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WIRE BONDING METHOD AND WIRE BONDING APPARATUS 

 

BACKGROUND 

Technical Field 

[0001] The present invention relates to a wire bonding method and a wire bonding apparatus. 5 

Description of Related Art 

[0002] Conventionally, in the manufacturing method of a semiconductor device, for example, 

wire bonding in which the two points of an electrode of a semiconductor chip and an electrode 

of a substrate are electrically connected by a wire is widely used.  In the wire bonding, a ball 

part is formed at the front end of the wire extending from the front end of a bonding tool by 10 

electrical discharge or the like, and the bonding tool is lowered toward the bonding point of the 

semiconductor device.  The ball part disposed on the bonding point is pressed by the bonding 

tool, and ultrasonic vibrations or the like is supplied at the same time to bond the two. 

[0003] Regarding this, Patent Document 1 discloses a wire bonder with a bond level automatic 

adjustment function.  In the wire bonder for connecting pads of an LSI with external leads by 15 

conductor wires, the wire bonder has a function of measuring the heights of the pad and the lead 

at the time of bonding, and the wire bonder calculates the heights of the pads and the leads other 

than the measured parts from the measured heights and coordinates of the pads and the leads, 

thereby performing the bonding at an appropriate bonding level. 

Prior Art Document 20 

Patent Document 

[0004] Patent Document 1: Japanese Laid-open No. H6-181232 

 

SUMMARY 

Technical Problem 25 

[0005] However, when the diameter of the ball part of the wire is small, or when the bonding 
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target is set obliquely and the height of each bonding point is not uniform, it may occur that the 

height of each bonding point cannot be correctly measured, and the bonding cannot be 

performed correctly. 

[0006] The present invention has been made in view of above descriptions, and an object 

thereof is to provide a wire bonding method and a wire bonding apparatus that can correctly 5 

bond a plurality of electrodes. 

Solution to the Problem 

[0007] A wire bonding method according to an aspect of the present invention includes: a step 

of preparing a wire bonding apparatus including a bonding tool and a bonding stage, wherein the 

bonding tool is configured to allow a wire to be inserted, and the bonding stage fixes and holds a 10 

workpiece including a first electrode and a second electrode; a ball forming step of forming a 

free air ball at a front end of a wire inserted in the bonding tool; a first height measuring step of 

measuring a height of the first electrode by detecting whether the free air ball is grounded to the 

first electrode; a second height measuring step of measuring a height of the second electrode by 

detecting whether the free air ball is grounded to the second electrode; a first bonding step of 15 

bonding the free air ball to the first electrode by controlling a height of the bonding tool based 

on a measurement result of the first height measuring step; and a second bonding step of 

bonding the wire to the second electrode by controlling a height of the bonding tool based on a 

measurement result of the second height measuring step to connect the first electrode and the 

second electrode. 20 

[0008] In the above wire bonding method, the first height measuring step and the second 

height measuring step may include detecting whether the free air ball at the front end of the wire 

is grounded to the first electrode and the second electrode, respectively, based on a change in a 

bonding load applied to the free air ball when the free air ball at the front end of the wire presses 

the first electrode and the second electrode, respectively. 25 

[0009] In the above wire bonding method, the first height measuring step and the second 
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height measuring step may include detecting whether the free air ball at the front end of the wire 

is grounded to the first electrode and the second electrode, respectively, based on an output 

change in an electric signal supplied to the wire inserted in the bonding tool when the free air 

ball at the front end of the wire contacts the first electrode and the second electrode, respectively. 

[0010] In the above wire bonding method, the predetermined electric signal is a DC voltage 5 

signal or an AC voltage signal, and the first height measuring step and the second height 

measuring step may include detecting whether the free air ball at the front end of the wire is 

grounded to the first electrode and the second electrode based on a change in a potential 

difference between the wire and the first electrode and between the wire and the second 

electrode. 10 

[0011] A wire bonding apparatus according to an aspect of the present invention includes: a 

bonding tool configured to allow a wire to be inserted; a bonding stage for fixing and holding a 

workpiece which includes a first electrode and a second electrode; a first height measuring 

means for measuring a height of the first electrode by detecting whether the free air ball is 

grounded to the first electrode; a second height measuring means for measuring a height of the 15 

second electrode by detecting whether the free air ball is grounded to the second electrode; a first 

bonding means for bonding the free air ball to the first electrode by controlling a height of the 

bonding tool based on a measurement result of the first height measuring step; and a second 

bonding means for bonding the wire to the second electrode by controlling a height of the 

bonding tool based on a measurement result of the second height measuring step to connect the 20 

first electrode and the second electrode. 

[0012] In the above wire bonding apparatus, the first height measuring part and the second 

height measuring part may detect whether the free air ball at the front end of the wire is 

grounded to the first electrode and the second electrode, respectively, based on a change in a 

bonding load applied to the free air ball when the free air ball presses the first electrode or the 25 

second electrode. 
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[0013] In the above wire bonding apparatus, the first height measuring part and the second 

height measuring part may detect whether the free air ball at the front end of the wire is 

grounded to the first electrode and the second electrode, respectively, based on an output change 

in an electric signal supplied to the wire inserted in the bonding tool when the free air ball 

contacts the first electrode or the second electrode. 5 

[0014] In the above wire bonding apparatus, the predetermined electric signal is an AC voltage 

signal, and the height measuring parts may detect whether the free air ball at the front end of the 

wire is grounded to the first electrode and the second electrode based on a change in a potential 

difference between the wire and the first electrode and between the wire and the second 

electrode. 10 

Effects 

[0015] According to the present invention, a plurality of electrodes can be correctly bonded. 

 

 BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] [FIG. 1] FIG. 1 is a view showing a wire bonding apparatus according to the first 15 

embodiment. 

[FIG. 2] FIGs. 2(A) and 2(B) are a top view and a bottom view of a plane of the 

bonding arm of the wire bonding apparatus according to the first embodiment. 

[FIG. 3] FIGs. 3(A) to 3(D) are views for explaining the operation of the wire bonding 

according to the first embodiment. 20 

[FIG. 4] FIG. 4 is a flow chart showing an example of the height measuring processing 

of the wire bonding according to the first embodiment. 

[FIG. 5] FIGs. 5(A) to 5(C) are views for explaining the height measuring processing of 

the wire bonding according to the first embodiment. 

[FIG. 6] FIG. 6 is a view for explaining the height measuring processing of the wire 25 

bonding according to the first embodiment. 
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[FIG. 7] FIG. 7 is a flow chart showing an example of the height measuring processing 

of the wire bonding according to the second embodiment. 

[FIG. 8] FIG. 8 is a view for explaining the height measuring processing of the wire 

bonding according to the second embodiment. 

[FIG. 9] FIG. 9 is a view showing an example of a circuit configuration of a grounding 5 

detection part of the wire bonding apparatus according to the third embodiment. 

[FIG. 10] FIG. 10 is a view showing another example of a circuit configuration of a 

grounding detection part of the wire bonding apparatus according to the third embodiment. 

[FIG. 11] FIG. 11 is a flow chart showing an example of the height measuring 

processing of the wire bonding according to the third embodiment. 10 

[FIG. 12] FIG. 12 is a view for explaining the height measuring processing of the wire 

bonding according to the third embodiment. 

[FIG. 13] FIG. 13 is a view showing an example of a configuration of a wire bonding 

apparatus according to another embodiment. 

 15 

DESCRIPTION OF THE EMBODIMENTS 

[0017] Embodiments of the present invention will be described below.  In the following 

description of the drawings, the same or similar components are denoted by the same or similar 

symbols.  The drawings are exemplary and schematically indicate the size or shape of each part, 

and the technical scope of the present invention shall not be construed to be limited to the 20 

embodiments. 

[0018] <First Embodiment> 

FIG. 1 is a view showing a wire bonding apparatus according to the embodiment.  

FIGs. 2(A) and 2(B) are partial enlarged views of a bonding arm in the wire bonding apparatus, 

and FIG. 2(A) is a top view of the bonding arm, and FIG. 2(B) is a bottom view of the bonding 25 

arm. 
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[0019] As shown in FIG. 1, a wire bonding apparatus 1 includes, for example, an XY driving 

mechanism 10, a Z driving mechanism 12, a bonding arm 20, an ultrasonic horn 30, a bonding 

tool 40, a load sensor 50, a bonding load detection part 150, an ultrasonic vibrator 60, a 

grounding detection part 70, a control part 80, and a recording part 130. 

[0020] The XY drive mechanism 10 is configured to be slidable in the XY direction (a 5 

direction parallel to a bonding surface), and a Z driving mechanism (linear motor) 12 that allows 

the bonding arm 20 to swing toward the Z direction (a direction perpendicular to the bonding 

surface) is provided on the XY driving mechanism (linear motor) 10. 

[0021] The bonding arm 20 is supported by a support shaft 14 and is configured to be 

swingable with respect to the XY driving mechanism 10.  The bonding arm 20 is formed in a 10 

substantially rectangular parallelepiped shape by extending from the XY driving mechanism 10 

to a bonding stage 16 on which a semiconductor chip 110 is placed, and the semiconductor chip 

is mounted on, for example, a substrate 120 that is a lead frame.  The bonding arm 20 includes 

an arm base end part 22 mounted to the XY driving mechanism 10, an arm front end part 24 

located on the front end side of the arm base end part 22 and mounted with the ultrasonic horn 15 

30, and a connecting part 23 which connects the arm base end part 22 and the arm front end part 

24 and has flexibility.  The connecting part 23 is configured by slits 25a, 25b and 25c, wherein 

the slits 25a and 25b have a predetermined width and extend from a top surface 21a of the 

bonding arm 20 toward a bottom surface 21b of the bonding arm 20, and the slit 25c has a 

predetermined width and extends from the bottom surface 21b of the bonding arm 20 toward the 20 

top surface 21a of the bonding arm 20.  In this way, since the connecting part 23 is configured 

by the slits 25a, 25b and 25c partially as a thin wall part, the arm front end part 24 is configured 

to be bent with respect to the arm base end part 22. 

[0022] As shown in FIGs. 1 and 2(B), a concave part 26 for receiving the ultrasonic horn 30 is 

formed on the side of the bottom surface 21b of the bonding arm 20.  The ultrasonic horn 30 is 25 

mounted on the arm front end part 24 by horn fixing screws 32 in a state of being received in the 
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concave part 26 of the bonding arm 20.  The ultrasonic horn 30 holds the bonding tool 40 at a 

front end part that protrudes from the concave part 26, and the ultrasonic vibrator 60 that 

generates ultrasonic vibrations is provided in the concave part 26.  The ultrasonic vibrations are 

generated by the ultrasonic vibrator 60, and the ultrasonic vibrations are transmitted to the 

bonding tool 40 by the ultrasonic horn 30, so that ultrasonic vibrations can be imparted to the 5 

bonding target via the bonding tool 40.  The ultrasonic vibrator 60 is, for example, a 

piezoelectric vibrator. 

[0023] Further, as shown in FIGs. 1 and 2(A), the slits 25a and 25b are formed on the side of 

the top surface 21a of the bonding arm 20 sequentially from the top surface 21a toward the 

bottom surface 21b.  The upper slit 25a is formed to have a width wider than that of the lower 10 

slit 25b.  Further, the load sensor 50 is provided in the upper slit 25a formed to have a wider 

width.  The load sensor 50 is fixed to the arm front end part 24 by preloading screws 52.  The 

load sensor 50 is disposed so as to be sandwiched between the arm base end part 22 and the arm 

front end part 24.  In other words, the load sensor 50 is mounted with offset from the central 

axis of the longitudinal direction of the ultrasonic horn 30 to the contact/separation direction 15 

with respect to the bonding target and is mounted between the rotation center of the bonding arm 

20 and the mounting surface of the ultrasonic horn 30 in the arm front end part 24 (i.e., the front 

end surface of the arm front end part 24 on the side of the bonding tool 40).  Further, as 

described above, since the ultrasonic horn 30 holding the bonding tool 40 is mounted to the arm 

front end part 24, when a load is applied to the front end of the bonding tool 40 by a reaction 20 

force from the bonding target, the arm front end part 24 bends with respect to the arm base end 

part 22 so that the load can be detected by the load sensor 50.  The load sensor 50 is, for 

example, a piezoelectric load sensor. 

[0024] The bonding tool 40 is for inserting a wire 42 and is, for example, a capillary provided 

with an insertion hole 41 (please refer to FIG. 5(A)).  In this case, it is configured that the wire 25 

42 used for bonding is inserted into the insertion hole 41 of the bonding tool 40 and that a part of 
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the wire 42 may extrude from the front end of the bonding tool 40.  Further, a pressing part 47 

(please refer to FIG. 5(A)) for pressing the wire 42 is provided at the front end of the bonding 

tool 40.  The pressing part 47 has a shape that is rotationally symmetrical about the direction of 

the insertion hole 41 of the bonding tool 40 and has a pressing surface 48 (please refer to FIG. 

5(A)) on the lower surface around the insertion hole 41. 5 

[0025] The bonding tool 40 is mounted to the ultrasonic horn 30 in a way replaceable by 

elastic deformation of the ultrasonic horn 30 itself.  Further, a wire clamper 44 is provided 

above the bonding tool 40, and the wire clamper 44 is configured to restrain or release the wire 

42 at a predetermined timing.  A wire tensioner 46 is provided further above the wire clamper 

44, and the wire tensioner 46 is configured to allow the wire 42 to be inserted and to provide an 10 

appropriate tension to the wire 42 being bonded. 

[0026] The material of the wire 42 is appropriately selected based on the easiness of 

processing, low electric resistance, and the like, and for example, gold (Au), copper (Cu), silver 

(Ag) or the like is used.  Further, the wire 42 is bonded to an electrode 112 of the 

semiconductor chip 110 by a free air ball 43 extending from the front end of the bonding tool 40. 15 

[0027] The grounding detection part 70 electrically detects whether the free air ball 43, which 

is the front end of the wire 42 inserted to the bonding tool 40, is grounded to the electrode 112 of 

the semiconductor chip 110 and detects whether the wire 42 is grounded to the electrode 112 

based on an output of an electric signal supplied to the wire 42. 

[0028] The grounding detection part 70 includes, for example, a power supply part 72 for 20 

applying a predetermined electric signal between a workpiece 100 and the wire 42, an output 

measuring part 74 for measuring the output of the electric signal supplied from the power supply 

part 72, and a determination part 76 for determining whether the wire 42 is grounded to the 

workpiece 100 based on the measurement result of the output measuring part 74.  As shown in 

FIG. 1, one of the terminals of the grounding detection part 70 is electrically connected to the 25 

bonding stage 16, and the other terminal is electrically connected to the wire clamper 44 (or a 
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wire spool (omitted in FIG. 1)). 

[0029] The control part 80 is configured to perform control for the bonding processing and is 

exemplified by being connected among structures such as the XY driving mechanism 10, the Z 

driving mechanism 12, the ultrasonic horn 30 (the ultrasonic vibrator 60), the bonding tool 40, 

the bonding load detection part 150 (the load sensor 50), and the grounding detection part 70 in a 5 

way capable of directly or indirectly transmitting and receiving signals, and the operations of 

these structures are controlled by the control part 80. 

[0030] The control part 80 is configured by, for example, including an XYZ axis control part 

82, a bonding tool position detection part 84, a speed detection part 86, a height measuring part 

88, and a bonding control part 89. 10 

[0031] The XYZ axis control part 82 controls the XYZ-direction operation of the bonding arm 

20 or the bonding tool 40 by, for example, controlling at least one of the XY driving mechanism 

10 and the Z driving mechanism 12. 

[0032] The bonding tool position detection part 84 detects the position of the bonding tool 40 

including the position of the bonding tool 40 in the Z direction, such as the position of the front 15 

end of the bonding tool 40.  The position of the front end of the bonding tool 40 may include, 

for example, the position of the front end of the bonding tool 40 itself, the position of the front 

end of a wire inserted in the bonding tool, or the position of the free air ball 43 formed at the 

front end of the wire inserted in the bonding tool.  By providing the bonding tool position 

detection part 84, the distance between the position before the bonding tool 40 is moved (the 20 

height of the bonding tool 40) and the position after the bonding tool 40 is moved, such as the 

position of the bonding tool 40 (the height of the bonding target) when the free air ball 43 is 

grounded to the bonding target, can thereby be correctly measured. 

[0033] The speed detection part 86 detects the moving speed of the bonding tool 40.  The 

speed detection part 86 may, for example, detect the moving speed of the bonding tool 40 at all 25 

times and may periodically detect the moving speed of the bonding tool 40. 
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[0034] The height measuring part 88 measures the height of each bonding target by, for 

example, detecting whether the free air ball 43 formed at the front end of the wire 42 inserted in 

the bonding tool 40 is grounded to each of the bonding targets. 

[0035] The bonding control part 89, for example, controls the height of the bonding tool 40 

based on the measurement result of the height measuring part 88 to bond the free air ball 43 at 5 

the front end of the wire 42 to the electrode 112 of the semiconductor chip 110 and controls the 

height of the bonding tool 40 based on the measurement result of the height measuring part 88 to 

bond the wire 42 to the electrode 122 of the substrate 120 to connect the electrode 112 and the 

electrode 122. 

[0036] The control part 80 is connected to the recording part 130 which records various kinds 10 

of information.  For example, the recording part 130 records the position information of each of 

the plurality of electrodes 112 and 122 that are disposed.  The recording part 130 records the 

front end position information of the bonding tool 40, such as disposition position information 

when the bonding tool 40 is lowered to the electrodes 112 and 122 (the positions P1 and P3 

shown in FIG. 3).  The recording part 130 records the moving speed of the bonding tool 40 for 15 

the distance measuring part 88 to determine that the free air ball 43 has been grounded to the 

bonding point or records the change amount in the moving speed of the bonding tool 40 as a 

threshold value.  The recording part 130 records the output value of the load sensor 50 which is 

set in advance and is referred to for determining whether the free air ball 43 is grounded as a 

threshold value. 20 

[0037] Further, the control part 80 is connected to an operation part 132 for inputting control 

information and a display part 134 for outputting the control information, whereby an operator 

can input the necessary control information with the operation part 132 while recognizing the 

screen with the display part 134.  Further, the control part 80 is a computer device including a 

CPU, a memory, and the like.  The memory stores in advance a bonding program for 25 

performing the necessary processes for wire bonding and the like.  The control part 80 is 
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configured to perform each step for controlling the operation of the bonding tool 40 described in 

the distance measuring method of the wire bonding to be described later (such as including a 

program for causing a computer to perform each step). 

[0038] An outline of the wire bonding operation according to the embodiment will be 

described with reference to FIG. 3.  The wire bonding operation includes at least a height 5 

measuring processing for measuring the height of each of the electrodes 112 and 122 and a wire 

bonding processing for bonding the electrodes 112 and 122 with the wire performed by the wire 

bonding apparatus. 

[0039] FIGs. 3(A) to 3(D) are conceptual views illustrating an example of an operation for 

performing wire bonding to the plurality of electrodes 112 and 122.  FIGs. 3(A) to 3(C) show 10 

an example of the height measuring processing for measuring the height of each of the 

electrodes 112 and 122, and FIG. 3(D) shows an example of performing the bonding processing 

for the wire bonding on the plurality of electrodes. 

[0040] As shown in FIG. 3(A), the wire bonding apparatus 1 is provided as a premise; as 

shown in FIG. 1, the wire bonding apparatus 1 includes the bonding tool 40 configured to allow 15 

the wire 42 to be inserted; and the bonding stage 16 for fixing and holding the workpiece 100 

including the electrode 112 (first electrode) and the electrode 122 (second electrode). 

[0041] The workpiece 100 is prepared, and the workpiece 100 has the substrate 120, on which 

the electrode 112 is formed, and the semiconductor chip 110, which is mounted on the substrate 

120 and on which the electrode 122 is formed; the workpiece 100 is transferred to the bonding 20 

stage 16 by a transferring device (not shown).  The bonding stage 16 is attached to the lower 

surface of the workpiece 100 and fixes and holds the workpiece 100 by a wind clamper (not 

shown). 

[0042] Here, the workpiece 100 has a first bonding point P2, which is electrically bonded to 

the electrode 112 of the semiconductor chip 110 by a wire in a wire bonding method according 25 

to the embodiment, and a second bonding point P4, which is connected to the electrode 122 of 
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the substrate 120.  Here, the first bonding point refers to the part that is bonded first between 

the two points connected by the wire, and the second bonding point refers to the part that is 

bonded later. 

[0043] In addition, the specific form of the workpiece 100 is not limited to the above, and the 

workpiece 100 may have various forms, such as electrically connecting electrodes between two 5 

points of a thing having a stack structure formed by stacking a plurality of semiconductor chips.  

Further, the first and second bonding targets are not necessarily a single electrode and may 

include a plurality of electrodes. 

[0044] The free air ball 43 is formed at the front end of the wire 42 that is inserted in the 

bonding tool 40.  Specifically, the front end of the wire 42 extending from the bonding tool 40 10 

is brought close to a torch electrode (not shown) applied with a predetermined high voltage so 

that a discharge is generated between the front end of the wire 42 and the torch electrode.  In 

this way, the free air ball 43 is formed at the front end of the wire 42 by the surface tension of 

the metal wire melting. 

[0045] When the bonding tool 40 is lowered from the predetermined position P1 toward the 15 

first bonding point P2, the height measuring part 88 of the wire bonding apparatus 1 measures 

the height of the electrode 112 by detecting whether the free air ball 43 formed at the front end 

of the wire 42 inserted in the bonding tool 40 is grounded to the electrode 112.  When the 

height measuring part 88 detects the grounding of the free air ball 43 to the electrode 112, the 

bonding tool 40 is raised toward the position P1. 20 

[0046] Further, the height of the electrode 112 may include, for example, a height measured 

based on the height of a predetermined structure such as the bonding stage 16 or a relative height 

relative to a predetermined reference height. 

[0047] As shown in FIG. 3(B), the bonding tool 40 is moved so that the bonding tool 40 is 

disposed from the position P1 to the position P3. 25 

[0048] As shown in FIG. 3(C), when the bonding tool 40 is lowered from the predetermined 
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position P3 toward the second bonding point P4, the height measuring part 88 measures the 

height of the electrode 122 by detecting whether the free air ball 43 formed at the front end of 

the wire 42 inserted in the bonding tool 40 is grounded to the electrode 122 of the substrate 120.  

When the height measuring part 88 detects the grounding of the free air ball 43 to the electrode 

122, the bonding tool 40 is raised toward the position P3. 5 

[0049] Further, the height of the electrode 122 may include, for example, a height measured 

based on the height of a predetermined structure such as the bonding stage 16 or a relative height 

relative to a predetermined reference height. 

[0050] Further, when the height measuring processing ends, the bonding tool 40 returns to the 

position P1 and starts the bonding processing for bonding the wire to the electrodes 112 and 122. 10 

[0051] As shown in FIG. 3(D), the bonding control part 89 of the wire bonding apparatus 1 

calculates the movement trajectory from the first bonding point P2 of the electrode 112 toward 

the second bonding point P4 of the electrode 122 based on, for example, the measurement result 

of the height measuring part 88 and the detection result of the bonding tool position detection 

part 84.  Further, the bonding control part 89 bonds the free air ball 43 at the front end of the 15 

wire 42 to the first bonding point P2 of the electrode 112 based on the movement trajectory and 

releases the wire 42 from the front end of the bonding tool 40 while causing the bonding tool 40 

to move toward the electrode 122, so that a part of the wire 42 is bonded to the second bonding 

point P4 of the electrode 122. 

[0052] Specifically, by appropriately operating the XY driving mechanism 10 and the Z 20 

driving mechanism 12, the wire 42 is released while the bonding tool 40 is moved along a 

predetermined trajectory, so that the wire 42 is looped from the first bonding point P2 of the 

electrode 112 toward the second bonding point P4 of the electrode 122.  This is performed as 

follows: a first bonding of the free air ball 43 formed at the front end of the bonding tool 40 is 

performed at the first bonding point P2 of the electrode 112, and then the XY driving mechanism 25 

10 and the Z driving mechanism 12 are looped to the second bonding point P4 a according to a 
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predetermined trajectory, thereby performing a second bonding for a part of the wire 42 on the 

electrode 122.  At this time, similar to the bonding at the first bonding point P2, a part of the 

wire 42 is pressed by the pressing part 47 (the pressing surface 48) of the bonding tool 40 

(shown in FIG. 5 to be described later), and heat and/or the ultrasonic vibrations or the like is 

operated, whereby a part of the wire 42 is bonded to the second bonding point P4.  As 5 

described above, the second bonding at the second bonding point P4 ends, and a wire loop 90 is 

formed between the first bonding point P2 and the second bonding point P4 to connect the two.  

A bonding part 92 of the wire loop 90 is provided at the first bonding point P2. 

[0053] In this way, the workpiece having the wire loop 90 can be manufactured, and the wire 

loop 90 is formed into a predetermined shape for connecting the first bonding point P2 and the 10 

second bonding point P4. 

[0054] Further, while the bonding tool 40 is lowered toward each of the bonding points P2 and 

P4, the ultrasonic vibrations can be supplied to the free air ball 43 of the wire 42.  For example, 

by supplying the ultrasonic vibrations to the bonding tool 40 when the free air ball 43 of the wire 

42 and the first bonding point P2 are in a non-contact state, the free air ball 43 of the wire 42 15 

starts to contact the first bonding point P2 in a state that the free air ball 43 of the wire 42 

vibrates.  Therefore, especially when the wire 42 or the first bonding point P2 are, for example, 

an easily oxidizable material such as copper, the oxide formed on the surface of the first bonding 

point P2 and the surface of the free air ball 43 is removed by friction caused by the vibration, 

and a clean surface is exposed on the surface of the first bonding point P2 and the surface of the 20 

free air ball 43, respectively.  In this way, the bonding state between the first bonding point P2 

and the free air ball 43 is good, and the characteristics of the wire bonding can be improved. 

[0055] The details of the height measuring processing for measuring the height of the bonding 

target will be described below. 

[0056] First, the height measuring processing of the first embodiment will be described with 25 

reference to FIGs. 4 to 6 (and with reference to a part of FIG. 3).  FIG. 4 is a flow chart for 
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explaining an example of the height measuring processing.  FIGs. 5(A) to 5(C) are conceptual 

views for explaining the height measuring processing.  FIG. 6 shows a change in the 

Z-direction position in the bonding tool with the passage of time. 

[0057] In the height processing of the embodiment, the height measuring part 88 shown in FIG. 

1 detects whether the free air ball 43 is grounded to the electrodes 112 and 122, respectively, 5 

based on a change in the moving speed of the bonding tool 40 when the free air ball 43 at the 

front end of the wire 42 contacts the electrode 112 and the electrode 122, respectively. 

[0058] (Step S1 of FIG. 4) 

As shown in FIG. 3(A), the bonding tool 40 is disposed at the position P1 above the 

electrode 112 as the first bonding target to be bonded. 10 

[0059] (Step S3) 

As shown in FIG. 3(A), the bonding tool 40 is lowered toward the first bonding point P2 

of the electrode 112.  For example, as shown in FIG. 6, during the period from t0 to t1, the 

bonding tool 40 is lowered at a speed a along the Z direction. 

[0060] Next, as shown in FIGs. 5(A) and 6, at the time t1, the descending speed of the bonding 15 

tool 40 is changed from the speed a to the speed b (the speed b is less than the speed a).  In 

other words, since the bonding tool 40 approaches the first bonding point P2, the process is 

changed to a search operation. 

[0061] (Step S5) 

As shown in FIGs. 5(B) and 6, at the time t2, the free air ball 43 contacts the electrode 20 

112.  Subsequently, when the free air ball 43 is pressed to the first bonding point P2, the free air 

ball 43 receives a reaction force from the first bonding point P2, and the descending speed of the 

bonding tool 40 decreases from the speed b to the speed c (the speed c is less than the speed b). 

[0062] Further, for example, the height measuring part 88 detects whether the free air ball 43 

is grounded to the electrode 112 based on a speed change amount (|b-c|) from the speed b to the 25 

speed c in the movement of the bonding tool 40 when the free air ball 43 at the front end of the 
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wire 42 presses the electrode 112.  Specifically, the height measuring part 88 compares the 

speed change amount (|b-c|) from the speed b to the speed c in the movement of the bonding tool 

40 when the free air ball 43 at the front end of the wire 42 presses the electrode 112 with the 

speed change amount recorded in the recording part 130 as the threshold value, and the height 

measuring part 88 determines that the free air ball 43 has been grounded to the electrode 112 5 

when the speed change amount (|b-c|) is greater than the speed change amount recorded in the 

recording part 130.  In addition, the height measuring part 88 may detect whether the free air 

ball 43 is grounded to the electrode 112 based on that the moving speed of the bonding tool 40 

when the free air ball 43 at the front end of the wire 42 presses the electrode 112 reaches a 

predetermined set value (such as the speed c). 10 

[0063] Here, when the height measuring part 88 has detected the grounding of the free air ball 

43 to the electrode 112 (Yes in S6 of FIG. 4), the process proceeds to the Step S7, and when the 

height measuring part 88 has not detected the grounding of the free air ball 43 to the electrode 

112 (No in S6 of FIG. 4), the process returns to the Step S3. 

[0064] (Step S7) 15 

As shown in FIG. 5, the height measuring part 88 measures the height of the electrode 

112 by detecting whether the free air ball 43 is grounded to the electrode 112.  The height 

measuring part 88 measures the height of the electrode 112 based on, for example, the height of 

the position P1 set in advance before the bonding tool 40 is lowered and the height H 

corresponding to the position Z2 of the bonding tool 40 when the free air ball 43 is grounded to 20 

the electrode 112.  Further, the height of the position P1 and height H may include the height 

from the surface of the bonding stage 16 of the workpiece 100, the semiconductor chip 110, or 

the semiconductor chip 120. 

[0065] Subsequently, as shown in FIGs. 5(C) and 6, after the time t2, when the bonding tool 

40 is further lowered from the position Z2, the free air ball presses the first bonding point P2 at 25 

the speed c, and a free air ball 45 is deformed as shown and is slightly flattened, and the position 
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of the bonding tool 40 reaches Z3. 

[0066] (Step S9) 

As shown in FIGs. 3(A) and 6, the bonding tool 40 is moved to the position P1 above 

the first bonding point P2 at a predetermined speed.  Then, though not shown in FIG. 4, as 

shown in FIGs. 3(B) and 3(C), the height measuring processing is performed to measure the 5 

height of the second bonding point P4 of the electrode 122. 

[0067] As described above, according to the first embodiment, the height of the electrode 112 

is measured by detecting whether the free air ball 43 is grounded to the electrode 112, the height 

of the electrode 122 is measured by detecting whether the free air ball 43 is grounded to the 

electrode 122, the height of the bonding tool 40 is controlled based on the measurement result of 10 

the height of the electrode 112 to bond the free air ball 43 to the electrode 112, and the height of 

the bonding tool 40 is controlled based on the measurement result of the height of the electrode 

122 to bond the wire 42 to the electrode 122 so as to connect the electrode 112 and the electrode 

122.  In this way, a plurality of electrodes can be correctly bonded. 

[0068] <Second Embodiment> 15 

The second embodiment differs from the first embodiment in that the height measuring 

part 88 detects whether the free air ball at the front end of the wire is grounded to the electrodes 

112 and 122 based on a change in the bonding load applied when the free air ball is grounded to 

the electrodes 112 and 122.  Hereinafter, differences from the first embodiment will be 

specifically described, and other parts will be omitted. 20 

[0069] The bonding load detection part 150 shown in FIG. 1 includes, for example, an output 

measuring part 152 connected to an output of the load sensor 50, and a determination part 154 

for determining whether the free air ball 43 of the wire 42 is grounded to the workpiece 100 

based on the result of the output measuring part 152. 

[0070] The determination part 154 determines whether the free air ball 43 is grounded based 25 

on, for example, whether the output of the load sensor 50 exceeds a predetermined threshold 
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value.  That is, when the bonding tool 40 is lowered and the free air ball 43 of the wire 42 is 

grounded to the electrodes 112 and 122, the front end of the bonding tool 40 receives a reaction 

force from the electrodes 112 and 122, and the output value of the load sensor 50 rises due to the 

load.  In addition, when the output value exceeds the predetermined threshold value, the 

determination part 154 determines that the free air ball 43 has been grounded.  In this way, the 5 

bonding load detection part 150 detects whether the free air ball 43 is grounded during the wire 

bonding operation based on the initial impact load applied to the front end of the bonding tool 40 

in association with the lowering of the bonding tool 40. 

[0071] FIG. 7 is a flow chart showing an example of the height measuring processing of the 

wire bonding according to the second embodiment.  FIG. 8 is a view showing a relationship 10 

between the output of the load sensor and the Z-direction position of the bonding tool according 

to the second embodiment. 

[0072] (Step S15 of FIG. 7) 

As shown in FIG. 8, the height measuring part 88 shown in FIG. 1 detects whether the 

free air ball 43 at the front end of the wire 42 is grounded to the electrode 112 based on the 15 

change in the output of the load sensor 50.  Specifically, the height measuring part 88 detects 

whether the free air ball 43 at the front end of the wire 42 is grounded to the electrode 112 based 

on a change in the bonding load applied to the free air ball 43 when the free air ball 43 at the 

front end of the wire 42 presses the first bonding point P2. 

[0073] (Step S17) 20 

The height measuring part 88 shown in FIG. 1 measures the height of the electrode 112 

by detecting whether the free air ball 43 is grounded to the electrode 112, and the height of the 

electrode 112 is based on the Z-direction position of the bonding tool 40 corresponding to a first 

bonding level detection position.  In addition, though not shown in FIG. 7, after measuring the 

height of the electrode 112, the height measuring part 88 measures the height of the electrode 25 

122 by detecting whether the free air ball 43 is grounded to the electrode 122, and the height of 
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the electrode 122 is based on the Z-direction position of the bonding tool 40 corresponding to a 

second bonding level detection position. 

[0074] As described above, according to the second embodiment, in addition to the effects of 

the first embodiment, since the height measuring part 88 detects whether the free air ball 43 is 

grounded to the electrode 112 based on the change in the bonding load applied to the free air ball 5 

43 and thereby measures the height of the electrode 112, the grounding of the free air ball 43 to 

the electrode 112 can be more correctly detected. 

[0075] <Third Embodiment> 

The third embodiment differs from the first embodiment and the second embodiment in 

that the height measuring part 88 detects whether the free air ball at the front end of the wire is 10 

grounded to the electrodes 112 and 122 based on an output change in the electric signal supplied 

to the wire inserted in the bonding tool when the free air ball is grounded to the electrodes 112 

and 122.  Hereinafter, differences from the first embodiment and the second embodiment will 

be specifically described, and other parts will be omitted. 

[0076] FIG. 9 is a view showing an example of a circuit configuration of a grounding detection 15 

part of the wire bonding apparatus according to the embodiment.  As shown in FIG. 9, the 

power supply part 72 of the grounding detection part 70 may be configured with a DC voltage 

power supply.  That is, when it can be seen that the wire 42 and the bonding stage 16 are 

connected only by an electric resistance component (for example, when both are electrically 

turned on), a DC voltage signal can be used as a predetermined electric signal.  That is, when 20 

the free air ball 43 of the wire 42 is in contact with the electrodes 112 and 122, a potential 

difference is generated between the bonding stage 16 and the wire 42.  Therefore, whether the 

free air ball 43 is grounded to the electrodes 112 and 122 can be determined based on the change 

in the output voltage v. 

[0077] FIG. 10 is a view showing an example of a circuit configuration of the grounding 25 

detection part of the wire bonding apparatus according to the embodiment.  As shown in FIG. 
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10, the power supply part 72 of the grounding detection part 70 may be configured with an AC 

voltage power supply.  That is, when a capacitance component is included between the 

electrodes 112 and 122 of the workpiece 100 and the bonding stage 16 (for example, when 

neither are electrically turned on), an AC voltage signal can be used as a predetermined electric 

signal.  In this case, when the free air ball 43 of the wire 42 contacts the electrodes 112 and 122, 5 

the electrostatic capacitance value of the wire bonding apparatus 1 is further added with the 

electrostatic capacitance value of the workpiece 100, whereby the electrostatic capacitance value 

between the bonding stage 16 and the wire 42 changes.  Therefore, whether the free air ball 43 

is grounded to the electrodes 112 and 122 can be determined based on the change in the capacity 

value, such as the output voltage v. 10 

[0078] FIG. 11 is a flow chart showing an example of the height measuring processing of the 

wire bonding according to the third embodiment.  FIG. 12 is a view showing a relationship 

between the detection voltage of the grounding detection part and the Z-direction position of the 

bonding tool according to the third embodiment. 

[0079] (Step S25) 15 

As shown in FIG. 8, the height measuring part 88 detects whether the free air ball 43 at 

the front end of the wire 42 is grounded to the electrode 112 based on the detection voltage of 

the grounding detection part 150 shown in FIG. 1.  Specifically, the height measuring part 88 

detects whether the free air ball 43 at the front end of the wire 42 is grounded to the electrode 

112 based on an output change in the electric signal supplied to the wire 42 inserted in the 20 

bonding tool 40 when the free air ball 43 at the front end of the wire 42 contacts the first bonding 

point P2 of the electrode 112. 

[0080] (Step S27) 

The height measuring part 88 measures the height of the electrode 112 corresponding to 

the first bonding level detection position by detecting whether the free air ball 43 is grounded to 25 

the electrode 112.  In addition, though not shown in FIG. 11, after measuring the height of the 
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electrode 112, the height measuring part 88 measures the height of the electrode 122 by 

detecting whether the free air ball 43 is grounded to the electrode 122, and the height of the 

electrode 122 is based on the Z-direction position of the bonding tool 40 corresponding to the 

second bonding level detection position. 

[0081] As described above, according to the third embodiment, in addition to the effects of the 5 

first embodiment, since the height measuring part 88 detects whether the free air ball 43 is 

grounded to the electrode 112 based on the output change in the electric signal supplied to the 

wire 42, the grounding of the free air ball 43 to the electrode 112 can be detected more quickly 

and correctly. 

[0082] <Other Embodiments> 10 

The embodiment examples or application examples described in the embodiments of 

the present invention may be appropriately combined according to the purpose or may be used 

with change or modification.  The present invention is not limited to the description of the 

embodiments.  It is to be understood that such combinations or changes or modifications are 

also included in the technical scope of the invention. 15 

[0083] In the wire bonding apparatus, the first embodiment to the third embodiment can be 

combined as appropriate and implemented by combining the speed detection part 86, the 

grounding detection part 70, the load sensor 50, and the bonding load detection part 150.  On 

the other hand, in the wire bonding apparatus, it is not necessary to include all of the speed 

detection part 86, the grounding detection part 70, the load sensor 50, and the bonding load 20 

detection part 150.  For example, in the first embodiment, the wire bonding apparatus is 

required to include the speed detection part 86, however, the grounding detection part 70, the 

load sensor 50, and the bonding load detection part 150 are not necessarily required.  In the 

second embodiment, the wire bonding apparatus is required to include the load sensor 50 and the 

bonding load detection part 150; however, the speed detection part 86 and the grounding 25 

detection part 70 are not necessarily required.  In the third embodiment, the wire bonding 
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apparatus is required to include the grounding detection part 70; however, the speed detection 

part 86, the load sensor 50, and the bonding load detection part 150 are not necessarily required. 

[0084] In the above-described embodiment, an aspect in which a plurality of bonding targets 

disposed at different positions are connected to each other by a wire is described as an example 

of the wire bonding method.  However, the heights of the plurality of bonding targets may be 5 

different, or at least two of the plurality of bonding targets may have the same height. 

[0085] Further, the present invention can also be applied to so-called reverse bonding in which 

the first bonding point P2 is set as the electrode 122 of the substrate 120. 

[0086] FIG. 13 is a view for explaining another wire bonding method.  As shown in FIG. 13, 

the present invention can also be applied to a so-called chain loop; that is, a wire loop 90 is 10 

formed by a single wire to connect a plurality of electrodes 112, 122, 162, 172, 182 and 192 

respectively disposed on a plurality of chips (or substrates) 110, 120, 160, 170, 180 and 190. 

Description of Reference Numerals 

[0087]  

1: wire bonding apparatus 15 

30: ultrasonic horn 

40: bonding tool 

42: wire 

43 (143): free air ball 

70: grounding detection part 20 

80: control part 

150: bonding load detection part 
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WHAT IS CLAIMED IS: 

1. A wire bonding method, comprising: 

a step of preparing a wire bonding apparatus comprising a bonding tool and a bonding 

stage, wherein the bonding tool is configured to allow a wire to be inserted, and the bonding 

stage fixes and holds a workpiece comprising a first electrode and a second electrode; 5 

a ball forming step of forming a free air ball at a front end of a wire inserted in the 

bonding tool; 

a first height measuring step of measuring a height of the first electrode by detecting 

whether the free air ball is grounded to the first electrode; 

a second height measuring step of measuring a height of the second electrode by 10 

detecting whether the free air ball is grounded to the second electrode; 

a first bonding step of bonding the free air ball to the first electrode by controlling a 

height of the bonding tool based on a measurement result of the first height measuring step; and 

a second bonding step of bonding the wire to the second electrode by controlling a 

height of the bonding tool based on a measurement result of the second height measuring step to 15 

connect the first electrode and the second electrode. 

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

the first height measuring step and the second height measuring step comprise: 

detecting whether the free air ball at the front end of the wire is grounded to the first electrode 

and the second electrode, respectively, based on a change in a bonding load applied to the free 20 

air ball when the free air ball at the front end of the wire presses the first electrode and the 

second electrode, respectively. 

3. The wire bonding method according to claim 1 or claim 2, wherein 

the first height measuring step and the second height measuring step comprise: 

detecting whether the free air ball at the front end of the wire is grounded to the first electrode 25 

and the second electrode, respectively, based on an output change in an electric signal supplied 
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to the wire inserted in the bonding tool when the free air ball at the front end of the wire contacts 

the first electrode and the second electrode, respectively. 

4. The wire bonding method according to claim 3, wherein 

the predetermined electric signal is a DC voltage signal or an AC voltage signal, and 

the first height measuring step and the second height measuring step comprise: 5 

detecting whether the free air ball at the front end of the wire is grounded to the first electrode 

and the second electrode based on a change in a potential difference between the wire and the 

first electrode and between the wire and the second electrode. 

5. A wire bonding apparatus, comprising: 

a bonding tool configured to allow a wire to be inserted; 10 

a bonding stage for fixing and holding a workpiece which comprises a first electrode 

and a second electrode; 

a first height measuring means for measuring a height of the first electrode by detecting 

whether the free air ball is grounded to the first electrode; 

a second height measuring means for measuring a height of the second electrode by 15 

detecting whether the free air ball is grounded to the second electrode; 

a first bonding means for bonding the free air ball to the first electrode by controlling a 

height of the bonding tool based on a measurement result of the first height measuring step; and 

a second bonding means for bonding the wire to the second electrode by controlling a 

height of the bonding tool based on a measurement result of the second height measuring step to 20 

connect the first electrode and the second electrode. 

6. The wire bonding apparatus according to claim 5, wherein 

the first height measuring part and the second height measuring part detect whether the 

free air ball at the front end of the wire is grounded to the first electrode and the second 

electrode, respectively, based on a change in a bonding load applied to the free air ball when the 25 

free air ball presses the first electrode or the second electrode. 
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7. The wire bonding apparatus according to claim 6 or claim 7, wherein 

the first height measuring part and the second height measuring part detect whether the 

free air ball at the front end of the wire is grounded to the first electrode and the second 

electrode, respectively, based on an output change in an electric signal supplied to the wire 

inserted in the bonding tool when the free air ball contacts the first electrode or the second 5 

electrode, respectively. 

8. The wire bonding apparatus according to claim 7, wherein 

the predetermined electric signal is an AC voltage signal, and 

the height measuring parts detect whether the free air ball at the front end of the wire is 

grounded to the first electrode and the second electrode based on a change in a potential 10 

difference between the wire and the first bonding target and between the wire and the second 

bonding target. 


