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Abstract. The results of research of the electrophysical and frequency characteristics of
the semiconductor structure of a Schottky diode based on gallium arsenide are presented.
The diode structure was modelled in the Sentaurus TCAD software package. A comparison of
the current-voltage characteristics obtained by mathematical modeling and by experiment are
presented. The frequency response in the range of 115-257 GHz is shown. The use of a Schottky
diode as a continuous terahertz radiation detector is shown.

1. Introduction

Modern devices increasingly require more advanced parts at a low cost. Semiconductor materials
are actively involved in the development of electronics, which, due to their unique properties,
can be used to create a wide range of power pulse electronics devices, photodetectors, matrix image
receivers, and ultra-high frequency (microwave) detectors [1-4]. In particular, in the subterahertz (sub-
THz) range (100-300 Hz), the use of Schottky diodes (SD) is promising due to the active development
of modern medical technologies, the emergence of contactless security systems, and the development
of environmental monitoring devices [5-9].

In comparison with devices based on the p-n junction, the Schottky diode uses a metal-semiconductor
junction, which provides it with high speed and low voltage drop. The use of GaAs in diodes is
promising due to the large value of band gap and the wide variation of parameters with the introduction
of various dopant adding impurities to the material [10-12].

Currently, there is an active implementation of instrument and technological modeling programs for
micro-and nanoelectronics. Mathematical modeling allows to analyze the characteristics of devices
at the design stage, visualizing physical phenomena and processes in the structure. Synopsys TCAD
system (USA) is widely used among manufacturers. The advantage of this modeling system is
the possibility of experimental study of samples without their physical implementation. Of the TCAD
systems, the Sentaurus TCAD system is the most widely used.

The purpose of this study is to obtain the current-voltage characteristics (CVC) of a Schottky diode
on gallium arsenide (GaAs), compare the obtained dependence with the results of mathematical
modeling, and test the possibility of using the detector as a receiver of sub-THz radiation.

2. Experimental technique

2.1. Test sample
For research used an experimental sample of a semiconductor diode with a Schottky barrier (Figure 1).
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Figure 1. Microphotograph of an experimental sample of a Schottky diode.

To create detector structures on a semi-insulating ceramic substrate was deposited n-type gallium
arsenide with metal contacts 30 nm thick. Sulfur (S) with an atomic concentration of Ng = 10 cm= was
used as a doping impurity.

2.2. Static characteristics of a Schottky diode

To measure the current-voltage characteristics a stationary source Keithley 2410 was used. A negative
and positive bias was applied to the diode, and the data was read by an ammeter and voltmeter.
The measurement results were automatically recorded as a table on a personal computer (PC).

2.3. Frequency characteristics of the Schottky diode

The frequency response was determined using a quasi-optical measuring device [13]. The installation
used a backward wave oscillator (BWQ) operating in the range of 115-257 GHz, two teflon lenses and
a detector placed in the housing. The current increment through the detector was measured using
a microammeter. The frequency change step was 5 GHz. To measure the current sensitivity, attenuators
of different transmission capacities were additionally installed: 10% and 30% (Figure 2).
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Figure 2. Image of a quasi-optical system for studying the current sensitivity of a
Sub-THz radiation detector.

At the maximum radiation intensity at a frequency of 249 GHz, CVC was taken for four different
cases: when the radiation passed full power, when the radiation was attenuated by 70%, when
the radiation was attenuated by 90%, and when there was no radiation. Denoting the passage of radiation
without attenuation for 100% of the power corresponding to the average power of the source of 25 mW,
the values of the current sensitivity of the SD were obtained.

2.4. Modeling of current-voltage characteristics in TCAD

In this work, to control the experimental results and tests, the diode was modeled using the Sentaurus
TCAD software package. The establishment of a framework began with the geometry of the sample,
determining and placement of the contacts. Next step, doping with impurities and applying a grid was
performed. The final stage of the work is the construction of the CVC at forward voltage. In the SDevice
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command file specified the initial voltage on the contacts equal to 0 V, the number of iterations equal to
20, the minimum step equal to 10 V, and the required final value of the voltage on the contact 1V. The
simulation takes into account the dependence of the mobility of charge carriers on the concentration and
intensity of the electric field. As a result of solving the Poisson equation and the continuity equations
for electrons and holes, a set of files containing the current and voltage values in the structure is created.
To visualize the results and compare them with the experiment, the data was exported as a table.

3. Experimental results

Figure 3 shows a comparison of the current-voltage characteristic of a diode with a Schottky barrier
based on n-GaAs obtained experimentally and as a result of modeling. The measurements were
performed at a forward voltage to determine the value of Uy, The results of measuring the current-
voltage characteristics for different radiation power are shown in Figure 4.
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Figure 3. CVC of a SD based on n-GaAs Figure 4. CVC of a SD based on n-GaAs
obtained by experiment and modeling. depending on the relative power of the incident
sub-THz radiation.

Figure 5 shows the dependence of the current sensitivity of the diode on the bias voltage.
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Figure 5. Dependence of the current sensitivity of the SD on the bias voltage at a frequency of
249 GHz.
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Figure 6 shows the frequency response of the Golay cell in the range of 115-257 Hz. A characteristic
feature of BWO based generators is the ripples of the power characteristic, which is manifested on the
detector by characteristic peaks and decreases of the signal.
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Figure 6. The frequency response of the Golay cell in the Sub-THz range.

Similar measurements were made for the Schottky diode. To compare the frequency characteristics,
30 frequency values were selected and the graph shown in Figure 7 was plotted.
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Figure 7. Frequency response of SD and a Golay cell in the Sub-THz range.

4. Conclusion

Analyzing the CVC of a sample of a diode with a Schottky barrier (Figure 3), obtained experimentally
and using simulation, the threshold opening voltage was determined: experimentally U, = 0.706 V,
by modeling U, = 0.625 V. It should be noted that the simulation sample is a more ideal version of the
experimental sample and cannot take into account all the features of the real diode sample. Therefore,
although the measured values are close, the difference in the results is present and can be explained by
the interaction inside the diode [14], additional defects in the near-surface region of the semiconductor
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depending on the methods of metal deposition [15], as well as changes in environmental conditions
during experiments [16]. It is assumed that for greater similarity with the results of a natural experiment,
it is possible to use several physical models at once, as indicated in [17]. Also, using a linear
approximation, the threshold voltage is determined when the radiation passes without attenuation Uy =
0.623 V (Figure 4). The decrease in the threshold voltage in the presence of radiation can be explained,
for example, electron-hole scattering (EHS) [18].

Analyzing the current sensitivity graph (Figure 5), it is concluded that an increase in the bias voltage
leads to an increase in the increment of current through the Schottky detector, and in the power range of
2.5-7.5 mW, the highest value of the current sensitivity of the diode is observed.

To assess the possibility of replacing the Golay cell with a Schottky diode, a frequency response
in the range of 115-257 GHz with an offset of 0.797 V was taken for both detectors and a comparative
graph was constructed. The observed correlation (Figure 7) allows us to confirm the assumption that
the presented SD can be used as a detector of Sub-THz radiation.
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