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Process for producing semiconductor wafers with epitaxial layer deposited 

from the gas phase in a deposition chamber 

 

 

The invention relates to a process for producing semiconductor wafers with epitaxial 5 

layer deposited from the gas phase in a deposition chamber.  

 

Semiconductor wafers with an epitaxial layer are required for the production of 

electronic components. The epitaxial layer is typically deposited in a deposition 

chamber which takes the form of a single-wafer reactor. The substrate wafer to be 10 

coated is placed on a susceptor, and a deposition gas is passed at a deposition 

temperature through the deposition chamber over the substrate wafer, which rotates 

with the susceptor.  

 

One quality criterion of semiconductor wafers with an epitaxial layer is the edge 15 

geometry, especially the uniformity of the thickness of the epitaxial layer in the edge 

region of the semiconductor wafer.  

 

Prior Art / Problems  

JP 2016 213 218 A describes a process for producing semiconductor wafers of 20 

monocrystalline silicon with epitaxial layer from monocrystalline silicon. It is 

recommended that a robot which places the substrate wafer onto the susceptor of a 

deposition reactor is moved to a placement position in which, owing to a corrective 

precept, the center of the substrate wafer does not lie above the center of the 

susceptor. It has been found that otherwise the substrate wafers on average do not lie 25 

centered on the susceptor during the deposition of the epitaxial layer. If the substrate 

wafer is not located concentrically in the pocket of the susceptor during the deposition 

of the epitaxial layer, there is an adverse effect on the uniformity of the thickness of 

the epitaxial layer. Furthermore, any such positional deviation may result in unwanted 

formation of particles, particularly if it entails contact of the edge of the substrate wafer 30 

with the susceptor. The corrective precept is derived from an average which describes 

the mean deviation of the position of the center of substrate wafers from the center of 

the susceptor during preceding coating operations. Linked with the corrective precept 
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is the expectation of achieving, during a coating operation, a position of the center of 

the substrate wafer that is closer, by the amount of the mean deviation, to the center 

of the susceptor than if there had been no corrective precept.  

 

The inventors of the present invention have determined that a specification of the 5 

corrective precept which is guided solely by the positional deviation during preceding 

coating operations is deserving of improvement.  

 

The object of the invention is therefore to indicate an improvement.  

 10 

The object of the invention is achieved by means of a process for producing 

semiconductor wafers with epitaxial layer deposited from the gas phase in a 

deposition chamber, comprising  

the placement of a substrate wafer on a susceptor with circular perimeter by a robot, 

where the robot moves the substrate wafer into a placement position and places it on 15 

the susceptor, with a corrective precept causing the center of the substrate wafer not 

to lie above the center of the susceptor in the placement position; and  

the deposition of an epitaxial layer on the substrate wafer, wherein  

a first number of substrate wafers having a specific resistance which falls within a first 

range are moved into the placement position by the robot with a first corrective 20 

precept, and a second number of substrate wafers having a specific resistance which 

falls within a second range are moved into the placement position by the robot with a 

second corrective precept, where the first and second corrective precepts differ from 

one another.  

 25 

The implementation of the present invention takes account of the finding that the 

extent of any possible mispositioning of the substrate wafer during the deposition of 

the epitaxial layer is dependent on factors including the properties of the substrate, 

especially on the fraction of dopant in the substrate and on the resultant specific 

electrical resistance of the substrate (referred to for short below as resistance). It is 30 

therefore proposed according to the invention that the corrective precept be 

considered as a function of the resistance of the substrate wafer and that, for a 

substrate wafer having a resistance which falls within a first range, a first corrective 

precept is provided which deviates from a second corrective precept for a substrate 
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wafer having a specific resistance which falls within a second range. The first and 

second ranges are disjoint, meaning that a particular resistance is not located 

simultaneously in the first range and in the second range.  

 

The first corrective precept is calculated as an average value which describes the 5 

mean deviation of the position of the center of substrate wafers from the center of the 

susceptor during preceding coating operations, considering only those substrate 

wafers whose resistance falls within the first range. Correspondingly, the second 

corrective precept is calculated as an average value which describes the mean 

deviation of the position of the center of substrate wafers from the center of the 10 

susceptor during preceding coating operations, considering only those substrate 

wafers whose resistance falls within the second range. For substrate wafers having a 

resistance in a different range, which is disjoint to the first and second ranges, 

correspondingly, a different corrective precept is calculated, which is different from the 

first and second corrective precepts.  15 

 

For the calculation of the average value (arithmetic mean), positional deviations of 

preferably at least 10, more preferably at least 20, substrate wafers are included, 

which have been coated preferably immediately before the substrate wafer to be 

coated, and which have a resistance in the range of the resistance of the substrate 20 

wafer to be coated.  

 

Substrate wafers on which an epitaxial layer is deposited in accordance with the 

invention are semiconductor wafers which comprise a dopant, preferably substrate 

wafers made of monocrystalline silicon.  25 

 

The invention is described in more detail below with reference to drawings.  

 

Brief Description of the Figures  

 30 

Fig. 1 shows in a sectional representation an apparatus for depositing an epitaxial 

layer from the gas phase onto a substrate wafer, with typical features.  
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Fig. 2 shows the positions of a first and second average value of positional deviations 

of substrate wafers of two different resistance ranges relative to the center of the 

susceptor.  

 

Fig. 3 shows the distribution of the centers of substrate wafers having a resistance in 5 

a first range after placement on the susceptor relative to the center of the susceptor in 

a polar coordinate lattice.  

 

Fig. 4 shows the distribution of the centers of substrate wafers having a resistance in 

a second range after placement on the susceptor relative to the center of the 10 

susceptor in a polar coordinate lattice.  

 

List of Reference Numerals Used  

 

1 upper cover  15 

2 lower cover  

3 deposition chamber  

4 substrate wafer  

5 susceptor  

6 preheat ring  20 

7 upper lining  

8 lower lining  

9 upper gas entry apertures  

10 center of the susceptor  

11 upper gas outlet  25 

12 lower gas entry apertures  

13 lower gas outlet  

14 first average position of the center of placed substrate wafers  

15 second average position of the center of placed substrate wafers  

16 vector  30 

17 vector  
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Detailed Description of Exemplary Embodiments of the Invention  

The apparatus shown in fig. 1 for depositing an epitaxial layer on a substrate wafer 

comprises a deposition chamber 3 having an upper cover 1 and a lower cover 2, and 

upper and lower linings 7 and 8, which enclose a reaction space. Upper and lower 

lamp arrays present outside the deposition chamber 3 are not depicted. The radiant 5 

energy of the lamps brings the deposition chamber to the temperature which is 

needed for the gas-phase (vapor) deposition.  

 

For a coating operation, a substrate wafer 4 is placed on a susceptor 5, which is held 

rotatably from below by arms of a carrier. Beforehand the substrate wafer is placed 10 

onto an end effector of a robot and is moved by the robot to a placement position. 

Arranged around the susceptor is a preheat ring 6. The substrate wafer 4 can be 

placed on the susceptor 5 and, after coating, lifted off from the susceptor 5 by means 

of lifting pins which go through the susceptor 5.  

 15 

In the coating of the substrate wafer 4, deposition gas is passed through upper gas 

entry apertures 9, provided in the upper lining 7, into the deposition chamber 3 along 

a flow direction over the substrate wafer to an upper gas outlet 11. Optionally, 

furthermore, lower gas entry apertures 12 and a lower gas outlet 13 may be provided, 

in order for a purge gas to be passed under the susceptor 5 through to the lower gas 20 

outlet 13.  

 

If the placement position for the robot is established such that the center of the 

substrate wafer lies perpendicularly above the center of the susceptor, there is a 

comparatively high probability that after the substrate wafer has been placed, its 25 

center will not lie in the center of the susceptor. The particular reason for this are 

thermal stresses, which resolve, causing the center of the substrate wafer to be 

shifted from the intended position.  

 

It has now been found that the greater the amount of dopant contained in the 30 

substrate wafers, the larger the amount of the shift from the center of the susceptor, 

this amount therefore increasing as the resistance of the substrate wafers drops. In 

accordance with the invention, this finding is taken into account when calculating the 

corrective precept which codetermines the placement position into which the robot 

moves a substrate wafer before it is placed onto the susceptor. The corrective precept 35 
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is calculated by averaging from positional deviations of previously coated substrate 

wafers, with the data used for the averaging being only those data from substrate 

wafers whose resistance is approximately the same, thus lying within the same 

predetermined range. The concept of positional deviation describes the deviation in 

the position of the center of a placed substrate wafer relative to the center of the 5 

susceptor. For a substrate wafer to be coated, the corrective precept used by the 

robot is that which has been calculated for the resistance of this substrate wafer. A 

first range with comparatively high resistance may comprise, for example, 11 to 

12 ohmcm, while a second range with comparatively low specific resistance may 

comprise, for example, 9 to 10 ohmcm.  10 

 

Without the proposed resistance-dependent averaging, averaging of the positional 

deviations would result in a corrective precept which would be less accurate, since the 

influence of the resistances would be averaged out. The corrective precept ought, 

however, to be extremely precise, because a centered position of the substrate wafer 15 

on the susceptor has advantageous consequences for the edge geometry with the 

resultant semiconductor wafer with epitaxial layer and there is also a decrease in the 

risk of particles being generated during the deposition of the epitaxial layer.  

 

Fig. 2 shows a substrate wafer 4 which is placed on a susceptor 5, so that the center 20 

10 of the susceptor 5 is coincident with the center of the substrate wafer 4. In this 

target position, the substrate wafer 4 is concentric with respect to the susceptor 5 and 

to the preheat ring 6. Without a corrective precept, the center of the substrate wafer, 

depending on its specific resistance, would lie on or in the vicinity of the average 

position which has been calculated for its resistance range – for example, on or in the 25 

vicinity of the first average position 14 in the case of a comparatively high specific 

resistance, or on or in the vicinity of the second average position 15 in the case of a 

specific resistance which is comparatively low. In the drawing, the positions 14 and 15 

lie an unrealistic distance away from the center 10 of the susceptor, in order to be 

able to illustrate the invention. In actual fact, typical positional deviations are not more 30 

than 1000 µm distant from the center 10 of the susceptor.  

 

A distance between the first average position 14 and the center 10 of the susceptor 5 

corresponds to the length of the vector 16. A distance between the second average 

position 15 and the center 10 of the susceptor 5 corresponds to the length of the 35 
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vector 17. If the vector 16 or the vector 17 is shifted, so that its start is coincident with 

the center 10 of the susceptor, the point of the vector points to the placement position 

into which the robot is required to move the substrate wafer with its center in order to 

compensate for an anticipated positional deviation. The vectors 16 and 17 therefore 

represent possible corrective precepts for the robot.  5 

 

For a resistance range of 11 – 12 ohmcm and, respectively, for a resistance range of 

9 – 10 ohmcm, fig. 3 and fig. 4 show measured positional deviations of boron-doped 

substrate wafers made of monocrystalline silicon having a diameter of 300 mm in a 

polar coordinate lattice. The comparison of the depicted distributions of the positional 10 

deviations makes it clear that the amount of the positional deviation is dependent on 

the dopant fraction.  
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What is claimed is:-  

 

1. A process for producing semiconductor wafers with epitaxial layer deposited from 

the gas phase in a deposition chamber, comprising  

the placement of a substrate wafer on a susceptor with circular perimeter by a robot, 5 

where the robot moves the substrate wafer into a placement position and places it on 

the susceptor, with a corrective precept causing the center of the substrate wafer not 

to lie above the center of the susceptor in the placement position; and  

the deposition of an epitaxial layer on the substrate wafer, wherein  

a first number of substrate wafers having a specific resistance which falls within a first 10 

range are moved into the placement position by the robot with a first corrective 

precept, and a second number of substrate wafers having a specific resistance which 

falls within a second range are moved into the placement position by the robot with a 

second corrective precept, where the first and second corrective precepts differ from 

one another.  15 

 

2. The process as claimed in claim 1, wherein the amount of the first corrective 

precept is larger or smaller than the amount of the second corrective precept, 

depending on whether the first range covers a specific resistance which is smaller or 

larger than the specific resistance which is covered by the second range.  20 

 


