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METHOD FOR DETERMINING A SURFACE ROUGHNESS OF A SPECIMEN 

SURFACE OF A SPECIMEN 

TECHNICAL FIELD  

[0001] The present invention generally relates to the field of determining surface 

roughness of specimen surfaces of specimens, in particular semiconductor wafers with 5 

etched wafer surface. The present invention specifically relates to a method for 

determining a surface roughness of a specimen surface of a specimen, a computer 

program product, a data processing system, and a specimen processing system.  

BACKGROUND OF THE INVENTION  

[0002] For quality control purposes or other purposes, such as described further below 10 

herein, it may be useful to measure the surface roughness of a specimen surface of a 

specimen or, in other words, substrate surface from a substrate. Such specimen may be 

a semiconductor wafer. Specifically, the specimen or wafer may have been etched by a 

chemical liquid or, in other words, wet chemistry, which may comprise one or more 

chemical etchants. This may be done by immersion of the specimen into a bath 15 

containing the chemical liquid or by dispensing the chemical liquid onto a surface of the 

wafer, for example. For semiconductor wafers as specimens, a wet etching process is 

often being used typically for or within wafer thickness reduction, in particular on a 

backside of the wafer as opposed to a frontside of the wafer. A result of the wet 

chemistry etching may be that the surface roughness of the specimen surface is 20 

changed, in particular in a controlled manner such that it is within a target or target 

range of surface roughness.  

[0003] The wet etching may be carried out during the backend-of-the-line (BEOL) stage 

of the semiconductor manufacturing process. In an exemplary BEOL process for power 

semiconductor devices employing the wafer, the wet etching may be used for wet 25 

chemical surface finishing of the wafers. Typically, tape bonding or using a glass carrier 

wafer and wafer back grinding are preceding the wet etching. Contact formation, 

annealing and back side metallization follow the wet etching during the typical BEOL 

process of semiconductor manufacturing. Hence, the surface roughness may play an 

important role in the quality of the specimen and hence the device using the specimen, 30 

e.g., a (power) semiconductor device.  
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[0004] To measure the surface roughness of a specimen surface of a specimen, it is 

known to process an image, in particular a real-time image, of the specimen surface. 

For accurate results, tuning the parameters of the camera capturing the image to 

eliminate external interferences may be desirable. For example, the reflection 

characteristics of the specific specimen surface and/or material, e.g., a silicon wafer, 5 

may be taken into consideration for tuning or calibrating the camera parameters. 

However, an accurate determination of surface roughness is still challenging, and it may 

be desirable to determine the surface roughness as accurate, fast, and reliable as 

possible, potentially different kinds of specimens, different in particular or at least in 

terms of size, material and/or reflection characteristics. 10 

SUMMARY OF THE INVENTION  

[0005] The above problem is at least partially solved or alleviated by the subject matters 

of the independent claims of the present disclosure, wherein further examples are 

incorporated in the dependent claims.  

[0006] According to a first aspect of the present disclosure, there is provided a method 15 

for determining a surface roughness of a specimen surface of a specimen, the method 

comprising: 

– obtaining several measurement data, each one of the measurement data being 

indicative of a surface topology of the specimen surface based on an optical three-

dimensional measurement of the specimen surface by an image sensor, wherein 20 

each one of the measurement data is associated with a different brightness level of a 

light source illuminating the specimen surface or with a different exposure of the 

image sensor; 

– obtaining first computation data indicative of surface roughnesses of the specimen 

surface for each one of the measurement data; and 25 

– determining second computation data indicative of a surface roughness of the 

specimen surface for all (of the several) measurement data based on the first 

computation data. 

[0007] The method of this disclosure provides for accurately, quickly and reliably 

determining a surface roughness of a specimen surface of a specimen by using several 30 

measurement data of several measurements, the several measurements being different 

in a measurement parameter of the optical three-dimensional measurement, namely a 

brightness level of a light source that is being used or an exposure of the image sensor, 
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and computing the several measurement data from the several measurements in a way 

such that an accurate surface roughness of the specimen surface is determined for all 

measurement data or all measurements, which may reflect a single accurate value of 

surface roughness as a result of the method. In other words, first, several 

measurements of the specimen surface may be performed by the image sensor 5 

employing an optical three-dimensional measurement of the specimen surface and 

providing, as a result thereof, the measurement data, which is indicative of a surface 

topology of the specimen surface. For example, each one of the measurement data 

may be indicative of or comprise surface topology data, e.g., in the form of a three-

dimensional (surface topology) image or cloud point data. For each of the several 10 

measurements and thus for each of the several measurement data, a different 

brightness level of a light source illuminating the specimen surface during the 

measurement, i.e., capturing the image of the specimen surface by the image sensor, 

may be used. Alternatively, a different exposure of the image sensor may be used for 

each of the several measurements and thus for each of the several measurement data. 15 

Second, first computation data may be obtained, in particular determined or computed, 

more particularly by a data processing system, which is indicative of the surface 

roughnesses, in particular values of surface roughness, for the specimen surface for 

each one of the several measurements or several measurement data. In particular, 

each of the surface roughnesses or values of surface roughness may be different based 20 

on the observation that the different brightness levels or the different exposures produce 

different surface roughness values. Third, based on the first computation data, second 

computation data may be determined, in particular computed, more particularly by the 

data processing system, based on the first computation data and reflecting a surface 

roughness, in particular value of surface roughness, representing all measurements or 25 

measurement data, which may be an accurate single surface roughness or surface 

roughness value of the entire specimen surface. This method is reliable because when 

it is performed for several specimens it produces reproducible results, in particular 

independent of the size, material, and reflection characteristics of different specimens 

(e.g., shiny or rough specimen surfaces), by using measurement data with varied 30 

brightness levels of the light source or varied exposures of the image sensor.  

[0008] The method of the first aspect may in particular be an at least partially or fully 

computer implemented method. This means that at least one, multiple or all of the steps 

of the method may be carried out by a data processing system, which may comprise 
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one or more data processing apparatuses or computers or computing units, which may 

be part of a system for performing the wet etching process or, in other words, wet 

etching processing system. Different steps may be carried out by the same or by 

different computers. A computer is herein understood as a data processing apparatus, 

which can carry out some, multiple or all steps as defined by the method. The one or 5 

more computers may be configured as or provided inside of one or more sensor units, 

control units and/or other units of the specimen processing system or separate 

therefrom but as part of the specimen processing system. The one or more sensor unit 

may be the one having the image sensor. For example, the sensor unit may be 

configured as a camera unit having the image sensor and/or the light source.  10 

[0009] The obtaining of the several measurement data may be performed by the data 

processing system, for example. Alternatively, or additionally, the obtaining of the 

several measurement data may be performed by the sensor unit or camera unit, which 

may send the several measurement data to the data processing system. Alternatively, 

or additionally, the method of this disclosure may, in addition to obtaining the several 15 

measurement data, comprise measurement of the measurement data, e.g., by the 

sensor unit or camera unit of the specimen processing system. The measurement data 

may be or comprise image data, in particular showing the three-dimensional surface 

topology, e.g., in a coordinate system, and/or a point cloud representing the points of 

the three-dimensional surface topology, for example. 20 

[0010] The obtaining of the first computation data and/or the determining of the second 

computation data may be performed by the data processing system, for example. In 

particular, the first computation data and/or the second computation data may be based 

on a computation by the data processing system, wherein the computation of the first 

computation data is based on the several measurement data as input and/or the 25 

computation data of the second computation data is based on the first computation 

data.  

[0011] For obtaining, in particular determining, the first computation data, for example, a 

computational method, simulation or formula may be used for determining the surface 

roughnesses or surface roughness values of the specimen surface, using each one of 30 

the measurement data as input. The method, simulation or formula may be configured 

such that the surface roughness is determined in terms of the physical characteristics or 

based on the principles of physics considering the specimen surface. Depending on the 

value representing the surface roughness to be computed or calculated, the 
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mathematical method or formula may vary. For example, as value of the surface 

roughness, an average or arithmetic average of profile height deviations from a mean 

line (typically referred to as Ra, Raa, or Ryni) may be used. Such average or arithmetic 

average, Ra, may be for example used for any of the surface roughnesses indicated by 

the first computation data or the second computation data. Additionally, or alternatively, 5 

other values or metrics representing the surface roughness, such as but not limited to a 

quadratic mean or root mean square average of profile height deviations from the mean 

line (typically referred to as Rq or RMs), a maximum valley depth below the mean line 

(typically referred to as Rv), a maximum peak height above the mean line (typically 

referred to as Rp), a maximum peak to valley height of the profile, a skewness, kurtosis, 10 

average distance between the highest peak and lowest valley, a value based on a 

number, e.g., five, highest peaks and/or lowest values, an ISO grade number, and/or 

any other value may be used. The computational method, simulation or formula may 

vary for each one of the aforementioned examples of values or metrics.  

[0012] For determining the second computation data, the surface roughnesses of each 15 

one of the several measurement data may be combined with one another in any one of 

different ways as described further below. 

[0013] The specimen may for example be a wafer, in particular a semiconductor wafer. 

The semiconductor wafer may be used to fabricate integrated circuits. In particular, the 

wafer may be etched at its backside opposing its frontside. The wafer may have any 20 

reflective or reflection characteristic. The wafer may comprise Silicon, in particular 

crystalline Silicon, or any other semiconductor material such as but not limited to 

Germanium, Gallium arsenide, Indium phosphide, Silicon carbide, or Gallium nitride or 

Sapphire. The specimen may be of any size and geometry. The specimen may for 

example be disc-shaped. The specimen may alternatively be referred to as a substrate, 25 

in particular a disc-shaped substrate. The specimen may alternatively be any other 

substrate than a wafer, e.g., a metal substrate or glass substrate. 

[0014] The optical three-dimensional measurement may for example be based on white 

light interferometry. In other words, white light interferometry may be used for the optical 

three-dimensional measurement. A camera having the image sensor may be part of a 30 

setup for the white light interferometry. The image sensor may be a charge-coupled 

device (CCD) image sensor, for example. The light source may be a white light source, 

for example. The white light interferometry is particularly accurate where surfaces vary 
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in the range of nanometres, e.g., 50 nm to 500 nm, such as may be the case with wafer 

surfaces.  

[0015] Each one of the measurement data may be associated with different brightness 

levels or different exposures being increased or decreased in increments between 

consecutive measurements by the image sensor. Accordingly, for example, the several 5 

measurements or several measurement data may be consecutively obtained by varying 

the brightness levels or exposures by consecutively increased or decreased increments. 

The increments may be predetermined or predefined. For example, the increments may 

be predetermined or predefined as absolute and/or relative increments, e.g., in % of a 

nominal brightness level or nominal exposure. For example, the increments may be 10 

fixed, in particular fixed values throughout all measurements. Alternatively, the 

increments may vary throughout the measurements, e.g., having smaller or larger 

increments in the first measurements compared to later measurements, or varying in 

any other way.  

[0016] For example, the increments may be (sized or in their size) in the range of 0,1 % 15 

to 8 %, in particular in the range of 0,5 % to 6 %, more particularly in the range of 1 % to 

4 %, of a nominal brightness level or a nominal exposure. The nominal brightness level 

or nominal exposure may be defined by the technical limitations of the light source 

and/or image sensor, for example. The nominal brightness level or nominal exposure 

may be a maximum brightness level or maximum exposure. The exposure may also be 20 

referred to as an exposure ratio or exposure value. The exposure may for example 

define the amount of light per unit area, e.g., mm2, reaching the surface of the image 

sensor. The nominal or maximum exposure may for example be the maximum amount 

of light per unit area the image sensor may register or make use of. It has been found 

that the increments within this range provide accurate results of the surface roughness 25 

indicated by the second computation data with at least acceptable or fast determination 

times. 

[0017] Alternatively, or additionally, for example, the increments may be (increased or 

decreased, in particular with their size) between 5 % or more, in particular 10 % or 

more, of the nominal brightness level or the nominal exposure and 80 % or more, in 30 

particular 90 % or more, more particularly approximately or exactly 100 %, of the 

nominal brightness level or the nominal exposure. It has been found that thereby the 

substantially fully useful or sensible range of different brightness levels or exposures 
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may be employed to provide accurate results of the surface roughness indicated by the 

second computation data with at least acceptable or fast determination times. 

[0018] By defining the size of the increments and the relative range in terms of the 

nominal brightness level or the nominal exposure in which the increments are increased 

or decreased, the number of measurements or measurement data, in particular of 5 

images captured of the specimen surface by the image sensor, may be defined. For 

example, the number of several measurements, measurement data and/or images may 

be in the range of 10 to 900, in particular in the range of 20 to 900, more particularly in 

the range of 20 to 180, and even more particularly in the range of 40 to 120, e.g., 90, in 

increments of 1 % of the nominal brightness level or the nominal exposure between 10 10 

% and 100 % of the nominal brightness level or the nominal exposure, for example. 

These numbers have been found to be advantageous as the data gained thereby is 

sufficient to gain accurate second computation data while the method may be 

conducted relatively fast.  

[0019] One of the brightness level and the exposure may for example be maintained 15 

substantially constant or approximately constant between the consecutive 

measurements by the image sensor. In other words, while one of the brightness level 

and the exposure is increased or decreased over the consecutive measurements, the 

other one may be maintained constant. It has been found, that varying only one of the 

aforementioned measurement parameters is sufficient to produce a set of several 20 

measurements for determining a single accurate surface roughness value. This 

simplifies the method and provides for very fast determination of the roughness value 

for all of the several measurement data as opposed to when both measurement 

parameters would be varied, which may be however a possibility, either consecutively, 

simultaneously or at random, for example. 25 

[0020] The method may (further) comprise: 

– filtering each one of the measurement data by one or more of: removing data points 

outside of the specimen surface, removing noise, cropping an image representative 

of the surface topology as indicated by the measurement data, and leveling of the 

image; 30 

wherein the first computation data may be based on each one of the filtered 

measurement data. In other words, filtered measurement data for each one of the 

measurement data may be generated before obtaining the first computation data, which 

is then obtained based on the filtered measurement data. The filtering improves the 



8 

 

accuracy of the first computation data and thereby the second computation data 

because values, data points or similar are filtered from the several measurement data, 

which would otherwise result in inaccurate results of the second computation data, e.g., 

because they are based on noise, outliers or otherwise not accurately reflecting the 

specimen surface. For example, when removing data points outside of the specimen 5 

surface, e.g., within the image or point cloud, spikes may be removed from the image or 

point cloud, e.g., line by line. Further, or alternatively, for example, when removing 

noise, the surface as represented by the image or point cloud may be smoothed, e.g., 

by mean filtering. Further, or alternatively, for example, by cropping the image that 

represents the surface topology, image padding on the borders of the image may be 10 

avoided. Further, or alternatively, for example, by leveling the image, the rough surface 

in the image may be separated from the rest of the surfaces, whereby waviness of the 

image may be removed. For example, for the filtering of each one of the measurement 

data as described herein or as an alternative, the ISO 25178 norm may be at least 

partially or fully used, in particular with respect to all of the herein mentioned filtering 15 

measures.  

[0021] For example, determining the second computation data may comprise computing 

a density function for each one of the surface roughnesses of the specimen surface for 

each one of the measurement data and determining the surface roughness of the 

specimen surface for all measurement data based on the density function. In particular, 20 

the density function may indicate the probability for different surface roughness values 

from the first computation data as based on the several measurement data. In 

particular, the density function may be a probability density function indicating the 

probability of the surface roughness values within a range of surface roughness values 

based on the surface roughness values of the first computation data. For example, the 25 

density function may be plotted as probability, e.g., in % or point values, over surface 

roughness, e.g., in nm. Interestingly, it has been found that by computing the density 

function for the surface roughnesses of each one of the several measurement data, a 

pronounced maximum or, in other words or when graphically representing the density 

function, peak may be observed over the range of the different brightness levels or 30 

different exposures.  

[0022] Hence, for example, the surface roughness of the specimen surface for all 

measurement data may be determined based on or as a maximum of the density 

function. The surface roughness, in particular the single surface roughness value, for all 
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measurement data, may be the maximum or peak of the density function or 

approximately or near the maximum or peak of the density function, e.g., a mean 

around the peak or similar, for example.  

[0023] The determining of the second computation data may for example comprise 

repeating the obtaining of the several measurement data, the first computation data and 5 

determining the second computation data if the computed density function is indicative 

of two peaks of surface roughness of the specimen surface for all measurement data. 

More specifically, for example, the aforementioned steps of the method may be 

repeated if both peaks meet a peak threshold and/or both peaks differ from one another 

in size within a peak threshold. The two or even more peaks, in particular when meeting 10 

the peak threshold and thereby being of similar or sufficient size, may be interpreted as 

a signal for repeating the method for determining the surface roughness of the 

specimen surface. For example, but not limited thereto, a dust particle or similar may be 

the root cause of the two peaks or maxima in the density function. If after repeating the 

aforementioned steps, there are still two peaks present, the measurement or specimen 15 

may be rejected, e.g., treated as a scrapped part. 

[0024] It is noted that the determination of the second computation data may be 

alternatively or additionally performed in a different manner than using a density 

function or different than choosing a maximum or peak of the density function. Any other 

function or method, e.g., determining a mean or arithmetic or other value from the 20 

surface roughnesses of the specimen surface for each one of the measurement data or 

of the density function are examples for such a different manner.  

[0025] For example, the specimen surface may be an etched specimen surface. Further, 

the method may comprise: 

– obtaining control data for controlling one or more settings of a wet etching process to 25 

be carried out on one or more further specimens based on the second computation 

data. 

Thereby, the method may provide for controlling the wet etching process by controlling 

one or more settings of the wet etching process based on the second computation data 

accurately reflecting the measurement data. In particular, the control data may be 30 

obtained for controlling one or more settings of the wet etching process for the etching 

of further specimens following the already etched specimen or specimens, which have 

been previously measured, by the same wet etching process, in particular with the 

same container containing the chemical liquid that has been used for etching the 



10 

 

previous specimens. Thereby, the method does not rely on potentially inaccurate 

statistical methods to perform the wet etching process of the specimens as fast as 

possible, with as little resources as needed, e.g., wet chemistry, eliminating too early 

exchange thereof, and with constant quality, e.g., with a substantially constant target 

surface roughness range. Instead, the method uses actual measurement data of one or 5 

more parameters, in particular target parameters of the wet etching process relating to a 

target size of the etched specimens or before and after the etching of the specimens 

and/or quality parameters of the wet etching process associated with a quality of the 

etched specimens, the quality in particular relating to a size or dimensional tolerance or 

accuracy of all etched specimens with respect to one or more of the parameters. 10 

However, besides using the surface roughness indicated by the second computation 

data, it may be possible to use alternative or additional measurement data of one or 

more other parameters, e.g., of a measured thickness or material removal of the 

specimen, for determining the control data. In other words, measurement data indicative 

of a thickness and/or material removal of the specimen by the wet etching may be 15 

alternatively or additionally used for basing the obtaining of the control data thereon. 

[0026] The obtaining of the control data may be performed by the data processing 

system, for example. Alternatively, or additionally, the obtaining of the control data may 

be performed by one or more control units and/or one more operational units configured 

to carry out the one or more control settings, the unit(s) being of the wet etching 20 

processing system. In the additional variant of the aforesaid, the data processing 

system may provide the control data to the one or more control units and/or one or more 

operational units to be obtained by it or them, and to be carried out consequently. For 

example, the one or more control and/or operational units may be configured for 

exchanging the chemical liquid at least partially, changing a composition of the chemical 25 

liquid, e.g., by adding one or more chemical etchants to the chemical liquid, and/or for 

controlling the etching duration of specimens. For example, the operational units may 

be or comprise any of, but not limited to, a dispenser or dispensing unit for dispensing 

the chemical liquid onto a surface of the specimen, a pump fluidically connected to the 

dispenser and a container, a feed line into the container of the wet etching processing 30 

system, the container containing the chemical liquid, and similar. 

[0027] Alternatively, or additionally, the method of this disclosure may, in addition to 

obtaining the control data, comprise carrying out the control data, i.e., the one or more 

settings to be controlled, e.g., by the one or more control units and/or the one or more 
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operational units of the wet etching processing system. The obtaining of the control data 

may be a determining of the control data, in particular by the data processing system. 

As described further below, the obtaining of the control data may also be an updating of 

the control data, in particular of already obtained or existing control data. 

[0028] Herein, the controlling of the one or more settings may for example mean that 5 

one or more settings are determined or set, e.g., the lifetime of the wet chemistry or, in 

other words, chemical liquid. Alternatively, or additionally, for example, the controlling of 

the one or more settings may mean adjusting current or currently set settings, e.g., a 

setting relating to a lifetime for exchanging the chemical liquid, by adjusting it, e.g., 

reducing or extending the lifetime, such that an exchange of the chemical liquid in the 10 

container may be triggered earlier or later depending on the second computation data. 

Further examples of control of settings are given below and the control in the examples 

of the determination or setting and adjustment as described may mutually apply to these 

settings. 

[0029] The wet etching process may be a single specimen etching process, in which 15 

single specimens may be consecutively etched by dispensing the chemical liquid onto a 

specimen surface of the specimen. For example, the chemical liquid may be dispensed, 

e.g., dropped, sprayed or similar, by a nozzle, spraying system or similar dispensing 

unit of the wet etching processing system onto the specimen surface of the specimen, in 

particular a side, more particularly a backside, of a wafer. The specimen may be 20 

optionally rotated during the dispensing of the chemical liquid or wet etching process for 

better distribution of the chemical liquid on its surface. An opposing surface may not be 

needed or must not be subjected to the chemical liquid, in which case a gas stream or 

similar may be supplied to or at that side, preventing that the chemical liquid reaches 

that side, in particular the frontside of the wafer. The single specimen etching process 25 

may be performed by a type of wet etching processing system, which may be referred 

to as a single specimen wet etching processing system. Only one specimen at a time 

may be etched, at least within one processing chamber or device for etching, as 

opposed to when multiple specimens are etched, e.g., by means of batch etching, in 

which multiple specimens may be placed into a carrier and dipped into a bath of 30 

chemical liquid. However, batch etching or other forms than single specimen etching 

may alternatively be implemented. 

[0030] The second computation data may be consecutively determined for specimens 

etched by the wet etching process and the control data may be, in particular 
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consecutively, obtained or updated based on the second computation data. For 

example, every single consecutive specimen or every few consecutive specimens may 

be measured for obtaining the second computation data. In particular, a sampling or 

sampling mode may be used, according to which a predetermined sample number 

and/or sample order is used for obtaining second computation data for specimens 5 

according to the sample number and/or the sample order. The sample number may 

indicate, for example, the number of samples per chemical liquid, per number of 

specimens, e.g., 100, and/or similar, to be measured. The sample order may indicate 

the specimens to be measured within the consecutive specimens, e.g., every few 

consecutive specimens, such as, for example, every 2, 5 or 10 specimens, or a varying, 10 

e.g., fixedly varying, or dynamically adopted, number of every few consecutive 

specimens. The sampling, in particular the sample number and/or sample order, may be 

dependent on the type, e.g., material, and/or size of wafer, on the type and/or 

composition of the chemical liquid being used, on the second computation data from the 

previously measured etched specimens and/or on the (previously) obtained control 15 

data, for example. By obtaining or updating the control data based on each one of these 

second computation data, the wet etching process may be constantly monitored during 

the wet etching processing of the specimens. In particular, the wet etching process may 

be monitored such that when the second computation data indicates a quality change of 

one or more consecutive specimens, e.g., the etched specimens departing from the 20 

target range of one or more of the target parameters or coming closer to thresholds of 

the target range, the control data may be updated to control the one or more settings, 

e.g., by adjusting a setting and/or determining or setting a new setting, to counter the 

quality change, in particular quality decrease, for example by exchanging the chemical 

liquid in the container at least partially or substantially fully (meaning that some 25 

remainder or residue of the previous chemical liquid may still be contained in the 

container but the most part of the chemical liquid may be replaced). 

[0031] For example, at least one of the one or more settings may relate to an at least 

partial exchange of the chemical liquid. The at least partial exchange of the chemical 

liquid may also be a full or substantially full exchange of the chemical liquid contained in 30 

the container of the wet etching processing system (meaning that some remainder or 

residue of the previous chemical liquid may still be contained in the container but the 

most part of the chemical liquid may be replaced). For example, the setting relating to 

the exchange of the chemical liquid may indicate a time, in particular a lifetime, after 
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which the chemical liquid is to be replaced at least partially, in particular with the same 

type and/or composition of chemical liquid. Additionally, or alternatively, for example the 

setting relating to the exchange of the chemical liquid may indicate an amount or 

substance, e.g., the one or more chemical etchants, of the chemical liquid to be 

exchanged. By providing a new or fresh chemical liquid or wet chemistry, e.g., as a bath 5 

inside the container, the active chemicals, or substances, e.g., the one or more 

chemical etchants, are once again present and/or able to etch the specimen within the 

target parameter or parameters to meet the thereby set quality requirements of the 

specimen. 

[0032] Additionally, or alternatively to the at least partial exchange of the chemical liquid, 10 

for example, at least one of the one or more settings may relate to a change of an 

etching duration. The etching duration may mean the (total) duration of the etching of 

the specimen in the wet etching process and may be determined by or correspond or 

substantially correspond to the dispensing time and/or amount of the chemical liquid to 

be dispensed per specimen, for example. Hence, for example, by adjusting, determining 15 

and/or setting the dispensing time and/or amount of the chemical liquid to be dispensed 

per specimen, the etching quality may be maintained constant within the target 

parameter(s). For example, the dispensing time may be increased over the lifetime of 

the wet chemistry such that an increasingly chemically weaker or less reactive wet 

chemistry in terms of etching rate may still deliver specimens with the target 20 

parameter(s) being in the target range at the costs of increased etching duration and 

thereby increased processing time per specimen. However, this may be tolerated as a 

trade-off before exchanging the chemical liquid, for example, and help to maintain the 

quality control of the etched specimen.  

[0033] Additionally, or alternatively to the at least partial exchange of the chemical liquid 25 

and/or the change of the etching duration, for example, at least one of the one or more 

settings may relate to a change of a composition of the chemical liquid. For example, 

the one or more chemical etchants, other chemical substances, and/or additional 

etchants (other than the one or more chemical etchants in the chemical liquid) may be 

added to the chemical liquid to change the composition of the chemical liquid. This may 30 

also be referred to as spiking or buffering with the respective chemical substance, e.g., 

etchant. Thereby, less effective or ineffective chemical etchant, which may already have 

reacted with the specimen, e.g., oxidized, such as but not limited to for example 

hydrofluoric acid (HF), may be filled up within the container containing the chemical 
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liquid before triggering a substantially full exchange of the chemical liquid or increasing 

the etching duration to undesired levels. In addition, or alternatively, a proportion or 

amount of water in the chemical liquid may be determined. 

[0034] Additionally, or alternatively to the at least partial exchange of the chemical liquid, 

the change of the etching duration and/or the change of the composition of the chemical 5 

liquid, for example, at least one of the one or more settings may relate to a change of 

distribution of the chemical liquid on the specimen. For example, a dispensing profile of 

the dispensing of the chemical liquid on a surface of the specimen may be adjusted to 

change the distribution of the chemical liquid on the specimen. For example, the 

dispensing profile may comprise a pattern of dispensed chemical liquid per time. 10 

Alternatively, or additionally, a dispensing direction, a rotation speed and/or direction of 

the specimen, or similar may be adjusted to change the distribution of the chemical 

liquid on the specimen. Based on the second computation data, the change of 

distribution may thereby for example be used to provide a more uniform thickness 

and/or surface roughness distribution on the surface of the specimen.  15 

[0035] The method may for example further comprise: 

– obtaining second measurement data indicative of a composition of the chemical 

liquid,  

wherein the control data is further based on the second measurement data. In 

particular, the amount of the one or more chemical etchant in the chemical liquid may 20 

be indicated by the second measurement data. The second measurement data may be 

based on, obtained or determined by a measurement unit of the wet etching processing 

system, e.g., an optical spectrometer. Hence, the measurement data indicative of the 

surface topology of the specimen surface based on the optical three-dimensional 

measurement of the specimen surface by the image sensor may also be referred to 25 

herein as first measurement data. By having the second measurement data and basing 

the control data thereupon, the control data may be obtained such that it takes into 

consideration the composition of the chemical liquid, e.g., the amounts of different 

chemical substances, such as chemical etchants and other surfaces, e.g., including 

chemically reacted or less effective or ineffective amounts of chemical etchant(s), e.g., 30 

oxidized etchant(s), inside the chemical liquid. This may be useful because the first 

measurement data can be linked to the composition of the chemical liquid and, for 

example, if the amount of chemically active or effective, e.g., oxidizing, chemical 

etchant(s) is low in the chemical liquid, a deviation of one or more of the target 
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parameters from a target range can be attributed to the composition and the control 

data may accordingly be obtained or updated, e.g., by changing the composition of the 

chemical liquid by adding one or more chemical etchants.  

[0036] The control data may be further based on threshold data, the threshold data 

being indicative of a threshold for the surface roughness of the specimens. The 5 

threshold may indicate or provide or be associated with the target or target range for the 

respective target parameter of surface roughness. Thereby, it may be ensured that the 

target parameter may be kept within the desired target range. For example, when the 

target parameter is outside of the threshold, e.g., exceed or are below it (depending on 

the threshold definition), the control data may be obtained or updated to control the one 10 

or more settings. The control data may be dependent on the quantity by which the 

threshold or thresholds, i.e., the target or target range, is or are exceeded or fallen 

below by the target parameter(s). For example, the one or more settings, e.g., etching 

duration, may be controlled in correlation, e.g., proportionally, to the quantity of 

exceedance or falling below of the threshold(s).  15 

[0037] Alternatively, or additionally, the control data may be at least partially or fully 

obtained as output of a machine learning algorithm, the machine learning algorithm 

being trained at least with the second computation data and/or the control data from 

previous wet etching processes. The previous wet etching processes may have used 

different chemical liquids or wet chemistries, e.g., not necessarily in terms of 20 

composition but rather with the same composition but chemically used up in terms of 

their reactiveness for the etching processing during the previous wet etching processes 

and exchanged by fresh chemical liquid. Hence, the machine learning algorithm, which 

may be executed by the data processing system, may have learned or have been 

trained based on at least the second computation data and/or the control data to obtain 25 

or update the control data as output of the machine learning algorithm in an optimized 

way based on the previous historical data of the previous wet etching processes. For 

example, in the previous wet etching processes, different and/or same types and/or 

sizes of specimen may have been used and the machine learning algorithm may have 

learned the optimal or near-optimal control of the one or more settings of the control 30 

data based on the different specimen. Also, or alternatively, the previous wet etching 

processes may have controlled different settings and/or different quantities in the 

settings, e.g., etching durations or amounts of etchant added to fill up the chemical 

liquid container, may have been used and the machine learning algorithm may have 
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learned the optimal or near-optimal settings to be controlled in terms of determining or 

setting them and/or their quantity, for certain measurement data, e.g., a specific total 

thickness variation range, such that the machine learning algorithm knows and delivers 

as output the one or more settings to be controlled in a way, such that they optimally 

deal with the certain measurement data, e.g., a specific total thickness variation range. 5 

[0038] It is noted that the basing of the control data on the threshold data, which may be 

based on a deterministic approach as opposed to a machine learning approach, does 

not necessarily exclude the machine learning algorithm approach. To the contrary, both 

may be used in combination, e.g., by having both obtaining the control data and 

choosing therefrom, or combining both, or in any other way. Further, other or additional 10 

ways of obtaining the control data may be employed, such as neural networks or other 

artificial intelligence methods, for example. 

[0039] The method may be configured for controlling two or more wet etching 

processes, in particular each one using a different chemical liquid, and wherein the 

method comprises obtaining control data for each one of the two or more wet etching 15 

processes. Also, the second computation data may be determined for each one of the 

two or more wet etching processes. By means of two or more wet etching processes, 

the etching of the specimen may be improved. The two or more wet etching processes 

are in particular carried out consecutively for each one of the specimens. For example, 

one of the wet etching processes may be used for preparation of the specimen surface 20 

to be etched. For example, for this wet etching process, HF may be used as chemical 

liquid. Then, or alternatively, one of the wet etching processes may be used for polish 

etching of the surfaced of the specimen. Here, for example, a different chemical liquid 

(in terms of its composition), e.g., containing HNO3, HF, H2SO4 and H3PO4, may be 

used. Then, for example, a wet etching process may be used for rough etching of the 25 

surface of the specimen. Here, again, a different chemical liquid may be used, e.g., 

containing HNO3, HF, H2SO4. Hence, each wet etching process processes the surface 

of the specimen differently based on the used chemical liquid or wet chemistry 

composition and can be attributed with the aforesaid intentions, i.e., preparation, 

polishing, and rough etching. Using the method for controlling each one of the two or 30 

more, in particular consecutive, wet etching processes, for each one of the different 

chemical liquids, allows to optimize the quality of the specimen based on controlling the 

one or more settings in each one of the two or more wet etching processes based on 

second computation data for or after each one of the wet etching processes. Hence, 
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one could say that the method is applied for every consecutive wet etching processing 

with a different or the same chemical liquid composition for the same specimen surface. 

[0040] According to a second aspect of this disclosure, there is provided a computer 

program product comprising instructions which, when the program is executed by a 

computer or data processing apparatus, cause the computer or data processing 5 

apparatus to carry out the method according to the first aspect of this disclosure.  

[0041] The computer program product may be a computer program, in particular as 

such, meaning a computer program consisting of or comprising a program code to be 

executed by the computer or data processing apparatus. Alternatively, the computer 

program product may be a product such as a data storage, in particular a computer-10 

readable data storage medium, on which the computer program may be at least 

temporarily or permanently stored.  

[0042] According to a third aspect of this disclosure, there is provided a data processing 

system configured to carry out the method according to the first aspect of this 

disclosure.  15 

[0043] The data processing system may comprise one or more computers or data 

processing apparatuses as previously described and, optionally, the computer program 

product of the second aspect of this disclosure. 

[0044] According to a fourth aspect of this disclosure, there is provided a specimen 

processing system, the specimen processing system comprising the data processing 20 

system of the third aspect of this disclosure, a light source for illuminating the specimen 

surface, and an image sensor for obtaining the several measurement data. 

[0045] The specimen processing system may in particular be configured as a wafer 

processing system for processing wafers, in particular as a wet etching system or, in 

other words, a system for performing a wet etching process. 25 

[0046] For example, the specimen processing system may comprise a container for 

containing a chemical liquid for wet etching specimens, and a dispenser fluidically 

connected to the container for dispensing the chemical liquid onto a specimen surface 

of the specimens from the container. 

[0047] The image sensor and light source may be part of a measurement system of the 30 

specimen processing system. Moreover, the measurement system may comprise a 

measurement unit for obtaining the second measurement data, e.g., in the form of an 

optical spectrometer. Further, the wet etching processing system may comprise a 

chamber or device for containing the specimen during the dispensing of the chemical 
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liquid onto the specimen surface. Moreover, a rotation unit may be provided in the wet 

etching processing system for rotating the specimen during the dispensing of the 

chemical liquid. Further, the wet etching processing system may comprise a feed line, 

pump and/or similar fluidically connecting the dispenser with the container. Similarly, a 

drain line, pump and/or similar may be provided in the wet etching processing system to 5 

fluidically connect a drain section of the chamber or device with the container to allow 

drainage of the chemical liquid used for etching the specimen in the chamber or device 

therefrom and recirculation to the container. 

[0048] If two or more different wet etching processes are being used, in particular each 

one using a different chemical liquid, the wet etching processing system may comprise 10 

two or more container for each one of the different chemical liquid. Further, the wet 

etching processing system may comprise separate chambers or drain sections inside 

one chamber or device for draining and recirculating each one of the different chemical 

liquids separately to their respective container. Also, the wet etching processing system 

may comprise an actuator for moving the specimen between the at least two chambers 15 

or drain sections, e.g., which may also be rotatable or rotatably connected to the 

rotation unit, for example, e.g., in the form of a linearly moveable axis to move the 

specimen between the two chambers or drain sections.  

[0049] It is noted that the above aspects, examples and features may be combined with 

each other irrespective of the aspect involved.  20 

[0050] The above and other aspects of the present disclosure will become apparent 

from and elucidated with reference to the drawings described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS  

[0051] Exemplary embodiments will be further described with reference to Figures, 

wherein: 25 

[0052] Figure 1 shows a perspective view of a specimen processing system according 

to an example. 

[0053] Figure 2 shows a schematic illustration of the specimen processing system of 

Fig. 1 with its components. 

[0054] Figure 3 shows a perspective view of a processing chamber of the specimen 30 

processing system of Figs. 1 and 2 while etching a wafer. 

[0055] Figure 4 shows a schematic illustration of a BEOL process of a semiconductor 

manufacturing process. 
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[0056] Figures 5 and 6 show schematic illustrations of the result of different settings 

controlled during different etching processes as shown in Fig. 4 in terms of quality of the 

wafers as herein defined.  

[0057] Figure 7 shows a schematic illustration of a method for controlling the wet etching 

processes of Fig. 4 and its result in terms of quality of the wafers as herein defined. 5 

[0058] Figures 8 shows a schematic illustration of a method for determining a surface 

roughness of a specimen surface of a specimen inside the specimen processing system 

of Figs. 1 and 2. 

[0059] Figure 9 and 10 show schematic illustrations of the results of optical three-

dimension measurement of the specimen surface with different brightness levels. 10 

[0060] Figure 11 shows a schematic illustration of a calculated roughness of the 

specimen surface for multiple optical three-dimension measurements at different 

brightness levels.   

[0061] Figure 12 shows a schematic illustration of a calculated roughness of the 

specimen surface for multiple optical three-dimension measurements at different 15 

exposure ratios.   

[0062] Figure 13 shows a schematic illustration of using kernel density estimation for 

calculation of surface roughness. 

[0063] Figure 14 shows a schematic illustration of a density function for the optical 

three-dimension measurements at different brightness levels of Fig. 11. 20 

[0064] Figure 15 shows a schematic illustration of a density function for the optical 

three-dimension measurements at different exposure ratios of Fig. 12. 

[0065] The Figures are schematic only and not true to scale. In principle, identical or like 

parts, elements and/or steps are provided with identical or like reference numerals in 

the Figures. 25 

DETAILED DESCRIPTION OF THE INVENTION  

[0066] Figure 1 shows a perspective view of a specimen processing system 10, herein 

embodied exemplary as a wet etching processing system 10 or, in other words, a 

system for carrying out a wet etching process 10 according to an example. However, 

alternatively, or additionally, any other processing of the specimen 1 may be provided 30 

for by the system 10. The specimen processing system 10 of this example comprises a 

housing 11 and an obtaining section 12 for obtaining specimens 1, in this exemplary 

case semiconductor wafers 1 (see Fig. 3).  
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[0067] As shown in Fig. 1, the wafers 1 may be obtained from respective containers 40 

containing the wafers 1 (as indicated in Fig. 1). Merely as an example, two containers 

40 are shown herein, however, the number of containers 40 may be less or more. For 

example, one or more of the containers 40 may be containing the wafers 1, which have 

not yet been processed by the system 10, in particular not have been wet etched, and 5 

one or more other containers 40 may be obtaining or receiving the wafers 1 after their 

processing or wet etching by the system 10.  

[0068] Additionally, the system 10 comprises a data processing system 20, herein 

shown exemplary with a monitor and interface for receiving input from a human 

operator. The data processing system 20 is exemplary shown outside of the housing 11 10 

but may be alternatively positioned also inside the housing 11 and without the monitor 

and interface, for example. 

[0069] Figure 2 shows the specimen processing system 10 in a schematic illustration. 

Generally, any system, section and similar as shown in system 10 is merely shown 

herein in position, size and number only schematically and can be located, sized or in 15 

number different than shown. The wafers 1 to be etched are received from one or more 

of the shown containers 40 through the obtaining section 12, e.g., an opening inside the 

housing 11, and in particular by a handling section 13. The handling section 13 may 

comprise one or more handling means 14, such as one, two or more robotic arms, for 

example, for handling the wafers 1. In particular, the handling means 14 may provide 20 

the wafers 1 to be etched to a processing section 15, in which a chamber 16 or device 

may be located for etching the wafers 1. In particular, there may be several processing 

sections 15 and/or chambers 16 or devices. For example, the wafers 1 may be parallely 

processed by the respective sections 15 and/or chambers 16. Similarly, the one or more 

handling means 14 may receive the wafers 1 again once they have been etched and 25 

provide them inside of the one or more other containers 40 for receiving the processed 

wafers 1.  

[0070] The chamber 16 or device may be supplied with chemical liquid 18 comprising 

one or more chemical etchants for etching the wafers 1. The chemical liquid 18 may be 

contained inside one or more containers 17 or, in other words, tanks for containing the 30 

chemical liquid 18. The containers 17 may for example be in the range of one to four. 

The containers 17 may be located inside the system 10, in particular the housing 11, or 

externally thereof, for example, and connected to the system 10, e.g., via hoses. The 

chemical liquid 18 may also be herein referred to as a bath or bath of chemical liquid 18. 
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In particular, different chemical liquid compositions may be provided inside of two or, as 

exemplary shown, three or more containers 17 for different chemical etching processes 

131, 132, 133 as exemplary explained hereinafter with reference to Fig. 4.  

[0071] The specimen processing system 10, e.g., in the processing section 15, may 

further comprise one or more measurement systems 30, which may comprise one or 5 

more sensor units, including one or more camera units, in particular one or more image 

sensors and one or more light sources, for obtaining first measurement data indicative 

of a material removal, a thickness and/or a surface roughness of one or more of the 

wafers 1 etched by the chemical liquid(s) 18 after one, more or each one of the wet 

etching processes 131, 132, 133. Optionally, the measurement system 30 may also 10 

comprise a measurement unit for obtaining second measurement data indicative of a 

composition of the chemical liquid(s) 18 inside the container(s) 17, e.g., in the form of 

an optical spectrometer. 

[0072] Further, as shown in Fig. 2, the data processing system 20 may comprise a data 

processing apparatus 21, e.g., in the form of one or more computers or computing units. 15 

Moreover, the data processing system 20 may comprise a computer program product 

22 in the form of a computer readable storage medium 22, on which a computer 

program product 23 in the form of a computer program 23 may be stored. When the 

data processing apparatus 21 carries out the instructions of the computer program 23, 

the method 200 as shown in Fig. 7 and will be explained hereinafter may be executed. 20 

Alternatively, or additionally, when the data processing apparatus 21 carries out the 

instructions of the computer program 23, the method 300 as shown in Fig. 8 and will be 

explained hereinafter may be executed. Also, separate computer programs 23 may be 

provided for method 200 and method 300, for example. 

[0073] Figure 3 shows a perspective view of the processing chamber 16 of the 25 

specimen processing system 10. In this example, the wet etching is shown as a single 

wafer etching process, in which single wafers 1 are consecutively etched by dispensing 

the chemical liquid 18 onto their surface. However, alternatively, any other type of wet 

etching processing using a chemical liquid 18, e.g., batch etching, may be used as 

explained hereinbefore. In this example, the chemical liquid 18 is delivered, e.g., 30 

pumped, to a dispenser 19, e.g., in the form of a nozzle, dispensing the chemical liquid 

18 onto a surface, in particular frontside, of the wafer 1 provided inside the processing 

chamber 16. Accordingly, a feed line, pump and/or similar may be provided inside the 

processing section 15 and connecting the containers 17 with the chamber 16, in 
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particular the dispenser 19 therein. Also, there may be a drain line provided at the 

containers 17 for draining the chemical liquid 18 therefrom. For example, the wafer 1 

may be rotated during the dispensing of the chemical liquid 18 by a rotation unit (not 

shown), which may, for example, be disposed underneath the wafer 1 and driven by an 

actuator, e.g., an electric motor. Moreover, as may be seen from Fig. 3, the wafer 1 may 5 

be elevated to different levels or drain sections of the processing chamber 16, e.g., for 

consecutive wet etching with the different chemical liquids 18, e.g., also by an actuator 

such as an electric motor or the same actuator. 

[0074] Figure 4 schematically illustrates a backend-of-the-line (BEOL) process 100 of a 

semiconductor manufacturing process. In the exemplary shown BEOL process for 10 

power semiconductor devices employing the wafer 1, the wet etching may be used for 

wet chemical surface finishing 130 of the wafers 1. Typically, tape bonding or using a 

glass carrier wafer 110 and wafer back grinding 110 are preceding the wet etching 

surface finishing 130. Contact formation and annealing 140 and back side metallization 

150 may follow the wet etching during the typical BEOL process 100 of semiconductor 15 

manufacturing. 

[0075] Further, as shown for the wet chemical surface finishing 130, for example, three 

different etching processes 131, 132, 133 may be conducted consecutively, wherein 

each one of the three different chemical liquids 18 as shown in Fig. 2 may be used, 

thereby differentiating the wet etching processes 131, 132, 133 from one another. For 20 

example, a first wet etching process 131 may be used for preparation of the surface of 

the wafer 1 to be etched. For example, for this wet etching process, HF may be used as 

chemical liquid 18. A second wet etching process 132 may be used for polish etching of 

the surfaced of the wafer 1. Here, for example, a different chemical liquid 18 (in terms of 

its composition), e.g., containing HNO3, HF, H2SO4 and H3PO4, may be used. A third 25 

wet etching process may be used for rough etching of the surface of the wafer 1. Here, 

again, a different chemical liquid 18 may be used, e.g., containing HNO3, HF, H2SO4. 

Hence, each wet etching process 131, 132, 133 processes the surface of the wafer 1 

differently based on the used chemical liquid 18 or wet chemistry composition and can 

be attributed with the aforesaid intentions, i.e., surface preparation, polishing, and rough 30 

etching. 

[0076] Figure 5 shows a schematic illustration of the etching result of a setting named fix 

time correction based on time controlled during the wet etching process 133 as shown 

in Fig. 4. Specifically, the left graph in Fig. 5 shows that, as the bath of the chemical 
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liquid 18 in the respective container 17 for the silicon rough etch for roughening of the 

surface gets older through usage over time, the removal of Silicon (Si) in µm and the 

roughness Ra in nm become less with every wet etched wafer 1, in particular in a 

linearly decreasing manner. Herein, the roughness Ra is exemplary chosen as an 

average or arithmetic average of profile height deviations from a mean line. That is 5 

because the chemical liquid 18 is altering over lifetime during the wet etching process 

133 of the wafers 1, in particular due to the chemical reaction of the chemical liquid 18 

with the material of the wafer 1, e.g., Si, in effect consuming or rendering less effective 

or ineffective the etchant(s) inside the chemical liquid 18. The altering of the wet 

chemistry over lifetime can change the etching results of the wafers 1 consecutively 10 

etched over the lifetime of the wet chemistry, when using the same chemical liquid 18 

during the wet etching process 131.  

[0077] Thus, the bath of chemical liquid 18 may need to be replaced in order to maintain 

a desired consistency of Si removal and roughness throughout the wafers 1 etched by 

the same bath of chemical liquid 18. However, an alternative action may be the fix time 15 

correction based on time. A control setting of this action may be to change the etching 

duration, thereby correcting the time based on the usage time of the bath of the 

chemical liquid 18 so far. For example, the time that the chemical liquid 18 is dispensed 

on each of the wafers 1, may be increased with increased usage time of the bath, 

thereby increasing the time the chemical liquid 18 can etch the surface of the wafer 1. 20 

As seen in the right graph of Fig. 5, this effectively reduces the decrease in Si removal 

and roughness over usage time of the bath and thereby allows to control the etching 

quality of the wafers 1 etched over time using the same bath, i.e., the consistency of the 

etching results. 

[0078] Figure 6 shows a schematic illustration of the etching result of a setting of fix time 25 

correction, as explained hereinbefore with reference to Fig. 5, and of a setting of 

buffering or spiking of the chemical liquid 18 with a chemical etchant, herein HF, during 

the wet etching process 132 as shown in Fig. 4. The left graph in Fig. 6 shows that, as 

the bath of the chemical liquid 18 in the respective container 17 for the silicon rough 

etch for roughening of the surface gets older through usage over time, the removal of Si 30 

in µm becomes less with every wet etched wafer 1, in particular in a linearly decreasing 

manner. Thus, the bath of chemical liquid 18 needs to be replaced in order to maintain a 

desired quality of Si removal and roughness. However, an alternative action may be the 

fix time correction based on time as shown in the middle graph and explained 
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hereinbefore with reference to Fig. 5. A control setting of this action may be to change 

the etching duration, thereby correcting the time based on the usage time of the bath of 

the chemical liquid 18 so far. In particular, the time that the chemical liquid 18 is 

dispensed on each of the wafers 1, may be increased with increased usage time of the 

bath, thereby increasing the time the chemical liquid 18 can etch the surface of the 5 

wafer 1. As seen in the middle graph of Fig. 6, this effectively reduces the decrease in 

Si removal and roughness over usage time of the bath and thereby allows to control the 

quality of the wafers 1 etched over time using the same bath. An alternative control 

action may be the buffering or spiking with a chemical etchant, herein HF as an 

example, as shown in the right graph in Fig. 6. The thereon based control setting may 10 

be the change of the composition of the chemical liquid 18, e.g., by adding HF as 

chemical etchant, thereby buffering or spiking the chemical liquid 18 with HF. As shown 

in the right graph, this may even further enhance the Si removal consistency over the 

usage time of the bath of the chemical liquid 18. 

[0079] Figure 7 shows a schematic illustration of a method 200 for controlling any, 15 

multiple or all of the wet etching processes 131, 132, 133 of Fig. 4 (on the left of Fig. 7) 

and its etching result (on the right of Fig. 7). For example, the method 200 is referred to 

in Fig. 7 to be performed for the wet etching processes 132 and 133, which may be 

carried out consecutively.  

[0080] In a first step 210 of method 200, measurement data is obtained, which is 20 

indicative of a material removal, e.g., Si in µm, a thickness, e.g., thickness of the wafer 

in mm or similar, and/or a surface roughness, e.g., Ra in nm, of the wafer 1 etched last 

by the respective chemical liquid 18 used for that wet etching process 132 or 133. This 

step may be in particular carried out by the data processing system 20 and/or the 

measurement system 30. For example, the measurement system 30 may obtain the 25 

measurement data through measurement and forward it to the data processing system 

20, where it is thereby obtained and may be further processed, in particular for the 

second step 220, which may follow the first step 210.  

[0081] In the second step 220, based on the measurement data, control data for 

controlling one or more settings of the respective wet etching process 132, 133, after 30 

which the measurement data has been obtained for the thereafter etched wafer 1, is 

obtained, in particular determined, by the data processing system 20. For example, the 

one or more settings may be the change of the etching duration, e.g., fixe time 

correction as explained hereinbefore, the change of composition of the chemical liquid 
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18, e.g., buffering or spiking with HF as explained hereinbefore, and/or an at least 

partial or full exchange of the chemical liquid 18, i.e., changing a part or entirety of the 

bath of chemical liquid 18 inside the container 17 for the respective wet etching process 

132, 133.  

[0082] In particular, the method 200 may be performed twice, once for wafers 1 after the 5 

wet etching process 132 and once for wafers 1 after the wet etching process 133, 

thereby obtaining control data for controlling one or more settings of each one of the wet 

etching processes 132, 133. Thereby, after each wet etching process 132, 133, the 

settings thereof may be controlled such that the result is optimized as seen in the right 

part of Fig. 7. There, it is shown that by controlling the wet etching processes 132, 133, 10 

the Si removal and Roughness may be kept constant or substantially constant for a very 

long period of bath usage and this quality control may even be enhanced, in particular 

by using a mix of the aforementioned settings, e.g., by first changing the etching 

duration, afterwards changing the composition of the chemical liquid 18 and finally 

changing the chemical liquid 18 or,. In other words, bath, as marked by the star in the 15 

graph.  

[0083] Further, as shown in Fig. 7, the method steps 210 and 220 may be repeated, for 

example for each or every few wafers 1 processed by the wet etching process 132 

and/or the wet etching process 133, thereby continuously monitoring the bath or 

chemical liquid 18 by means of the measurement data of the wafers 1 and updating the 20 

control data when necessary or beneficial.  

[0084] When using the measurement data as obtained from the measurement system 

30 for the method 200 or any other purpose, e.g., any other method for quality control 

assurance, the measurement data received directly from the measurement system 30 

may not be accurate enough for providing the high etching quality as shown in Fig. 7 or, 25 

at least, it may be desirable to increase the accuracy of the measurement data. That is 

because the measurement data, e.g., the surface roughness indicated thereby, may not 

be an accurate or reproducible measurement value for different types of wafers 1, e.g., 

having shiny or rough surfaces.  

[0085] To measure the surface roughness of the specimen 1, it is known to process an 30 

image, in particular a real-time image, of the specimen surface. For accurate results, 

tuning the parameters of the camera capturing the image to eliminate external 

interferences may be desirable. For example, the reflection characteristics of the 

specific specimen surface and/or material may be taken into consideration for tuning or 
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calibrating the camera parameters. However, an accurate determination of the surface 

roughness is still challenging but it is highly desirable to determine the surface 

roughness as accurate, fast, and reliable as possible, potentially different kinds of 

specimens 1, different in particular or at least in terms of size, material and/or reflection 

characteristics, so that for example the method 200 provides for high etching quality 5 

results. 

[0086] For this purpose, the method 300 schematically illustrated in Figure 8 may be 

carried out, in particular separate from, as part of or in addition to the method 200 of 

Fig. 7, for example. Method 300 is configured for determining the surface roughness of 

a specimen surface of a specimen 1, in particular wafer 1, inside the system 10. 10 

[0087] The measurement system 30 and/or the data processing system 20 is or are 

configured to obtain several measurement data, each one of the measurement data 

being indicative of a surface topology of the wafer surface based on an optical three-

dimensional measurement of the wafer surface, in particular by the same image sensor, 

wherein each one of the measurement data is associated with a different brightness 15 

level of the light source illuminating the wafer surface or with a different exposure of the 

image sensor. For obtaining the several measurement data, the steps 310, 320, 330 

and 340 of the method 300 are repeated several times.  

[0088] Specifically, in step 310, the optical three-dimensional measurement of the 

specimen surface by the image sensor may be carried out with a certain brightness 20 

level of the light source or with a certain exposure of the image sensor. The optical 

three-dimensional measurement may be based on white light interferometry. For 

example, the method 300 may be started with 10 % or 11 % brightness level (compared 

to a nominal, e.g., maximum, brightness level) of the light source or 10 % or 11 % of an 

exposure ratio (compared to a nominal, e.g., maximum, exposure ratio) of the image 25 

sensor. The result of the optical three-dimension measurement at 11 % brightness level 

is exemplary shown in Fig. 9, illustrating the surface in three dimensions, i.e., height (in 

µm), x-axis and y-axis (in pixels). A similar result may be obtained for 11 % exposure 

ratio (not shown). 

[0089] Then, optionally, in step 320, the measurement data obtained from step 310, i.e., 30 

indicative of or comprising the optical three-dimensional measurement at the certain 

brightness level or exposure ratio, may be filtered, for example according to ISO 25178 

norm. For example, in sub-step 321, data points outside of the specimen surface may 

be removed. Further, for example, in sub-step 322, noise may be removed. Moreover, 
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for example, in sub-step 323, the image representative of the surface topology as 

shown in Fig. 9 may be cropped. Also, for example, the image may be levelled in sub-

step 324.  

[0090] Then, in step 330, it is determined whether the brightness level or exposure ratio 

is at a predetermined threshold or level. If not, the method 300 continues with step 340, 5 

in which the brightness level or exposure ratio is increased in a predefined increment, 

e.g., of 1% or less or more, and the steps 310 to 330 and/or 340 are repeated. There 

while, the respective other parameter, i.e., brightness level or exposure ratio, may be 

kept constant, e.g., at 100 % or any other value. Hence, the several measurement data 

obtained thereby is associated with different brightness levels or exposures increased in 10 

increments until a predefined threshold or limit, e.g., 100 % of brightness level or 

exposure, is reached, such as it is exemplary shown for 100 % of brightness level in 

Fig. 10. Hence, if the outcome of step 330 is that the threshold or level is reached, the 

method 300 continues with steps 350 and 360.  

[0091] Generally, after determining the outcome of the step 330 of being yes or at every 15 

step 330 or any other step or between any steps of the method 300, the method 300 

may comprise obtaining, in particular by the data processing system 20, first 

computation data indicative of a surface roughness of the specimen surface for each 

one of the measurement data. In other words, a surface roughness value, e.g., as an 

average or arithmetic average of profile height deviations from a mean line (Ra), may be 20 

determined, in particular calculated, for each one of the several measurement data, i.e., 

the surface topology from the optical three-dimensional measurement at a certain 

brightness level or exposure. Hence, for each one of the measurements, there may be 

one calculated surface roughness value associated with the measurement.  

[0092] The calculated roughness values are shown in Fig. 11 for the increase of 25 

brightness level in %. The repetition of steps 310 to 330 and/or 340, i.e., measuring the 

surface topology and filtering the measurement data and potentially increasing the 

brightness level or exposure by an increment, is herein also referred to as a sweep, in 

particular a brightness sweep for the increased brightness level or exposure ratio sweep 

for the increased exposure ratio. Fig. 12 shows the calculated roughness values if the 30 

same specimen surface is measured but with different exposure ratios instead of 

different brightness levels. In both cases, the measurements are performed within a 

range of 10 to 100 % of the respectively increased parameter. One can see that the 

calculated roughness values fluctuate significantly depending on the brightness level or 
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exposure ratio being used. It is noted that the results also depend on the reflective 

characteristics of the measured specimen or wafer 1, i.e., a rather shiny wafer 1 will 

have other reflective characteristics than a wafer 1 being less shiny or rough, and 

hence, it is not simply possible to calibrate the image sensor to a certain brightness 

level or exposure ratio, at which the results would be comparable to each other for 5 

different wafer surfaces.  

[0093] Further, as shown in Figs. 11 and 12, the brightness and exposure ratio sweep 

lead to almost the same specimen roughness result in the end. The relevant difference 

between brightness and exposure ratio is the measurement duration. For the exposure 

ratio sweep, the measurement duration was found to be approx. 2.5 minutes while the 10 

measurement duration for the brightness level sweep was found to be approx. 52 

seconds. The reason behind this is that brightness can be updated on the fly during the 

measurement acquisition while the exposure ratio needs the whole image sensor or 

camera to be configured again, which takes almost 3 times more than the brightness 

approach. 15 

[0094] After the obtaining of the first computation data, generally, second computation 

data may be determined, in particular by the data processing system 20, the second 

computation data being indicative of a surface roughness of the specimen surface for all 

measurement data based on the first computation data. In other words, the surface 

roughness values of every single measurement data are combined into a single surface 20 

roughness value representing an accurate surface roughness value of the specimen 

surface. 

[0095] For determining the second computation data, the method 300 may comprise, at 

step 350, computing a density function for each one of the surface roughnesses of the 

specimen surface for each one of the measurement data and, at step 360, determining 25 

the surface roughness of the specimen surface for all measurement data based on the 

density function. For computing the density function, for example, a kernel density 

estimation (KDE) as exemplary shown in Fig. 13 may be used.  

[0096] Specifically, the KDE may be applied to the whole result list of calculated 

roughness values collected to calculate the specimen roughness for all measurement 30 

data. KDE is a statistical method that estimates a random variable's probability density 

function (PDF). Unlike histograms, which divide data into bins, KDE may produce a 

smoother representation of the data's distribution.  
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[0097] For every data point xi, e.g., measurement taken, a kernel function K(x - xi) may 

be placed, which may generally be a smooth and symmetric function, like a Gaussian 

function. Then the kernel function is placed at the centre of each data point. The kernel 

function's width is then determined by selecting a bandwidth “h”. The greater bandwidth 

the smoother the estimate result, while a narrower bandwidth produces a more accurate 5 

but potentially a bit noisy estimate. The final step is summing up these kernel values for 

all observed data points. This yields the contribution of all data points to the density 

estimate at point “x” as shown in Figure 13. 

[0098] Hence, it follows that: 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑡 𝑥 (𝑃𝑒𝑎𝑘) =  
1

𝑛
∑ 𝐾(

𝑥−𝑥𝑖

ℎ
)𝑛

𝑖=1 , where n is 

the number of observed data points, K is the kernel function, and h is the bandwidth. 10 

[0099] Figures 14 and 15 show the result of the method 300 in form of a graph of the 

density function over the specimen roughness value for the brightness sweep (Fig. 14) 

and the exposure ratio sweep (Fig. 15). Both, brightness sweep and exposure ratio 

sweep deliver similar results of the surface roughness of the specimen surface, namely 

approx. 289 and approx. 299 nm. Specifically, the peak of the graph may be determined 15 

to be the surface roughness of the specimen surface for all measurement data as 

indicated or comprised by the second computation data.  

[0100] Optionally, three regions of interest may be observed, a region left of the peak, a 

region under the peak and a region right of the peak. First, the left region of the peak 

may be seen as the under exposure region where the light is not enough for the 20 

specimen 1, then light is increased until the second region is reached. The second area 

is the area exactly under the peak, which may be considered as a well exposure region, 

in which all the valid calculations are being captured at this region. Then, light is still 

increasing until the third region of over exposure is reached, where the light is more 

than what the specimen 1 needed. The higher the accuracy of the roughness 25 

calculation the higher the density peak in the well exposure range. 

[0101] Eventually, there is no need any more to tune parameters that can work for the 

roughness calculation. The method 300 with the brightness or exposure ratio sweep 

works with any kind of wafer surface whether shiny or rough. The peak and thereby the 

accurate surface roughness will be detected regardless of the specimen reflectivity. 30 

[0102] While the invention has been illustrated and described in detail in the drawings 

and foregoing description, such illustration and description are to be considered 

illustrative or exemplary and not restrictive; the invention is not limited to the disclosed 

embodiments. Other variations to the disclosed embodiments can be understood and 
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effected by those skilled in the art and practicing the claimed invention, from a study of 

the drawings, the disclosure, and the claims. 

[0001] As used herein, the word “comprising” does not exclude other elements or steps, 

and the indefinite article “a” or “an” does not exclude a plurality. The mere fact that 

certain measures are recited in mutually different dependent claims does not indicate 5 

that a combination of these measures cannot be used to advantage. Further, as used 

herein, the phrase “at least one” or similar, e.g., “one or more of”, in reference to a list of 

one or more entities should be understood to mean at least one entity selected from any 

one or more of the entities in the list of entities, but not necessarily including at least one 

of each and every entity specifically listed within the list of entities and not excluding any 10 

combinations of entities in the list of entities. This definition also allows that such entities 

may optionally be present other than the entities specifically identified within the list of 

entities to which the phrase “at least one” or similar refers, whether related or unrelated 

to those entities specifically identified. Thus, as a non-limiting example, “at least one of 

A and B” (or, equivalently, “at least one of A or B” or, equivalently “at least one of A 15 

and/or B” or, equivalently “one or more of A and B”, “one or more of A or B”, or “one or 

more of A and/or B”) may refer, in one example, to at least one, optionally including 

more than one, A, with no B present (and optionally including entities other than B); in 

another example, to at least one, optionally including more than one, B, with no A 

present (and optionally including entities other than A); in yet another example, to at 20 

least one, optionally including more than one, A, and at least one, optionally including 

more than one, B (and optionally including other entities). In other words, the phrases 

“at least one,” “one or more,” and “and/or” are open-ended expressions that are both 

conjunctive and disjunctive in operation. For example, each of the expressions “at least 

one of A, B, and C,” “at least one of A, B, or C,” “one or more of A, B, and C,” “one or 25 

more of A, B, or C,” and “A, B, and/or C” may mean A alone, B alone, C alone, A and B 

together, A and C together, B and C together, A, B, and C together, and optionally any 

of the above in combination with at least one other entity.   

[0103] As used herein, the phrase “being indicative of” may for example mean 

“reflecting” and/or “comprising”. Accordingly, an entity, element and/or step referred to 30 

herein as “being indicative of […]” can be synonymously or interchangeably used herein 

with one, two or all of said entity, element and/or step “comprising […]” and said entity, 

element and/or step “reflecting […]”.  
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[0104] Further, as used herein, phrases such as “based on”, “related” or “relating”, 

“associated” and similar are not to be seen exclusively in terms of the entities, elements 

and/or steps to which they are referring, unless otherwise stated. Instead, these 

phrases are to be understood inclusively, unless otherwise stated, in that, for example, 

an entity, element or step referring by any of these phrases or similar, e.g., being 5 

“based on”, an or another entity, element or step, does not exclude that the respective 

entity, element or step may be further or also “based on” any other entity, element or 

step than the one to which it refers.  

[0105] The designation of methods and steps as first, second, etc. as provided herein is 

merely intended to make the methods and their steps referenceable and distinguishable 10 

from one another. By no means does the designation of methods and steps constitute a 

limitation of the scope of this disclosure. For example, when this disclosure describes a 

third step of a method, a first or second step of the method do not need to be present 

yet alone be performed before the third step unless they are explicitly referred to as 

being required per se or before the third step. Moreover, the presentation of methods or 15 

steps in a certain order is merely intended to facilitate one example of this disclosure 

and by no means constitutes a limitation of the scope of this disclosure. Generally, 

unless no explicitly required order is being mentioned, the methods and steps may be 

carried out in any feasible order. Specifically, the terms first, second, third or (a), (b), (c) 

and the like in the description and in the claims are used for distinguishing between 20 

similar elements and not necessarily for describing a sequential or chronological order. 

It is to be understood that the terms so used are interchangeable under appropriate 

circumstances and that the embodiments of the invention described herein are capable 

of operation in other sequences than described or illustrated herein. 

[0106] In the context of the present invention any numerical value indicated is typically 25 

associated with an interval of accuracy that the person skilled in the art will understand 

to still ensure the technical effect of the feature in question. As used herein, the 

deviation from the indicated numerical value is in the range of ± 10%, and preferably of 

± 5%. The aforementioned deviation from the indicated numerical interval of ± 10%, and 

preferably of ± 5% is also indicated by the terms “about” and “approximately” used 30 

herein with respect to a numerical value. 

[0107] Any reference signs in the claims should not be construed as limiting the scope. 
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Claims 

 

1. A method (300) for determining a surface roughness of a specimen surface of a 

specimen (1), the method (300) comprising: 

– obtaining several measurement data, each one of the measurement data being 5 

indicative of a surface topology of the specimen surface based on an optical three-

dimensional measurement of the specimen surface by an image sensor, wherein 

each one of the measurement data is associated with a different brightness level of a 

light source illuminating the specimen surface or with a different exposure of the 

image sensor; 10 

– obtaining first computation data indicative of surface roughnesses of the specimen 

surface for each one of the measurement data; and 

– determining second computation data indicative of a surface roughness of the 

specimen surface for all measurement data based on the first computation data. 

 15 

2. The method (300) of claim 1, wherein the specimen (1) is a wafer (1). 

 

3. The method (300) of claim 1 or 2, wherein the optical three-dimensional 

measurement is based on white light interferometry. 

 20 

4. The method (300) of any one of the previous claims, wherein each one of the 

measurement data is associated with different brightness levels or different exposures 

being increased or decreased in increments between consecutive measurements by the 

image sensor. 

 25 

5. The method (300) of claim 4, wherein the increments are: 

o sized in the range of 0,1 % to 8 % of a nominal brightness level or a nominal 

exposure, and/or 

o between 5 % or more of the nominal brightness level or the nominal exposure and 

80 % or more of the nominal brightness level or the nominal exposure. 30 

 

6. The method (300) of claim 4 or 5, wherein one of the brightness level and the 

exposure is maintained substantially constant between the consecutive measurements 

by the image sensor. 

 35 
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7. The method (300) of any one of the previous claims, wherein the method (300) 

comprises: 

– filtering each one of the measurement data by one or more of: removing data points 

outside of the specimen surface, removing noise, cropping an image representative 

of the surface topology as indicated by the measurement data, and leveling of the 5 

image; 

wherein the first computation data is based on each one of the filtered measurement 

data. 

 

8. The method (300) of any one of the previous claims, wherein determining the 10 

second computation data comprises computing a density function for each one of the 

surface roughnesses of the specimen surface for each one of the measurement data 

and determining the surface roughness of the specimen surface for all measurement 

data based on the density function. 

9. The method (300) of claim 8, wherein the surface roughness of the specimen 15 

surface for all measurement data is determined based on or as a maximum of the 

density function. 

 

10. The method (300) of claim 8 or 9, wherein the determining of the second 

computation data comprises repeating the obtaining of the several measurement data, 20 

the first computation data and determining the second computation data if the computed 

density function is indicative of two peaks of surface roughness of the specimen surface 

for all measurement data.  

 

11. The method (300) of any one of the previous claims, wherein the specimen surface 25 

is an etched specimen surface, and wherein the method comprises: 

– obtaining control data for controlling one or more settings of a wet etching process 

(131, 132, 133) to be carried out on one or more further specimens (1) based on the 

second computation data. 

 30 

12. A computer program product (22, 23), which, when executed by a data processing 

apparatus (21), instructs the data processing apparatus (21) to carry out the method 
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(300) according to any one of the previous claims. 

 

13. A data processing system (20) configured to carry out the method (300) according to 

any one of claims 1 to 11. 

 5 

14. A specimen processing system (10), the specimen processing system (10) 

comprising the data processing system (20) of claim 13, a light source for illuminating 

the specimen surface, and an image sensor for obtaining the several measurement 

data. 

 10 

15. The specimen processing system (10) of claim 14, wherein the specimen processing 

system (10) comprises a container (17) for containing a chemical liquid (18) for wet 

etching specimens (1), and a dispenser (19) fluidically connected to the container (17) 

for dispensing the chemical liquid (18) onto a specimen surface of the specimens (1) 

from the container (18). 15 


