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Asymmetrical shaping of AlGaN/GaN heterostructures containing a conductive layer of two-dimensional elec-
tron gas (2DEG) was used for the development of bow-tie (BT) diodes for room temperature terahertz (THz) detec-
tion. Considering operation of the THz BT diode in the unbiased mode as preferable for practical applications, we 
investigated the diodes with an obvious asymmetry of IV characteristics, which was found to be more pronounced 
with the decrease of an apex width, resulting in the sensitive THz detection. A nonuniform heating of carriers in 
a metalized leaf of the BT diode was attributed as the main mechanism that caused the rectification of THz waves. 
The responsivity and noise-equivalent power (NEP) at the fundamental antenna frequency of 150 GHz were up to 
4 V/W and 2 nW/√Hz, respectively. Such high sensitivity of BT diodes allowed us to measure for the first time the re-
sponse spectrum of the asymmetric BT antenna demonstrating fundamental and higher order resonances in good 
agreement with finite-difference time-domain simulation data in a broad spectrum range. The detailed investigation 
of the low- and high-frequency noise characteristics of AlGaN/GaN BT diodes revealed that only thermal noise needs 
to be considered for the unbiased operation, the value of which was relatively low due to a high density of 2DEG 
enabling low resistivity values. Moreover, we observed that the responsivity of BT diode scales with its resistance, 
revealing that tapering of the diode apex below a few microns could be ineffective in applications which require low 
NEP values.
Keywords: THz bow-tie diode, AlGaN/GaN heterostructure, 2DEG, asymmetrical BT antenna

1. Introduction

The evolution of terahertz (THz) science and tech-
nology enable new applications in wireless com-
munication, spectroscopic imaging, chemical and 
biological sensing, but still requires the develop-
ment of fast, sensitive and room-temperature THz 
detectors [1, 2]. Of particular interest are semicon-
ductor based sensors which can be integrated on-
chip implementing scalable planar schemes [3–5]. 
The  detectors based on hot-electron effects are 
attractive due to their high sensitivity and de-

tection capabilities achieved in the  broadband 
spectrum [6–8]. In such devices, the rectification 
of electromagnetic waves is achieved by thermo-
electric effects which are the result of the forma-
tion of free-carrier temperature gradients due to 
asymmetric conditions such as geometrical shap-
ing, doping profile, contact and coupling charac-
teristics [9–11].

Initially, the hot-carrier-based detector was de-
veloped as a small area whisker-contact of metal-
semiconductor structure, where high-frequency 
electric fields used to be concentrated in a  small 
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region of active material [12]. Years later, the pla-
nar structures of n-n+-GaAs possessing a  high 
electron mobility were developed by shaping lay-
ers in a bow-tie (BT) antenna geometry and dem-
onstrating the  sensor operation in the  GHz and 
THz frequency bands  [9]. As a  further improve-
ment, the InGaAs layer on the InP substrate was 
selected together with a more asymmetric planar 
geometry and a complete one leaf metallization of 
the diode, representing the form of an asymmet-
ric BT antenna [13]. All these THz sensors were 
found to be well suited in compact spectroscopic 
imaging systems operating in the direct detection 
scheme [14]. The response speed of BT diodes was 
found to be below nanoseconds  [15], which al-
lowed one to record amplitude and phase images 
quickly in the heterodyne configuration [16]. Dif-
ferent approaches were tested to increase the de-
tector sensitivity such as using a  modulation-
doped AlGaAs/GaAs heterostructure with a  2D 
electron gas (2DEG) layer [17], applying the volt-
age/current bias to BT diode electrodes [14], and 
providing a  field-plate (short-gate) over active 
part of the BT diode [18, 19]. Moreover, the Fer-
mi-level managed barrier (FMB) diode based on 
the  InGaAs lattice matched to the  InP structure 
was proposed for low-noise THz wave detection 
at room temperature [20]. In addition, researchers 
have proposed the  high sensitivity In0.53Ga0.47As 
photodetector  [21] as well as the  heterostruc-
tured low-barrier diode (HLBD) composed of a 
composition-graded lattice-matched AlGaInAs 
triangular barrier in the  GaAs/AlGaAs sys-
tem [22] for room-temperature sensitive sub-THz 
detection. 

The heterostructure-based sensor benefits from 
the fact that the electron energy relaxation is dom-
inated by the ballistic outflow, which allows one to 
reduce the  electron cooling time and, therefore, 
the response time of the sensor [23]. The sensitivi-
ty and noise-equivalent power (NEP) of BT diodes 
based on the GaAs material system were found to 
be up to 10 V/W and down to 4 nW/√Hz, respec-
tively [14, 16]. Utilizing the strong built-in inter-
nal electric fields achieved by a  specific growth 
condition of the InGaAs layer on the InP substrate 
enabled a  significant reduction of NEP down to 
the value of 200 pW/√Hz at a selected frequency 
of 0.6 THz [24]. Meanwhile, sensitive HLBDs and 
photodetectors demonstrated a  significantly bet-

ter responsivity and NEP values, which at the fre-
quency of around 180  GHz reached up to 6000 
and 515 V/W and lower than 0.6 and 20 pW/√Hz, 
respectively [21, 22].

In this work, we investigated the  BT diodes 
developed of commercially available AlGaN/
GaN heterostructures dedicated to high-electron 
mobility transistor (HEMT) applications. Com-
pared to previously used GaAs-material systems, 
the selected material has an advantage of a high-
er electron density, which is useful for a  better 
match between the  THz sensor and asymmetric 
BT antenna impedances [7]. In addition, the short 
momentum relaxation time of electrons ensures 
the  THz coupling to the  2DEG layer  [25, 26]. 
Furthermore, good ohmic contacts to 2DEG in 
AlGaN/GaN heterostructures can be obtained 
without the  heavy doping of semiconductor lay-
ers. This simplifies the  interpretation of THz 
signals caused by carrier heating in the  asym-
metrically necked contact and semiconductor 
materials if one takes into account self-heating 
effects of both ohmic contacts and 2DEG layer, 
observed even under short-duration (only 100 ns) 
and low-duty-cycle (only 10–5) pulsed electric 
fields [27]. 

In this work, we attributed the  detected THz 
signals to the  nonuniform heating of carriers in 
the area of a metallized leaf of the BT diode, re-
sulting in the  responsivity and NEP values at 
150 GHz frequency and room temperature to be 
up to 4 V/W and 2 nW/√Hz, respectively. A suffi-
ciently high sensitivity of the BT diode allowed us 
to record the emission spectrum of the  frequen-
cy-domain spectrometer source, providing THz 
powers up to 1 µW in the free space. As a result, 
the  asymmetric BT antenna response spectrum 
was recorded for the first time. Due to the differ-
ent device and electrode shaping shown in the de-
signs of Fig. 1(a) and in Refs. [13, 14], the AlGaN/
GaN BT diodes revealed a  significantly different 
frequency characteristic in comparison to that of 
the  InGaAs-BT diodes, results of which will be 
reported elsewhere. In addition, the  noise char-
acteristics and the  optical responsivity depend-
ence from the apex width and the resistance of BT 
diode were investigated. The results indicate that 
the hot electron effects in the metallized leaf are 
responsible for the optimal operation of THz BT 
diodes even without an external bias.
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2. Samples

Microscope image of two fabricated BT diodes 
with the  apex width of 2 and 7  μm is shown in 
Fig. 1(a). The samples were fabricated of AlGaN/
GaN heterostructures grown on a  500  μm thick 
semi-insulating 6H-SiC substrate which were 
kindly provided for the research by TopGaN (www.
topganlasers.com) company. The  structure was 
composed of 1  μm thick unintentionally doped 
GaN buffer and 19 nm thick Al0.25Ga0.75N barrier 
layers with a 1 nm thick AlN spacer in between. 
A conductive channel of 2DEG is localized below 
the AlN spacer in the top part of the buffer layer. 
DC conductivity and Hall effect measurements 
at room temperature revealed 2DEG density and 
low-field mobility values of about 8.3 × 1012 cm–2 
and 1.9  ×  103  cm2/Vs, respectively. From these 
data the sheet resistivity of the 2DEG layer was es-
timated to be of about 400 Ω per square. 

The mesas of asymmetrically shaped AlGaN/
GaN heterostructures were developed either by 
optical photolithography and dry plasma etching 
or by implantation of Al ions. The ohmic contacts 
(Ti/Al/Ni/Au: 30/90/20/100  nm) were processed 
on top of the mesa using e-beam metal evaporation 
followed by rapid thermal annealing in the N2 envi-
ronment. The metallized leaf is used to concentrate 
electric field in the apex area, while the unmetallized 
leaf, a fragment of mesa between two electrodes, is 
designed as an active part of the  sensor, generat-
ing a  DC signal when exposed to THz radiation. 
The performance of all BT diodes was investigated in 
the unbiased mode operation at room temperature 
unless otherwise specified.

3. Results

Two types of the IV characteristics of AlGaN/GaN 
based BT diodes were found after chip fabrication 
using the  same recipe for ohmic contacts  [28, 29]. 
In the first case, the resistance of the metallized BT 
antenna leaf was found to be insensitive to the mag-
nitude of the applied electric field, Rc ≈ constant, re-
sulting in the symmetric IV characteristic of the BT 
diode. The typical results are shown in Fig. 2 by grey 
colour short-dash lines. Such type of BT diodes with-
out a bias demonstrated relatively small THz signals 

Fig. 1. (a)  Nomarski-contrast microscope image of 
the  BT diodes fabricated of asymmetrically shaped  
AlGaN/GaN heterostructures with a  conductive 
2DEG layer. The  total length of diode is 500  μm, 
the width is 100 μm, and the length of metallized and 
unmetallized heterostructure leaf is 250 and 50 μm, 
respectively. The apex width of shown diodes is 2 and 
7  μm (as labelled). (b)  Suggested equivalent circuit 
and (c) the  symbol of the  BT diode, where the  re-
sistance Rc stands for the  metallized and R2DEG for 
the unmetallized leaf, which both could be sensitive 
to the magnitude of the applied electric field.

Fig. 2. Current–voltage characteristics of the fabri cated 
BT diodes with different width of the apex (indicated 
in microns) demonstrating the resistance of metallized 
leaf 's weak and strong dependence on applied electric 
field (labelled as Rc ≈ constant and Rc (E), respectively).  
Inset is the asymmetry factor according to Eq. (1). 
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and responsivity values (see data shown in Fig. 3 by 
circle symbols) [29].

In another group, the  BT diodes demonstrated 
the  resistance of contacts made to be sensitive to 
the  applied electric field Rc(E). These BT diodes 
demonstrated an obvious asymmetry of IV charac-
teristics, which was more pronounced with the de-
crease of apex width. The  measurement results 
for BT diodes with different apex sizes are shown 
in Fig.  2. Here more pronounced carrier heating 
in the  shaped sub-contact area in comparison to 
the 2DEG channel can be identified [12, 27]. These 
BT diodes demonstrated a sensitive THz detection 
in the unbiased regime, thus, only data for those will 
be discussed further. It is worth to note that the be-
haviour in the DC regime and the THz performance 
of such sensors were found to be very similar to 
those of InGaAs-BT diodes [14], and such facts can 
be used in the future for the side-by-side compari-
son of different types of BT diodes. 

The transmission line method (TLM) was used 
to investigate the contact resistance of devices on 
each AlGaN/GaN chip after the  fabrication pro-
cess. The  contact resistance Rc and the  specific 
contact resistivity ρc were measured using rectan-
gular shape test TLM structures of 250 µm wide 
contacts separated by a distance from 3 to 65 µm, 
revealing the  values down to 1  Ω  ×  mm and 
2 ∙ 10–5 Ω × cm2, respectively. However, electrode 
shaping for BT diodes down to the sub-micron size 
can also modify the contact resistance. Thus, after 
the device fabrication only the IV characterization 
of BT diodes and test TLM structures allowed us 
to reveal whether the resistance of tapered metal-
lized leaf was dependent on DC voltage or not. 

The polarity of bias voltage is determined in re-
spect to the tapered electrode (metallized leaf) which 
was kept grounded in all experiments. The asymme-
try factor of DC currents was defined as [14]

–

–

– ,I I
I I

δ +

+

=
+

 (1)

where I+ and I– are the BT diode current measured at 
positive and negative values of the same bias voltage, 
respectively. The  asymmetry factor of different BT 
diodes is shown in the inset of Fig. 2. The asymmetry 
of IV curves for the BT diodes with Rc(E) was attrib-
uted to the electron heating in the sub-contact area 
of the metalized leaf. The asymmetry of the current 
flow is a result of the nonuniform heating of carri-

ers in the vicinity of the apex [7]. Therefore, narrow-
ing of the apex leads to higher electric field values 
in vicinity of the  apex resulting in larger values of 
the asymmetry factor (see the inset of Fig. 2).

The sensitivity of the  BT diode was measured 
using a quasi-optical setup consisting of an RF sig-
nal generator operating at 12.5 GHz and an ampli-
fier-multiplier chain (Virginia Diodes, Inc.) with 
a  multiplication factor of 12, 24 and 48 for gener-
ating oscillations at 150, 300 and 600 GHz, respec-
tively. A Gunn diode oscillator was used to produce 
radiation at 94  GHz. The  THz beam was emitted 
to the  free space through a horn antenna and was 
collimated with a  90° off-axis parabolic mirror 
(OAPM) with a focal length of 10 cm and a diame-
ter of 2 inches. The second OAPM of the same type 
was used to focus the THz beam onto a hemispheri-
cal silicon lens of 12  mm in diameter attached to 
the back side of a wafer with BT diodes. The power 
reaching the hemispherical silicon lens was 17, 29, 7 
and 0.35 mW at 100, 150, 300 and 600 GHz, respec-
tively. The THz signals were recorded using the lock-
in technique.

The responsivity of BT diodes with various apex 
sizes was measured. The averaged results for 150 GHz 
frequency are shown in Fig. 3. The responsivity was 
found by dividing the  induced signal voltage over 
the power of THz beam incident on the BT diode 

Fig. 3. Measured responsivity dependence on the apex 
width: squares stand for the BT diodes with Rc(E) and 
circles for the BT diodes with Rc ≈ constant (see also 
Fig. 2). Right-hand-side inset: the differential resist-
ance of BT diode versus apex width. Left-hand-side 
inset: comparison of the response speed of BT diode 
versus Schottky diode.
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(power density). As expected, there is a decrease in 
the voltage sensitivity with an increase in the neck 
width of the diode. The deviation range of responsiv-
ity values was largest for a group of BT diodes with 
the apex size of 2 µm independently on the detected 
THz frequency. It is worth noting that the  differ-
ential resistance follows a similar trend – decreases 
with the neck width as it is seen in the right-hand-
side inset of Fig. 3. 

The detector speed was determined by using 
mw-field pulses  [28]. The  response speed of the 
AlGaN/GaN BT diode was compared to that of 
the  Schottky barrier diode. The  measured pulsed 
traces are shown in the left-hand-side inset of Fig. 3. 
The BT diodes showed sub-nanosecond responsiv-
ity in a similar manner as the BT diodes developed 
previously of InGaAs-material [15].

The responsivity spectrum of the BT diodes was 
measured using the  monochromatic radiation of 
a  frequency-domain THz spectrometer TeraScan 
780 (Toptica, Inc.). The THz beam was electrically 
modulated at 500 Hz and detected with a  lock-in 
amplifier. The collimating and focusing optics were 
the  same as described previously. The  peak THz 
power of this source was found to be at around 
the 100 GHz frequency with a value of about 1 µW, 
and the sensitivity of developed BT diodes was suf-
ficient to record such power levels.

The normalized responsivity spectrum of the BT 
diode with a  2  µm wide apex is shown in Fig.  4. 
The  results obtained using a  Gunn oscillator and 
VDI multiplier chains are also shown by dots. As 
seen, the data obtained from both experiments show 
a  good agreement. To study the  dynamic range of 
the  BT diodes, we gradually attenuated the  THz 
power and measured the  resulting voltage signal. 
The  detected signal grew linearly with the  power 
across the range of about 6 orders of magnitude.

The NEP of the  detectors is defined as the  ra-
tio between the voltage noise and the responsivity. 
The  data of NEP for the  AlGaN/GaN BT diodes 
are shown in the  inset of Fig. 4. For the unbiased 
operation, only the  thermal noise is considered 
which is relatively low in the AlGaN/GaN diodes 
since a  high 2D electron density leads to low re-
sistivity values. The NEP dependence on the apex 
width was found to be relatively weak. The lowest 
NEP values were obtained at frequencies close to 
the resonance of BT antenna, with values down to 
2 nW/√Hz at an apex width of 2 µm.

Finite-difference time-domain simulations 
were used to find the  electric field amplitude 
distribution in the  plane of the  BT diode close 
to the  resonant frequency of the  THz antenna. 
The typical results are shown in Fig. 5. In the in-
set, the colour coding of electric field amplitudes 
is used to present data. The surface electric field at 
the antenna apex was calculated modelling a gold 
on GaN substrate attached to a  silicon lens. For 
comparison, we plot the  square of the  electric 
field enhancement factor, assuming that the elec-
tron temperature is proportional to the  squared 
electric field amplitude. The  results are shown 
in Fig. 4.

Comparing the  experimental and calculated 
spectra, one can see that the  fundamental reso-
nance of the  BT antenna is at the  frequency of 
about 150 GHz. The second resonance is observed 
in the spectrum slightly below 300 GHz. A reason-
able agreement between the measured and calcu-
lated spectra is achieved; however, the measured 
responsivity peak was a bit wider, and the second-
order resonance was noticeably attenuated com-
pared to the  spectrum of the  calculated electric 
field intensity. A  possible explanation could be 
losses introduced by bond wire connections, which 
are not taken into account in the calculations.
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As seen from Fig.  5, the  asymmetric geom-
etry of the  BT antenna leads to a  strong locali-
zation of the THz electric field in the vicinity of 
the  apex and antenna tip. Because of the  asym-
metry in the carrier temperature, the carrier dif-
fusion brings the charge carriers from the hotter 
to the colder part of the tapered leaf. As a result, 
the  voltage signal appears at the  ends of the  BT 
diode contacts, eliminating the  need for an ex-
ternal bias. The direction of the diffusion current 
is found to be in accordance with the polarity of 
the  signal corresponding to the  thermoelectric 
force of hot electrons [9, 12]. The metallized con-
tacts serve as planar antenna for the normally in-
cident THz wave polarized along the  geometric 
axis of the BT diode. Dimensions of the  tapered 
electrodes result in the resonance at 150 GHz fre-
quency, at which incident radiation is effectively 
concentrated into the semiconductor. It is worth 
noting that the  response spectrum of the  asym-
metric BT antenna was recorded for the first time 
(see Fig.  4), revealing significantly different fre-
quency characteristics from those of the InGaAs-
BT diodes, the  results of which will be reported 
elsewhere. A possible reason could be the differ-
ence in shaping of the  BT diode electrodes fab-
ricated (see Fig.  1(a)) from those described in 
Refs. [13, 14].

As expected, the  narrowing of the  diode apex 
leads to the enhancement of electric field concen-

tration in the metallized leaf tip and apex area (inset 
of Fig. 5), resulting in the increase of responsivity 
values (Fig. 3). It is worth to note that the asym-
metric shaping of the 2DEG channel can also lead 
to another detection mechanism, the  bi-gradient 
electromotive force [9].

In general, the response of the hot carrier detec-
tor begins to decrease as the detected frequency ap-
proaches the inverse of the momentum relaxation 
time τp  [8]. The  measured Drude conductivity of 
2DEG in the AlGaN/GaN structures at room tem-
perature revealed that the carrier relaxation time at 
low electric field was about 0.3 ps  [25]. This sug-
gests that the  theoretical cut off frequency for BT 
diodes could be about 1 THz.

The noise investigations are often used for 
a  more detailed assessment of the  quality of THz 
detector and materials. The results of low-frequen-
cy noise measurements at different bias voltages 
are shown in Fig. 6. The noise spectral density de-
pendence on bias voltage is asymmetric similarly to 
the current–voltage characteristic (see also Fig. 2). 
The  noise intensity is lowest at the  zero bias (see 
the inset in Fig. 6). The noise spectra of the inves-
tigated structures comprise the  1/f fluctuations 
with the appearance of some Lorentzian type spec-
tral components at specific temperature values. 
Low frequency noise characteristics of AlGaN/
GaN BT diodes in the temperature range from 78 
to 338  K revealed the  influence of the  defects as 

Fig. 5. Modelled surface electric field distributions for the BT diodes 
with different apex widths. Insets show the characteristic 2D surface 
electric field distribution and the enlarged plot area near the maximum 
electric field values.

X coordinate (μm)

El
ec

tr
ic

 fi
el

d 
(V

/m
)

500

400

300

200

100

0
–100        0         100      200       300       400       500

2 μm
5 μm
7 μm

Apex width:

500

450

400

350

300 245  250



ISSN 1648-8504   eISSN 2424-3647  J. Jorudas et al. / Lith. J. Phys. 63, 191–201 (2023)197

charge carrier capturing centres to the THz detec-
tor operation  [30]. For the  unbiased operation of  
AlGaN/GaN BT diodes, only thermal noise needs 
to be considered, the value of which is relatively low 
since a  high 2DEG density enables low resistivity 
values.

The microwave noise of the  BT diodes and 
the  selected TLM test structures fabricated on 
the  same AlGaN/GaN sample was investigated 
using high-frequency measurement setups dis-
cussed elsewhere  [27]. The  excess noise tempera-
ture of electrons was measured versus the current 
density, the values of which were obtained by nor-
malizing the measured charge current to the apex 
width of BT diode. The results are shown in Fig. 7. 
The BT diodes demonstrate the asymmetrical be-
haviour of microwave noise dependent on the bias 
polarity. The results differed from the characteris-
tics of the rectangular 2DEG layers (TLM resistors), 
which are shown in Fig. 7 for simplicity with only 
one polarity. We found that heating of 2D electrons 
in the  BT diode operating in the  reverse bias re-
gime is comparable to 2DEG heating in the rectan-
gular shape layer of larger area equipped with large 
ohmic contacts. Meanwhile, the  electron heating 
was found to be smaller in the BT diode when it 
operates in the forward bias configuration. 

One should note that the  BT diodes made of 
a  high electron mobility InGaAs layer  [13, 14] 
showed a  similar sensitivity, but the  resistance of 
the samples was more than an order of magnitude 
larger. The high conductivity of 2DEG channel ena-

bles narrowing of the diode apex while maintaining 
a low diode resistance. 

The diode sensitivity at frequencies higher 
than the  fundamental resonance frequency of 
the  BT antenna was found to be almost inde-
pendent on the  apex size. Namely, at 300  GHz 
frequency, the BT diodes with apexes of 2, 5 and 
7 µm demonstrated the average responsivity vales 
of about 1.0, 1.0 and 0.6 V/W, respectively. While 
at 600 GHz, the sensitivity of BT diodes dropped 
by another factor of 3 without the  pronounced 
dependence on the apex size. The averaged NEP 
value of various BT diodes at 300 and 600  GHz 
frequencies were found at the  level of about 10 
and 70 nW/√Hz, respectively. 

Although the NEP values of BT diodes are still 
inferior to those of the  state-of-the-art Schottky 
diodes, FMB diodes and TeraFET detectors [5, 20, 
31], from a  technological point of view, the  fab-
rication technology of BT diodes is less demand-
ing. Furthermore, the AlGaN/GaN BT diodes are 
expected to have an  outstanding chemical and 
physical stability and electrostatic robustness due 
to the material properties of gallium nitride. While 
the  narrowing of the  diode apex leads to the  in-
creased sensitivity, we observe that NEP changes 
very little, since with decreasing the  apex width, 
the total resistance of the BT diode increases. This 

Fig. 6. Voltage noise spectral density at selected bias 
voltages and the  noise spectral density dependence 
on bias at 1 kHz (in the inset) for the GaN BT diode.
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suggests that the performance improvement is pos-
sible by varying the  sheet conductivity of 2DEG 
layer and by using a different configuration of THz 
antenna. 

Finally, several sets of BT diodes with differ-
ent apex widths were developed and investigated 
at the close to resonance frequency of BT antenna 
in order to obtain more data for statistical analy-
sis. In particular, the planar BT diodes on AlGaN/
GaN HEMT structures were developed consider-
ing the variation of apex width from 17 µm down 
to 0.4 µm [28]. The proposed planar technology is 
expected to be more suitable for reaching a  high 
range of the  THz spectrum as dimensions of 
the BT diodes can be further scaled down. The op-
tical responsivity dependence on the  apex width 
and the  resistance for a  number of BT diodes on 
one chip was measured in the same configuration. 
The results are shown in Fig. 8. One can see a strong 
correlation between the resistance and the respon-
sivity values of the BT diode, which depends very 
little on frequency. Moreover, the  responsivity of 
the BT diode scales nonlinearly with its resistance 
at values larger than approximately 1000 Ω. Thus, 
in applications which require low NEP values, ta-
pering the diode apex below a few microns could 
be ineffective. 

4. Conclusions

The BT diodes based on asymmetrically shaped 
AlGaN/GaN heterostructures with a 2DEG con-
ductive layer have been investigated as room tem-

perature THz detectors operating in the unbiased 
mode, preferable for practical applications. Sensi-
tive THz detection was demonstrated by the di-
odes with an obvious asymmetry of IV character-
istics, which was found to be more pronounced 
with the decrease of apex width. The responsivity 
and NEP at the  fundamental antenna frequen-
cy of 150  GHz were up to 4  V/W and down to 
2  nW/√Hz, respectively. Such high sensitivity 
of BT diodes allowed us to measure for the first 
time the  response spectrum of the  asymmet-
ric BT antenna demonstrating fundamental and 
higher order resonances in good agreement with 
finite-difference time-domain simulation data 
in a  broad spectrum range. The  measured low- 
and high-frequency noise characteristics of the 
AlGaN/GaN BT diodes provide new results about 
electron heating in the BT diode detector and 
the  unbiased operation for which only thermal 
noise needs to be considered. Moreover, we ob-
served that the responsivity of the BT diode scales 
nonlinearly with its resistance, demonstrating that 
the tapering of the diode apex below the range of 
a few micrometres could be ineffective in applica-
tions which require low NEP values.
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Santrauka
Asimetriškai susiaurintos AlGaN/GaN hetero-

struk tūros su laidžiu dvimačių elektronų dujų (2DEG) 
sluoks niu panaudotos sukurti peteliškės tipo (BT) dio-
dus, tinkančius terahercinio dažnių ruožo (THz) ban-
goms registruoti kambario temperatūroje. Atsižvelgiant 
į tai, kad be išorinės postūmio įtampos THz BT diodo 
veikimas yra labiau tinkamas praktiniams taikymams, 
ištyrėme diodus su didele srovės ir įtampos (IV) cha-
rakteristikų asimetrija, kuri buvo tuo ryškesnė, kuo ma-
žesnis kakliuko plotis, parodant didelį diodų jautrumą 
THz bangoms. Krūvininkų kaitinimas metalizuotame 
diodo lapelyje buvo išskirtas kaip pagrindinis mecha-
nizmas, lemiantis THz bangų lyginimą BT diode. Jautris 
ir triukšmo ekvivalentinė galia (NEP) ties pagrindiniu 
antenos dažniu 150  GHz siekė iki 4  V/W ir atitinka-

mai 2 nW/√Hz. Toks didelis BT diodų jautrumas leido 
mums pirmą kartą išmatuoti asimetrinės BT antenos 
dažninę charakteristiką, stebint pagrindinį ir aukštes-
nės eilės antenos rezonansus, parodant gerą sutapimą 
su baigtinių skirtumų laiko skalėje atliktais modeliavi-
mo rezultatais plačiame dažnių ruože. Išsamus AlGaN/
GaN BT diodų žemo ir aukšto dažnio triukšmo charak-
teristikų tyrimas atskleidė, kad nenaudojant įtampos 
postūmio reikia atsižvelgti tik į šiluminį triukšmą, kurio 
vertė buvo santykinai maža dėl didelio 2DEG tankio, le-
miančio nedidelę diodo varžą. Taip pat nustatėme, kad 
BT diodo jautrumas netiesiniu dėsniu priklauso nuo jo 
varžos, dėl to diodo kakliuko siaurinimas žemiau kelių 
mikronų vertės gali būti mažai veiksmingas, kai tikimasi 
mažų NEP verčių.

https://doi.org/10.5075/epfl-ICLAB-ICNF-269187
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https://doi.org/10.1109/TTHZ.2019.2917782
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