is normal. 

BRIEF DESCRIPTION OF DRAWINGS 

[0023] 

Fig. 1 is a configuration diagram of a wire-bonding 

apparatus according to an embodiment of the present invention. 

Fig. 2 is a diagram illustrating a disconnection 

determination circuit of the wire-bonding apparatus according 

to the embodiment of the present invention. 

Fig. 	3 illustrates a case in which erroneous 

determination on whether or not wire bonding at a second bonding 

point is normal can be made in the wire-bonding apparatus and 

a wire-bonding method according to the embodiment of the present 

invention. 

Fig. 4 illustrates that the erroneous determination in 

Fig. 3 easily occurs when a short and low loop is formed in wire 

bonding. 
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Fig. 5 illustrates that the erroneous determination in 

Fig. 3 does not easily occur when a long and high loop is formed 

in wire bonding as compared to Fig. 	4. 

Fig. 	6 is a diagram illustrating a projecting length 

determination circuit of the wire-bonding apparatus according 

to the embodiment of the present invention. 

Fig. 7 is a chart showing a relation regarding detection 

between a projecting length of a wire, an inspection high 

voltage, and presence of a spark in the wire-bonding apparatus 

according to the embodiment of the present invention. 

Fig. 8 is a flowchart showing steps of wire bonding as 

a method of manufacturing a semiconductor device according to 

the embodiment of the present invention. 

	

Fig. 	9 is a view illustrating that nonsticking 

determination for a second bonding point is performed by three 

steps including determination of disconnection of a wire, 

detection on whether or not power is conducting, and detection 

on whether or not a discharge spark is present in the flowchart 

of 	Fig. 	8. 

Fig. 10 is a view illustrating that no discharge spark 

is produced when wire bonding at the second bonding point is 

normal in the flowchart of Fig. 	8. 

Fig. 11 is a view illustrating that a discharge spark is 

produced when the projecting length of the wire is not 

appropriate in the flowchart of Fig. 	8. 
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Fig. 12 is a view illustrating that preliminary bonding 

is performed at a preliminary bonding point in the wire-bonding 

apparatus according to the embodiment of the present invention. 

Fig. 13 is a view illustrating that a capillary is moved 

immediately above the preliminary bonding point. 

Fig. 	14 is a view illustrating that the preliminary 

bonding is performed after the state shown in Fig. 13. 

Fig. 15 is a view illustrating that the wire is 

disconnected at the preliminary bonding point after the state 

shown in Fig. 	14. 

DESCRIPTION OF EMBODIMENT 

[0024] 

Hereinafter, an embodiment according to the present 

invention will be described with reference to the drawings. 	In 

the following description, as target objects of wire bonding, 

a lead of a circuit board is taken as a first bonding point, 

and a pad of a chip is taken as a second bonding point. 	However, 

this is exemplification for explanation, and the first bonding 

point can be a pad of the chip, and the second bonding point 

can be a lead of the circuit board. 	Both of the first bonding 

point and the second bonding point can be pads of the chip, or 

both of the first bonding point and the second bonding point 

can be leads of the circuit board. 	The pads and the leads are 

examples of a target object to which the wire is bonded, and 
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the target object can take a different form. 	Further, examples 

of the target object of bonding include, in addition to the chip, 

a general electronic component such as a resistor chip or a 

capacitor chip, and the circuit board can be an epoxy resin 

substrate or the like, 	or a lead frame or the like. 

[0025] 

Dimensions and materials described below are 

exemplification for explanation, and can be altered 

appropriately according to specification of a wire-bonding 

apparatus. 

[0026] 

In the following description, a single component and its 

corresponding components are denoted by the same reference 

numeral throughout the drawings, and repetitive descriptions 

shall be omitted. 

[0027] 

Fig. 1 is a configuration diagram of a wire-bonding 

apparatus 10. 	The wire-bonding apparatus 10 employs a 

capillary 28 as a tool for wire bonding and an aluminum wire 

as a wire 30, and connects two bonding targets with the wire 

30 according to a wedge bonding method. 	In Fig. 1, a chip 6 

and a circuit board 8 as the bonding targets are illustrated, 

although these are not included in the components of the 

wire-bonding apparatus 10. 	Note that, as used herein according 

to the embodiment of the present invention, the wedge bonding 
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method refers to a bonding method that performs bonding using 

ultrasonic waves or a pressure without forming an FAB at a tip 

of the wire. 

[0028] 

The wire-bonding apparatus 10 is configured including a 

bonding stage 14 held on a mount 12, an XY stage 16, and a computer 

60. 

[0029] 

The bonding stage 14 is a bonding target supporting stage 

on which the chip 6 and the circuit board 8 as the two bonding 

targets are placed. 	The bonding stage 14 is movable with 

respect to the mount 12 when the circuit board 8 or the like 

are placed or discharged, but not movable with respect to the 

mount 12 during bonding. 	As the bonding stage 14, a metallic 

moving table can be used. 	The bonding stage 14 is connected 

to a reference potential, 	such as a ground potential of the 

wire-bonding apparatus 10. 	The bonding stage 14 is connected 

to a grounding terminal of a nonsticking determination circuit 

36 that will be later described. 	If the bonding stage 14 is 

required to be insulated from the chip 6 or the circuit board 

8, an insulation treatment is applied to a portion of the bonding 

stage 14 that is required to be insulated. 

[0030] 

The chip 6 is an electronic circuit in which a silicon 

substrate and a transistor and the like are integrated. 	As an 
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electronic circuit, input terminals, output terminals, and the 

like are pulled out as a plurality of pads (not depicted) on 

an upper surface of the chip 6. 	A lower surface of the chip 

6 is a back surface of the silicon substrate, and constituted 

as a grounding electrode of the electronic circuit. 

[0031] 

The circuit board 8 is configured such that a desired 

wiring is patterned on an epoxy resin substrate, and includes 

a chip pad (not depicted) that electrically and mechanically 

connects and fixes the lower surface of the chip 6, a plurality 

of leads (not depicted) disposed around the chip pad, and the 

input terminals and the output terminals of the circuit board 

pulled out from the chip pad and the plurality of leads. 	Wire 

bonding is performed by connecting the pads of the chip 6 and 

the leads of the circuit board 8 with the wire 30. 

[0032] 

A lead clamper 50 provided for the bonding stage 14 is 

a flat-plate member having an opening in its center and supports 

the circuit board 8 . 	The lead clamper 50 fixes the circuit board 

8 to the bonding stage 14 by holding the circuit board 8 around 

a peripheral edge of the opening, while the lead of the circuit 

board 8 and the chip 6 to be connected by wire bonding are 

positioned in the opening in the center. 

[0033] 
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As will be described later, when the wire 30 is 

disconnected with an inappropriate projecting length, 

preliminary bonding is performed for the next step. 

[0034] 

The XY stage 16 is a moving table provided with a bonding 

head 18, and configured to move the bonding head 18 to a desired 

position in an XY plane with respect to the mount 12 and the 

bonding stage 14. 	The XY plane is a plane parallel to an upper 

surface of the mount 12. 	A Y direction is parallel to a 

longitudinal direction of an ultrasonic transducer 24 attached 

to a bonding arm (not depicted) that will be later described. 

Fig. 1 shows an X direction and the Y direction, as well as a 

Z direction that is perpendicular to the XY plane. 

[0035] 

The bonding head 18 is fixed to and provided for the XY 

stage 16. 	The bonding head 18 is a moving mechanism including 

a Z motor 20, and configured to move the capillary 28 in the 

Z direction, by controlling rotation of this motor, through a 

Z-drive arm 22 and the ultrasonic transducer 24. 	As the Z motor 

20, 	a linear motor can be used. 

[0036] 

To the Z-drive arm 22, the ultrasonic transducer 24 and 

a wire clamper 32 are attached. 	The Z-drive arm 22 is a member 

that is rotatable about a rotation center provided for the 

bonding head 18 by controlling rotation of the Z motor 20. 	The 
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rotation center provided for the bonding head 18 is not 

necessarily an output axis of the Z motor 20, and is set at a 

position where a rotational load is reduced considering a 

position of a gravity center as a whole including the Z-drive 

arm 22, the ultrasonic transducer 24, and the wire clamper 32. 

[0037] 

The ultrasonic transducer 24 is an elongated stick-like 

member configured such that a base portion of the ultrasonic 

transducer 24 is attached to the Z-drive arm 22, and the 

capillary 28 through which the wire 30 is inserted is attached 

to a tip portion of the ultrasonic transducer 24. 	To the 

ultrasonic transducer 24, the ultrasonic transducer unit 26 is 

attached, and the ultrasonic transducer 24 transmits ultrasonic 

energy produced by driving an ultrasonic transducer unit 26 to 

the capillary 28. 	Therefore, the ultrasonic transducer 24 is 

configured in a horned shape that is tapered to the tip so that 

ultrasonic energy from the ultrasonic transducer unit 26 can 

be efficiently transmitted to the capillary 28. 	As the 

ultrasonic transducer unit 26, a piezoelectric device can be 

used. 

[0038] 

The capillary 28 is a bonding tool in a conical body with 

a flat tip surface and having a through hole in its center through 

which the wire 30 can be inserted along its longitudinal 

direction. 	As the capillary 28, a ceramic capillary used in 
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ball bonding can be used as it is. 	The capillary used in ball 

bonding has a corner portion in an appropriate shape called 

chamfer on a side of the tip surface in the through hole so as 

to be able to easily hold an FAB. 	In the wedge bonding method 

according to this embodiment, the capillary for ball bonding 

is used. 	The capillary has a flat surface called a face at a 

lower surface on the side of the tip surface in the through hole 

of this capillary. 	The face constitutes a pressing surface when 

wedge bonding is performed by the wire-bonding apparatus 10. 

[0039] 

At a tip portion of a tool for wedge bonding, a wire feed 

guide inclined with respect to its longitudinal direction and 

a pressing surface for pressing a side surface of the wire are 

provided. 	Therefore, 	the wire projects laterally in a 

direction along the direction of the wire feed guide, instead 

of in a manner rotationally symmetric about an axis along the 

longitudinal direction of the tool. 	If such a tool for wedge 

bonding is used, there is a case in which the direction of the 

wire feed guide does not match the direction in which the wire 

is to be bonded depending on positions of the leads and the pads. 

[0040] 

For example, if the chip 6 is mounted at a central portion 

of the circuit board 8, the plurality of pads are arranged along 

a peripheral end of the chip 6, and the plurality of leads are 

provided for the circuit board 8 so as to encircle around the 
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chip 6, the connecting direction of the wire between a lead and 

a pad varies each time when wire bonding is performed a plurality 

of times. 	In order to align the direction of the wire feed guide 

with the connecting direction of the wire, 	it is necessary 

either to cause the tool for wedge bonding to be rotate around 

the axis along the longitudinal direction, 	or to rotate the 

circuit board 8. 

[0041] 

By contrast, as the face of the capillary 28 on the side 

of the tip surface is rotationally symmetrical about the axis 

of the capillary 28 along the longitudinal direction, even if 

the connecting direction of the wire between a lead and a pad 

varies each time of wire bonding, it is sufficient to perform 

a shaping operation for slightly changing the direction of the 

wire 30 projecting from the tip of the capillary 28. 

Accordingly, the capillary 28 is used in wedge bonding. 

[0042] 

The wire 30 inserted through the capillary 28 is an 

aluminum fine wire. 	The wire 30 is wound around a wire spool 

33 provided at a tip of a wire holder extending from the bonding 

head 18, and inserted into the through hole in the center of 

the capillary 28 from the wire spool 33 via the wire clamper 

32. 	The wire 30 then projects from the tip of the capillary 

28. 	Examples of a material of the wire 30 include a fine wire 

in which silicon, magnesium, and such are appropriately mixed, 
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in addition to a pure aluminum fine wire. 	A diameter of the 

wire 30 can be selected depending on the bonding target. 	One 

example of the diameter of the wire 30 is 30 pm. 

[0043] 

The wire clamper 32 is a wire clamping device attached 

to the Z-drive arm 22, and having a pair of clamping plates 

respectively disposed on the both sides of the wire 30. 	The 

wire clamper 32 is configured to cause the wire 30 to be in a 

freely movable state by opening the facing clamping plates, and 

cause the wire 30 to be not movable by closing the facing clamping 

plates. 	As being attached to the Z-drive arm 22, 	the wire 

clamper 32 is able to appropriately clamp the wire 30 even when 

the capillary 28 moves in any direction in X, Y, 	or Z. 

Opening/closing of the wire clamper 32 is performed by 

activating a clamper opening/closing unit 34 employing a 

piezoelectric device. 

[0044] 

The nonsticking determination circuit 36 is a circuit 

that determines whether or not connection between the bonding 

target and the wire 30 is appropriate at every step of wire 

bonding. 	The nonsticking determination circuit 36 applies a 

predetermined electrical signal between the bonding target and 

the wire 30, and determines whether or not the connection 

between the bonding target and the wire 30 is appropriate based 

on a response of the application. 
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[0045] 

In a case in which the wire 30 connects the lead of the 

circuit board 8 and the pad of the chip 6, taking the lead of 

the circuit board 8 as the first bonding point, and the pad of 

the chip 6 as the second bonding point, steps of wire bonding 

include: a first wire bonding step in which the wire 30 is 

connected to the first bonding point; a loop formation step in 

which the wire 30 is fed from the first bonding point to the 

second bonding point to form a loop; a second wire bonding step 

in which the wire 30 is connected to the second bonding point; 

and a movement step in which the capillary 28 is moved in order 

to disconnect the wire 30 at the second bonding point after the 

second wire bonding. 

[0046] 

The nonsticking determination circuit 36 is a circuit 

that determines, at timing corresponding to the respective 

steps, whether or not the wire 30 is bonded to the lead at the 

first bonding point, whether or not the wire 30 is bonded to 

the pad at the second bonding point, and whether or not the wire 

30 is disconnected at the second bonding point. 

[0047] 

Here, 	in particular, the nonsticking determination 

circuit 36 determines whether or not the wire 30 is disconnected 

at the second bonding point after the second wire bonding. 	In 
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this context, the nonsticking determination circuit 36 can be 

referred to as a disconnection determination circuit. 

[0048] 

Fig. 2 is a diagram illustrating the nonsticking 

determination circuit 36 when functioning as a disconnection 

determination circuit. 	Fig. 2 shows that the wire 30 is in a 

disconnected state 104 at a second bonding point 102 after 

determining that wire bonding is appropriately performed at a 

first bonding point 100 in the first wire bonding step, going 

through the loop formation step of the wire 30, moving to the 

second wire bonding step to determine that wire bonding is 

appropriately performed at the second bonding point 102 in the 

second wire bonding step, and then moving the capillary 28 in 

the movement step. 

[0049] 

The nonsticking determination circuit 36 is configured 

by an application power source 106 and a measurement unit 108, 

and having one terminal connected to the bonding stage 14 and 

the other terminal connected to either the wire clamper 32 or 

the wire spool 33. 	Taking the application power source 106 as 

a direct voltage power supply, 	it is possible to learn a 

resistance component between the wire 30 and the bonding stage 

14 by measuring an impedance value using an undepicted impedance 

measuring circuit within the measurement unit 108. 	Taking the 

application power source 106 as an alternate voltage power 
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supply, it is possible to learn a capacitance component between 

the wire 30 and the bonding stage 14 by measuring an impedance 

value using the impedance measuring circuit within the 

measurement unit 108. 

[0050] 

In wire bonding, 	an inspection of sticking and 

nonsticking by a direct or an alternate current differs 

depending on the device to be a target and differs between pads 

even in the same device. 	When a direct voltage power supply 

is applied, if the wire 30 is in the connected state (sticking 

state) with the pad of the chip 6, the resistance component takes 

a finite value. 	When an alternate voltage power supply is 

applied, there is a large difference in a capacitance component 

between cases in which the wire 30 is in the connected state 

(sticking state) with the pad of the chip 6 and in an unconnected 

state (nonsticking state) with the pad of the chip 6. 	When an 

alternate voltage power supply is applied, and the wire 30 is 

in the connected state (sticking state) with the pad of the chip 

6, the capacitance component is larger than that in the 

unconnected state 	(nonsticking state) . 	In contrast, when 

applying the direct voltage power supply, and the wire 30 is 

in the disconnected state 104, the resistance component is an 

infinity as a state between the wire 30 and the bonding stage 

14 is electrically open. 	Further, when applying the alternate 

voltage power supply, and the wire 30 is in the disconnected 
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state 	(nonsticking state) 	with the pad of the chip 6, 	the 

capacitance component is smaller than that in the connected 

state 	(sticking state) . 	In this manner, based on changes of 

the resistance component and the capacitance component in the 

measurement unit 108, the nonsticking determination circuit 36 

determines whether the state between the wire 30 and the bonding 

stage 14 is in the connected state or in the open state. 	With 

this, it is possible to determine whether or not the wire 30 

is in the disconnected state 104. 

[0051] 

A projecting length determination circuit 38 and a 

projecting length detection ring 40 are provided in order to 

determine whether or not wire bonding at the second bonding 

point 102 is normal and the wire 30 is disconnected at the second 

bonding point 102 as described with reference to Fig. 2, when 

the wire 30 is determined to be in the disconnected state in 

the nonsticking determination circuit 36. 

[0052] 

This is because, as the state between the wire 30 and the 

bonding stage 14 is open even when the second wire bonding is 

inappropriate and the wire 30 is in the nonsticking state at 

the second bonding point 102 and the wire 30 is disconnected 

between the first bonding point 100 and the second bonding point 

102, the nonsticking determination circuit 36 can possibly 
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determines erroneously that the wire 30 is in the sticking state 

and disconnected at the second bonding point 102. 

[0053] 

This is described with reference to Fig. 	3. 	Fig. 	3 

illustrates that erroneous determination can be made depending 

on timing of determination by the nonsticking determination 

circuit 36 and timing at which the wire is disconnected, if a 

result from the nonsticking determination circuit 36 is 

received as it is. 

[0054] 

Figs. 3 (a) to 3 (c) illustrates a case in which the second 

wire bonding is performed normally at the second bonding point 

102, and the wire 30 is disconnected at the second bonding point 

102 normally by the movement for the disconnection. 

[0055] 

Fig. 3(a) 	illustrates a state in which the second wire 

bonding at the second bonding point 102 is completed at time 

t=to, and the capillary 28 is slightly moved upward to a +Z 

direction. 	Here, the second wire bonding is performed normally, 

and the wire 30 is normally bonded to the pad of the chip 6 at 

the second bonding point 102. 	Fig. 3(b) illustrates a state 

in which the capillary 28 makes predetermined movement for 

disconnecting the wire within the XY plane at time t=ti, . 	As 

the predetermined movement, the state in which the capillary 

28 has moved to a +X direction by X1. 	At t=ti, the wire 30 is 
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normally brought into a disconnected state 103 at the second 

bonding point 102. 	Fig. 3(c) illustrates a state at time t=t 4  

in which the capillary 28 has further moved to the +X direction 

by X3. 

[0056] 

In this case, the nonsticking for the second bonding point 

102 can be determined based on a result of determination by the 

nonsticking determination circuit 36 at t=to and at t=t4. 

Specifically, when the wire 30 is not disconnected at t=to, and 

the wire 30 is in the disconnected state at t=t 4 , it is determined 

that the wire 30 is bonded normally at the second bonding point 

102, and the wire 30 is disconnected normally at the second 

bonding point 102. 	When the wire 30 is not disconnected at t=to 

or at t=t 4 , 	it is determined that the wire 30 is in the 

nonsticking state at the second bonding point 102 and the wire 

30 is not disconnected thereafter. 

[0057] 

Figs. 3 (d) to 3 (f) illustrates a case in which the second 

wire bonding is inappropriate, the wire 30 is nonsticking 

without being boned to the pad of the chip 6 at the second bonding 

point 102, and the wire 30 is disconnected between the first 

bonding point 100 and the second bonding point 102. 

[0058] 

Fig. 3 (d) illustrates a state in which the capillary 28 

is slightly moved upward to the +Z direction after the second 
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wire bonding similarly to Fig. 3 (a) . 	However, the second wire 

bonding in this case is not performed normally, and the wire 

30 is in the nonsticking state without being bonded to the pad 

of the chip 6. 	Fig. 3 (e) illustrates a state in which, similarly 

to the case in which second wire bonding is performed normally, 

the wire 30 is brought into a disconnected state 105 between 

the first bonding point 100 and the second bonding point 102 

as the capillary 28 has moved to the +X direction by X2. 	Fig. 

3(f) 	illustrates a state at time t=t 4  after the capillary 28 

has further moved to the +X direction by X3. 	In Fig. 3 (f) , t4 

and X3 are the same as those in Fig. 3 (c) . 	It should be noted 

that a relation is expressed as X1<X2 <X3 . 	In the figure, while 

the wire 30 is nonsticking to the pad at the second bonding point 

102, the second bonding point 102 is a point at which the second 

wire bonding is to be performed. 

[0059] 

At this time, making the nonsticking determination for 

the second bonding point 102 based on the result of the 

determination by the nonsticking determination circuit 36 at 

t=to and at t=t4 results in erroneous determination. 

Specifically, the state in which the wire 30 is not disconnected 

at t=to and the wire 30 is in the disconnected state at t=t 4  

is the same as the normal state described with reference to Figs. 

3 (a) 	to 3 (c) . 	Therefore, 	by making the nonsticking 

determination for the second bonding point 102 based on the 

29 



result of the determination by the nonsticking determination 

circuit 36 at t=to and at t=t 4 , it is not possible to distinguish 

between the normal case illustrated in Figs. 3 (a) to 3 (c) and 

the nonsticking case illustrated in Figs. 3 (d) to 3 (f) , and thus 

this can result in erroneous determination. 

[0060] 

A difference between the normal case illustrated in Figs. 

3 (a) to 3 (c) and the nonsticking case illustrated in Figs. 3 (d) 

to 3 (f) 	lies between Fig. 	3 (b) 	at t=t1  and Fig. 	3 (e) 	at t=t2 . 

Therefore, in order to distinguish between the normal case 

illustrated in Figs. 	3(a) 	to 3(c) 	and the nonsticking case 

illustrated in Figs. 	3(d) 	to 3(f) 	by the nonsticking 

determination circuit 36, it is necessary to determine whether 

or not the wire 30 is disconnected between t=t1  and t=t2 . 	As 

t=t1  and t=t2  are influenced by a shape of the loop and a speed 

of cutting, t=t1  and t=t2  change every time when parameters for 

wire bonding changes. 	If a period between t=t1  and t=t2 is 

sufficiently long, the nonsticking determination circuit 36 is 

able to distinguish between the case in Figs. 3 (a) to 3 (c) and 

the case in Figs. 3 (d) to 3 (f) . 	However, if the period between 

t=ti and t=t2  is short, it is highly probable that the nonsticking 

determination circuit 36 makes erroneous determination in 

distinguishing between the two cases. 

[0061] 
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Fig. 4 illustrates a case in which as conditions for wire 

bonding, a distance between the first bonding point 100 and the 

second bonding point 102 is short, a height of a loop formed 

therebetween is low, and a length of the loop is short. 	If a 

short and low loop is formed in this manner, the wire 30 is likely 

to be disconnected early when the state is nonsticking at the 

second bonding point 102, and there is no difference between 

t=t1  and t=t2  in Fig. 3. 	Thus, it becomes highly probable that 

these two cases are erroneously determined. 

[0062] 

Fig. 4 (a) illustrates a state in which the capillary 28 

is slightly moved upward to the +Z direction after the second 

wire bonding at timing slightly earlier than t=to in Fig. 3 (d) . 

Here, the state is nonsticking at the second bonding point 102. 

Fig. 	4(b) 	illustrates a state in which the capillary 28 is 

slightly moved upward from the state in Fig. 4(a) to the +Z 

direction by X1  at t=ti, and the wire 30 is not yet disconnected. 

Fig. 4 (c) illustrates a state in which the capillary 28 has moved 

to the +X direction by X4 at t=t2 , and here the wire 30 is brought 

into the disconnected state 105 between the first bonding point 

100 and the second bonding point 102. 	As Fig. 4 shows the case 

in which a short and low loop is formed, time t2, X4  in Fig. 

4(c) 	is shorter than and takes a value smaller than time t2, 

X2  in Fig. 	3 (e) , 	and the wire 30 is disconnected at earlier 

timing. 
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[0063] 

Fig. 5 illustrates a case in which as the conditions for 

wire bonding, the distance between the first bonding point 100 

and the second bonding point 102 is long, the height of the loop 

formed therebetween is high, and the length of the loop is long. 

If a long and high loop is formed in this manner, there is time 

before disconnection of the wire 30 even when the state is 

nonsticking at the second bonding point 102, and the period 

between t=t1  and t=t2  in Fig. 3 becomes longer. 	Thus, it becomes 

less likely that these two cases are erroneously determined. 

[0064] 

Fig. 5(a) illustrates a state in which the capillary 28 

is slightly moved upward to the +Z direction after the second 

wire bonding at t=to similarly to Fig. 4(a). 	Similarly, here, 

the state is nonsticking at the second bonding point 102. 	Fig. 

5(b) illustrates a state similarly to Fig. 	4(b) 	in which the 

capillary 28 is slightly moved upward from the state in Fig. 

5(a) to the +Z direction and has moved in the X direction by 

X1  at t=t1. 	The loop formed here is higher than that in Fig. 

4(b). 	At this time, the wire 30 is not yet disconnected. 	Fig. 

5(c) illustrates a state in which the capillary 28 has moved 

to the +X direction by X5 at t=t3. 	Here, X=X5  is larger than 

X=X3  at t=t3  in Figs. 	3(c) 	and 3(f), 	and t=t3, 	X=X5  is longer 

than and takes a value larger than t=t2, X=X4  in Fig. 4(c). 	The 

wire 30 is not yet disconnected here too. 	If a long and high 
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loop is formed in this manner, there is time before 

disconnection of the wire 30 even when the state is nonsticking 

at the second bonding point 102, and it becomes less likely that 

these two cases are erroneously determined. 	It should be noted 

that a relation between the movement distances to the +X 

direction illustrated in Fig. 3 through Fig. 5 is X1<X4<X2<X3<X5 . 

[0065] 

As described above, it becomes more difficult for the 

nonsticking determination circuit 36 to distinguish the two 

cases as the loop is shorter and lower. 	The two cases are 

correctly distinguished by the projecting length determination 

circuit 38 and the projecting length detection ring 40. 

[0066] 

When the wire 30 is disconnected at the second bonding 

point 102, a projecting length of the wire 30 projecting from 

the tip of the capillary 28 becomes short, taking an appropriate 

value. 	By contrast, when the wire 30 is disconnected between 

the first bonding point 100 and the second bonding point 102, 

the projecting length of the wire 30 projecting from the tip 

of the capillary 28 becomes long, taking an inappropriate value. 

The projecting length determination circuit 38 and the 

projecting length detection ring 40 determine whether or not 

the projecting length of the wire 30 projecting from the tip 

of the capillary 28 is appropriate, and thereby distinguishes 
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between the two cases that the nonsticking determination 

circuit 36 is not able to distinguish. 

[0067] 

Fig. 6 is a diagram illustrating a configuration of the 

projecting length determination circuit 38 and the projecting 

length detection ring 40. 	In the figure, a projecting length 

LT of a wire tail 110 projecting from the capillary 28 is shown. 

[0068] 

The projecting length detection ring 40 attached to the 

bonding head 18 is an annular member provided coaxially with 

the capillary 28. 	An annular opening of the projecting length 

detection ring 40 is in a shape such that an inner diameter is 

initially constant and then gradually increases from a -Z 

direction to the +Z direction, that is, upward from the bonding 

stage 14, 	like an inverted triangle. 	Describing using 

reference numerals in Fig. 	6, an outer diameter of the 

projecting length detection ring 40 is Do, and a height of the 

projecting length detection ring 40 as a size in the Z direction 

is HR. 	Further, an inner diameter of a portion from a bottom 

surface that is an end to the -Z direction to a height HI  is 

DI , and the inner diameter gradually increases toward the upper 

surface with a slope at an angle a. 

[0069] 

One example of the dimensions of the projecting length 

detection ring 40 is as follows: the outer diameter Do  is about 
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4 mm, the total height HR is about 1 mm, the height of the uniform 

inner diameter portion HI  is about 0.2 mm, the uniform inner 

diameter DI  is about 2.5 mm, and the angle a is about 45 degrees. 

As the projecting length detection ring 40 configured in this 

manner, it is possible to use an appropriate metallic material 

processed in a predetermined shape. 

[0070] 

As the projecting length detection ring 40 can be attached 

to the bonding head 18, it moves along with the capillary 28 

within the XY plane, but positioned statically with respect to 

the movement of the capillary 28 in the Z direction. 

Specifically, a center axis of the annular opening of the 

projecting length detection ring 40 is positioned so as to match 

the axis of the capillary 28 along the longitudinal direction, 

and the capillary 28 moves in the Z direction along the center 

axis of the annular opening of the projecting length detection 

ring 40. 	When wire bonding is performed at the first bonding 

point 100 and the second bonding point 102, the tip of the 

capillary 28 is on a side of the -Z direction as compared to 

the bottom surface of the projecting length detection ring 40. 

[0071] 

When the projecting length is determined, the capillary 

28 is moved upward to the +Z direction. 	In Fig. 6, the tip of 

the capillary 28 when the projecting length is determined is 

shown at a position of a height HG from an upper end of the uniform 
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inner diameter DI  portion of the projecting length detection 

ring 40. 	The height HG is set such that an extending end of 

the wire tail 110 of the wire 30 projecting from the tip of the 

capillary 28 is within a range of the height HI  of the uniform 

inner diameter DI  portion of the projecting length detection 

ring 40. 	By setting the height HG in this manner, it is possible 

to detect whether or not there is a discharge spark between the 

projecting length detection ring 40 and the wire tail 110. 

[0072] 

The projecting length determination circuit 38 

determines whether or not the projecting length LT of the wire 

tail 110 projecting from the top of the capillary 28 is 

appropriate, based on the detection on presence of power 

conduction when a predetermined inspection voltage is applied 

between the projecting length detection ring 40 and the wire 

30, and based on the detection on whether or not there is a 

discharge spark when a predetermined inspection high voltage 

is applied between the projecting length detection ring 40 and 

the wire 30. 	The projecting length determination circuit 38 

is configured by an inspection high voltage 112 and a detection 

unit 114, and having one terminal connected to the projecting 

length detection ring 40 and the other terminal connected to 

the wire clamper 32 . 	The inspection high voltage 112 is a direct 

voltage, and the detection unit 114 detects a current value. 

[0073] 
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When the projecting length LT  of the wire tail 110 is short, 

there is no discharge spark produced between the projecting 

length detection ring 40 and the wire tail 110, and the detection 

unit 114 is not able to detect a current value. 	When the 

projecting length LT  of the wire tail 110 is an appropriate 

length, a discharge spark is produced between the projecting 

length detection ring 40 and the wire tail 110. 	Therefore, the 

detection unit 114 detects a sudden pulsed current value. 	When 

the projecting length LT  of the wire tail 110 is too long to 

be brought into contact with the projecting length detection 

ring 40, the wire tail 110 is electrically conducted with the 

projecting length detection ring 40, and the detection unit 114 

detects power conduction. 	In this manner, it is possible to 

determine the length of the projecting length LT  of the wire 

tail 110 based on the current value detected by the detection 

unit 114. 

[0074] 

In order to distinguish the case in which the second wire 

bonding is normally performed and the wire 30 is disconnected 

at the second bonding point 102 as illustrated in Figs. 3(a) 

to 3(c) 	from the case in which the second wire bonding is 

inappropriate, and the wire 30 is left nonsticking at the second 

bonding point 102 and disconnected between the first bonding 

point 100 and the second bonding point 102 as illustrated in 

Figs. 3 (d) to 3 (f) , the inspection high voltage 112 can be set 
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such that taking the projecting length LT  of the wire tail 110 

in the normal case shown in Fig. 	3(c) 	as an appropriate 

projecting length, no spark discharge is produced in the normal 

case, and a spark discharge is produced when the projecting 

length LT  exceeds the appropriate projecting length. 	If one 

wire bonding step is normally completed, the projecting length 

LT  of the wire tail 110 projecting from the tip of the capillary 

28 is constant. 	By contrast, if one wire bonding step is 

abnormally performed, the projecting length LT  of the wire tail 

110 projecting from the tip of the capillary 28 varies, 

generally longer than the projecting length LT  of the wire tail 

110 in the normal case. 

[0075] 

Fig. 7 is a chart showing a relation between an inspection 

high voltage producing a spark discharge and a wire length LL . 

In Fig. 7, a horizontal axis indicates the wire length LL, and 

a vertical axis indicates an inspection high voltage Hv . 	The 

inspection high voltage producing a spark discharge is 

indicated by a characteristic line 116. 	As indicated by the 

characteristic line 116, the inspection high voltage Hv  required 

to produce a spark discharge increases when the wire length LL 

becomes shorter, and the inspection high voltage Hv  required 

to produce a spark discharge decreases when the wire length LL 

becomes longer. 

[0076] 

38 



Therefore, when the inspection high voltage Hy 

corresponding to the wire length LL  is obtained using the 

characteristic line 116, and set as the inspection high voltage 

112 of the projecting length determination circuit 38, the 

projecting length LT is considered to be appropriate and in the 

normal state shown in Fig. 3 (c) if no spark discharge is produced. 

On the contrary, if a spark discharge is produced with the 

inspection high voltage 112 thus set, it is possible to 

determine that the projecting length LT is inappropriate and 

the wire 30 is disconnected between the first bonding point 100 

and the second bonding point 102. 

[0077] 

It should be noted that if the inspection high voltage 

Hv  is too high, a spark discharge is produced even when the 

projecting length LT is an appropriate length. 	In other words, 

at this inspection high voltage, the detection on whether or 

not the projecting length is appropriate is erroneously made. 

Taking this as a region in which erroneous detection is made, 

the region in which erroneous detection is made in the example 

shown in Fig. 7 is a case in which Hv  is more than or even equal 

to 3300 V. 

[0078] 

If the inspection high voltage Hv is too low, no spark 

discharge is produced even when the projecting length LT exceeds 

an appropriate length. 	In other words, at this inspection high 
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voltage, 	it is not possible to detect whether or not the 

projecting length is appropriate. 	Taking this as a region in 

which detection is not made, the region in which detection is 

not made in the example shown in Fig. 7 is a case in which Hv  

is less than or equal to 2400 V. 

[0079] 

A region shown to be able to detect the disconnection in 

Fig. 7 is a case in which the wire length LL  is sufficiently 

long. 	When the wire length LL  is sufficiently long, the shape 

of a loop formed between the first bonding point 100 and the 

second bonding point 102 is loose, and there is time before the 

wire 30 is disconnected by being pulled even if the wire 30 is 

nonsticking at the second bonding point 102. 	Therefore, the 

nonsticking determination circuit 36 is able to determine the 

nonsticking state at the second bonding point 102 before the 

wire 30 is disconnected. 	In the example shown in Fig. 7, the 

region in which the disconnection is detectable is a region in 

which the wire length LL  is more than 1000 pm. 

[0080] 

The characteristic line 116 is a characteristic line 

connecting the values of the inspection high voltage at which 

no spark discharge is produced when the projecting length is 

appropriate but a spark discharge is produced when the 

projecting length exceeds an appropriate value, within the 

region in which a spark discharge is produced depending on the 
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projecting length LT of the wire tail 110 surrounded by the 

region in which the detection is erroneously made, the region 

in which the detection is not made, and the region in which the 

disconnection is detectable. 

[0081] 

Referring back to Fig. 	1, the computer 60 controls 

operations of the components of the wire-bonding apparatus 10 

as a whole. 	The computer 60 includes a controller 80 as a CPU, 

the controller 80, various interface circuits, and a memory 82. 

These components are connected with each other via an internal 

bus. 

[0082] 

The various interface circuits are drive circuits or 

buffer circuits provided between the controller 80 as a CPU and 

the respective components of the wire-bonding apparatus 10. 	In 

Fig. 1, the interface circuits are simply referred to as I/Fs. 

The various interface circuits include an XY stage I/F 62 

connected to the XY stage 16, a Z motor I/F 64 connected to the 

Z motor 20, an ultrasonic transducer unit I/F 66 connected to 

the ultrasonic transducer unit 26, a clamper open/close I/F 68 

connected to the clamper opening/closing unit 34, a 

disconnection circuit I/F 70 connected to the nonsticking 

determination circuit 36 functioning as a disconnection 

determination circuit, and a projecting length determination 
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circuit I/F 72 connected to the projecting length determination 

circuit 38. 

[0083] 

The memory 82 is a storage device that stores various 

programs and various control data. 	The various programs 

include a first bonding program 84 relating to first wire 

bonding, a second bonding program 86 relating to second wire 

bonding, a movement processing program 88 relating to a 

capillary moving operation for disconnecting the wire, a 

disconnection determination program 90 relating to a 

determination operation of disconnection of the wire 30, a 

projecting length determination program 92 relating to a 

determination operation of the projecting length of the wire 

30, an abnormality output program 94 relating to an abnormal 

output operation indicating that the wire is abnormally 

disconnected, a preliminary bonding program 95 relating to 

preliminary bonding for the next step when an abnormal output 

is made, and a control program 96 relating to other control 

operations. 	Examples of control data 98 include data related 

to the projecting length of the wire, the inspection high 

voltage, and the detection related to the presence of a spark 

described with reference to Fig. 	7. 

[0084] 

Effects of the above configuration, 	in particular, 

functions of the computer 60 will be described in further detail 
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with reference to Fig. 8 and the following figures. 	Fig. 8 is 

a flowchart showing the steps of wire bonding as a method of 

manufacturing a semiconductor device. 	Fig. 	9 illustrates 

three steps of determination in the flowchart of Fig. 8. 	Fig. 

10 and Fig. 	11 respectively illustrate a case in which a 

discharge spark is not produced and a case in which a discharge 

spark is produced, in the projecting length detection ring 40. 

[0085] 

Fig. 8 is the flowchart showing the steps of wire bonding, 

and the steps correspond respectively to processing steps of 

the programs stored in the memory 82 of the computer 60. 	When 

the wire-bonding apparatus 10 is turned on, the components of 

the wire-bonding apparatus 10 including the computer 60 are 

initialized. 

[0086] 

Next, the bonding stage 14 is pulled out once, and the 

circuit board 8 having the chip 6 mounted thereon as a bonding 

target positioned and placed on the bonding stage 14 and then 

pressed and fixed by the lead clamper 50. 	Then, the bonding 

stage 14 is moved back to an initial position. 	It should be 

noted that the bonding stage 14 is heated up to a predetermined 

temperature determined based on the bonding conditions. 	The 

bonding target setting step is automatically performed using 

of an automated carrier device of the circuit board 8. 

[0087] 
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Thereafter, the first bonding program 84 is executed by 

the controller 80, and the first wire bonding is performed at 

the first bonding point 100 (S10) . 	In the first wire bonding, 

first, the wire 30 is inserted through the capillary 28 in a 

state in which the wire clamper 32 is open, and the wire 30 

projects at the tip of the capillary 28. 	Then, in response to 

a command from the controller 80 via the XY stage I/F 62 and 

the Z motor I/F 64, the XY stage 16 and the Z motor 20 are driven 

to move, and the capillary 28 with the wire 30 projecting at 

its tip is moved toward the first bonding point 100. 	The first 

bonding point 100 is set on one of the leads of the circuit board 

8. 	The first bonding point 100 is set using a positioning camera 

or the like that is not illustrated in Fig. 	1. 

[0088] 

At the first bonding point 100, the wire 30 is sandwiched 

and pressed between a portion of the tip of the capillary 28 

and the lead of the circuit board 8, and the ultrasonic 

transducer unit 26 is actuated in response to a command from 

the controller 80 via the ultrasonic transducer unit I/F 66 to 

bond the wire 30 to the lead by the ultrasonic vibration energy 

by the transducer unit, a pressing force of the capillary 28 

by the Z motor 20 being controlled to drive, and a heating 

temperature from the bonding stage 14. 	In this manner, the 

first wire bonding at the first bonding point 100 is performed. 

[0089] 
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After the first wire bonding is completed, the loop 

forming operation is performed. 	Specifically, after the first 

wire bonding is completed, the capillary 28 is moved upward 

while the wire clamper 32 is open, and then moved immediately 

above the second bonding point 102. 	The second bonding point 

102 is set on one of the pads of the chip 6. 	During the movement 

of the capillary 28, the wire 30 is fed from the wire spool 33 

and extends from the tip of the capillary 28 by a required length. 

The movement of the capillary 28 is performed by the XY stage 

16 and the Z motor 20 being driven to move in response to a command 

from the controller 80. 

[0090] 

After the loop forming operation, the second wire bonding 

is performed (S12) . 	This step is performed by the controller 

80 executing the second bonding program 86. 	By including the 

loop formation step in the second bonding program 86, the second 

wire bonding can include the loop forming operation. 

[0091] 

At the second bonding point 102, similarly to the first 

wire bonding, the wire 30 is sandwiched and pressed between the 

portion of the tip of the capillary 28 and the pad of the chip 

6, and the ultrasonic transducer unit 26 is actuated in response 

to a command from the controller 80 via the ultrasonic 

transducer unit I/F 66 to bond the wire 30 to the pad by the 

ultrasonic vibration energy by the transducer unit, the 
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pressing force of the capillary 28 by the Z motor 20 being 

controlled to drive, and a heating temperature from the bonding 

stage 14. 	In this manner, the second wire bonding at the second 

bonding point 102 is performed. 

[0092] 

After the second wire bonding is completed, the moving 

operation for disconnecting the wire is performed (S14) . 	This 

step is performed by the controller 80 executing the movement 

processing program 88. 	The moving operation for disconnecting 

the wire disconnection is performed in the following steps. 

[0093] 

After bonding at the second bonding point 102 is performed, 

the Z motor 20 is controlled to rotate in response to a command 

from the controller 80 via the Z motor I/F 64 to slightly move 

the capillary 28 upward. 	Next, the XY stage 16 is driven to 

move in response to a command from the controller 80 via the 

XY stage I/F 62, and the wire tail is pulled obliquely upward. 

Further, a command from the controller 80 is supplied to the 

clamper opening/closing unit 34 via the clamper open/close I/F 

68 to close the wire clamper 32, and the XY stage 16 is driven 

to move in this state via the XY stage I/F 62. 	Thus, the 

capillary 28 is moved within the XY plane. 

[0094] 

In other words, the wire 30 is pulled within the XY plane 

while the wire clamper 32 clamps the wire 30. 	As conditions 
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for the second wire bonding are set so that bonding strength 

at the second bonding point 102 is sufficiently greater than 

bond shear strength of the wire 30, the wire 30 is disconnected 

at the second bonding point 102. 

[0095] 

After the operation of moving the capillary 28 to 

disconnect the wire is completed, the determination on whether 

or not the wire is disconnected is made (S16). 	This step is 

performed by the controller 80 executing the disconnection 

determination program 90. 	The determination on whether or not 

the wire is disconnected is made by actuating the nonsticking 

determination circuit 36 in response to a command from the 

controller 80 via the disconnection determination circuit I/F 

70, and the controller 80 receiving the result from the 

nonsticking determination circuit 36. 	When the wire 30 is not 

determined to be disconnected in S16, it is determined that the 

wire is nonsticking at the second bonding point 102, 	and an 

abnormal signal is output a 	(S26). 	Even when the wire 30 is 

determined to be disconnected in S16, if that bonding is 

normally performed at the second bonding point 102, there is 

a possibility that the determination has been erroneously made 

as described with reference to Fig. 	3. 

[0096] 

Therefore, in S16 for determining the disconnection of 

the wire, after the wire 30 is determined to be disconnected, 
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the projecting length LT of the wire tail 110 projecting from 

the tip of the capillary 28 is determined 	(S18) . 	The 

determination of the projecting length LT is made using the 

projecting length determination circuit 38 and the projecting 

length detection ring 40. 	The determination of the projecting 

length LT is performed by two steps of whether or not the power 

conduction in which the wire tail 110 projecting from the tip 

of the capillary 28 is brought into contact with the projecting 

length detection ring 40 is detected (S20) , and whether or not 

a discharge spark is detected under the predetermined 

inspection high voltage when the power conduction has not been 

detected (S22) . 	These steps are performed by the controller 

80 executing the projecting length determination program. 

[0097] 

As described above, the nonsticking determination at the 

second bonding point 102 is performed by the three steps of 

determination in S16, S20, and S22. 	When the wire 30 has been 

determined to be disconnected in S16, when the power conduction 

has not been determined to be detected in S20, and when the 

discharge spark has not determined to be detected in S22, it 

is determined that the second wire bonding is normally performed 

at the second bonding point 102 and that the wire 30 is normally 

disconnected at the second bonding point 102 	(S24) . 

[0098] 
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In contrast, when the wire 30 has not been determined to 

be disconnected in S16, it is determined that the wire 30 is 

nonsticking at the second bonding point 102 and that the wire 

30 is not disconnected. 	If the determination in S16 is 

affirmative and the power conduction has been detected in S20, 

it is determined that the wire is nonsticking at the second 

bonding point 102, that the wire 30 is disconnected between the 

first bonding point 100 and the second bonding point 102, and 

that the projecting length of the wire tail 110 from the 

capillary 28 is overly long beyond an appropriate projecting 

length. 	If the determination in S20 is affirmative and the 

discharge spark has been detected in S22, it is determined that 

the projecting length LT of the wire tail 110 from the capillary 

28 exceeds an appropriate projecting length. 	In any of these 

cases, an abnormal signal is output (S26) and the operation of 

the wire-bonding apparatus 10 is stopped (S28). 	These steps 

are performed by the controller 80 executing the abnormality 

output program 94. 

[0099] 

The three steps of the determination of nonstickingness 

at the second bonding point 102 are illustrated in Fig. 9. 	Figs. 

9(a) and 9(b) respectively show a sectional view and a plane 

view, both illustrating a positional relation between the 

capillary 28 and the projecting length detection ring 40 when 

the second wire bonding is performed. 
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[0100] 

Fig. 9 (c) illustrates a case in which bonding at the second 

bonding point 102 is normally performed and the wire 30 is 

disconnected normally at the second bonding point 102, the case 

corresponding to the case in which the determination in S16 of 

Fig. 8 is affirmative. 	In this case, when a projecting length 

of a wire tail 120 projecting from the tip of the capillary 28 

is appropriate, and when a predetermined inspection high 

voltage is applied between the wire 30 and the projecting length 

detection ring 40 in the wire clamper 32, no discharge spark 

is produced between the wire tail 120 projecting from the tip 

of the capillary 28 and the projecting length detection ring 

40. 

[0101] 

Fig. 	9(d) 	illustrates a case in which the wire 30 is 

nonsticking at the second bonding point 102, the wire 30 is 

disconnected between the first bonding point 100 and the second 

bonding point 102, and the projecting length LT of a wire tail 

122 projecting from the tip of the capillary 28 is too long. 

In this case, the wire tail 122 projecting from the tip of the 

capillary 28 is brought into contact with the projecting length 

detection ring 40, and the projecting length determination 

circuit 38 has detected the power conduction. 	This case 

corresponds to the case in which the determination in S20 of 

Fig. 	8 is negative. 

50 



[0102] 

Fig. 	9(e) 	illustrates a case in which the wire 30 is 

nonsticking at the second bonding point 102, the wire 30 is 

disconnected between the first bonding point 100 and the second 

bonding point 102, and the projecting length LT of a wire tail 

124 projecting from the tip of the capillary 28 exceeds an 

appropriate projecting length that has been previously 

determined. 	In this case, when a predetermined inspection high 

voltage is applied between the wire 30 and the projecting length 

detection ring 40 in the wire clamper 32, a discharge spark is 

produced between the wire tail 124 projecting from the tip of 

the capillary 28 and the projecting length detection ring 40. 

Specifically, this case corresponds to the case in which the 

projecting length determination circuit 38 detects a discharge 

spark, and in which the determination in S22 of Fig. 	9 is 

negative. 

[0103] 

Fig. 	10 and Fig. 	11 illustrate examples in which a 

discharge is produced and not produced between the wire tail 

projecting from the tip of the capillary 28 and the projecting 

length detection ring 40 when a predetermined inspection high 

voltage is set by the projecting length determination circuit 

38. 	The predetermined inspection high voltage is set such that 

no discharge spark is produced at the projecting length LT of 

the wire tail within a range of the appropriate projecting 
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length previously determined based on various setting 

conditions such as the wire length between the first bonding 

point 100 and the second bonding point 102 in wire bonding and 

the diameter of the wire, and that a discharge spark is produced 

at the projecting length LT exceeding an appropriate projecting 

length. 

[0104] 

Fig. 10 corresponds to the case of Fig. 9(c) in which the 

projecting length LT of the wire tail 120 projecting from the 

tip of the capillary 28 is appropriate, and no discharge spark 

is produced between the wire tail 120 projecting from the tip 

of the capillary 28 and the projecting length detection ring 

40. 

[0105] 

Fig. 11 corresponds to the case of Fig. 9 (e) in which the 

projecting length LT of the wire tail 124 projecting from the 

tip of the capillary 28 exceeds an appropriate projecting length 

corresponding to the inspection high voltage, and a discharge 

spark 126 is produced between the wire tail 124 projecting from 

the tip of the capillary 28 and the projecting length detection 

ring 40. 

[0106] 

As described above, using the projecting length detection 

ring 40 and the projecting length determination circuit 38 along 

with the nonsticking determination circuit 36, it is possible 
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to determine correctly whether or not the state is nonsticking 

at the second bonding point 102 even when an aluminum wire having 

an expanding property smaller than a gold wire is used in wedge 

bonding by the capillary 28. 

[0107] 

In the above description, when an abnormal signal is 

output in S26, the operation of the wire-bonding apparatus 10 

is stopped in S28. 	When an abnormal signal is output, the 

projecting length LT  of the wire tail projecting from the tip 

of the capillary 28 is inappropriate. 	Therefore, 	it is 

preferable to perform preliminary bonding (S27) between S26 and 

S28, to make the projecting length of the wire 30 appropriate. 

The preliminary bonding is performed by the controller 80 

executing the preliminary bonding program 95. 	In the 

preliminary bonding, a lead having an appropriate area out of 

the leads of the circuit board 8 can be used as a lead for 

preliminary bonding, and a portion or a position of the chip 

6 for preliminary bonding is not particularly limited as long 

as the portion or the position does not give any real harm to 

a product. 	In the following description, a case in which the 

projecting length LT of the wire tail 122 in Fig. 9(d) is made 

appropriate will be described as one example of the preliminary 

bonding. 

[0108] 
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Fig. 12 is a partial view of the bonding stage 14 viewing 

from a side of the capillary 28 to the -Z direction, illustrating 

that preliminary bonding is performed between the first wire 

bonding and the second wire bonding. 	In the figure, five leads 

7 of the circuit board 8, a lead 9 used for preliminary bonding, 

and five pads 5 of the chip 6 are shown. 

[0109] 

Here, the wire bonding to be first performed is to connect 

the first bonding point 100 provided for one of the leads 7 of 

the circuit board 8 and the second bonding point 102 provided 

for one of the pads 5 of the chip 6 with a wire 130. 	The wire 

bonding to be second performed is to connect a first bonding 

point 132 provided for one of the leads 7 of the circuit board 

8 and a second bonding point 134 provided for one of the pads 

5 of the chip 6 with a wire 136. 	A connecting direction of the 

wire 130 and a connecting direction of the wire 136 make an angle 

of 70 degrees with each other. 

[0110] 

A preliminary bonding point 107 provided for the lead 9 

is at a position for preliminary bonding to allow smooth 

transition to the second wire bonding even when the projecting 

length LT of the wire tail 122 of the wire 130 projecting from 

the capillary 28 at the second bonding point 102 in the first 

wire bonding is not appropriate. 	Preliminary bonding is 

performed after the first wire bonding at the second bonding 
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point 102 is completed and before the second wire bonding at 

the first bonding point 132 is started. 

[0111] 

Specifically, in Fig. 8, upon outputting of an abnormal 

signal 	(S26), 	preliminary bonding is performed 	(S27). 	This 

step is performed by the controller 80 executing the preliminary 

bonding program 95. 	The preliminary bonding is performed in 

the following manner by moving the capillary 28 via the XY stage 

I/F 62 and the Z motor I/F 64, opening/closing the wire clamper 

32 via the clamper open/close I/F 68, and actuating the 

ultrasonic transducer unit 26 via the ultrasonic transducer 

unit I/F 66. 

[0112] 

The capillary 28 is moved immediately above the 

preliminary bonding point 107 provided for the lead 9 for 

preliminary bonding while the wire 30 having the wire tail 122 

projecting from the tip of the capillary 28 is held. 	Fig. 13 

is a diagram illustrating that the capillary 28 is moved 

immediately above the preliminary bonding point 107 of the 

circuit board 8. 

[0113] 

Next, the capillary 28 is moved down to the -Z direction 

while the wire tail 122 is held at the tip to perform wire bonding 

at the preliminary bonding point 107. 	Specifically, 	the 

ultrasonic transducer unit 26 is actuated in response to a 
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command from the controller 80 via the ultrasonic transducer 

unit I/F 66 to bond the wire tail 122 to the lead 9 of the circuit 

board 8 by the ultrasonic vibration energy by the transducer 

unit and the pressing force of the capillary 28 by the Z motor 

20 being controlled to drive, as well as by a heating temperature 

from the bonding stage 14 if necessary. 	Fig. 	14 is a view 

illustrating that the wire tail 122 is bonded to the circuit 

board 8 at the preliminary bonding point 107. 

[0114] 

After the wire tail 122 and the circuit board 8 bonded 

at the preliminary bonding point 107, then the capillary 28 is 

moved immediately upward to the +Z direction from the 

preliminary bonding point 107 while the wire clamper 32 is 

closed as an operation of a wire tail movement and a wire cutting 

movement. 	As conditions for the preliminary bonding are set 

such that bonding strength at the preliminary bonding point 107 

is sufficiently greater than the bond shear strength of the wire 

30, the wire 30 is disconnected at the preliminary bonding point 

107. 	In this manner, the wire 30 is pulled from the preliminary 

bonding point 107 by moving the capillary 28, and thus the wire 

30 is disconnected. 

[0115] 

Fig. 15 illustrates that, after the state shown in Fig. 

14, the capillary 28 is moved in the XY plane by a predetermined 

distance, and obliquely upward to the +Z direction by Z2, and 
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the wire 30 is in disconnected state 128 at the preliminary 

bonding point 107. 	Fig. 15 illustrates a portion left on a side 

of the preliminary bonding point 107 and a wire tail 140 

projecting from the tip of the capillary 28. 

[0116] 

As described above, even when the projecting length LT 

of the wire tail projecting from the tip of the capillary 28 

is inappropriate and an abnormal signal is output, the 

projecting length LT  of the wire tail projecting from the tip 

of the capillary 28 can be made appropriate by performing the 

preliminary bonding to prepare a state appropriate for the next 

wire bonding. 	While the preliminary bonding (S27) is described 

to be performed immediately after an abnormal signal is output 

in the flowchart in Fig. 	8, the preliminary bonding can be 

performed after the wire-bonding apparatus 10 is stopped (S28). 

Further, while the operation is described to be finished (END) 

after the wire-bonding apparatus 10 is stopped 	(S28) 	in the 

flowchart in Fig. 8, it is possible to move to the next wire 

bonding without stopping the operation. 

[0117] 

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. 
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INDUSTRIAL APPLICABILITY 

[0118] 

The present invention can be applied to a wire-bonding 

apparatus performing wire bonding using a capillary, as well 

as to a method of wire bonding for performing 

a capillary. 

wire bonding using 

Reference Signs List 

[0119] 

5: Pad 

6: Chip 

7, 	9: 	Lead 

8: Circuit Board 

10: Wire-Bonding Apparatus 

12: Mount 

14: Bonding Stage 

16: XY Stage 

18: Bonding Head 

20: 	Z Motor 

22: 	Z-Drive Arm 

24: Ultrasonic Transducer 

26: Ultrasonic Transducer Unit 

28: 	Capillary 

30, 	130, 	136: 	Wire 

32: Wire Clamper 

58 



33:  Wire Spool 

34:  Clamper Opening/Closing Unit 

36: Nonsticking Determination Circuit 

38: Projecting Length Determination Circuit 

40: Projecting Length Detection Ring 

50: Lead Clamper 

60: Computer 

62: XY Stage I/F 

64: Z Motor I/F 

66: Ultrasonic Transducer Unit I/F 

68: Clamper Open/Close I/F 

70: Disconnection Determination Circuit I/F 

72: Projecting Length Determination Circuit I/F 

80: Controller 

82: Memory 

84: First Bonding Program 

86: Second Bonding Program 

88: Movement Processing Program 

90: Disconnection Determination Program 

92: Projecting Length Determination Program 

94:  Abnormality Output Program 

95:  Preliminary Bonding Program 

96:  Control Program 

98: Control Data 

100, 132: First Bonding Point 
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102,  134: Second Bonding Point 

103,  104, 105, 	128: 	Disconnected State 

106:  Application Power Source 

107:  Preliminary Bonding Point 

108:  Measurement Unit 

110, 120, 	122, 	124, 	140: 	Wire Tail 

112: Inspection High Voltage 

114: Detection Unit 

116: Characteristic Line 

126: Discharge Spark 
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CLAIM

1. A wire bonding apparatus comprising:

a capillary through which a wire is inserted;

an annular wire projecting length detection ring disposed

coaxially with the capillary; and

a projecting length determination unit configured to

determine whether or not a projecting length of the wire

projecting from a tip of the capillary is appropriate, based

on detection on whether or not current is conducted when a

predetermined inspection voltage is applied between the wire

and the wire projecting length detection ring.

2. The wire bonding apparatus according to claim 1, wherein

a predetermined inspection dischargeable voltage that is

higher than the predetermined inspection voltage, is applied

between the wire and the wire projecting length detection ring

to detect a presence of a discharge spark, if the current has

been detected to be non-conducted when the predetermined

inspection voltage is applied between the wire and the wire

projecting length detection ring.

3. The wire bonding apparatus according to claim 2, wherein

the projecting length determination unit:

previously obtains a relation regarding detection

among the projecting length of the wire, the inspection high

voltage, and the presence of a spark;

sets the inspection dischargeable voltage that is

higher than the determined inspection voltage, according to a

bonding condition for wire bonding; and

determines whether or not the projecting length of

the wire is suitable for the bonding condition.

4. The wire bonding apparatus according to claim 3, further

comprising:



62

a disconnection determination unit configured to apply

a predetermined electrical signal and to determine whether or

not the wire is disconnected based on a response of the

application of the predetermined electrical signal, the

predetermined electrical signal being applied between a bonding

target and the wire in a clamped state after an operation of

disconnecting the wire from a second bonding point is performed

by moving the capillary while the wire is in the clamped state

after wire bonding at the second bonding point is performed

subsequent to wire bonding at a first bonding point, wherein

when the disconnection determination unit has determined

that the wire is disconnected, the projecting length

determination unit determines whether or not the projecting

length of the wire is appropriate, and when the projecting

length of the wire has been determined to be inappropriate,

outputs an abnormal signal determining that bonding at the

second bonding point has not been performed and that the wire

has been disconnected between the first bonding point and the

second bonding point.

5. The wire bonding apparatus according to claim 4, wherein the

bonding apparatus performs a preliminary bonding to, when the

projecting length of the wire has been determined to be

inappropriate, make a disconnected tip portion of the wire to

be an appropriate projecting length using a previously

determined preliminary bonding point.

6. The wire bonding apparatus according to claim 4, wherein

the wire bonding at the first bonding point and the second

bonding point is performed according to a wedge bonding method.

7. A method of manufacturing a semiconductor device, the method

comprising:

a first wire bonding step of bonding a wire to a first

bonding target at a first bonding point of wire bonding using
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a capillary through which the wire is inserted, the bonding

being performed according to a wedge bonding method;

a second wire bonding step of feeding the wire by a

predetermined wire length from the first bonding point after

the wire bonding at the first bonding point, and bonding the

wire to a second bonding target at a second bonding point of

the wire bonding;

a movement step of, after the wire bonding at the second

bonding point, moving the capillary through which the wire is

inserted while the wire is clamped to disconnect the wire from

the second bonding point;

a disconnection determination step of applying a

predetermined electrical signal between the second bonding

target and the wire after the capillary has been moved to

disconnect the wire, and determining whether or not the wire

is disconnected based on a response of the application of the

predetermined electrical signal;

a projecting length determination step of determining

whether or not the projecting length of the wire projecting from

the tip of the capillary is appropriate when the wire has been

determined to be disconnected, the determination being made

based on detection on whether or not current is conducted when

a predetermined inspection voltage is applied between the wire

and an annular wire projecting length detection ring disposed

coaxially with the capillary; and

an output step of, when the projecting length of the wire

has been determined to be inappropriate, outputting an abnormal

signal determining that bonding at the second bonding point has

not been performed and that the wire has been disconnected

between the first bonding point and the second bonding point.

8. The method of manufacturing a semiconductor device according

to claim 7, wherein

a predetermined inspection dischargeable voltage that

is higher than the predetermined inspection voltage, is applied

between the wire and the wire projecting length detection ring
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to detect a presence of a discharge spark, if the power has been

detected to be non-conductive when the predetermined inspection

voltage is applied between the wire and the wire projecting

length detection ring.

9. The method of manufacturing a semiconductor device according

to claim 7, the method further comprising:

a preliminary bonding step of making a disconnected tip

portion of the wire be an appropriate projecting length using

a previously determined preliminary bonding point when the

projecting length of the wire has been determined to be

inappropriate.


