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This document provides supplementary information to “Phase-sensitive terahertz imaging using
room-temperature near-field nanodetectors,” https://doi.org/10.1364/OPTICA.5.000651. Its content is
organized as follows: S.1 Nanowire growth and fabrication procedures; S.2 Interference patterns of the free
THz beams; S.3 Near-field THz maps of sub-wavelength needles; and S.4 Terahertz interferometric setup:
details.

S.1 Nanowire growth and fabrication procedures
InAs NWs having 1.5 μm length were grown bottom-up by
chemical beam epitaxy via the Au-assisted growth using
trimethylindium (TMIn) and tertiarybutylarsine (TBAs) as metalorganic (MO) precursors. Se-doping was used to control the charge
density in the NW and to optimize the channel and contact
resistances, while ensuring sharp pinch-off in the FET
transconductance. The NWs were mechanically transferred onto a
350 μm thick high-resistivity Si substrate with a 300 nm insulating
SiO2 layer. We then lithographically defined a 800 nm long source
(S)-drain (D) channel (Fig. 1b). A 120 nm thick SiO2 layer was then
deposited to prevent current leakage between the channel and the
top gate electrode (G). The latter has been designed as 10/150 nm
thick Cr/Au screen on top of the dielectric layer with an
asymmetric 18 µm square aperture, which simultaneously acts as
a field enhancement tip, owing to its shape with an extension on
one side of the aperture. The G electrode extends to the center of
the square where the FET channel, i.e. the single InAs NW, is
placed. The stripe-like D electrode connects one side of the NW
and is aligned with the trapezoid-shaped S electrode on the

opposite side. S and D electrodes were defined with a 10/100 nm
Ti/Au metal sequence.
S.2 Interference patterns of the free THz beams
Stability of the coherent interference signal detected by the
near-field probe was checked by widely changing the optical delay
length for the reference THz beam (I2) illuminating the back side of
the detector. The nanodetector was placed in the focal plane and at
the center of the 2D scans of Fig. S1 d,e where the detected signal
was maximum. The optical delay line with the two mirrors M3M5
(Fig. 1a) was shifted by a displacement s with respect to the
mirrors M2M4 at a constant velocity of 0.5 µm/sec controlled by a
motorized stage. The detected interferogram (Fig. S1a) highlights
the stability of the sinusoidal signal over a wide displacement
range exceeding 1.5 mm. The detected periodicity was constant
over the whole displacement range with a period of about 43.5 µm
corresponding to λQCL/2.
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gradually decreasing the aperture-needles distance using a
constant increment of 20±4 µm.
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Fig. S1. (a) Interference pattern acquired when the front and the
reference beams simultaneously illuminate the nanodetector
positioned in the focal point at the center of the 2D scan shown in (d,e)
by changing the optical path of a displacement Δs=1.6 mm. (b,c) Linear
scale and logarithmic scale Fourier spectra retrieved from the
interferogram in (a). (d,e) Large area 2D map of the near-field probe
photovoltage Δutot detected for in-phase and out-of-phase interference
of the free THz beams.

The maxima and minima of the detected near-field photovoltage
thus identify constructive and destructive interference between
the two waves illuminating the near-field probe on the aperture
and on the reference side. Similar interference patterns (data not
shown) were also detected by changing the position of the
nanodetector in the x-y plane and observing that only the
amplitude of the coherent photovoltage decreases, while the
periodicity as a function of the displacement s remained constant.
These results confirm the stability and the reproducibility of the
devised coherent detection scheme, and the possibility to exploit it
for the coherent near-field imaging when sub-wavelength objects
are placed near the vicinity of the aperture. The detected
interferogram was also used to extract the output Fourier
spectrum of the QCL source, as shown in Figs. S1 b,c.
The full maps of the in-phase and out-of-phase near-field
photovoltages Δutot detected over an extended 500 μm × 500 μm
area are shown in Fig. S1 d,e, respectively. The in-phase map is
characterized by an intensity maximum localized at the center of
the scan, which extends within a spot of about 200 µm size. The
out-of-phase map shows a local minimum at the center of the scan
while a local maximum was detected around x∼250 µm, due to a
different phase shift between the interfering waves at this position
with respect to the center.
S.2 Near-field THz maps of sub-wavelength needles
The capability to detect the near-field intensity localized in a
sub-wavelength volume at the apex of two sharp needles was
demonstrated by exploiting the interferometric optical setup. The
two needles were positioned in the x-y plane with the axes
spanning an angle of 60°. The needles were placed in proximity of
the aperture, by employing a micro-positioning stage. A set of 2D
scans was measured for the front side illumination only (I1), by
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Fig. S2. (a-d) Spatial distributions of the near-field probe photovoltage
Δu1, detected under illumination of the front side (I1) when the twin
needle was coupled to the aperture. A series of 2D scans was acquired
by gradually decreasing the needle-aperture distance from (a) to (d) at
equal increments of about 20 µm.

In Fig.S2 a-d the last set of 2D scan, acquired in proximity of the
aperture, are shown. A gradual increase of the signal intensity in
the central part of the scan was observed from Fig. S2 a to S2 b, as
the distance between the needles and the aperture decreases, with
a maximum signal intensity of about 20 nV. An increase of Δu1 up
to 30 nV within a few µm wide spot is recorded in Fig.S2 c, while an
enhancement of the signal up to 40 nV is recorded in Fig.S2 d. A
strong THz near-field localization, created by guiding THz waves
along the needles, was detected near the center of the scan. Under
this condition, we can assume that the apex of the needles was
positioned within the near-field region of the aperture, which is
expected to extend about a/2 ≈ 9 µm ≈ λQCL/10 away from the
aperture surface. The sub-wavelength localization allowed us to
evaluate the spatial resolution of the aperture probe defined as the
FWHM along the y scan direction. The FWHM (~ 17 µm) is
comparable with the aperture size, confirming the capability of the
probe to resolve sub-wavelength size features.
To further investigate our imaging system under
interferometric operation, we calculated, by electromagnetic finite
element method (FEM) simulations, the intensity field distribution
under illumination of the probe either on its front side or on the
back side.
The intensity distribution (∝E2) of the dipolar evanescent field,
generated by the beam incident on the front side, has a quasispherical symmetry centered at the apices of the bow-tie arms
(Fig. S3a). The intensity distribution profile as a function of the
distance from the aperture (z) is shown in Fig.S3b.
The intensity distribution generated by the beam incident on
the back-side (reference beam) is shown in Fig. S3c where
interference fringes on the back-side of the aperture are observed
(reflection from the metallic plane), while the transmitted intensity
(z>0) decays exponentially. In particular, the evanescent intensity
transmitted through the aperture decreases by of a factor of 10
within a distance from the metallic plane comparable to 1/4 of the
aperture size (Δz=5 μm, aperture size 18 μm), as shown in Fig. S3d.
From this profile, we can evaluate the effect of the reference beam
at the sample position. Since the probing volume of the sample is
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p: details
S.3 Terrahertz interferrometric setup
The tthermoelectric p
photovoltage siggnal Δu arising b
between the S
and D electrode of th
he FET nanodevvice, operating at zero gate
voltagee, is detected viaa a lock-in ampliffier exploiting a square wave
modulaation of the QC
CL emission at 1.33 KHz frequ
uency after a
voltagee pre-amplifier band pass filter with gain 102. Under this
conditioon the read o
out of the lock
k-in amplifier ((LIA) can be
convertted in a photovo
oltage signal as Δ
Δu = LIA×2.22×1
10-2.
The quantum cascad
de laser (QCL) u
used in the experiment was a
single p
plasmon wavegguide device, th
hat was cooled tto the lattice
temperrature of 80 K using a Stirling crryostat. The two
o paths of the
interferrometer after th
he silicon beam splitter, #1 (fron
nt-side of the
aperturre) and #2 (bacck-side) had app
proximately the same length
(50 cm
m) when the movvable mirror stagge was in the po
osition s=0. At
the dettector position, the intensity off the wave impiinging on the
aperturre (I1 = 920 μ
μW·cm-2) was aabout 90% of tthe intensity
impingging from the baack side (I2 = 9
989 μW·cm-2). T
The terahertz
absorber device used iin the experiments allowed us tto change the
intensitty of the front beeam between seeven levels: I1 = 920 μW·cm2, 425 μW·cm-2, 290 μW·cm-2, 130 μW·cm-2, 92 μW·cm-2, 43
μW·cm
m-2 and 13 μW·cm
m-2.

Refereences
Figg. S3. (a,c) FEM
M simulation of the intensity fieeld distribution in
prroximity of the ap
perture probe (size of the apertu
ure 18 μm) for TH
Hz
beeam illuminating
g the front an
nd the back sid
de of the prob
be,
respectively. The in
ncident radiation is modeled as a 3.5
3 THz plane waave
prropagating throu
ugh air (a) or siliicon (b) and reaaching the detecttor
su
urface with norm
mal incidence. (b,,d) Energy distribution profile ass a
fun
nction of the disstance from the aperture
a
(z) on the
t front and baack
sid
de, respectively.

1. M
M. S. Vitiello, D. Coquiillat, L. Viti, D. Ercolaani, F. Teppe, A. Pitanti, F. Beltram, L.
om-temperature teraahertz detectors
Soorba, W. Knap and A. Tredicucci, “Roo
baased on semiconducctor nanowire field-eeffect transistors,” Na
ano Lett. 12, 96–
1001 (2012).

