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End effector 

The invention relates to an end effector for holding substrates. 

End effectors are the last element of a kinematic chain of transport 

apparatuses, e.g. robots. They are used e.g. for gripping or holding objects.  

In the production of micro-structure components, e.g. in chip manufacturing, 5 

end effectors are usually used to hold substrates in order to move substrates 

between different process stations.  

Within the scope of this invention, substrates include in particular wafers, 

such as semiconductor wafers or glass wafers, flexible substrates, wafers which 

are produced synthetically from chips and casting compound (reconstituted 10 

wafers; moulded wafers with embedded dies) or substrates having 3-dimensional 

surfaces. 

Such end effectors are known and usually consist of a main body having e.g. 

a milled vacuum channel and a cover which closes the vacuum channel. Suction 

can be applied to the wafer and it can be held by means of vacuum technology 15 

through openings in the cover. However, by reason of their construction, such 

end effectors are thick and troublesome to produce. 

The wafers to be picked up by the end effector are frequently disposed in a 

wafer cartridge. In order to remove individual wafers from the wafer cartridge, the 

end effector is first moved between two wafers in the cartridge and is moved or 20 

brought into connection with one of the wafers in order to fix said wafer, e.g. by 

means of a vacuum or by means of excess pressure using the Bernoulli effect.  

In order to accommodate the largest possible number of wafers in a wafer 

cartridge, the wafers are frequently disposed at a very small spacing from one 

another. Furthermore, wafers can be flexible and can sag when disposed 25 

horizontally, whereby the spacing between the wafers can be further reduced. 

The end effector must then also be able to be guided reliably between the wafers 

without contacting wafers e.g. on the "end face" and thereby damaging them. 

Thus, the object of the invention is to provide an end effector which is 
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particularly thin and easy to produce. 

The object is achieved by means of an end effector for holding substrates, 

having a main body and a fluid channel which is provided in the main body, 

wherein the main body comprises at least two layers, wherein at least one of the 

layers is not inherently stable.  5 

"Not inherently stable" means that the layer is not stable enough to 

independently hold a substrate, for which the corresponding end effector is 

provided, in the holding region provided for this purpose. The at least one layer 

can thus be thin, whereby the whole construction height, i.e. the thickness, of the 

end effector can be reduced. It is even feasible for a plurality of layers or all 10 

layers of the end effector not to be inherently stable and to have the necessary 

stability to hold a substrate only once fastened to one another. The layer which is 

not inherently stable can be e.g. a thin film, or the end effector can be built up of 

a plurality of very thin metal sheets. The fluid channel can thus serve as a 

vacuum channel or excess pressure channel depending on whether the end 15 

effector is to be operated with a compressed air source or a vacuum source. 

In the context of the invention, the term „layer“ refers to prefabricated layer, 

i.e. a prefabricated component in the solid state, in particular being flat and/or 

plate like. Two or more of the prefabricated components may be attached to one 

another to form the end effector. 20 

The prefabricated layer may already have the contour of the end effector or 

two or more layers are attached to one another and then cut into the desired 

shape of the end effector. 

A coating or a liquid material applied to a prefabricated layer does not form a 

layer of its own in the sense of the invention, even when solidified 25 

The end effector can approach substrates both from below and also from 

above and hold or fix them from below or from above. 

Preferably, a groove and/or a slot is incorporated in at least one of the layers 

and can partially define the fluid channel, whereby the fluid channel can easily be 

formed. 30 

In order to simplify the production process, the groove and/or the slot can be 
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covered and therefore sealed by at least another one of the layers. 

In one embodiment of the invention, the main body comprises three layers, 

wherein the middle one of the layers is provided with the slot and/or the groove, 

which is covered by the outer two layers, thus forming the fluid channel. Thus, at 

least one of the outer two layers can be the layer which is not inherently stable. 5 

Therefore, a flatter or thinner end effector is provided. 

For example, one of the layers, in particular the layer in which the groove 

and/or the slot is incorporated, is produced from a metal sheet. The metal sheet 

can be of high-grade steel or molybdenum. The metal sheet can also be 

produced from titanium, aluminium with different coatings, or quartz glass. It is 10 

thereby ensured that the fluid channel always has the desired shape. 

The at least two layers may be congruent to one another and/or may have the 

contour of the end effector. This saves an assembly step. 

In a variant, at least one of the at least one layer is a prefabricated 

component, simplifying the assembly. 15 

One of the layers, in particular the layer which is not inherently stable, is 

preferably produced from a synthetic material, in particular a synthetic material 

film. The synthetic material is e.g. polyether ether ketone (PEEK). The layer of 

synthetic material is in particular the uppermost or lowermost layer of the main 

body. Therefore, in particular, the layer which is not inherently stable can be 20 

produced inexpensively and consistently. 

For example, a layer which is not inherently stable, produced from polyether 

ether ketone (PEEK) or a comparable synthetic material has a thickness of 0.1 

mm or less. 

In order to ensure the sealing tightness of the fluid channel, the at least two 25 

layers can be adhered together. Alternatively, the at least two layers can also be 

welded. In addition, the two layers can also be screwed, whereby the stability of 

the end effector is further increased.  

In one embodiment of the invention, the main body comprises a receiving end 

and a fastening end, wherein a holding region for holding the substrate is 30 

provided on the receiving end so that the substrate can be reliably held on the 
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end effector. 

A cut-out preferably extends from the receiving end into the main body, 

wherein holding arms are formed by the cut-out. The cut-out can extend through 

all the layers. Therefore, substrates can be picked up by the end effector and 

held on their underside approximately centrally e.g. by holding pins, e.g. at a 5 

station in a machine. 

In order to improve the stability of the individual layers and of the whole main 

body, the cut-out can comprise at least one radius on its end facing the fastening 

end and in particular can be U-shaped. 

In one embodiment variant, the fluid channel extends from the fastening end 10 

into the holding region, in particular into the holding arms, and at that location 

issues into openings. Thus, the fluid channel can have a U-shaped portion. The 

negative pressure or excess pressure required to hold the substrate can be 

provided in the holding region through the fluid channel. 

For example, the limbs of the U of the U-shaped portion of the fluid channel 15 

extend into the holding arms. The fluid channel can as a whole be Y-shaped or in 

the shape of a tuning fork.  

At least one opening is preferably provided in one of the layers, in particular in 

one of the holding arms, through which opening the fluid channel issues in the 

holding region. Thus, at least one opening can be provided per holding arm. The 20 

opening is provided in the uppermost layer. The side of the main body against 

which the substrate lies when the end effector is being used as intended is 

designated as 'upper' or as the 'upper side'. 

In one embodiment of the invention, a holding apparatus is provided in or at 

the opening and in particular comprises a sealing lip, whereby the substrate can 25 

be fixed in a reliable manner. 

For example, the holding apparatus is a suction apparatus, in particular a 

vacuum suction cup or a fixing apparatus based on the Bernoulli effect. In this 

way, substrates can be fixed on the end effector either by negative pressure or by 

excess pressure. 30 

The suction apparatus can comprise the sealing lip. The suction apparatus 
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can also comprise vacuum furrows or grooves and/or a porous material. 

A flange region, in particular a flange plate, can be provided on the fastening 

end in order to fasten the end effector to a transport apparatus, in particular a 

robotic arm. 

Further advantages and features of the invention will be apparent from the 5 

following description and the enclosed drawings to which reference is made. In 

the drawings: 

- Figure 1 shows a perspective view of an end effector in accordance with 

the invention, which has been introduced into a cartridge,  

- Figure 2 shows a plan view of the end effector in accordance with the 10 

invention as shown in figure 1; 

- Figure 3 shows an exploded view of the main body of the end effector in 

accordance with the invention as shown in figure 2,  

- Figure 4 shows a detailed cross-sectional view of the end effector in 

accordance with the invention in the region of one of the holding 15 

apparatuses,   

- Figure 5 shows a view from below of a second embodiment of an end 

effector in accordance with the invention,  

- Figure 6 shows a view from below of the upper layer of the end effector as 

shown in figure 5, and 20 

- Figure 7 shows a plurality of end effectors in accordance with the 

invention, being of different sizes, in cartridges for substrates of different 

sizes.  

Figure 1 shows an end effector 10 which is introduced into an empty cartridge 

12 for storage of substrates (not shown). 25 

End effectors 10 are components of robots at the end of a kinematic chain. 

The illustrated end effector 10 is a holder or gripper, with which substrates such 

as wafers can be picked up and moved. Accordingly, it can be connected to a 

robotic arm (not shown). 
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The end effector 10 has a main body 14 and two holding apparatuses 15, 

wherein the main body 14 has a receiving end 16 and a fastening end 18. 

A flange region 20 is provided at the fastening end 18, in which flange region 

a flange plate 22 is fastened to the main body 14. The flange plate 22 serves to 

fasten the end effector 10 to the robotic arm. 5 

At the receiving end 16, a holding region 24 for holding a substrate (indicated 

by a broken line in figure 1) is formed on the upper side O of the end effector 10. 

In figure 2, the centre point M of a circular substrate is indicated as where the 

substrate is intended to be received in the holding region 24. 

A cut-out 26 extends from the receiving end 16 into the main body 14 towards 10 

the fastening end 18. 

The cut-out 26 firstly has two parallel side walls 28 starting from the receiving 

end 16, which side walls are then connected together by a transition region 30. In 

this first embodiment, the transition region 30 has a radius R1 so that the 

transition region 30 is semi-circular. 15 

In particular, the cut-out 26 is a U-shaped aperture in the main body 14 on the 

side of the main body 14 facing away from the fastening end 18. 

Holding arms 32 on the main body 14 are formed by the cut-out 26, the 

parallel side walls 28 being the inner sides of said main body.  

In addition, a fluid channel 34 is formed in the main body 14 and extends from 20 

the flange region 20, i.e. from the fastening end 18, in the direction of the 

receiving end 16. 

In the illustrated embodiment, the fluid channel 34 is a vacuum channel. 

However, the fluid channel 34 can also be an excess pressure channel. 

As shown in figure 2, the fluid channel 34 starts from the flange region 20 and 25 

branches into two branches 36 which extend in the holding region 24 as far as 

into the holding arms 32. 

The fluid channel 34 as a whole is Y-shaped or in the shape of a tuning fork, 

wherein the two branches 36 form a U-shaped portion of the fluid channel 34. 

The limbs of the U are thus formed by the parts of the branches 36 which extend 30 
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into the holding arms 32. 

At the end of the branches 36 a respective opening 38 is provided in the main 

body 14 so that the fluid channel 34 issues in the holding region 24 on the upper 

side O.  

The holding apparatuses 15 are fastened in the openings 38. Therefore, the 5 

holding apparatuses 15 can be disposed on the holding arms 32. Thus, at least 

one opening 38 is provided per holding arm 32. 

Figure 3 shows an exploded view of the main body 14. In the illustrated 

embodiment, the main body 14 has three layers, namely an upper layer 40, a 

middle layer 42 and a lower layer 44. The upper layer 40 and the lower layer 44 10 

each form an outer layer of the main body 14. 

These three layers 40, 42, 44 are all congruent and are fastened together. For 

example, the layers 40, 42, 44 are adhered together and can additionally also be 

screwed together. The three layers 40, 42, 44 can also be welded together. 

Owing to the congruent arrangement of the layers 40, 42, 44, the cut-out 26 15 

extends through all the layers 40, 42, 44. 

The lower layer 44 is closed throughout, the middle layer 42 has a slot 46 to 

form the fluid channel 34, and the upper layer 40 is provided with the two 

openings 38 but otherwise is also closed throughout. 

All the layers 40, 42, 44 can additionally have orifices for screws. 20 

For example, the upper layer 40 and the middle layer 42 are each produced 

from a metal sheet. For example, high-grade steel or molybdenum are suitable 

materials.  

In any case, the upper layer 40 and the middle layer 42 together have, by 

reason of the material properties of the metal sheet, a sufficiently high level of 25 

stability that a substrate could be held in the holding region 24 on these two 

layers 40, 42. Of course, it is assumed that a substrate is used having a size for 

which the end effector 10 as a whole is designed. 

In contrast, the lower layer 44 is not inherently stable, i.e. this layer is not 

stable enough to be able independently to hold a substrate of the corresponding 30 
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size in the holding region 24.  

The lower layer can be produced from a synthetic material film. For example, 

polyether ether ketone (PEEK) is a suitable synthetic material.  

For example, the lower layer 44 has a thickness of 0.1 mm or less. 

In order to form the fluid channel 34, the slot 46 which is in the shape of the 5 

fluid channel 34 is provided in the middle layer 42. Therefore, the slot 46 is 

likewise Y-shaped or in the shape of a tuning fork. 

When the main body 14 is in the assembled state, this slot 46 is completely 

covered and closed in an air-tight manner (apart from the openings 38 and the 

connection openings provided in the region of the flange plate 22) from above 10 

and below, i.e. in the vertical direction, by the upper layer 40 and the lower layer 

44.  

The fluid channel 34 terminates with the ends of the slot 46 of the middle 

layer 42 in the regions in which the openings 38 are provided in the uppermost 

layer 40.  15 

As shown in figure 4, one of the holding apparatuses 15 is fastened in the 

illustrated opening 38.  

In the illustrated embodiment, the holding apparatus 15 is a suction 

apparatus, in particular a vacuum suction cup, and has a carrier 48 and a sealing 

lip 50 which is fastened in the carrier 48. 20 

The carrier 48 has two cylindrical portions, namely a base portion 52 and a 

fastening portion 54, wherein the diameter of the fastening portion 54 is greater 

than that of the base portion and also greater than the diameter of the opening 

38. 

The fastening portion 54 has a thickness which substantially corresponds to 25 

the thickness of the middle layer 42 and is disposed between the upper layer 40 

and the lower layer 44.  

The base portion 52 extends through the opening 38 and has a contact 

surface 56 on its upper side, i.e. on its side facing away from the fastening 

portion 54.  30 
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Suction grooves 60 are provided in the contact surface 56 and are in fluid 

communication with the fluid channel 34 by means of a through-channel 62 in the 

carrier 48 and by means of connection channels 64 in the fastening portion 54.  

The sealing lip 50 is fastened to the base portion 52 on the upper side O of 

the main body 14 and completely surrounds the contact surface 56. 5 

The carrier 48 is fastened to the end effector 10 in that it is passed through 

the middle layer 42 and the upper layer 40 and is held at that location by the 

lower layer 44. Furthermore, it is fixed by the sealing lip 50 which is supported on 

the upper side of the lower layer 40.  

In order to pick up a substrate, the end effector 10 can be moved towards the 10 

substrate from below and then raise the substrate. At the same time, suction can 

be applied to the substrate by means of a vacuum source (not shown), which can 

produce a negative pressure in the suction grooves 60 by means of the fluid 

channel 34 which then acts as a vacuum channel. 

The substrate is then pressed against the contact surface 56 by reason of the 15 

excess pressure from the ambient pressure and is thereby securely fixed to the 

end effector 10. The substrate then lies against the holding region 24 at least on 

the contact surfaces 56. 

It is also feasible for the holding apparatus 15 to be designed as a fixing 

apparatus based on the Bernoulli effect. In this case, by means of a source of 20 

excess pressure (not shown) a gas under pressure is supplied to the fluid 

channel 34 and then flows out at high speed on the holding apparatus 15 and 

flows quickly past the substrate. A force is thereby produced on the substrate 

towards the end effector 10 so that the substrate is fixed on the end effector 10. 

The fluid channel 34 is in this case an excess pressure channel. 25 

In addition, support surfaces 65 can be formed on the holding arms 32, in 

particular on the end thereof facing the receiving end 16. The support surfaces 65 

can be produced from a soft material e.g. rubber. In an optimal case, the 

substrate then also lies against the support surfaces 65 when the substrate is 

fixed to the end effector 10. 30 

Although the lower layer 44 is not inherently stable, the multi-layered structure 
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of the main body 14 means that a stable end effector 10 as a whole is achieved. 

This is stable enough to be able to transport, in its holding region 24, a substrate 

of the size provided for this end effector 10. Owing to the fact that the lower layer 

44 is formed as a thin film which is not inherently stable, the installation height of 

the end effector 10, in particular in the holding region 24, is clearly reduced. 5 

Figures 5 and 6 illustrate a second embodiment of an end effector 10 in 

accordance with the invention, which substantially corresponds to that of the first 

embodiment. Consequently, only the differences will be discussed hereinunder 

and like and functionally equivalent parts are designated by the same reference 

signs. 10 

The end effector 10 illustrated in the second embodiment is designed for 

larger substrates than the end effector 10 of the first embodiment and so the 

parts in the second embodiment are dimensioned differently. 

For example, the main body 14 is wider in order to be able to hold larger 

substrates more stably by reason of the greater spacing between the contact 15 

surfaces 56. At the same time, the cut-out 26 is also wider.  

Figure 5 shows a view of the end effector 10 of the second embodiment from 

below, wherein the flange plate 22 has not been shown for reasons of clarity. 

In this embodiment, the main body 14 has only two layers, namely an upper 

layer 66 and a lower layer 68. 20 

The lower layer 68 corresponds to the lower layer 44 of the first embodiment 

and is identical to the lower layer 44 of the first embodiment. 

In contrast, the upper layer 66 corresponds to a combination of the upper 

layer 40 and the middle layer 42 of the first embodiment.  

A groove 70 which partially defines the fluid channel 34 is incorporated in the 25 

upper layer 66 on the underside thereof. The groove 70 thus corresponds to the 

slot 46 of the first embodiment, and the groove 70 is closed by the lower layer 66 

to form the fluid channel 34. 

In addition, the upper layer 66 comprises the opening 38 of the fluid channel 

34 towards the upper side O of the end effector 110. 30 



 

- 11 - 

 

The upper layer 66 can also comprise a recess for the fastening portion 54 of 

the holding apparatus 15. 

For the purposes of illustration, in figure 5, the lower layer 68 is shown 

transparently so that the groove 70 of the upper layer 66 remains visible. 

In contrast to the first embodiment, the transition region 30 of the cut-out 26 is 5 

no longer a semi-circle but has two radii R2 which each describe a quarter circle. 

The two quarter circles are connected together by a short straight portion 72 (see 

figure 6). 

Of course, the two features of the illustrated embodiments can be combined 

with one another. In particular, the end effector 10 of the first embodiment can be 10 

formed with two layers and the end effector of the second embodiment can be 

formed with three layers. 

It is likewise feasible for none of the layers of the main body of an end effector 

to be inherently stable and for the stability required to hold substrates to be 

achieved only by joining these layers together.  15 

Figure 7 shows end effectors 10 in three different sizes with correspondingly 

sized cartridges 12 for substrates. Thus, the size illustrated on the far left 

corresponds to the size of the first embodiment and the size illustrated in the 

middle corresponds to that of the second embodiment. Furthermore, a still larger 

size for particularly large substrates is shown on the right. 20 

For example, the end effector on the left is designed for substrates with a 

diameter of at least 100 mm, the middle end effector is designed for substrates 

with a diameter of at least 150 mm and the end effector on the right is designed 

for substrates with a diameter of at least 200 mm.  

Naturally, depending on the properties of the wafer, the same grippers can 25 

also be used for a plurality of wafer sizes. 

In order to produce the end effector, the individual layers can be cut out at the 

same time, e.g. by means of a laser or water jet. This ensures that the individual 

layers are produced so as to be absolutely congruent. Openings which serve for 

mechanical connection of a plurality of layers can also be produced 30 

simultaneously in one operation for the layers to be connected, when the layers 
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are disposed one above the other in a congruent manner.  
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Claims 

 

1. End effector for holding substrates, having a multi-layered main body and 

a fluid channel which is provided in the main body, wherein the main body 

comprises at least two layers, wherein at least one of the layers is not inherently 5 

stable. 

2. End effector as claimed in claim 1, characterised in that a groove and/or 

a slot is incorporated in at least one of the layers and partially defines the fluid 

channel. 

3. End effector as claimed in claim 2, characterised in that the groove 10 

and/or the slot (46) is covered and sealed by at least another one of the layers. 

4. End effector as claimed in claim 3, characterised in that the main body 

comprises three layers, wherein the middle layer of the three layers is provided 

with the slot which is covered by the outer two layers, thus forming the fluid 

channel. 15 

5. End effector as claimed in any one of the preceding claims, characterised 

in that one of the layers, in particular the layer in which the groove and/or the slot 

is incorporated, is produced from a metal sheet. 

6. End effector as claimed in any one of the preceding claims, characterised 

in that the at least two layers are congruent to one another and/or have the 20 

contour of the end effector. 

7. End effector as claimed in any one of the preceding claims, characterised 

in that at least one of the at least one layer is a prefabricated component. 

8. End effector as claimed in any one of the preceding claims, characterised 

in that one of the layers, in particular the layer which is not inherently stable, is 25 

produced from a synthetic material, in particular a synthetic material film. 

9. End effector as claimed in any one of the preceding claims, characterised 

in that the at least two layers are adhered together. 
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10. End effector as claimed in any one of the preceding claims, characterised 

in that the main body comprises a receiving end and a fastening end, wherein a 

holding region (24) for holding the substrate is provided on the receiving end. 

11. End effector as claimed in claim 10, characterised in that a cut-out 

extends from the receiving end into the main body, wherein holding arms are 5 

formed by the cut-out. 

12. End effector as claimed in claim 11, characterised in that the cut-out 

comprises at least one radius on its end facing the fastening end and in particular 

is U-shaped. 

13. End effector as claimed in any one of claims 10 to 12, characterised in 10 

that the fluid channel extends from the fastening end into the holding region, in 

particular into the holding arms and at that location issues into openings. 

14. End effector as claimed in claim 13, characterised in that a holding 

apparatus is provided in or on the opening and in particular comprises a sealing 

lip. 15 

15. End effector as claimed in claim 14, characterised in that the holding 

apparatus is a suction apparatus, in particular a vacuum suction cup or a fixing 

apparatus based on the Bernoulli effect. 

16. End effector as claimed in any one of claims 10 to 15, characterised in 

that a flange region, in particular a flange plate, is provided on the fastening end 20 

in order to fasten the end effector to a transport apparatus, in particular a robotic 

arm. 


