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Corrections &amendments

Author Correction: BallisticMajorana nanowire devices
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published online 15 January 2018.

https://doi.org/10.1038/s41565-024-01602-8

Published online: 11 March 2024

Onder Giil®, Hao Zhang®, Jouri D. S. Bommer, Michiel W. A. de Moor,
Diana Car, Sébastien R. Plissard ®, Erik P. A. M. Bakkers ®, Attila Geresdi®,
Kenji Watanabe ®, Takashi Taniguchi & Leo P. Kouwenhoven

The Letter reports Majoranasignatures in hybrid InSb semiconductor nanowire-NbTiN super-
conductor devices. The devices exhibit aconductance plateau near the conductance quantum
2¢%/h at bias voltages above the superconducting gap (normal conductance), accompanied by
an enhanced Andreev conductance at bias voltages below the superconducting gap (subgap
conductance). We have attributed these experimental observations to ballistic transport as
supported by atheoretical analysis', finding mean free paths on the order of or larger than the
effective wire segment (the segment covered by the superconducting electrode).

Here, wecorrecterrorsdiscovered onreanalysis ofthe original data?, following concernsraised
byreaders. Duetothe age of the paper, it cannot be corrected directly in the original publication,
thus theupdates are provided via thisamendment. We provide additional discussion on the claim
of ballistic transport so as to avoid misinterpretations. External peer review of the reanalysis
concluded that the claims in the Letter remain. An extended public repository including data
obtained fromnanowire devices that were notincluded inthe publication canbe foundinref. 2.

Correction to the discussion

We note the lack of a series of flat and precisely quantized conductance plateaus (a stair-
case), a clear ballistic transport characteristic (see the two newly included Supplementary
Figs.1and 7 showing larger voltage ranges of Fig. 1and the original Supplementary Fig. 5). Our
earlier studies on ballistic transport in nanowire devices®* indicate that vapour-liquid-solid
nanowires do not have the proper geometry for observing a conductance staircase without the
application of amagnetic field perpendicular to the wire axis, which requires ideal (Landauer)
reservoirsinterfacing the ballistic region, absorbing charge carriers with near-unit probability.
Similar to our earlier studies, ohmic contacts in the present nanowire devices do not satisfy
the conditions of Landauer reservoirs. However, the transport in the effective wire segment
can nevertheless be ballistic whose characteristic is a plateau feature near 2e*/h in normal
conductance together with an enhanced Andreev conductance. Importantly, precise quantiza-
tionis notrealistic, prevented by the two-terminal device geometry, inevitably decreasing the
conductance. Insummary, a plateau feature with an enhanced Andreev conductance together
with our theoretical analysesindicate thatalarge fraction of transportis ballistic over distances
ofthe order of our device length. We add a discussion to the main text of the Letter as follows:

“... followed by a dip in conductance due to channel mixing® [ref. ' below]. We do not
observe higher plateaus (Supplementary Figs.1and 7), which we attribute to the contacts not
satisfying the conditions of Landauer reservoirs, resulting in residual scattering more effective
atlarger conductance. Thisis in line with our earlier studies®* [refs. “* below] which indicated
that vapour-liquid-solid nanowires do not have the proper geometry for observing aconduct-
ance staircase without the application of a perpendicular magnetic field. From the absence of
quantumdots, the observedinducedgap...”.

The following text should also have beenincluded in the abstract:

“... exhibiting clear ballistic transport properties manifested by a conductance plateau
with an Andreev enhancement, albeit lacking a quantized conductance staircase hindered by
the device geometry.”

Correction of technical errors

A. The conductance values reported in the publication are -8% lower (near 2e*/h) than the
actual value (corrected Fig. 1). This deviation is due to a drop in the gain of the current-
to-voltage amplifier at an ac excitation frequency of 67 Hz>. As a result, there is a slight
change in the Andreev conductance enhancement factor and the superconducting
contact transparency extracted from the enhancement (a comparison between the val-
ues quoted in the publication and the corrected ones is given below in B). The general
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conclusions do not rely on the exact value of the conductance as precise quantization is
not expected due to the two-terminal device geometry.

B. The subtracted series resistance of 3 kQ in the original Fig. 1 was an overestimation (see
corrected Fig. 1 in the Supplementary Data file). The subtraction of 3 kQ was not men-
tioned in the original publication.

A comparisonofthe original and corrected Fig. 1is presented in aSupplementary Datafile
accompanying this correction.

Original analysis of the contact resistance

For all the figures in the original publication except Fig. 1, we either subtracted a contact
resistance value of 0.5kQ, which is an underestimation’, or no resistance at all. We note
thatin tunneling measurements the overall resistance is significantly higher than the
normal metal contact resistance whose contribution can therefore be neglected.

Figure 1, however, was used to estimate the superconducting contact transparency and
Andreev enhancement in the high conductance regime, requiring a realistic exclusion

of the contact resistance. Following our previous paper*, which found normal metal contact
resistance values between1.5-3.25kQ per contact and was based on fitting the measured
conductance using theory (single mode interfacing a superconductor), which provided
reasonable agreement after excluding 3 kQ, we subtracted 3 kQ to exclude the resistance of
the normal metal contact.

Reanalysis of the contact resistance

During our reanalysis, we have discovered that the minimum resistance of this device at

the largest applied gate voltages is 2.9 kQ, a value providing an upper bound on the contact
resistance. Here, 2.9 kQ would be the contact resistance under the assumption that the
nanowire itself has zero resistance at largest gate voltages.

The contact resistance can be estimated with an alternative method by subtracting a series
resistance to match the observed conductance plateau at bias voltages above the supercon-
ducting gap to the expected quantized value, a procedure not done in the original publication.
By taking the conductance averaged at positive and negative |V|~1.7 mV (around the largest
bias voltages available for this analysis) we find that the quantized value is reached for a
contact resistance of 0.77 kQ. (Considering only the positive bias and separately only the
negative bias resultsin arange of 0-2.13 kQ for the contact resistance.)

Inour corrected estimate of the contact resistance, we have applied the calibration procedure®
that corrects for ac circuit effects, uses calibrated values for the series resistance of the setup
where Fig.1was measured and directly corrects the error listed in A above.

Upon reanalysis we estimate the following contact resistance values, enhancement factors
and transparencies:

Contact resistance Enhancement factor Transparency
Lower bound 0kQ 1.26 0.88
Conservative estimation' 0.5kQ 1.32 0.90
(used in corrected Fig. 1)
Current best estimate 0.77kQ 1.36 0.90
Original estimate in paper 3kQ >1.5 >0.93

The corrected superconducting contact transparency value of 0.9 does not affect the claim
of high transparency. The claim of ballistic transport does not rest on the exact value of the
conductance plateau and hence s also unaffected.

C. Theoriginal Methods section omits the indication of subtracted series resistances which
account for the normal metal contact resistance in each figure. The following is included
here for the corrected Methods:

“Contactresistance treatment. A fixed-value series resistance of 0.5 kQ has been subtracted
inFigs.1and 4, SupplementaryFigs.1,2b,cand 4-9 to account for the contact resistance of the
normal metal lead. This value is smaller than the lowest contact resistance we have obtained
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for InSb nanowire devices® (ref. 4 below), which makes the interface transparency estimated
fromFig.1alower bound. For the remaining figures, no series resistance has been subtracted
to account for the normal metal contact resistance.”

D. Intheoriginal Supplementary Fig. 5 (now Supplementary Fig. 6), a charge jump was cor-
rected by removal of 12 line traces (corresponding to +0.15 V to +0.04 V in gate voltage
in the measured data) and offset of the gate voltage axis by 0.12 V after the charge jump
(-1Vto +0.03 V) to maintain continuity of the axis. This processing was not mentioned
inthe original publication. The corrected Supplementary Fig. 6 excludes this processing
and represents the data as measured.

A comparison of the original and corrected Fig. SI5 (now Fig. S16) is presented in a Sup-
plementary Data file accompanying this correction.

Correction of labelling errors

- Original Supplementary Fig. 1f (now Supplementary Fig. 2f): The offset mentioned in the
captionis erroneously given as 0.006 x 2e?/h but is 0.01 x 2e*/h.

- Original Supplementary Fig. 4a,b (now Supplementary Fig. 5a,b) were indicated to present
datafromFig.2a (or original Supplementary Fig.1a). Thisisincorrect. The data used are from
the original Supplementary Fig. 1b (now Supplementary Fig. 2b) which has the same measure-
ment settings as in Fig. 2a except the barrier gate is -1.5V (the barrier gate is -1.4 Vin Fig. 2a
ororiginal Supplementary Fig. 1a).

- In the original panels c-e of Supplementary Fig. 7 (now Supplementary Fig. 9c-e) the bias
polarity is mistakenly inverted.
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