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Abstract— We present a theoretical analysis on terahertz
wave oscillations in a solid state plasma in InSb without an
irradiation of the laser beams. It is found by computer analysis of
the dispersion equation for longitudinal waves in the solid state
plasma that the maximum frequency of the terahertz waves is
354 THz at an electron-hole density of 5x10™ cm® and a
transverse magnetic field of 20 kG . In this case the wavelength
of terahertz waves in the solid state plasma is 22.4 nm and the
phase velocity is 0.79x10” cm / sec.

1. Introduction

In recent years, there have been many reports on terahertz
wave radiations. The frequencies of the terahertz waves are in
the range about from 100 GHz to 10 THz. It has been reported
that the terahertz wave radiations occur from semiconductors
using an irradiation of the laser beams. Many of the compound
semiconductors such as GaAs, InAs, InP and InSb have been
used to cause the terahertz radiations [1-4]. In all of previous
works the laser beams were necessary to radiate the terahertz
waves from those semiconductors.

Recently, we found by a computer analysis of the
dispersion equation for longitudinal waves in the solid state
plasma in InSb that the absolute instability corresponding to the
oscillations occurred in the region of terahertz waves. In the
theoretical study the terahertz wave oscillations occur without
the irradiation of the laser beams to the semiconductor. The
oscillation frequencies are varied by the electron-hole plasma
density, the external magnetic field and the angle 6. ( 6 is an
angle between the carrier drift velocity and the external
magnetic field )

In this paper we describe the terahertz wave oscillations for
longitudinal waves in the solid state plasma in InSb under
the external magnetic field. We also discuss the properties of the
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terahertz wave oscillations when the electron-hole plasma
density, the external magnetic field and the angle 6 vary.

Furthermore, we will propose the structure of the terahertz
oscillation device in order to obtain a coherent wave.

2. Dispersion Equation and a Method of Analysis

The dispersion equation for longitudinal waves in solid state
plasmas for arbitrary orientations of a carrier drift velocity

relative to an external magnetic field Bo [5] is
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where the summation in Eq. (1) is over the electrons and the
holes, the symbols e and / denote the electrons and the holes,
respectively. See the reference 5 on notations for those physical
quantities in Eq. (1). On the computer analysis of the dispersion
equation we used the mapping operation for determining a
nature of the absolute instability in the plasmas as previously
presented by Bers and McWhorter [6] and Briggs [7].

The numerical computations of the dispersion equation were
performed in the case of various electron-hole plasma densities,
external magnetic fields and angles 6. The electron drift velocity
of v,,= 8 x 10 cm/sec was used in the numerical computa-
tions. Under the avalanche breakdown condition, the density of
the electrons n,, is equal to that of the holes n,, ( n,,=n,,=n,).

3. Result and Discussion

We have analyzed the dispersion equation (1) by the
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Figure 1. Relation between the oscillation frequency f of
terahertz waves and the external magnetic field B, .
(a)n,=5x10"7cm® (b)n,=5x10"cm>.

numerical computations and clarified the properties of the
terahertz wave oscillations in the solid state plasma in InSb.
Figure 1 shows the relation between the oscillation
frequency f of terahertz waves and the external magnetic field
B, as a parameter of the angle 6. The relations in Fig.1 (a) and
(b) are shown at the typical values of the electron-hole densities
of n, =5x10" cm and 5x10" cm™, respectively. The frequency
increases with the magnetic field and the angle 8 in the region of
terahertz waves and it takes a maximum value under the

transverse magnetic field as shown in Fig. 1. The frequency at
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Figure 2. Relation between the oscillation frequency f and
the wavelength A of terahertz waves.
(a)n,=5x10"cm® (b)n,=5x10"Scm>.

the density of 5x10" cm® is larger than the frequency at the
density of 5x10" cm”at a given magnetic field and an angle 6.
In the present numerical computations the maximum frequency
is 3.54 THz at the density of 5x10" cm® under the transverse
magnetic field of 20kG .

We have calculated the wavelength A and phase velocity v,
of terahertz waves by use of the wave number & and angler
frequency win Eq. (1).

Figure 2 shows the relation between the oscillation
frequency f and the wavelength A of terahertz waves. It is found
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that the frequency increases with decreasing the wavelength. In
Fig. 2 (a) the wavelength varies from about 70 nm to 400 nm in
the case of the density of 5x10"cm™. In the case of density of
5x10"cm? in Fig. 2 (b) the wavelength varies from about 20
nm to 130 nm.

Figure 3 shows the relation between the oscillation
frequency f and the phase velocity v, of terahertz waves. The
phase velocity increases with the frequency and by further
increase of the frequency, it takes a maximum value and then de-
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Figure 3. Relation between the oscillation frequency f and
the phase velocity v, of terahertz waves.
(a)n,=5x10"cm>, (b)n,=5x10"*cm’.

creases. The phase velocity varies from 0.76 to 1.86 (x10’
cm/sec) in the case of the density of 5x107cm? in Fig. 3 (a) and
it varies from 0.79 to 1.86 (xlO7 cm/sec) in the case of the
density of 5x10'"®cm™in Fig. 3 (b). Thus, when the density varies
from 5x10" em™ to 5x10™ cm?, the phase velocity dose not
almost change, however, the frequency corresponding to the
maximum velocity has a different value. In the case of the
density of 5x10'7 cm® the frequency corresponding to the
maximum velocity is 0.66 THz and in the case of the density of
5x10"™cmit is 2.02 THz. The maximum phase velocity is on
the order of 107 cm/sec when the electron-hole density, the
external magnetic field and the angle 6 vary and it is always
smaller than the electron drift velocity (v,.= 8 x 10" cm/sec) .
When the electron drift velocity v, is larger than the phase
velocity v, , the waves grow in amplitude at the expense of
energy of the electron drift velocity so that the oscillations can
occur. This mechanism is based on the two-stream instability.

There have been reports on the observations of coherent
microwave oscillations in InSb [8], InAs [9] and the millimeter
wave radiation in InSb [10] at the frequency up to 102 GHz
under the transverse magnetic field. In the case of high
frequency above the millimeter waves the broadband frequency
spectrum of the radiation was observed.

+— 0.2~4um —>
A=20~400nm

(b)

Figure 4. Structure of the terahertz oscillation device.
(a) Side view of the device,
(b) General view of the device.
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Some frequency selective mechanisms such as Fabry-Perot
cavity would be necessary in order to obtain the coherent
terahertz oscillations. We propose the structure of the terahertz
oscillation device as shown in Fig.4. In this device a slot of width
play important role for the frequency selective mechanism. The
oscillation frequency would be determined by the wavelength A
as indicated in Fig. 4 (a)

As mentioned previously the wavelengths in the region of
terahertz waves are from about 20 nm to 400 nm. By use of
recent advanced nano-technologies it would be possible to
produce the terahertz oscillation device of InSb as shown in
Fig. 4.

If this device is produced, the terahertz wave oscillator may
be simple structure because the oscillations occur without the
irradiation of the laser beams to the semiconductor.

4. Conclusion

We have clarified by the computer analysis of the dispersion
equation that the terahertz oscillations occur in the solid state
plasma in InSb. The frequency of terahertz oscillations increases
with the electron-hole density, the external magnetic field and
the angle 0. The wavelength decreases with increasing of the
frequency and the phase velocity takes a maximum value at the
certain frequency when the frequency increases. In the present
computer analysis the maximum frequency of the terahertz
oscillations is 3.54 THz at the density of n, = 5x10"™ cm™ and
the transverse magnetic field of By = 20kG . In this case the
wavelength A of terahertz waves is 224 nm and the phase
velocity v is 0.79x10” cnvsec.

We have also proposed the structure of the terahertz
oscillation device in order to obtain a coherent oscillation.

References

[1] X.-C. Zhang, B. B. Hu, J. T. Darrow and D. H. Auston,
“ Generation of femtosecond electromagnetic pulses from
semiconductor surfaces,” Appl. Phys. Lett., vol. 56, pp.
1011-1013, 1990.

[2] E. R. Brown, K. A. Mcltosh, K. B. Nichols and C. L. Deniss,
“Photomixing up to 3.8 THz in low-temperature-grown
GaAs,” Appl. Phys. Lett., vol. 66, pp. 285-287, 1995.

[3] H. Ohtake, S. Ono, M. Sakai, Z. Liu, T. Tsukamoto and N.
Sarukura, “Saturation of THz-radiation power from
femtosecond-laser- irradiated InAs in a high magnetic field,”
Appl. Phys. Lett., vol. 76, pp. 1398-1400, 2000.

[4] P. Gu, M. Tani, K. Sakai and T. -R. Yang, ‘“Detection of
terahertz radiation from longitudinal optical-plasmon
coupling modes in InSb film using an ultrabroadband
photoconductive antenna,” Appl. Phys. Lett., vol. 77, pp.
1798-1800, 2000.

[5] K. Kamakura and Y. Kasai, “Theoretical Analysis of

Instabilities for Longitudinal Waves in Solid State Plasmas,”
1 EC E Trans. B, vol. J66-B, pp, 445-452, 1983.

[6] A. Bers and A. L. McWhorter, “Absolute Instabilities with
Drifted Helicons,” Phys. Rev. Lett., vol. 15, pp. 755-758,
1965.

[7] R. J. Briggs, “Electron stream interaction with plasmas,”
M. L T. Press, Cambridge Massachusetts, 1964.

[8] K. Kamakura, “Continuous coherent microwave oscillation
in InSb p-n junctions,” Appl Phys. Lett., vol. 61, pp.
1113-1115, 1992.

[9] K Kamakura, “Microwave oscillation in InAs p-n
junctions,” Appl. Phys. Lett., vol. 61, pp. 2999-3001, 1992.

[10] T. O. Poehler, J. R. Apel, and A. K. Hochberg, ‘“Millimeter
wave radiation from Indium Antimonide,” Appl. Phys. Lett.,
vol. 10, pp. 224- 245, 1967.

- 472 -



	Navigation page
	Session at a glance
	Technical program

