
Authors’ reply to comments on“Rapid Repetition Rate Fluctuation Measurement of Soliton Crystals in a Microresonator” by Peng Xie, Xinyu Wang et al.)
The authors appreciate the reviewer’s valuable comments very much. The reviewer’s comments are considered seriously and our manuscript has been revised carefully in accordance with reviewer’s comments where possible.
Our replies to the comments are demonstrated as follows:
(The blue content is the comments, the black content is the reply and the red content is the revised parts in the manuscript.)
Editorial comments:
General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Our Reply: Thanks for the editor’s valuable comments. We have checked and re-written some parts of the manuscript. Please refer to the revised manuscript. 
1. Please ensure that the manuscript is formatted according to JoVE guidelines–letter (8.5” x 11”) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin, single spacing within paragraphs, and spaces between all paragraphs and protocol steps/substeps.

2. For in-text formatting, corresponding reference numbers should appear as numbered superscripts (without braces) after the appropriate statement(s).
Our Reply: We have revised the format of the manuscript, which has match to the JoVE guidelines.

Summary:
1. Please include a separate Summary section (before the abstract) that clearly describes the protocol and its applications in complete sentences between 10 and 50 words, e.g., “Here, we present a protocol to …
Our Reply: We have added a separate summary section before the abstract.

“Summary：Here, we present a protocol to realize soliton crystals generation in a butterfly packaged micro-ring resonator using thermal tuned method. Further, the repetition rate fluctuations of soliton crystals with a single vacancy are measured using a delayed self-heterodyne method.”
Protocol:
1. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. If revisions cause the highlighted portion to be more than 2.75 pages, please highlight 2.75 pages or less of the Protocol (including headers and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
2. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.
Our Reply: Thanks for the editor’s valuable advice. We have revised the section of Protocol and add more details. Please refer to protocol part of the revised manuscript.
Specific Protocol steps:
1. 1.1: What abrasive powders are used here? There is no information in the Table of Materials.
1, 2: Please provide more detail about gluing (e.g., exact positioning of the components). 
Our Reply: We have added the detail information of abrasive powders and glue in the Table of Materials.  The abrasive powders is from Shenyang Kejing Auto-Instrument Co., LTD. It is silicon carbide and its granularity is 1.5 μm. 
The glue of 3410 (Optocast 3410) is an ultra violet light Cured Adhesive which is a common glue for opto-electronic assembly. It is solidified rapidly when exposed to U.V. light in spectrum rang of 320-380 nm. It is highly purified with a maximum ionic content of 10 ppm total Na+, K+ and Cl-. Optocast 3410 features ULTRA low shrinkage upon cure and is ideal for fixturing and aligning optical devices with less than 1-micron movement throughout its service life. 

Figures:
1. Please remove the embedded figures from the manuscript. Please upload each Figure individually to your Editorial Manager account as a .png, .tiff, or .pdf file (6 files in total).
2. Please cite Figure 6 outside of the Figure legends.
3. Figure 4, 6: Please use ‘200 MHz’ (include a space).
Our Reply: We will follow the comments, remove the embedded figures from manuscript and upload each Figure individually. We have cited Figure 6 outside of the Figure legends and have revised the 200MHz to 200 MHz, while there is a space between 200 and MHz. As is shown in following picture:
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Figure 6. Theorical PSD of the photocurrent when the optical coherent length is larger than the relative delay time. Red line shows the case of without central frequency fluctuation. Blue line presents the PSD with linear central frequency fluctuation.

Discussion:
As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3–6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
Our Reply: Thanks for the editor’s valuable advice, we have re-written the section of discussion. Please refer to the revised manuscript.
References:
1. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al.
2. Please do not abbreviate journal titles.
Our Reply:  We have revised the References according to the comments. As is shown in following:

[1] Herr T. et al. Temporal solitons in optical microresonators. Nature Photonics 8, 145–152 (2014).

[2] Li J., Lee H., Chen T., and Vahala K.J. Low-pump-power, low-phase-noise, and microwave to millimeter-wave repetition rate operation in microcombs. Physical Review Letters 109, 1–5 (2012).
[3] Trocha P. et al. Ultrafast optical ranging using microresonator soliton frequency combs. Science 359, 887-891 (2018).

…….
Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.
Our Reply:  We have added a Table of Materials.
Comments of the reviewer 1:
The manuscript is a description of the protocol for generating solitons in WGMs. The topic is highly interesting and it deserves publication but not in the present form.

Major Concerns:

It's very difficult to understand what the authors are proposing. There are a lot of sentences that are very dark and difficult to follow, the reading is not fluid. The introduction is too short. The protocol is far from being clear, for instance the fabrication of micro-ring resonator is never mentioned, I do not know which kind of glue is "the glue of 3410". The TEC is outside or inside the butterfly mount? Could you please show a picture of the inside of the package. The optical coupling and the device packaging are very difficult to understand. The manuscript should be revised carefully and be rewritten in a better way.
Our Reply: Thanks for the reviewer’s valuable comments. The manuscript has been re-written. Please refer to the revised manuscript. 

The fabrication of micro-ring resonator is out of the theme of this manuscript. Please refer to the references which have described the details of fabrication. 

The glue of 3410 (Optocast 3410) is an ultra violet light Cured Adhesive which is a common glue for opto-electronic assembly. It is solidified rapidly when exposed to U.V. light in spectrum rang of 320-380 nm. It is highly purified with a maximum ionic content of 10 ppm total Na+, K+ and Cl-. Optocast 3410 features ULTRA low shrinkage upon cure and is ideal for fixturing and aligning optical devices with less than 1-micron movement throughout its service life. 
The TEC chip is inside the butterfly mount. A picture of package is shown in Fig .1.

We added the details of the optical coupling and the device packaging. We appriciate the reviewer’s valuable suggestion again. The whole manuscript has been rewritten. Please refer to the revised manuscipt.
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Figure 1. (a)The model and (b) image of the butterfly packaged MRR.
Minor Concerns:
Some conclusions could be helpful to summarize your results.
Reply: We has added a summary section in the revised manuscript. Please refer to the revised manuscript. 
Comments of the reviewer 2:
This manuscript by Xie et. al., present the protocol for the measurement of repetition rate fluctuation of soliton crystal generated in a microresonator, using a delayed self-heterodyne method. The authors presented a method for packaging microresonator within a butterfly enclosure, which will be of great help for the practical application of Kerr frequency combs. Also, the measurement of comb line fluctuations seem effective. Thus I recommend publication of this manuscript.
Major Concerns:
MAJOR: 
#1 As a method paper, the manuscript should present a clearer description about how the measured PSD be converted to frequency fluctuation (linewidth) of each comb line (maybe an analytical formula should be given)
Our Reply: Thanks for the reviewer’s valuable comments. The linewidth of the pump laser is essential for the delayed self-heterodyne based repetition rate fluctuation measurement scheme. When an optical field [image: image4.png]E(t) = Eye'l@ot+0(2)]



 is measured by the delayed self-heterodyne scheme, the PSD of the photocurrent is expressed as:
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Where [image: image7.png]


 and [image: image9.png]


 are the relative delay time and the coherent time of the optical field respectively. [image: image11.png]


 is frequency shift of the AOM. When [image: image13.png]


 is larger than [image: image15.png]


, the PSD will be the overlap of a beating signal and a dirac function, as shown in Fig. 6 (red line). However, considering the frequency fluctuation of lasers, the optical field can be expressed as [image: image17.png]E(t) = E e'l(wotaw)e+0(c)]



, where [image: image19.png]Aw



 is the angular frequency fluctuation. For DSHI, it is equivalent that an additional frequency shift is added. Figure 6 (blue line) shows the calculated PSD curve when the optical frequency is linearly changed 10 kHz during the delay time.
#2 MAJOR: to demonstrate the efficacy for device packaging, the structures and images of MRR, TEC, fiber array, and tungsten plate inside the butterfly enclosure must be illustrated.
Our Reply: To demonstrate the relative location of these components, a picture of the packaged device is added as shown in Fig. 1, where a TEC chip, MRR, FA and tungsten plate is plate in the butterfly package. An outside TEC controller is used to control the operation temperature of the device. 

Minor Concerns:
#1: The detailed temperature change of the TEC to access the soliton crystal states should be given. Also, while changing the temperature of MRR using TEC, did the optical coupling also change? Maybe the on-chip pump power was smaller than 34 dBm?
Our Reply: Thanks for the viewer’s comments. We have add the detail in the section of SCs generation. As is following:
1. Set the output of the EDFA to 34 dBm, corresponding the on-chip power of 30.5 dBm (considering the coupling loss of the MRR and FA, insert loss of the FPC), which ensures that there is enough power coupled into the MRR for micro-comb generation. 

2. The thermistor is set to 2 kΩ, corresponding to operation temperature of 66 degrees. Then the operation temperature is slowly decreased by changing the set value of the thermistor. In our experiments, when the thermistor is set to 5.8 kΩ, corresponding to 38 degrees, one resonance of the MRR is passed through the pump and a triangular shape power trace is recorded.

Thanks very much!
Best regards,

Peng Xie, Xinyu Wang et al.
