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Abstract

Josephson junctions based on topological insulators are expected to host
Majorana-type bound states that promote a 4m-periodic current-phase relation-
ship. One experimental consequence of this periodicity is the absence of odd
Shapiro steps in the current-voltage characteristics under microwave radiation.
Here, we experimentally study the frequency-dependent amplitude of Shapiro
steps in a ballistic Josephson junction involving a 23 nm-thick single nanocrystal
of topological insulator BizTes 35eq.7 connected to two planar Nb-electrodes. We
observe a progressive suppression of the first step while decreasing the frequency
below 2 GHz. Using the two-channel thermal resistively shunted junction (tRSJ)
model, we show that despite a ballistic regime, the overheating phenomena are
enough to account for the observed effect. O ur r esults h ighlight t he complex
physics of Josephson junctions and underscore that the missing first Shapiro step
alone is not a definitive signature of topological superconductivity.
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1 Introduction

Proximity Josephson junctions (JJ) involve a non-superconducting material con-
nected to two superconducting electrodes [1]. This geometry is widely used involving
three-dimensional topological insulators (3D-TI) [2], 2D-TI [3] and, more recently,
conventional III-V semiconducting heterostructures [4, 5]. Josephson junctions are
attractive because the superconducting phase difference across the junction provides
an additional degree of freedom for controlling the topological phase [3, 4, 5]. For this
reason, the non-trivial 47-periodicity of the current-phase relation (CPR) has recently
attracted considerable experimental attention [6, 7, 8, 9, 10]. The phenomenon arises
from Andreev bound states (ABS) crossing the zero (Fermi) energy when the phase ¢
between superconducting leads of the JJ is w. In the topological case, such an inter-
section is protected by the conservation of fermionic parity [11, 3, 12]. After crossing
the ABS levels at ¢ = 7, the system is no longer in the ground state for 7 < ¢ < 3m,
and tends to relax. As a consequence, the observation of the 4m-periodic term in the
Josephson current requires the CPR measurements at frequencies exceeding the rate
of equilibration processes [12, 13, 14]. The presence of such an oscillating current leads
to several predicted effects associated with topological superconductivity [15, 16, 17,
18, 9].

When a Josephson junction is exposed to microwave radiation of a frequency frp,
the resulting periodic variation of the bias current through the junction can modulate
the phase shift between the superconducting contacts. When this modulation is phase-
locked to the fundamental self-frequency f; of the Josephson junction, n - frr = f;
(n being an integer), constant voltage (Shapiro) steps [21] appear in the DC V(1)
characteristics at DC-voltages V.= (V(t)) = n- h frr/2e. The appearance of Shapiro
steps is a direct consequence of the Josephson relation linking the time-derivative of
the phase to the voltage drop, %—f = 2eV/h. In trivial JJ, the CPR is 2w-periodic [21,
22] leading to a series of Shapiro steps n = 1,2, 3, ... However, when topological super-
conductivity is present, the CPR is 4m-periodic, which ideally results in the absence
of odd Shapiro steps [7, 23]. The analysis of Shapiro steps involves characteristic
frequencies f4r and far, as initially introduced by Dominguez et al. [24]

The missing first Shapiro steps (MFS) effect has indeed been observed in systems
involving 3D-TI HgTe quantum wells (QW) [15], 2D-TI HgTe QW [16], spin-orbit
coupled semiconductor nanowires [18, 9, 25, 26, 27], and Dirac semimetals [28, 29].
In particular, high-intensity drives exhibited residual supercurrent, further confirm-
ing the 4m-periodic nature of the AC-Josephson effect [ 30]. L ater e xperiments on
HgTe/CdTe-based junctions demonstrated the absence of the first nine odd steps [16]
along with observing the fractional Josephson radiation frequency. These experiments
were consistently interpreted as strong evidence of a topological superconducting (TS)
state. Indeed, the absence of Shapiro steps in trivial systems has not been detected
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Fig. 1 Experimental observation of supercurrent in Josephson junction based on
a single nano-crystal of BisTez 3Sep 7. a — Scanning electron microscopy image of the
Nb/BizTez.3Se0.7/Nb Josephson junction. Conventional superconducting Nb-leads are false-colored
in blue; the flake of B i3 Tea 3Sep.7 with unconventional induced s uperconductivity is false-colored in
light-green. b — Schematic view of the device and the external electrical circuit. DC-bias current I is
applied and the voltage drop V' is measured across the junction. ¢ — Hysteretic V' (I) characteristic of
the junction measured at 7' = 20 mK. Without RF-excitation, the junction showed a critical current
1.=0.46 pA (red arrows) and a retrapping current I,,=0.22 pA (blue arrows). Upon RF-excitation,
V(I) curves demonstrate several Shapiro steps (black line, measured at frp=1.5 GHz, Vgrr=20 uV).
d — Temperature dependence of the critical current I. (red line) and the retrapping current I, (blue
line). The ballistic fitofI.(T") ( black d ashed line) w as p erformed u sing t he E ilenberger equations
with the same parameters as in [19]. The Ir(7T) dependence was fitted by t he t RSJ m odel (black
solid line, see details in the main text). The green dashed line reproduces the maximum critical cur-
rent observed on the same JJ in our earlier work [20].

so far or, when observed, the effect was weak [31]. T hough, it has b een n oted that
Landau-Zener transitions between ABS could also produce similar features [32, 24,
33].

The demonstration of the suppression of odd Shapiro steps along with the frac-
tional frequency of Josephson radiation are considered to be the possible routes to
prove the existence of the Majorana zero modes (MZM) [24, 13, 34, 15, 35]. Compared
to diffuse J J, b allistic p roximity j unctions e xhibit A BS e nergies w ith a 4m-periodic
dependence [36] A cos(p/2), where A is the proximity-induced energy gap. However,
despite this similarity with MZMs, the CPR of such junctions remains 2mr-periodic.
The MFS effect c ould also o riginate from t rivial b allistic t ransport, t o differentiate
among the different p ossible interpretations. The ubiquity of the MF'S effect includes
observations in amorphous superconducting nanowires and nanobridges [37]. Note
that the first or even several low-index steps could also be masked by JJ switching at
the critical I, or retrapping currents I,..

In previous work [20], we identified a significant component of TS in ballistic JJ
involving a single nanocrystal of BisTes 35Sep.7 [19]. This was reflected in the form



of resonant oscillations of the critical current under a magnetic field and associated
with the formation of peculiar Andreev levels. This discovery motivated us to provide
experimental measurements of current-voltage characteristics under microwave radi-
ation on the same ballistic JJ. The main result of these experiments we report here
is the demonstration of missing n = 1 Shapiro steps. We present numerical calcula-
tions within the thermal resistively shunted junction (tRSJ) model [30] which show
that even in our case of high-quality ballistic JJ, the missing first Shapiro steps may
originate from overheating effects and n ot n ecessarily b e related t o T S-induced 47-
component of the supercurrent. We also discuss the possibility of the first Shapiro
step suppression in the vicinity of the retrapping current via the mechanism recently
suggested by S. Ustavschikov et al. [38].

2 Results and Discussion

Experimental setup and cryogenic measurements.

The synthesis of BisTes 35eg.7 nanocrystals and the fabrication of nanocrystal-
based JJ are presented in detail in our previous works [39, 19]. The top view SEM
image of the studied JJ is presented in Fig.1a. The measured thickness of the nanocrys-
tal (false-colored in green) is ¢ = 23 nm, the length of the TT region is L = 150 nm,
and the Nb electrode widths are w = 500 nm. Fig.1b provides a schematic view of
the Josephson junction connected to the external electrical circuit, including an RF-
antenna. The room temperature resistance of the junction is R, ~ 1.2 k), which
includes the part of the niobium nanowire and interface resistance [19]. Upon cool-
ing, the resistance shows a conventional metallic R(T) behavior. An abrupt drop in
R(T) is detected at T'= 8 K; it is attributed to the superconducting transition of the
Nb electrodes of the junction. Further cooling down from 5 to 1 K shows a smooth
decrease in R(T) characteristic of the superconducting proximity effect i nduced in
the TT flake by closely spaced Nb electrodes [19]. Below about 1.5 K, t he junction is
fully superconducting and the effective n ormal-state resistance of t he junction chan-
nel in the superconducting regime R starts to be several tens . [19, 20]. Hysteretic
current-voltage characteristics I(V'), measured at 20 mK with a high-level filtering
system [40], are shown in Fig. 1c. The IV curves were measured by sweeping the bias
current in the sequence 0 — 4140 — 0 = —I 4 — 0 while continuously record-
ing the voltage. They demonstrate the difference b etween t he c ritical ¢ urrent (1..)
measured in the forward direction (increasing current) and the retrapping current
(I, measured when decreasing current). The red and blue curves illustrate the hys-
teretic asymmetry of the V(I) characteristics. The asymmetry originates from Joule
overheating [41], which is considered to be a source of quasi-particle poisoning [42].
The black curve illustrates the V(I) DC-characteristic acquired in the presence of
an RF-signal. Fig. 1d displays the temperature dependence of both the critical and
the retrapping currents. Hysteresis appears at temperatures below 0.7 K. Addition-
ally, the absence of a low-temperature saturation in the I.(T) curve suggests ballistic
transport, which is further supported by fits generated using the ballistic limit of Eilen-
berger equations [36] (black dashed line in Fig. 1d). From the measured V(I) curve,
we can estimate the effective normal-state resistance of the junction channel in the
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Fig. 2 Shapiro maps recorded at 7' =20 mK for different R F-drive f requencies and

amplitudes. a — grey-scale differential resistance map dV /dI(Ipc /Ic, Vrr/Vrr(Ic= 0)) recorded
at frr = 0.9 GHz. b — a series of V(I) curves and their dI/dV (V') plots taken at selected amplitudes
of RF-excitation. ¢ — grey-scale differential conductance map dI/dV (V, Vrp); yellow arrows mark the
first and t he s econd S hapiro s teps. T he v oltage s cale ( vertical) i s p resented i n numbers o f Shapiro
steps, n = 2¢V/hfrp. d,e,f —the same as in a, b and ¢ but for frr=1 GHz, g,h,i - for frr=1.3 GHz,
and j,k,l1 — for frr=2 GHz, respectively.



superconducting regime R; =~ 80€). To achieve that value in the ballistic regime, we

need the following number of channels N = ﬁ ~ 160. That number is correlated
Werys

to the number of topological surface channels Nop ~ z , where We,y, is a width

of the crystal and Ap is the Fermi length of the topological channel Ap = i—’; = 6nm,
where kr is the Fermi wavevector. Using this estimation, the number of topological
surface channels is Nop = 147. That is closed to the value that is needed to obtain
the experimental normal resistance R ;. Discrepancies can be due to the volumetric
shunting effect, which is consistent with our model.

Microwave experiment.

Fig. 2 demonstrates the influence of microwave radiation on the electron transport
properties of the JJ shown in Fig.1a. Measurements of the critical current as a func-
tion of frequency at constant RF power (Supplementary Figure 1) revealed optimal
coupling conditions at RF frequencies of 0.9, 1, 1.3, and 2 GHz. These frequencies
were selected for detailed Shapiro step analysis as they provided maximum suppres-
sion of I., indicating efficient RF power delivery to the junction. Fig. 2a sh ows the
differential resistance dV/dI(Ipc, Vrr) map as a function of normalized RF voltage
and normalized current across the JJ for frrp =0.9 GHz. There, the RF amplitude is
normalized to Vgp(I. = 0), and the current is normalized to the critical current of
the JJ in the absence of RF radiation. On this map, the dark-grey areas correspond
to low differential resistance at the Shapiro steps, light-grey lines - to the differential
resistance maxima between adjacent Shapiro steps, black background (the area under
the number 0) - to zero voltage across the JJ when it is in the stationary Josephson
regime.

The improved visibility of Shapiro steps with increasing frequency is a well-known
phenomenon. For instance, this effect is clearly demonstrated in terms of t he charac-
terisic frequency Q@ = ®gv,./2mR 1. in Refs. [43, 44, 45, 46]. Consequently, at lower
frequencies, distinguishing between steps becomes more challenging, especially at low
RF amplitudes. This difficulty could also obscure the observation of the first Shapiro
step.

The concept of odd-even effect in Shapiro steps unrelated to a 4m-periodic contri-
bution to the current-phase relationship has been discussed in [47], where only even
or odd steps appear at specific RF amplitudes, an effect known as the odd-even effect.
To draw conclusions about the current-phase relationship and its variations under
different c onditions, a complete S hapiro m ap must b e c onsidered. A s demonstrated
in Refs. [45] and [46], a higher harmonic contribution (e.g., a skewed current-phase
relationship) only becomes evident at sufficiently hi gh re duced fr equencies. In those
studies, 2 was increased by reducing I. through an externally applied magnetic field
to meet this criterion.

The asymmetry of the right and left parts of the graph relative to I/I. = 0 is
due to the presence of overheating hysteresis in the I(V) curves (see Fig.1c), which
determinates I. and Ir. At currents exceeding the critical and retrapping currents
(I| > I, Ir), a voltage drop appears (non-stationary Josephson regime of JJ) which,
in the presence of external microwave radiation, leads to characteristic Shapiro steps.
The steps are visible in alternating light and dark stripes numbered from n=-8 to
n=+8 (negative numbers correspond to negative values of I/I.). For clarity, Fig. 2b



shows the V(I)-curves along with their derivatives taken at selected amplitudes of
RF radiation of a frr =0.9 GHz, Vgr =80, 100, 120, 140, and 150 pV, shown in
black, blue, green, yellow and red lines, respectively. Here, the normalized voltage axis
is graduated in numbers of the Shapiro steps. Figure 2c is a layout of the Shapiro
steps for dI/dV (V) as a function of Vzp. Figure 2¢ clearly shows that the counting
of the observed Shapiro steps begins at n = 4, in the negative voltage region, and at
n = 2, in the positive region. Thus, it is clear that the first Shapiro steps are missing.
Similar studies were also carried out at RF frequencies 1 GHz (Fig.2d,e, f), 1.3 GHz
(Fig.2g,h,i) and 2 GHz (Fig.2j,k,1), respectively. The yellow arrows in (Fig.2c,fi,1)
show the evolution of the appearance of the first a nd s econd S hapiro s teps. I n this
case, the first Shapiro step only appears in t he retrapping branch of the V/(I) curve.
The first Shapiro step is consistently present at frequency frr=1.3 GHz and higher.
Additional measurements at 0.5 GHz (Supplementary Figure 2) further confirm the
suppression of the first Shapiro step at frequencies below 1 GHz, though with reduced
step visibility due to smaller voltage spacing between steps.

Overheating and retrapping current.

A common characteristic, observed at all frequencies, is that all steps are visible
when the RF-excitation is sufficiently st rong (s ee th e up per pa rts of th e pl ots in
Figs.3a,b). This occurs because, for sufficiently large Vgp, both the critical current
and the retrapping current drop to zero, while the superconducting order parameter
remains non-zero. Under these conditions, the DC voltage gradually increases with
the DC bias current. As a result, all low-order steps are visible, and there are no
missing steps at sufficiently la rge am plitude of th e RF -drive, Vgp. In Figs3a,b, all
steps are marked with yellow lines, while blue dashed lines indicate the switching (I..)
and retrapping (Ir) currents. The main difference b etween t he high-frequency data
(2 GHz) (Fig.3a) and the low-frequency data (1 GHz) (Fig.3b) is that, in the former,
the slope of the yellow lines is steeper than the slope of the retrapping current blue
dashed lines, whereas in the latter the slopes are similar. Additionally, the spacing
between the yellow lines (the steps) is naturally smaller when the RF signal has a
lower frequency since the voltage difference between the stepsis hfrr/2e.

On the other hand, at high RF frequency, there is a significant space b etween the
retrapping (dashed blue) line and the second Shapiro step (yellow) line where at least
a part of the first Shapiro plateau should b e o bservable e xperimentally, e ven a t low
RF-drive (Figs.3a,b).

Modelling and discussion.

Recently, Le Calves et al. [30], suggested a method to distinguish between topo-
logical and trivial effects by carefully c onsidering t he role o f q uasiparticle poisoning
due to Joule heating. A high population of quasiparticles causes stochastic changes
in Majorana Zero Energy Modes occupation, altering the parity and averaging the
4m-periodic contribution to the junction CPR to zero. The partial even-odd effect in
topological Josephson junctions, i.e. the absence of the first Shapiro steps at low RF-
power while higher order steps are present, is therefore controlled by the interplay
between the characteristic switching parity lifetime caused by the overheating effect
and the Josephson phase relaxation time. For long switching times (low current bias),
quasiparticle poisoning is limited, and the first Shapiro steps are not visible, whereas
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Fig. 3 Retrapping current overlapping Shapiro steps. a and b — Differential resistance
versus normalized bias current and RF drive amplitude. The retrapping currents and the switching
currents (blue dashed lines) form the main borders of a trapezoidal zero-resistance region. Thin
yellow lines delimit different RF-induced Shapiro steps. (a) — at frr = 2 GHz, the first Shapiro step
(Vh=1 = hfrr/2e) is clearly observed. (b) — at frr = 1 GHz, the first step shows up only at high
RF-amplitude. At low RF-drive, the junction transits from the superconducting state to the second
Shapiro step (V=2 = hfrr/e) directly, without entering the first step.
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Fig. 4 Two-channel tRSJ model. a — two parallel Josephson junctions, the trivial (Jo-) and
the topological (J4r), are put in parallel with the shunt resistance R;. They are characterized by
two different critical currents and current—phase periodicities, that is, Is = 182“ sin(p), and I =
i sin(%) , respectively. b — phase diagram showing the range of existence of even and odd Shapiro
steps as a function of radio-frequency (RF) drive frequency frr and RF power Prp. The bound-
aries indicate the cutoff f requencies f 2Tand f*, a bove w hich t he 2 7- a nd 4 w-periodic channels,
respectively, can no longer follow the drive and their contributions to the Shapiro steps are strongly
suppressed.

for short switching times (high current bias), the 4m-periodic Josephson component is
suppressed, and odd steps are visible. The ballistic electron theory of SNS junctions
accurately describes the temperature evolution I.(T). In the dissipative regime of the
current-voltage characteristic, Joule heating is significant, e specially o n t he return
branch, where heating occurs down to the retrapping. Thus, in the return branch,
quasiparticle poisoning is expected to occur down to the retrapping current and, con-
sequently, the first step should b e o bservable. In o ur e xperiments, h owever, t he first
step is still missing in the retrapping current branch despite intense Joule heating,
which is responsible for a pronounced hysteresis of the V' (I) curves, and consequently,
for a quasiparticle poisoning. A rapid conclusion would be that the 47r-component of
the CPR is not completely suppressed. Though, as we discuss below, an alternative
and more traditional explanation of the observed result is possible, not necessarily
involving TS.
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Fig. 5 Simulated Shapiro maps. Color-coded histograms of Shapiro steps maps as a function of
the RF-current for RF-frequencies (a,b) — 2 GHz, without and with 5% 4m-component, and (c,d) —
0.9 GHz, without and with 5% 4mw-component. Shapiro steps n = 1 and n =2 are marked by yelow
arrows.

The observed hysteresis and the detailed structure of the Shapiro steps cannot be
fully described within the framework of the standard RSJ model which does not con-
sider overheating effects, and thus is inapplicable in high voltage and current range
causing a significant Joule heating. Therefore, we model our system using the two-
channel tRSJ approach proposed in [30, 48]. With respect to a standard RSJ approach,
this model includes two more ingredients: an additional 47-periodic coherent super-
conducting channel originating from Majorana bound states and a self-consistent heat
equation that balances Joule heating and phonon cooling. In Fig.4a, the scheme of
the two-channel tRSJ model is shown. The JJ is represented there by trivial (Jor)
and topological (J4,) branches put in parallel and shunted by the resistance R. The
topological branch is characterized by 47-CPR. The total superconducting current is
Is(¢) = I2™sin(p) + I1™sin(¢/2), and the equation for the phase dynamics can be
written as

% = Ipc + Igpsin (2r frpt) — (127 sin(p) + 1.7 sin(p/2)) , (1)
where I p¢ is the DC bias current, Igp is the amplitude of the RF excitation, I2™ (If”)
is the critical current of 27~ (47m—) component, R; is the normal state resistance of
the junction.

To take into account the hysteretic behavior of V(I) characteristics due to Joule
overheating, we write the heat balance equation [30]:

(P(t)) = XU (T, — Tpy) 2)



where ¥ is the electron-phonon coupling constant, U is the effective volume, T, and T},
are electron and phonon temperatures of the system, respectively. The self-consistent
calculation scheme proceeds as follows: For given values of Ipc and Igp, we start by
assuming a temperature T' (at the first iteration, T' = T}y, equal to the cryostat bath
temperature). This provides a critical current I.(T') = I2™(T)+1I2™(T). Next, we solve
Eq.1, estimate the Joule power P = (I(t)V(t)), which determines the temperature of

the electron subsystem T, = {’/Tp;f’ + %, and subsequently, a new critical current

I.(T.). This process is repeated i-times until the difference between the new estimated
temperature T°! and the previous temperature 7° is considered satisfactorily small.
The temperature dependence of the critical current I.(T) is derived from the ballistic
fit, and the parameters ¥ and U are extracted from the retrapping current fit I (see
Fig.1). For clarity we have also included electron temperature plot as Supplementary
Figure 3 for the frequency equals 2 GHz with a 5% 4m-contribution.

As shown by Le Calvez et al. [30], this system exhibits two characteristic frequen-
cies, f2™ = 2eR;I*" /hand f4* = eR;I*™ /h, which correspond to the phase relaxation
times 1o, = 1/ ff" and 74, = 1/f*" for the 27m- and 4m-periodic channels, respec-
tively. These frequencies set the cutoff above which the contribution of each channel
to the Shapiro steps is strongly suppressed, and they define the two-dimensional phase
diagram shown in Fig. 4b. Color plots in Fig. ba,b present the results of numerical
calculations performed using the model for a frequency of 0.9 GHz. The results demon-
strate that the second step appears first at low RF-power, while the first step emerges
at higher power. As shown in Figure 5c,d, the model can reproduce our experimental
data at a frequency of 2 GHz with a zero-amplitude of 47-periodic component. It also
captures well the zero-resistance region at low DC and RF bias, including the linear
boundary shape. Including a 5% 4m-periodic contribution leads to improved align-
ment between the simulation and experimental RF-power dependence of the n = 1
and n = 2 steps, particularly at intermediate drive amplitudes. However, it also intro-
duces a partial suppression of the n = 3 step at 0.9 GHz, which is not as clearly
visible in the experimental data. This discrepancy suggests that if a 47 contribution
is present, it is likely small and its effects remain intertwined with circuit-related and
thermal dynamics.

The observed suppression of n =1 Shapiro step could also be caused by its prox-
imity to the retrapping current, where the JJ resistance rapidly changes. Recently,
S. Ustavschikov et al. [38] theoretically demonstrated that in non-hysteretic JJs,
a large differential r esistance n ear t he t ransition t o t he s uperconducting s tate pre-
vents the phase locking to the RF-excitation frequency. This results in vanishing
width of low-lying Shapiro steps. The authors found that if the differential resistance
Rgigy = dV/dI at voltage V,, = nfrrh/2e of the considered step n significantly
exceeds Rg;¢f(V;,) predicted by the overdamped Resistively and Capacitively Shunted
Junction (RCSJ) model, the width of n-th Shapiro step reduces significantly or dis-
appears. The same effect c ould b e e xpected in o ur b allistic J J n ear t he retrapping
current where the differential resistance b ecomes extremely high (compare Rg;f¢ (V')
plots and n =1 step amplitudes in Figs.2b,eh k).

We now confront the obtained results with the conclusions of our recent paper [20]
reporting the discovery of fine oscillations of the critical current in the magnetic field



I.(H). The latter were attributed to the presence in the JJ of a significant amount
of p-wave superconductivity induced, in parallel to the trivial one, by the proximity
effect. These conclusions are in apparent contradiction with the results of the present
study, which do not require any significant contribution of T'S to be understood. Note
that the temperature evolution of the retrapping current Iz(7T") (blue line) presented
in Fig. 1d is exactly the same as the one determined for this JJ in previous works [19,
20]. Also, the minima of the oscillations I.(H) measured in [20] follow exactly the
critical current I.(T') found in the present work (red line in Fig. 1d). Though in
[20], the maxima of the oscillations appeared at a significantly higher critical current
I,s¢(T), shown as a green dashed line in Fig. 1d. In the present work, this higher
critical current branch I,s.(T) with its peculiar upturn at low temperatures specific
to p-wave TS [12] was not observed. Rather, the measured critical current I.(T) is
lower and tends to saturate at low temperatures.

In [20], the critical current oscillations I.(H) due to p-wave component ranged
between I,s.(T) and I.(T'). This TS channel exists in parallel to the trivial one; the
latter is characterized by the critical current I.(T") - identical to what we found here
(red line in Fig. 1d). With this idea in mind, we must admit that in the present work
the TS component was (almost) absent or not probed. We can advance at least two
reasons for this: 1) — sample degradation upon thermal cycling: the materials used
in JJ have different t hermal e xpansion coefficients; rigid Nb-electrodes overlapping a
fragile lamellar TI-nanocrystal could create a strong mechanical tension leading to an
important strain or even a partial exfoliation of the TI . While very much plausible [49],
this hypothesis is difficult to reconcile with identical I.(T") and Ir(T') characteristics
observed in [19, 20] and in the present work; 2) — RF-environment: the presence of a
RF-antenna necessary for Shapiro experiment could lead to an uncontrolled excitation
of the fragile p-wave (surface) component of the superconducting order. Note that
in the DC-experiment [20], the AC components were strongly rejected by a careful
multi-stage filtering ofall D C lines and by a s pecially s hielded c onfiguration of the
sample holder, which was not appropriate for the RF-experiment.

2.1 Conclusion.

In conclusion, ballistic planar Josephson junctions involving a single nanocrystal of
topological insulator BisTes 35ep.7 demonstrate a progressive suppression of the first
Shapiro step at frequencies below 2 GHz, with a strong reduction below 1.3 GHz.
We show that this behavior is satisfactorily accounted for by the thermal resistively
shunted junction model, taking into account the overheating and heat dissipation
effects. Our analysis reveals that 47-periodic CPR channel contribution is small and its
influence remains intertwined with circuit-related and thermal dynamics. O ur results
demonstrate that the absence of the first Shapiros tep d oes not provide t he defini-
tive evidence of topological superconductivity, as it can be robustly accounted for by
conventional thermal effects.
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