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Method for depositing an epitaxial layer on a substrate wafer 

 

 

The invention relates to a method for depositing an epitaxial layer on a substrate 

wafer. 5 

 

Prior art / Problems 

Demanding applications in the electronics industry require epitaxially coated 

semiconductor wafers, particularly substrate wafers made of monocrystalline silicon, 

that have been epitaxially coated with a layer of silicon. 10 

 

One frequently used method for depositing the layer is that of vapour deposition. In 

that case the material for the layer is provided by process gas which is passed over 

the side of the substrate wafer that is to be coated, at temperatures at which a 

precursor compound comprising the material and present in the process gas 15 

undergoes chemical cleavage. The method is carried out generally in an apparatus 

that is implemented as a single wafer reactor. One such single wafer reactor is 

described in EP 0 870 852 A1, for example. 

 

During the deposition of the layer, the substrate wafer lies on the placement area of a 20 

pocket of a susceptor, being surrounded in the meantime by a boundary of the 

placement area. A prominent edge position of a semiconductor wafer is the notch 

position, where an orientation notch marks the orientation of the crystal lattice. 

US 2017 0 117 228 A1 describes a susceptor wherein the placement area, or the 

placement area and the outer boundary of the placement area, protrude inwards at 25 

the notch position.  

 

So that the epitaxial layer grows as uniformly as possible on the substrate wafer, there 

is particular interest in having the substrate wafer lying centrically to the outer 

boundary in the placement area. 30 

 

US 2010 0 216 261 A1 proposes monitoring the correct position of the substrate wafer 

on the susceptor via a camera system.  
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WO17 135 604 A1 describes measuring a characteristic thickness value in the edge 

region, after the deposition of the epitaxial layer, and changing certain process 

parameters for subsequent depositions as a function of the measurement result.  

 5 

WO 14 103 657 A1 and JP2015 201 599 A disclose methods which, starting from the 

distribution of characteristic thickness values in the edge region of the semiconductor 

wafer with epitaxially deposited layer, calculate an eccentricity in order to, depending 

on this eccentricity, correct the position of a subsequent substrate wafer on the 

susceptor.  10 

 

US 2009 0 252 942 A1 and JP2002 043 230 A propose measuring the planarity of the 

substrate wafer prior to the deposition of the epitaxial layer, and changing certain 

process parameters during deposition in such a way that an edge declension 

becomes smaller with the coating of the substrate wafer.  15 

 

However, differences in thickness in the edge region of the epitaxially coated 

substrate wafer cannot be avoided with this procedure if the substrate wafer itself 

already has differences in thickness in the edge region.  

  20 

It is an object of the invention to offer a solution to the problem that allows the 

thickness of the epitaxial layer in the edge region to be made different at different 

positions of the periphery of the substrate wafer.  

 

The object of the invention is achieved by a method for depositing an epitaxial layer 25 

on a substrate wafer from a gas phase, comprising  

measuring an edge geometry of the substrate wafer, which assigns a characteristic 

thickness value to an edge of the substrate wafer as a function of edge positions, 

including the characteristic thickness value at a notch position; 

placing the substrate wafer on a placement area of a pocket of a susceptor of an 30 

apparatus for depositing the epitaxial layer, the placement area being surrounded by 

an outer boundary; 

heating the substrate wafer; and 
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passing process gas over the substrate wafer; 

characterized by 

verifying whether the characteristic thickness value at the notch position differs by 

more than a percentage limit from the characteristic thickness value at an edge 

position having the greatest characteristic thickness value; 5 

placing the substrate wafer on the placement area in such a way that the distance of 

the substrate wafer from the outer boundary of the placement area is smaller at the 

edge position having the greatest characteristic thickness value than at the other edge 

positions, provided that the difference is greater than the percentage limit, or in such a 

way that the distance of the substrate wafer from the outer boundary of the placement 10 

area is smaller at the notch position than at the other edge positions, provided that the 

difference is not greater than the percentage limit. 

 

The invention is based on the finding that the centred placement of the substrate 

wafer in the pocket is accompanied by the expectation that the substrate wafer 15 

possesses a consistent edge geometry. In practice, however, this is rarely the case, 

since machining steps such as grinding and polishing are not in position to create a 

substrate wafer having a completely consistent edge thickness.  

The method of the invention is in a position to bring consistency to the edge geometry 

of an epitaxially coated semiconductor wafer by comparison with the uncoated 20 

substrate wafer, particularly if the substrate wafer possesses a comparatively low 

edge thickness in one edge portion and a comparatively high edge thickness in the 

opposite edge portion. Notwithstanding this, the edge thickness can also be made 

homogeneous if, for example, there is only one edge portion with comparatively low 

edge thickness.  25 

 

The notch position, however, has a particular significance. There, in the course of the 

deposition of the epitaxial layer, as a consequence of additional deposition of material 

on the back side of the substrate wafer, a tolerated edge thickness may be slightly 

exceeded.  30 

 

First the edge geometry of the substrate wafer is measured, and so it is available in 

the form of a characteristic thickness value. Preferably an outermost section of edge 

having a radial length of 1 mm or 2 mm is barred from the measurement as an edge 
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exclusion. The characteristic thickness value is appropriately, in principle, any 

measurement value which allows a statement to be made as to the relative thickness 

at two different portions in the edge region of the substrate wafer. A suitable 

characteristic thickness value, for example, is the ZDD (Z double derivative) of the 

front side, which describes the curvature of the edge declension and is defined in 5 

SEMI standard M68-0720, or the ESFQR, which quantifies the planarity of sectors 

(sites) in the edge region and is defined in the SEMI standard M67-0720. The 

description hereinafter uses ESFQR as the representative characteristic thickness 

value. 

 10 

The method of the invention provides for the edge geometry of a substrate wafer to be 

measured before it is coated with an epitaxial layer. After such measurement there is, 

for example, a map which assigns an ESFQR value to every sector and hence 

indicates a thickness profile of the substrate wafer along its periphery. Substrate 

wafers having a wedgelike cross-sectional shape, or those which are thinner at one 15 

edge portion than at others, are particularly suitable. An edge portion is an edge 

region which extends over a distance of up to 50% of the periphery, preferably 7% to 

42% of the periphery, in the peripheral direction. A substrate wafer with a wedgelike 

shape has a thicker edge portion and a thinner edge portion which are opposite one 

another, thus having the greatest possible distance from one another.  20 

 

For the deposition chamber, a single wafer reactor, used for the coating of the 

substrate wafer, a correlation function is drawn up which assigns a characteristic 

thickness value difference to a displacement vector. The displacement vector 

indicates the direction and the amount by which the substrate wafer having the thicker 25 

edge portion must be placed, offset from the centred position, into the pocket of the 

susceptor so that when the epitaxial layer is deposited, at the edge position which as 

a result of the displacement moves closer to the outer boundary of the placement area 

of the susceptor less material is deposited, in accordance with the assigned 

characteristic thickness value difference, than in the opposite edge portion. 30 

Accordingly, the characteristic thickness value after the deposition of the epitaxial 

layer is greater in the thinner edge portion of the substrate wafer by the characteristic 

thickness value difference than it would be if the substrate wafer, in the course of the 
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deposition of the epitaxial layer, were to be centred in its position in the pocket of the 

susceptor, and is lower by the characteristic thickness value difference at the edge 

position which as a result of the displacement moves closer to the outer boundary of 

the placement area of the susceptor. The displacement vector therefore represents an 

eccentricity of the position of the centre point of the substrate wafer lying on the 5 

susceptor, in comparison to the position which the centre point would have if the 

substrate wafer were centred in its position in the pocket of the susceptor. The 

correlation function is determined prior to the coating of the substrate wafer, by means 

of experiments, by ascertaining which eccentricity results in which change in the 

characteristic thickness value.  10 

 

Owing to the special status of the notch position, verification is carried out to 

determine whether the characteristic thickness value at the notch position of the 

substrate wafer differs by more than a percentage limit from the characteristic 

thickness value at the edge position having the greatest characteristic thickness 15 

value. The percentage limit is predetermined and amounts preferably to 10% of the 

characteristic thickness value at the edge position having the greatest characteristic 

thickness value.  

 

If the notch position itself is the edge position having the greatest characteristic 20 

thickness value, the substrate wafer is placed on the placement area in such a way 

that the distance of the substrate wafer from the outer boundary of the placement area 

is smaller at the notch position than at the other edge positions.  

 

If the characteristic thickness value at the notch position differs by more than the 25 

percentage limit from the characteristic thickness value at the edge position having 

the greatest characteristic thickness value, the substrate wafer is placed in the pocket 

of the susceptor in such a way that the distance of the substrate wafer at the edge 

position having the greatest characteristic thickness value from the outer boundary of 

the placement area is smaller than at the other edge positions and smaller than if the 30 

substrate wafer were centred in its position in the pocket. The distance is shortened 

by a displacement vector which is associated with a characteristic thickness value 

difference, and consequently there is an intended reduced deposition of material at 
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the edge position of greatest characteristic thickness value during the deposition of 

the epitaxial layer.  

 

If the characteristic thickness value at the notch position differs by not more than the 

percentage limit from the characteristic thickness value at the edge position having 5 

the greatest characteristic thickness value, the substrate wafer is placed in the pocket 

of the susceptor in such a way that the distance of the substrate wafer from the outer 

boundary of the placement area is smaller at the notch position than at the other edge 

positions, and is smaller than if the substrate wafer were to be centred in its position in 

the pocket. The distance is shortened by a displacement vector which is associated 10 

with a characteristic thickness value difference, and consequently there is an intended 

reduced deposition of material at the notch position during the deposition of the 

epitaxial layer. 

 

The substrate wafer is placed in the pocket of the susceptor expediently by a robot, 15 

which carries out this operation in accordance with the correlation function. 

Alternatively or additionally, the robot may be configured as a self-learning system, 

which uses the measured geometry data of the substrate wafers and of the resulting 

epitaxially coated semiconductor wafers to ascertain and implement the necessary 

eccentricity for the coating of subsequent substrate wafers. It is preferred, 20 

furthermore, for the deposition of the substrate wafer on the susceptor and the 

position thereof in the pocket of the susceptor to be monitored via a camera system.  

 

The outer boundary of the placement area has a circular or almost circular periphery. 

The susceptor preferably has a placement area which protrudes inwards at the notch 25 

position, more preferably in combination with an outer boundary of the placement area 

that protrudes inwards at the notch position, in the manner, for example, which is 

described in US 2017 0 117 228 A1. If the substrate wafer at the notch position, 

during the deposition of the epitaxial layer, is closer to the edge of the outer boundary 

of the deposition area, the presence of the inwardly protruding deposition area 30 

additionally hinders coating of the back side at the notch position.  
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The substrate wafer and the epitaxial layer deposited thereon preferably consist 

substantially of semiconductor material, for example of monocrystalline silicon. The 

substrate wafer preferably has a diameter of at least 200 mm, more preferably at least 

300 mm. The epitaxial layer preferably has a thickness of 1 µm to 20 µm. 

 5 

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

 

Brief description of the figures 

 

Fig. 1 shows qualitatively the way in which the invention works.  10 

Fig. 2 shows a substrate wafer deposited in the pocket of the susceptor, in one 

embodiment of the invention.  

Fig. 3 shows a correlation function which assigns an anticipated change in a 

characteristic thickness value to an eccentricity E.  

Fig. 4 shows a substrate wafer deposited in the pocket of the susceptor, according to 15 

another embodiment of the invention. 

Fig. 5 shows the effect of the embodiment of Fig.4 in an example. 

 

 

List of reference symbols used 20 

 

1 substrate wafer 

2 epitaxial layer 

3 susceptor  

4 placement area 25 

5 thick edge portion of the substrate wafer 

6 thin edge portion of the substrate wafer 

7 outer boundary of the placement area 

8 map 

E Eccentricity 30 

∆ESFQR difference between ESFQR value and target value 
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N Notch position 

 

Detailed description of working examples of the invention 

Fig.1 shows in section (vertical section) a substrate wafer 1 deposited in the pocket of 

a susceptor 3, the wafer 1 having an edge portion 5 which is comparatively thick and 5 

an opposite edge portion 6 which is comparatively thin. The substrate wafer 1 is not 

centred in its position on the placement area 4 of the pocket, but is instead eccentric, 

specifically such that the thicker edge portion 5 is at less of a distance from an outer 

boundary 7 of the placement area 4 than is the thinner edge portion 6. As a 

consequence of this configuration, the rate of growth of material during the deposition 10 

of the epitaxial layer is lower where the distance is smaller than where the distance is 

larger.  

 

The lower part of Fig.1 shows the situation after the deposition of the epitaxial layer 2. 

The substrate wafer 1 has become a substrate wafer with deposited epitaxial layer, 15 

and the epitaxial layer 2 is thinner in the region of the edge portion having less of a 

distance from the outer boundary 7 than in the region of the edge portion having a 

greater distance from the outer boundary 7. Looking at the thickness of the substrate 

wafer with deposited epitaxial layer 2, and comparing it with the thickness of the 

substrate wafer 1, it is found that the thickness of the epitaxially coated substrate 20 

wafer is more uniform in its edge region than the thickness of the substrate wafer 1. 

The differences in thickness in the edge region are more pronounced in the case of 

the substrate wafer 1 than in the case of the epitaxially coated substrate wafer.  

 

Fig. 2 shows in plan view a substrate wafer deposited in accordance with the 25 

invention in the pocket of the susceptor. The substrate wafer 1 is not centric in its 

position in the pocket of the susceptor. The centre point of the substrate wafer is 

shifted, in accordance with the eccentricity E, from the centre point of the pocket, 

specifically such that the edge position having the greatest characteristic thickness 

value is at the smallest distance from the outer boundary 7 of the placement area 4. 30 

The direction and amount of the eccentricity E are dependent on a measurement of 

the edge geometry of the substrate wafer; for example, by measuring the planarity in 

the form of the ESFQR value in edge segments 5° wide. The result of the 

measurement is indicated qualitatively by the drawn-in map 8, and shows the thicker 

edge portion 5, highlighted by “+” symbols, and the thinner edge portion 6, highlighted 35 
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by “-“ symbols. The edge position having the greatest characteristic thickness value is 

denoted by bold type. The length of the eccentricity E is not shown true to scale. In 

accordance with the invention, the eccentricity E points to the edge position having 

the greatest characteristic thickness value, provided that the characteristic thickness 

value at the notch position differs from the characteristic thickness value at the edge 5 

position having the greatest characteristic thickness value in such a way that the 

difference is greater than a percentage limit.  

 

The selected eccentricity E is based on a correlation function which is determined by 

preliminary tests for the deposition apparatus employed. These tests study what 10 

change in the characteristic thickness value is likely if the substrate wafer is deposited 

with a defined eccentricity E in the pocket of the susceptor. In the example selected, 

the correlation function indicates in accordance with Fig. 3 the difference ∆ESFQR in 

the ESFQR value obtained in the thinner edge portion after deposition if the substrate 

wafer prior to the deposition is deposited in the pocket of the susceptor not centrically, 15 

but instead with the corresponding eccentricity E. The correlation function in 

accordance with Fig. 3, therefore, suggests that after the deposition of the epitaxial 

layer, the ESFQR value in the sectors of the thinner edge portion will be greater by 

about 2 nm, provided that the substrate wafer prior to deposition was deposited not 

centrically, but instead with an eccentricity of 100 µm, in the pocket of the susceptor. 20 

In the thicker edge portion, a correspondingly smaller ESFQR value is anticipated. 

 

Fig. 4 shows the situation if the characteristic thickness value at the notch position 

differs from the characteristic thickness value at the edge position having the greatest 

characteristic thickness value in such a way that the difference is not greater than the 25 

percentage limit. In this case, the eccentricity E points not to the edge position having 

the greatest characteristic thickness value, but instead to the notch position N.  

 

Fig. 5 shows the effect of the embodiment according to Fig.4 in an example. The 

figure depicts the result of the measurement of the characteristic thickness values of a 30 

substrate wafer made of monocrystalline silicon having a diameter of 300 mm before 

the deposition of an epitaxial layer of monocrystalline silicon (left-hand diagram) and 

of the epitaxially coated substrate wafer (right-hand diagram). The edge geometry is 

encoded in categories of ESFQR values, from category a to category f, where the 

edge position with category f denotes the edge position having the greatest 35 



 

10

characteristic thickness value. Verification of the measurement results reveals that the 

characteristic thickness value at the notch position with category e differs 

comparatively slightly from the characteristic thickness value of the edge position 

having the greatest characteristic thickness value, namely of category f. The 

difference was lower than the mandated limit, and accordingly the substrate wafer for 5 

the deposition of the epitaxial layer was placed onto the placement area of the 

susceptor in such a way that the distance of the substrate wafer from the outer 

boundary of the placement area was smaller at the notch position than at the other 

edge positions. As shown by the left-hand diagram, the characteristic thickness value 

at the notch position improved to category d without detriment to the other edge 10 

positions.  

 

The above description of illustrative embodiments should be understood as being 

exemplary in nature. The disclosure made therewith enables the skilled person on the 

one hand to understand the present invention and its attendant advantages, and on 15 

the other hand, within the understanding of the skilled person, also embraces obvious 

modifications and alterations of the structures and methods described. It is therefore 

intended that the scope of protection of the claims covers all such modifications and 

alterations, and also equivalents.  

20 
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Patent claims 

 

1. Method for depositing an epitaxial layer on a substrate wafer from a gas phase, 

comprising 

measuring an edge geometry of the substrate wafer, which assigns a characteristic 5 

thickness value to an edge of the substrate wafer as a function of edge positions, 

including the characteristic thickness value at a notch position; 

placing the substrate wafer on a placement area of a pocket of a susceptor of an 

apparatus for depositing the epitaxial layer, the placement area being surrounded by 

an outer boundary; 10 

heating the substrate wafer; and 

passing process gas over the substrate wafer; 

characterized by 

verifying whether the characteristic thickness value at the notch position differs by 

more than a percentage limit from the characteristic thickness value at an edge 15 

position having the greatest characteristic thickness value; 

placing the substrate wafer on the placement area in such a way that the distance of 

the substrate wafer from the outer boundary of the placement area is smaller at the 

edge position having the greatest characteristic thickness value than at the other edge 

positions, provided that the difference is greater than the percentage limit, or in such a 20 

way that the distance of the substrate wafer from the outer boundary of the placement 

area is smaller at the notch position than at the other edge positions, provided that the 

difference is not greater than the percentage limit. 

 

2. Method according to Claim 1, characterized by the measuring of the ESFQR or the 25 

ZDD as characteristic thickness value. 

 

3. Method according to Claim 1 or Claim 2, characterized by the placing of the 

substrate wafer via a robot. 

 30 

4. Method according to any of Claims 1 to 3, characterized by the monitoring of the 

position of the substrate wafer in the pocket via a camera system. 

 

5. Method according to any of Claims 1 to 4, characterized by the depositing of an 

epitaxial layer of silicon on a substrate wafer made of monocrystalline silicon. 35 


