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Apparatus and method for mounting semiconductor chips on a substrate 

The invention concerns an apparatus for mounting semiconductor chips on a substrate which is suitable 

for mounting semiconductor chips which adhere to a foil clamped into a frame. The invention further 

concerns a method for mounting semiconductor chips on a substrate. 

5 With such an apparatus, the frame with the foil is accepted by a movable table. The table is moved in 

cycles so that one semiconductor chip after the other is presented at a first location A and the presented 

semiconductor chip is then picked by chip gripper and placed on a substrate at a second location B. By 

means of a measuring camera directed at the first location A, the position of the presented 

semiconductor chip is measured before removing it from the foil and the deviation of the position from 

IO its set position is established and a correction vector is determined. The following methods are known 

for the correction of the established deviation: 

I. After establishing the deviation, however before removal of the presented semiconductor chip from 

the foil, the table is moved by the correction vector. This method is implemented on one of the machines 

introduced to the market by the applicant. 

15 2. The correction of the deviation takes place by means of a corrective movement of the chip gripper 

and/or by means of a corrective movement of the substrate. This method is implemented on a machine 

newly launched by the applicant. 

The removal of the presented semiconductor chip from the foil is supported by a chip ejector (known 

also as a die ejector) arranged underneath the foil. Removal of the semiconductor chip takes place in that 

20 the foil is sucked onto and secured by the chip ejector by means of vacuum and in that subsequently, 

optionally, a needle penetrating the foil from underneath pushes the semiconductor chip against the 

suction opening of the chip gripper. 

When now, in accordance with the first method mentioned above, the table is moved by the correction 

vector, then the friction between the foil and the chip ejector can lead to the position of the 

25 semiconductor chip still deviating by some micrometres from the set position after the corrective 

movement. The foil lies namely with a certain weight on the chip ejector. With small corrective 

movements which amount to only a few micrometres, the friction between the foil and the chip ejector 

now has the effect that with such small correction movements the foil does not follow the movement of 

the table but simply stretches. 

30 With the second method, the necessary accuracy for placement of the semiconductor chip on the 

substrate can be achieved, however the solution is technically very expensive. 

The object of the invention is to overcome the disadvantages of the prior W:· 
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An apparatus for mounting semiconductor chips on a substrate, with which the semiconductor chips on a 

foil clamped in a frame are presented at a first location A, comprises a chip gripper for the transport of 

the semiconductor chip presented at the first location A to a second location located on a substrate, a 

movable table for acceptance of the frame, a chip ejector arranged underneath the foil at the first 

5 location A the upper surface of which facing the foil has a hole connected to a vacuum source, as well as 

a measuring camera directed at the first location A for establishing the position of the presented 

semiconductor chip. The correction of a possible position deviation of the presented semiconductor chip 

from its set position takes place in accordance with the invention in that the foil is secured by the chip 

ejector by means of vacuum and t.hen at least the upper surface of the chip ejector facing the foil is 

10 moved in the plane running parallel to the underneath of the foil. 

In the following, embodiments or the invention are explained in more detail based on the drawing. 

It is shown in: Fig. I .:.,;1 apparatus for mounting semiconductor chips 1, and 

Fig. 2 .: chip ejector. 

Fig. I shows a simplified, schern1tic presentation of an apparatus for mounting semiconductor chips I 

15 on a substrate 2. The semiconduc~or chips 1 arranged in rows and columns adhere to a foil 4 clamped in 

a frame 3. The apparatus has a n:ovable table 5 which accepts the frame 3 and presents one semi­

conductor chip I after the other at a first location A. At the first location A, a chip ejector 6 is arranged 

underneath the foil 4. On removal of the semiconductor chip I, the chip ejecror 6 serves to support its 

detachment from the foil 4. The chip ejector 6 has holes 7 which are connectable to a vacuum source. 

20 The chip ejector 6 is movable in :-wo orthogonal directions x and y by means of two drives 8. The foil 4 

is arranged so that the columns a.1d rows of the semiconductor chips 1 are approximately parallel to the 

directions x and y. Furthermore. :he apparatus has a measuring camera 9 directed at the first location A 

for establishing the position of t."::e presented semiconductor chip I as well as a chip gripper 10 for the 

transport of the semiconductor c::ip 1 presented at the first location A to a second location B located on 

25 the substrate 2. The chip grippe:- : 0 is a component part of a raisable and lowerable bondhead 11. The 

bondhead 11 and the chip grippe~ l 0 are moved together backwards and forwards between location A 

and location B. 

In each working cycle, the apparatus works according to the following steps: 

1. Movement of the table 5 for :..1e presentation of a new semiconductor chip l at location A, whereby a 

30 certain position deviation frc:n the set position is permissible. 

2. Suction and securing of the foil 4 by means of applying vacuum to the holes 7 of the chip ejector 6; 

3. Establishing the actual posit:0n of the semiconductor chip 1 by means of the measuring camera 9; 

4. Determining the correction \e:tor which represents the deviation of the established actual position of_ 
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the semiconductor chip 1 from its set position at location A; 

5. Corrective movement of the chip ejector 6 by the correction vector; and 

6. Removal of the semiconductor chip 1 from the foil 4. 

The movement of the table 5 in step 1 takes place based on assessed values Vx and Vy, which correspond 

5 to the average distance between a reference point of adjacent semiconductor chips 1 in x direction and in 

y direction. The distance between adjacent semiconductor chips 1 is subject to deviations because the 

foil 4 is expanded each time when clamping the frame 3 on the table S. As it can readily happen that a 

foil 4 is clamped in the table 5 and removed again several times, the position of the semiconductor chip 

1 established in step 3 can deviate from its set position in x and/or y direction by up to 20 µm. The 

10 presentation of the semiconductor chip 1 at location A therefore takes place typically with an accuracy 

of approximately 20 µm. 

When the semiconductor chips 1 are removed from the foil 4 alternately from left to right and then from 

right to left, then the table 5 is advantageously not moved in step 1 by the vector v=(vx, Vy), which points 

from the reference point of the semiconductor chip 1 just processed to the reference point of the next 

15 semiconductor chip 1 to be processed, but by the vector v + k, whereby k denotes the correction vector 

of the last semiconductor chip 1 processed. It has been proved that the maximum deviation of the 

position to be corrected as established in step 3 is reduced to approximately 5 µm when the position 

deviation established for the previous semiconductor chip 1 is also taken into consideration for the 

movement of the table 5 in step l. With this operating method, the presentation of the semiconductor 

20 chip 1 at loca~ion A takes place with-~. improved accuracy of approximately 5 µm. 

The sequence in which the semiconductor chips 1 are processed can be set on the apparatus. The 

semiconductor chips I can, as mentioned, be processed alternately from left to right and then from right 

to left. However, they can also be processed always from left to right, or always from top to bottom, or 

alternately from top to bottom and then from bottom to top. With these variations, the maximum 

25 deviation of the position to be corrected as established in step 3 can also be reduced to around 5 µm 

when a corresponding correction vector k is used for the movement from the processed semiconductor 

chip I to the next semiconductor chip 1. 

In the event that the semiconductor chips are to be processed in a random sequence corresponding to 

given criteria and to the information about the semiconductor chips stored in a database known as a 

30 "wafermap", then it can be advantageous to save the correction vector established for the semiconductor 

chip actually being processed in the database so that it can be taken into consideration when presenting 

the next semiconductor chip which is located near to this semiconductor chip. The movement to the next 

semiconductor chip can therefore take place in consideration of the correction value nearest to the 
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semiconductor chip. 

For the correction of smaller deviations which lie in the range of 0 up to around 5 µm, a chip ejector 6 

can then be used with which the corrective movement takes place by means of piezoelectric drives 8. 

Such a chip ejector 6 is presented in Fig. 2. The chip ejector 6 has a housing 12 with a spherical, rigid 

5 outer wall 13 and a spherically formed inner wall 14 movable in relation to the outer wall 13. The 

housing 12 and both walls 13, 14 are for ex.ample produced from one piece as a turned part. The space 

within the inner wall 14 is connected to the vacuum source each time when the foil 4 (Fig. 1) is to be 

sucked and secured onto the upper surface 15. Two piezoelectric drives 8a and 8b, the resting position of 

which in relation to the x direction is adjustable by means of screws 16, are envisaged for movement of 

10 the upper surface 15. By means of the two drives 8a and 8b, the end of the inner wall 14 facing the upper 

surface 15 is connected to to the outer wall 13 without play. The two piezoelectric drives 8a and Sb are 

electrically connected in opposition so that they move in the same direction when a voltage is applied to 

move the upper surface 15 in x direction. Two further piezoelectric drives for movement of the upper 

surface 15 in y direction are not shown. With a further embodiment, only one single piezoelectric drive, 

IS eg, drive 8a, is available for the movement in x direction. In this case, the drive 8a is firmly connected to 

the outer wall 13 as well as to the inner wall 14, e.g. by means of adhesive. 

If the position deviation established in accordance with step 3 of the above method should once be 

greater than the maximum position deviation which can be overcome by the chip ejector 6, then, instead 

of step 4, the vacuum must be released again and the process started again from step 1, whereby in step 1 

20 the table 5 is moved by the correction vector established from the position deviation. 

The apparatus described is above all suitable for automatic assembly machines with which the substrate 

2 (Fig. I) is placed in feed direction with sufficient accuracy at location Bat which the chip gripper 10 

deposits the semiconductor chip, or with which a possible deviation in the position of the substrate 2 

from its set position can be corrected by the apparatus envisaged for the feed of the substrate 2. 

25 In order to keep possible position deviations of the semiconductor chip 1 placed on the substrate 2 as 

small as possible, it is further possible to establish the position of the semiconductor chip 1 placed onto 

the substrate 2 by means of a second measurement camera, to calculate, preferably with statistical 

methods, a further correction vect0r h from the possible position deviations of the placed semiconductor 

chip I which represents a measure for possible deviations from location B for the semiconductor chip 

30 (1) already placed on the substrate (2) and to carry out a corrective movement of the chip ejector 6 in 

step 5 of the procedure given above which corresponds to the sum of the correction vector established in 

step 4 and the correction vector h. 
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CLAIMS 

1. Apparatus for mounting semiconductor chips (I) on a substrate (2), whereby the semiconductor 

chips (1) are presented op a foil (-n clamped in a frame (3) at a first location A. with a chip gripper (10) 

for the transport of the semiconductor chip (1) presented at the first location A to a second location 

5 located on the substrate (2), with a movable table (5) for the acceptance of the frame (3), with a chip 

ejector (6) arranged underneath the foil (4) at the first location A the upper surface (15) of which facing 

the foil (4) has holes (7) connecrable to a vacuum source, as well as a measuring camera (9) directed at 

the first location A for establishing the position of the presented semiconductor chip (1), characterized 

in that for the correction of a possible position deviation of the presented semiconductor chip (I) from 

10 its set position, at least the upper surface (15) of the chip ejector (6) facing the foil (4) is movable in the 

plane running parallel to the under side of the foil. 

2. Apparatus according to claim 1, characterized in that in each working cycle it carries out at least 

the following steps: 

1. Movement of the table (5) for the presentation of a new semiconductor chip (I) at the first location 

15 A, whereby a certain position deviation from the set position is permissible. 

2. Suction and securing of the foil (4) onto the surface of the chip ejector (6) facing the foil (4); 

3. Establishing the actual position of the semiconductor chip (1) by means of the measuring camera (9); 

4. Determining the correction vector which represents the deviation of the established actual position of 

the semiconductor chip (I) frcm its set position at location A; 

20 5. Corrective movement of the chip ejector (6) by the correction vector, and 

6. Removal of the semiconducwr chip (1) from the foil (4). 

3. Apparatus according to claim 2, characterized in that the movement of the table (5) in step l takes 

place in consideration of the correction vector established in step 4 of the pre\·ious or an earlier working 

cycle. 

25 4. Apparatus according to claim 2 or 3, characterized in that in step 5, instead of the corrective 

movement of the chip ejector (6) by the correction vector established in step 4, a corrective movement of 

the chip ejector (6) takes place which, apart from the correction vector established in step 4, takes a 

further correction vector into consideration _?>'hich represents a measure for possible position deviations 

of the semiconductor chip (1) already placed on the substrate (2). 

30 5. Apparatus according to claims 1 to 4, characterized in that piezoelectric drives (8, 8a, 8b) are 

provided for the corrective mo\"e:nent of the chip ejector (6). 

6. Method for mounting semiconductor chips (1) on a substrate (2), whereby the semiconductor chips 

(1) are presented on a foil (4) clamped in a frame (3) at a first location A and are transported by a chip 
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gripper (10) from the first location A to a second location located on the substrate (2) which comprises 

the following steps: 

1. Presenting a new semiconductor chip (1) at the first location A, whereby a certain position deviation 

from the set position is permissible. 

5 2. Suction and securing of the foil (4) on the surface (15) of a chip ejector (6) facing the foil (4); 

3. Establishing the actual position of the semiconductor chip (1); 

4. Determining the correction vector which represents the deviation of the established actual position of 

the semiconductor chip (I) from its set position at location A; 

5. Corrective movement of the chip ejector (6) by the correction vector, and 

10 6. Removal of the semiconductor chip (1) from the.foil (4). 

7. Method according to claim 6, characterized in that the presentation of the semiconductor chip (1) 

in step 1 talces place under consideration of the correction vector established in step 4 of a previous or an 

earlier working cycle. 

8. Method according to claim 6 or 7, characterized in that in step 5, instead of the corrective 

15 movement of the chip ejector (6) by the correction vector established in step 4, a corrective movement of 

the chip ejector (6) takes place which, apart from the correction vector established in step 4, takes a 

further correction vector into consideration which represents a measure for possible position deviations 

of the semiconductor chips (1) already placed on the substrate (2). 
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