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28th September 2013
Dear Dr Millar,

	Thank you for your e-mail of 15/09/13 attaching the three referee reports for our manuscript SUST-100138; "Superconductivity in two-dimensional NbSe2 Field Effect Transistors". We are grateful to the referees for their careful reading of our manuscript and appreciate the valuable comments they have made. We are pleased that referee 1 describes our paper as 'well written' and containing 'original results'. S/he does not detail any points that need to be addressed.  In what follows, we address the issues raised by referees 3 and 2, and list all changes we have made in the attached revised manuscript.

Referee 3 finds that the experimental results contain valuable information but “...discussion part in section 4 is verbose and some explanations in result part in section 3 are repeated in section 4.”
We agree with the referee that the discussion section frequently repeated material from the results section. This has now been extensively edited to remove this redundancy. 

Referee 2 has a number of important queries about our work and suggests alternative interpretations of some of our results.
1.      The authors use Cr/Au as electrodes. However Cr is actually antiferromagnetic and have spin density wave. How will this Cr affect the superconductivity of NbSe_2? Why is this Cr layer needed? Some other non-magnetic materials like Ti maybe better choice.
It is well established that making low resistance Ohmic contacts to atomically thin flakes can be very challenging and the choice of contact metal layer is crucial. The very thin Cr film also plays the role of an adhesion layer for the much thicker Au film which would not otherwise adhere to the NbSe2 surface. In practice various metal combinations were tried including also Pd/Au and Ti/Au, and Cr/Au was found to have by far the lowest contact resistances. In reality the Cr film is so thin (10nm) and will be so disordered it is highly unlikely to display any macroscopic magnetic ordering. Moreover this Cr layer is only covering a very small fraction of the active current carrying path in our devices. Hence it will not perturb our measurements.

2.      XRD or TEM should be performed to verify the crystallinity. TEM would be very helpfully to verify the structure of the thin NbSe_2 flakes.
The NbSe2 crystal used comes from a batch of very high quality single crystals grown at the University of Warwick to study the critical current peak effect near Tc in NbSe2 (c.f., Ghosh et al., Phys. Rev. Lett, 76, 4600 (1996)). These crystals were extensively studied by XRD after growth to verify that they had a well ordered 2H-NbSe2 crystal structure. We agree with the referee that TEM studies would be really valuable to verify the structure of the thin NbSe2 flakes, indeed we propose this as future work in the paper. However, this will require us to perform high resolution microscopy on flakes prepared on very thin Si2N4 TEM windows. Moreover, since it is entirely possible that mechanically exfoliated flakes on Si3N4 will have different layer stacking order to samples on SiO2, we will need to fabricate FET devices on TEM windows so that microscopy and transport measurements can be directly correlated on the same sample. This is very important work that will be performed in due course. However, it represents a major undertaking in its own right and falls well beyond the scope of the present paper.  

3.      On page 5 line 50, the authors state that “a reduced thermal conductivity in thin layers may make them more prone to oxidation.” However, I think thinner flakes of NbSe_2 just have high percentage of Nb atoms expose to the oxygen in the atmosphere.
We emphasise that we actually have no direct evidence for oxidation in our NbSe2 flakes prior to strong laser illumination. The Nb2O5 Raman lines only appear after long/intense laser irradiation. This is why the reduced thermal conductance of thin flakes is relevant to the problem - it leads to higher temperatures and more rapid photo-oxidation. We have now reworded this sentence to make this point more clearly.

4.      The Raman spectroscopy data show that the flakes are partially oxidized. This could explain that single layer of NbSe_2 is not superconducting. This could also explain the multiple transition temperature of the thicker flakes. The inner layer of NbSe_2 is less oxidized while the outer layer is more oxidized. This result in multiple superconducting phase of the thicker flake. The author should perform the experiment in inert gas environment or in vacuum to minimize the oxidization.
The scenario the referee proposes is not really consistent with the facts. Raman spectroscopy actually shows no evidence for oxidation in our as-prepared devices - the Nb2O5 Raman peaks only emerge after long/intense laser illumination. Nevertheless, if molecular layers with different Tcs did exist in our sample the low Tc layers would always be shorted out by the high Tc layers and we would only observe the single highest Tc. It is clear that lateral inhomogeneity must be responsible for the multiple resistive transitions we see. Moreover, we are pretty certain that partially oxidized NbSe2 monolayers don't even conduct, let alone superconduct. Finally we note that transport measurements are all made before Raman spectroscopy in an inert Helium gas environment. If there is any oxidation of our flakes it must have occurred during device fabrication. We agree that it would be an excellent idea to fabricate devices in an inert atmosphere, but there are very few labs worldwide where this would be possible. We have now added a sentence in the paper to clarify the current shunting behaviour.

5.      The authors’ field effect result can also be explained as different level of oxidation of NbSe_2 in different layers of the flake. T_c2 is lower than T_c1 which means T_c2 represents the outer layer which is more oxidized. At the same time, for the same V_g, T_c2 shifts 45mK while T_c1 shifts only 10mk. As we know the field effect is highly localized on the surface. As a result, the outer layer of the flake which has lower T_c2 shifts more under the electric field.
The referee is quite correct that the region whose Tc shifts most with applied gate voltage must be closest to the gate electrode where it experiences the largest electric field. Since we have used a back-gate in our measurements the electric field will be largest on the under side of the flake at the SiO2/NbSe2 interface. This implies that the layers with the lowest Tc are at the bottom of the flake and furthest from the top surface which comes into direct contact with air. Hence it is exactly the opposite of what one would expect if Tc reduction were a consequence of oxidation which must surely be most pronounced at the top surface of the flake. We have now reworded the relevant sentence in the paper to clarify this point.

	We very much hope that our revised version of the manuscript will now be acceptable for publication in Superconductor Science & Technology. We look forward to hearing from you again soon.

             Yours sincerely




		
		Mohammed El Bana

List of changes made in revised manuscript.

1) The discussion section has now been extensively edited to remove repetition of material described in the results section.
2) We have reworded a sentence on page 5 to make it clear that we have no direct evidence for oxidation of the as-fabricated NbSe2 flakes prior to intense/extended laser illumination.
	"These clearly show the appearance of a new peak near 302 cm-1 at high powers (and long times) that is not present in any of our as-fabricated devices under weak illumination; we note that this peak is also evident in figure 2 of Staley et al.[5], who also comment that laser-induced damage was found for thin flakes."
3) We have reworded a sentence on page 5 to clarify the importance of the thickness-dependent thermal conductance of flakes in the photo-oxidation process.
	"Surprisingly, the oxide peaks do not develop in thicker flakes under intense illumination, suggesting that a reduced thermal conductance in thin layers may result in higher temperatures and much more rapid photo-oxidation."
4) We have added a new sentence on page 17 to explain why current-shunting in samples with vertical ML inhomogeneity would prevent us from observing multiple resistive superconducting transitions.
	"The observed multiple resistive transitions must arise from lateral material inhomogeneities; if there were only vertical inhomogeneities down through the ML stack the low Tc regions would be shorted by the highest Tc region and only one high temperature transition would be observed."
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