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Abstract

During this project, the microfabrication of Hafnium Carbide (HfC) was investigated. Multiple tools were
considered and tested for their compatibility and effectiveness when working with HfC.

The main method of choice for the machining of HfC thin films was Ion Beam Etching (IBE). In the
first step, the etch rate and selectivity were determined using three different methods. Then IBE was used
successfully together with a standard photolithography process to create a pattern etched through the HfC film.
The dependence of the etch recipe on the etch rate and sidewall verticality was then explored. Additionally, a
second process using a Silicon Oxide (SiO) hard mask was tested to improve the results with regard to sidewall
verticality and fencing. It was found to lead to a slight improvement.

Two methods of releasing Micro-Electro-Mechanical-Systems (MEMS) devices were also investigated. For
the release from a Si substrate Xenon difluoride (XeF2) was tested and judged a suitable means. For the release
of devices from a SiO release layer vapour HF was tested but found not to be compatible with HfC and leading
to undesirable reactions on the surface.

Ellipsometry was checked as a method of determining the thickness of the HfC film but was found to be
unsuitable due to material being too absorptive.
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Introduction

The goal of this semester’s project was to investigate the micromachining of HfC in the context of MEMS
devices. The project was done in collaboration with ||l Sar! who provided the materials.
To ensure the fabrication of a MEMS device is possible, the following three processes need to be verified.

e Photolithography: To pattern the different layers necessary in most MEMS devices there must be a
Photolithography (PL) process that is compatible with the material. Compatible here means that the
Photoresist (PR) needs to stick to the material and stay put during the further steps (i.e. etching). There
then needs to be a way to remove the PR without damaging the material. In this report the methods
investigated are the standard processes of the Center of MicroNanoTechnology (CMi) using the AZ ECI
3027 resist [1] as well as the use of a hard mask made from sputtered SiO. To remove the PR wet removal
was investigated together with oxygen plasma.

e Etching of the material: There needs to be a way of etching the material of interest. In this report,
the etching method investigated is IBE. This was chosen as IBE is known to be a universal etchant[2].

¢ Selective etching of the substrate/release layer: To release future devices an etching method has to
be found that selectively etches the substrate (Si in this case) or release layer (SiO in this case) without
attacking the material. In this report, the methods investigated are XeF2 gas etching as well as vapour HF
etching. XeF2 was an interesting candidate for the selective etching of Si as it is known to be isotropic and
to have a high selectivity for many different mask materials[3]. No reports were found for the selectivity
with regards to HfC. Vapour HF was an interesting candidate for the removal of SiO as it is known to
etch SiO isotropically[4]. Again no reports were found for vapour HF in combination with HfC.

In order to validate these processes suitable metrological tools have to be found. The main tools used in
this report are optical microscopy, SEM, mechanical profilometry as well as spectroscopic reflectometry.
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State of the Art

Hafnium Carbide is a material that is interesting for many different applications such as field emitters[5][6] and
solar absorbers [7].

HfC could also be of interest in the fabrication of MEMS and NEMS devices. Given my best effort I was
unable to find any examples of people micromachining or etching HfC. I was also not able to find examples of
the use of HfC in any actualMEMS.

There is a lot of information available on the deposition of HfC. Methods that have been investigated are
sputtering [7][6], electron beam evaporation [5] and chemical vapour deposition [8].

There is also a lot of information available on IBE in general. In particular it is known that ion beam etching
is a universal etchant that is able to etch nearly all materials[9][2].
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Fabrication of Samples

This section will give an overview of the fabrication of the samples used for the validation of the different
processes. A detailed description with all steps listed for all samples as well as the exact process parameters for
every step can be found in appendix D. The work was performed between October and December 2022. Details
of what work was done and when can be found in appendix B.

All fabrication work mentioned in this report was performed in the cleanrooms at EPFLs CMi. More
information on what machines were used can be found in appendix I.

For the tests different pieces of wafers were provided by |Jjjjjil]l with HfC films of different thicknesses
on them. An overview of the provided samples can be found in appendix E.

3.1 Photolithography

Nearly all samples were subjected to a PL step during their fabrication. The PL step consists of the sub steps:
Surface Preparation, coating, exposure, development and resist removal. The details of the steps are different
depending on if the PR is applied directly to the HfC or if a SiO hardmask is used.

3.1.1 Surface Preparation

For the samples not using a hardmask the samples were simply dehydrated on a hotplate. The exact times and
temperatures can be found in appendix D. For the first sample using a hardmask a simple dehydration step was
also used but this lead to the PR delaminating. Therefore all following samples with a hardmask had a vapour
HMDS step done to make the surface hydrophobic. This eliminated the problem of the PR delaminating. The
vapour HMDS step was performed using the ATMsse VB20 vapour prime module integrated into the same
machine as the ATMsse SB20 manual coater.

3.1.2 Coating

All samples were coated with AZ ECI 3027 resist using the ATMsse SB20 manual coater. After coating the
samples were subjected to a softbake. The spin coater recipe as well as the bake temperature and time for each
sample can be found in appendix D.

3.1.3 Exposure

All samples were exposed using the Heidelberg Instruments MLA150 laser writer. The exact details of the
exposure can be found in appendix D. This tool was chosen as it allows for great flexibility as no mask is
needed. The smallest feature size possible of ca. 1um was sufficient for our application.

3.1.4 Development

All samples were developed manually in a beaker using AZ 726 MIF developer solution. They were then
rinsed with water in another beaker and then dried using nitrogen. Some of the samples were subjected to a
Post Development Bake (PDB) to improve the resist adhesion. The exact development times can be found in
appendix D.

3.1.5 Removal

After the PR is no longer needed it was removed using a combination of oxygen plasma and wet removal. For
the oxygen plasma either the Tepla 300 or Tepla GiGAbatch Microwave plasma ashers were used. Wet removal
was done using heated baths of remover 1165 in a wetbench.
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3.2 Deposition of SiO

The SiO used as a hardmask was deposited using the Pfeiffer SPIDER 600 sputter cluster system. The recipe
and time used can be found in appendix D

3.3 SiO Etching

The etching of the SiO hardmask was done using SPTS APS Dielectric Etcher. This machine uses an inductively
coupled plasma and fluorine chemistry[10]. The process parameters used can be found in appendix D.

3.4 IBE

All IBE was performed using the Veeco Nexus IBE350. The process parameters used can be found in appendix
D. The results of the IBE are further discussed in chapter 5.

3.5 XeF2 etching

The XeF2 etching was performed using the SPTS Xactix X4 silicon etching system. Details on the recipes used
can be found in appendix D. The results of the XeF2 etching are further discussed in chapter 6.

3.6 Vapour HF Etching

The machine used for the vapour HF etching was the SPTS pEtch HF vapour phase etcher. Details on the
recipes used can be found in appendix D. The results of the vapour HF etching are further discussed in chapter
7.




Micromachining of HfC Fabian Bauer

Metrology

4.1 Optical Microscopy

Optical microscopy was used as a tool to quickly verify many of the steps done during the fabrication. The
microscope models used were the Leica DM800 as well as the Nikon LV150. Both of them are equiped with
digital cameras. All images obtained can be found in appendix F.

4.2 Scanning Electron Microscopy

To get more detailed images SEM was used. The instrument of choice was the Zeiss Leo 1550. The samples
were usually cleaved in half in order to expose the cross-section before being imaged using a section holder. All
SEM images obtained can be found in appendix F.

4.3 Mechanical Profilometry

For mechanical profilometry a Bruker Dektak XT surface profiler was used. The measurement results are
provided in appendix H.

4.4 Spectroscopic Reflectometry

A FilMetrics F20-UV was used to try to measure the thickness of the HfC film (see section 5.1.1). It was found
that a reliable measurement is only possible for very thin films (=100nm). For thicker films fitting the measured
data was no longer possible. Data from the literature [11] was used to fit the measured spectrums.

4.5 Ellipsometry

Ellipsometry was investigate as an alternative method of measuring the HfC film thickness and to get better
values of n and k for the use in the FilMetrics UV20.

Ellipsometry measures the change of polarization incurred when light reflects or transmits from a material
structure. By then fitting a model to this data different material parameters such as the film thickness and
optical constants can be determined. [12]

Using the Woolam RC2 it was tried to measure the thickness of the HfC film on a piece of the 7100 nm”
wafer. It was not possible to fit the data to a model. It was therefore concluded that the film is too absorbent
to be measured for the thickness of 100nm. As no thinner films were available this route of investigation was
abandoned. This result is not very surprising as HfC is known to be very absorbent in the wave length range
used by the Woolam RC2[7][13].
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Ion Beam Etching of HfC

This chapter deals with different aspects of IBE of HfC.

5.1 Etch Rate Determination

This section describes how the etch rate for HfC was determined. Three different methods were used: Global
etching of a chip in combination with a spectroscopic measurement, patterned etching in combination with SEM
imaging and patterned etching in combination with mechanical profilometry.

5.1.1 Method 1: Global Etching and using Spectroscopic Measurement

The first experiment was done on a piece of roughly 1 em? (sample 1.0) that was cleaved of from the wafer
with the 100 nm film of HfC. The sample was then mounted on a carrier wafer using QuickStick™135 (QS135).
The thickness of the HfC film was then determined at multiple spots using a FilMetrics™F20-UV spectroscopic
reflectometer. The location of the spots is shown in Figure 5.1. Note that point 1 and point 6 coincide. This
was done to determine the repeatability of the measurement. The sample was then etched for 1 minute. The full
details of the fabrication can be found in appendix D. The thickness was then measured again. The measured
values together with their Goodness of Fit (GOF) can be found in Table 5.1.

Before IBE After IBE
’ Point \ Thickness [nm] \ GOF [%)] | Thickness [nm)] \ GOF [%)] | Difference [nm] ‘

1 98.59 99 65.32 98 33.27
2 90.31 95 62.97 99 27.34
3 91.16 95 64.34 99 26.82
4 91.44 96 65.98 98 25.46
5 90.78 96 66.48 99 24.30
6 91.74 96 63.22 99 28.52

Average Difference (excluding point 1) 26.5

Table 5.1: Thickness of sample 1.0 before and after 1 minute of IBE at medium power and -10° in the Veeco
Nexus IBE350,

Note: the thickness value for point 1 before IBE is much higher than the value for point 6 which corresponds
to the same measurement location. It is therefore assumed that this value is erroneous. It is likely that instead
of the thickness the GOF got noted two times. Point 1 has therefore been excluded from the average.

From this measurements the etch rate can be estimated using the difference between the thickness before
and after the IBE. The average of this difference is then taken. It found to be 26.5 nm. As the etch time was
one minute it follows that the etch rate is approximatively 26.5 nm/min.

5.1.2 Method 2: Using patterned Etching and SEM

The second test was performed on a sample (sample 2.1) of roughly 15mmx15mm cleaved of from the wafer
with the 600nm film. Lines of various widths were etched into it. The details of this can again be found in
appendix D. Next the sample was cleaved perpendicular to the etched lines and the cross section was imaged
under the SEM. The resulting image can be seen in Figure 5.2.
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Figure 5.1: Measurement positions on sample 1.0 used for the determination of the thickness pre and post IBE.

Figure 5.2: Cross section of sample 2.1. Scale bar 1 um

Measuring on the image gives a thickness of the HfC film of ca. 750 nm. The measurement for the remaining
HfC at the bottom of the trench gives a thickness of ca. 150 nm. Therefore ca. 600 nm of HfC have been
etched within 25 minutes. This gives an average etch rate of ca. 24 = which is close to the value obtained by
the first method.

5.1.3 Method 3: Using patterned Etching and Mechanical Profilometry

A third experiment was done in order to validate the etch rate. A step feature on sample 2.6 was measured
after the etching of the hardmask and then again after the etching of the HfC. Because we wanted to keep the
possibility of a release open the HfC layer was overetched in order to expose the underlying Si. The resulting
situation is presented in Figure 5.3.

10
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SiO0 SiO0
HfC HfC
Si Si

]

(a) before IBE (b) after IBE

Figure 5.3: Step used for profilometry (not to scale)

The step size before IBE (hg) was ca. 1900 nm. The step size after IBE (hy) was ca. 1700nm. The final
step (hy) height is constituted of the remaining thickness of the SiO mask (hg;0),the height of the HfC layer

(hurc) and the step height in the Si layer (hg;). Therefore we can write
hy = hsio +hurc + hsi
Because we know the etchrate of SiO (rg;0) and Si (rg;) we can write
hsio = ho — Tsiot

hsi = rsits;

(5.1)

(5.2)

(5.3)

where t is the total etch time and tg; is the time the Si was exposed to the etching which is not known.

Combining (5.1),(5.2) and (5.3) gives

hy = ho —rsiot +rsitsi + hasc

As we know hgyc from the previous experiment we can solve this for ¢g;

1
ts;i = —(hy —ho — huyc + rsiot)
rsi

We also know that

t=ts; +ttrsc
Combining (5.5) and (5.6) gives

1

thfc =1— o (Hf —ho — huygc + rsiot)

We can calculate the etch rate of the HfC as

rafc =hure/tusc

Inserting (5.7) gives

rafc = hmro(t — "

%

thc 750nm

rSi 39.00 nm/min’
rSi0 37.44 nm/min?
hy 1700 nm

Mo 1900 nm

t 23 min

(hy —ho — huc +rsiot)) ™"

(5.4)

Table 5.2: Numerical values used in the determination of the HfC etch rate

Inserting the numerical values presented in Table 5.2 gives us an etch rate of 29.7 nm/min.

LGiven by Veeco for the IBE350
2@iven by Veeco for the IBE350

11
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5.1.4 Results
The results for the three different methods are reported in table 5.3

Method 1 ‘ Method 2 ‘ Method 3
26.5 ‘ 24.0 ‘ 29.7

Table 5.3: Etch rates as determined by the three different methods

5.1.5 Discussion

One can note that the values obtained by the three different methods are close to each other.

The etch rate obtained using the SEM image of the cross section is probably the most reliable as it does not
rely on external data such as the etch rates in method three or the spectral data in method one.

It is important to note that the etch rate in IBE is highly dependant on the angle of incidence [2][9]. The
etch rate found here is therefore only valid for an angle of incidence of 10°. This fact also has affected our result
in method three as the test was performed at -10° but the values given by the manufacturer for the etch rates
of Si and SiO are for normal incidence.

An even more reliable measure for the etch rate could be obtained by using method three without overetching
so the etch rate of Si does not need to be known. Combining this with a similar experiment to determine the
etch rate of SiO at the same angle could provide a very reliable and exact result.

5.2 Effect of the Etching Recipe

After the etch rate had been determined the next thing of interest was the side wall verticality and the effect
of the etching recipe on it.

5.2.1 Experiment Performed

Two samples were fabricated (sample 2.2 and 2.3). The details of this can be found in appendix D. Sample 2.2
got etched at -10° for 30 min. Sample 2.3 was first etched at medium power and -10° for 15 minutes followed
by 1 minute of cooling. Then the angle got changed to -40° and the sample was etched for 7.5 minutes followed
again by 1 minute of cooling. Then the angle got changed once again this time to -70° and the sample was
etched again for 7.5 minutes followed again by 1 minute of cooling®. After the etching the samples were removed
from the carrier and cleaved perpendicular to the etched lines. They were then imaged using the SEM.

5.2.2 Results

The result can be seen in Figure 5.4.

(a) Sample 2.2 (b) Sample 2.3

Figure 5.4: Samples 2.2 and 2.3 after IBE

3This recipe was suggested by Nan XU.

12
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5.2.3 Discussion

It can be seen from the cross section images that fencing is present. Fencing is caused by redeposition of material
onto the sidewall of the PR mask. It is a well known phenomena in IBE [2]. One can see that the thickness
of the PR has been selected a bit to thick as in the ideal case the facet of the PR would meet up with the
top corner of the HfC Sidewall. It can also be seen that changing the recipe to the second variant does not
significantly improve the verticality of the sidewalls.

5.3 Effect of a SiO Hardmask

5.3.1 Experiment Performed

In an effort to improve the side wall verticality the use of a SiO hardmask was investigated. To do so SiO
was deposited onto the remainder of the ”600nm” wafer using the Pfeiffer SPIDER 600 *. The exact process
parameters used can be found in appendix D Table D.5.

From this wafer three pieces were cleaved off (samples 2.5,2.6 and 2.7). They were then patterned before
being etched in the SPTS APS Dielectric Etcher®. The parameters used can be found in appendix D Table D.6.
Exact fabrication details can be found in appendix D.

It was then verified that the APS etching did not attack the HfC by looking at the cross section using the
SEM. One resulting image can be seen in Figure 5.5. The height of the SiO hardmask was then verified on
sample 2.6 using the DekTak XT profilometer. The resulting measurement can be found in Figure 5.6. It can
be seen that the SiO layer has a thickness of approximatively 2um.

Figure 5.5: Sample 2.7 after etching in APS

Figure 5.6: Profile measurement of sample 2.6 after etching in APS

4Note: The deposition was performed by Marco LIFFREDO as I did not have the appropriate training for the machine.
5Note: The etching was performed by Frederico PERETTI as due to machine and trainer availability it was not possible for me
to get the training until later in the project.

13
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In a next step samples 2.5 and 2.6 were etched using IBE. The settings that were used can be found in
appendix D. End Point Detection (EPD) was used. As can be seen in Figure 5.7 the endpoint was visible at 20
minutes. To ensure that we got completely through the HfC even in the small trenches 3 more minutes were
added to the etch and then it was stopped manually. Overetching is important in this case as we want to release
the device later on so we have to have access to the underlying Si.

Figure 5.7: EPD graph of IBE of sample 2.5

5.3.2 Results

A selection of the resulting cross sections can be found in Figure 5.8. The full set of obtained cross section
images is available in appendix F.

5.3.3 Discussion

It can be seen that for all the cross sections the side wall verticality is similar or slightly better then for the
case without a hardmask. Fencing is present in all samples.

14
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(a) Sample 2.5

(b) Sample 2.5 (c) Sample 2.6

(d) Sample 2.6

Figure 5.8: Samples 2.5 and 2.6 after IBE

15
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XeF2 Release

For the potential release of a future device it was interesting to investigate the behaviour of HfC when exposed
to XeF2. To do this sample 2.2 was used the fabrication of which is explained in appendix D. The etching was
performed using the SPTS Xactix X4 system in zone 11. The parameters for the recipe used can be found in
appendix D Table D.8.

After the etch it could be seen under the optical microscope that the structures on the sample got damaged.
It is suspected that this is because of a high stress level in the HfC layer.

The cross section of the sample was then examined using the SEM. One of the images can be found in
Figure 6.1.

Figure 6.1: Cross section of sample 2.2 after XeF2 etching.

Measuring the thickness of the HfC layer on the image shows that its thickness remains unchanged to within
the measuring tolerance. It can therefore be concluded that HfC is not attacked by XeF2. This makes XeF2
etching a suitable method for releasing HfC layers from a Si substrate. It is necessary though to control the
stress present in the layer so that it does not tear itself apart on release.

16
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Vapour HF Mask Removal

7.0.1 Experiment Performed

The SiO hardmask needed to be removed to allow for imaging of potential fencing present on the sample 2.8.
To do so vapour HF was chosen as this method could also be used to release future devices if the HfC is on top
of a SiO release layer. The etching was performed using the SPTS uEtch vapour phase etcher in zone 2. Before
the etching the sample was baked at 170°C for ca. 5 minutes using the hotplate to the left of the etcher. This
baking was performed in order to make sure no moisture was present on the sample surface. The sample was
then etched using the parameters shown in appendix D Table D.7.

7.0.2 Results

After the etching the sample was inspected using the SEM. Some resulting images can be seen in Figure 7.1.

(a) Wall (b) Trench (c) Tip of a cantilever

Figure 7.1: Sample 2.8 after vapour HF etching

It can clearly be seen from these images that some needle like structures have formed on the surface of the
HfC. It can therefore be concluded that there was some sort of reaction. It follows that vapour HF is not a
process that is compatible with HfC.

17
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Conclusion

Form the work done during this project we can conclude the following.

The standard PL recipe can be used for AZ ECI 3027 on top of HfC without adhesion issues.

IBE is a suitable method for machining HfC. The etch rate is similar to that for PR giving us a selectivity
of about 1:1. The selectivity for a SiO mask is about 1:1.5. A side wall verticality of about 10° was achieved
for a PR mask with a slight improvement for a SiO mask. Fencing is present but can be minimized by a
good choice of recipe.

XeF2 does not attack HfC and is therefore a suitable method of releasing devices made from HfC from a
Si substrate.

Vapour HF does react with HfC it is therefore not a suitable method to release a device from a SiO release
layer.

The available optical measurement instruments at CMi are not suitable for the thickness measurement of
a HfC film with a thickness of more than a few nanometers.

18
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Recommended next Steps

If the project is to be continued I recommend the following steps to be performed next.

1. Investigate Deposition: The samples that were available for this project proofed unsuitable to fabricate
a released device this is suspected to be due to a high surface stress in the HfC layer. The recommendation
would therefore be to try to find a suitable method for the deposition of HfC thin films with a lower stress.

2. Selective Etching of SiO: A future device will need to be released from an underlying release layer
(that needs to be an insulator as well). Therefore a method of selectively etching SiO needs to be found
that does not attack the HfC.

3. Wire Bonding: For a future device it will be necessary to verify that it is possible to wire bond to the
HfC layer.

4. Verification of Composition: To remove the PR from the sample oxygen plasma needed to be used.
It should be verified that this does not lead to an undesirable change in surface composition.

19
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Lab Journal Summary

The following table gives an overview of what work was done in the clean room and on what date.

Date Work Done

13. Oct. 2022 Coating of Si test wafer with PR, training MLA 150 on test wafer, training manual PR devel-
opment

14. Oct. 2022 Training resist removal using wetbench.

17. Oct. 2022 Training Tepla

18. Oct. 2022  Cleaving and mounting of sample 1.0, thickness measurement sample 1.0 using FilMetrics UV
20

19. Oct. 2022 IBE of sample 1.0 using Veeco Nexus IBE350, thickness measurement sample 1.0

21. Oct. 2022 Cleaving of sample 2.0

24. Oct. 2022  Photolithography on sample 2.0, IBE of sample 2.0, resist removal sample 2.0

25. Oct. 2022  Failed imaging session on sample 2.0

27. Oct. 2022  Cleaving of sample 2.1

31. Oct. 2022 Photolithography of sample 2.1, IBE of sample 2.1, resist removal 2.1

02. Nov. 2022 SEM inspection sample 2.1

08. Nov. 2022 Cleaving of samples 2.2 and 2.3, Training DekTakXT

09. Nov. 2022 SEM inspection sample 2.0

14. Nov. 2022 Photolithography samples 2.2 and 2.3

15. Nov. 2022 IBE samples 2.2 and 2.3, SEM inspection sample 2.2

17. Nov. 2022 SEM inspection sample 2.3

21. Nov. 2022 Cleaving of sample 3.0, Photolithography samples 2.4 and 3.0

22. Nov. 2022 IBE of sample 3.0

23. Nov. 2022 Resist removal samples 2.2 and 3.0, Training SPTS Xactix X4 with sample 2.2

24. Nov. 2022 SEM inspection sample 2.2

28. Nov. 2022 Resist removal sample 2.4

29. Nov. 2022 IBE sample 2.4

30. Nov. 2022 Cleaving of samples 2.5/2.6/2.7, Photolithography samples 2.5,2.6 and 2.7

01. Dec. 2022 QS135 of samples 2.5,2.6 and 2.7

02. Dec. 2022 SEM inspection of sample 2.4

06. Dec. 2022  Resist removal 2.5/2.6/2.7, DekTak XT measurement sample 2.6

07. Dec. 2022 QS135 samples 2.5 and 2.6, IBE of sample 2.5 and 2.6, DekTak XT measurement sample 2.5
and 2.6

08. Dec. 2022 SEM inspection sample 2.5

09. Dec. 2022 Photolithography samples 2.8,2.9 and 2.10

12. Dec. 2022 Training Ellipsometry

13. Dec. 2022 Resit removal sample 2.3, DekTak XT measurement sample 2.3

14. Dec. 2022 QS135 samples 2.8/2.9/2.10, Training uEtch sample 2.5

15. Dec. 2022 SEM inspection sample 2.5 and 2.7, Training APS using samples 2.8/2.9/2.10

16. Dec. 2022 Resist removal samples 2.8, 2.9 and 2.10, SEM inspection sample 2.6

19. Dec. 2022 IBE of sample 2.8 and 2.9

20. Dec. 2022 SEM inspection sample 2.8

21. Dec. 2022 uEtch of sample 2.8

22. Dec. 2022 SEM inspection of sample 2.8

23. Dec.2022 SEM inspection of sample 2.9
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Literature Research Log

The following table gives a list of papers that were found during the literature research while determining the
state of the art that were found to be at least somewhat relevant to the task at hand.

25



Fabian Bauer

Micromachining of HfC

(Surmyoye apu
€T0T'T°S CJd9X | -ONPIp UOUSX) IR[OOUDS o[300r) | OPLIONPIP UOULX M Sulyp1e-osmd paj[o1juo)) 9
(wmnruyey Sutyoje apLI
€co0T1C AHA ‘CA9X | -onpgIip uouex) IR[OOYDS 9[300L) 8ursse001d SUTUTYORUWIOIDIUL 10] S$8YeI UY2)H G
(Buryogo mreaq
€c0TTY gl | Uol sejel [o39) IR[OOYDG 9[300r) uIyoje ureaq-uoy 9
(Buryoge mreaq
€T0TT'Y gl | Uol sejyel 1o19) IR[OODG [300r) uIyoge ureaq-uol Aq UOIIRILIGRJOIDIN G
( uory
-isodop 1odea [eoTwOUD, OpIq apIq
A AR TS AAD | -Teo wmrujel) Ie[ooydg o[300r) | -1e) wmniuyep] jo uonisoda( 1odep edTUIAY)) i%
sAerdsy(] uorssrusy
PRI PI[[OTIUO)) I0}SISURLT,-W[L-UNY], 0] Fut
(Burypge apiq | -1e0)) OpIqIR)) WNIUJR ] YIM SARIIY I0ITUIF
220 CI'8T Surreyndg-gOI | -Tedo wniuyel) IR[0OYDG o[S00L) | P[oI] UODIIS OUI[RISAIDA[OJ JO UOIYedLIqe;] ¢
(8uryoge apiq sAelre I9))IWe PEY 9PIQIed WNIUJeY
2e0g'gT'8g | moryerodess ureaq uoIlv[e ‘SJYX | -Ted wniujef) Ie[ooydg 9[S00r) | pPuR opIQIRd WNUIPJA[OW JO UOIIRILIGR] z
(8uryoge apiq AY1ATY0010S TRIJ0ads ST Yrm
¢20T C1'ST eoue)qIosqy ‘Surreyndg | -reo wnrujeq) IL[OOYDS 9[300r) | SSUIIR0D I9GIOSR IR[0S Pask( 9PIGIed WNIujeH 1
| uo punoy | spiomAayf | Sursn punoy | o[y, | Aoy

26



Micromachining of HfC Fabian Bauer

Details of Fabrication

The following pages present the exact details of the fabrication of all the samples. The first two pages give a
graphical overview of all the steps performed on all the samples. The following pages show tables with all the
process parameters used per sample per step.
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The following table shows the materials received from || | |

Samples Provided

’ Sample # \ Sample name \ Film Thickness Measurement as provided by || [ | | DI \ Used during this project
S1 100 nm wafer 109 nm Yes
S2 600 nm wafer 553 nm Yes
S3 2000 nm wafer | 2300 nm Yes
31-05 1500 nm wafer | 1500 nm Yes
03-06 03-06 1500 nm No
04-06 04-06 1500 nm No
07-06 07-06 1500 nm No
08-06 08-06 1500 nm No
09-06 09-06 1500 nm No
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SEMImages

F.1 Sample 0.0

(a) 2um wafer piece after dicing (b) 2pum wafer piece after dicing
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F.2 Sample 2.0

a) Sample 2.0 b) Sample 2.0

(c) Sample 2.0 (d) Sample 2.0

(g) Sample 2.0 (h) Sample 2.0
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(a) Sample 2.0 (b) Sample 2.0
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F.3 Sample 2.1

(a) Sample 2.1

(c) Sample 2.1

(e) Sample 2.1

(g) Sample 2.1

(b) Sample 2.1

(d) Sample 2.1

(f) Sample 2.1

(h) Sample 2.1
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(a) Sample 2.1 (b) Sample 2.1
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F.4 Sample 2.2

F.4.1 After IBE

(a) Sample 2.2

(c) Sample 2.2

(e) Sample 2.2

(g) Sample 2.2

(b) Sample 2.2

(d) Sample 2.2

(f) Sample 2.2

(h) Sample 2.2
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(a) Sample 2.2

(c) Sample 2.2

(e) Sample 2.2

(g) Sample 2.2

(b) Sample 2.2

(d) Sample 2.2

(f) Sample 2.2

(h) Sample 2.2
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(a) Sample 2.2 (b) Sample 2.2
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F.4.2 After XeF2 Etching

(a) Sample 2.2 (b) Sample 2.2

c) Sample 2.2 d) Sample 2.2

e) Sample 2.2 f) Sample 2.2
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(a) Sample 2.2 (b) Sample 2.2

(c) Sample 2.2 (d) Sample 2.2
(e) Sample 2.2 (f) Sample 2.2
(g) Sample 2.2 (h) Sample 2.2
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(a) Sample 2.2 (b) Sample 2.2

(c) Sample 2.2 (d) Sample 2.2
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F.5 Sample 2.3

(a) Sample 2.3

(c) Sample 2.3

(e) Sample 2.3

(g) Sample 2.3

(b) Sample 2.3

(d) Sample 2.3

(f) Sample 2.3

(h) Sample 2.3
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(a) Sample 2.3

(c) Sample 2.3

(e) Sample 2.3

(g) Sample 2.3

(b) Sample 2.3

(d) Sample 2.3

(f) Sample 2.3

(h) Sample 2.3
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(a) Sample 2.3 (b) Sample 2.3

c) Sample 2.3 (d) Sample 2.3

(e) Sample 2.3 (f) Sample 2.3
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F.6 Sample 2.4

(a) Sample 2.4

(c) Sample 2.4

(e) Sample 2.4

(g) Sample 2.4

(b) Sample 2.4

(d) Sample 2.4

(f) Sample 2.4

(h) Sample 2.4
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(a) Sample 2.4 (b) Sample 2.4

(c) Sample 2.4 (d) Sample 2.4

(e) Sample 2.4 (f) Sample 2.4

48



Micromachining of HfC

Fabian Bauer

F.7 Sample 2.5

F.7.1 After IBE

(a) Sample 2.5

(c) Sample 2.5

(e) Sample 2.5

(g) Sample 2.5

(b) Sample 2.5

(d) Sample 2.5

(f) Sample 2.5

(h) Sample 2.5
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(a) Sample 2.5

(c) Sample 2.5

(e) Sample 2.5

(g) Sample 2.5

(b) Sample 2.5

(d) Sample 2.5

(f) Sample 2.5

(h) Sample 2.5
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(a) Sample 2.5

(c) Sample 2.5

(e) Sample 2.5

(g) Sample 2.5

(b) Sample 2.5

(d) Sample 2.5

(f) Sample 2.5

(h) Sample 2.5
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(a) Sample 2.5

(c) Sample 2.5

(e) Sample 2.5

(g) Sample 2.5

(b) Sample 2.5

(d) Sample 2.5

(f) Sample 2.5

(h) Sample 2.5
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(a) Sample 2.5

(c) Sample 2.5

(e) Sample 2.5

(g) Sample 2.5

(b) Sample 2.5

(d) Sample 2.5

(f) Sample 2.5

(h) Sample 2.5
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(a) Sample 2.5 (b) Sample 2.5

(c) Sample 2.5 (d) Sample 2.5

(e) Sample 2.5
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F.7.2 After vapour HF

(a) Sample 2.5

(c) Sample 2.5

(e) Sample 2.5

(g) Sample 2.5

(b) Sample 2.5

(d) Sample 2.5

(f) Sample 2.5

(h) Sample 2.5
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Micromachining of HfC

Fabian Bauer

F.8 Sample 2.6

(a) Sample 2.6

(c) Sample 2.6

(e) Sample 2.6

(g) Sample 2.6

(b) Sample 2.6

(d) Sample 2.6

(f) Sample 2.6

(h) Sample 2.6
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Micromachining of HfC

Fabian Bauer

(a) Sample 2.6

(c) Sample 2.6

(e) Sample 2.6

(g) Sample 2.6

(b) Sample 2.6

(d) Sample 2.6

(f) Sample 2.6

(h) Sample 2.6

57



Micromachining of HfC Fabian Bauer

(a) Sample 2.6 (b) Sample 2.6
(c) Sample 2.6 (d) Sample 2.6
(e) Sample 2.6 (f) Sample 2.6
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Micromachining of HfC

Fabian Bauer

F.9 Sample 2.7

F.9.1 After APS

(a) Sample 2.7

(c) Sample 2.7

(b) Sample 2.7

(d) Sample 2.7
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Micromachining of HfC

Fabian Bauer

F.10 Sample 2.8

F.10.1 After IBE

(a) Sample 2.8

(c) Sample 2.8

(e) Sample 2.8

(g) Sample 2.8

(b) Sample 2.8

(d) Sample 2.8

(f) Sample 2.8

(h) Sample 2.8
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Micromachining of HfC

Fabian Bauer

(a) Sample 2.8

(c) Sample 2.8

(e) Sample 2.8

(g) Sample 2.8

(b) Sample 2.8

(d) Sample 2.8

(f) Sample 2.8

(h) Sample 2.8
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Micromachining of HfC

Fabian Bauer

(a) Sample 2.8

(c) Sample 2.8

(e) Sample 2.8

(g) Sample 2.8

(b) Sample 2.8

(d) Sample 2.8

(f) Sample 2.8

(h) Sample 2.8
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Micromachining of HfC

Fabian Bauer

(a) Sample 2.8

(c) Sample 2.8

(e) Sample 2.8

(g) Sample 2.8

(b) Sample 2.8

(d) Sample 2.8

(f) Sample 2.8

(h) Sample 2.8
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Micromachining of HfC

Fabian Bauer

F.10.2 After vapour HF

(a) Sample 2.8

(c) Sample 2.8

(e) Sample 2.8

(g) Sample 2.8

(b) Sample 2.8

(d) Sample 2.8

(f) Sample 2.8

(h) Sample 2.8
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Micromachining of HfC

Fabian Bauer

(a) Sample 2.8

(c) Sample 2.8

(e) Sample 2.8

(g) Sample 2.8

(b) Sample 2.8

(d) Sample 2.8

(f) Sample 2.8

(h) Sample 2.8
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Micromachining of HfC

Fabian Bauer

(a) Sample 2.8

(c) Sample 2.8

(e) Sample 2.8

(g) Sample 2.8

(b) Sample 2.8

(d) Sample 2.8

(f) Sample 2.8

(h) Sample 2.8

66



Micromachining of HfC Fabian Bauer

(a) Sample 2.8 (b) Sample 2.8

(c) Sample 2.8 (d) Sample 2.8

(e) Sample 2.8
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Micromachining of HfC

Fabian Bauer

F.11 Sample 2.9

(a) Sample 2.9

(c) Sample 2.9

(e) Sample 2.9

(g) Sample 2.9

(b) Sample 2.9

(d) Sample 2.9

(f) Sample 2.9

(h) Sample 2.9
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Micromachining of HfC

Fabian Bauer

(a) Sample 2.9

(c) Sample 2.9

(e) Sample 2.9

(g) Sample 2.9

(b) Sample 2.9

(d) Sample 2.9

(f) Sample 2.9

(h) Sample 2.9
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Micromachining of HfC

Fabian Bauer

(a) Sample 2.9

(c) Sample 2.9

(e) Sample 2.9

(g) Sample 2.9

(b) Sample 2.9

(d) Sample 2.9

(f) Sample 2.9

(h) Sample 2.9
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Micromachining of HfC

Fabian Bauer

(a) Sample 2.9

(c) Sample 2.9

(e) Sample 2.9

(g) Sample 2.9

(b) Sample 2.9

(d) Sample 2.9

(f) Sample 2.9

(h) Sample 2.9
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Micromachining of HfC Fabian Bauer

(a) Sample 2.9 (b) Sample 2.9

(c) Sample 2.9 (d) Sample 2.9
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Micromachining of HfC

Fabian Bauer

F.12 Sample 3.0

(a) Sample 3.0

(c) Sample 3.0

(e) Sample 3.0

(g) Sample 3.0

(b) Sample 3.0

(d) Sample 3.0

(f) Sample 3.0

(h) Sample 3.0
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Micromachining of HfC

Fabian Bauer

(a) Sample 3.0

(c) Sample 3.0

(e) Sample 3.0

(g) Sample 3.0

(b) Sample 3.0

(d) Sample 3.0

(f) Sample 3.0

(h) Sample 3.0
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Micromachining of HfC

Fabian Bauer

(a) Sample 3.0

(c) Sample 3.0

(e) Sample 3.0

(g) Sample 3.0

(b) Sample 3.0

(d) Sample 3.0

(f) Sample 3.0
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Micromachining of HfC Fabian Bauer

Optical Microscope Images

G.0.1 Sample 2.2

(a) Sample 2.2 before IBE (b) Sample 2.2 before IBE

(c) Sample 2.2 before IBE (d) Sample 2.2 before IBE

(g) Sample 2.2 after PR removal (h) Sample 2.2 after PR removal
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Micromachining of HfC Fabian Bauer

b) Sample 2.2 after PR removal

(a) Sample 2.2 after PR removal

R

Sample 2.2 after XeF?2 f) Sample 2.2 after XeF?2

(g) Sample 2.2 after XeF2 (h) Sample 2.2 after XeF2
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Micromachining of HfC Fabian Bauer

-

(a) Sample 2.2 after XeF2 (b) Sample 2.2 after XeF2

(c) Sample 2.2 after XeF2
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Micromachining of HfC Fabian Bauer

G.0.2 Sample 2.3

(a) Sample 2.3 before IBE (b) Sample 2.3 before IBE

(c) Sample 2.3 before IBE (d) Sample 2.3 before IBE

(e) Sample 23 before IBE (f) Sample 2.3 after IBE

AT T
.
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(g) Sample 2.3 after IBE (h) Sample 2.3 after IBE
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Micromachining of HfC

Fabian Bauer

(a) Sample 2.3 after

5672

IBE

T

(b) Sample 2.3 after IBE

- A8 U §E2

(c) Sample 2.3 after PR removal

(d) Sample 2.3 after PR removal

(e) Sample 2.3 after PR removal

(f) Sample 2.3 before SEM
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Micromachining of HfC Fabian Bauer

G.0.3 Sample 2.4

i,

(a) Sample 2.4 after IBE (b) Sample 2.4 after IBE

(c) Sample 2.4 after IBE (d) Sample 2.4 after plasma

A i, T .

e) Sample 2.4 after plasma f) Sample 2.4 after plasma
(e) Samp p p P

355518 Un=Sg

(g) Sample 2.4 after remover (h) Sample 2.4 after SiO etching
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Micromachining of HfC Fabian Bauer

(c) Sample 2.4 after SiO etching (d) Sample 2.4 after SiO etching
No tmestamp data | o S 3

STEP Sauams

(e) Sample 2.4 after SiO etching
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Micromachining of HfC Fabian Bauer

G.0.4 Sample 2.5

(a) Sample 2.5 after PL (b) Sample 2.5 after PL

(c) Sample 2.5 after SEM

G.0.5 Sample 2.6

(a) Sample 2.6 after cleaving (b) Sample 2.6 after cleaving

T
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——r— Sl ——r—

(c) Sample 2.6 after cleaving (d) Sample 2.6 after cleaving
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Micromachining of HfC Fabian Bauer

G.0.6 Sample 2.7

( ) Sample 2.7 before plasma

ﬂb,{!&’iﬁ‘. P b

(c) Sample 2.7 before plasma (d) Sample 2.7 before plasma

RS

(g) Sample 2.7 after plasma (h) Sample 2.7 after cleaving
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Micromachining of HfC Fabian Bauer

(a) Sample 2.7 after cleaving (b) Sample 2.7 after cleaving

G.0.7 Sample 2.8

(a) Sample 2.8 after IBE (b) Sample 2.8 after IBE

(c) Sample 2.8 after IBE
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Micromachining of HfC Fabian Bauer

G.0.8 Sample 3.0

(d) Sample 3.0 after IBE

(e) Sample 3.0 after PR removal (f) Sample 3.0 after PR removal
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Micromachining of HfC Fabian Bauer

Profilometer Measurements

H.1 Sample 2.3

H.1.1 After PR Removal

Figure H.1: DekTak Measurement of the step square on sample 2.3

Figure H.2: DekTak Measurement of the step square on sample 2.3
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Micromachining of HfC Fabian Bauer

Figure H.3: DekTak Measurement of the 2um walls on sample 2.3

Figure H.4: DekTak Measurement of the 3um walls on sample 2.3
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Micromachining of HfC Fabian Bauer

Figure H.5: DekTak Measurement of the 5um walls on sample 2.3

Figure H.6: DekTak Measurement of the 10um walls on sample 2.3
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Micromachining of HfC Fabian Bauer

H.2 Sample 2.4

H.2.1 After IBE and SEM

Figure H.7: DekTak Measurement of the step square on sample 2.4

H.3 Sample 2.5

Figure H.8: DekTak Measurement of the step square on sample 2.5
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Micromachining of HfC Fabian Bauer

Figure H.9: DekTak Measurement of the lines at 50% on sample 2.5

H.4 Sample 2.6

H.4.1 After SiO Etching

Figure H.10: DekTak Measurement of the stepsquare on sample 2.6 after etching the SiO hardmask
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Micromachining of HfC Fabian Bauer

Figure H.11: DekTak Measurement of the lines at 50% on sample 2.6

Figure H.12: DekTak Measurement of the lines at 95% on sample 2.6
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Micromachining of HfC Fabian Bauer

H.4.2 After IBE

Figure H.13: DekTak Measurement of stepsquare on sample 2.6 after IBE
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Micromachining of HfC Fabian Bauer

Machines Used

The following table lists all the fabrication machines used in CMi. The link to the detailed infos on CMi’s
website is provided for each machine.
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Micromachining of HfC
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Micromachining of HfC Fabian Bauer

Note: All URLSs accessed 4.1.2023
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Micromachining of HfC Fabian Bauer

Process Flows

On the next pages one can find the process flows used during this project in the form they have been validated
by the CMi technical committee.
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Lab : EPFL STI IGM NEMS Phone : +41 79 938 45 06 2
Operator Name : Fabian Bauer Office : - c M I EPFL Center of

Supervisor Name : Marco Liffredo E-mail : fabian.bauer@epfi.ch MicroNanoTechnology
XSemestml Project I~ Master Project I” Thesis ™ Other
Project Name

Description of the fabrication project

The goal of this project is to study the etching of a HfC (hafnium carbide) thin film using the Veeco
Ion Beam Etcher. The parameter of interest at this time is: the etch rate.
This is the first step in determining the viability of a bigger manufacturing project.

Technologies used
Ion Beam Etching, Thin-Film Analyzer, Photolithography

Ebeam litho data - Photolitho masks - Laser direct write data

Critical Critical
sk Dimension Alignment Remarks
Mask to allow for only one quarter of the waver to
1 >1mm >1 mm
be used per test.

Substrate Type

Silicon with HfC (hafnium carbide) thin film already on it. Different wafers have different
thicknesses ranging from 100-2000nm.

Interconnections and packaging of final device

Thinning/grinding/polishing of the samples is required at some stage of the process.
¥ No I Yes => confirm involved materials with CMi staff

Dicing of the samples is required at some stage of the process.
¥ No ™ Yes => confinmdicing layout with CMi staff

Wire-bonding of dies, with glob-top protection, is required at the end of the process.
v No I Yes =>confirmpads design (size, pitch) and involved materials with CMi staff
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Lab : EPFL STI IGM NEMS
Operator Name : Fabian Bauer
Supervisor Name : Marco Liffredo

Phone : +4179 938 45 06 c M [ )
Office - - I EPFL Center of

E-mail : fabian.bauer@epfi.ch MicroNanoTechnology

Step-by-step process outline

Resist : ECI3027
Target Thickness: 2um

Step Process description Cross-section after process
Measurement of HfC film
01 | thickness
Instrument: FilMetrics F20-UV
Photolitography Coating
02 Machine: ACS200

03

Photolitography Exposure
Machine: Suss MicroTec MA6
gen3

Mask : #1

04

Photolit Development
Machine: ACS200
Developer: MF CD 26

05

Measurement of PR film
thickness
Instrument: FilMetrics F20-UV

06

lon Beam Etching
Machine: Veeco Nexus IBE350
Power: Medium

07

Measurement of HfC and PR
film thickness
Instrument: FilMetrics F20-UV

273



Lab : EPFL STI IGM NEMS

Operator Name : Fabian Bauer

Supervisor Name : Marco Liffredo

+4179 938 45 06

E-mail : fabian.bauer@epfl.ch

Photolit Stripp Off
02 plasma 1minin Tepla +

08 remover 1165 in UFT wet
bench 72
09 Measurement of step size

Instrument: Bruker Dektak XT
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Lab : EPFL STI IGM NEMS Phone : +41 79 938 45 06 2
Operator Name : Fabian Bauer Office : - c M I EPFL Center of

Supervisor Name : Marco Liffredo E-mail : fabian.bauer@epfi.ch MicroNanoTechnology

KSemestral Project |~ Master Project I Thesis I Other

Project Name

Description of the fabrication project

The goal of this project is to study the etching of a HfC (hafnium carbide) thin film using the Veeco
Ion Beam Etcher. The parameter of interest at this time 1s: the etch rate.
This is the first step in determining the viability of a bigger manufacturing project.

Technologies used

Ion Beam Etching, Thin-Film Analyzer, Photolithography

Ebeam litho data - Photolitho masks - Laser direct write data

Critical Critical
b Dimension Alignment Sk
1 > 1mm >] mm |Test mask

Substrate Type

Chips and Wafers of Silicon with HfC (hafnium carbide) thin film already on it. Different
wafers/chips have different thicknesses ranging from 100-2000nm.

Interconnections and packaging of final device

Thinning/grinding/polishing of the samples is required at some stage of the process.
¥ No I Yes => confirminvolved materials with CMi staff

Dicing of the samples is required at some stage of the process.
B Yes => confirm dicing layout with CMi staff

Wire-bonding of dies, with glob-top protection, is required at the end of the process.
¥ No I” Yes => confirmpads design (size, pitch) and involved materials with CMi staff
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Lab : EPFL STI IGM NEMS
Operator Name : Fabian Bauer
Supervisor Name : Marco Liffredo

Phone : +4179 938 45 06 c M [ )
Office - - I EPFL Center of

E-mail : fabian.bauer@epfi.ch MicroNanoTechnology

Step-by-step process outline

Step

Process description

Cross-section after process

Photolitography Coating (as
protection during dicing)
Machine ATMsse SB20
Resist : ECI3027

Target Thickness: 2um

Dicing of half wafer into chips
as CMi service (20mmx20mm
chips from half wafer)

Remove PR
remover 1165 in UFT wet
bench Z2

00

Inspection of surface texture
Instrument: Zeiss MERLIN

01

Measurement of HfC film
thickness
Instrument: FilMetrics F20-UV

02

Photolitography Coating
Machine ATMsse SB20
Resist : ECI3027

Target Thickness: 2um

03

Photolitography Exposure
Machine: MLA150
Mask : #1

04

Photolit Development
Wet bench Zone 13
Developer: MF CD 26
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Lab : EPFL STI IGM NEMS

Operator Name : Fabian Bauer

Supervisor Name : Marco Liffredo

Phone : +41 79 938 45 06
Office : -
E-mail : fabian.bauer@epfl.ch

05

Measurement of PR film
thickness
Instrument: FilMetrics F20-UV

06

Mounting of Chip to 100mm
Carrier Wafer using Quick Stick
Machine: Z6 — RC8 THP-
Manual Coater

07

lon Beam Etching

Machine: Veeco Nexus IBE350
Power: Medium

Add Kapton tape for extra
fixation

08

Revome Chip from Carrier
Machine: Z6 — RC8 THP-
Manual Coater

09

Measurement of HfC and PR
film thickness
Instrument: FilMetrics F20-UV

10

Photolit Stripp Off

02 plasma 1minin Tepla +
remover 1165 in UFT wet
bench 72

11

Measurement of step size
Instrument: Bruker Dektak XT
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Lab : EPFL STI IGM NEMS Phone : +4179 938 45 06 2
Operator Name : Fabian Bauer Office : - c M I EPFL Center of

Supervisor Name : Marco Liffredo E-mail : fabian_bauer@epfl.ch MicroNanoTechnoIogy
XSemestml Project | Master Project [ Thesis ™ Other
Project Name

Description of the fabrication project

The goal of this project is to study the etching of a HfC (hafnium carbide) thin film using the Veeco
Ion Beam Etcher. The parameter of interest at this time i1s: the etch rate.
This is the first step in determining the viability of a bigger manufacturing project.

Technologies used

Ion Beam Etching, Thin-Film Analyzer, Photolithography

Ebeam litho data - Photolitho masks - Laser direct write data

Critical Critical
Mk Dimension | Alignment Remarks
1 2 um >]1 mm

Substrate Type

Chips of Silicon with HfC (hafnium carbide) thin film already on it. Different wafers/chips have
different thicknesses ranging from 100-2000nm.

Interconnections and packaging of final device

Thinning/grinding/polishing of the samples is required at some stage of the process.
¥ No I” Yes => confirminvolved materials with CMi staff

Dicing of the samples 1s required at some stage of the process.
I” Yes => confirm dicing layout with CMi staff

Wire-bonding of dies, with glob-top protection, is required at the end of the process.
¥ No I” Yes =>confirmpads design (size. pitch) and involved materials with CMi staff



Lab : EPFL STI IGM NEMS
Operator Name : Fabian Bauer
Supervisor Name : Marco Liffredo

Phone : +4179 938 45 06 c M [ )
Office - - I EPFL Center of

E-mail : fabian.bauer@epfl.ch MicroNanoTechnology

Step-by-step process outline

Step

Process description

Cross-section after process

00

Inspection of surface texture
Instrument: Zeiss MERLIN

01

Measurement of HfC film
thickness
Instrument: FilMetrics F20-UV

02

Photolitography Coating
Machine ATMsse SB20
Resist : ECI3027

Target Thickness: 2um

03

Photolitography Exposure
Machine: MLA150
Mask : #1

04

Photolit Development
Wet bench Zone 13
Developer: MF CD 26

05

Mounting of Chip to 100mm
Carrier Wafer using Quick Stick
Machine: Z6 — RC8 THP-
Manual Coater

06

lon Beam Etching

Machine: Veeco Nexus IBE350
Power: Medium

Add Kapton tape for extra
fixation
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Lab : EPFL STI IGM NEMS

Operator Name : Fabian Bauer

Supervisor Name : Marco Liffredo

Phone : +4179 938 45 06
Office : -
E-mail : fabian.bauer@epfl.ch

07

Revome Chip from Carrier
Machine: Z6 — RC8 THP-
Manual Coater

08

Photolit Stripp Off

02 plasma 1minin Tepla +
remover 1165 in UFT wet
bench Z2

09

Release of HfC device: Etching
of Si
Machine: SPTS Xactix X4

Top view (dashed line indicating cross section,
not to scale)

10

Inspection
Machine: SEM Leo
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Lab : EPFL STI IGM NEMS Phone : +41 79 938 45 06 2
Operator Name : Fabian Bauer Office : - c M I EPFL Center of

Supervisor Name : Marco Liffredo E-mail : fabian.bauer@epfi.ch MicroNanoTechnology
XSemestml Project I~ Master Project ™ Thesis ™ Other
Project Name

Description of the fabrication project

The goal of this project is to study the etching of a HfC thin film.

Technologies used

Sputtering, Ion Beam Etching, Plasma Etching, Photolithography

Ebeam litho data - Photolitho masks - Laser direct write data

Critical Critical
Mk Dimension | Alignment Romarks
No
1 2um : -
alignment

Substrate Type

Part of a Si wafer with HfC thin film already on it: ca.50mm x50mm

Interconnections and packaging of final device

Thinning/grinding/polishing of the samples is required at some stage of the process.
v No [ Yes => confirminvolved materials with CMi staff

Dicing of the samples is required at some stage of the process.
¥ No I” Yes => confirmdicing layout with CMi staff

Wire-bonding of dies, with glob-top protection, is required at the end of the process.
¥ No I” Yes => confirmpads design (size, pitch) and involved materials with CMi staff
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Lab : EPFL STI IGM NEMS
Operator Name : Fabian Bauer
Supervisor Name : Marco Liffredo

Phone - +41 79 938 45 06 c M °
Office : - I EPFL Center of

E-mail : fabian_bauer@epfi.ch MicroNanoTechnol ogy

Step-by-step process outline

Step

Process description

Cross-section after process

00

Measurement of Film
Thickness

Machine: Woollam RC2,
spectroscopic ellipsometer

01

Deposition of SiO
Machine: Pfeiffer SPIDER 600

02

Lithography: PR Coating
Machine: ATMsse SB20
Resist: AZ ECI 3027

03

Lithography: PR Exposure
Machine: Heidelberg
Instruments MLA 150

04

Lithography: PR Development
Wetbench: Zone 13 Base
Developer: AZ 726 MIF

05

Mounting on Carrier

Machine: Hotplate of RC8 THP-
Manual Coater

Material: QS135

Comment: Add Kapton tape for
extra fixation

06

Etching SiO
Machine: SPTS APS
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Lab : EPFL STI IGM NEMS

Operator Name : Fabian Bauer

Supervisor Name : Marco Liffredo

Phone : +41 79 938 45 06
Office : -
E-mail : fabian.bauer@epfl.ch

07

Removal from Carrier
Machine: Hotplate of RC8 THP-
Manual Coater

08

Lithography: PR Removal 1
Machine: Tepla 300

09

Lithography: PR Removal 2
Wetbench: UFT
Remover: 1165

10

Mounting on Carrier

Machine: Hotplate of RC8 THP-
Manual Coater

Material: QS135

Comment: Add Kapton tape for
extra fixation

11

Etching HfC
Machine: Veeco Nexus IBE 350

12

Removal from Carrier
Machine: Hotplate of RC8 THP-
Manual Coater
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Lab : EPFL STI IGM NEMS Phone : +4179 938 45 06 2
Operator Name : Fabian Bauer Office : - c M I EPFL Center of

Supervisor Name : Marco Liffredo E-mail : fabian.bauer@epfi.ch MicroNanoTechnology
XSemestml Project I~ Master Project ™ Thesis ™ Other
Project Name

Description of the fabrication project

The goal of this project is to study the etching of a HfC thin film.

Technologies used

Sputtering, Ion Beam Etching, Plasma Etching, Photolithography

Ebeam litho data - Photolitho masks - Laser direct write data

Critical Critical
Mk Dimension | Alignment Romarks
No
1 2um : -
alignment

Substrate Type

Part of a Si wafer with HfC thin film already on it: ca.50mm x50mm

Interconnections and packaging of final device

Thinning/grinding/polishing of the samples is required at some stage of the process.
v No [ Yes => confirminvolved materials with CMi staff

Dicing of the samples is required at some stage of the process.
¥ No I” Yes => confirmdicing layout with CMi staff

Wire-bonding of dies, with glob-top protection, is required at the end of the process.
¥ No I” Yes => confirmpads design (size, pitch) and involved materials with CMi staff
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Step-by-step process outline

Step

Process description

Cross-section after process

00

Measurement of Film
Thickness

Machine: Woollam RC2,
spectroscopic ellipsometer

01

Deposition of SiO
Machine: Pfeiffer SPIDER 600

02

Lithography: PR Coating
Machine: ATMsse SB20
Resist: AZ ECI 3027

03

Lithography: PR Exposure
Machine: Heidelberg
Instruments MLA 150

04

Lithography: PR Development
Wetbench: Zone 13 Base
Developer: AZ 726 MIF

05

Mounting on Carrier

Machine: Hotplate of RC8 THP-
Manual Coater

Material: QS135

Comment: Add Kapton tape for
extra fixation

06

Etching SiO
Machine: SPTS APS
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07

Removal from Carrier
Machine: Hotplate of RC8 THP-
Manual Coater

08

Lithography: PR Removal 1
Machine: Tepla 300

09

Lithography: PR Removal 2
Wetbench: UFT
Remover: 1165

10

Mounting on Carrier

Machine: Hotplate of RC8 THP-
Manual Coater

Material: QS135

Comment: Add Kapton tape for
extra fixation

11

Etching HfC
Machine: Veeco Nexus IBE 350

12

Removal from Carrier
Machine: Hotplate of RC8 THP-
Manual Coater

13

Etching of SiO Mask
Machine: SPTS uEtch

Note: Try on a dummy first
(piece with just HfC film and
measure thickness before and
after with FilMetrics)
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07

Removal from Carrier
Machine: Hotplate of RC8 THP-
Manual Coater

08

Lithography: PR Removal 1
Machine: Tepla 300
1’ 02 Plasma

09

Lithography: PR Removal 2
Wetbench: UFT
Remover: 1165

10

Mounting on Carrier

Machine: Hotplate of RC8 THP-
Manual Coater

Material: QS135

Comment: Add Kapton tape for
extra fixation

11

Etching HfC
Machine: Veeco Nexus IBE 350

12

Removal from Carrier
Machine: Hotplate of RC8 THP-
Manual Coater

13

Release
Machine: SPTS uEtch

Note: Try on a dummy first
(piece with just HfC film and
measure thickness before and
after with FilMetrics)
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The goal of this project is to study the etching of a HfC thin film.
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Ebeam litho data - Photolitho masks - Laser direct write data
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Thickness

Machine: Woollam RC2,
spectroscopic ellipsometer
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Lithography: PR Coating
Machine: ATMsse SB20
Resist: AZ ECI 3027
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Lithography: PR Exposure
Machine: Heidelberg
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Lithography: PR Development
Wetbench: Zone 13 Base
Developer: AZ 726 MIF

05

Mounting on Carrier

Machine: Hotplate of RC8 THP-
Manual Coater

Material: QS135
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Etching HfC
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E-mail : fabian.bauer@epfl.ch

Lithography: PR Removal 1
Machine: Tepla 300
1’ 02 Plasma

Lithography: PR Removal 2
Wetbench: UFT
Remover: 1165

13

Release
Machine: SPTS uEtch

Note: Try on a dummy first
(piece with just HfC film and
measure thickness before and
after with FilMetrics)

3/3



Scan Lab Notebook



3
?
3
?
)
d
9
d
d
]
S
®
L
»
9
9
E
E
D
»
?
»
?
3
2
2
2
2
2
2
% )

DYN®clean

lint-free notebook A4

packed in cleanroom

antistatic

company £ FY/

divisionAVE /7.s

name_Fobron Byacr

date_73. 70.2p22




S
73.70.2022

s . ' 1
Coat: 3 O‘f ‘]@p\uﬁﬁ '?)Q (Y u LA R8 A N2l
» \‘v\c 'ﬁ‘bm—w:& Aas 295 MY 'm&-\

’\'@ﬁ’ﬁba\“ﬂﬁﬁ\ G \ﬁwx\ﬂ mﬁc‘w 2S5

reporchdni® Vapor HMDS
\psm‘e f,, N & SfLF\-I M e
Pl R N el Tebpe

e — Q\Nag 18 2l eswt i AN w4
Sl 2 \Aznv« \Qmp -\u\aq ARG IARD
\’zm e _ A'* —
SN 7 ‘MB 95> el
R"’Clpe : STp_6000 : :

2R eSreMAWAZ (oF G I BO2E ok DEARBEIGEINS
Pool mfa:a&in\ﬂ Exp: 12/2022

Saﬁéak& o .
é_ 90 °C ssal :QSJE‘V
7‘,'m¢ 90s = 1’ 30"

O U O V¥ UV VU U O o e

A

L
E

1) Remove Wafer /‘amlcorsc#c/: epef
place o« ofplate (us ,r‘;? tweszers)

2) Clese el and select HMPS shuwrlourot

3) Stoert heq‘/rrg rght  holpletp fo 907
check 't 7"&]&/\ Me CW//L

4) Woit for HHDS cyclto frnish and SEEE

) —PemaE  woater  Gnd plqa._onm_
%P—ﬁ% i {1
Q—-;?vrw- o Checle exp - oleiT
E) Put on . /au/a,s cmo/ 34’7" F/C rc'aa’y
6) selec chmé_—f B S—
2) Insert chuck-. B
J) Place k/aul& 1 W>+W°‘+e veecpur,
1) Close Jrd— Espn STP— 60000
9/’)_ flgcmyyc _Mum‘er £ /J/acc on L~ flal—e.,“
/_f_gr _7'20"
Place Lofer i /,oyh /omaf heye

> V.U U O O OV OV VOOV

O U9 9



SSoS Qf.3T

Wit ’“7 Fnee zZers. &L@Z/ﬂ

'd\l‘\

ane S c\\? :ocuo?ﬂ

| . o
W“ VMQQWM&L o

@
&
&
only on/ Poper el m“"ﬁ""' 'y @
(
@
&

N

o\
13.70.2022  © Q&{m
= 2

“ag 't AL .

1‘

b
: ?‘O\AA‘Z& Ao D
\\'xm‘.‘. -\ﬁ_ DD Oy \A« '\‘\‘Y Al o) Bpey (Jv
(\Z\&s&tﬁw"f pown s okl 0\‘\’62\ Tem 740\6&
J ‘ -
Yderdn, 200 Yamdez Yoo WK sm2eld (g

f‘;,‘s@ = ‘-ﬁ\”é\ﬁ\"*&\\‘& xLC\-\ Qx € «ﬁ’ié{\ *'\15\' < (S

s coraanily U v Soedy

F‘ =135 | _l_ - \ o RN ‘
:‘L_c‘;’“':" ““p !‘\t‘\i\\—' oty 4')::,‘*.'»:‘: 1’.(“ '.\‘5 '1'}". R (?
A o) “Nards? . g% ;3( o~ N Q- "(h-—v-\(_‘_
,s?;c-..Q:Zm«. et Y SREID IR v X A PN N S
L) A
\ A \ A\
DT T N— oz -

\ } -~
Sﬁ?‘oc\x% Xatld / AL - W .
\,\mﬁ‘\ 9

PR § o) '-E“"Jb‘; 1= [N \'NG\ (1
)

A \ -
Nonin (O, (\ N
._L. \ e
5\. N (:\5 e zmyy ‘.;:
v " A Py
- \ (‘\
~N NS 3Ny H.’ A Ay £ ~A QD \ ( \él
B r\‘ ‘ 7 '\ p
- ™ - L \l 2. -‘}:} \""3.1‘ &}Q\- .—) { L

|

2}
<1

1ol Lk\rf rhe *-.«":Lc.\_,;k;;:‘_ﬁﬁnﬂ 1‘\!‘45\'\3%
1 :

o.,‘

1 »
WeGN T N q'::\’\ ;__;__,:—, ~ad




\.\

“%“\
l

12.70.202 2.
\E%Mg MLA 150 on Si' Jest Wefer

¢ @

>
¥ Motteriods: + 1 Wafer 100mm i (Test Grocle)
. coctee! with ECI 3027 PR

APProx Zpwm ﬂmcluﬂcss (aecorofmg

1

- T ———to SPIHCIA)» V&) - -
TSN X

: — Jregner JO RSA Z‘;Jjar//ejli 7

s - —

3 - - ‘*_/1;. 70. 2022 7 Zonper
’\ R—— S _—

g%}a IQD _D&(/&/oﬂmavﬁ" PR . _

9 B . o

F Trewner~ 2 DO IZSA-Z. daliger

3  Mcteripls . Wafer exposed 1 previeres
. sﬁ?,/o on "MLA 150 '
2ore: 13

Developer:. AZ #26 MIF
, SR T S e ——

T ‘—/mpa r&#plﬁth_ . glcey:é;_ ) = —
— PER: 9o IR T

:_ Dm,e,lo/ame-w/- *hm& 60" o

E ' S — _"w_;\\
3 - %W"’}W

. - : R

> o S

? = S

' o e ‘;\\\ il

5 - \\.




1. 10. 20272 ‘i
— 9|
| fonimine:  Resist  rermo Voc/ y
¢
 Matersals : Water # 5 nreo/:.¢o/ ézf/ff o
Zore : T )
Imoor+o|n+ PM+ the h;o\h'l' 01[0\/@,5 01+ ‘H’\(‘/ J ,.‘f
roh hhe (MlﬂLt&/_Qm.ZL%C,/_kl m\.r) ,
1t .2022
Z Bl 2
¥ 90. zozz . ,
Troning . Tepla | <y
federtals : 2 chy from yoter #5° (55 354 o
Tone: 1 ¥

Goal : Termove rermeunina PR fror scwmple.

01’)0( \/&"'PF/\/ Mrw(gg aﬂhcc‘l m,cm%ﬂ& i

Done: A+ 2! for 3 sotal

Obs e yak ;QZ] : QLUJLS 7[/4.: Sm & vinoler

the m l‘omswlyoc,
72.70. 2022

é_)Z ?d: Cp & )




Lc_s?eckeo{ Rt of 'Hn¢ -
o \Qk)_‘{—o P clpr rier  Fust L/a}Ce)&C°l"'/2¢aﬂ//
\“ﬁzr IB L eteh rode test-

v

0

A (JS\L)( ~ (‘ N T 2! )\ \‘Q‘.. \\",: O \'\Q’\Xl-;.’\

. I’lﬁ_ommreo( fh/ckna;,r oqL ”700nm -
e \C—‘%/?"t(fdm /ﬁ/&r‘\ VAL ' S . 3

h .\
— B T\ "3 oAy n\ AV Cy @38

. . Ot.sc//}qc \*“Era q’u@' W N\earny
~T. Meas M"‘CM&V\‘I'S ,hsmﬂ, , -’Zeclpc .//ﬁng___
\QQ INSS BINPII N ml\ﬁMOOnm T 50/6" NNl © ‘1 1
F\%l'ﬁdl‘ ot 4 P0pma. L AGD PN e Py

St o | choigol s, affer:

Q\AS\ B
e m&asMrcmw

l

|

v oo e

*tol f-w},&‘a mn(-\f s A

OF Q%65 - o\ fboich. T ST@A™
Vdepenling

v v

1L, 7C. 202-T

\

[19.10.2020 | BE | <Ther Znol IBE

. €532 GoF 9@

;. go — | 62.9% GOE 3‘%3/
T / | 6% 3% GoF $552 |
oot Yo oVE 8BSy ] 68,98 Gokx 3322_

68. 2 GOF 90, |
‘—6—3—27,—6%15937%-/
o

0- 65+ 2515

|

‘@l‘v‘b"ul

|

w ’ot\




//ﬁ %—v ‘?\‘S?éﬂ' hr{\ N’ ’f'.

' N

21 An .fmvsﬁ"*'

LT 28 i~ oy s o > W & ,.1 f;(-cﬁ-

TN
AT LN .Jov‘
—J T

~prerte = la)g“\'?' pho )Lo rtﬁr‘

Qe
.n .‘ 110ias 9\° N _ ‘%, "Jt@’g 1\
DAY Ty WY N

.
-
Py

{ S ¥ \
o g""‘ SR ST o) sc/e&f'm/‘%y.v% 71

. \ & A Af
Y0 p@\ Q3 g ) -\"Q"’Y‘"'qu/ ki

e

LB P T 2022

f%//é/ n

" *?s.ymam T -a

g I.T;

R

“




2. 1p. 2022
P__Ame qilh odl \astameM :sidikays )

—Ceaizecls c%w'»/zrezzg “top. Aopd fom T

~swe@R%am— il AR EV e PL Yo )

DY S 27-20.2022

[

|

oovovoouvvoo
|
|
$

= ‘Z-g'A_TO_ZQ_é; HDA S\ revc Q\} \K\J Mo ?‘at
. Ceah! _a‘,é 6 OO0 prom '-}031 '\JL 1‘\"5\“(!8
nﬁ ~ f‘Q b§ ] q
s v PEL o TV =< oo
- 70M,n4¢ém? >
Y wescod ” cmgpa_gam@’/ £Z] 302F
Y S é o°  7'307
Qf c,_ﬂ R o WOV g o0
— e S S = - 1 ot ?b
e s OPRE Lol DEAA3 3496~ Thf6  *
> Evp: T2/2022.
’ I . s
3 PSS T I M-S A9
Ex D I
> no_s;mch_ﬁ_ Poge i _‘&'_L
3 Qm& K P— V‘ff%l? ";‘Sf;d e
3 & = 55S = Arn = A
> repnQ Tag See (/aé 7/' éana__zazz_fo o .
.”__ ~43¥c;_:~zw La'w;\u m‘fﬁl ,‘,‘:i_ __Hy_,’\ ( Q» < 1
"A Pevel = TPOR - < qoax°c -aa_‘ HTRERT
2 beke/o per - A2 7 ZGﬂ/E
3 '\{ ot DY) & l}ivalwfmw? %m 66"
3 R’h (- - Hzo Trn
D ‘ 2% ) f'x\
3 57'7// /?sm/ues S -7
oy St T dev: fime
, . - =T Ho®d
j’ atte~ that o resitlues vrsrble
> d&"‘—wwamfca/aa
:a |



Quishetisle: Mpurted pho _dip oo o 2
Sik _LZEQE St ot - rc/ZM—-Mﬁ"“ _
-ﬁ—f_;,-@‘ flioﬁc_ch,gcqs 725 - W’i&f%’fzaia é ;

N A - [
e IR ‘?ﬁ;aadzf
, .
e

A\ ¢

l
[

|

IBE—D_U\LQmm ,ch ce :

)
LN
[
4

|

« .

® :

@
_ Buwer Med: onsndie en D ke addies @
;“_D_mmﬁ'a,{l_: 75{;"”7 =D Z‘I’ m:n & @

nm

— . Z—é&\ ‘caanA_ DY @
S Ce B TS 4

AN «-m‘b%édi*cahk*__§é§QML_%7%§ﬁw @

,.qv‘_}‘, (4] J...,” ) ’_“" % 2 11 R =4 |\ \-".-me _.‘
(V| Yo Y /"\"‘; - s

".:. (A o Gﬂ"ﬁ—, . .
L oBesl amey ¢ 22O i ol
=R ¢

@

PR Zﬂr1 Fi] m ébvnnq
e oy = ‘
‘J;_ . "\’\5\120(‘?.‘:>. )

7 'émx— 33 Tt ! @

E%hrmﬁgpk 1§ 257MM ;9 wmxek%'mma. @

L MR = 2eco . ,

q e g N -l;‘? T Ab .‘,,“ . ».. t Nt oy E — QOMY‘ "

“ , €

Eﬁ%1~aﬁ2;v_iL}£€h¢a1_4uQL,gnhn il

e ’= 10 men -3‘?’%::"’_’ =P 3FONM 6, 54| [ 2

A\"‘\ y " \ -.-1~c\4-\‘. | ‘

5@& Pt EP‘IZ‘.. <\%@,V > oloec » OLL‘

"\ ‘\ ) _5,’4_‘_1 - “

/ cﬂo/ *ZSL_——o - &

o A A T\ e,

b Y '-’\ .‘, AN ' .

& <-",;~ ‘ - ‘~
SRANEE Y 2ol ot TedlT ST i

RN * & 0 TR, W) X ! o
A Y



e - “ -

)

> ov 5L
\UﬂM&ma s ved  chy ﬁ ﬁzzm Q%M@Jza_r_

\éqi;mlaﬁamw D welt \(* e J.V\ » o \aeuwesd

\._-.;_ y\:;\v- XLRN ;mL\ o2 2owun0 ’\é\_{ wory Wt

Mamgpés [l - qc:e,)hma —D rerove s ety
MM e Horm = ?]\‘;lf/k; bkt ool Kaplon fape

-
»__ 1" D %gg zz@ e oonae NS TR
9 bv\\\ \

“EZ\ norvwwor/ Ia W&féMCé zovre

[ f B Jokr 4. 8 0l C"-‘)_ s w\\r;ﬁ\\& ‘or ¢
’\ hspec /me/ﬁ st o rers
’\l—oois__ OQO{_ﬁ%M¢! gm
D vAssble . NSE, j‘;ﬂ;&‘ WJEMM

c:\‘é?z’g 24, 7g 2022

25.7¢0. 2022

Y
. ~~ 3IVS a2 ¢ W\u%tm?:\
Trieq Yo [ IQ_cJJ_ uno}b&/' 5EM._(buJ‘—
SA_M dwtaﬂar:ol&f‘ - SQM/?QJ ‘SM
1 /oomLo_lqpk, —> wairtesd -,%r f(ohn/c/orn
to é\e,'/' 1t o D° OVY 5139 : <

= .N‘chww |

\ﬁ,giﬁgk@-—— 2S.20.2022
o ey er,«c.‘@\ oC

/VéX?L 57‘6\&3 ‘re S Aslé’/7~(q15a’ oSG re 2

o ©™ h\
NS

STOS.&N V< ,‘.'53 X Efcﬁ'{ _teshn @‘49&#&123
\ SN ik e,ﬁ /M/( W*‘_"’ ecﬁ
] N -l—-"ﬁ \ ] \‘
LU AN oA )N\, —
<= SSQS‘K_‘V ?‘ :sf\\\o’é\"‘
'1_4\33’?”\_7“6 —_ - —_— e

%%ﬁ&&%@wwwb&bﬁwvuéoo

‘



’ ’
— to wse for ¢ e q;_zﬁé_z_
:\{,\»‘J *\ ‘f)\'; SO VAN, §— Ty 4_“3\' @, -~ .9 0 = A 228 2-1 —

S, N I Y.\ o) YA rann ‘,, ', 723‘ >: \fgri’({' o R s & ‘\‘ﬁ: £

MM M £ CODpr N‘ b il
f'eee for lre e

o — | — —— — p— -

S ] <
= o = '\ B ,, -"‘-3‘ ~ ‘ \ \A JQ\MB’L ;(‘.

—7¢ c/&éz)eo/r‘ezfe_ @ ’73‘;’&

* Coert  wsterey /o @QEPJMLLL
_._\_tm&ftb"El@I— QZ; — T'\" rf.» “‘L’h"‘)—‘ '

MM—@QM_'{M\ by Jo LA ST

g ¢ ® ¢ e ¢ e e 9
Seesees

ey

<
f—

—

S SQOS J;_hr\ ','Inh a-\ ;

J
foo s_rqusa Z15 ﬁm‘l
2\ CK LABGR N". st \main T

v Q = ‘> ha Sl X 12 : ,
e e ~n . L 0 . et
Sy AN\ "" - CA e Ty T AWID e, W -4

\.. ) .

raa/ A einst el WBETIew 4 Wael Vewel "
’

:

+:  PER: 'Z(ZO °C._ 3% X\ Ysp ot

Crer N .28 -

- N Develo mem'f- f‘fﬁ’I‘L —7' 7.0l
(N Y2 Ty ;"‘ ' > . F \ A .
\. :_’!"t;_i';';";: ""-t\.:’ . ‘——J—H'Z—;a ’t}r _L_ —7 / VY S\ “

N\
AN NNCY R L R \

CATmmDEery s Ve e \'\ v@cf@ 27. 7. 2022

**W Qurokcfoé—S;fe/y rs |

g ¢ ]
[isgme, 1971 2022
= S g—g@w}




3

T 27.70. 20
- T T
‘\L@!_ tﬂh’mﬂ—* /[ﬂ& t ! ( . ¥ ) % e} ) e
Sow a3 S et 3esd) o \eumeld

%ﬂ«d@( Wam & mal 7O °
M&aﬁ"“z Gy 3 shun e e eyvat ‘uﬁ[ (W1

¢ ~
? 2° \"5* w‘\:\q\ \)t.s \\ "-‘34 r”‘_ 7()("\ ’\N\M”‘
N ("
\EL——C@@O—\LOL o H o T ®
" ol \ e .
N NN ) c/:

Zx &' RAmrvege =" : alamed
7/3( /‘/; Q [l ,',QSQ '
s (‘\‘\’_\T_ vk amort?“

L =ocrez — :

\ % f'/ t 4 \ ? A\ TA
3 ) \ “ ! ! . '-\4" ". - \,.
N /" ? \ F\~ ").?‘u",‘ hF) - L I R "n,;:n.‘.
3 2.77.20z2\y/ el o St
»
p =
i\ C_M‘ S ﬁ‘f(,.(adyyca_g,g,

> SN Bps s}*egm)’*“ T v\ A

» /n Aar' H\Q ‘/,-\ 7 E ;u" CRENEY

T ) ch/év}*'é// /Zta’ﬁL C{l?Qé -ﬁf‘gequ

. wrof¥27.

t . (a"L" !_ ‘~ . : C '. T 'N’wiﬂ(
5 Mettroof : clecved ttre fine c:m,o le "

2 pa&aﬁc,m&“ﬂ;éa*z'é&__ q_gjr 2

. /45,070! \{ 1\0/10'*"@% < corad

P ”c/ggu.cuia 7[/&’5/ A p o2, r U R N
RS NN 2 VRS O S )

27 hacrois fnes @ - 79

3 o Y %6.369

2

:': Horol Yo ‘Cmo{ Ipes |

2 217, 2022

'; ~ 2 Sy




41

CIe"lVﬂ:{ ﬂ','c i 4 )z[c;c;eé -ﬁr‘om 7716, éGOﬂM WNQW
“Uifor \Xefy etk g @A fhes IBE —%30°
rest for Mewrco Soxyde i +‘ar /me.s A/qn, T ]Cccrpci

: lreas m"/,S]' sfxz'a s Ero)@/am&la‘&/

Za’n,o

* ¢ e @& ¢

e

*

é

S —

Soprera, ;-;!m imes aé«a gga/ | [;xqt é\,ja be<_
able ¥o'\Foct vith F’:(f'/a"" {_”‘1 \

\\‘,ﬂ \.'\f‘\ \‘\

\\‘\f\:‘ﬁ S
Trmnnlno A/ﬂ F9 &fo['n'n‘?l} :
S0 \S" “wWo e, c;?‘\\. AN :‘* y S J).)O\ \‘ .\"‘_{\i':)v\c*s\ij\.

g

("*-;
N S SNl




5 <9, 7 5022

.\1!!15 > ¢ ‘o [?f' OﬂﬂadW/ée”eWb&.mm%ér‘ = &\
9 S 5-:@@(24% _\ﬁ_f‘,,,, — %

—>  Error wn ¢7ygpnmmﬁ4 zwj*ﬁgi_géﬂ%_
J\

‘,’ ™ T¥

= OV ~ " OCugzibirue: Al i, 93,,?,
s i 7‘*0/6/ re 4,47’37 Prese 7 ﬁﬁa/’@A Y‘ ‘%}ﬂ

? VA s Y
e s ) ,j_L \ri‘l o _ o

b )

Y IEERE - S i

2 i . \S“ = 3 "J’”S*{s =
%p7+ngv e S

‘aw’ﬁ S /’ S *"q:‘élz.s_
’) 5‘ N A L _y:ﬂ I
.‘Zoﬁ’ﬁf‘%“” 1. Surfoce o/eg/,,,;a o

’;—fﬁ:% o/ war ug’rl Chry 50&(2\7271"’

ECL 227 fLape72/2022
) 1 =y
;W% SN e of?‘ qé@ & 90°c for 0"

B - I
o Lxposure D Samples 2.2 anol 2.3
Ve 20m1 ‘ | &

p e R
\g,gmq& -CT\I’:‘%\ 0q 1$ 0O - ™
\ WS? Z’(S. i %Mz
D efoc _ 7 o r Ty 1 s = LY

el 'cs\m’\ u«:c‘ &t xm\Q tNATS ST rea TN qofo

v - LN
3,*4 VS0 o

S \(\\2 W t ,0 A\ - L

D&Vﬂ//a'pmgmf 54/%/4,35 2.2 etegf Z.3
PEE: 200%C 90"

AZ /2 E //-
~‘ \' : ~ \’,\ « _‘,‘,\):x - 'Q‘:Q\‘ ~

U’W’W‘@%b??@b@

- 2
z ,".. e T -

’_/J e I‘Imn | Q&ho{@p a/ACCM — -MlCmSQO/¢

Q/ﬁmma__gg_fgﬂf__wg#a__\m% CUS 72 g

g,




e b
ﬁ———~”,]

~70°
’

< -

£.5 Vool 45 qu)'ﬁ‘ o lse Ty

2.3 [ F lines dnly T
—t ~ )1 Pc« m‘so«/fb* /14;""&4

< v Y

= oSy s

S \'.,_rt

¢"£Pl e),—cl')' S/m:/mr lnm’* fdMO\In‘

cD,:;i o / | /FLQ\QLH%]A i

TS » S .S urdor \ angd
T o pisei il N e Surfocé>" DA QB NI
A\ A Su M O\ . :*T'-‘k f:-‘
A 744/ u A ~/7 \
/naﬁea o & ele SIL—
1
\“-‘ ““"‘- atae a9 (N S

z_ . ﬁa‘ﬁ'zas go

5‘"‘"/’/ & /)4;77. 20272

Fonces Mﬁ ——= =
///fc i v.r-lwlz o L "v. |
s CANTI NaTy &t

‘\(}":, Y n + \ 1 e
\ T e
. = . L | 1
~ P AR | e
é 2\ < I} 555’ P S S| i N T ALY 'u!\“
7 - 3 . B R DO e i -

fonies 00

“ne

RS S




\lkl?&ca% qﬁﬁ“"“/ﬁé' WSiHh  SE S MBragwl s
‘t~ \ﬂ\\)

ASS_SA
Sqmplé 2.3 £ ‘—: : \/ PR ) @
| /ur/ \ £

T

SO a,gg,cs\ 6 L \f w‘g,"‘ M?TBQ>C\ ?N‘

‘\@MMMM

>SS recite of Nen— /e sin gs
’\'@g@w‘bom_ @_mk _&Lzzgfg.—

® ’E,‘EX?% t':n\&u 'wsx'\'wn‘b ARy C\u\:) &..Jf et - 17 {W

== | . FZee S,
9 = ©.& s\ & Joe 3ol

2 Z7.'9%. '%:%%E“—* OXV X rany Q\J_QY' \rss Y penrias

’ LJ
QJM@M&[MM ot ot ned T
» Cce. Z\Mﬁgﬂ e Ty :
» Frarm a~efe= 27 OS

‘)I’JQ\& Q NN LY o q;.’
k)

X : )
gémﬂ_‘l_pgi\ @lro«ﬁon 10’

- \ﬁjlgms\m St ok 5 W, & Y ("\@. 73\5\3C

» ~ 7 ~ PESET
QW b
3 N Q\‘S’\' QO YY) | L\\'\J '\\@D 7"4\

» 3. Saﬁ% oeer~RP% (N2
» O\é}”?/ o \o‘g\oxb%\ﬁ 4= @ Ao °C.

> 103 § o

2 Lk mswcﬁ__ﬁa.sa 275 1Y

2 4 - Crm

2 P abTe -

. o P“—’-’v?g‘fl'? MVam zof

. e

2

2



,\‘

o«

Pevelsprae st s PEB 700°C - 90w
o Az Z2 4 M/7~ 7 '
,.. 1":7 H5 v ' E < >\ ‘\‘r-.»'»".

o -
o £ -‘l- \-4

_lﬁ;pﬁﬁan\Q/oﬁcg/ iop /oaés Tk

.
-.@h'\\'y\h\

e h"‘“. =SNG ed & \_»,(j \»271 77"23@21

e

v e o

&

'
=

i !

P )
L

.
—

22. T ZOo2Z 0 Mowr tecf Ch:/J orn carrier u;ln;, “735‘

IBE~ o Sample 3.0 I @7 "

&Sﬁr\ﬂu'l‘&o{ ‘15‘00 nm of HEC —» . ZZ'O = 60T

. .ﬁ{x‘}@\‘ic\ 5& aLI&

-ﬁ-ﬁ

to relecige  atifesovds oo
2}. ‘r — P -’

> “adst™ U?‘*L‘%L ﬁé‘&r*
(/)I 2 ?Zm . 4 "\"* ('s“ie\(\\

’ \ o
t Camy raen e V7. LYW I O ThAae)

al AN D e , \ D '?).c) \‘g’;m :
After 40" C/ew‘ of"vfw _on

%

‘ s
\-m 'ﬂ'\");,“,l

v -
r‘ -, -
Cm v aasl AN
- e~ L — =X - \\
5 4D
"
- - ~ et Q\‘/\'
J )
%
\(_'," TS, oy - m_;y.'r . ‘i .~ T = r ‘;,—l' L]
VIR NN L )

25 N ‘—m




TN EEEREEREREEKENENKTS

o o0 0 0 @

I I I I

-

o 8w

WA
]
I \
I
i

— ' SO
\Mcporf p_fé’a"/'d ca,ro,/oh ,»om'\mm’\\
J U
\ / ' . \» e B
DY wrtraw )l wnk 2142,
W\ \ N
\—} S-S D2 ‘VQ M&lszf\
et ' - /g%
OLE —_— D b DT‘H
I W TaG o ST q%m \sm
L '"”}6;‘5?’ PSS
(\ \ ‘;_‘(’ ‘\.) . \')_L'._
‘E ‘l \"i iewj — : ;{ )T‘
\ 2277292 X—' 2
e _ —
T St s
) o - 3
_23. 77 - &Z2 X v =N .0D 21\ S
v
, -l L~ Pl
gcads \ v \ :\“' /éS - N B0 A Vo

LA |

5 % \% | 50 ’)"’C{

‘fm&mﬁéyf\\“‘“ﬂ’ AR ~s‘-amx\'£2,
\ A .

(s Smé/c?S)L ,olecc' 0 Foestt moen

nnc{y P e, By

N @my AN %,g&/c(\dd&/a % %G r /c'yé)

s\"x"’\ '2- A‘\ °‘N\\n

ZCP‘WVﬂ/ : wb&ﬁ?@ngléces are -

ool 2y \‘\ ‘?,\x Gk °\’211u§‘k>¢e/\<%\ow 5t ?0

.Sbt)\\ > <5l M%Sl\ o

S: Tt Q:L *‘b@ N\ r§ S\ ?\,\“-n':\v;

~2-: 10016—5 okOlY m,./v o 74’4;\/

i’ =
reé MI‘A!A/\ 10 ha.r')'*:/‘,/gc

30 leoks ‘ecto[\,—* delowinoton I



Al [} 1 1 l-' - ez
[rovininey C~Nw~ S aang T Lo\ e M <R
\ ;

SPTS X&a‘xcﬁcﬁ,x X 4
— XeFpi s, of Sanple 2.2 4%

o> wid T A

Gool —rcléas —Hie olevree —
be ms?uh’ol—mndw Hie SE M—~ —

— \;W},a- ¥
HF<

b_ o . — 3 T"'f“\r l /i T
- FTERIEETE R Y S = -+
— . —

I S

7 &Ln;ﬂé; . cer . 75\)( 4 .5;\5’/",(5 B vkl T

_ﬁp"-:co: / lnsxﬁeffre -

,;‘A.ﬁ - Lo 8
next fr-e ™ "74‘)‘/ oy Xosheca)
TSP Xe},i' w{r\ 0.2 w
'." :"’\ ) \’ 3 N
[ e "-r‘: L\c S -f— /72/*2 - g; s
fvm&»j bj/gfc/ ol ) . ¢
S e pe PO dlala,

~ '
LN \ f\‘&'

3N '.J':}I FCZI“O/ Gﬁg; P ":@‘S@@L_:_L‘f_L% XS %g
| ' XS 2SRy

Naf lﬂé—— 7% &_//g/ ﬁd%_*o‘éai_,_\ ‘
2 feney ':’s'*%ﬁ—gi':zﬁ"‘@qzz

-
: & t . 1 { g% é{&g_‘ %
TalQyc gny Mg XV WY RSP 2N, .
: ¥ .
*)
9—‘




& W Ly SN o) 2_1

— L] f"\
('J-\’NC) P S ! mfb? S 2V

- /Q‘S@s@éaaxﬁgﬁs s 2 S e /39
- undcﬁ_iée_jé‘&;%féﬁﬁsmﬁm@d&ﬂ_a&_

- %G%JFUME%‘%Q o .\,lmmc\m 5
‘_‘;mplafz_;z*aﬁ'ﬁa_-.x@ F':

SSus 'y 5

age.09 6L T deviie  HEC pa
e UMD N ey e ,Qf‘&chedr /313'-5«5.4::»‘11;5
\ !0\‘ Oy ‘3)'\ S\QXC,\E&)_&% ¥ M(fhb{@. g«
e s ﬁ J'th r"r‘av_-p{;ae
L W s

\5\\00\.

[
5

|
|
l

l

'77’-._

“%3&QW

OOOOUUUOUUUCU“

: -— Juﬁa 77_J,_f: E _seaémn o ﬁ_tsbémaég_
» 'ma@eﬂllqéf'_ S0%  séchimsacr IS

. R P e S oY "’fz/"‘mfg/” B
3 — , ' ,gN\f‘ o M_
& iz_;L /4&;_7"1‘6454&5_2

/mow\:'/ 71. f-,.,(‘ ZMm‘fmemaéws‘

X \a% et }f " méggg Z r'é'q@‘
D DM& _Mﬁé\ﬁé&\" DO P O L-:ua(d[c _
- Qu S N)N‘\ = 3 7‘7&446 07‘:' m? A

de(/ch

-\m,nﬁggzg; g(%‘_ /&ra&:f& _7_1%& Eﬁ?& —ie

gss A OO

Imugg;xz &N \“ == MML%@(’&‘;

PDVVOLOLSBLOVLOVO O VW

WA
— ) ‘ SL.@Q&Z-, .
S~wo e = ol S -
s ) T | i
&_\“‘S\Jﬁ'ﬂ N M




F $OS ST BN

_Q( ‘Hﬂ& %.)lf' L ovnco

corrcier ofcﬁxwu}ﬁ‘ g mdy«m%f”)‘:{<‘r\“»

_ﬂac/_ﬁizbimym %,«Q»Aps“' 4\4 —ooNe

A \

\ (
e Nneie

Te,mpaml-v,.@ 071 hai‘p/a)"e, WO s

. . LIPS !
e Ao/ AP 1S slamn
- - v - - o z
.2 .17, ZD2.2
- 1 . A ‘
b QR Y] {\ "“‘"" o o (- \l.\Q ™~ ¥ '-k- [\ "r ‘?{“ &\ Gmr‘\‘

lZc/rm@&fce/f «\ ‘)\JZP"D""‘PW»M ccirrie~

\
\l

__iu_pa&pmvg‘f oS/ PR reralell.
. i

i 9! \
S e \.,8’\" u\h""' &‘“ o hc\: n(\

thce&/ ﬁnlM m?l P/a /‘Odk—f?o/

) | 4
—M&Kﬂd’\ o CAT N €D 3 "*‘ "“\"’ o090 ni Y
L ) = ki e TN

\J

___Ek_ﬁe&@zm Sl AW :h‘«',}. K4 ,@mﬂi\
Ar\xA’g rf\x\ . MY\) '\."‘-'“’\4 o .
b— ;kjvr)”') v & | G & ba?‘/") 2_
( N
/
Z K écor'o(/ =)
%X\p \. u‘\‘ Iﬁaf‘ssc - c,\:& S““‘ b.ir\" ]‘A

AALAAARALL,

———p&Q\Q—%/—ﬂD—PA&—ﬁ ,*,L\o

;agg“keﬂgb@(#w_ﬂ)l’%s;@@s m
< ’\\ -2

eV ECer (0717%7/./ = 94 "aye

My anEs

¢ & & @

¢ €

e A

€ e




— ~\ , . nS . Q%
K> 1535 & 770°C onvo cartier =

X2 .S mn\—'— PS\C\ 102, ——/“m \qa~ 091D

= .s \ S. v\Zé_iz-d:zz
=AY Aran 2% == Q\\i\a Amﬁ%aw

5@5’\'\5« SR ene ;)Qijsss facy S (%!\
Ny NN Yo sl gwly ~dy s

DY .S'\'\E)-S“_?..S | 3‘:@ pm'xjiyomw S9
Aclof %ﬂhm*w_%_&m&._fmﬁm—
— e 2.4 £S0T I5X Kb :eliae

/ /,3 F /‘7,-,.,/ mBar.i'x;zM %NGMQ mwaz
) ‘v EPD
Qoo 241187, 2QMY ~memaoy

F/ou(caa/ 2.5

( : QNt’( QQ'J RIS
EPD\ @ =z1' ~b 3ty F EF 23!
O NS AOOY ~4HI \m%ght__
T s I over efel, -
\amrf o | ,
0/7*'60{1 CREEIT :  faslD) PW@@%‘@,A f’
IRE * |
PKe A md&‘“ﬁ?. * e By S
eEraizearny, OO 260 Wit T
m%a%
NoXmrnecan sl (ol - \\u L & \a—’rod "
\\»&\ 2y mu%ea: <\or3: &\1&5\0 W ’
STl e anieval D
NaY \%\ N ‘e’\\b}mn%ﬁwx & \" 1\ 32N Q

\\

i
x ‘ O ‘\'\\% ;,;_\L_j'g;q

S

-
-
3
E
.
]
w
d
-
?
3
?
L
?
?
€
g )
£
R
e J
e
E
»
P
»
& 4
»
g J
b
e
x
&
&
£




e

30-17. 2022 .

B o e = o =3 =
‘C‘\ VYIS ™ :ﬁ":) NET™ 3 '*,a \,b/’ |~ W <. / j

_ Cleaver] e »,Lp samples from 2.rest
5= s2:8° /2.6 / z. %

— :\“ eaél'» p/L/f = 7_5’_4———15:”'“

Tip: 2 inch ceirriecs gLL'Lhé_P—elffd

‘gfe e%&lkp‘{}ﬁ f Chlﬂs. ana/ .0//““_ ) '“,’ <
_L_&QEQ%__Q_LLE/M/_Z—’ ? :M‘%

S e e \1_1 <nv V. ‘\M‘Q\\\O' Sy \3\,07

1
y
[ 4

———

.....

Resist: ALE_CJ: 3027 &, cun

—

%Q
e
—

S&r;@cqam Dt‘ V{)am‘b@n: sl
(‘ ¢ 1 1"“' ND

r_mas_éamma@:

h
w\,-\
*

—

S
—

°
—

3 N ‘f'tﬁ 3 ,'e ~-_

o0

Ohes 310°C necsurey
%‘4% %e,rw-mme)‘e/“

34”/011/ /

—Chuolt'—Homi;a rror ; jjc;/m s z/
P_[cs Firt mF&a () /’Y hnty /\lom

Gg}l—‘ _no err oy ,'




Ll n.\ f\ S\ ~
3 p
® \—Leéﬁosmrb
3ST

®  Teol HMLA : ‘3\,%}?? Mool "’57 47840 Irky——

i . md— Loger : 405 am
: \MS em¥® N L@‘i" B oier: 70049,

NN N\ )
&%&3:\3‘& '\3"\"»5\“ \‘3!'\1 193 0 0&!\!0

\%%@?w‘é@%@md—émlﬁs ool Ca mﬁ/de

B N—

AT X

: Car bA”/ + m’:-a_sut¢_l:'n¢$_arc_qs Fapamﬂ::ubt
\'b_w ﬁLwla&ALfmgéla_pn__atdw_{c_aﬂabs_ﬁﬂSW

9 \lh-ﬁfﬁcc&an_lat&h NS M\:n—-e - Voo vy o S\

? ., H‘-’)( LY :\‘( | S 5\5\2 :.\'moe\ \as;m ,’55\5 \QNK\

9 Yot v

9 E’Z\duaiup@@; ot Nam A W\ N2 \i\bltpm\.‘(«@d..\\g
PER: 90" @ 0° .on  msirede stilw

Developc/ Az 226 HIF 1 v

Rivase - HZD ‘?’.S‘ AV <\:$§3¢5ué\ ™MA
\

Postcick velopmakschake =80% 05! 22

rea S ’sm\ IO

?
CN\MQ:) NN‘.; ‘L’Lﬁ\l‘ S\-\o\(\‘\) J

snmsmm é)ﬂ?ﬁl\'
"‘Nl\aﬁvohvl—’WGM).bﬂ\J -t

WQ-%—QM!!‘& = - 30. 77. 2022

S M'&

§

.'C crn o MA&M?

" Cleetnin ___Qléa ma ?
erlg ,mmkw o %M&%méagweabémw, 2ch
m&g& wnm I~ nM A2 Y\\N

d&&%i%%bbb%bb&%ibbbb



1.12.202T e}
- EECLISFSIERE o _
e i
, g, 20N Lt 4.14 % — 530 P ——

S8 oy .‘2_,,.5; 7/.»2 6 /L?M; 2rs ¢
on']’v o oc«rmer vmf&" @i@ﬁ? 2 ——.lj
' nsanltegad  Vacne assid }Q_..;:;u:ﬁul%_z?%—éi——

Amﬁ—ué%mﬁ . -,,_,e o onre st ' ‘M;m.m"z

&em_c'v vav/ 2, 4 fram camﬂ_u&!&n\ -.é T ‘l\ﬂﬂ‘r ‘]
GWOJ 0[¢¢f neef boclstole “w—) )L/a-gmg.i@g\g_,_— "l
ks V’e hlg_g /4 . : &
el "7@'&7%‘“‘#%;5&@_5 eof e _:s_‘aygw#wq ol SIS "'l
 whule oo’ nO -, D% ey @) vgR = 4 &
' 3\ Aast SA mf\o\s\m“ e

-.0\

S
-

SEM ea%«@mmdm%q :%

Gun Vaaamm |

LCIncal:t, {yf‘;‘f' w-hen co:-—unj
15 the rmachine i
Chamber Vocuranrs i
|

SEM I;Iﬂechm a*ﬁ i ‘f _Q -‘r‘. -5<Wl>‘

ni—
SCOS IV oy Lows o euve
-h‘W\C/

StefT- %@Mm e .'*' | i

& __‘.sﬂg,_ el l
v\-v .

_ﬁm&&%;ozq@,;l%@%%m‘ﬂa‘—“s i 5 e \
w, . ﬁsh_,Maa %awm by | l




G. '72. zozz

"5

« \ Ly

/nspec\éo.. of, Se7T w7 s

" \JJ . (

unol e— Of"cc{/ 'MI&I"V.SCOPC_ bdfefﬁ

re ragu=| rres q,)‘;\ ‘e
e 85, TR S

' .
L» v LA
b ) i)

Kemo val %mmm‘mm@\“‘. 100, Sl et SNo<]

C[%W%¢M'p§14 ) "w yo <
{OI)L 0)4 a,re)zmhe e Ce 5435\_',-.’-) Mé——/

YT POL JFNQM Ay 210 o) o

T oun O SPlexpvee s M/, 200

Pécf;pg 3

. 2 aaN9N TNQM\‘}'\'\S?.N“\\ S
/ngﬁ&&ﬁ‘om- u@&&poﬁhm/ M‘q&m&opa
5C«Mﬂ/&s sl ook  okay
ﬂ’o !uo\m 22920 %’N/slws’”\!_%pf‘; £
Treef PR rernge/ MM ITEl
; M!:.ﬁtét |55|¢£‘é’: ‘WB&MC_é___b/C-S @"Iﬁ»ﬂ/[")&ﬁ

__%,chmms__niaaLa i 8%y ) 0 nl
resiclia ,Q&MLMJ
Frr—e ‘>$I® é?"\l CINETEXN .

Discergsion \5415,5%,. Qg?g, J,Q, qwf/ /‘(L-
qgtﬂgsr/ééfﬁ Solrtabirs

=S \AJDé —: - 72#/@ 02 %QMO’)

| friec rermone e o beate— )

M EEEEEEEEREEEEEYY Y EE R R N o A A A A AN 2L 20 2L 20 48



LAt ST .0
p
mao/ q' 'c—“‘f")L 0%_)?(@,5,.,_, e, Y \Z%/J/‘:o;
: ﬁ’ <
300 i \“‘/’ +"‘| <Zc_ Z 6 L -
S a6, A\ FY v C,\f') ~~3 YN
}.‘“‘ 'i > éaf*‘ o ma W00
9' Ql \S. \‘5
LI i , <
Dek tor ke X0y [Tecisurepneagr- oV amiad
g“m yi 4 -ané: | < on (- \l\;n -~ - ‘r‘;‘::, \ s c,.fu'f'.')’\v'
.~ Yo ’ . N, },’ \!
AT s 32 SR S g e S O -\\:“‘ L\ Qe
g 8 ”ﬁol_uu:e/m.wL ACress
00 ,},’ -\MC@&Q il Q*mm’;g@‘?)/fr g, A
: S =4
2. Mee :hr&m w‘l‘ Gerpes
e X :
s eogtenllod ek @I e Sl
umag, ),MQ \ = QS\C\\M < ‘O R
3 ”eOtSMI*&MM‘l‘ aAsroscs &dp_—: S
ASDRAEINAE \ e O \adiAY o
- . s = = ’ b N '\\ R P . N - .
ANECANTONGS NESD - o v g CASCROLONl Sy ) NS o e 1(\"‘ ral
S " . -1;’ &z—- P LrmeR & ;‘-.,'?L:f:'\\-:. ‘)hﬂ&\\) °~’\G\ wc,r.. =
\ } ‘ LN 3 3 '\\ Q R'\\

3(\‘.\-:.\ 3r~c~u'¥

\ '
1 \ - roan W, \
L a3 S, cl  SPPEEDS PO L L V= WA Y ~e iyt
o e . o T X ~— —_—
‘ ’ - - A \-\-..‘ '\ r““ ~ t*[""‘ -E&'\ ‘
= X . o Y SN WY W SN 1 Qo LD s Y .
e '
LS TN B - B LY. Ve ey 4-!1"‘\.11; £
] ' D ——




 R.T2. 202> 1

'Z:.L.r\hJ,fﬁJ:{'\% 1230 N\GJ \N oﬁ\;
Revrnprerd Sonn-‘#/e 2.5 .,cn, A

remover 1765 badls . < %\ O rwel,
— |oolts mach bLetfer

SN 50 X reS risapazin s e U

only \/M;/ -lf_e “— 5@%&&%

*ndo/ Cr m:'éczsaafo!;an&(_m/:___—
noh 2 Waem N4 & S5 J\e m;_q 13 STV r ey 5y

So:ma// imb:té[é ;ér /3 ©

s °

- \
LS TN 9\ G M'OQ
v

Mouwntecd 2.5 coh 2.E

o q 1Y ’ _".:8‘.\">
w 'HA @S 7385 & o Aol <l
N A §A
% 2 ’\: ,S;‘f Wy rlerq rw-J\L\ w\ r\s'\\\ )

TMAO?OT‘ R »

K
.

T TANA! ¥ O3S Beaste '
rcLl rod n SO, gezo ~ol), nmfuc'l‘mrcr

mn E'Pt ﬁnn?mu\‘ ot (ﬁﬁL%%(_@ ao)

"’Wmﬂw 0.5 2

i‘ R n"7/’mn aft mJPou/@,»

L)
¥
9
9
9
)
L J
9
L
L J
9
3
9
?
2
2
2
L
?
3
€ J
»
?
E

a

-
N/

—

¥ O O VOV W VvV v e
\
H
F;
&

V.6
» ;
Sonme bal < — ES'*2 \ i
\ . \. A ?\r{ V) ;) [ e th“;\\&‘vg = ;g\\“\ \}
o €

e \?)“\\55 \\ ~D N G )\»": F\\ ((\;,
y b ql“‘ A . . v
3 popwea tud ~afts T ¢~ ~ond enlmal ) 1=

N

@

M@vn WVo ?D}'(" Ujf[\r {’w} &




!

: “\3\—*
.So'm’ﬂ /&

\
__._x_A_\_x_‘ L}

7 mwﬁut&m et

9{’% & .
L NORWLY S = S NN

Lo, \xra;; "f‘o«“’x&*;uﬁ 4; - QXJ*\‘\Y\A

A h‘wﬂm&wmm 509
/'ﬁ&s it T :.l @\ﬁi Vead, ‘-\ 'u\' -ﬂ"p

S ey B AR R RS R U=

@ @€ @ & & & @

'_L

®
1

-

e @ @
———

9131’)C0/ H}CC + S", —\/162-50‘70‘)

Y ﬁﬂra*‘!ﬂlrﬂm - \‘\1}4; ¥ - N |

\ g . N 3

; itm _ y - G\--smtpﬁp_\“ipwnm
~. .
. ] " | L L.'.A m\_\\\ﬁ.'('i\ ‘\‘ﬁg )g QQ 4
\ \

6 ZS’ -
Y

~No—itd e ¥R n.m;\*-.’."‘f\ Py XE -231

‘1
‘1
|
|
.
|
|

AP

_QML_MVGL/ S&@/_Z .
ﬂlw/MAcﬂc.ﬁ_—z_Lﬁloiﬁ@C it sowronol
< put \V\‘Fo 1165 over ntg\'\'\’ ’




Y
8.72.20%2¢

Fy cxias ST
» SEM: Goels : (—1\
o s\e.3\R.8 éjhrl*ag s = 9
) QQﬁf”’ R0
5 ﬁS/ O» /ny&/' A:Aapayiga(_"_gf
» 2 _aegs lﬁ)e*".mak’,ém{u thq
N0 ravst '/(t( [ yef Cw;o( look. Ot'l‘

-uﬁx&%&fbﬁ G sseiple v rafule 2B
aoand _ASKS | f u;\_&g ,

N it cle eoh oHifC —Deshrelle o2 |
(Aeag ecbion vt _antogond! et sanmatn |

SYTLVY-L EITY R, » SEEC) P ael_q,w,aa 410 W_ogi
SE” SAMP/& 2.5 Sl Sprnmolo an vmle Sed)

D e\ ok s, -\@wo/ 28 elecin, @ﬁ’d/%m pm\  NO22 gl
- BRGNS ey aw(w_; W/M

—

| |
f.'./;

| e

W%& —’%W A 4\-(5»5& \
&% G r Xy e M@K mj,r \
, 7 Q/.J 7 ~r-sX va- x.:-;(.\c*\\'s’( ~A

amp/,:_Z 7
Mmaﬁlq_ﬁmdg %M

el gy, , gighent

= et el 2T 2aeinaal
i : . 20y f\»&éﬂi)
v;\'"\&u?_égkaall VAT s vl
-'\‘ms,ﬂn‘_g]g\mb 39
3°00 T~ @ "o 839
‘T 1M asE sA m,qui
\\“, ﬂ@\
Seooy B3 g

f&aaéa‘sb%‘cub‘bb‘oboboobocogsgggg



)

3.12.2222 7 S‘{‘."\S-g!\-‘oz
b i 2leed s PARR
| PR.__cooting teofessomipless or 2.8/1.2/2.16

T NpeX \2@(.\\!%:» 2B ey <002

‘Juﬁfb(é\z. ﬁflé& P\ﬂf‘ GH:‘r'&n_l’%K‘ Vapor H”Ds— N S
Trd _‘LQ(\T‘: \."-?\'%4'» L NS ) ,‘11\‘"\‘:} S’?'VJO(OOM

[ Rdsistte_SAREGF sYm 7 foh EAA 420100 =207 ¢
[ Recipe satis : . b, cobnt s
| -Soffbeket- 29p o0 08"

a Jﬂﬂk&wue,)‘i:a,rin?;._, c,;:i'p;r; tw_aweid. f,gcgb.lem;o_.

¢ ¢ ¢ & & ¢

& —1

e e @
e

R e — e
_lnkecﬂ_ﬂd‘—smmplk& 1 V-\J'A e *’l\ [ S mi;r_\_m P‘e'_lf' . ‘l
_[g k'—b—"" Y- —"O—d‘“‘ﬁlmob_ wvisihle. 2.5 Y o2, T\2 2,

Lesgoen /‘{o’f""_"’ o{ i f/‘:‘-'&)/s\ rlipp fisth e i
—Tesist Freshs #hacy . vwhea you cone .
_stco\;ﬁ;e\—':ha I to ooy — of’—ar&-—’fer—/.rﬁ;—-\rj*———
NIRRT T G W NGl L /)'L__ngrm_r yr

e rm f&mﬂ”uﬁ—:f&?}m.\e.\ﬁ

138388

| L]
-

Deerigns . .. lihee & conbileners

Docc:s 235 ) Defeoe : ==
il T CmT ‘

° o

N
n.‘
0
QS
e
;@:
= S
Iy
» 900000

’L/Z—O 7 - “i
. o -
PpR C/I@) 7op°c &!



/ T e ————————i s s & mial R

)

- 72.72.-2321 < ot o €, KT o

- | ,/mLL'ni'na. /://1;250"-—-47%/‘

. —_ QM %& ? S ,C;.ﬂ\—inNO\ \

? —_ ’\mﬁ{ Nor*mmf\\s’\m <\x 3.,3\’\\»@ ~ 0

. MEC — filei o Hore k2. Al rechdste

. B - C?thk
o SPROY &y Iy 2

3 3. 72. 2027 -

‘é - - AN erinio

9 P2 Vveroverd] ses g\g/zlc 7--} Y

£ ) ' .S *\c\m.bl.

? ' Oy Plovs prsmredeyi ﬁ,zzc. B 5594':\*00'9 7

2 Sgw%ﬁcﬁtg_i&b_h\é © $3 b}«’;@ﬁm«_a%wm
)\/&f'bczgczé reraoeed %4@»’04 s

Pt W—éf‘ rinke /ufh%sa/ ﬁ%@g@tﬁ

V. /mﬁ . _-_«,M,_ﬂt* @QL(@,Q;‘ —
ool rawhlﬂ ?&M ~ha"lg&ﬁ _/q)%'

W (W ok ""v‘"";‘x

_aphﬂ—ms%wﬁm_&mﬁl&*'b € 5 o\f_‘éc.é
>’ P_Ikﬁm‘gn‘\l

» ,__DMMS_QM_M‘}S SamA/e Z, 3
e mswpemmf__-ffqow Z.»_-S#ucccha A ipn Mo ool

A EEEEEREEEREXKK

VIV OPDPODOGE

\

oL



\
.
»
g!
‘l
i
s
7
8,
e

'7.77 2 - 2.0 2 =2

i v A R ! ) % ‘ e/
St _&,--N(ﬁ,:‘:ig‘ | iy .f;wnN'n“"l.
/WOHHA’ho-‘ 2.8 1 ./ T O / .

Oy r,ar'f‘lpdg Ib ﬂ"%_@é—,ah 7%/‘
éﬁéll’)"‘l /4 YN\ Y
"'\,¢‘\

&

o~ \*&) ‘\3\\) "y ¢ e

QRS 735 & 700°c_

A w‘*&\* 5 it

\4

l

\

D —— e ——

e &

<

A
h

N

}

A
"
7
A%}
1

| v—

584

Leeaning mlte .
A reh:
{ ,_5' .,E, 5.\" ¢ sl \ o ~ e\ .\:“ Q

~— "’é. I; : o
3 S — v T
S N\ \ e, . \ : -
o A ALY PN WA LN
B . S ‘6{»}! yd esa SO e eow, \'

N ~ ) \ - ! ‘2 - -‘-(
~%3% 5. ALV, = 3 -{)z‘ = 4 i > aql
53 % \ T3 T \\\ -

A , \ - © g \{ \ ot Le(]
& .-S &\ Dyeve o2 PN e g a1 ) 21D ey W S \{ Yo :‘\}*\“ Sl
2 : n 2\
\n \A ’ v D> o X evl \1' o Y ‘
Qa8 S v s a0 ,"3"‘..4‘%‘“& — A AEI-AAIARGIIND
]
) ] 1] ] r 1 /‘




O PV ewUVLOOLUYUUVLOVLYVOOOLOVOVVVYVUVVVWVEYUY WY U

1S5 .72. 202 —=

I3 q T

S ar

SET S'&u.-/d/‘c 7

$/0 Scaipms” 4o . bor DAY owy themen ]

Q
oehy B st oq“\"agl SRIESS nelriss  rend

. () )
—_ (\)Qi \Q\" (\\;‘—\‘\‘ Q&t&q\ Sb ; ‘\“‘
- 7
\L«MQS__AE 2VY N esvavie S <
RaXwplesp.@lze . 16

mountesl=oS\ P carriee
A - " o
Tratvig, i ke O N “_Ju\-( s oral

Dl e Nl - s

/’—.,

‘H*‘\\G&&Leﬁhhzlm Si0~ layer 3y (¥

N et O o _eed

%\ L—‘gQ_O_H&LM\ Sy AR AN,
7_‘@51\\5 &— N, /J:_;Bﬁ&a.@él _\gﬁmf&‘(’

Letlarolos @ ~ordobe

\.)

\.\QA( Y e ~‘3(*3"°_\@Q\* c‘«.\s"’& twsx\\/‘g‘ c}kv(éa

AR T\ oy o ~SRIvE Y \SQ(%

I, w\m\owwﬁm T m}sécg o st-on\c“ 2]

b.Lnrrn\mp«m. - e, . XX \ v\:'

o\~ :)cn\'néxc Y

Ce\"\nf\"id-%“m meﬁzr EP&M

T VeEN \I\QQ». \{Qi*"“‘g. r\lb’_\h‘ c‘(\'x’r

2o 1nBR

;dxﬁéw@&éiﬁan ear/ “olradl

Note= *ﬂlﬁﬁéﬁ &f&hﬁqﬁj '}wdc:l@osfﬁg’d; fj')mugkl/\—_
AR eneV stl] has e Jypl&&\l-“_

S ¥rucii A RN




i
7a]
A

i
n
-

/

16.177. 2020

%
7
4

ey N-Q‘\ls)-

e rYorvtn e "Z;'LCZ ey Q]v/a.r'{f@“? 8.2

from carrler m_maﬁhahlo&c /W 100

P,P\ 20—z /" o (TS' ‘Sllt_.'sl*"lf‘e
oy \ "oy
(
3;'
Rerove , 7785 n ol PN §

i 1 M >t
LI A B an O £ 2 |

St Re VRSN £ 2

Zﬁqql;z’%&@mse sLaars

__Aé}_'g,_l—L‘me_{ —er<  Lepro o2

Lm% '7 e blaol 4—a /ooL

e Haes /',/AA& e e Mm,@‘” Lrct e

bfﬁm "— 20 S/‘f‘(hmd/( .

Whoes _‘f*a.[zl!,m\j " abr';L o 'J"dj,,s:d_-‘_\f;.

[N -
- JL/‘-’ s —2 el \

kza—/oﬁef /

U 1< P ! : MO/J%{T
I{VI 79// iaMl&a/ - 5 '

Shifhandt ogofwiileple) gﬁm

1 '(;7 l-/u\a L;__bc/#eaaé H#_m’/“

\ f'. .g' l(-‘ .: . c:o
R .1‘ .L. / 5;\30 C{S’{\ E

“m \' h\r‘r ‘ni- 2 v B ¥y

‘L__marn m:rx/ﬂLP

%7 s o bl _WQQWL .

cececccce

. @&

®0o6eo0o0

@a00o0eon



R R R E R E R E E E E E E E NN N N NI B AN AN

y @ @

SE M ‘S@lﬁ'\ﬂ-z 2.6 .5 o) (uwu'l 1'\‘#3;}3 N
2 by ST T @) oded )
2 OYE S ooasd
19.12. 20z - Siava T —— '_ﬁ
SE_68 seal B} oDome \
S ng{;r[c; Z.Q/g.ﬁ.ﬁ..’LO om‘/o

corMe~  \efers.

\Aou:eydm&h @m@l!sjﬂmcewwwk——_———

M o ST 7

BE of  2.8: e
+ =
=T0e MED Power [ ste -
EPRE x32(y ¢ 5#{/4:]@2%5 S IED
IBE 2.9 Mam R = Sl
S LIXVT.3X e &&‘/’c
a“‘%\ﬁls"&.\:’ -10° -C = 767 o
Ctpe £= .5/ ool
- 70° + = 257 7 Poner
T of coolrn béh e oned
at Yhe encf e
20.12. 2022 .
SE/"{ St o 2.9
[heo : Bpﬁ,rg n&x‘f SEF]  w-osch
$<7wm/f 1 7Lp/ @%rﬁ
(‘10{ Op Dljgbf‘lc




L

)
»
.8
A
-\
e

e @ & ¢

&
L

-l-\

ze%@m@@_m_ - leagcl ol

1z;ﬂm / e

min
~ A =~ 411
2 717 5 29 iR 10 e
".. h S ‘_\?_ '
LY l ]
f\) _ D &Y | \p_‘i\Arnd ‘C‘jﬂh} Y el
— -~ 11 . w L i ST Y ¥ o o ~4 .

T A A

2.7z.707
/ A -~ L3 [ > - ~o 7
( 3T = % € o\~ - Q;&{M&/
S \\& - " !
AW 7 28 =3 cad -
\_\.‘) \*,

Y A § il - 'Yy
o \ " =
o e e -G P ioey Te N
Noud . .

YOS s TP

PSE,,S . CY

AN

o e
Pl o . % - \' & B s a
'é._: %\ rg A0S ) ) J

ATy - . . A ¢
AR, A2 R Y < «q{é\'&\a ¢ gan) a\
' .‘. ! l \ . ! \ .
—M e, OF Bt e ol KA. 1o B SO Q
D ) v\ n

’
Selote o Vo'

S S






