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Dear Dr. Steindel:

On behalf of my co-authors and myself, we are grateful to you and the Reviewers for constructive comments to clarify important details that need to be presented in more depth to help readers reproduce the presented laser. As detailed below, we have made a number of changes to improve the manuscript. The new revisions are summarized below (in blue font) and highlighted in the revised article file with tracked changes.

Editorial comments:
General:
(1) Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

A thorough proofread has been performed with corrections of spelling and grammar.

(2) Please ensure that the manuscript is formatted according to JoVE guidelines...

The manuscript has been reformatted following instructions form the Editor.

(3) JoVE cannot publish manuscripts containing commercial language…

Commercial language has been removed from the manuscript and all commercial products are listed in the Table of Materials and Reagents.

Protocol:
(1) …Please highlight 2.75 pages or less of the Protocol…that identifies the essential steps of the protocol for the video...

The Protocol total length is ~8 pages. Yellow highlight in the revised manuscript indicates the steps to be filmed/visualized (~2.75 pages). We anticipate that these particular steps (fiber splicing and achieving a mode-lock) will be most impactful to the community. In fact, we would have greatly appreciated such a resource ourselves when we first began this project!

(2) For each protocol step/substep, please ensure you answer the “how” question…

The revised manuscript now describes how to do each step/substep and additional notes on “tricky” aspects are now often included for several key substeps.

Figures and Tables:
(1) Please remove the embedded figures from the manuscript.

The embedded figures have been removed from the manuscript.

(2) Please remove the embedded table from the manuscript. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file.

The embedded table has been removed from the manuscript.

(3) 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.

Here is a link to the editorial policy that allows re-print of the figures from our open access Scientific Reports article (Davoudzadeh N, Ducourthial G, Spring BQ. Custom fabrication and mode-locked operation of a femtosecond fiber laser for multiphoton microscopy. Sci Rep 9: 4233, 2019):
https://www.nature.com/srep/about/open-access

(4) Figure 4A: Please define the scale bars in the legend.

The length of the scale bars is now defined in the legend.

Table of Materials:
(1) Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.

All materials and equipment used is listed explicitly in the revised Table of Materials.

Reviewer #1:
(1) There is no information about the splicing program parameters. This setup involves splicing of dissimilar fibers, and double-clad fibers to single-clad fibers. The authors should mention about the parameters of the used program in the Fujikura splicer.

We apologize for not providing more details and we intend to show these steps explicitly in the video portion of the article. Nevertheless, the Review raises an important point that more detail should appear in print as well. 

The revised Table 1 outlines the key parameters for all four fiber splices involved in fabrication of the fs fiber laser. 

In addition, as the Reviewer suggests, we provide explicit details in the revised step 2.1.1 regarding the splicer program used for splicing dissimilar fibers: 

Use the default setting of the program “BASIC I SP” with the exception of the fiber parameters (go to tabs 2-A and 2-B in the splicer program settings and enter the fiber diameter specifications).

(2) Double-cladding fibers should be recoated after splicing with low index polymer, there is no information about that in the protocol about using a recoater.

We thank the Reviewer for raising an important point of potential confusion. For the fiber splice point C, index matching gel should be applied to guide the pump signal out of the fiber (light escape to prevent burn damage points). Therefore, there is no need to recoat as now indicated in the revised step 3.4:

Apply index matching gel to splice <C>. The index matching gel is used to guide the pump light out of active fiber in order to reduce the generation of heat and thermal damage at the splice point. Note that there is no need to recoat the fiber. Rather it is preferable to leave the fiber bare and coated in index matching gel to minimize the risk of thermal damage.

(3) I couldn't find any information about the lengths of the fibers, which is critical for obtaining the performance. What is the length of each section? At least the length of the Yb-doped fiber should be given.

We apologize for the omission and thank the Reviewer for catching this. The length of each fiber within the oscillator circuit is now indicated in the revised Figure 1. Note that the lengths of fibers connected to components auxiliary to the oscillator (pump laser, combiner, collimators etc.) are not critical and we use the original fiber lengths provided by the manufacturers for flexibility and convenience.

Also, the following additions were made to the revised Protocol: 

[bookmark: _Hlk14954653]2.3.1  Cut the active fiber <4> at approximately 3 m from splice point <B>. Longer active fiber can be used for a higher output power, but the repetition rate will be reduced due to the increase in the cavity length.

[bookmark: _Hlk14954933]2.4.2	Cut the input <5> of collimator <Col1> to approximately 40 cm. 
Note: The length of the passive fiber (<5>) should not be too long (> 40 cm), as the amplified pulse will broaden substantially in the time and the spectral domain due to increased self-phase modulation (SPM) and group velocity dispersion (GVD) following passage through the gain fiber (pulse amplification). These effects will increase the difficulty of pulse compression.

(4) What is the distance between collimators?

The space between collimators is ~35 cm as now state in the revised step 3.5:

3.5	Use optomechanical parts to mount and fix the two collimators <Col1> and <Col2> on the optical table. The collimators should face each other with a separation of approximately 35 cm to provide sufficient space for inserting the in-cavity free-space components.

(5) There is no information about the compressor - angle of incidence on the gratings, and separation between the gratings which gives the best compression ratio. Without this information the results are unreproducible.

The Reviewer raises an excellent point of difficulty in reproducing the pulse compression. In practice, the placement of the gratings is an optimization problem that requires careful alignment. The revised sections 5.6, 5.7, 5.12 and 6.5 detail an efficient approach to align and optimize the gratings for optimal laser throughput and pulse compression: 

[bookmark: _Hlk14962158]5.6	Mount the small mirror <M1> and the first compressor grating <G1> on the optical table. To achieve maximum efficiency of the compressor gratings, use the power meter to monitor the power of the first order maximum while adjusting the incident angle by rotating the grating. 
Note: A rotational stage can be used to precisely control the rotation. As the loss due to the incident angle offset is small, the rotational stage is not used here to reduce cost.

[bookmark: _Hlk14962179]5.7	Mount the translational stage on the table. Mount the second compressor grating <G2> on the translational stage. The distance between the gratings should be approximately 2 cm for optimal compression with fine adjustment using the translational stage. Ensure that the gratings are parallel.

5.12	Align the compressor

[bookmark: _Hlk14966799]5.12.1	Use an IR card to locate the beam, adjust the position of <M1> and the compression gratings so that the output beam traverses the pulse compression parts in the following sequence: <M1>, <G1>, <G2>, <M2>, <G2>, <G1>, <M1>. 

6.5	Follow the manufacturer instructions to align and operate the autocorrelator to measure the pulse duration. The second output from the extra-cavity beam splitter can be used here. Once the pulse duration can be measured, carefully adjust the translational stage on which <G2> is mounted to adjust the distance between the two gratings to tune the duration of the pulse. 

Note: To ease alignment, it is best practice to mount mirror <M1> and <M2> separately from the two gratings (and the translational stage to which they are mounted). Also note that picosecond pulses are observed as a broad pedestal along with a central fs pulse peak feature during partially mode-locked operation.17

(6) The mirror M2 is a flat mirror which is tilted - this is not the best idea, it is much more efficient to use a hollow roof retroreflector instead. With a tilted mirror, the reflected beam does not travel the same path as the incident beam.

We thank the Reviewer for the suggestion. The revised section 5.12.2 contains a note indicating that a retroreflective mirror may be used as a more elegant solution:

[bookmark: _Hlk14962525]5.12.2  Tilt <M2> up slightly to raise the reflected beam, making it pass above the pulse picker mirror <M1>.
Note: <M2> can be replaced by a retroreflector such that the pickoff mirror <M1> need not be angled. That is, the reflected beam will be parallel to the incident beam, but displaced, using a retroreflective mirror to simplify the setup.

(7) The list of materials does not include optomechanics (mounts for optics, collimators, gratings), I am not sure if they are included in the budget? A stable grating mount can be expensive, as well as kinematic mounts for mirrors/collimators, micrometer stages which aid the alignment of the collimators, etc. This is not mentioned in the text.

Good point and, yes, a complete optomechanics part list (with part numbers) is included in the List of Materials. The cost of these materials is also included in the budget.  

(8) There is no information about the birefringent filter, why is it for? Is it a bandpass filter? What is the angle of incidence?

Excellent query and the Reviewer is correct. The following was added to step 4.7 to clarify the role of the birefringent plate:

[bookmark: _Hlk14962776]4.7  Mount the birefringent filter <BF>, a half wave plate <HWP> and two quarter wave plates <QWP1> and <QWP2> to the corresponding positions shown in Fig. 1. The birefringent filter is sandwiched between two polarizers—one before (<PBS>) and one after (within the <ISO>)—to create a sinusoidal band-pass filter effect. There must be a small (3° to 5°) incident angle for the <BF> in order to control the wavelength range. Tune the alignment of the collimators once more until the output power reaches a maximum value.

(9) What is the output power of the laser?

The maximum output power we have tested is 1 W, as mentioned in the Introduction (line 77 of the revised submission). To clarify, a new step (6.6) has been added to address the output power adjustment and maximum level: 

6.6	Gradually increase the pump power (above 0.5 W) to find the maximum pump power (we have tested pump powers up to ~5 W).  Use the IR scope to observe the active fiber <4> constantly. If a bright spot appears, the pump power is too high within the cavity and it is likely to burn the active fiber at this pump level. 

Note: The maximum power of the system depends on the length of the active fiber and the alignment of the in-cavity free-space components. The protocols described here reach output powers up to 1 W without the appearance of bright spots or burns to the cavity, and this power is more than sufficient for most imaging applications. Higher output powers were not tested but may be possible, although, multipulsing is likely to result16-18.

(10) Is the mode-locking regime self-starting or does it require time-consuming alignment of the waveplates to initiate the mode-locking? It would be good to warn the reader and potential user that this kind of laser (mode-locked via nonlinear polarization rotation) is generally not self-stating and requires re-alignment.

This system is self-starting from oscillator fluctuations and once mode-locked the laser remains stable for several weeks. To clarify this, the following paragraph was added to the Discussion: 

[bookmark: _Hlk14964462]Once mode-locked, the system is quite stable in our experience and remains self-starting during a period of more than a week. In case of accidental perturbations of the system, or mechanical drift of the free space components over time, the system will lose mode-locking, but one can often easily recover the mode-locking laser by slightly adjusting the wave plates. To maintain stable output, temperature control of the active fiber is key. Therefore, we suggest operating the system in an air-conditioned room with minimal air flow near the system. The system is relatively robust to small vibrations. In fact, the effect of mechanical vibration cannot be observed in both temporal and spectral domain if system is put on a passive damped optical table. Touching the fiber components of the oscillator will perturb the mode-lock, but mode-locking is recovered simply by returning the fiber back to approximately its original position.

(11) It should be mention how sensitive the laser is to fiber movement, external disturbances like touching or bending of the fiber, vibrations, etc.

This is addressed in part in the response above. Generally, the system is robust in a normal lab environment if left undisturbed (but certainly not portable or mobile). To emphasize this important point as an area for future development, the following paragraph concludes the revised Discussion: 

Finally, the compact form factor of fs fiber lasers is attractive for developing mobile clinical systems; e.g., mobile cart-based systems. While smaller in size compared with a solid-state laser, the custom fiber laser design present here contains several free-space components, which require alignment. This significantly limits the mobility of the system. It is possible to replace all of these free-space components with fiber component analogs. Future work will include development of new all-fiber laser designs using PM fiber to develop systems that are robust to environmental changes.

(12) The Authors write in the abstract: "methods to verify true versus seemingly (partial or noise-like) mode-locked performance are presented". I don't know what does it mean "partial mode-locking"? I also didn't find in the manuscript the method how to distinguish noise-like pulse (NLP) mode locking from fundamental continuous mode-locking. The features of NLP are very characteristic so it is not so difficult to find the criteria, they should be clearly described in the text (e.g. the shape of NLP optical spectrum, the characteristic shape of NLP autocorrelation, etc.). The Authors should also answer the question how likely it is to obtain NLP in the presented laser.

Thank you for raising another important potential point of confusion. Partially mode-locking is another term for noise-like pulse (NLP) mode-locking and refers to partial, but not full, mode coherence. This key point will be the major subject of the video portion of this contribution, and our prior publication (Davoudzadeh et al. Sci Rep 9: 4233, 2019) details characteristic features of NLP vs. full mode-locking. The revised manuscript now describes several of characteristic working modes of an all-normal-dispersion laser (which will be fully illustrated in the video contribution) in notes added to steps 6.3 and 6.5:

[bookmark: _Hlk14964893]Note: There are several characteristic modes of the laser operation that can be distinguished by observing the OSA: 1. One or two narrow (~1 nm) peaks. These are amplified spontaneous emission (ASE). 2. A wide (~50 nm) noisy peak with broken lines appearing randomly. This is a partial mode-lock (PML) spectrum. In this noise-like pulse mode the intensity and duration of each pulse varies, which results in  poor image quality (unless one integrates the pulse fluctuations over longer pixel residence times).13 3. One ASE peak with a very noisy background consisting of many low-amplitude peaks. This is a non-mode-locked Q-switching mode. When in this mode, mode-locking can often be achieved by rotating <QWP1> over a small angle. 4. The “Batman” shaped mode-locking spectrum. The “ears” typically have different amplitudes with a flat spectrum between the sharp edge features. Reference 13 provides detailed measurements and illustrative results for each of these modes of operation.

Note: For partially mode locked operation, picosecond pulses are observed as a broad pedestal along with a central fs pulse peak feature.13

[bookmark: _GoBack]Reviewer #2:
(1) Line 75: "A limitation of ANDi is that the pulse physics is incompatible with PM fiber such that environmental stability requires significant engineering." Literature(s) should be cited here to support this statement.

We thank the Reviewer for highlighting an incomplete thought. This passage has been revised as follows with citations:

The pulse physics of ANDi fiber lasers elegantly utilizes nonlinear polarization evolution intrinsic to optical fiber as a key component of the saturable absorber.2,3,9-11 However, this means that the ANDi design is not easily implemented using PM fiber (although an all-PM fiber implementation of ANDi mode-locking has been reported, albeit with low power and ps pulse duration12) such that environmental stability requires significant engineering.

(2) Line 93: "1.1.2 Use lint-free tissue to clean the stripped fiber." Is ethanol needed here for cleaning the fiber?

Good point and we thank the Reviewer for catching this omission. The revised step 1.1.2 now reads: 

Use lint-free tissue with ethanol or isopropanol to clean the stripped fiber. A buzz sound when wiping the fiber indicates that the fiber is sufficiently clean.

(3) Line 123: "A good splice has a uniform cladding boundary and uniform brightness along the fiber such that no splice juncture is visible." To the reviewer's knowledge, the fiber splicers generally have a loss estimation after finishing each splicing. Could this loss estimation help quantitatively judge the quality of the splicing point? (e.g. the splicing is acceptable if the loss is <0.03 dB).

Yes, the Reviewer is correct that fiber splicers often include optics to inspect the splice and to estimate the power loss based on the measured geometry/shape and light refraction through the fiber using a source perpendicular to the fiber to view the splice joint. Of course, this is only an estimate but sufficient in most cases. To clarify this fundamental point, the following note has been added to the revised step 1.3.4, which introduces basic fiber splicing techniques: 

Note: Fiber splicers often include optics to inspect the splice and to estimate the power loss based on the measured geometry, shape and light refraction through the fiber using a source perpendicular to the fiber to view, image and analyze the splice joint. Of course, this is only an estimate but sufficient in most cases. For identical fibers the splicer will estimate this loss as ~0 dB (no detectable loss). In our experience, for the dissimilar fiber splices described below, the splicer estimates of the power losses range from 0.07 dB (splice points B and C, Fig. 1) to 0.3 dB (splice point D). These estimated losses most likely overestimate the loss due to mismatched geometry and refraction of the dissimilar fiber optics, which falsely appear as defect objects.

(4) Line 127: The authors mentioned that a fiber sleeve could be used to protect the splicing point. How about recoating the splicing point with a fiber recoater? Is this better or worse comparing with fiber sleeve?

This is a good query and is addressed in part above in the response to Reviewer #1’s point (2). (At splice point D, index matching gel must be applied to guide the pump signal out of the fiber). At other splicing points, sleeves and recoaters can help prevent mechanical damage and breaks at the splice joints. However, recoaters add significant cost and here a goal was to minimize cost. Nevertheless, this point is now clarified in the revised step 1.3.6:

Note: If the two fibers are very long or attached to other components, the sleeve should be put on one of the fibers before cleaving, and then it can be moved to the splicing point. The fiber sleeve acts like a heat shrink tube in electronic circuits. It can be used to protect the splicing point from bending or pulling force. It is worth noting that a fiber recoater may instead be applied to recoat the splice point for maximal protection of the splice point to mechanical damage, albeit at a significant additional expense to purchase this equipment if not available.

(5) Line 163: "A large (>80%) efficiency indicates good splices at point and ." What caused this 20% loss? Is it mainly caused by the absorption of gain fiber or the mismatch between different fibers?

Yes, exactly right. Also, since light coming out of the end of active fiber is not collimated, there might be a loss due to limited sensor area of the power meter. To clarify this, the following note was added to step 2.3.4: 

Note: It is normal to have some power loss due to the absorption of the active fiber and due to the inefficiency of the coupling method to the power meter as mentioned in steps 2.3.2 to 2.3.3.

(6) Line 179: "while the active fiber 4 should be either straight or coiled loosely with radius of curvature >20 cm." Will it significantly influence the pulse property (or say mode locking status) if the active fiber was tightly coiled or strongly bended?

Good question. The inner cladding of the active fiber can be considered to be a multimode fiber. Then, a large bending angle may cause the pump signal to escape the coating. The following sentence was added to the revised step 3.3 to clarify this important point:

[bookmark: _Hlk14965872]Caution: A strong bend in the active fiber may cause the pump signal to escape the inner cladding of the active fiber. This can lead to fatal burn points along the active fiber that will require installing a new active fiber.

(7) Line 185: "They should face each other and the distance between them is approximately 35 cm." Does this 35 cm spatial distance match the working distance of the collimators the best? How much coupling efficiency between the collimators could you achieve in such a distance?

No, the 35 cm is simply the minimum space of clearance required for the free-space components, and the coupling efficiency is not easy to measure precisely without coupling the collimator fiber to the power meter. Here, we simply maximize the power meter readings (as specified in step 4.5). The rationale for the 35 cm is now clarified in the revised step 3.5:

3.5 Use optomechanical parts to mount and fix the two collimators <Col1> and <Col2> on the optical table. The collimators should face each other with a separation of approximately 35 cm to provide sufficient space for inserting the in-cavity free-space components.

(8) Line 200: "Keep adjusting until the output power reaches a maximum value of about 150 mW." The wavelength setting of the power meter should be pointed out here. It would be nice (but not mandatory) if the authors could show some small tricks on how to quickly get a good alignment which 'is often time consuming'.

These are excellent points and the following revisions have been made to steps 4.4 and 4.5 to specify the wavelength setting and to aid readers in efficiently aligning the collimators: 

[bookmark: _Hlk14966543]4.4  Mount a polarizing beam splitter (PBS) 6 cm from <Col1>. Mount the sensor of a power meter so that the power of the reflected laser output beam can be measured continuously. The wavelength of the power meter should be set to 1060 nm. A typical starting power reading with 0.5 W pump power is ~50 mW before alignment.

4.5  Adjust the screws on the collimator mounts to increase the reading of the power meter. Continue fine adjustments until the output power reaches a maximum value of about 150 mW, which indicates an excellent alignment.
Note: This step requires careful and patient adjustment, which is often time consuming. It is most efficient to be systematic as follows. First rotate the two screws that adjust the angle in the same direction (x or y) on the two collimators, with one screw rotating very slowly in one direction while the other rotating fast to scan all reasonable angles. Keep tracking the maximum reading from the power meter. Once the maximum power is found, switch to the screws adjusting another direction and repeat the slow rotate and fast scan outlined above. Due to reflections from the lenses inside both collimators, it is possible to observe multiple local maxima while aligning the collimators. The actual maximum power is much greater (150 mW) compared with the local maxima (70 to 80 mW).

(9) Line 234: "…in the following sequence: , first grating, second grating, , second grating, first grating, ." It will be more concise if the authors could write the "first grating" and "second grating" into abbreviation, e.g. and .

Thank you for the suggestion. In the revised step 5.12, the two gratings are now indicated as <G1> and <G2>, and the sequence has been updated accordingly (with the labels also updated in Fig. 1):

5.12	Align the compressor

5.12.1  Use an IR card to locate the beam, adjust the position of <M1> and the compression gratings so that the output beam traverses the pulse compression parts in the following sequence: <M1>, <G1>, <G2>, <M2>, <G2>, <G1>, <M1>.

(10) Line 231: In section "5.12 Align the compressor", the description is over simplified. According to the reviewer's experience, aligning the compressor with high efficiency (e.g. 94%^4 for double pass transmission grating pair) and good output beam quality is not so easy, especially for new comers. More details about "how to optimize the incident angle?", "how to ensure the gratings are parallel?", "how much efficiency is acceptable?" and so on should be added.

We agree with the Reviewer’s concern and, in fact, Reviewer #1 also raised this concern. Please see the response to Reviewer #1’s point (5) above for detailed changes.

(11) Line 242: When trying to mode lock the laser, is there any phenomenon that indicates your waveplate combination is close to or far away from the mode locking point? For example, sometime there will be many glitches on the optical spectrum, but sometimes only a CW peak.

This key question will be more fully addressed in the video component of this submission. Please also refer to Reviewer #1’s point (12) for details regarding changes to the manuscript text. Essentially once one becomes familiar with the characteristic modes, it is indeed possible to recognize when the waveplate combination is close to the mode-lock and fine adjustments can be made. As will be illustrated in the video, Q-switching first appears during a larger sweep of the waveplates, and once found it is possible to achieve mode-locking by fine adjustments.

(12) Line 259: What does the RF peak look like when mode locking? Should it be very narrow in linewidth and very stable in SNR? Or something else?

The following note was added to the revised step 6.4.3 to clarify this point: 

6.4.3	Gently adjust the wave plates and birefringent filter to maximize the signal to noise ratio, which is the height of the primary peak relative to the background.

[bookmark: _Hlk14967990]Note: The mode-locking RF spectrum should be a single peak with no side lobes. For the best imaging quality, the SNR should reach at least 70 dB. One should also pay attention to the spectrum on the OSA, keeping track of the “Batman” spectral shape, to ensure the laser remains mode-locked.

(13) Line 283: "The power drift is less than ±3.5% over 24 hours without active cooling, which is suitable for many imaging experiments." Some examples of imaging experiments should be given (cited) here.

The imaging results shown in Figure 3 are good examples. After all, the proof of a properly functioning laser with sufficient peak pulse power is acquisition of high quality nonlinear images. The laser system is capable of generating two photon excited autofluorescence (Fig. 3c), second harmonic generation and two photon excited fluorescence using exogenous dyes (Fig. 3d). The last paragraph of the revised Representative Results provides further details:

Once mode-locking is verified, it is also important to test the imaging performance during practical MPE and nonlinear microscopy experiments using simple test target and biological samples. For example, the custom fiber laser output may be directed into a commercial laser scanning microscope for two-photon excitation (2PE) fluorescence imaging (Fig 3a). Note that the extracavity isolator, although lossy, is necessary to prevent back reflections from the microscope optics from entering the laser oscillator. These back reflections often interrupt mode-locking and fluorescence signal generation during imaging. Here, we applied a commercial confocal laser scanning microscopospe and used a de-scanned detector with a pinhole set to the maximum size setting in order to increase the collected fluorescence signal. One simple test sample for microscopy is a solution of fluorescent dye. A suggested first microscopy experiment is to measure the fluorescent dye signal during adjustments of the pulse power using a set of neutral density filters. This facilitates verifying that the fluorescence signal is quadratically dependent on the laser power delivered to the sample plane (Fig 3b), which is the expected response for 2PE. Next, images of biological specimens may be collected utilizing, for instantce, nonlinear 2PE tissue autofluorescence (Fig 3c, an unstained, fixed brine shrimp sample) as well as second harmonic generation (SHG) from collagen fibrils and 2PE of extrinsic fluorescent staines (Fig 3d, a freshly excised chicken tissue specimen stained with rhodamine B). As an additional verification of 2PE, we also collected 2PE hyperspectral images of multicolor fluorescent microsphere test targets compared with hyperspectral images taken by linear excitation with commercial diode lasers (Fig 4). The single-photon excitation and 2PE fluorescence spectra were analyzed and compared for two of the microsphere colors (corresponding to two fluorescent dyes excited separately by commercial, continuous wave 514 nm and 594 nm lasers). The fluorescence spectra excited by the custom-built laser are identical to the spectra taken with the commercial continuous wave lasers (single-photon excitation). Collectively, these results indicate that the custom fs fiber laser generates pulses with sufficient peak power and uniformity to generate 2PE fluorescence and SHG.

(14) Line 284: How much is the threshold power for self-starting?

The threshold depends on the length of the fiber and cavity. For our laser, the threshold is between 0.3 W and 0.4 W. We typically use 0.5 W for alignment and mode-locking as mentioned in step 4.1:

4.1	Turn on the pump laser. Set the power to 0.5 W (above the threshold for mode-locking yet a safe power for aligning system components).

(15) In general, single mode pump diodes are usually used for oscillator, while multimode pump diodes + double cladding fibers for amplifiers. In this manuscript, however, the authors use a multimode diode to pump the oscillator, and the working power is only 0.5 W which could be easily offered by a single mode pump diode. Why do the authors use a multi-mode pump laser for oscillator? Is there something special?

The Reviewer may have missed the point that 0.5 W is chosen only for alignment and testing purposes. As the maximum output of the system is greater than 1W, a pump with >5W power is needed. To help clarify, the new section 6.6 describes a procedure for achieving the maximum output power of the system as mentioned above in response to Reviewer #1’s point (9):

6.6	Gradually increase the pump power (above 0.5 W) to find the maximum pump power (we have tested pump powers up to ~5 W).  Use the IR scope to observe the active fiber <4> constantly. If a bright spot appears, the pump power is too high within the cavity and it is likely to burn the active fiber at this pump level. 

Note: The maximum power of the system depends on the length of the active fiber and the alignment of the in-cavity free-space components. The protocols described here reach output powers up to 1 W without the appearance of bright spots or burns to the cavity, and this power is more than sufficient for most imaging applications. Higher output powers were not tested but may be possible, although, multipulsing is likely to result16-18.

(16) Line 299: "The fluorescence spectra excited by the custom-built laser are identical to the images taken with the commercial continuous wave laser." How much is the commercial CW laser? One feature of the custom-built ANDi laser is "Low cost", is it cheaper than the commercial CW laser? In addition, it seems the way to decrease cost in this manuscript is to use commercially available components. Is there any other way to further decrease the cost?

Here, the point is not how much the custom fs fiber laser cost compares to commercial CW lasers. The point is that the fs fiber laser costs less than typical commercial solid-state fs lasers. The commercial CW laser is relatively inexpensive but cannot be applied for nonlinear imaging. Here it is included simply to validate that the custom fs fiber laser is performing as expected to generate nonlinear (two-photon excited) fluorescence signal.

(17) In the manuscript there is only one paragraph discussing the imaging performance of the laser. However, the figures of imaging results have larger amount and take more space than the laser's own characteristics. Therefore, I think the article structure is a little bit unbalanced. One possible way is that the authors could expand a little more discussion about their advantages on imaging experiments.

We have added additional details to describe the performance of the imaging experiments in the Representative Results section as mentioned in response to Reviewer #2’s point (13).


Sincerely, 
[image: ../../../Spring's%20files/Signature-2017.pdf]
Bryan Q. Spring
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