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Apparatus for Making Wire Connections 

The invention concerns an apparatus for making wire connections. 

In the semiconductor industry, such apparatuses are generally known as Wire Bonders. They are used to 

make wire connections between the pads of a semiconductor chip and a substrate. The Wire Bonder has a 

5 bondhead which is movably guided in the horizontal plane. The bondhead comprises a rocker that can be 

turned on a horizontal rotational axis. The rocker comprises a horn at the tip of which a capillary is 

clamped which guides the bonding wire. In addition, the bondhead comprises an image recognition 

system for determining the position of the pads on the semiconductor chip. The image recognition 

system is designed and placed so that its field of view is located laterally adjacent to the capillary 

IO whereby the optical axis of the image recognition system impinges vertically on the semiconductor chip 

or the substrate. This means that essentially, the beams of the image recognition system run parallel to 

the longitudinal axis of the capillary. 

Temperature fluctuations lead to the effect that the optical axis and the tip of the capillary may shift in 

relation to one another. As a result of this temperature drift, the capillary no longer places the bonding 

15 wire at the intended point on the pad. In order to avoid such incorrect placements, the position of the 

capillary in relation to the optical axis of the image recognition system must be redefined at short time 

intervals. This is particularly the case for the so-called Fine Pitch and Ultra Fine Pitch applications with 

which the distance from pad centre to pad centre amounts to only 50µm or even 35µm. 

The object of the !nvention is to develop a measuring system with which the position oft~e capillary in 

20 relation to that of the pad to be bonded can be reliably determined for very small pad centre to pad centre 

distances of only 35µm or even 20µm even with temperature fluctuations. 

The invention consists of the features given i1_1 claim 1. Advantageous designs result from the dependent 

claims. 

In accordance with the invention an apparatus for making wire connections between a first connection 

25 area and a second connection area by means of a capillary contains an image recognition system 

designed so that the tip of the capillary arrives in the image area of the image recognition system 

immediately before the capillary impinges on the respective connection area. Therefore, the position of 

the desired point of impact of the capillary on the connection area as well as the position of the tip of the 

capillary can be measured by the same measuring system, evaluated and used for the precise control of 

30 the movement of the capillary. 
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The image recognition system comprises an optical system and a camera, whereby the optical system 

projects the contact area lying in a horizontal plane onto the camera with a predetermined enlargement, 

and is constructed so that the camera does not see the respective connection area vertically from above 

but inclined at a predetermined angle to the vertical and only then when the connection area is located 

s beneath the tip of the capillary. 

As long as the height of the tip of the capillary above the respective connection area is not known, the 

position of the tip of the capillary in relation to the contact area can only be detennined in relation to the 

coordinate direction running laterally to the viewing direction. In order to also detennine the position of 

the tip of the capillary in relation to a second coordinate direction, it is suggested in accordance with the 

10 invention either to expand the image recognition system with a second optical system and a second 

camera, whereby the second camera sees the connection area from a second viewing direction, or to 

illuminate the capillary under defined conditions and to detennine the position of the tip of the capillary 

in relation to the second coordinate direction by also taking the shadow of the capillary into 

consideration. 

Is In the following, these two examples of the invention are explained in more detail as preferred 

embodiments based on the drawing. 

20 

It is shown in: Fig. 1 

Fig.2 

Fig. 3 

Fig.4 

Fig. 5 

Fig.6 

A schematic presentation of parts of an apparatus for making wire connections, 

A plan view of parts of the apparatus, 

An image taken by a camera, 

A further image taken by the camera, 

Parts of a further apparatus for making wire connections, 

The geometrical relationship between the illumination of the capillary and the 

viewing axis of the camera, and 

Fig. 7, 8 Images taken by the camera. 

25 Embodiment 1 

Fig. l shows a schematic presentation not drawn to scale of the parts of an apparatus for making wire 

connections between a first connection area 2, a so-called pad, located on a semiconductor chip 1 and a 

second connection area 3. Fig. 1 only shows the parts of the apparatus which are necessary for the 

understanding of the invention. The semiconductor chip l is located on a substrate 4 which is presented 

30 on a support platform S for making the wire connections. The second connection area 3 is located, for 

example, on the substrate 4. The apparatus has a bondhead 7 movable in a horizontal plane 6. The 

bondhead 7 comprises a rocker 8 rotatable on a horizontal axis. A horn 9 to which ultrasonics can be 

applied is attached to the rocker 8. A capillary 10 is clamped onto the tip of the horn 9. The capillary 10 

serves to bond a wire to the two connection areas 2, 3 as well as to guide the wire between them. A 
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carrier 11 with optical elements for measuring the position of the connection areas 2 and 3 and the 

position of the tip of the capillary JO is secured to the bondhead 7. The optical elements belong to the 

image recognition system. The carrier 11 is located laterally adjacent to the horn 9. 

With the first embodiment, the image recognition system consists of two subsystems, namely a first 

s optical system 12 and a first camera 13 and a second optical system 14 and a second camera 15, means of 

illumination 16 as well as electronic image processing modules 40 for processing and evaluation of the 

images delivered by the two cameras 13 and 15. In the side view of Fig. 1, the second optical system 14 

and the second camera I 5 are not visible. The first optical system 12 is arranged in the beam path 

between the semiconductor chip l and the first camera 13. It consists of optical elements which enlarge 

IO the image of the semiconductor chip l projected onto the camera 13, for example by a factor of8, and a 

first mirror 17 which is arranged s6 that the first camera 13 sees the semiconductor chip I or the substrate 

4 from a first predetermined direction 18. The second optical system 14 is arranged in the beam path 

between the semiconductor chip I and the second camera 15. It is constructed analogously to the first 

optical system 14 and has a second mirror 19 (Fig. 2) which is arranged so that the second camera 15 

15 sees the semiconductor chip 1 or the substrate 4 from a second predetermined direction 20 (not visible). 

The directions 18 and 20 correspond to the optical axes of the two optical systems 12 or 14, respectively, 

on the side facing the capillary 10. 

Fig. 2 shows a plan view of the semiconductor chip 1, the horn 9, the capillary 10, the two optical 

systems 12, 14 with the mirrors 17, 19 and the means of illumination 16. For reasons of illustration 

20 clarity, the carrier 1 l (Fig. l) is not drawn. The directions 18 and 20 are presented as chain-dotted lines 

in their projections 23 and 24 onto the plane 22 (Fig. I) of the semiconductor chip 1 . The directions 18 

(Fig. 1) and 20 can each be characterised by polar coordinates (cxi. f31) and (cx2, f32), respectively, whereby 

the angle ex designates the angle to the vertical 21 (Fig. 1) and the angle f3 the angle in relation to a 

predetermined horizontal direction 25. 

25 The coordinate axis u is assigned to the axis in the plane 22 running vertically to the projection 23 of 

direction 18. The coordinate axis v is assigned to the axis in the plane 22 running vertically to the 

projection 24 in direction 20. The coordinate axes u and v include the angle <p = 132 + f31• The directions 

18 and 20 are preferably selected so that the angle <p amounts to around 90°. The two angles cx1 and cx2 

are different to zero, preferably equally large and lie preferably in a range between l 0° and 30°. For 

30 reasons of clarity, the coordinate system set up by means of the coordinate axes u, vis presented shifted 

parallel to the projections 23, 24 of the directions 18 and 20. 

The cameras 13, 15 each deliver a two-dimensional image which consists of, for example, 640 * ·480 

pixels. Each image is assigned a right-angled system of coordinates with the image axes x and y. The 

horizontal x-axis of the image of the first camera 13 corresponds to the coordinate axis u, while the 



4 

vertical y-axis of the image of the first camera 13 corresponds to the coordinate axis v (but only when the 

angle q> amounts to q> = 90°). The coordinate axis u is projected undistorted and to scale on the x axis of 

the first camera 13 while the coordinate axis vis projected distorted and not to scale on they axis of the 

first camera 13. With the second camera 15, it is the other way round: Here, the coordinate axis v is 

5 projected undistorted and to scale on the x axis of the second camera 15 while the coordinate axis u is 

projected distorted and not to scale on they axis of the camera 15. 

By means of a calibration measurement, the relationship between the x axis of the image of the first 

camera 13 and t~e coordinate axis u as well as the relationship between the x axis of the image of the 

second camera 15 and the coordinate axis v are determined so that they are available for the correction of 

lO the movement path of the capillary 10. This means that after calibration each pixel of the first camera 13 

can be assigned a value of the coordinate axis u and each pixel of the second camera 15 can be assigned a 

value of the coordinate axis v. 

The image recognition system serves to determine the expected point of impact of the capillary l 0 on the 

contact area 2 of the semiconductor chip 1 immediately before impact so that the movement of the 

15 capillary 10 can be corrected when the deviation between the expected point of impact and the desired 

point of impact is too large. For this purpose, two successive measurements are carried out. The first 

measurement serves to determine the position of the pre-programmed point of impact of the capillary 10 

on the connection area 2. The first measurement takes place preferably while the capillary IO is located 

outside the field of view of the cameras 13, 15 and does not obstruct the view of the connection area 2. 

20 Fig. 3 shows the image of the semiconductor chip 1 taken by the camera 13 for the first measurement. 

The image contains only a part of the semiconductor chip I. The connection area 2 appears as a light area 

on a dark background. In addition, parts of neighbouring connection areas 2' are also visible in the image. 

By means of a generally known algorithm, the pixel coordinate x s of the desired point of impact 26 of 

the capillary 10 is now determined. The pixel coordinate Ys does not have to be determined here. Even 

25 when each pixel of camera 13 is characterised by a pair of integers, the pixel coordinate Xs of the desired 

point of impact 26 determined by evaluation of the image of the first camera 13 does not have to be an 

integer number. 

The second measurement serves to determine the position of the tip of the capillary I 0. The second 

measurement takes place when the capil1ary 10 has reached its so-called search height H above the 

30 connection area 2 and momentarily stops or while the capillary 10 passes through the search height H. 

The search height H is a predetermined point in the path section which the capillary I 0 passes through 

immediately before impact (touchdown) on the semiconductor chip 1. The search height H is located 

typically 1 OOµm to 150µm above the surface of the semiconductor chip 1. Us!;!ally, the capillary 10 

oscillates on its strongly accelerated movement. But as soon as the capillary I 0 has reached its search 
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height H or passes through it with relatively low speed, these oscillations have died down to such an 

extent that the second measurement can take place. 

Fig. 4 shows the image taken by the camera 13 for the second measurement. Parts of the connection area 

2 are now covered by the capillary I 0. Furthermore, the shadow 28 of the capillary I 0 is visible as a dark 

5 area. The shadow 28 of the capillary I 0 has the same affect as if parts of the connection area 2 were 

covered. The tip 27 of the capillary 10 appears as a semi-circular shaped area and, by means of a known 

image analysis process, it is possible to determine the pixel coordinate x1 of the expected point of impact 

of the tip 27 of the capillary 10. In the example shown, the tip 27 of the capillary 10 deviates by a pixel 

distance of Axl = x1 - xs from its set position in x direction. This deviation can now be converted into a 

IO physical distance .!\u on the coordinate axis u and a corresponding corrective movement of the capillary 

10 can be instigated in relation to the coordinate axis u. 

The pixel coordinate y1 of the expected point of impact of the capillary 10 on the connection area 2 in y 

direction, however, cannot be determined from the representation of the capillary 10 in the image of the 

camera 13 because the exact height of the capillary 10 above the connection area 2 is not known. 

15 However, by means of the two images taken by the second camera 15, the pixel coordinates Xs and x1 can 

be determined in the same way whereby the coordinate x again designates the horizontal x-axis of the 

camera 15. The pixel distance Llx2 =XI - Xs for the second camera: 15, however, corresponds to a physical 

distance Av on the coordinate axis v. Therefore, based on the determined pixel distance Ax2, a corrective 

movement of the capillary 10 can be initiated in relation to the coordinate axis v. 

20 Under certain circumstances it is possible to omit the first measurement and to determine the information 

concerning the position of the desired point of impact of the capillary 10 and the expected position of the 

point of impact of the capillary 10 from the two images taken for the second measurement. 

The two beam paths between the semiconductor chip 1 and the two cameras 13 and 15 are arranged 

symmetrically in relation to the longitudinal axis of the horn 9 (Fig. 1) and differ only in the angle 13 at 

25 which the semiconductor chip 1 and the capillary 10 are seen by the assigned camera 13 or 15. For this 

reason, only the beam path formed between the semiconductor chip 1 and the first camera 13 whose 

characteristics are determined by the angle aI and the first optical system 12 is described in the following 

based on Fig. 5. 

In order that the second measurement is at all possible, the tip 27 of the capillary 10 must be located in 

30 the field of view of the camera 13 and therefore within the aperture angle 'YI of the optical system 12. 

Hence the angle a 1 of the optical axis 18' to the vertical 21 and the aperture angle 'YI of the optical system 

12 must be selected according to the shape of the capillary 10 and be coordinated in such a way that the 

tip 27 of the capillary 10 is not covered by the shaft 29 of the capillary 10: The angle aI should therefore 
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be as large as possible. On the other hand, the visibility of the connection area 2 of the semiconductor 

chip 1 to be bonded must not be obstructed by wires which have already been bonded: The angle a.1 

should therefore be as small as possible. 

The aperture angle y1 of the optical system 12 should be as small as possible so that the visibility is not 

5 obstructed by the shaft 29 of the capillary 10 or by wires which have already been bonded. On the other 

hand, the aperture angle y1 determines the optical resolution of the optical system 12 and therefore the 

achievable optical resolution: The larger the aperture angle Yi. the larger the optical resolution however 

the smaller the depth of focus. The aperture angle y1 and the enlargement factor of the optical system 12 

should be defined so that the connection area 2 as well as the tip 27 of the capillary 10 when it is located 

10 at the search height Hare projected with sufficient sharpness onto the camera 13. Furthermore, the 

enlargement factor should be selected so that the optical resolution and the resolution of the camera 13 

determined by the pixel distance correspond to one another. 

The optical resolution however is not only dependent on the aperture angle y, of the optical system 12 

but also on the wavelength A. of the light radiated by the means of illumination 16 (Fig. I). The lower the 

15 wavelength A., the greater the resolution at the given aperture angle y1• Blue light is therefore preferably 

used for the illumination. With experimental use on an existing model 3088 Wire Bonder of the 

applicant, an optical system 12 with an aperture angle y1 of around 15° and an enlargement factor of 8 

proved successful. 

The means of illumination 16 are preferably arranged so that the light reflected on the connection area 2 

20 falls on the optical axis 18'. This results in a high contrast between the connection area 2 and its 

surroundings so that a perfect image evaluation is possible with comparatively low light output. 

However, diffused lighting is also possible which leads to lower contrast but to a better reproduction of 

details. 

The two cameras 13 and 15 can be realised as CCD cameras on one single chip whereby the two optical 

25 systems 12 and 14 project their images onto adjacent areas of the CCD chip. 

Embodiment 2 

With the second embodiment, in contrast to the first embodiment, only the first optical system 12 and the 

first camera 13 are provided and the second optical system 14 and the second camera 15 are omitted. The 

determination of a possible deviation of the expected point of impact of the tip of the capillary I 0 from 

30 the desired point of impact in relation to the direction of the coordinate axis u takes place as for the first 

embodiment. However, the determination of a possible deviation of the expected point of impact of the 

tip of the capillary I 0 from the desired. point of impact in respect to the direction of the coordinate axis v 

now also employs the shadow of the capillary 10. With this embodiment, the coordinate axis v 
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corresponds to the direction of the projection 23 (see Fig. 2) of direction 18. In order that this is possible, 

the means of illumination 16 are arranged so that the light sent out impinges on the connection area 2 at 

the angle o = cx. 1 whereby the angle cx.1 represents the angle in relation to the vertical 21 at which the 

camera 13 sees the connection area 2. In Fig. 6 the resulting geometrical relationships are presented 

5 whereby Fig. 6 shows a section through the plane set up by the vertical 21 which ruris longitudinally 

through the capillary I 0 and the direction 18. The reference numeral 30 designates the image of the 

capillary 1 O projected onto the plane 22 and the reference numeral 31 designates the shadow of the 

capillary 10 falling on the plane 22. The image of the camera 13 corresponds to a representation of the 

plane 22. Because the angles Sand cx1 are the same size, in the image of the camera 13, the tip 27' of the 

IO image 30 of the capillary 10 and the tip 27" of the shadow 31 of the capillary 10 are the same distance 

away from the expected point of impact 26 of the capillary 10. 

Now, with the evaluation of the first image taken as is shown in Fig. 7, not only the pixel coordinate x5, 

but also the pixel coordinate Ys is determined from the image of the connection area 2. From the second 

image taken which is presented in Fig. 8, the pixel coordinate x1 is then determined as for the first 

15 embodiment. In addition, the pixel coordinate y11 of the tip 27' of the capillary is determined by 

evaluation of the image 30 of the capillary 10 and the pixel coordinate Y12 of the tip 27" of the capillary 

shadow 31 is determined by evaluation of the image of the shadow 31. The pixel coordinate y1 of the 

expected point of impact can then be calculated as y1 = ~ (Y11 + Y12). The correction vector then results in 

(Ax = x1 - Xs, Ay = y1 - y5). This correction vector must now be transformed into a correction vector 

20 corresponding to the u, v system of coordinates so that the offset position of the capillary 10 determined 

in the pixel system of the camera 13 can be brought to disappear by means of a movement correction so 

that the capillary l 0 impacts at the correct location on the connection area 2. In order that this is possible, 

a calibration procedure must first be carried out so that the distances established in the x, y system of 

coordinates of the camera 13 can be converted into distances in the u, v system of coordinates. The 

25 calibration can take place, for example, in such a way that an image is made of a calibration plate with 

reference points, the pixel coordinates of the reference points are determined, the bondhead is then 

moved by a specific distance in the u, v system of coordinates, a second image is taken of the calibration 

plate and the new pixel coordinates of the reference points are determined. 

T~e second embodiment is cheaper than the first embodiment because only one optical system, one 

30 camera and one image processing module are necessary. However, the first embodiment offers the 

advantage that two different variants are available in order to determine the offset of the capillary I 0. 

Basically, each time an already bonded wire obstructs or largely obstructs the beam path between the 

connection area 2 and the first camera 13 a measurement can be carried out by means of the second 

optical system 14 and the second camera 15 in accordance with the second embodiment under 

35 consideration of the information contained in the shadow of the capillary. By the same token, a 
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measurement can be carried out by means of the first optical system 12 and the first camera 13 in 

accordance with the second embodiment if the beam path to the second camera 15 is obstructed. 

Under certain circumstances, the evaluation of the images delivered by the cameras 13 and 15 requires 

more time than is available without a loss in throughput. In order to compensate thermal drifts however, 

5 it is quite sufficient when the information concerning the offset of the capiJlary 10 acquired while 

bonding a connection area is only taken into consideration when bonding the next or next but one 

connection area. 

A further advantage of the apparatuses in accordance with the invention exists in that an image of the 

bonded connection can be made immediately after bonding without the bondhead 7 having to carry out a 

Io special movement in order to bring the optical system above the bond location as with today's systems. 

Furthermore, it is then possible to analyse the position of the bonded connection and to take this also into 

consideration for control of the capillary. Furthermore, the inclined view opens up new possibilities for 

assessing the quality of the wire connections made in that, for example, it is now visible when a wire 

sags. 

15 While embodiments and applications of this invention have been shown and described, it would be 

apparent to those skilled in the art having the benefit of this disclosure that many more modifications 

than mentioned above are possible without departing from the inventive concepts herein. The invention, 

therefore, is not to be restricted except in the spirit of the appended claims. 
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PATENT CLAIMS 

I . Apparatus for making wire connections between a first connection area (2) and a second 

connection area (3), with a capillary (IO) which serves the attachment of the wire to the two connection 

areas (2, 3) as well as the guiding of the wire between these, with an image recognition system 

5 comprising an optical system (12) and a camera (13) for determining the position of at least the first 

connection area (2) whereby the images made by the camera ( 13) set up a system of coordinates with a 

first and a second image axis, characterised in that an optical axis (23) of the optical system (12) on the 

side of the optical system (12, 14) facing the capillary (IO) includes an angle a.1 with the vertical (21) 

which is not equal to zero, so that the tip (27) of the capillary (19) is visible in the image of the camera 

10 (13) immediately before impacting on the first connection area (2) and that the image recognition system 

is designed to determine by means of at least one image taken by the camera (13) the position of the 

desired point of impact of the capillary (10) on the first connection area (2) in respect to the first image 

axis and the position of the tip (27) of the capillary (10) in respect to the first image axis. 

2. Apparatus according to claim I, characterised in that the image recognition system comprises a 

15 further optical system (14) the optical axis (24) of which on the side of the optical system (12, 14) facing · 

the capillary (10) includes an angle a.2 with the vertical (21) which is not equal to zero, and a further 

camera ( 15), whereby the images made by the further camera ( 15) set up a system of coordinates with a 

first and a second image axis, and that the image recognition system is designed to determine by means 

of at least one image taken by the further camera ( 15) the position of the desired point of impact of the 

20 capillary ( 10) on the first connection area (2) in respect to the first image axis of the further camera ( 15) 

and the position of the tip (27) of the capillary ( 10) in respect to the first image axis of the further camera 

(15). 

3. Apparatus according to claim 1, characterised in that the image recognition system is further 

designed to determine the position of the desired point of impact of the capillary ( 10) on the first 

25 connection area (2) in respect to the second image axis and the position of the tip (27) of the capillary 

(10) in respect to the second image axis by taking in consideration of the image of the capillary (I 0) as 

well as the shadow of the capillary (I 0). 

4. Apparatus according to claim 3, characterised in that means of illumination (16) are arranged in 

the plane set up by the optical axis (23) of the optical system ( 12) and the vertical (21 ), the light from 

30 which impinges on the first connection area (2) at an angle o to the vertical (21) whereby the angle o is 

the same size as the angle a.1• 

5. Apparatus according to one of claims I to 4, characterised in that from a possible deviation of the 

acquired position of the tip (27) of the capillary (IO) from its desired point of impact on the first 
-

connection area (2) a correction vector for control of the capillary ( 10) is determined, and that this 

35 correction vector is taken into consideration when approaching the first connection area (2) or when 
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approaching a subsequent first connection area (2). 

6. Apparatus according to one of claims I to 5, characterised in that the light emitted by the means 

of illumination (I 6) lies in the blue segment of the visible spectrum. 
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