


Dear editor,
At first we like to thank you for critically reviewing our manuscript which helped to further improve its quality. All suggested comments were carefully addressed and implemented as discussed in a point-by-point answer below.
The editorial comments as well as the comments of the two referees are inserted as black text and our point-by-point answer is written in blue for easier differentiation. Additionally, phrases which explicitly address distinct comments are marked bold and text passages directly reprinted from the manuscript are formatted italic. If literature is mentioned that is not referenced in the manuscript, the respective DOI is added.

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
A careful proofreading has been performed and some minor changes were done in the manuscript.

2. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
Permission for reuse of figure Figure 1 was granted and an appropriate citation as well as information about the copyright is given in the figure caption. Additionally, the information about the granted permission is uploaded into the Editorial Manager account.

3. Please sort the items in alphabetical order according to the name of material/equipment.
As suggested, the material list has been sorted in alphabetical order.

4. Please add a one-line space between each of your protocol steps.
We have followed your suggestion and reformatted the protocol section accordingly by inserting a one-line space between each protocol step.

5. Step 3.1: How to prepare the specimen? Please add more details.
We have created a stock solution by following standard chemistry procedures to create a solution with a defined precursor concentration. The respective amount of water and crystals are added in the protocol step 3.1 in the following way:
3.1.	Prepare the specimen for incorporation in the GSMLC. To do so, prepare a 1 mM stock solution by solving 196.915 mg HAuCl4 · 3 H2O crystals in 0.5 l deionized water. To do so, prepare a 1 mM stock solution by solving 196.915 mg of HAuCl4 · 3 H2O crystals in 0.5 l deionized water.

6. 4.2: How to apply the plasma?
The details for the plasma treatment were added to the protocol:
4.2	Apply an ambient O2/N2 (20% / 80%) plasma for 5 min to enhance the wettability of the membrane.

7. 4.4: Please split this step into more sub-steps so that each step contains only 2-3 actions.

We have followed your suggestion and split the paragraph accordingly into two steps with two (4.4) and one (4.5) actions as follows:
4.4	Place the TEM grid onto the micro-patterned Si3N4 layer with the graphene facing the template. Press the graphene-coated TEM grid onto the template. Be careful not to destroy the bottom Si3N4 membrane.

4.5	Remove excess solution with a tissue to accelerate the cell drying and thus mitigate concentration changes (Figure 4(a)). After approx. 2 – 3 min, the graphene-Si3N4 van-der-Waals interaction sufficiently seals the liquid cell (Figure 4(b)). Alternatively, the cell can be left to dry out completely without removing the excess solution. The latter offers a higher success rate in the cell processing. However, evaporation-based concentration changes in the specimen solution are expected to be more severe when using this approach. 


Reviewers' comments:

Reviewer #1:

Manuscript Summary:
The authors present the method for a hybrid graphene-silicon nitride liquid cell for electron microscopy imaging. Liquid cell electron microscopy is a popular field, so this interesting technique could potentially be used by other groups. They have demonstrated this technique using the growth of gold nanoparticles and shown how the resulting videos can be analyzed. The authors make some bold claims about how their technique relates to others in the field and adding data to back up those claims would be useful. Otherwise, a smattering of minor improvements, including details in the protocol, would improve the manuscript to a publishable level.

Major Concerns:

1. The authors state one of the main advantages of this method is the reduction in window bulging (Abstract, Discussion) and "reproducibly shaped cells with tailored liquid thickness" (line 86-87 in Introduction). Do the authors have any measurements that show the reproducible liquid thickness and lack of bulging?
Thank you for your question. As a similar question was also asked by the second reviewer, we included a SEM image (Figure 7 in the manuscript) showing that we have a wrinkled graphene membrane, but no bulging-related layer thickness increase. Close to the well edge, the liquid thickness equals the well height. In SiLCs, a similar approach is performed to bypass the severe membrane bulging caused by large membranes, whereas in GLCs no liquid thickness control can be performed. Albeit we cannot ensure a homogeneous layer thickness over the whole cell, our approach allows similar thickness tailoring as in SiLCs. Furthermore, by choosing a microwell design we reduce the maximum membrane bulging because the membrane area itself is reduced significantly, which has been demonstrated by Dukes et al. (2014) for microwell-based SiLCs. We understand your concern and therefore adjusted our discussion section:
Moreover, large viewing areas can be realized without severe window bulging due to the small membrane areas of the individual specimen chambers. Thereby, bulging-related thickness increase can be ruled out to a large extent as shown by Dukes et al..

2. The authors claim that this technique "outperforms both, Si technology-based, and graphene liquid cell setups, by combining their most striking aspects" (line 280-281) While the authors show that it combines aspects of both techniques, there is not much data showing that their technique is superior to the existing techniques. For example, the authors say their technique is "utilizing the shielding effects of graphene layers" (line 87-88) Can they show that having only one side of graphene maintains these advantages? If a particle is on the silicon nitride window, does it still feel the effect of the graphene? 

Thank you again for your highly valuated remark on this issue. We hope that the following explanation might dispel your concerns:
Shielding effects by the graphene are twofold: First, its conductivity might reduce membrane charging. As the electron beam passes the graphene membrane first, where the charging effects are believed to be more severe due to the lack of beam scattering, we believe that this shielding effect will also be present in GSMLCs. However, due to the insulating silicon nitride membrane, there still might be a charging effect in the cell. Second, Cho et al. (2017) showed that graphene scavenges radicals. Due to the small liquid thickness of maximal 190 nm in the present case, this effect should reduce radical concentrations in the whole cell. Still, we are aware of the fact that in the study presented here, we utilize these species to provoke etching (as has been done in GLCs, as well). For clarity, we adjusted the respective paragraph to the following format:

Their Si technology-based frame allows for mass production of reproducibly shaped cells with tailored liquid thickness and extra-thin membranes from a single wafer. The graphene membrane covering these cells also mitigates electron beam-induced perturbations since the electron beam passes through the top graphene membrane first.
Potentially a better way to phrase line 280-281 would be "The GSMLC architecture demonstrated here combines aspects of Silicon Nitride and graphene liquid cells that could potentially lead to unique advantages."

Thank you for your suggestion for a reformulation. We agree with your concern and decided to include your wording in the respective paragraph.

3. In JoVE articles, it is helpful for authors to explain the failure modes to the readers- what are the most common ways for "messing up" and how can the reader avoid those mistakes. The authors mention that dedicated training is required, but a more specific exploration of common mistakes would be very useful.
Thank you very much for your insight into this issue. We would like to illuminate the answer to your remark in the following:
The most prominent way to “mess up” the preparation of a GSMLC lies within the graphene transfer and the subsequent TEM grid removal. Based on your comment, we adjusted the wording by adding notes to protocol steps 2.4 and 2.6 as follows:

2.4	[…] NOTE: Take care that the graphene site of the graphene-PMMA stack stays on top during the whole procedure. Otherwise, the subsequent PMMA-removal will lift-off the graphene layer.

2.6	[…] NOTE: Use a flat vessel (e.g. a petri dish) to simplify the specimen transfer afterwards.

Furthermore, we elucidated the TEM grid lift-off in protocol 4.6:

4.6	Carefully remove the TEM grid with a tweezer by pushing a tweezer tip between the grid and the GSMLC frame.
NOTE: Rash movements might break the underlying membrane. To reduce shear force damage, start from the grid site parallel to the smaller window edge.

Additionally, the importance of that step is emphasized in the discussion section:

Here, the most sensitive preparation step is the TEM-grid removal after the graphene transfer, because rash movements or jittering is likely to break the Si3N4 layer. The redundant membrane windows, however, enhance the chances of preserving at least one membrane area.

Minor Concerns:

4. Silicon Nitride should probably appear in the title. For example, "Hybrid Graphene-Silicon Nitride Microwell Liquid Cell for In Situ Transmission Electron Microscopy"
Thank you for your title suggestion. We agree that mentioning Silicon Nitride in the title might be a feasible option. However, in order to be consistent with our previous work published on this cell architecture, we decided to keep the name of the cell. Also, the phrase ‘microwell’ is used by other groups for Silicon Nitride-based systems (for example Dukes 2014, Noh 2018 (DOI: 10.1017/S1431927618001988). By adapting to it and including it in the name of our architecture we still hope to follow the spirit of your concern.
Nevertheless, if you or the editor strongly disagrees with this argumentation, we would of course change it.

5. Are these liquid cells full of liquid, or are they thin layers of liquid on the top and bottom windows? Both methods are common in the literature. Evidence confirming which regime this technique operates in would be helpful.
A representative HAADF SEM image of a loaded GSMLC in STEM mode at low acceleration voltage (29 kV) is now displayed as Figure 7. It is clearly visible that the membrane shading stays mostly constant over the well region, but darkens towards the well center. This accounts for negative bulging and is illustrated in the Figure below, where intensity cross sections of the wells visible in Figure 7 are displayed (see Figure A).
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Figure A: Intensity cross section of the wells displayed in Figure 7 of the manuscript.

This phenomenon is discussed with respect to analyses performed by Kelly et al.. They demonstrated that the negative bulging and (partial) well drying visible in Figure 7 is directly depending on the well diameter. Reducing the latter is therefore a feasible approach to homogenize the liquid thickness even further.
The liquid thickness is expected to be below 190 nm. The shown SEM micrograph supports this assumption. However, we observe gas bubble formation at the end of the provided supplementary video. Without liquid, this would be impossible. Also, dynamic processes such as the apparent gold ion transport to the supersaturated area of the dendrite growth are observed. This contradicts with a negligible liquid thickness. Based on these assumptions we expect a liquid thickness between 50 and 100 nm. However, as the utilized TEM does not support EELS or STEM-based liquid thickness measurements, we cannot provide a measurement for this dedicated experiment. We have adjusted the discussion section by incorporating Figure 7 and the following paragraph:
Thereby, bulging-related thickness increase can be ruled out to a large extent, as shown by Dukes et al.. This is demonstrated in Figure 7, where a representative high-angle annular dark field (HAADF) STEM image of al loaded GSMLC is displayed. This image was acquired using a FEI Helios NanoLab 660 SEM/FIB Dual-beam system. Since the image brightness acquired in this setup is directly related to the specimen thickness, it is clearly visible that the sealed microwells exhibit only small negative bulging. Kelly et al. have demonstrated that the negative bulging and partial well drying visible in Figure 7 depends on the well diameter. Reducing the well diameter is therefore a feasible approach to homogenize the liquid thickness even further.

6. In line 265, the authors say that α is based on 73 "sufficiently monitored" dissolving particles. What does "sufficiently monitored" mean?
All 73 particles are cross-validated using the complementary detection methods of Analyze Particles and TrackMate of FIJI to rule out false positives. Furthermore, only particles where the radius decline can be explained using an allometric model with an adjusted coefficient of determination of at least 75% are regarded. We adjusted the manuscript to clarify this issue:

Figure 5 (c) shows the distribution of α based on 73 dissolving particles from the present study. Only particles where an allometric model explains the decline to at least 75% (adjusted coefficient of determination) are regarded.  

7. Dendrites form in a supersaturated solution. How can dendrites form while nearby particles also etch? Are they on opposite windows? Is the composition different on each window?
Thank you for your question. We included the following paragraph into the manuscript to clarify this issue for the reader:
Dendrite growth is caused by local supersaturation of Au-ions due to the aforementioned particle etching. In Figure 5(a), it is clearly visible that particles are still dissolving whilst the oversatured system relaxes into dendrite growth. This may be caused by local concentration variations in both, the Au-ions and the oxidative species that could result from a high viscosity of the liquid in the GSMLC which has been observed before. A detailed discussion of this phenomenon, however, is beyond the scope of this work.

An option would be to reference to the PhD thesis of the author, where a detailed discussion of the phenomenon is shown.
	
8. How is the dendrite tip radius and velocity measured? Is it measured with the same software as described in the manuscript? Outlines on the figures could be helpful.
The outlines were extracted and analyzed using FIJI. In order to help the reader to follow our analysis, the dendrite outline development is now included into Figure 6 in the manuscript. Furthermore, an adittional step was added to the protocol:
5.3.5.   Use FIJI to extract the precise contours of more complex structures such as dendrites. Here, Analyze Particles can be applied, as well (see inset of Figure 6 (a)).
NOTE: It might be feasible to analyze features of interest manually.

9. Plotting mean tip velocity vs. mean tip radius on a log-log plot may make it easier to compare with classical models
We adjusted Figure 6d by plotting the tip radius against the tip velocity in a logarithmic scale in accordance to your suggestion.

10. The authors discuss how fabricating the Silicon Nitride layer allows smaller membranes enabling HRTEM. Citing Haimei Zheng's and others work using homemade silicon nitride liquid cells to achieve atomic resolution would be good.
We thank the reviewer for this advice and adjusted the wording in the manuscript, so that it becomes clear that HRTEM is also possible with SiLCs and has been shown by the group of Haimei Zheng and others.

11. Additionally, they suggest they can do HRTEM of gold nanocrystals in their liquid cell. Including an example image would be nice.
Unfortunately, in the experiment demonstrated here, we did not yield atomic resolution. Adding images from a different experiment might confuse the reader as this information would not be included in the supplementary video. To prove our statement, we adjusted the manuscript and referenced previously published work of our group, which is available under an open access license. If wished by the editor, we can also provide a supplementary figure from a comparable experiment showing HRTEM.

12. Does this method work for solvents beyond water similar to silicon nitride and graphene liquid cells?
Thank you for this intriguing question. Until today, we have only performed experiments based on aqueous solutions. However, as the sealing is based on van der Waals interactions, the respective surface energy of the specimen and its Hamaker constant are determining whether an encapsulation is possible. As we have performed high quality work with solutions containing CTAB (Hutzler et al. 2018), which is amphiphilic and thus creates complementary interface conditions to pure water, we have broad hint that our approach is applicable to a vast range of specimen solutions, similar to SiLCs and GLCs.

13. The authors state that their yield of GSMLCs is above 75%, but in the example they show only one of the 3 wells successfully contains liquid. Is this just a poor example, or is the greater than 75% yield estimate a little too optimistic?
We understand the concern about the stated value. As JoVE requires a positive and a negative working example, we tried to kill two birds with one stone by showing an intermediate result which can be used to explain both scenarios on one image. Also, it is crucial to distinguish between the cell itself (TEM grid-sized frame including window areas with microwells), window areas (three macroscopic rectangles containing a microwell pattern) and the circular microwells themself. To clarify this architecture, we added a schematic of the cell architecture as Figure 1. Consequently, by using the term ‘yield’ we do not address the amount of intact window areas, but the ratio of cells that can be utilized after performing the loading procedure described here. By showing this particular working example with only one remaining window area, we hope to underline the advantage of introducing several window areas, as this redundancy yields in a higher chance of maintaining at least one area during the preparation. We have adjusted the manuscript accordingly in the following way:
The redundant membrane windows, however, enhance the chances to preserve at least one membrane area. As a consequence, the yield (amount operable GSMLC chips) achieved by a trained experimenter is three out of four, and thus exceeds the one achieved with graphene-based cells (one to two out of four).
[bookmark: _GoBack]
14. The authors use of "exemplary" seems odd. I think they mean representative.
Thank you for this remark; we have replaced the phrase exemplary by representative, as suggested.

15. Protocol details
* In Step 2.1, it would be helpful to state the number of monolayers of graphene. (I know it is in the materials section, but I think it is useful to include here, too.)
As suggested, the number of graphene layers (6-8) was additionally mentioned under step 2.1 in the protocol.

* In Step 2.6, how does the rinse occur? How much liquid? Is it dipped in or sprayed?
An additional statement concerning the rinsing was added in the manuscript:
Remove the PMMA protection layer in an acetone bath for 30 min and consecutively add further cleaning steps by immersing in ethanol and DI water without drying the sample in between.
NOTE: Use a flat vessel (e.g. a petri dish) to simplify the specimen transfer afterwards.

* In Step 2.7, how long should the sample dry for?
The drying time (30 min) was additionally mentioned in the manuscript.

* In Step 3.1, the units of 1 mM/l seem odd.
Thank you for this hint. The unit was changed to 1 mM.

* In Step 4.2, how long is the O2/N2 plasma and at what conditions?
Time and plasma conditions were added to the manuscript:
Apply an ambient O2/N2 (20% / 80%) plasma for 5 min to enhance the wettability of the membrane.

* In Step 4.3, what volume of liquid is deposited onto the template?
The liquid volume (0.1 µl) which is deposited onto the template was additionally mentioned in the manuscript:
3.2	Take the desired amount of specimen from the stock solution. Here, 0.1 µl is applied. This can be done by using a syringe or an Eppendorf pipette.

* Does the liquid dry out at all while the pocket is being made? The authors state that they can "achieve a precise analyte concentration in the cell" (Line 151-152) Do they have any evidence that the liquid is the same concentration?
Unfortunately, we do not have such evidence. To adjust to your valuable remark, we mitigated the mentioned phrase as stated below:
Remove excess solution with a tissue to fasten the cell drying and thus mitigate concentration changes (Figure 4(a)). After approx. 2 – 3 min, the graphene-Si3N4 van-der-Waals interaction sufficiently seals the liquid cell (Figure 4(b)). Alternatively, the cell can be left to dry out completely without removing the excess solution. The latter offers a higher success rate in the cell processing. However, evaporation-based concentration changes in the specimen solution are expected to be more severe when using this approach.
The removal of excess solution minimizes the concentration change caused by evaporation because less liquid has to evaporate before the cell is sealed. The problem addressed here, however, might also adjust to standard liquid cells, as a precise concentration measurement of specimen solution development in LCs is usually not provided. The reason for this could be that no static cell will be 100% sealed and dries out eventually during microscopy.

* Arrows in Figure 3 would be helpful
We agree and have adjusted Figure 4 (note that figure order has changed) accordingly.

* In Step 5, how does the program find and size the particles? It seems to fit all the particles to circles. Is that a valid assumption? Zooming in and showing the outline compared to the particle would be helpful to know how well it fits the particles
The algorithm tracks the particles using TrackMate. Indeed, TrackMate is searching for circular spots that might not properly reflect the particle size. The underlying algorithm is explained in great detail in the corresponding publication (Tinevez et al., 2017). This is why the shape is analyzed in more detail by FIJI’s Analyze Particles function, where the whole particle area is precisely measured by integrating over the pixels that correspond to a particle. The results of TrackMate and Analyze Particles are then combined using a script that compares the barycenter of the found spots with both methods. Only if the particle is cross-referenced by both methods, it will be regarded further.

To quantitatively analyze the size development of the particles, the analysis follows the classic nucleation theory developed by Wagner in 1961. There it is lege artis to define an equivalent radius that corresponds to a sphere containing the volume the particle would have. Classic nucleation theory is widely used in liquid cell microscopy (see for example Woehl et al. 2012 DOI: 10.1111/jmi.12508, Ngo et al 2015, Hutzler et al. 2018, Li et al 2018 DOI: 10.1007/s12274-018-2052-6) The circles drawn in the respective Figure correspond to this equivalent radius. They are not used to fit the particles and are shown for illustration only. We do not want to state that the particles are spherical in every case but use the equivalent radius to compare the size dynamics observed here between both, the particles detected here and experiments conducted by different groups. Therefore, we honestly thank the reviewer for stressing this point, and have reformulated the respective paragraph:
In order to yield sufficient statistics, computational single particle tracking is required. By estimating the growth exponent α of the equivalent radius variation of individual particles over time, information of the underlying reaction kinetics can be obtained. To do so, it is possible to introduce an equivalent radius based on the projected particle area, even if not all particles are completely spherical 

* What does "posterized images" mean? (Line 182)
The term means “binary”. As this was not clear enough the term posterized was changed into binary in the manuscript:
NOTE: This function requires binary images.



Reviewer #2:

Manuscript Summary:
The protocol describes a method to make a graphene liquid cell based on a well etched in silicon nitride covered with a graphene sheet. Some exemplary results are included. This area of research is currently highly active and innovations in graphene liquid cells are needed. The topic of the paper thus certainly deserves publication. The scientific novelty is the accomplishment of this specific type of graphene liquid cell.

Major Concerns:

1. I recommend including a schematic of the graphene liquid cell so that it becomes clear to the reader what type of graphene liquid cell is present here.
In addition to the detailed fabrication that was already visualized, we decided to reprint a three dimensional GSMLC schematic from Hutzler et al (2018). This is now included as Figure 1.

2. I recommend including a SEM image of a loaded and sealed well (or a few wells) to see if the graphene forms a flat coating with the well fully filled with liquid or if the graphene wrinkles inside the well. This is crucial information for the reader.
A representative HAADF SEM image of al loaded GSMLC in STEM mode at low acceleration voltage (29 kV) is displayed as Figure 7. It is clearly visible that the membrane shading stays mostly constant over the well region, but darkens towards the well center, which is illustrated in the Figure below, where intensity cross sections of the wells visible in Figure 7 are displayed (see Figure A).
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Figure A: Intensity cross section of the wells displayed in Figure 7 of the manuscript.
This accounts for negative bulging. This phenomenon is discussed with respect to analyses performed by Kelly et al.. They demonstrated that the negative bulging and (partial) well drying visible in Figure 7 is directly depending on the well diameter. Reducing the latter is therefore a feasible approach to homogenize the liquid thickness even further.

3. A measurement or an estimate of the liquid thickness needs to be provided. Fig. 4 looks as if most liquid has disappeared. But nevertheless, thin liquid layer has remained such that dynamics of nanoparticles, and dendrite growth can be observed. It is essential information for the reader to know exactly what kind of liquid configuration is obtained here.
Yes, the liquid thickness is expected to be below 190 nm. The shown SEM image  (Figure 7 in the manuscript) supports this assumption. However, we observe gas bubble formation at the end of the provided supplementary video. Without liquid, this would be impossible. Also, dynamic processes such as the apparent gold ion transport to the supersaturated area of the dendrite growth are observed. This contradicts with a negligible liquid thickness. Based on these assumptions we expect a liquid thickness between 50 and 100 nm. However, as the utilized TEM does not support EELS or STEM-based liquid thickness measurements, we cannot provide a measurement for this dedicated experiment.

4. How is yield defined? I assume 75% refers to how many times one has to make a sample in order to obtain a workable device. But, how many well contain liquid in such a workable device?
Here, yield is defined as the amount of successfully prepared GSMLC-frames, where sufficiently sealed wells for TEM investigations are present. We added an explanatory comment to that statement in the manuscript:

The redundant membrane windows, however, enhance the chances of preserving at least one membrane area. As a consequence, the yield (amount of operable GSMLC chips) achieved by a trained experimenter three out of four, and thus exceeds the one achieved with graphene-based cells (25% – 50%).

5. The authors should describe in detail what is meant by: "Also, the liquid loading is not trivial. It requires a dedicated training, similar to graphene cells." Is all detail included in the Jove protocol or if further training required?
Paragraph 4.5 of the protocol was adjusted to emphasize its importance:

4.5	Carefully remove the TEM grid with a tweezer by pushing a tweezer tip between the grid and the GSMLC frame.

NOTE: Rash movements might break the underlying membrane. To reduce shear force damage, start from the grid site parallel to the smaller window edge.

Still, without hands-on training the operation of a GSMLC will not be possible for reproducible measurement series.
Minor Concerns:
1.Would it be possible to transfer the graphene without using a TEM grid?
In general, it might be possible to bypass the grid removal by transferring the graphene directly from the specimen solution. However, in this case, the supporting holey carbon membrane would be adjacent which is expected to enhance the negative bulging discussed in the paper.

2. The authors should discuss their liquid cell in relation to the system published by Kelly et al. What are advantages and disadvantages compared to that system?
Sealing prepatterned microwells with graphene on both, the bottom and top well site have been demonstrated before by both, Rasool et al (2016) on Si3N4 wells and later Kelly et al. (2018) on h-BN-spacers. Applying two graphene membranes might enhance the achievable resolution; however a two-fold graphene transfer would complicate the preparation process further as this has proven to be the most sensitive preparation step. Furthermore, the above discussed membrane bulging is expected to be even more critical in case of two graphene membranes, because graphene is much more flexible than a Si3N4 layer. In those architectures, the microwells were constructed using sequential focused ion beam (FIB) milling. Albeit this approach has proven to yield high-quality results in dedicated experiments, FIB milling leads to a cumbersome and expensive cell production. Utilizing single-shot patterning techniques that are already lege artis in today’s semiconductor industry such as nanoimprint- or photolithography, however, has the major advantage of fast, cheap and scalable mass production.

Accordingly, the following paragraph was added to the discussion section of the manuscript:

Sealing prepatterned microwells with graphene on both the bottom and top well site has been demonstrated before. Applying two graphene membranes may enhance the achievable resolution. A twofold graphene transfer, however, would complicate the preparation process further; especially since this has proven to be the most sensitive preparation step (see below). Furthermore, the above discussed membrane bulging is expected to be even more critical in case of two graphene membranes, because graphene is much more flexible than a Si3N4 layer. In those architectures, the microwells were constructed using sequential focused ion beam (FIB) milling. While this approach has proven to yield high-quality results, FIB milling is complicated and expensive cell production technique. Utilizing massively parralel single-shot patterning techniques that are already standard in today’s semiconductor industry such as nanoimprint- or photolithography, however, has the major advantage of being fast, cheap and scalable for mass production.
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