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Plasma-Dielectric Sandwich Structure Used as a

Tunable Bamlpass Microwave Filter
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Abstract —A plasma-dielectric sandwich structure used as a tunable

bandpass filter in a microwave spectrum is investigated in detail. The

unique characteristics of @is filter are that the center frequency of its

passband and its bandwidth cau be toned electrically by varying the

electron density of the plasm% which in tom can be adjusted by a voltage

applied across the plasma electrodes. First, the principle in establishing the

filtering effect is briefly discussed physically with an aim of suggesting a

practical structure for theoretical analysis. A conventiorsaf multilayer the-

ory is then employed to analyze thjs plasma-dielectric structure, and an

optimization technique called the simplex method is used to find the center

frequency. Both cases of having the TEIo dominant mode iu a rectangtdar
waveguideand the TEM mode in an unbounded stroctnre are studied.

Finally, included are the computed resufts for characterizing the filter such

as reflection coefficients, center frequencies, bandwidths, quality factors,

and Iossy effects, etc.

I. INTRODUCTION

Tunable bandpass microwave filters are indispensable compo-

nents in art electronic system. This study supplies useful results to

a new structure, as suggested in a recent work [1].

In an analysis of wave propagation in art inhomogeneous slab,

a complete transmission window is observed to associate with a

dielectric profile, with several positive-negative permittitity vari-

ations [2], [3]. In fact, any sandwich structure with a positive

permittivity slab separating two negative permittivity layers is

found capable of producing such a complete transmission, a

phenomenon that is due to a leaky resonance plus partial tunnel-

ing established within the structure [2]. This leaky resonance

phenomenon could be utilized to implement new electronic de-

vices in a communication system. For instance, a tunable filter,

an on~off switch, or a modulating device, etc., could be con-

structed in a microwave domain by incorporating a suitable

control on the voltage applied across the new device. Besides, the

communications blocking due to the plasma sheath around a

space vehicle could also be overcome by introducing an addi-

tional negative permittivity plasma layer inside the vehicle so as

to create a new transmission window purposely.

The objectives of this study are twofold: one is to show that

the use of the plasma-dielectric structure as a tunable microwave

filter is feasible, and the other is to provide the necessary infor-

mation in designing the new filter.

II. FILTER STRUCTURE AND BASIC PRINCIPLE

A tunable bandpass microwave filter which has the multilayer

plasma-dielectric sandwich structure (Fig. 1) is investigated. The

relative permittivities of plasma and dielectric are CP( < O) and

cd ( > O), respectively, which are assumed to be isotropic and

homogeneous. All regions are assumed to have the same perme-

ability PO. In the first part of this study, the plasma is described

by a cold and lossless model [4] so that

cp=l–(op/&r)2 (1)
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Fig, 1. Geometry of plasma-dielectric sandwich filter. All regions are iso-
tropic as well as homogeneous and have the same permeability ~O. (a) TEM
wave in unbounded structure. (b) TEIO dominant mode in rectangular
waveguide,
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Fig. 2. Typical response curves (reflection coefficient IR I versus frequency) to
depict variations of center frequency and bandwidth for various electron
densities N (CJ = 5.24, Dd = 1.0 cm, DP = 0.8 cm).

where

($ = lVe2/mco. (2)

In the above equations, UP and w are the plasma and wave

frequencies, while N, e, and m are the density, charge, and mass

of the free electron in plasma, respectively. This filter should be

operated in the spectrum for which the plasma frequency is

greater than the wave frequency so that the plasma perrnittivity

may be made negative.

The basic idea for establishing the filtering characteristics (see

Fig. 2) can be described briefly. For most frequencies, the nega-

tive permittivity plasma slabs may serve as imperfect reflectors

(or barriers) which exhibit large reflection (reflection coefficient

]111= 1) to the incident wave. However, in some frequency bands,

the structure may act like a bandpass window which allows the

incident wave to pass through, even with no reflection. More

precisely, a complete transmission window ( ll? I = O) is found to

exist at the center frequency FO of the passband due to the

mechanism of leaky resonance [2], plus partial tunneling. In

particular, associated with this complete transmission phenome-

non is a large field (or energy) established within the centraf

dielectric slab (see Fig. 3).

In this study, the formulation of using a multilayer theory and

a backward. propagation matrix [5] is employed to attack the

reflection coefficient R of the proposed plasma-dielectric struc-

ture. The reflection coefficient can be related to various quanti-
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F1g 3 Electric-field distribution within plasma-dielectric structure at com-
plete transrnkorr frequency with electron density N as parameters (cd=
5.24).

ties such as the center frequency of the passband, bandwidth of

the filter, and wave field distribution, etc. An optimization tech-

nique called the simplex method [6] is adopted in searching the

center frequency of the passband at which the reflection coeffi-

cient R is zero. Note that, since fP<O (i.e., u< UP), the square

root in the propagation constant Kp=afi should be cho-

sen to be negative imaginary so that an evanescent wave can be

generated in the plasma regions (we adopt the exp (jmi) conven-

tion).

111. NUMERICAL IU?SULTSA NDDISCUSSION

Tfiical response curves, depicting reflection coefficient versus

frequency, to characterize the transmission properties of the

plasma-dielectric filter are shown in Fig. 2 for illustration. The

bandwidth B. W. will be defined as the frequency band for which

ha3f of the incident wave power is transmitted. As indicated, the

center frequency FO is just the particular frequency at which

complete transmission takes place.

The bandwidth characteristics of the plasma-dielectric filter

can also be described by a quality factor Q, as defined by

Q = uoU/P. (3)

Here, co. is the center frequency (2 TFO), i.e., the complete trans-

mission frequency, of the filter. By lossless assumption and by

symmetry of the structure, the leaked power 1’ should be twice

that of the transmitted power throu@ the filter. And the energy

U stored in the structure maybe computed from an integration of

the energy density [7]

(4)u=*l~12;(@~o~)+:Kol~12

where E and H are the electric and magnetic fields of the filter at

the frequency of complete transmission. As usual, the fractional

bandwidth B. W./F. of the plasma-dielectric filter may be related

to the quality factor Q by the well-known formula

Q= Fe/B. W. (5)

As a verification of this interpretation, both Q and Fe/B. W. are

calculated separately and tabulated in Table I, which shows good

agreement in both computations.

Shown in Fig. 3 are the spatial distributions of electric fields

(l?V) for various cases at resonance (complete transmission). As

revealed, a very large field (or energy) does distribute in the

central dielectric, which again gives evidence of both leaky reso-

nance and partial tunneling.

Depicted in Figs. 4–7 are some typical curves to show the

variations of center frequency F. and bandwidth B. W, versus

electron density N. The curves for TEM and TEIO c~es are
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Fig. 4. Center frequency FO and bandwidth B. W. versus electron density N
with plasma thickness DP as parameters
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Fig. 5 Center frequency FO and bandwidth B. W. versus electron density N
with dielectric thickness Dd as parameters.
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Fig. 6. Effect of dielectric constant cd on center frequency FOand bandwidth
B,W.

similar in appearance and tendency, except that their center

frequencies and bandwidths are different, hence only the TEIO or

TEM case is presented in each illustration, In this study, the

cutoff frequency of the TEIO mode is taken as 3 GHz.

Let us consider the results in Fig. 4 where Dd is specified. If

one increases the electron density, the center frequencies associ-

ated with different Dp will finally merge into a single curve as

shown in the figure. The center frequency & is actually prede-

termined by the thickness of dielectric slab Dd. On the other

hand, the wider the Dp is, the narrower the bandwidth is ob-

served. To explain this, one must notice that the reflecting action

of a negative permittivit y plasma slab increases as Dp or N is
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Fig. 7. Effect of outer dielectric thickness DO( cd = 5.24).

TABLE I

SEPARATECOMPUTATIONSTO SHOWTHEAGRRJMENTOF
Fo\B. W. AND Q-FACTOR

18 -3, ~
W(X1O m 2 3 4 5 6!

17.76 76.60 242.0 635.5 1477 3132Y /B. W.
~~)t 0

9. 18.86 76.22 245.0 633.9 14?6 311,0

vo/B .W. 35.12 126.5 370.0 930.7 2106 4352

TEIC
Q 35.88 125.0 366.2 926.2 21;0 4375

Note: Results for both TEM and TEIO cases are presented for the filter
with Dd = 1cm, DP = 0.8 cm, and Cd = 5.24

increased. Thus more energy will be stored within the central

dielectric slab to enhance the corresponding Q-factor and to

reduce the bandwidth as Dp or N is increased.

Illustrated in Fig. 7 are the curves to demonstrate the effect of

varying fi~ thickf2e5s DO of the outer dielectric slabs. The center
frequency M indeed determined by the thickness of the central

dielectric slab by comparing the curve for Do= O with those for

other DO’S.As shown, the variation of DOhas little effect on the

center frequency. On the contrary, the magnitude of DOstill has

considerable influence on the bandwidth, although its effect is

not regular.

An actuaj plasma always exhibits losses whose relative dielec-

tric constant may be expressed as [7]

where

,;= (%/42(’/4
I+(v/@)* “

(6)

(7)

(8)

Here, c; accounts for losses in plasma and v is the collisional

frequency between electrons and molecules or ions. Fig. 8 pre-

sents curves (for the TEIO case) to characterize the 10SSY effect

with v/o as a parameter. The complete transmission window is

found to disappear when a loss is introduced, and the reflection

becomes pronounced as v/w becomes large.

IV. CONCLUSIONS

A phenomenon of having complete transmission in some fre-

quencies and large reflection in other frequencies has been utilized
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Fig. 8. Illustration of lossy effect for Dd = 1.0 cm, DP = 0.8 cm, and Cd= 5.24
(TEIO case).

to implement a new tunable bandpass filter in a microwave

regime. Many useful results for specifying the filter performance

have been presented and investigated in detail.

The new filter is analyzed based on a simple model of cold

plasma. Hence, an experimental work is definitely needed as a

future study in complementing the simplified theory developed in

thiS study.

The leaky resonance phenomenon may be useful in construct-

ing other new devices for special purposes, e.g., as an on–off

switch or a modulating device. The characteristics of the plasma-

dielectnc structure may also be tuned externally by applying a

steady magnetic field across the plasma,
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Dielectric WaveWide Comer and Power Divider with

a Metallic Reflector

KAZUHIKO OGUSU, MEMBER,IEEE

Abstract —The right-angle comer and T- and Y-junction-type power’

dividers with the metallic reflector are experimentally investigated which

are useful for dielectric waveguide millimeter-wave integrated circuits.
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