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SUPPLEMENTARY NOTE 1: SINGLE JUNCTION MEASUREMENTS

As a reference a single Nb/BigTes/Nb junction was measured. The junction has a length of 140 nm and a width of
500 nm. In Supplementary Figure Sla) the current voltage characteristics is shown at temperatures in the range from
30mK to 0.77K. At lowest temperature a critical current of 750nA is obtained. In contrast to the three terminal
junction, here, a hysteretic behaviour is observed, which can be explained by the missing shunt for the single Josephson
junction. We attribute the hysteresis to heating resulting in a lower return current I, compared to I, [1]. The critical
current monotonously decreases with temperature with some kink around 0.4 K. The latter might be attributed to a
switching from a more diffusive to a more ballistic transport in the weak link [2].
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Supplementary Figure S1. Current-voltage characteristics of a single Nb/BisTez/Nb junction: (a) Current-voltage charac-
teristics at temperatures ranging from 30 mK to 0.77K. (b) Critical current I. as well as return current I, as a function of
temperature.

SUPPLEMENTARY NOTE 2: RCSJ MODEL FOR A THREE-TERMINAL JUNCTION

The characteristics of our three-terminal junctions is simulated by employing a two-dimensional resistively and
capacitively shunted Josephson junction (RCSJ) Ansatz in analogy to what was presented in previous works [3, 4].
In Fig. 3a) in the main text the corresponding network is depicted including two resistively and capacitively shunted
Josephson junctions with the normal state resistance Ry and the capacitance C. We assume two identical junctions
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each having a critical current of I.. The junctions are connected by a coupling resistor R¢c representing the non-
superconducting junction between electrodes L and R. Following the RCSJ Ansatz the characteristics of the three-
terminal junction can be described by a set of coupled differential equations of the form:
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with prp and prp the phase differences between junctions Jip and Jgrg, respectively, 7 = t/7; the normalized time,
77 = ®0/(271.Ry), with &y = h/2e the magnetic flux quantum, and 8. = (2¢/h)I.R%C the Stewart-McCumber
parameter [5]. The equations are similar to the standard RCSJ model for a single junction, except of the last term,
which introduces the current through the resistor, coupling the two junctions. This current is a result of the voltage
difference between the two junctions and the coupling resistance. For Rc — oo the coupling term goes to zero, leading
to two individual junctions (decoupled system) and for Rc — 0 the system is dominated by the coupling term.

SUPPLEMENTARY NOTE 3: SHAPIRO STEPS IN THREE-TERMINAL JUNCTION EXPERI-
MENTS

The differential resistances Ryp and Rrp exposed to an rf radiation with a frequency of 5.8 GHz at 0 dBm recorded
as a function of the applied DC currents are presented in Supplementary Figures S2a) and b). In contrast to the
corresponding figure, which was gained by numerical differentiation, here, the resistance is directly taken using a
lock-in amplifier. In Supplementary Figures S3 the corresponding measurements at a frequency of 5.8 GHz at 0 dBm
are shown.
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Supplementary Figure S2. Shapiro Step response at 5.8 GHz: (a) shows the measured differential resistance across the first
junction Rrp as a function of the direct current I and Irp across the junction. (b) shows Rrp for the same current
constellation.

SUPPLEMENTARY NOTE 4: SHAPIRO STEPS IN THREE-TERMINAL JUNCTION SIMULA-
TION

Using the model described in Supplementary Note 2 the Shapiro response was simulated by adding an oscillation
contribution ¢ ,¢ sin(27 fi¢t), j = LB, RB, to the dc bias currents. The simulated differential resistances Rig and Rrg
as a function of the normalized voltage drops at a frequency of 8.5 GHz are presented in Supplementary Figures S4a)
and b). One finds that the Shapiro response is strong in the corresponding junctions, while the coupling from the
neighboring junction is weak.

In order to simulate the appearance of the fractional Shapiro steps a non-sinusoidal current-phase relationship was
assumed for the Josephson junction by including a sin(2¢) contribution. In Supplementary Figures S5a) and b) the
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Supplementary Figure S3. Shapiro Step response at 8.5 GHz: a shows the measured differential resistance across the first
junction Rpp as a function of the direct current I, and Irp across the junction. b shows Rgrp for the same current constellation.
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Supplementary Figure S4. Shapiro step simulations at 8.5 GHz: (a) Numerically determined differential resistance Rrp as a
function of the normalized voltage drops Vis/Vo and Vee/Vo at 8.5 GHz. The blue curves represent the averaged signal along
Vis/Vo and Vae/Vo, respectively. (b) Corresponding map of the differential resistance Rrp with the blue curves representing
the averaged differential resistance along Vig/Vo and Vie/Vb, respectively.

respective simulation outcomes Ry and Rrp for junctions Jpg and Jrp are shown as a function of bias currents.
One finds that by increasing the sin 2 contribution fractional steps appear.
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Supplementary Figure S5. Simulation of Shapiro maps at 8.5 GHz with 2¢ term: (a) differential resistance of the first junction
Shapiro steps as a function of Irg, Irg with an equal contribution of a sin 2¢-term in the system, (b) the same for the second

junction. (c) and (d) show the same after doubling the sin 2¢ contribution in the system and (e) and (f) show the same after
doubling the contribution of (c) and (d).
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