
FIELD OF THE INVENTION 

[0001] The invention relates to a die ejector which is used in mounting semiconductor 

chips in order to support the detachment and removal of a semiconductor chip fi.-om a foil. 

BACKGROUND OF THE INVENTION 

[0002] The semiconductor chips are typically provided on a foil held in a frame, which is 

also known as a tape in the field, for the purpose of processing on a semiconductor 

mounting device. The semiconductor chips adhere to the foil. The frame with the foil is 

received by a disp]aceable \vafer table. The wafer table is displaced in cycles in order to 

provide one semiconductor chip after the other at a location and the semiconductor chip 

vvhich is then provided is received by a chip gripper and placed on a substrate. The removal 

of the provided semiconductor chip from the foil is supported by a die ejector which is 

arranged beneath the foil. 

[0003] In many case.s, one or several needles alTanged in the die ejector will support the 

detachment of the semiconductor chip from the foiL Needle-supported methods are known 

from a large irnmber of patents, e.g. from US 20040105750 or US 7265035. In US 

2008086874, the die ejector comprises a block with a plurality of rnds which have a flat end 

and a second block with a plurality of needles, with the needles being arranged between the 

rods and the surface of the flat end of each rod having a multiple of the cross section of a 

needle. For the purpose of detaching the semiconductor chip, the block with the rods is 

lifted at first and the block with the needles is lifted until the needles protrude beyond the 

rods. 

[0004j A die ejector with supporting structures is knmvn from \VO 2005117072, on which 

the foil rests during the entire detadunent process. The supporting structures are enclosed 

by rods with a flat end which are displaceable in the direction towards the semiconductor 

chip as Vlell as in the opposite direction. The supp01iing structures and the rods can also be 

formed by a plurality of individual tappet rods which are arranged in the manner of a 

matrix. 

[0005] A die ejector is known from US 20050059205 which comprises several plates 

which are disposed adjacent to one another, and for the purpose of detaching the 



2 

semiconductor chips are lifted either jointly and then lowered sequentially from the outside 

to the inside or are lifted from the outside to the inside sequentially in order to fonn a 

pyramidal elevation that protrudes beyond the supporting plane. 

[0006] Various methods are also known in which the semiconductor chip is detached from 

the foil without the use of a needle. In US 4921564, the foj] beneath the semiconductor chip 

is subjected to a vacuum at many individual locations in order to remove the foil at these 

places from the semiconductor chip. In US 2002129899 and US 7238593, the foil is drnwn 

over the edge of the die ejector and removed thereby. In US 6561743, the foiJ is drawn off 

in a boundary region of the semiconductor chip by means of vacuum and then displaced 

relative to the semiconductor chip whkh is gripped by the chip gripper, with the 

semiconductor chip bejng detached from the foil. 

[00071 The thickness of the semiconductor chips to be detached decreases continually. 

Currently, the thickness is in many cases less than 100 micrometers, with a tendency 

tO\vards further reduced thicknesses of 20 to 10 or even 5 micrometers. An additional factor 

is that the wafers are sometimes provided with an adhesive layer on their reverse side. The 

adherence of the semiconductor chips on the foil will thus increase. The technologies as 

described above are often no longer sufficient and/or are not reliable enough or are relative 

slow, which means that it often happens that a semiconductor chip is damaged or destroyed 

during detachment. 

SUMMARY OF THE INVENTION 

[0008] The invention is based on the object of developing a die ejector which enables a 

rapid, reliable and damage-free detachment of the semiconductor chips, especially thin 

semiconductor chips, from the foiL 

[0009] A die ejector in accordance \Vith the invention comprises a chamber which can be 

subjected to vacuum and comprises a cover plate having a hole, and a plurality of plates 

which are ananged in the interior of the chamber, protrude into the first hole and are 

displaceable in a direction which extends perpendicular or oblique in relation to the surface 

of the cover plate. The die ejector further comprises drive means in order to displace the 

plates. The drive means comprise at least one drive mechanism which has a motor and a pin 

that is movable along a predetermined path and is movable back and forth between two 

positions by the motor. Each of the plates comprises a path-like opening. The pin is guided 
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through the path--Iike opening of each of the plutcs, with the path-like opening differing 

from plate to plate in such a vvay that the plates arc displaced in a predetermined sequence 

in the mentioned direction vvhen the pin is moved along the path. 

[0010] The drive means advantageously comprise a further drive rnechanism with which 

the plates are jointly displaceable in the mentioned direction. 

[00111 The plates are preferably made of t\vo parts, namely a first part which comprises 

the path-like opening and a second pmi which can be inserted on the first patt. The first 

parts of all plates are rnxanged jn the mentioned chamber and coupled with the dlive 

mechanism. This enables a simple adjustment of the die ejector to semiconductor chips of 

different sizes. The first parts of all plates could thus also be regarded as a component of the 

drive mechanism, while the second parts of the plates \Vhich are inserted for a specific 

application and whose number can be lower than the number of the first parts could be 

regarded as the actual plates. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

[0012] The accompanying drawings, which are incorporated into and constitute a paii of 

this specification5 illustrate one or more embodiments of the present invention and, together 

with the detailed desc1iption, serve to explain the principles and implementations of the 

invention. The figures are not to scale. 

[0013] ln the drawings: 

Fig. I 

Fig. 2 

shows a side and cross-sectional view of a die ejector in accordance with 

the invention; 

shows the die ejector in a top view; 

Figs. 3 to 6 shmv snapshots during the detachment and removal of a semiconductor 

chip from a foil; 

Fig. 7 

Fig. 8 

shovv'S parts of the die ejector, and 

shows a plate consisting of two parts. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] Fig. 1 shows a side 'View and cross-sectional view of a die ejector 1 in accordance 

vvith the invention. The die ejector 1 comprises an enclosed chamber 2 which can be 

subjected to vacuum and comprises a preferably removable and exchangeable cover plate 3 
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on which rests a portion of the foil 4 \:Vith the semiconductor chips 5. The chamber 2 can 
also be fonned by the housjng of the die ejector 1 or a part thereof. The cover plate 3 can 
also be a cover. The cover plate 3 comprises a rectangular hole 6 in the middle which has 
approximately the same size as the semiconductor chips 5 and preferably a plurality of 
further holes 7 which are only shown in Fig. 2 and arc used to draw in the foil 4 when the 
chamber 2 is subjected to vacuum. The die ejector 1 further comprises a plurality of plates 8 
which are mranged in the interior of chamber 2 adjacent to one another and are displaceable 
jointly and/or individually in a direction designated as z-direction. As in the example, the z­

direction extends preferably perpendicularly to the surface 9 of the cover plate 3 or at least 
under an angle oblique in relation to the surface 9 of the cover plate 3, with the angle 
designating the angle which the z-direction encloses with the ve1tical line relative to the 
surface 9 of the cover plate 3, The angle can lie in a large range of 0 to 80° and is usually 
only limited by the avaiJable space. The angle is clearly different from 90° however because 
the scope of the invention is left when the plates 8 are displaced parallel to the surface 9 of 
the cover plate 3. The plates 8 protrnde into the central hole 6 of the cover plate 3 and 
advantageously rest on one another. A circumferential gap l 0 exists between the plates 8 
and the edge of hole 6. Chamber 2 can be subjected to vacuum. The surface area covered by 
the plates 8 within the hole 6 of the cover plate 3 of the die ejector 1 (Fig. 1) is preferably 
slightly smaller than the surface area of a semiconductor chip 5, namely dimensioned in 
such a v.ray that the semiconductor chip 5 protrudes beyond the surface assumed by the 
plates 8 on all sides in lateral direction by approx. 0.5 to 1 millimeter. The number of plates 
8 depends on the dimensions of the semiconductor chip 5. It is at least three, namely for 
very small semiconductor chips of 3*3 millimeters. 

[0015] The term plates shall be understood as being all objects which can exert the same 
function. Plates 8 can also be rods or beams for example. The plates, rods, beams, etc. can 
rest on each other or, if there is enough space, can also be alTanged to be spaced from one 
another. 

[0016] The die ejector l fmiher comprises drive means in order to displace the plates 8 
jointly and also individually in the z~direction. As is shown in the example, such drive 
means preferably comprise a first drive mechanism 11 and a second drive mechanism 12. 
The first drive mechanism 11 is used to displace all plates 8 jointly and, in this example, 
also the second drive mechanism 12 in the z-direction. The second drive mechanism 12 is 
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used to displace the plates 8 individually in a predetennined sequence in the z·-direction. 

The second drive mechanism 12, which is based on the principle of the cam disk, is made in 

such a way that the plates 8 are displaced in the z-direction by restricted guidance. This 

solution offers the advantage that no springs are required. 

[0017] Fig. 2 shows the cover plate 3 of the chamber 2 of the die ejector l in a top view. 

[OCHS] The detacbment and removal of a semiconductor chip 5 from the foil 4 occurs by 

means of the die ejector 1 in cooperation with a chip gripper 15 (Fig. 4 ). Chip gripper 15 

advantageously contains a suction member which can be subjected to vacuum and which 

draws in the semiconductor chip and holds it tightly. The chip gripper 15 can also contain a 

suction member \;\'hich is based on the BemouUi effect and which needs to be supplied with 

compressed air in order to achieve the suction effect The method for detaching a 

semiconductor chip will now be explained in detail by reference to Fig. 1 and Figs. 3 to 6, 

\Vith each of these drawings representing a snapshot The drive means fr)r moving the plates 

8 are not shown in Figs. 3 to 6. 'The movement of the plates 8 in the positive z-direction is 

designated as lifling and a movement of the plates 8 in negative z-direction is desigJrnted as 

lmvering. The sides of the plates 8 which face the foil 4 are approximately flush with the 

surface 9 of the cover plate 3 at the beginning. Some of the plates 8 are designated 

especially as plates 8~, 8~' and 8'". 

[00191 The method comprises the following steps A through D: 

A) displacing the foil 4 relative to the die ejector 1 in such a way that the semiconductor 

chip 5' to be detached is disposed above the hole 6 of the cover plate 3; 

B) subjecting chamber 2 to vacuum, through which the foil 4 is drawn to the cover plate 3; 

C) lowering of individual or all of the plates 8 successively in a predetermined sequence, 

and 

D) moving away the chip gripper 15 with the semiconductor chip 5', 

\Vith the chip gripper 15 being lowered and drawing in the semiconductor chip 5~ and 

holding the same tightly after step A or after step B or after step C. 

{0020] It is advantageous in many cases to perf01m the following step between the step B 

and the step C: 

BC) Joint lifting of the plates 8 by a predetermined distance which is chosen in such a way 

that the sides of the plates 8 facing the foil 4 protmde beyond the surface 9 of the cover 
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plate 3. 

[0021 J The lowering of the plates 8 in step C preferably begins either \vith one of the two 

outermost plates 8', 8'', namely the outennost left plate 8' or the outcnnost right plate 8'\ or 

the two outermost plates 8' and 8" simultaneously. The lowering of the plates 8 can also 

begin with any arbitrary other plate. The plates 8 are lowered by a second predetem1ined 

distance. If step BC is performed, the second predete1111ined distance is larger than the first 

predetermined distance. 

[0022] Fig. 1 shows a snapshot after step A. Fig. 3 shows a snapshot after step BC. Fig. 4 

shows a snapshot at the time at which the two outermost plates 8' and 8" are completely 

lowered and the plates adjacent to the outermost plates 8'.'.' and 8'' are partly lowered. The 

foil 4 has detached from the edge of the semiconductor chip 5. Fig. 5 shows a snapshot at 

the time at which already several of the plates 8 have been lowered completely. The 

detachment of the foil 4 from the semiconductor chip 5 has progressed even further. Fig. 6 

shows a snapshot at the time at which all plates 8 have been lowered completely in the 

middle, with the exception of a single plate 8"'. Plate 8~'~ has a1ready been lowered partly 

and the foil 4 has been detached completely from the semiconductor chip 5. The vacuum 

prevailing in gap 10 exerts a suction force on the bottom side of the foil 4 and draws the foil 

4 towards the cover plate 3 of the die ejector 1, so that the foil 4 detaches increasingly from 

the semiconductor chip 5 during the method step BC, if it is performed, and during the 

method step C, and is finished at the latest with the method step D. 

[0023] The time from which the support of the chip gripper 15 is required for detaching 

the foil 4 from the semiconductor chip 5 depends on several factors such as the thickness of 

the semiconductor chip 5, the size of the semiconductor chip 5, the holding force of the foil 

4, the suction force exe1ied by the vacuum on the foil 4. The later the chip gripper 15 needs 

to be used, the larger the throughput of the automatic assembly machine. 

[0024] In order to prepare the removal of the next semiconductor chip 5, the plates 8 are 

brought to the initial position according to Fig. 1. 

[0025] The drive means of the die ejector 1 are chosen in accordance with the invention in 

such a -vvay that the method step C or the method steps BC and C can be perfom1ed within a 

very short period of typically less than 100 ms. This is possible when the plates 8 are 
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forcibly guided. The preforred embod1mcnt of the drive means with two drive mechanisms 

enables the optimization of the speed of the two rnethod steps BC and C individually. 

[0026] The first drive mechanism 11 (Fig. 1) is a pneumatically movable cylinder for 

example which may assume a first lowered and a second lifted position. The first drive 

mechanism 11 can also be an electric drive whose z-position is adjustable in a program­

controlled manner. The second drive mechanism 12 is a mechanism based on the principle 

of a cam disk. The second drive rnechanisrn 12 comprises a motor 14 and a pin 13 which 

can be moved along a predetermined path 17 and which is moved by the motor 14 between 

two end positions back and forth. The predetermined path 17 is preferably a straight line or 

a circular path. The plates 8 each comprise a path-Eke opening 16 (Fig. 7) and the pin 13 is 

gt.tided through all these openings. Fig. 7 shows a top view of one of the plates 8 with the 

path--like opening 16 and the pin 13 that is guided through the same. When pin 13 is moved 

along the path 17, which in this example is a horizontally extendjng straight line, from the 

lefl end of the path 17 to the right end of the path 17~ the plate 8 is moved in the negative z­

directlon, namely on the sh01i middle section of the opening 16 which extends in an oblique 

manner in relation to the lateral sections. Since pin 13 always assumes the same z-position 

in this embodiment, the plate 8 is lowered in the z-direction when the pin 13 passes through 

the middle oblique section. This middle section of the opening 16 is placed at a different 

location from plate 8 to p1ate 8, so that the plates 8 are lowered in a predetennined sequence 

in the z-direction, as desired. \Vhen the pin 13 is not moved on a straight line but on a 

circular path, the path-like openings 16 have a respectively different progression. 

[0027] It is also possible to integrate the movement caused by the first drive mechanism 11 

(Fig. 1) in the second d1ive mechanism 12, so that the first drive mechanism 11 can be 

omitted. In this case, the path-like openings 16 of the plates 8 are provided with an 

additional section which causes the simultaneous lifting of the plates 8 in the z-direction by 

a predetennined distance. 

[0028] In order to ensure that the die ejector 1 can be adjusted to semiconductor chips of 

different size, the plates 8 are preferably made of two parts, as shown in Fig. 8, namely with 

a bottom part 8A which contains the path-like opening 16 and an upper part 8B which can 

be inserted on the bottorn part 8A. The bottom parts 8A of the plates 8 remain unchanged in 

the die ejector l, whereas the number and width B of the upper parts 88 and the hole 6 in 
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the cover plate 3 are adjusted to the dimensions of the semiconductor chip. 

[00291 While embodiments and applications of this invention have been shown and 

desciibed, 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 by the appended claims. 
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CLAIMS 

1. Die ejector, comprising 

a chamber \Vith a cover plate \Vhich can be subjected to a vacuum, the cover p1ate 

comprising a surface with a hole, 

a plurality of plates arranged in the interior of the chamber, protruding into the first 

hole and displaceable in a direction extending perpendicular or in an oblique way in relation 

to the surface of the cover plate, and 

drive means for displacing the plates, the drive means comprising a drive mechanism 

which comprises a motor and a pin, 

the pin movable back and f01ih between two positions along a predetermined path by 

the motor, 

each of the plates having a path-1-ike opening and the pin being guided through the 

path-like opening of each of the plates, with the path-like opening being different from plate 

to plate in such a way that the plates are displaced in a predetermined sequence in the 

mentioned direction when the pin is moved along the path. 

2. Die ejector according to claim 1, the drive means con1prising a further drive 

mechanism with which the plates are jointly displaceable in the mentioned direction. 

3. Die ejector according to daim 1 or 2, wherein the plates comprise a first pati which 

contains the path-like opening, is affanged in the chamber and coupled to said drive 

mechanism, and a second part which can be inserted on the first part. 


