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Abstract—A terahertz extended interaction oscillator (EIO)
operating at 0.2257H7 is studied in this paper. A rectangular
reentrant coupled-cavity is proposed as the slow-wave structure
(SWS) of the EIO. Due to the complexity of the structure, the
equivalent circuit method (ECM) is adopted to calculate the
dispersion relation of the cavity mode. Circuit parameters of the
cavity and the coupling slot are studied in detail and a feasible
calculation method is proposed in this paper. Meanwhile, the
theoretical study is compared with the simulation study by a t
simulation software CST and particle in cell (PIC) code. By
comparison, the theoretical result agrees well with the simulation
result for a certain dimension of the period 0.3mm, gap length
0.1mm, cavity height 1.6mm and width 0.76mm. By PIC code, a
14-gap EIO is simulated, the operation mode is close to the point
where 8L =21 with the beam voltage 13k} and current 105mA.
The simulation results show that the generating frequency is
0.225TH7 and the output peak power is 44W.

I. INTRODUCTION Axp BACKGROUND

HE extended interaction oscillator (EIO) and extended
Tinteraction klystron (EIK), based on the extended
interaction structure, are often the choice for high power
operation " to be used in space communications and modern
radar applications. The EIO is an O-type device and is available
at much higher frequencies up to 280 GHz.

As the operating frequencies increase, circuit structure and
fabrication techniques have to be changed to meet the needs for
smaller circuits. Due to the complication of Hughes structure
for the general EIO, it is difficult to develop higher frequency in
Terahertz regime. In this paper, a rectangular reentrant
coupled-cavity is proposed as the SWS of EIO, as shown in
Fig.1, whose adjoining coupled slot of the cavity is staggered.
The structure can be fabricated from a single copper block with
fine machining technique such as LIGA fabricating methods .
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Fig. 1 Schematic diagram of a period of the EIO SMS
Due to the complexity of the structure, the equivalent circuit
method (ECM) is adopted to calculate the dispersion relation of
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the cavity mode. The cold characteristic of the cylindrical
coupled-cavity °® was calculated by the ECM. However the
ECM for the rectangular reentrant coupled-cavity has ever not
been studied. In this paper we show how the parameters of the
equivalent circuit can be calculated from the dimensions of the
slow-wave structure. Comparisons between calculation and
simulation by the CST software and PIC code show that the
method can give useful accuracy.

II. ECM FOR THE SWS

By equivalent circuit method of Coupled-cavity chain the
dispersion relation is expressed as |
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Where, k, = KL /L, .and o, are the angular frequency of

the cavity and the slot, respectively. L. and L, are the
inductance of the cavity and the slot, respectively. And the
parameter K is the current passing the slot to the cavity.

To study the dispersion relation decides to accurately
calculate these parameters.

The cavity of the SWS is composed of the ridged waveguide.
The equivalent circuit parameters of the TEj; mode in the
ridged waveguide are applied to those of the TM;;o mode in the
cavity. Thus, the circuit parameters of the cavity are expressed
as
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So the frequency of the TM;;o mode in the cavity is

o, =&\ +c’kl, k, =nlb, (6)
The Parameter of the slot are expressed as !
Cs = gObs (lv + hs ) / hs (7)
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And the Parameter X is
b.h,
[b h +h (h, —2h, —2h)]

(10)

III. RESULTS

Currently the specialized software, CST, is widely used to
accurately simulate and compute the cold test characteristic.
The eigenmode algorithm of CST can accurately simulate
frequency-phase dispersion curves.

The CST simulation can be adopted to verify the calculating
results by ECM. A structure of the EIO circuit is designed with
the height of 1.6mm, the width of 0.76mm and the period of
0.3mm. The theoretical calculating result of the dispersion
characteristic of phase shift per cavity of the cavity mode is
compared with the simulation result by CST as shown in Fig.2.
The trends of dispersion curve in the graphics are same as each
other. Also the frequencies at the point where SL =2 are
very close.
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Fig.2 The dispersion curve of the SMS by CST and ECM

On the other hand, a specialized particle-in-cell (PIC) code in
this paper is used to simulate the beam-wave interaction in the
EIO. During the simulation, it is found that the output power is
the largest and the starting time is the shortest when the gap
number is 14 with a transverse output window at the last cavity.
Thus the SWS of an EIO with a 14-gap is chosen to simulate the
beam-wave interaction. The operation mode is close to the
point where S L =2 1 with the beam voltage 134V and current
105mA. The simulation results show that the generating
frequency is 0.225THz and the output peak power is 440 as
shown in Fig.3.

The generating frequency by PIC simulation also verifies the
ECM suitable for the rectangular reentrant coupled-cavity SWS.
At the point 2 m, the frequencies are 0.223THz, 0.23THz and
0.225THz by ECM, CST simulation and PIC simulation,
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respectively.
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Fig.3 Simulation results of the EIO by PIC. (a), (b), (c) and (d)
are the power, the generating frequency, the phase space and
the bunching of the beam, respectively.

IV. CONCLUSION

A rectangular reentrant coupled-cavity is proposed as the
slow-wave structure (SWS) of the EIO. The theoretical
calculating result of the dispersion characteristic of the cavity
mode for a certain dimension by ECM is compared with the
simulation result by CST software and they are good agreement
with each other. By PIC code, a 14-gap EIO is simulated. The
generating frequency is 0.225THz with output peak power 44W
at the point B L =2 n with the beam voltage 13kV and current
105mA .
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