Response to Editorial and Reviewer Comments

RE: Submission “Flash Infrared Annealing Method for Perovskite Solar Cell Processing”

Dear Editor and Reviewers,

Thank you for taking the time to read our submission and for all your comments, they were very helpful and we have made changes to the manuscript accordingly. Attached please find a line-by-line response to your comments (in blue). We hope that we have adequately addressed all concerns raised. 

Yours sincerely,
Dr. Sandy Sanchez

Editorial Comments

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.

We have thoroughly proofread the manuscript and corrected any errors that we found.

• Protocol Language: Please ensure that all text in the protocol section is written in the imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) Any text that cannot be written in the imperative tense may be added as a “Note”, however, notes should be used sparingly and actions should be described in the imperative tense wherever possible.
1) Some examples NOT in the imperative: 1.1.1,1.1.4, 2.3.1 etc

This has been changed accordingly.

• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Some examples:
1) 1.2.1: Provide references for each.

We have included references for methods listed in 1.2.1 and added more specific details to the protocol steps. 

• Protocol Highlight: Please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps.
1) The highlighting must include all relevant details that are required to perform the step. For example, if step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be included in the highlighting.
2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
3) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
4) Notes cannot be filmed and should be excluded from highlighting.

We have highlighted all the steps and corresponding sub-headings that we would like to film. Unfortunately, since we wanted to include a more general procedure in the protocol (sections 1-2) to give the readers an idea of the whole process before giving the protocol for more specific procedures, the highlighted parts are not strictly in logical order. For the video, we would like Section 2.3 Material Characterisation to be placed after Sections 3.3 and 3.4 in order to form a more cohesive narrative. Sorry for the inconvenience, but we believe this to be the best way to demonstrate the method and hope that this can be accommodated. 

• Results: Remove the numbered list.

This has been removed.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.

We have added slightly more detail in the discussion and we believe that we have focused the discussion on the methods and the protocol: 
· Paragraph 1: General discussion, critical steps in the protocol
· Paragraph 2: Modifications and future applications
· Paragraph 3: Limitations of the method, troubleshooting
· Paragraph 4: Significance with respect to existing methods
· Paragraph 5: Future applications
If there are any specific areas that require more explanation or elucidation, please let us know.

• Figures: Please remove the embedded figures from the manuscript. Figure legends, however, should remain within the manuscript text, directly below the Representative Results text.

This has been removed.

• References: Please spell out journal names.

This has been corrected

• Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are Hellmanex, LabView.
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.

This has been corrected

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."

We have permission for all figures that have been previously published.

Peer Review Comments

Reviewer #1:
Manuscript Summary:
This work reported a rapid thermal annealing process, so-called flash infrared annealing (FIRA), achieving high quality perovskite films for solar cells. This is an interesting work. Finally, a PCE = 20.1%, FF = 75%, VOC = 1.1 V and JSC = 24.4 mA/cm2 were obtained. In addition, a PCE of large-area device with a 1.4 cm2 was achieved to 17%.

Major Concerns:
There are few scientific discussions in this article. The authors only present what happened in each figure, rather than explain why.

Minor Concerns:
Some expressions are illogical, like "This paper firstly discusses the protocol used for the optimisation of annealing parameters to synthesise a compact, defect-free and homogeneous perovskite (MAPbI3) film". In fact, it's impossible to fabricate a perovskite film without any defect.

Thank you for taking the time to read our submission and for your comments. Regarding your first point, we have decided to focus the discussion on the methodology, its advantages, disadvantages and potential, due to the nature of the journal being a process-focused one. We have included a simple explanation of the annealing process and the relationship between the annealing parameters and the resulting morphology in both the introduction (paragraphs 3-5) and the discussion (paragraph 1), and we have referenced many papers which give a more detailed scientific explanation of the underlying physical processes to supplement the readers’ understanding. Regarding the second point, we have changed the wording in the manuscript.


Reviewer #2:
Minor Concerns:
The manuscript is well written and contains sufficient details for readers to follow the methods. I am happy for it being accepted for publication.
There is only one minor comment, the expression of "This method requires large amounts of organic solvent" on page 2 is a bit misleading and not accurate. The amount of anti-solvent used, for instance in spin-coating process is normally still in micro-litres (e.g., ~100uL for a 2x2cm substrate).

Thank you for taking the time to read our submission and for your comments. This is a good point, we have now changed the wording to “moderate amounts” and have indicated the ballpark amount used as suggested. 


Reviewer #3:
The paper entitled Flash Infrared Annealing Method for Perovskite Solar Cell Processing submitted to the Journal of Visualized experiments demonstrate an important step in the transition of perovskite solar cells to a more scalable process and represents significant reduction in manufacturing time using radiative methods. The paper is well written and presented and illustrates the authors own methodology for achieving rapid heating using light based methods. As outlined in the conclusion it serves to illustrate the commercial opportunity for NIR processing, I particularly enjoyed figure 3 (optical images) and figure 5 (temperature profile) as examples of visually stimulating methods for demonstrating the potential.

The paper was an enjoyable read and should be published however it should be improved in a few ways in order to aid the reader, primarily to enhance the experimental richness of the process through more visual additions and through more prominent recognition of the history of light (and in particular NI radiation) in the fabrication of solar cells, where FIRA is used as a synonym for multipulse NIR radiation combined with substrate cooling.

The following recommendations should be considered by the authors prior to submission:

1. Given the complex nature of process and need for enhanced visualisation appropriate to the journal I would ask for the following to be included
- A visual image (still) of the apparatus beyond that which can be seen in the video clip
- Information on the nature of the equipment (e.g homemade or lab fabricated)
- Information on the nature of the illumination preferably an output spectrum. The authors postulate that the outuput is IR/UV however if these are tungsten halogen lamps then the output is likely to peak at around 1000 and therefore should be considered as near-infra red. This is key when considering possible free carrier excitation of the FTO.
- The power output density of the lamps per area

Thank you for taking the time to read our submission and for all your comments, we are very happy to have such a detailed review which has furthered our insight on the topic, and we would like to especially acknowledge your help in improving the quality of our submission. Regarding the above points:
· A visual image of the apparatus has now been included in Figure 1
· The equipment is homemade, we have now indicated this in the protocol (under section 1. Operation of the FIRA oven, p.3)
· We have added a few lines on the nature of the illumination (peak emission at 1073 nm) and the power output density of the lamps (3000 kW/m2) under section 1. Operation of the FIRA oven, p.3/4. We would like to clarify that the UV lamps mentioned in the discussion are a separate set of lamps that can be added to the apparatus and used instead of the NIR lamps. 

2. The authors claim that it is a "low-temperature process". This is not the case, IR heating is used extensively for high temperature applications, in this experiment the temperature is high but the exposure duration is very low.

This is correct, it is instead a rapid thermal annealing process with rapid cooling. We have corrected this in the manuscript. 

3. The authors claim that TiO2 can be sintered using the FIRA process in many minutes, however there is extensive evidence demonstrating that TiO2 can be sintered in a few seconds using this process, originally for dye-sensitized solar cells

(a) Watson, T.; Mabbett, I.; Wang, H.; Peter, L.; Worsley, D. Ultrafast near Infrared Sintering of TiO2 Layers on Metal Substrates for Dye-Sensitized Solar Cells. Prog. Photovoltaics Res. Appl. 2011, 19 (4), 482-486.

(b) Hooper, K.; Carnie, M.; Charbonneau, C.; Watson, T. Near Infrared Radiation as a Rapid Heating Technique for TiO2 Films on Glass Mounted Dye-Sensitized Solar Cells. Int. J. Photoenergy 2014, 2014, 953623.

(c) Carnie, M. J.; Charbonneau, C.; Barnes, P. R. F.; Davies, M. L.; Mabbett, I.; Watson, T. M.; O'Regan, B. C.; Worsley, D. A. Ultra-Fast Sintered TiO2 Films in Dye-Sensitized Solar Cells: Phase Variation, Electron Transport and Recombination. J. Mater. Chem. A 2013, 1 (6), 2225.

And more recently for perovskite solar cells

(d) Baker, J.; Hooper, K.; Meroni, S.; Pockett, A.; McGettrick, J.; Wei, Z.; Escalante, R.; Oskam, G.; Carnie, M.; Watson, T. High Throughput Fabrication of Mesoporous Carbon Perovskite Solar Cells. J. Mater. Chem. A 2017, 5 (35), 18643-18650.

Indeed, we have now included the above point and references in the manuscript. 

4. Where FIRA is used on flexible substrates it should be noted that the absorption of the film will change as the material transitions from non-absorbing (wet NIR transparent perovskite precursor material) to dry (NIR absorbing black) and it this additional absorption when black that is likely to be reason for the damage to the substrate, beyond the chamber itself becoming hot. This is detailed in a similar way for the NIR processing of PEDOT:PSS

(e) Bryant, D.; Mabbett, I.; Greenwood, P.; Watson, T.; Wijdekop, M.; Worsley, D. Ultrafast Near-Infrared Curing of PEDOT:PSS. Org. Electron. physics, Mater. Appl. 2014, 15 (6).

Thank you for pointing this out. We agree that there is an additional contribution from the solid-black perovskite absorption, and we have added this comment to the manuscript as well as the suggested references for clarification. 
[bookmark: _GoBack]
5. What is the location of the thermocouple? If the thermocouple is directly exposed to the light output then this will independently heat-up skewing the overall chamber results. How confident are the authors that the temperature logging system?

This is a key point. In fact, we have two k-type thermocouples, one exposed to IR radiation (in the centre of the chamber) and the second below the bottom of the annealing chamber. In addition, we have an infrared sensor that directly measures the surface of the sample, with a germanium window to block the excess of IR radiation. Then, with the three sensors we can establish a temperature gradient for the heat transfer, knowing the temperature in different positions of the chamber (on the Z axis with respect to the horizontal bottom). However, for our database systematically, we use temperature values measured by the thermocouple directly exposed to IR as a reference for all our processes, which does not match with the temperature measured in the standard hotplate annealing process e.g the perovskite phase transition temperature. We have added a clarification for this in a NOTE under Section 1.1 (p.4).

