Dear Editor,

We addressed all the comments that Reviewer B has made. We have improved Figure 1 (now Figure 2). We also added new Figures 1 and 6 that illustrate the experimental setup and facets with a weak curvature, respectively. Some suggestions of Reviewer B overlap with our own prior plans for further work. 
Please stay well and safe.
Sincerely,
Authors

Reviewer B:

How you estimate the impact of this paper?: 
Average

Is this a new and original theoretical contribution?: 
Мoderately

Do authors present new experimental data not yet published in the
literature?
Yes

Is this paper readable?: 
Moderately

Does this paper require addition of any kind?: 
Yes

If Yes, which part of the paper must be more precisely defined?: 
Results and discussion

Does this paper require omission of any kind?: 
No

If Yes, which part of the paper might be omitted?: 

Are the figures and tables in accordance with the content of the
manuscript?: 
Yes

Are the references appropriate and free of important omissions?: 
No

ADDITIONAL COMMENTS
Please, be as specific as possible if major correction by the author(s) is
recommended!: 
The authors present an interesting etching technique for the formation of
silicon microchannels with integrated obstacles through simulations and
experiments. Although the research seems promising, some parts of the
manuscript are incomplete and unclear. Relevant comparisons with current
research in the area are not provided and the utility of fabricated
structures for microfluidic applications is not explained nor demonstrated.
The presentation of the results in the manuscript should also be improved.
The manuscript can be considered for publication after a major revision
based on the comments.
Our reply: We thank the Reviewer B for pointing out that our work presented a promising technique for formation of silicon microchannels with integrated obstacles. We improved manuscript as recommended by Reviewer. Relevant current research in the area are added and possible applications are explained. Our motivation was to explore possibilities of cost-effective process of silicon wet etching in TMAH water solution for fabrication of microfluidic platforms in our laboratory. The aim of this paper is to present our novel technique for controllable arrangement of 3D silicon obstacles, and to provide the information necessary for design of microfluidic platforms. Fabrication of microfluidic platform and its performance is beyond of the scope of this paper as it requires demanding scientific work on the optimal arrangement of presented obstacles for predetermined application.

COMMENTS

1) In section 1. INTRODUCTION clearly emphasize how the research presented
in the manuscript advances your previous research described in the cited
papers [26-28] and what are the new contributions. Provide some comparison
with a couple of most relevant recent contributions of other authors
regarding similar attempts.
Our reply: In our previous publication, we considered etching of convex corners with sides in the masking layer along predetermined crystallographic directions <n10> (1<n<8) and <100>. As we pointed out, we obtained sustainable types of 3D silicon shapes during etching which are the prismoids with parallelograms as the bases. In this paper, we provided detailed instructions supported with formulae for design of optimized matrices with obstacles. Also, in this paper we presented a novel technique to reduce distances between obstacles which allows more freedom in design. We added (lines 73-76):

“In [28] we presented some possible matrices of obstacles obtained from silicon-on-insulator (SOI) wafers, but no formulae necessary for design of controllable arrangement was provided. In this paper we presented novel patterns in the masking layer that reduce distances between obstacles.”

To the best of our knowledge there are no similar attempts to obtain controllable arrangement of silicon obstacles by anisotropic wet etching. Nevertheless, we added most relevant recent similar work using other technological processes (lines 80-88):

“Most of presented microfluidic platforms are fabricated using SU-8 resists moulds and polydimethylsiloxane (PDMS) and their application range from mixing a small amount of chemicals to separation of the medical related particles (white blood cells, red blood  cells, circulating tumour cells,…) [32-33,35,38,41]. Obtained obstacles have various 3D shapes and their matrices influence mixing and trajectory of particles in different way. Fabricated obstacles in PDMS microchannels have bases in the shape of circles, parallelograms and triangles [35,38]. In this paper, we investigated fabrication of rigid silicon obstacles with parallelograms as the bases integrated in microchannel. Also, we explored the ways to allow more flexible design that uses wet anisotropic etching.”


2) In section 1. INTRODUCTION you also mention the possible use of
fabricated integrated obstacles in microfluidic platforms. State what are
the desired properties of integrated obstacles in microfluidic applications
and how your technique can address the current issues (what is the expected
utility of the approach).

Our reply: This paper explores the possibilities of cost-effective process of silicon wet etching in TMAH water solution for fabrication of microfluidic platforms in our laboratory. Desired properties of integrated obstacles depend on microfluidic applications. In our future work we will address desired properties and arrangement of presented obstacles in matrix formation for implementation of selected application. Fabrication of these microfluidic platforms requires a demanding scientific work (properties of chemicals, properties of medical related particles, simulation of fluid flow, trade-offs in design due to anisotropy of silicon etching in TMAH water solution, etc.) which is beyond the scope of this paper.


3) In section 2. EXPERIMENTAL SETUP specify the duration of each
experimental step. What is the number of replicates used in the measurements
of angles and distances after fabrication? How were the distances and angles
measured in the experiment (please describe)? An illustration of the
experimental setup for etching would be quite helpful.

Our reply: Duration of experimental setup is related to etch depths. Our design was based on simulations of our novel patterns performed before etching using predetermined crystallographic directions, etch rates and angles that were obtained in our previous work [26,28]. We did not replicate the design, as we obtained expected result with a minor deviation of 5% from calculated distances. Distances were measured using LW405 (equipment for photolithography which has option for distance measurement) and interference microscope Epival Interphako. An illustration of experimental setup is presented in new Figure1. We added (lines114-117):

“We etched wafers for 52 min, 85 min and 117 min which correspond to etch depths 24 μm, 39 μm and 54 μm, respectively. The obtained distances were measured using LW405 (MicroTech) and interference microscope Epival Interphako (Carl Zeiss).”


4) Images in Figure 1 should be enlarged and the fonts as well. The use of
color could help to follow the calculations and notation more easily as the
images are cluttered.
Our reply: We enlarged images and fonts in Figure 1 (now Figure 2), and used

color to allow better understanding of etching evolution.

5) The authors state the following in the manuscript (lines 170-172):
’’These FWC can affect fluid flow in fabricated microchannel in
different way than the controlled obstacles' shapes. The value of dC should
be a result of trade-off between the smallest distance between obstacles and
the size of facets with a weak curvature.’’ Can you explain this in more
detail? What changes in fluid flow do you expect and are they beneficial or
not? How does this influence the choice of dC?
Our reply: According to our experimental experience, the appearance of facets with a weak curvature (FWC) is inevitable and cannot be compensated in any way.  They are present at every connection of the sidewalls with the bottom surface and leave a ridge structure. Ridge structures’ facets cannot be determined because of the smooth transition from the bottom to the sidewalls. If the value of dc is smaller, the distance between obstacles will be larger but ridge’s sidewalls will be lower because already appeared FWC will diminish (but not completely) as the etching continues. Appearance of the smooth FWC will influence the cross-sectional shapes of the obtained obstacles at the bottom of the microchannel. FWC influence on fluid flow will be part of our research in future. We added a new Figure 6 where we enlarged microphoto from Figure 4a) to present better the appearance of FWC. Also, we added in Results and discussion (lines185-189):
“The etch depth dC determines the facets with a weak curvature at the {100} bottom of a silicon microchannel, as shown in Figure 6. The larger etch depth value dC implies the larger size of FWC at the cross-sectional shapes of the obtained obstacles at the bottom of the microchannel. The FWC and controlled obstacles can affect fluid flow in fabricated microchannel in different ways because they have different sizes and 3D shapes.”

6) Please provide a more detailed software citation (reference [43]).
Our reply: We changed reference: [44] Open source, multi-platform data analysis

and visualization application software. http://www.paraview.org/

7) Microphotographs are not sufficient to evaluate the quality of etched
patterns. As in the previous articles of the authors, SEM images would be
more helpful (or at least analysis with a profilometer).
Our reply: High-quality images of etched patterns is already presented in [28]. Namely, there are no differences in silicon prismoids obtained in [28] and in this manuscript. For this reason, we
did not present SEM images. Unfortunately, because of the Covid-19 situation

in our country we are not able to provide any further images at the moment.

8) Please provide basic statistical analysis for the measurements shown in
Table 2.
Our reply: Our design was based on simulations of our novel patterns performed before etching using predetermined crystallographic directions, etch rates and angles that were obtained in our previous work [26,28]. We did not replicate the design, as we obtained expected result with a minor deviation of 5% from calculated distances. We changed one sentence in the text to make it clearer (line 212-213):
“In the presented example for developed etching technique, a predetermined etch depth dC is 40 µm in our simulations and experiments, while the total etch depth d100 is 54 µm.”


9) The discussion does not address the significance of the obtained results
properly. What are the advantages of the technique compared to the current
state-of-the-art? Authors should make relevant comparisons with similar
approaches existing in the literature to illustrate the improvements.
Our reply: In this paper, we demonstrate a more flexible design of obstacles for microfluidic channels using cost-effective process of wet anisotropic etching of silicon in TMAH water solution. 
To the best of our knowledge, there are no similar approaches using this process in the literature. 
As we stated in the paper, wet etched silicon wafers, together with anodic bonding to Pyrex glass, allow fabrication of more rigid microfluidic platforms than those obtained from PDMS. The anodic bonding of Pyrex glass and silicon wafers provides good sealing. In addition, there is no gas permeability as in the case of the most common platforms based on PDMS. We added the following sentence (lines 246-248):

 “The process of anodic bonding provides good sealing with no gas permeability which is not present in the case of the most common platforms based on PDMS [48].”

Please stay well and safe.


In my opinion, this manuscript should: 
be published after major revision and additional review
