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Abstract— The paper presents a novel miniaturized tunable,
portable THz source for this frequency range using the Dynatron
oscillator to control two miniaturized field emitter electron beam
sources of high brightness, which emit charge pulses in each half
wave’s time to fly across a resonator, however through opposite
apertures with opposite directions. The emitted infra-red dipole
radiation is guided by a resonator and focused by lenses to the
object. The output power at 0.2 THz to 10 THz is estimated to
reach 0.5 W.

Keywords: High Brightness miniaturized Dynatron oscillator, THz-
IR- radiation source, Security scanner, Field emission triode.

I.  MOTIVATION

To enable wide-spread investigations with terahertz
radiation sources in many groundbreaking applications, it is
necessary to develop small-size terahertz sources and
spectrometers.  Characterization of explosives requires
monochromatic and tunable sources in the frequency range of 1
to 10 THz [1]. Electron beam based sources promise there the
great efficiency [2] required. Presently 200 GHz radiation
sources are employed in airport body scanners which are
several dm® in size. Industry requires a miniaturized source to
enhance speed and resolution of the scanning process. The
wavelengths of 200 GHz to 10 THz (as needed for analytic
applications), require the application of miniaturization by
optical, electron beam and EBID lithography.

II. Proposal of a Novel Miniaturized Tunable, Portable THz
source

A. The Dynatron oscillator

The paper presents a novel miniaturized tunable, portable
THz source for this frequency range using the Dynatron
oscillator concept. This is composed of a triode tube with a grid
voltage higher than the anode voltage. This configuration
accelerates secondary electrons from the anode to the grid,
which makes the Dynatron to act as a negative resistance, see
figure 2. A serial or parallel oscillator circuit is connected
between the anode and a working point potential source with a
value lower than the extraction grid. The primary electron
beam charges the oscillator capacitance to self excited
oscillations, see figure 1. Tubes built with WW2 technology
reached 3.4 GHz, and were employed in radar systems. The
proposed miniaturization allows one to extend the frequency
range up to 10 THz [3].
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Fig.1: Dynatron oscillator circuit with parallel resonator
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Fig.2: Dynatron acts as a negative resistance

B. The Field emission triode and free electron beam sources

In the presented system a miniaturized triode with field
electron emitter is employed, having a cathode to grid
capacitance of 24 10"® F and a total beam length of 1 pm.
EBID (Electron Beam Induced Deposition) field emitters can
emit up to 1 mA [4] at an extractor voltage of 20 V, and can
provide at an anode voltage of 100 V a beam power of 0.1 W
using the miniaturized focusing optics. Such sources render a
very high brightness of 1.5 10° A/em? sr V [5]. As a series
oscillator is chosen, this charges the capacitor at the resonance
frequency up to Q times the applied fixed anode voltage (Q
quality factor of the resonance circuit). The oscillator signals
control two miniaturized field emitter electron beam sources,
which emit charge pulses in each half wave’s time to fly
across a resonator, however through opposite apertures with
opposite directions[6], see figure 3. The amplified signal
which controls the left electron beam is reversed by a
capacitor (C12) to send the pulse of the second half
wavelength from the right side. The signals must be adjusted
to be in phase by circuit CAD design. Generating IR- dipole
radiation with free flying charges avoids energy loss by
resistive energy loss and Joule heating in the emitter wire of
an emitter antenna system. Such pulsed free flying beams can



couple directly a high percentage of the beam energy into the
THz radiation. They suffer no resistive loss like wire
transmitters do. If a higher extractor voltage is needed for a
more powerful field emission, the oscillator voltage can be
amplified with miniaturized triodes with field emission
cathodes.

III. ELECTRICAL LIMITATIONS OF A MINIATURIZED SOURCE

The usable voltage is limited in miniaturized beam sources,
due to stability requirements of electrostatic elements.
Experimentally 100 V can be used in a safe way in vacuum,
especially at metal line distances as small as 1 um. Electrons
reach by acceleration at 100 V a speed of 6 pm / psec. The
oscillator voltage cuts the DC beam in charge pulses of half a
wavelength in length, which corresponds to half the time span
of a period. For example: at 500 GHz the pulse length is 1
psec. To clearly separate the two electric fields each beam
must pass an aperture of 6 pm diameter located in the center
of the resonator through which the electric and the magnetic
field of the Hertz Dipole radiation is delivered into the
resonator having a dimension of half a wavelength, which is
300 pm at 500 GHz. The required dimensions for sources in
the 0.2 to 10 THz range are listed in table 1.

Table 1: Dimensions for IR-sources in the 0.2 to 10 THz
range.

Wave- | Resonator | 1 Electron | S/N

Frequency | Jength | EO pm pulse at 100 V | at 1

THz pm travels um mA
= IR window | DC
pum

0.2 1500 750 15 173

0.5 600 300 6 77,5

1 300 150 3 54

5 60 30 0,6 24,6

10 30 15 0,3 17

The output of the source in the electron beams can reach up to
100 mW to generate the Hertz dipole radiation (1 mA current
and 100 V total accelerating voltage by battery B2). From
Klystrons it is known, that free flying bunched electrons can
emit 47% of the beam power as THz-IR radiation [7]. This
would in total be a DC 47 mW IR radiation power / mA field
emitter source current. At 10 THz the signal to noise (S/N =
sqrt N) is 17 for a | mA beam, delivering 300 electrons per
pulse of 0.05 ps duration in each direction. The emitted power
is 1 mA x 100 V x 0.47 = 47 mW. Since emitter-extractor
systems produced using FEBIP (Focused Electron Beam
Induced Processing) can be placed on 1 pum pitch, several
parallel beams can cross the IR window in parallel. This could
lead to a total current of 12 mA, which corresponds to 0.56 W
emitted source power. A schematic diagram of a source for a
body scanner in security applications with 1.12 W emitted
power is given in figure 4. The total dimension could be 4 x 4
x 4 mm?®. The radiation emitted from the resonator to both
sides is aligned by reflectors and focused by lenses. The

source is pumped by a Getter pumping unit below the
resonator; it can be manufactured in large numbers with micro
systems fabrication technology. The transfer of the WW2
Dynatron to the miniaturized design requires considering the
effects of stray capacitances and inductances and may change
the specifics of the proposed design. However, our simulation
using CST Software (Particle and Microwave Studios) shows
that this can even be beneficial for the technical realization of
the miniaturized THz source.

Fig. 3: Layout of the THz-source. Ua oscillator control
voltage for free beams control, C12 capacitor for signal
reversal

Fig. 4: Schematic of a 200 GHz source for safety survey
applications
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