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WIRE BONDING METHOD, SEMICONDUCTOR DEVICE, CIRCUIT BOARD, 

ELECTRONIC INSTRUMENT AND WIRE BONDING DEVICE 

TECHNICAL FIELD 

The present invention relates to a wire bonding method, 

a semiconductor device, a circuit board, an electronic 

instrument and a wire bonding device. 

BACKGROUND ART 

In the manufacture of a semiconductor device, wire 

bonding technology is applied in order to electrically connect 

the electrodes of a semiconductor chip to leads. In recent years, 

the pin-counts of semiconductor devices has been rising, but 

with conventional wire bonding technology, there are limits to 

15 wire lead-out, and therefore it has only been possible to 

support this by means of the form or layout of the electrodes 

of the semiconductor chip, or the form or construction of the 

leads. 

20 DISCLOSURE OF THE INVENTION 

The present invention solves this problem, and has as its 

objective the provision of a wire bonding method which allows 

a free lead-out of the wires, a semiconductor device 

manufactured by this method, a circuit board and electronic 

25 instrument provided with the semiconductor device, and a wire 

bonding device using this method. 

( 1) A wire bonding method of the present invention 
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comprises: 

a first step of disposing a plurality of leads aligned 

in an imaginary plane around the periphery of a semiconductor 

chip having a plurality of electrodes aligned on an imaginary 

5 straight line, such that the center-to-center spacing of the 

leads is greater than the center-to-center spacing of the 

electrodes; 

a second step of bonding a wire to one of a pair formed 

by one of the electrodes ·and one of the leads; 

10 a third step of bending the wire as viewed from a direction 

perpendicular to the imaginary plane; and 

a fourth step of bonding the wire to the other of the pair 

of one of the electrodes and one of the leads. 

According to the present invention, when the center-

15 to-center spacing (pitch) is different for the electrodes and 

leads, by electrically connecting the two with wires, a pitch 

conversion can be carried out. Moreover, since the wire is bent, 

regardless of the electrode form or layout or the lead form or 

construction, the most effective wire lead-out is possible. For 

20 example, the wires can be drawn out so that the spacing between 

the wires is maximized. 

25 

(2) In this wire bonding method, the wire may be bent by 

using a pin in the third step. 

By using a pin, the wire can be bent accurately. 

(3) In this wire bonding method, the wire may be drawn 

out to a required length to connect one of the electrodes and 

one of the leads forming the pair, and then the wire may be bent, 
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in the third step. 

By means of this, since the wire drawn out to the required 

length is bent, the wire can be made stable and bent. 

(4) In this wire bonding method, the wire may be drawn 

5 out to a length less than the distance between one of the 

electrodes and one of the leads forming the pair, and then while 

bending the wire, the wire may be further drawn out, in the third 

step. 

By means of this, the wire of less than the required length 

10 can be drawn out while being bent. 

(5) In this wire bonding method, the wire may be bonded 

to one of the electrodes in the second step; and the wire may 

be bonded to one of the leads in the fourth step. 

By means of this, since the wire is first bonded to the 

15 electrodes, which have a smaller center-to-center spacing, the 

ease of operation is greater. 

(6) In the third step of this wire bonding method, as 

viewed from a direction perpendicular to the imaginary plane, 

the wire may be drawn out from the electrodes in a direction 

20 parallel to an imaginary vertical line which perpendicularly 

intersects the imaginary straight line at the mid-point between 

a pair of electrodes at opposite ends of the aligned electrodes, 

and the wire may be bent in a direction away from the imaginary 

vertical line. 

25 By means of this, the wires can be drawn out in a straight 

line from the electrodes, at a spacing substantially equal to 

the center-to-center spacing of the electrodes, and by bending 
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the wire the pitch conversion can be carried out. 

( 7) In this wire bonding method, the first to fourth steps 

may be repeated in sequence from one of the electrodes closest 

to the mid-point, so that all of the plurality of electrodes 

5 and the plurality of leads are bonded. 

By means of this, since the wire bonding is applied first 

to wires on the opposite side from the direction of bending, 

when moving the jig for bending the wire, the previously 

attached wires do not get in the way. 

10 (8) In this wire bonding method, the wires may be bent 

on a second imaginary straight line. 

By doing this, the wire spacing on the second imaginary 

straight line can be made substantially uniform. 

(9) In this wire bonding method, the second imaginary 

15 straight line may intersect the imaginary straight line on which 

the electrodes are aligned, and the distance from one of the 

electrodes closest to the point of intersection to the second 

imaginary straight line may be less than the distance from the 

mid-point to the second imaginary line; and 

20 an imaginary line connecting the extremities of the 

plurality of leads may extend on the side of the semiconductor 

chip from a third imaginary straight line which passes through 

the extremity of one of the leads closest to the imaginary 

vertical line and is parallel to the ini.aginary straight line 

25 on which the electrodes are aligned. 

In this way, when the leads are aligned on an imaginary 

line meeting the above conditions, by bending the wires on the 

4 



' J 

5 

ii111m1r1i1nr 
second imaginary straight line meeting the above conditions, 

the spacing of the wires can be increased. 

(10) A semiconductor device of the present invention 

comprises: 

a semiconductor chip having a plurality of electrodes 

aligned on an imaginary straight line; 

a plurality of leads aligned in an imaginary plane around 

the periphery of the semiconductor chip, such that the 

center-to-center spacing of the leads is greater than the 

10 center-to-center spacing of the electrodes; and 

a plurality of wires electrically connecting the 

electrodes and the leads, and bent as viewed from a direction 

perpendicular to the imaginary plane. 

According to the present invention, when the center-

15 to-center spacing (pitch) is different for the electrodes and 

leads, by electrically connecting the two with wires, a pitch 

conversion can be carried out. Moreover, since the wire is bent, 

regardless of the electrode form or layout or the lead form or 

construction, the most effective wire lead-out is possible. For 

20 example, the wires can be drawn out so that the spacing between 

the wires is maximized. 

(11) In this semiconductor device, 

as viewed from a direction perpendicular to the imaginary 

plane, the wires may be drawn out from the electrodes in a 

25 direction parallel to an imaginary vertical line which 

perpendicularly intersects the imaginary straight line at the 

mid-point between a pair of electrodes at opposite ends of the 
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aligned electrode$, and the wires may be bent in a direction 

away from the imaginary vertical line. 

By means of this, the wires can be drawn out in a straight 

line from the electrodes, at a spacing substantially equal to 

5 the center-to-center spacing of the electrodes, and by bending 

the wire the pitch conversion can be carried out. 

( 12) In this semiconductor device, the wires may be bent 

on a second imaginary straight line. 

By doing this, the wire spacing on the second imaginary 

10 straight line can be made substantially uniform. 

(13) In this semiconductor device, 

the second imaginary straight line may intersect the 

imaginary straight line on which the electrodes are aligned, 

and the distance from one of the electrodes closest to the point 

15 of intersection to the second imaginary straight line may be 

less than the distance from the mid-point to the second 

imaginary straight line; and 

an imaginary line connecting the extremities of the 

plurality of leads may extend on the side of the semiconductor 

20 chip from a third imaginary straight line which passes through 

the extremity of one of the leads closest to the imaginary 

vertical line and is parallel to the imaginary straight line 

on which the electrodes are aligned. 

In this way, when the leads are aligned on an imaginary 

25 line meeting the above conditions, by bending the wires on the 

second imaginary straight line meeting the above conditions, 

the spacing of the wires can be increased. 
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(14) On a circuit board of the present invention, the 

above semiconductor device is mounted. 

(15) An electronic instrument of the present invention 

is equipped with the above semiconductor device. 

5 ( 16) A wire bonding device of the present invention 

comprises: 

a table on which a semiconductor chip having a plurality 

of electrodes aligned on an imaginary straight line is mounted, 

and a plurality of leads aligned in an imaginary plane are 

10 disposed around the periphery of the semiconductor chip such 

that the center-to-center spacing of the leads is greater than 

the center-to-center spacing of the electrodes; and 

15 

a bonding tool for drawing out a wire and connecting the 

electrodes and the leads; 

wherein the bonding tool moves between a pair formed by 

one of the electrodes and one of the leads, along a non-straight 

line as viewed from a direction perpendicular to the imaginary 

plane, and bends the wire. 

According to the present invention, when the center-

20 to-center spacing (pitch) is different for the electrodes and 

leads, by electrically connecting the two with wires, a pitch 

conversion can be carried out. Moreover, since the wire is bent, 

regardless of the electrode form or layout or the lead form or 

construction, the most effective wire lead-out is possible. For 

25 example, the wires can be drawn out so that the spacing between 

the wires is maximized. 

(17) In this wire bonding device, the bonding tool may 
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draw out the wire to a length required for connection of the 

pair formed by one of the electrodes and one of the leads, and 

then may bend the wire. 

By means of this, since the wire drawn out to the required 

5 length is bent, the wire can be made stable and bent. 

10 

15 

(18) In this wire bonding device, the bonding tool may 

draw out the wire to a length less than the distance between 

one of the electrodes and one of the leads forming the pair, 

and then while bending the wire, may further draw out the wire. 

By means of this, the wire of less than the required length 

can be drawn out while being bent. 

(19) In this wire bonding device, the bonding tool may 

bond the wire to one of the electrodes, and then bond the wire 

to one of the leads. 

By means of this, since the wire is first bonded to the 

electrodes, which have a smaller center-to-center spacing, the 

ease of operation is greater. 

( 20) In this wire bonding device, as viewed from a 

direction perpendicular to the imaginary plane, the bonding 

20 tool may draw out the wire from the electrodes in a direction 

parallel to an imaginary vertical line which perpendicularly 

intersects the imaginary straight line at the mid-point between 

a pair of electrodes at opposite ends of the aligned electrodes, 

and may bend the wire in a direction away from the imaginary 

25 vertical line. 

By means of this, the wires can be drawn out in a straight 

line from the electrodes, at a spacing substantially equal to 
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the center-to-center spacing of the electrodes, and by bending 

the wire the pitch conversion can be carried out. 

( 21) This wire bonding device may further comprise a pin 

extending in a direction perpendicular to the imaginary plane 

5 and undergoing translational movement; and the bonding tool may 

contact the wire with the pin for bending. 

By using a pin, the wire can be bent accurately. 

(22) In this wire bonding method, the bonding tool may 

bond the wire to the electrodes in sequence from one of the 

10 electrodes closest to the mid-point. 

15 

By means of this, since the wire bonding is applied first 

to wires on the opposite side from the direction of bending, 

when moving the jig for bending the wire, the previously 

attached wires do not get in the way. 

(23) In this wire bonding device, the bonding tool may 

bend the wire on a second imaginary straight line. 

By doing this, the wire spacing on the second imaginary 

straight line can be made substantially uniform. 

(24) In this wire bonding device, the second imaginary 

20 straight line may intersect the imaginary straight line on which 

the electrodes are aligned, and the distance from one of the 

electrodes closest to the point of intersection to the second 

imaginary straight line may be less than the distance from the 

mid-point to the second imaginary straight line; and 

25 an imaginary line connecting the extremities of the 

plurality of leads may extend on the side of the semiconductor 

chip from a third imaginary straight line which passes through 
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the extremity of one of the leads closest to the imaginary 

vertical line and is parallel to the imaginary straight line 

on which the electrodes are aligned. 

In this way, when the leads are aligned on an imaginary 

5 line meeting the above conditions, by bending the wires on the 

second imaginary straight line meeting the above conditions, 

the spacing of the wires can be increased. 

( 25) This wire bonding device may further comprise a pin 

extending in a direction perpendicular to the imaginary plane 

10 and undergoing translational movement on the second imaginary 

straight line; and the bonding tool may contact the wire with 

the pin for bending. 

By using a pin, the wire can be bent accurately. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates an embodiment of the wire bonding 

method of the present invention. 

Fig. 2 illustrates an embodiment of the wire bonding 

method of the present invention. 

20 Fig. 3 illustrates an embodiment of the wire bonding 

method of the present invention. 

Fig. 4 illustrates an embodiment of the wire bonding 

method of the present invention. 

Fig. 5 illustrates an embodiment of the wire bonding 

25 method of the present invention. 

Fig. 6 illustrates an embodiment of the wire bonding 

device of the present invention. 
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Fig. 7 illustrates a circuit board on which is mounted 

an embodiment of the semiconductor device of the present 

invention. 

Fig. 8 illustrates an electronic instrument equipped with 

5 a semiconductor device manufactured by application of the 

method of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A pref erred embodiment of the present invention is now 

10 described with reference to the drawings. 

First step of the wire bonding method 

Fig. 1 shows an embodiment of the wire bonding method to 

which the present invention is applied. As shown in Fig. 1, a 

15 semiconductor chip 10 on which an integrated circuit is formed, 

and a plurality of leads 20 are provided. 

on one surface of the semiconductor chip 10 (the active 

surface) are formed a plurality of electrodes (bonding pads) 

12 formed of aluminum or the like. The plurality of electrodes 

20 12 are aligned in a single row on a first imaginary straight 

line Ll, with a substantially uniform center-to-center spacing 

(pitch). The form of each of the electrodes 12 may be rectangular, 

such that the edges in the direction of alignment of the row 

(parallel to the imaginary straight line Ll) are shorter than 

25 the edges perpendicular thereto. As the number of electrodes 

12 is increased, so the center-to-center spacing of the 

electrodes 12 is reduced, and therefore the length of the. edge 
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in the direction of alignment is also reduced, but the length 

of the edge in the direction perpendicular thereto can be 

designed with relative freedom. As a result, the electrodes 12 

can be made large, and a large bonding area can be provided. 

5 When the semiconductor chip 1 O is rectangular, the electrodes 

12 may be aligned along two sides which are parallel to each 

other, or may equally be aligned along the four sides. The 

electrodes 12 may be disposed in a central portion of the 

semiconductor chip 10 or on the periphery thereof. A passivation 

10 film is commonly formed on the active surface, avoiding the 

electrodes 12. 

The leads 20 may be the inner leads of a lead frame, or 

may be interconnects formed on a substrate. When the leads 2 O 

form part of a semiconductor device, they are electrically 

15 connected to the external terminals of the semiconductor device. 

The leads 20 are aligned in an imaginary plane P. The imaginary 

plane P is pref er ably parallel to the plane in which the 

electrodes 12 of the semiconductor chip 10 are formed, and may 

be the same plane. The leads 2 O are wider than the electrodes 

20 12, and the center-to-center spacing (pitch} is also wider than 

the center-to-center spacing of the electrodes 12. Each of the 

leads 20 is commonly electrically connected to one of the 

electrodes 12, but may equally be electrically connected to a 

plurality of the electrodes 12, of a plurality of leads 20 may 

25 be electrically connected to a single electrode 12. 

The plurality of leads 20 could be aligned parallel to 

the plurality of electrodes 12, but in this case, leads 20 closer 
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to the ends of the row are farther from the electrodes 12. That 

is to say, the distance from the electrodes 12 to the leads 20 

is different in the central portion and the periphery of the 

semiconductor chip 10, and in particular, the distance from the 

5 end electrodes 12 to the corresponding leads 20 is longer. 

Therefore, as shown in Fig. 1, the ends of the plurality of leads 

2 0 are disposed on an imaginary line L which is different from 

the third imaginary straight line L3 which is parallel to the 

first imaginary straight line Ll. The imaginary line L may be 

10 a straight line or it may be a curved line. The imaginary line 

L is preferably closer to the electrodes 12 than the third 

imaginary ~traight line L3. By this means, the leads 20 close 

to the end of the row are brought closer to the electrodes 12, 

and therefore the distance between the leads 2 0 and the 

15 electrodes 12 can be made less. When the leads 20 and electrodes 

12 are connected one-to-one, the leads 20 may be disposed so 

that the lengths of respective wires 30 are substantially equal. 

20 

Second step of the wire bonding method 

As described above, the plurality of leads 20 is disposed 

on the periphery of the semiconductor chip 10, and wire bonding 

is carried out. For example, ball bonding or wedge bonding is 

carried out. 

In this embodiment, wires 30 are bonded to one of the 

25 electrodes 12 and leads 20 at first. The first wire 30 is 

preferably bonded to the electrode 12 or lead 20 closest to the 

imaginary vertical line LV passing through the mid-point M 
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between a pair of electrodes 12 positioned at both ends of the 

row, as viewed from a direction perpendicular to the imaginary 

plane P (or perpendicular to the sheet surface of Fig. 1). In 

the wire bonding, the wires 30 are commonly bonded to the 

5 corresponding leads 2 O after being bonded to the electrodes 12 • 

Third step of the wire bonding method 

From one of the electrodes 12 or leads 20, to which the 

wires 30 are bonded, the wires 30 are further drawn out. The 

10 wires 30 may describe a loop shape in three dimensions. If the 

wires 30 have been bonded to the electrodes 12 in the second 

step, it is preferable that the wires 30 are drawn out parallel 

to the imaginary vertical line LV, as viewed from a direction 

perpendicular to the imaginary plane P (or perpendicular to the 

15 sheet surface of Fig. 1). By doing this, the plurality of wires 

3 O can be drawn out parallel, at substantially the same spacing 

as the electrodes 12. When wedge bonding is applied, and the 

electrodes 12 form a rectangle with sides parallel to the first 

imaginary straight line Ll and sides perpendicular thereto, the 

20 wires 30 can be bonded to the electrodes 12 without becoming 

diagonal. 

Then, as viewed from a direction perpendicular to the 

imaginary plane P (or perpendicular to the sheet surface of Fig. 

1), the wires 30 are bent toward the other of the electrodes 

25 12 and leads 20. For example, the wires 30 can be contacted 

against a pin (or pole) 40, whereby the wires 30 are bent. If 

the first wire 30 is bonded to the electrode 12 or lead 20 closest 
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to the imaginary vertical line LV passing through the mid-point 

M, and the wire 30 is then bent in a direction away from the 

imaginary vertical line LV, when the pin 40 is moved to the 

position of the next wire 30, the previously laid down wire 30 

5 does not form an obstruction. · 

Figs. 2 and 3 show examples of the bending of the wires 

30. For example, as shown in Fig. 2, the wire 30 of a required 

length may be drawn out in a straight line from the electrode 

12 to be bent by means of the pin 40 after drawing out. Here, 

10 the 11 required length 11 is the length required to form an 

electrical connection between the electrodes 12 and the leads 

20. Alternatively, as shown in Fig. 3, the wire 30 may be drawn 

out as far as the bending position in a straight line, and then 

as this wire 30 is bent, it may be further drawn out. 

15 

20 

Fourth step of the wire bonding method 

Next, the wire 3 0 is bonded to the other of the electrode 

12 or lead 20. With this step, the wire bonding of a single wire 

30 is completed. 

Repetition step 

For the subsequent wires 30, the above first to fourth 

steps are again used, to carry out wire bonding of all of the 

electrodes 12 and leads 20. Once the first wire 30 has been bonded 

25 to the electrode 12 and lead 20 closest to the imaginary vertical 

line LV, then the next wire 30 is bonded to the electrode 12 

and lead 20 second closest to the imaginary vertical line LV. 
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Here, if the wires 30 are drawn out from the electrodes 

12 parallel to the imaginary vertical line LV, the bent portions 

of the wires 3 O are pref er ably aligned on a single straight line. 

If this is done, the spacing of the bent portions of the wires 

5 30 can be made substantially uniform. Moreover, if the bent 

portions of the wires 30 are aligned on a straight line 

intersecting the first imaginary straight line Ll and the 

imaginary vertical line LV, then the spacing can be increased. 

When the plurality of leads 20 are arranged on a line 

10 curving toward the electrodes 12 from the imaginary straight 

line L3 as shown in Fig. 1, then the wires 30 are preferably 

bent on a second imaginary straight line L2 which has an 

inclination similar to this curved line. The second imaginary 

straight line L2 intersects the first imaginary straight line 

15 Ll at a point of intersection C. The distance from the electrode 

12 closest to the point of intersection C to the second imaginary 

straight line L2 is less than the distance from the second 

imaginary straight line L2 to the mid-point M. If this is made 

so, the spacing of the wires 30 can be increased on the side 

20 of the leads 20 from the second imaginary straight line L2. 

In particular, as shown in Fig. 4, provided that the wire 

bonding is not impeded, it is preferable for the point of 

intersection C' of the second imaginary straight line L2 ' and 

the first imaginary straight line Ll to be closest to the 

25 electrodes 12, and the point of intersection C" of the second 

imaginary straight line L2' and the imaginary vertical line LV 

to be furthest from the electrodes 12. If the wires 30 are bent 
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on this second imaginary straight line L2 ' , the maximum spacing 

between the wires 30 can be obtained. 

It should be noted that as shown in Fig. 5, the wires 30 

may be bent on a second imaginary straight line L2" parallel 

5 to the first imaginary straight line Ll. In this case, in order 

to increase the spacing of the wires 30 in the interval between 

the bending portions of the wires 3 O and the leads 2 O, the second 

imaginary straight line L2" is preferably made close to the 

electrodes 12. 

10 In this embodiment, the second imaginary straight line 

L2" is disposed close to the periphery of the semiconductor chip 

10, but it may equally be disposed on the periphery of the 

electrodes 12. It may be disposed between the periphery of the 

semiconductor chip 10 and the periphery of the electrodes 12, 

15 for example at the mid-point. 

According to this embodiment, since the wires 30 are bent, 

a free drawing out thereof is possible. 

Wire bonding device 

20 Fig. 6 shows an embodiment of a wire bonding device to 

which the present invention is applied. The wire bonding device 

shown in Fig. 6 comprises a pin (pole) 4 O, a table 5 O and a bonding 

tool 60. 

The table 50 is adapted to have the semiconductor chip 

25 10 and plurality of leads 20 mounted thereon. It should be noted 

that when a lead frame is used, the semiconductor chip 10 is 

mounted on a die pad 70, and the semiconductor chip 10 is mounted 
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on the table 50 with the die pad 70 interposed. 

The leads 20 are aligned in the imaginary plane P. The 

imaginary plane P is preferably parallel to the plane in which 

the electrodes 12 of the semiconductor chip 10 are formed, and 

5 may be the same plane, or may be a different plane. It should 

be noted that the leads 20 are wider than the electrodes 12, 

and the center-to-center spacing (pitch) is also more than the 

center-to-center spacing of the electrodes 12. For the 

arrangement and form of the leads 20, the description of the 

IO wire bonding method can be applied. 

The bonding tool 60 bonds wires 30 to the electrodes 12 

and leads 20, and includes a bonding head, wire clamp, and so 

on. In order to bend the wires 30, the bonding tool 60 moves 

in a non-straight line as viewed from a direction perpendicular 

15 to the imaginary plane P (or perpendicular to the sheet surface 

of Fig. 1). 

When bending the wires 30, the bonding tool 60 may be moved 

in such a way as to apply the method described in Figs. 2 and 

3. For example, as shown in Fig. 2, the bonding tool 60 may be 

20 moved in a straight line from the electrodes 12 until the 

required length for the wires 30 is achieved, then the bonding 

tool 60 moved to describe an arc about the pin 40, in order to 

bend the wires 30. Here, the "required length" is the length 

required to form an electrical connection between the 

25 electrodes 12 and the leads 20. Alternatively, as shown in Fig. 

3, the bonding tool 60 may be moved in a straight line as far 

as the bending position, then the bonding tool 60 moved to rotate 
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about the pin 40 while receding from the pin 40, so as to bend 

the wires 30. 

The pin 4 O, as in the wire bonding method described above, 

is used to bend the wires 30. The pin 40, as shown in Fig. 1, 

5 is moved after bonding one of the wires 30, to bond the next 

of the wires 30. The pin 40 is provided on an arm 42, and can 

be moved by this arm 42. The arm 42 may be provided on the opposite 

surface of the table 50 from that on which the semiconductor 

chip 10 is mounted. In t.his case, a slot 52 may be formed in 

10 the table 50 along the path of movement of the pin 40. 

Alternatively, the arm 42 may be provided to support the pin 

40 on the side on which the semiconductor chip 10 is disposed. 

To remove the pin 40, a mechanism may be provided such that the 

lead frame or the like is transported and moved to a bonding 

15 stage, then when clamped and fixed, the pin 40 can be removed 

in their axial direction, or coupled to a clamp such that the 

pin 40 is inserted and retracted. 

20 

This embodiment of the wire bonding device operates to 

implement the above-described wire bonding method. 

Semiconductor device and circuit board 

Fig. 7 shows a circuit board on which is mounted an 

embodiment of a semiconductor device to which the present 

invention is applied. To the present invention of a 

25 semiconductor device, any of QFP (Quad Flat Package), BGA (Ball 

Grid Array), CSP (Chip Scale/Size Package), and other packages 

can be applied. For example, a semiconductor device to which 
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CSP is applied is shown in Fig. 7. 

A semiconductor device 100 comprises a semiconductor chip 

10 having a plurality of electrodes 12, a plurality of leads 

20, a plurality of wires 30, a resin 110 sealing at least a 

5 bonding portion, a substrate 102, and a plurality of external 

terminals 104 such as solder balls. The wires "30 are bent to 

electrically connect the ~lectrodes 12 and leads 20, as shown 

in Fig. 1. In more detail, the description of the above wire 

bonding method is applied. According to the semiconductor 

10 device 100, the spacing of the wires 30 is large, and therefore 

contact between adjacent wires 30 can be prevented. 

For a circuit board 200 is generally used an organic 

substrate such as for example a glass epoxy substrate. on the 

circuit board 200 a desired circuit is formed from an 

15 interconnect pattern 210 of for example copper, and this 

interconnect pattern 210 is mechanically connected to the 

external terminals 104 of the semiconductor device 100, whereby 

electrical connections are established. 

Next, as an electronic instrument 300 having .a 

20 semiconductor device 100 to which the present invention is 

applied, Fig. 8 shows a notebook personal computer. 

It should be noted that the above-described 

"semiconductor chip" of the present invention may be replaced 

by "electronic element," and an electronic element (whether an 

25 active element or a passive element) can be used in the same 

way as a semiconductor chip. As electronic components 

manufactured using such an electronic element may be cited, for 
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example, resistors, capacitors, coils, oscillators, filters, 

temperature sensors, . thermistors, varistors, variable 

resistors, and fuses. 
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CLAIMS 

1. A wire bonding method comprising: 

a first step of disposing a plurality of leads aligned 

5 in an imaginary plane around the periphery of a semiconductor 

chip having a plurality of electrodes aligned on an imaginary 

straight line, such that the center-to-center spacing of the 

leads is greater than the center-to-center spacing of the 

10 

electrodes; 

a second step of bonding a wire to one of a pair formed 

by one of the electrodes and one of the leads; 

a third step of bending the wire as viewed from a direction 

perpendicular to the imaginary plane; and 

a fourth step of bonding the wire to the other of the pair 

15 of one of the electrodes and one of the leads. 

2. The wire bonding method as defined in claim 1, 

wherein the wire is bent by using a pin in the third step. 

20 3. The wire bonding method as defined in claim 1, 

wherein the wire is drawn out to a required length to 

connect one of the electrodes and one of the leads forming the 

pair, and then the wire is bent, in the third step. 

25 4. The wire bonding method as defined in claim 1, 

wherein the wire is drawn out to a length less than the 

distance between one of the electrodes and one of ·the leads 
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forming the pair, and then while bending the wire, the wire is 

further drawn out, in the third step. 

5. The wire bondin·g method as defined in any of claims 1 to 

5 4 I 

wherein the wire is bonded to one of the electrodes in 

the second step; and 

wherein the wire is bonded to one of the leads in the fourth 

step. 

10 

6. The wire bonding method as defined in claim 5, 

wherein in the third step, as viewed from a direction 

perpendicular to the imaginary plane, the wire is drawn out from 

the electrodes in a direction parallel to an imaginary vertical 

15 line which perpendicularly intersects the imaginary straight 

line at the mid-point between a pair of electrodes at opposite 

ends of the aligned electrodes, and the wire is bent in a 

direction away from the imaginary vertical line. 

20 7. The wire bonding method as defined in claim 6, 

25 

wherein the first to fourth steps are repeated in sequence 

from one of the electrodes closest to the mid-point, so that 

all of the plurality of electrodes and the plurality of leads 

are bonded. 

8. The wire bonding method as defined in claim 7, 

wherein the wires are bent on a second imaginary straight 
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9. The wire bonding method as defined in claim 8, 

wherein the second imaginary straight line intersects the 

5 imaginary straight line on which the electrodes are aligned, 

10 

and the distance from one of the electrodes closest to the point 

of intersection to the second imaginary straight line is less 

than the distance from the mid-point to the second imaginary 

straig~t line; and 

wherein an imaginary line connecting the extremities of 

the plurality of leads extends on the side of the semiconductor 

chip from a third imaginary straight line which passes through 

the extremity of one of the leads closest to the imaginary 

vertical line and is parallel to the imaginary straight line 

15 on which the electrodes are aligned. 

20 

10. A semiconductor device comprising: 

a semiconductor chip having a plurality of electrodes 

aligned on an imaginary straight line; 

a plurality of leads aligned in an imaginary plane around 

the periphery of the semiconductor chip, such that the 

center-to-center spacing of the leads is greater than the 

center-to-center spacing of the electrodes; and 

a plurality of wires electrically connecting the 

25 electrodes and the leads, and bent as viewed from a direction 

perpendicular to the imaginary plane. 

24 
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11. The semiconductor device as defined in claim 10, 

wherein as viewed from a direction perpendicular to the 

imaginary plane, the wires are drawn out from the electrodes 

in a direction parallel to an imaginary vertical line which 

5 perpendicularly intersects the imaginary straight line at the 

mid-point between a pair of electrodes at opposite ends of the 

aligned electrodes, and the wires are bent in a direction away 

from the imaginary vertical line. 

10 12. The semiconductor device as defined in claim 11, 

15 

wherein the wires are bent on a second imaginary straight 

line. 

13. The semiconductor device as defined in claim 11, 

wherein the second imaginary straight line intersects the 

imaginary straight line on which the electrodes are aligned, 

and the distance from one of the electrodes closest to the point 

of intersection to the second imaginary straight line is less 

than the distance from the mid-point to the second imaginary 

20 straight line; and 

wherein an imaginary line connecting the extremities of 

the plurality of leads extends on the side of the semiconductor 

chip from a third imaginary straight line which passes through 

the extremity of one of the leads closest to the imaginary 

25 vertical line and is parallel to the imaginary straight line 

on which the electrodes are aligned. 

TI1is-BheetHas Been Replaced .. 
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14. A circuit board on which is mounted the semiconductor 

device as defined in any of claims 10 to 13. 

15. An electronic instrument equipped with the semiconductor 

5 device as defined in any of claims 10 to 13. 

16. A wire bonding device comprising: 

a table on which a semiconductor chip having a plurality 

of electrodes aligned on an imaginary straight line is mounted, 

10 and a plurality of leads aligned in an imaginary plane are 

disposed around the periphery of the semiconductor chip such 

that the center-to-center spacing of the leads is greater than 

the center-to-center spacing of the electrodes; and 

a bonding tool for drawing out a wire .and connecting the 

15 electrodes and the leads; 

20 

25 

wherein the bonding tool moves between a pair formed by 

one of the electrodes and one of the leads, along a non-straight 

line as viewed from a direction perpendicular to the imaginary 

plane, and bends the wire. 

17. The wire bonding device as defined in claim 16, 

wherein the bonding tool draws out the wire to a length 

required for connection of the pair formed by one of the 

electrodes and one of the leads, and then bends the wire. 

18. The wire bonding device as defined in claim 16, 

wherein the bonding tool draws out the wire to a length 
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less than the distance between one of the electrodes and one 

of the leads forming the pair, and then while bending the wire, 

further draws out the wire. 

5 19. The wire bonding device as defined in any of claims 16 

to 18, 

wherein the bonding tool bonds the wire to one of the 

electrodes, and then bonds the wire to one of the leads. 

10 20. The wire bonding device as defined in claim 19, 

wherein as viewed from a direction perpendicular to the 

imaginary plane, the bonding tool draws out the wire from the 

electrodes in a direction parallel to an imaginary vertical line 

which perpendicularly intersects the imaginary straight line 

15 at the mid-point between a pair of electrodes at opposite ends 

of the aligned electrodes, and bends the wire in a direction 

away from the imaginary vertical line. 

21. The wire bonding device as defined in any of claims 16 

20 to 18, further comprising, 

25 

a pin extending in a direction perpendicular to the 

imaginary plane and undergoing translational movement, 

wherein the bonding tool contacts the wire with the pin 

for bending. 

22. The wire bonding method as defined in any of claims 16 

to 18, 
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wherein the bonding tool bonds the wire to the electrodes 

in sequence from one of the electrodes closest to the mid-point. 

23. The wire bonding device as defined in claim 22, 

wherein the bonding tool bends the wire on a second 

imaginary straight line. 

24. The wire bonding device as defined in claim 23, 

wherein the second imaginary straight line intersects the 

10 imaginary straight line on which the electrodes are aligned, 

and the distance from one of the electrodes closest to the point 

of intersection to the second imaginary straight line is less 

than the distance from the mid-point to the second imaginary 

straight line; and 

15 wherein an imaginary line connecting the extremities of 

the plurality of leads extends on the side of the semiconductor 

chip from a third imaginary straight line which passes through 

the extremity of one of the leads closest to the imaginary 

vertical line and is parallel to the imaginary straight line 

20 on which the electrodes are aligned. 

25. The wire bonding device as defined in claim 23, further 

comprising, 

a pin extending in a direction perpendicular to the 

25 imaginary plane and undergoing translational movement on the 

second imaginary straight line, 

wherein the bonding tool contacts the wire with the pin 

28 



5 

I llllllJ 1111111111111111111111 
* C L M S * 

for bending. 

26. The wire bonding device as defined in claim 24, further 

comprising, 

a pin extending in a direction perpendicular to the 

imaginary plane and undergoing translational movement on the 

second imaginary straight line, 

wherein the bonding tool contacts the wire with the pin 

for bending. 
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