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1. Electrical characterization

1.11-V curves

The Ohmic behavior of the electrical contacts, the efficacy of the gating and the lack of
leakage through the dielectric has been verified by monitoring the source-drain current of the
nanowires as a function of the source-drain bias for different values of the gate voltage Vg, as

reported in Fig. S1 for NW2.
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Figure S1: I-V curve of NW2 collected at different gate voltages V.

1.2 Determination of the Seebeck coefficient for NW1 and NW2 as function of gate bias
To extrapolate the Seebeck coefficient of the two samples we follow the same procedure

described in Ref. 1. We use the Mott’s formula:
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where kg is the Boltzmann constant, ¢ is the conductivity, T the temperature, e the electron
charge and E; the Fermi energy. We consider the conductivity in Fig. 1b (main text) in the
linear transport regimes where we can assume constant mobility: ™' = 740 cm® V' s™ and
u™W?=505cm’ V's™, see Figure S2a. Accordingly, in this regime, Eq. S1 can be simplified
as follows:

dn,
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where n, is the carrier density and C, is the capacitance between NW and gate normalized to

the gated volume.
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Figure S2: Seebeck coefficient estimation. (a) Conductivity as a function of gate voltage for NW1
and NW2 in log-log scale from Figure 1b; (b) Carrier density n, of a 3D electron gas as a function of
the Fermi level E; compared to the energy of the conduction band minima E_. Red and grey bands
correspond to the carrier density ranges explored with Vg in the NW1 and NW2, respectively. (c) First-
derivative of the function in (b) evaluated at the carrier densities corresponding to gate voltage Vg in
NW1 (black line) and NW?2 (red line). (d) Seebeck coefficient in NW1 (black line) and NW?2 (red line)
estimated assuming constant mobility.
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15 is estimated considering the three-dimensional electron density of states
£

The derivative

g(E) which is valid for NW radii larger than 20 nm and effective mass m*=0.023 m,, where
m, is the electron mass in vacuum, see Fig. S2b. At every gate voltage V we evaluate n, from

the measured conductivity o = en,u, assuming a constant mobility. The Seebeck coefficient

S.(n,) in Fig. S2 is then evaluated from Eq. S2 considering % at the carrier densities explored
£

with the gate.

2. THz-nanoscopy

2.1 Spatial resolution and far-field background

In our nanoscopy experiments, the tip is operated in tapping mode with oscillation frequency
Q. The near-field signal depends non linearly on the tip-sample distance as it is shown in
Figure S3. Increasing the demodulation order, the signal decreases and we observe the virtual

tip sharpening effect’.
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Figure S3: Approach curves at the different harmonics recorded on the InAs nanowire NW1 reported
in semi-logarithm scale (a) and in linear scale (b) to calculate the distance h,, (inset) at which the
normalized signal drops to half of its maximum.

To find a good compromise between signal intensity and suppression of the background due

to non-local scatterers, we chose the 2nd order to analyze the photocurrent maps, being n= 2
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the lowest order Fourier component at which the signal reaches the noise level once
approaching the tip from the sample. The decay distance h,, at which the amplitude signal has
decayed by a factor of 2, is also shown.

We characterize the signal amplitude s, and lateral resolution Ax by analyzing the line

profiles across the interface between the electrodes and the nanowire in the case of the photo-
current signal and of the self-mixing signal induced by the scattered THz field.

We define the spatial resolution in analogy to other microscopy techniques as the full width at
half maximum (FWHM) of the line spread function (LSF). The LSF can be calculated by
taking the derivative of the line profile measured across an interface. The black dots in Figure
S4 show the line profile across the source and nanowire interface, from which we extract the

first derivative (in the inset), fit with Lorentzian functions with FWHM of 35 + 2 nm, which
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Figure S4: Spatial resolution of s-SNOM measurements. (a) THz near-field self-mixing signal at the
second harmonics s, (black dots) across source-electrode/NW interface together with the best fit using
Boltzmann edge function (solid blue line). The first derivative of the signal ds,/dx (black dots) is
reported in the inset together with Lorentzian fit function (blue line) to estimate lateral spatial
resolution. (b) THz near-field photocurrent Al, (black dots) across source-electrode/NW interface
together with the best fit using Boltzmann edge function (solid blue line); the first-derivative of Al is
reported in the inset together with the Lorentzian fit function (blue line) to estimate lateral spatial
resolution.



2.2 Gate-dependent photocurrent maps at Vpg= 10 mV

The photocurrent in the NW1 integrated along the nanowire for high bias voltage Vpg= 10
mV is reported in Figure S4 as a function of the gate voltage. The profile shows the
bolometric fingerprint above the threshold Vg identified in the condition V= 1 mV. This is
expected because the bolometric photocurrent scales with the applied bias. The broad
minimum in the detected photocurrent at the center of the NW1, is an effect of the screening
of the THz field operated by the broad gate electrode (1 wm), located at a relatively close (210
nm) distance from the NW axis.
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Figure S5 Near-field second order photocurrent Al, measured along the axis x of NW1, at room
temperature, while applying a voltage Vps= 10 mV and while sweeping the gate voltage Vg in 1-4 V
range showing signature of bolometric photocurrent.

2.3 Self-mixing signal as function of the source-drain bias

A negligible variation of second order near-field self-mixing signal s, was observed when we

change the current flowing in the nanowire by progressively varying Vpg, see Fig. S6 for

NWI1.
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Figure S6 Self-mixing signal s, demodulated at the second harmonics of the tapping frequency
collected from NW1, for different values of the applied source-drain voltage Vg and with Vg=2 V.

Thermal transport in the NW

We use heat transport theory to simulate the lattice T}, and electrons T, temperature profiles
along the NW as a function of the tip position. To this purpose, we first determine the
electromagnetic field power density F(x; x;,) induced by the THz illumination at each tip
position. We use tridimensional (3D) FEM simulations with the electromagnetic wave
module of COMSOL Multiphysics in the frequency domain. We modeled a cylindrical NW
having length of 1.4 um and a diameter of 80 nm diameter, centered in (x,y,z) = (0,0,0)
elongated on the x axis and with the same dielectric properties as NW1 (0=233 S m™ and ¢,
=14.6). The NW is placed in air on the top of a SiO, (500 nm)/intrinsic silicon (350 pm) wafer
as shown in Fig. S7a. In the 3D model we include the tip as a truncated cone of full height 80
um and 10° half-angle ended with a semi-spherical apex of 10 nm radius, centered in x,, and
with the apex to NW surface distance equals to #. We compute the electric field distribution £
and F for two sets of parameters (xy,; h) corresponding to & = 20 nm (simulating the
approached tip), and 4 = 50 nm (simulating the free tip) and x,;, ranging from -800 nm to 800

nm in order to include the entire NW and, partially, the electrodes in the scan. The incident p-
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polarized THz field at 2.7 THz enters from the source contact side with an incidence angle of
30°, as in the experiment.
The coupled differential equations for T, and T, describing diffusive heat transport are:
—ke (?, 7;6 + Ve- ph(T ph) = F(x; xtip)
—kpn % + % (Tph - To) = Ve—ph(Te - Tph)
where k, = 0.0017 W K" mis the electron thermal conductivity for a NW with ¢ =233 S

m" according to the Wiedemann-Franz law, y,_pn, = 10° W K" m™is the electron-phonon
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coupling that according to reported similar NW systems’” should be in the range 10° +

108 W K' m?, kp, =1 W K" m" is the lattice thermal conductivity of InAs NWs with 80
nm diameter as experimentally determined® and y,,; = ¥,/l where y,~1 MW K" m?is the
out-of-plane thermal conductivity describing the heat transfer from the NW to the substrate, /
= 120 nm is the NW effective thickness and F is parametrized in tip position x,.
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Figure S7 Electric field E distributions computed with Comsol Multiphysics for an incident p-
polarized field of 100 uW at a frequency of 2.7 THz. (a) zoom of the E maps around the NW showing
the cylindrical NW, the tip at x,;,= 0 nm, the drain and source electrodes and the SiO, substrate. (b)
Power losses linear density as function of the x position along the NW axis and of the tip position x,,,
obtained integrating the power losses density F(x,y,z) in the circular cross section of the NW in the zy
plane.

To solve the system of differential equations we consider as boundary condition that far from
the NW at the electrodes, where F' is zero, the temperatures are at equilibrium: T, (xz,= -800

nm) = T, (x;,;= 800 nm) = T, (x4,= -800 nm) = T, (x4,= 800 nm) =



Near-field photocurrent at higher demodulation order

The s-SNOM signal at demodulation orders higher than n= 2 shows similar spatial
distribution both for the photocurrent and for the self-mixing experiment. In Fig. S8, we
report the photocurrent maps of NW2 in the PTE (Vg= 6 V) and bolometric (Vg= 0 V)
regimes acquired with incident power P= 110 uW at the demodulation orders n= 2-5, while in

Fig. S9, we report the corresponding line profiles taken along the dashed lines of Fig. S8 and

averaged for 10 pixels (50 nm), around the NW center.

Figure S8. Near-field photocurrent AL, maps in PTE regime (a) achieved while applying a gate voltage
Vs =6V and in the bolometric regime (b) with V5= 0 V as a function of the demodulation order n =

2-5 for NW2 illuminated with incident power P =110 uW.
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Figure S9. Near-field photocurrent Al, profiles (a) in the PTE regime at V; = 6 V and (b) in the
bolometric regime at Vg = 0 V, extracted from Fig. S8 along the dashed lines, corresponding to
different demodulation harmonics. The curves normalized to the maximum are reported in the related
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panels inset.
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While the intensity of the near-field photocurrent Al, decreases with the demodulation order,

as expected’ (see also Fig. S3), all the harmonics exhibit similar normalized profiles (see the

insets).
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