[bookmark: _GoBack]Thank you for inviting us to submit a revised draft of our manuscript entitled, JoVE59007 to Journal of Visualized Experiments. We also appreciate the time and effort you and each of the reviewer have dedicated to providing insightful feedback on ways to strengthen our paper. Thus, it is with great pleasure that we resubmit our article for further consideration. Please find the revised manuscript and the revised or added texts were green colored. We have incorporated changes that reflect the detailed suggestions you have graciously provided. We also hope that our edits and the responses we provide below satisfactorily address all the issues and concerns you and the reviewers have noted.


*Editorial comments:*
1. Please employ professional copy-editing services as the language in the manuscript is not publication grade. There are many awkward phrases and missing articles throughout.

Thank you for pointing out.
We employed professional copy-editing services, and we proofread the sentences.


2. Please revise lines 211-212, 220-221, 229-232, 234-235, 241-248 to avoid previously published text.

The line was changed as the sentence was revised:(line 211-212 to 219-221, 220-221 to 237-238, 229-232 to 250-253, 234-235 to 255-256, 241-248 to 259-267).
We revised these texts to avoid previously published text.


3. Please revise the title to be more concise.
[bookmark: _Hlk534997366]We changed the title of this paper to Protocol of Carrier Lifetime Measurements in Semiconductors through the Microwave Photoconductivity Decay Method


4. Please expand your Introduction to include the following: The advantages over alternative techniques with applicable references to previous studies; Description of the context of the technique in the wider body of literature; Information that can help readers to determine if the method is appropriate for their application.
Thank you for advises. We expanded Introduction to include the advantages over alternative techniques with applicable references to previous studies with reference.
We added line 51-63 and references.

[bookmark: _Hlk535051478]
5. 1.1: Please describe how to prepare the n-type 4H-SiC epilayer. If it is purchased, please provide product information in the Table of Materials.

The n-type 4H-SiC epilayer is product of Ascatron AB. It is a custom made product. We added it to the material list. 


6. 2.1: What volumes of these solutions are needed?

[bookmark: _Hlk534997742]The sample was immersed solution in the quartz cell. Therefore, we need an aqueous solution in which the entire sample can be immersed. When using this quartz cell, at most 4 ml of solution is required.
We corrected line 102-104.


7. 2.2: This step is unclear. Is the sample or the quartz cell containing the sample dipped in the aqueous solution? What does the aqueous solution stand for, a mixture of 1 M H2SO4, 1 M HCl, 1 M Na2SO4 and 1 M NaOH, and HF? Please clarify.

[bookmark: _Hlk534998165]I apologize for the mistake of the paper I submitted last time. I incorrectly entered the size of the quartz cell. In fact, the size of quartz cell is Length 5 mm x Width 20 mm x Height 40 mm. These aqueous solutions (1 M H2SO4, 1 M HCl, 1 M Na2SO4,1 M NaOH, or HF at concentration of 1 wt %) are not mixed.  Choose one aqueous solution for measurement. Pour the solution into the quartz cell and dip the sample in the aqueous solution.We corrected line 95-96, 198-100 and 323.


[bookmark: _Hlk534423977]8. 3.2: What does BNC stand for? Please spell it out.

[bookmark: _Hlk534998725]BNC is an abbreviation for Bayonet Neill Concelman.
We corrected line 111.
*Reviewer #4:*
(1) Some results for de-turning of E-H tuner are helpful.

If tuning of E-H tuner failed, the μ-PCD decay curves is not observed but only noise signal is observed with an oscilloscope. We added Figure 2 (newly numbered) which shows the waveform of oscilloscope when tuning of E-H tuner is failed.
We added line 170-171 and 307-308.


(2) Some results under higher excitation density are helpful.

[bookmark: _Hlk535063525]Under higher excitation density, Auger and radiative recombination will not be negligible. In addition, μ-PCD decay curves becomes gradual because microwave reflectivity is not proportional to the excess carrier concentration and Eq. (3) lost validity13,25,26. As a result, τ1/e is overestimated under higher excitation density condition. Figure 8 shows μ-PCD decay curve of the chemical mechanical polishing (CMP) surface treatment n-type 4H-SiC with excitation on the Si-face by 266 nm under high excitation intensity.


(3) As the authors mentioned at L217, the distance between the sample and the aperture is important for reliable evaluation. The authors should explain how to adjust the distance for actual measurements.

[bookmark: _Hlk535002384][bookmark: _Hlk535002348][bookmark: _Hlk535002288]The distance between the sample and the aperture should be as close as possible, because it has a great effect on the signal-to-noise ratio of the signal. In actual measurement, the distances of them is as close as possible. In the measurement using a quartz cell, the distance of them is 0.5 mm the thickness of the glass of the quartz cell.
We added line231-235.


(4) Physical meaning of τ1/e is unclear because decay profiles are not single exponential.

[bookmark: _Hlk535002988][bookmark: _Hlk535064677]1/e lifetime τ1/e is the time excess carrier decay from a peak to 1/e. As you said, µ-PCD decay is not a single exponential and τ1/e is influenced by both bulk and surface recombination. However, in order to compare time constant with samples with different thickness or surface condition, an unified criteria is required. 
[bookmark: _Hlk535003014][bookmark: _Hlk535064783]In addition, because the initial part of the decay curve has good signal-to-noise ratio and simplicity of the data analysis, usage of τ1/e is convenient. 
[bookmark: _Hlk535003079]In fact, τ1/e is adopted in the SEMI standard: SEMI MF 15358 as a standard for carrier lifetime measurement of Si. We revised and added line 218-226.


(5) Physical meaning of the bulk lifetime (τB) is unclear. The authors should clarify actual reaction processes in semiconductor to determine τB.

[bookmark: _Hlk535066422]We defined bulk lifetime as carrier recombination lifetime due to Shockley-Read-Hall (SRH) recombination. We are sorry ambiguous definition in the previous manuscript. SRH recombination depends on point defects and dislocations in bulk of a semiconductor material. This is because that the point defects and dislocations form energy levels in the band gap of the semiconductor. The energy levels act as stepping stones for carrier transition between the valence and conduction bands.
We revised and added line 255 275-280.


*Reviewer #5:*
-The transient technique using microwave absorption to follow charge carrier dynamics in semi-conductor, mainly developed by J. Warman and M. Kunst, is usually named TRMC (Time Resolved Microwave Conductivity), see Ref. 5 in the text. Some authors are using also TPC (Transient Photo Conductivity). In this work, this technique is called μ-PCD. It is not a problem, but a reference to TRMC should be made, and the authors should clarify their choice.

Thank you for the suggestion. We added sentences at line 51-55.
[bookmark: _Hlk535003774]

-TRMC (μ-PCD) is very useful for semi-conductors like Si, but it has been employed a lot to characterize photoactive materials like TiO2. A reference to this application of the method should also been made.
[bookmark: _Hlk535003959]Schindler, K.-M., and Kunst, M. (1990) "Charge-Carrier Dynamics in TiO2 Powders," J. Phys. Chem., 94, pp. 8222-8226.
Savenije, T. J., de Haas, M. P., and Warman, J. M. (1999) "The Yield and Mobility of Charge Carriers in Smooth and Nanoporous TiO2 Films," Zeitschrift für Phys. Chemie, 212, pp. 201-206.
Colbeau-Justin, C., Kunst, M., and Huguenin, D. (2003) "Structural influence on charge-carrier lifetimes in TiO2 powders studied by microwave absorption," J. Mater. Sci., 38, pp. 2429-2437.

Thank you for pointing out. I will expand a description about TiO2. We added the sentences at line 384-386 and references.


[bookmark: _Hlk534905232]-The TRMC decay is not easily simulated by a simple physical model. Mainly because two or more distinct phenomena occur during the decay. The characterization of the decay with one parameter is not trivial. The choice and the use of τ1/e parameter should be clarified and simplified. A reference to other used parameters may be useful (half-time lives, I40/Imax, kD constant…).
[bookmark: _Hlk535004686]Kolen'ko, Y. V, Churagulov, B. R., Kunst, M., Mazerolles, L., and Colbeau-Justin, C. (2004) "Photocatalytic properties of titania powders prepared by hydrothermal method," Appl. Catal. B Environ., 54, pp. 51-58.
Carneiro, J. T., Savenije, T. J., Moulijn, J. A., and Mul, G. (2011) "The effect of Au on TiO2 catalyzed selective photocatalytic oxidation of cyclohexane," J. Photochem. Photobiol. A Chem., 217, pp. 326-332.
Luna, A. L., Novoseltceva, E., Louarn, E., Beaunier, P., Kowalska, E., Ohtani, B., Valenzuela, M. A., Remita, H., and Colbeau-Justin, C. (2016) "Synergetic effect of Ni and Au nanoparticles synthesized on titania particles for efficient photocatalytic hydrogen production," Appl. Catal. B Environ., 191, pp. 18-28.

I appreciate your suggestion. As you said, other parameters can be employed and recombination phenomena are not simple to be described by only τ1/e. But in the Si industry, this parameter is commonly used. We described reason for adoption of τ1/e at line 218 to 226.

