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We report on the observation of the giant photoconductance of a quantum point contact (QPC) in
the tunneling regime excited by terahertz radiation. Studied QPCs are formed in a GaAs/(Al, Ga)As
heterostructure with a high-electron-mobility two-dimensional electron gas. We demonstrate that irra-
diation of strongly negatively biased QPCs by laser radiation with frequency f = 0.69 THz and intensity
50 mW /cm? results in two orders of magnitude enhancement of the QPC conductance. The effect increases
with the dark conductivity decrease. It is also characterized by a strong polarization dependence and
a drastic reduction of the signal by increasing the radiation frequency to 1.63 THz. We demonstrate
that all experimental findings can be well explained by the photon-assisted tunneling through the QPC.
Corresponding calculations are in good agreement with the experiment.
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I. INTRODUCTION

The quantum point contact (QPC), discovered in 1988
[1,2], is one of the most remarkable quantum devices
in condensed matter physics [3,4]. QPCs offer an ele-
gant way to investigate one-dimensional phenomena in
electronic transport by the electrostatic squeezing of a two-
dimensional electron gas (2DEG) and become attractive
for fundamental research of charge transport in mesoscopic
conductors and numerous applications. Due to the fact that
characteristic energies of QPCs are of the order of meV
and can be electrically tuned by gate voltages, they become
an important candidate for frequency-sensitive terahertz
(THz) detection [5]. A conversion of high-frequency (ter-
ahertz or microwave) electric fields in a dc electric cur-
rent has been demonstrated in QPCs operating in various
regimes and attributed to either electron gas heating [6—
8] or rectification due to the nonlinearity of the QPC
current-voltage characteristics [8—10]. Hu considered the
feasibility of photon-assisted quantum tunneling transport
[11], but follow-up experiments did not provide evidence
for this effect because the observed photoresponse has
been dominated by electron gas heating effects [12,13]. We
note that almost all works on the terahertz and microwave
response of QPCs have been devoted to either the open
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regime with G > 2¢?/h, in which the conductance quanti-
zation in units of 2¢? /A is detected, or the pinch-off regime
at G < 2¢/h.

The first studies of the photocurrent in QPCs oper-
ating in the tunneling regime (G < 2¢*/h) have been
carried out most recently and demonstrated quite unex-
pected results—a giant microwave photoconductance in
response to radiation with frequency f* in the range from
110 to 170 GHz [14]. Experiments reveal an enhance-
ment of the QPC conductance by more than two orders
of magnitude for a rather small microwave power den-
sity of about 10 mW/cm?. The effect has been detected
for traditional split-gate QPCs as well as for QPCs with
a specially designed bridged gate. In the latter structures,
the photoresponse is about ten times larger than in the
ordinary split-gate QPC. The giant photoconductance at
microwave frequencies is well described by the theory
developed by Mikhailov in Ref. [14], showing that it is
caused by the influence of radiation on the steady-state
electron-distribution function near the tunnel contact, i.e.,
a specific form of electron gas heating.

Here, we demonstrate that the giant photoconductance
in QPCs operating in the tunneling regime can also be
obtained by applying radiation of substantially higher fre-
quencies in the terahertz range. We show that at THz
frequencies the photoconductance depends on the orienta-
tion of the radiation electric field vector E with a maximal
photoresponse for E oriented normally to the gate bars. It
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is also characterized by a drastic decrease of the respon-
sivity by an increase of the frequency from 0.69 to 1.63
THz. The observed decrease of sensitivity by 50 times
upon changing the frequency by 2.7 times required using a
different theory as compared to Ref. [14], which predicts a
signal reduction almost one order of magnitude smaller.
We show that at THz frequencies, the effect is caused
by the photon-assisted tunneling and exhibits a strong
polarization and frequency dependency. We qualitatively
describe a microscopic theory of the photon-mediated tun-
neling in QPCs previously discussed in Ref. [15], which
is in good quantitative agreement with the experimen-
tal findings. The observed effect enlarges the family of
photon and phonon-assisted tunneling phenomena, previ-
ously detected in semiconductor systems for superlattices
[16—18], resonant-tunneling diodes [19,20], quantum cas-
cade laser structures [21], quantum dot systems [22], and
semiconductors doped with deep impurities [23-25]. A
particular characteristic of the photon-mediated tunneling
is the steplike frequency or bias-voltage dependence of the
photoconductive response, observed in superconductors
[26—28] and semiconductor superlattices [16—18].

II. SAMPLES AND METHODS
A. Samples

Our samples are fabricated on the basis of modula-
tion doped GaAs/(Al,Ga)As heterostructures with a 2DEG.
Several samples are prepared from two different wafers.
The first wafer, referred to as A in this paper, has a
carrier density and mobility of the 2D electrons at liquid-
helium temperature of about n, = 7 — 8 x 10'! cm~2 and
w = 1.5 x 10% cm?/V s, respectively. This mobility corre-
sponds to a mean free path of 30 wm, which substantially
exceeds the QPC size being of the order of 100 nm. The
second wafer (B) has density n; = 5 — 6 x 10'' cm™2 and
a much lower mobility ;1 =4 x 103 cm?/V's (the cor-
responding mean free path is about 4 pm). The gates
are fabricated on the surface of the heterostructure using
electron-beam lithography with a distance of about 90 nm
between the gate and the 2DEG. Figures 1(a) and 1(b)
show schematically quantum point contacts with a tradi-
tional split gate and bridged gate placed on two parts of
a Hall bar sample. Microphotographs of the gated parts
of the sample are shown in Figs. 1(c)-1(e). The bridged-
gate QPC consists of a single piece of metal with a
semielliptical narrowing, see Fig. 1(d).

Samples are placed in an optical cryostat with z-cut crys-
tal quartz windows. To exclude (inhibit) illumination of
the sample with room, visible, or infrared light all win-
dows are covered by a thick black polyethylene film, which
is transparent in the terahertz range but blocks out visible
and infrared light. We use an exchange gas cryostat, which
allows us to measure the temperature dependence of the
dark conductance. All experiments on the photoresponse
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FIG. 1. (a),(b) Sketch of Hall bar samples with two QPC struc-

tures obtained by gates placed on two parts of the sample. The
size of the Hall bar is 280 x 20 wm?, the length and width of
the arms of the gates are 25 and 6 wm, respectively. The dou-
ble arrow indicates the electric field vector E(w) of normally
incident THz radiation. The orientation of E(w) with respect to
the x axis is described by the azimuthal angle «, see (b). (c)
Microphotograph of the gated part of the sample. (d),(e) Enlarged
images of the bridged-gate QPC and a traditional split-gate QPC,
respectively.

are performed on samples in a liquid-helium bath, i.e., at
T'=42K.

The resistance R = 1/G is measured using the electric
circuit shown in Fig. 1(a) and a conventional lock-in tech-
nique with a frequency of 3 Hz and currents J = (10710 —
10~%) A. Figure 2 shows the gate-voltage dependence of
the normalized dark conductance Gdark(Vz,ff) /Gy obtained

for J = 1071 A. Here, Gy = 2¢?/h is the conductance
quantum. The data obtained for the nonilluminated struc-
tures A and B reveal that at a temperature of 7=4.2 K
and in the used range of gate voltages, the conductance
G(V,) is much smaller than Gy, i.e., all QPCs operate in
the tunneling regime. Note that while the overall charac-
teristics of the QPCs remain the same, values of the gate
voltage corresponding to the conductance Gy depend on
the cooldown procedure and differ from sample to sample.
This is ascribed to cooldown-dependent charge trapping in
the insulator. To compare the measurements taken at dif-
ferent sample cooldowns we plot the data as a function
of the effective gate voltage V;ﬁ =V, — V4(0.1Go) with
V¢ (0.1Gy) being the gate voltage at which the conductance
is equal to 0.1Gy.

The regime of complete tunneling of a QPC, with the
resistance up to several M2 is realized for samples cooled
below 7'~ 10 K. This can be seen in the temperature
dependence of the conductance shown for the bridged-gate
QPC (made of wafer A) and the split-gate one (made of
wafer B) in the inset in Fig. 2. It is seen that the temper-
ature dependencies are similar for both kinds of samples,
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FIG. 2. Dependence of the relative dark conduc-
tance Gdark(Vzﬁ) /Gy on the effective gate voltage

V;‘Jf = Vg — V4(0.1Gy). Here, the values of V, correspond-
ing to G=0.1Gy are —2.23 V (bridged-gate sample A),
—2.05 V (split-gate sample B), and —1.80 V (bridged-gate sam-
ple B). The dependencies are measured at 7' = 4.2 K. The inset
shows the temperature dependencies obtained at ngf = —-78 mV
for the bridged-gate sample A and V;ff = —61 mV for the
split-gate sample B.

demonstrating exponential growth for 7 > 15 K (with an
activation temperature of about 60 K) and saturation of
the conductance at low temperatures. The latter gives evi-
dence for the tunneling regime in the latter case. From the
value of the saturated conductance Gy = 7 x 10~*Gy,
we estimate the barrier height as about 5 and 4.5 meV
for the bridged-gate sample A and the split-gate sample B,
respectively. Note that in spite of the different parameters
of the 2DEG and different QPC shapes, we obtain almost
the same barrier heights for the same dark conductance.

B. Methods

To measure the terahertz photoconductance of the QPCs
we use a THz gas laser [29,30] optically pumped by a CO,
laser [31]. Radiation with frequency f = 0.69 and 1.63
THz (wavelengths of A = 432 and 184 pm) are obtained
using CH,O, and CH,F, gases, respectively. The cor-
responding photon energies hw are 2.85 and 6.74 meV,
respectively. All experiments are performed at normal inci-
dence of radiation, see Fig. 1(a), and a temperature of
T = 4.2 K. The radiation is focused onto a spot of about 2
mm diameter. The spatial beam distribution has an almost
Gaussian profile, measured by a pyroelectric camera. The
radiation intensity / on the QPC structures is about 50
and 200 mW/cm? for £ = 0.69 and 1.63 THz, respec-
tively. Room-temperature halfwave plates are placed just
in front of the cryostat to rotate the polarization plane of
the radiation by an azimuthal angle «. The quality of the
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FIG. 3. Dependencies of the relative terahertz photoconductiv-

ity Gpn/Gaark on the effective gate voltage Vzﬁ. Data are obtained
for wafers A and B with different gate configurations by apply-
ing radiation with f = 0.69 THz and intensity / = 50 mW/cm?.
Solid curves show fits according to Gpy/Ggark = A4 exp(— Vzﬁ/ a),
where 4 and « are the fit parameters.

linear polarization at the sample position is controlled by
independent measurements applying a grid polarizer and a
polarization insensitive pyroelectric detector. The photore-
sponse, similar to the transport experiments, is measured
by applying the electric circuit shown in Fig. 1(a) for
currents J = (1072 — 107%) A.

II1. RESULTS

First, we discuss the results obtained at a radiation
frequency f = 0.69 THz with the electric field vector ori-
ented along x direction, i.e., normally to the gate stripes.
Irradiating the structure with the THz beam at normal
incidence, we detect a photoconductive signal correspond-
ing to the conductivity increase [32—35], which drastically
raises for large negative gate voltages, see Fig. 3. The lat-
ter corresponds to the dark conductance decrease, see Fig.
2. The figure reveals that at the lowest dark conductance
the photoconductance exceeds the dark one by almost two
orders of magnitude. Figure 3 also shows that the photo-
conductive response Gpp/Gaark is substantially larger for
higher mobility samples, see data in Fig. 2 for bridged-
gated samples A and B. Furthermore, its magnitude is
larger for the bridged-gate QPC than for the split-gate
structure. This difference has been previously observed in
the microwave range on similar structures [14].

Exploiting the advantage of THz laser radiation, which,
in contrast to radiation in the microwave-frequency range,
allows accurate polarization experiments to be performed
[36], we investigate the variation of the photoresponse as
a function of the orientation of the radiation electric field
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FIG. 4. Dependencies of the terahertz photoconductance
Gpn/Go on the orientation of the terahertz radiation electric-
field vector E for bridged-gate samples A (blue triangles) and
B (red circles). Data are obtained for the effective gate voltages
Vz,ff = —51 mV (sample A) and —24 mV (sample B) correspond-
ing to the values of Ggak/Go = 0.0018 and 0.003, respectively.
The solid curve is a fit according to Gph/Ggark X (cos «)?. The
inset shows the orientation of the vector E corresponding to the
signal maximum. Arrows on top illustrate the orientations of the
radiation electric field vector for several values of «.

vector. Figure 4 shows the dependence of the photocon-
ductance Gpn/Gaark on the azimuthal angle o measured
for bridged-gate samples A and B. The figure reveals that
the photoresponse can be well fitted by Gph/Gaark X €08
and achieves its maximum for a radiation electric field
vector oriented perpendicular to the gate stripes (E || x).

Now, we turn to the photoresponse obtained for the
higher radiation frequency. Increasing the frequency by
about 2.5 times, we observe a drastic (by more than one
order of magnitude) reduction of the photoconductance
Gph/Go. This is shown in Fig. 5 for the bridged-gate
samples A and B excited by radiation with frequencies
f =0.69 and 1.63 THz. Furthermore, for higher frequen-
cies, the photoresponse becomes almost independent on
the effective gate voltage.

IV. DISCUSSION

The giant terahertz photoconductance of a tunneling
point contact and its behavior upon variation of radiation
polarization, frequency, and intensity can be well described
by the model of coherent photon-assisted tunneling in
QPCs developed in Ref. [15].

Let us first consider, at a qualitative level, the enhance-
ment of the electric current in a QPC operating in the
tunneling regime under the action of normally incident
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FIG. 5. (a),(b) Dependencies of the photoconductance

Gpn/Gaark on the effective gate voltage VzFf measured for
two radiation frequencies in bridged-gate samples A and B,

respectively.

linearly polarized terahertz radiation. The effect of the radi-
ation field is twofold: (i) It causes an additional force in
the direction of the tunneling current due to the x compo-
nent of the terahertz electric field E(w) and (ii) it reduces
the tunneling barrier due to the £, (w) component of the
electric field originating from the near field of diffraction
[18,37]. The model of the potential modification and the
corresponding enhancement of tunneling is shown in Fig.
6. It is assumed that the QPC in the tunneling regime
can be considered as a one-dimensional barrier U(x) =
Uy/ cosh? (x/ W) (blue solid curve), where Uj is the barrier
height and W is its characteristic width [3,15]. The Fermi
energy Er = 27 meV sketched by the dashed line in this
figure is determined from the electron density n, = 7.5 x
10" cm™2, which is obtained from transport measure-
ments. Figures 6(a) and 6(b) illustrate the influence of the
E,-field component resulting in a force eEy  (w) cos(wt) =
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[dV(x)/dx] cos(wt) applied along x direction shown in
Fig. 6(a) by the magenta line for one half of a period of
the wave. The force results in a time-dependent potential
U(x) 4+ V(x) cos(wt), which increases the tunneling cur-
rent for one half of a period of the radiation field and
decreases it for the other half. The corresponding potentials
are shown in Fig. 6(b) by solid and dashed curves. Obvi-
ously the effect is maximal for the radiation polarized along
the current, i.e., in x direction, as detected in our exper-
iment. The second mechanism, considering the action of
the potential U(x) = Uy /cosh?(x/W), is illustrated in Figs.
6(c) and 6(d). It is based on the reduction of the tunneling
barrier U(x) due to the z component of the electric field. In
the vicinity of the QPC formed by the spiked split gate
and for a radiation electric field oriented along x direc-
tion, i.e., normal to the gate stripes, near-field diffraction
results in a field £, directed along z direction for one half
of a period and —z for the other. The corresponding time-
dependent variation of the potential is shown in Fig. 6(d)
by solid and dashed curves. The reduction of the poten-
tial barrier yields the increase of the tunneling current and,
consequently, the conductance. For an electric field ori-
ented along y direction, the £, component becomes more
complex and has opposite signs for opposite sides of the
spiked gates forming the QPC and the effect vanishes.

Figure 6 and the above discussion present a semiclassi-
cal description of the radiation-induced tunneling in QPCs,
which illustrates the basic physics of the phenomena. This
model, however, is valid only for rather low frequen-
cies at which the characteristic time of electron tunneling
through the potential barrier U(x) is smaller than 1/w [38].
The crossover between low-frequency and high-frequency
behavior occurs for wt = 1. Following Landauer and Biit-
tiker [38], the tunneling time is estimated in the Wentzel-
Kramers-Brillouin (WKB) limit as © = (& W)/m*/2Uj,
where m* = 0.07m, is the effective electron mass. For
barrier parameters Uy = 30 meV and W = 100 nm we
obtain T ~ 0.8 ps. Then at frequencies f = 0.69 and /' =
1.63 THz the values of wt are 3.5 and 8.2, respectively.
Therefore, photon emission and absorption transitions are
important in this frequency range, and one has to deal with
the time-dependent Schrédinger equation.

For modeling the experimental photoresponse, we use
the theory of photon-assisted transmission [39] adapted for
QPC in the tunneling regime in Ref. [15]. In the framework
of this model, the Schrédinger equation

ROV Y ) + e cos@nle. (1)
—_— = cos .
Y 2m* 0x2 * * @
with the time-dependent potential U(x) + V(x) cos(wt) is
solved numerically.
The potentials U(x) and V(x) are assumed to be piece-
wise constant functions (step approximation) as Coon and
Liu suggested in Ref. [39]. This approximation extends

S S A N @1 [ ©)
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FIG. 6. Schematic drawings of the QPC potential barriers U(x)
in the plane of the QPC and their modifications upon action of the
radiation electric field given by U(x) + V(x) cos(w?). (a) Elec-
trostatic potential barrier in x direction (solid blue curve) and
radiation electric force eEy,(w) cos(wt) = [dV/dx] cos(wt) act-
ing on the electrons for one half of a period at |x| < 2W (solid
magenta line). (b) Modification of the potential barrier due to the
E.(w) component of the radiation field is shown for two instants
in time, t = 0 and ¢ = T/2, shifted by half a period. (c) Electro-
static potential barrier in x direction and dynamic barrier with the
height V; caused by the E.(w) component of the radiation elec-
tric field. (d) Change of the potential U(x) + V(x) cos(wt) due to
the E.(w) component shown for two instants in time, £ = 0 and
t = T/2, shifted by half a period.

the treatment of one-dimensional scattering in the high-
frequency field by Tien and Gordon [27] and Landauer
and Biittiker [38] to potentials of arbitrary shape. Elec-
trons with energy & and a fixed amplitude are scattered
on the region with nonuniform U(x) and V(x). Outside
the region the potentials are constant functions. The elec-
trons are transmitted and reflected into energy channels
&y £+ nhw with respective complex amplitudes. The mul-
tichannel wave function is the sum of plain waves within
the constancy intervals and the coefficients are determined
by matching the wave functions at the boundaries of adja-
cent intervals. For given boundary conditions atx — o0,
this technique yields all transmission and reflection ampli-
tudes. In our modeling, the potentials U(x) and V(x)
are approximated on a fine mesh with §x =1 — 10 nm
inside the interval |x| < 2/ and constant values outside
the interval (Fig. 6). The number of energy channels
taken into the sum is dependent on model parameters and
varied to attain acceptable accuracy. The conductance is
found by the Landauer formula at zero temperature [40]:
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G = GoD(&y), where D(&)) is the total multichannel trans-
mission coefficient for an electron incident with energy &.

The barrier height, Uy = 30 meV (Uy — Er = 3 meV),
is calculated from the dark conductance value after G =
GoD with the tunneling transmission D = 0.002 for the
barrier shape U(x) = Uy/ coshz(x/W), & =27 meV and
W = 100 nm. Calculations using the above values show
that the observed increase of the conductance by 50
times for a dark conductance G = 0.002Gy, frequency
f =0.69 THz, and the highest radiation power used in
our work corresponds to a variation of the barrier Uy by
Vo =35 meV. Thus for the radiation used in our experi-
ments (f = 0.69 THz, fiw = 2.85 meV) we obtain the ratio

Figure 7 presents the results of calculations carried
out in the framework of the above model. It shows the
dependence of the conductance G/Gy on the square of
the radiation electric field E(z),x, (a), and the corresponding

potential 72, (b), calculated for frequencies 0.69 and 1.63
THz. Here, the ratio of Ey/ V) is scaled such that the mag-
nitudes of the conductance for f/ = 0.69 THz at the highest
Vo matches that at the highest £y, field. Comparison of
Figs. 7(a) and (b) demonstrates that both mechanisms yield
almost the same behavior of G(Eéﬂx), (a), and G(Vé), (b).
The calculated dependence describes the experimental one
well as shown in the inset in Fig. 8(b) for the bridged-
gate sample B. A good agreement is also obtained for the
dependence of the normalized photoconductance Gp,/Go
and G/ Gaar on the dark conductance Gganc/Go, see Fig.
8. We note that plotting Gy, against Ggai allows exper-
iment and modeling to be compared independently of the
parameters of the 2DEG, the kind of structure, or the shape
of gate. In particular, the calculations reveal a drastic sup-
pression of the photoresponse both for the transition of
the QPC from the tunneling to open regime and for the
change of frequency in the tunneling regime from 0.69 to
1.63 THz. This is in full agreement with the experimental
results, see Figs. 5 and 8(b). The higher photoconductance
for 0.69 THz (hw = 2.85 meV) is explained by transitions
to the channels £ = &) £+ nhw, n = 0, 1. These channels
belong to the tunneling mode and thus have classical turn-
ing points with a high probability density of discovering
the electron, whereas for 1.63 THz (hw = 6.74 meV) the
channel & + hw already belongs to the open mode with
larger delocalization, smaller probability density in the
barrier, and, therefore, reduced transition efficiency.
Finally, we note that the fitting of the model to the
experiment is mainly determined by two parameters—the
characteristic width W of the QPC barrier and the inten-
sity of irradiation described by Vy (or Ey,). The values
for optimal fitting W = 115 and 85 nm for bridged-gate
and split-gate samples are close to the lithographic size of
the gates. The amplitude of the high-frequency potential
Vo = 5.5 meV corresponds to the extreme value dV(x)/
edx =423 V/cm or Ey, = 176 V/cm, which is almost 70

0.101- (a)
| Ep=27meV  f=0.69 THz (how=2.85 meV)

S
< 0.05}F
£
° /=1.63 THz (ho=6.74 meV)|
(U v T A
0 1 2 3 4 5 x10*
Egy (Vom?)
0.10f (b) _ =
- E,=275 nie.\%%f’: 0.69 THz
2 0.5 ‘
o
1 4 /=1.63 THz
OF= - p-c 7T g
0 10 20 30 40 50
Vi (meV?)

FIG. 7. Calculated power dependencies of the photoconduc-
tance in a tunneling QPC in response to terahertz radiation of
two frequencies. (a),(b) Dependencies on the magnitude of the
radiation electric field strength E(z)ﬂx and dynamic barrier ampli-
tude 2, respectively. Calculations are carried out using 7 = 0 K,
Er =27 meV, Uy = 30 meV, and W = 85 nm. (b) The result of
calculations for f = 0.69 THz and a slightly larger Fermi energy
Er =27.5 meV (red dotted-dashed line).

or 30 times larger than the maximum value calculated for
the incoming plane wave (E£y = 6.14 V/cm at the radia-
tion intensity / = 50 mW/cm?). This observation agrees
with previous studies relying on the near field of diffrac-
tion for which a strong enhancement of the field amplitude
in the vicinity of a metal edge (in our case the spiked gates
forming the QPC) has been reported [18,41,42].

V. POSSIBLE ROLE OF THE ELECTRON GAS
HEATING

Finally, we discuss the possible role of electron gas
heating in the observed phenomena. First, we address the
effect of the electron temperature increase. A substantial
contribution of this mechanism can be ruled out based
on the polarization dependence of the photoconductivity
and on estimations of the electron temperature provided
by independent measurements on the macroscopic part of
the sample. A strong variation of the photoresponse with
rotation of the radiation electric field vector E, see Fig. 4,
indicates that the tunneling current across the QPC has a
maximum for E oriented parallel to the current (¢« = 0) and
vanishes for « = 90°. For the electron gas heating mecha-
nism, however, the increase of the tunneling probability is
caused by the rise of the 2DEG temperature due to Drude-
like radiation absorption and any polarization dependence
is not expected. Furthermore, the polarization dependence
cannot be explained as a variation of the radiation cou-
pling to the 2DEG by a dipole antenna formed by the
metal gate bars, because in this case the maximum current
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FIG. 8. Theoretical and experimental dependencies of (a)

Gpn/Go and (b) Gpn/Gak on the normalized dark conductivity
Ggark/Go. The data in (a) are shown for bridged-gate sample A
and split-gate sample B excited by radiation with f = 0.69 THz
and intensity 7 = 50 mW/cm?. Calculated curves are obtained
with Uy =30 meV, V) =5.5 meV, W= 115 nm (sample A),
and 85 nm (sample B). The data in (b) are presented for bridged-
gate sample A excited by radiation frequencies f = 0.69 and
1.63 THz (intensity 7 = 50 mW/cm?). Curves are calculated
using Uy = 30 meV, W = 115 nm, and potentials Vy = 5.5 meV
(f =0.69 THz) and 1 meV (f = 1.63 THz). The inset shows
dependencies for the bridged-gate sample B.

would be expected for E parallel to the gate stripes, i.e.,
o = 90°. This, however, contradicts the experiment where
the photoresponse has a maximum for E oriented paral-
lel to the current (¢ = 0) and is vanishingly small for o =
90°, see Fig. 4. Moreover, electron-heating-based expla-
nations applying Drude-like radiation absorption would
result in substantially weaker reduction of the photore-
sponse. Instead of the observed photoresponse decrease by
50 times in the experiment due to the frequency increase
from 0.69 to 1.63 THz, see Fig. 5, the Drude absorption,

scaling as 1/[1 + (w7)?], will yield a signal decrease by a
factor of 7 only.

The conclusion that an increase of the electron tempera-
ture does not play a substantial role in the photoconductive
response is also supported by the estimation of the effect of
electron gas heating. For that we perform measurements on
a macroscopic part of the sample which does not contain
the QPC structure. Comparing the temperature dependence
of the conductivity with and without continuous-wave THz
radiation (not shown), we observe that at the highest power
level used in this work the 2DEG temperature increases
only by AT~ 1 K or even less [43]. This increase of
the electron temperature is not sufficient to explain the
observed increase by one to two orders of magnitude, see
Fig. 3.

While the increase of the electron temperature in the
2DEG seems unlikely to be responsible for the observed
signal, the mechanism based on the influence of terahertz
radiation on the steady-state electron-distribution function
near the tunnel contact considered in [14] for microwave
frequencies is not excluded by the above arguments. This
mechanism should be enhanced for the radiation electric-
field vector oriented along x direction, as observed in the
experiment, and does not rely on the electron temperature.
At the same time, the magnitude of the photoconductivity
in this case is also proportional to the Drude absorption,
which is characterized by a weaker frequency dependence
as that detected in our experiments, see the above discus-
sion and Fig. 5. Thus, the theory of Ref. [14] yielding
a good agreement for microwave frequencies does not
explain a strong frequency dependence of the terahertz-
radiation-induced photoconductivity in the QPC structure.

VI. SUMMARY

To summarize, we observe a giant terahertz photocon-
ductive response of the QPC operating in the tunneling
regime. Experimental findings are in good agreement with
the theory of the photon-assisted transmission [39] as
applied to tunneling in QPC [15]. The observed change
in conductivity by more than two orders of magnitude in
response to rather weak terahertz radiation demonstrates
that QPCs in the tunneling regime can be considered as
a good candidate for detection of terahertz and microwave
[14] radiation. Our results show that they would have com-
parable noise equivalent power per unit band (NEP*) with
the composite Si bolometer, InSb hot electron bolometer,
and GaAs photodetectors [44], do not require antennas
and, being produced by planar technology, can be com-
bined in a matrix. The latter is of particular importance
because it is easy in fabrication, can be well integrated in
external circuits, has a small size, can be used for imag-
ing and should have a high sensitivity and low NEP*.
Note that the QPCs discussed above are not optimized
for detection purposes. As for the future work, the most
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challenging task is the search for the steplike frequency or
gate-voltage dependence of the photoconductive response.
Preliminary calculations for the deep tunneling regime of
the QPC show shoulderlike features in the gate-voltage
dependence of the photoconductance and peaks and dips
in the frequency dependence.
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