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Abstract— The paper presents a novel min
portable THz source for this frequency range u
oscillator to control two miniaturized field emi
sources of high brightness, which emit charge 
wave’s time to fly across a resonator, howeve
apertures with opposite directions. The emitte
radiation is guided by a resonator and focuse
object. The output power at 0.2 THz to 10 T
reach 0.5 W. 

Keywords: High Brightness miniaturized Dynatr
IR- radiation source, Security scanner, Field em

I. MOTIVATION 
To enable wide-spread investigation

radiation sources in many groundbreaking 
necessary to develop small-size terahe
spectrometers. Characterization of exp
monochromatic and tunable sources in the fre
to 10 THz [1]. Electron beam based sources
great efficiency [2] required. Presently 20
sources are employed in airport body sc
several dm³ in size. Industry requires a mini
enhance speed and resolution of the scann
wavelengths of 200 GHz to 10 THz (as ne
applications), require the application of m
optical, electron beam and EBID lithography.

 
II.   Proposal of a Novel Miniaturized Tunab

source 

A. The Dynatron oscillator 
The paper presents a novel miniaturized

THz source for this frequency range usi
oscillator concept. This is composed of a triod
voltage higher than the anode voltage. T
accelerates secondary electrons from the a
which makes the Dynatron to act as a negat
figure 2. A serial or parallel oscillator cir
between the anode and a working point poten
value lower than the extraction grid. The 
beam charges the oscillator capacitance 
oscillations, see figure 1. Tubes built with 
reached 3.4 GHz, and were employed in ra
proposed miniaturization allows one to exte
range up to 10 THz [3]. 
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Fig.1:  Dynatron oscillator c

              
Fig.2:  Dynatron acts as a ne

B. The Field emission triode a
In the presented system a m
electron emitter is employed
capacitance of 24 10-18 F and
EBID (Electron Beam Induced
emit up to 1 mA [4] at an extr
provide at an anode voltage of
using the miniaturized focusin
very high brightness of 1.5 10
oscillator is chosen, this charge
frequency up to Q times the a
quality factor of the resonance
control two miniaturized field 
which emit charge pulses in 
across a resonator, however th
opposite directions[6], see fi
which controls the left elec
capacitor (C12) to send th
wavelength from the right side
to be in phase by circuit CAD
radiation with free flying ch
resistive energy loss and Joule
an emitter antenna system. Suc
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circuit with parallel resonator 

 
egative resistance 

 

and free electron beam sources 
miniaturized triode with field 
d, having a cathode to grid 

d a total beam length of 1 µm. 
d Deposition) field emitters can 
ractor voltage of 20 V, and can 
f 100 V a beam power of 0.1 W 
ng optics. Such sources render a 
06 A/cm² sr V [5]. As a series 
es the capacitor at the resonance 
applied fixed anode voltage (Q 
e circuit). The oscillator signals 

emitter electron beam sources, 
each half wave’s time to fly 

hrough opposite apertures with 
igure 3. The amplified signal 
ctron beam is reversed by a 
he pulse of the second half 
e. The signals must be adjusted 

D design. Generating IR- dipole 
harges avoids energy loss by 
e heating in the emitter wire of 
ch pulsed free flying beams can 



couple directly a high percentage of the bea
THz radiation. They suffer no resistive
transmitters do. If a higher extractor voltag
more powerful field emission, the oscillato
amplified with miniaturized triodes with
cathodes.  

III.  ELECTRICAL LIMITATIONS  OF A MINIA

The usable voltage is limited in miniaturiz
due to stability requirements of electr
Experimentally 100 V can be used in a saf
especially at metal line distances as small a
reach by acceleration at 100 V a speed of 6
oscillator voltage cuts the DC beam in charg
wavelength in length, which corresponds to 
of a period. For example: at 500 GHz the 
psec. To clearly separate the two electric 
must pass an aperture of 6 µm diameter loc
of the resonator through which the electric 
field of the Hertz Dipole radiation is d
resonator having a dimension of half a wav
300 µm at 500 GHz. The required dimensio
the 0.2 to 10 THz range are liste
 
Table 1: Dimensions for IR-sources in th
range.  
   
Frequency 
THz 

Wave- 
length 
µm 

Resonator  
E0 µm 

1 
pulse a
travels 
= IR 
µm 

0.2 1500 750 15 
0.5 600 300 6 
1 300 150 3 
5 60 30 0,6 
10 30 15 0,3 
 
The output of the source in the electron beam
100 mW to generate the Hertz dipole radiat
and 100 V total accelerating voltage by b
Klystrons it is known, that free flying bunc
emit 47% of the beam power as THz-IR r
would in total be a DC 47 mW IR radiation
emitter source current. At 10 THz the signa
sqrt N) is 17 for a 1 mA beam, delivering 
pulse of 0.05 ps duration in each direction. T
is 1 mA x 100 V x 0.47 = 47 mW.  Since
systems produced using FEBIP (Focused
Induced Processing) can be placed on 1 
parallel beams can cross the IR window in p
lead to a total current of 12 mA, which corre
emitted source power. A schematic diagram
body scanner in security applications with
power is given in figure 4. The total dimensi
x 4 mm³. The radiation emitted from the 
sides is aligned by reflectors and focused

am energy into the 
e loss like wire 
ge is needed for a 
or voltage can be 
h field emission 

ATURIZED SOURCE 
zed beam sources, 
rostatic elements. 
fe way in vacuum, 
as 1 µm. Electrons 
6 µm / psec.  The 
ge pulses of half a 
half the time span 
pulse length is 1 
fields each beam 

cated in the center 
and the magnetic 

delivered into the 
velength, which is 
ons for sources in 
ed in table 1. 

he 0.2 to 10 THz 

Electron 
at 100 V 
 µm 
window  

S/N 
at 1 
mA 
DC 

173 
77,5 
54 
24,6 
17 

ms can reach up to 
ion (1 mA current 

battery B2). From 
ched electrons can 
radiation [7]. This 
n power / mA field 
al to noise (S/N = 
300 electrons per 

The emitted power 
e emitter-extractor 
d Electron Beam 
µm pitch, several 

parallel. This could 
esponds to 0.56 W 

m of a source for a 
h 1.12 W emitted 
ion could be 4 x 4 
resonator to both 
d by lenses. The 

source is pumped by a Ge
resonator; it can be manufactur
systems fabrication technolog
Dynatron to the miniaturized 
effects of stray capacitances an
the specifics of the proposed d
using CST Software (Particle 
that this can even be beneficia
the miniaturized THz source. 

 
Fig. 3:  Layout of the THz
voltage for free beams cont
reversal 

                 
 
Fig. 4:  Schematic of a 200 GH
applications 
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