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ABSTRACT

A new waveguide structure has been proposed for the design of a distributed constant circuit elements at a lower microwave frequency band.

Theoretical and experimental analysis of the structure has been carried out, and it was applied to the design of a compact 850 MHz band radio

frequency filter.

The equivalent permittivity of the waveguide (eeff) is about half the perrnitthity of the medium dielectric material (er). The amount of

coupling between quarter wavelength resonators (the diameter of the dielectric rod is 15 mm and ~r = 20) within the cutoff waveguide (15 mm

x 31 mm) is approximately 3 x 10-2 for spacing of 2 mm.

Unloaded Q (Qu) of the resonator is about 1,600 using the dielectric material of which tan 6 is about 1.4 x 10-4 at 6.3 GHz.

Introduction

Recently several new vehicular communication technologies have

been developed at lower microwave frequency bands below 2 GHz.

One of the existing difficulties to present a compact and an

economical radio telephone transceiver is the realization of a small and

low loss radio frequency filter unit.

A conventional dielectric-filled coaxial waveguide structure has

been first introduced into r.f resonators of a filter.

A new waveguide structure is presented in this paper to be con-

structed with a dielectric rod having a central thin metal conductor

inserted between two parallel conductor plates without gaps. The new

waveguide has the characteristics of high unloaded Q (Qu) at the lower

microwave frequency band and the simple cross sectional structure to

yield a sufficient amount of coupling between parallel waveguides.

Theoretical and experimental analysis of the structure has first

been carried out.

The relaxation method is used for theoretical analysis of the

electromagnetic field in the waveguide. The pure TEM mode is

assumed. The results obtained by numerical calculation have been

examined by experiments at a lower microwave frequency band.

Calculated values of the impedance, amount of coupling and equiva-

lent permittivity of the waveguide showed good coincidence with the

results of experiments. At the higher microwave frequency band, a

coupled mode between the TEM mode and a surface wave TMO, mode

is assumed. The mode coupling constant obtained from a resonant

mode experiment was used to calculate wavelength constant (3 of the

waveguide. The theoretical and experimental results for the coupled

mode wavelength constant 13showed also relatively good coincidence.

The lowest higher order mode was proved to exist between twice

and three times of the designed center frequency.

The new structural filter is approved to have a smaller volume in

size than a conventional coaxial filter filled with dielectric ceramics,

and it was also approved to reduce the cost enough for the quantity

production.

Theoretical analysis by the relaxation method

Theoretical

The basic configuration of the new waveguide is shown in Fig.
1 (a). A thin inner conductor with the diameter of 2b is inserted at

the center of a dielectric rod with the diameter of 2a which is held be-

tween two parallel conductor plates with the spacing of W. In this

thesis, W equals 2a as no gap is assumed.

Fig. 1 (b) shows the cross sectional view of the waveguide. In-

finitely long lines are assumed repetitive at cycles of L. The pure TEM

mode has been considered for basic analysis.
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Fig. 1 (a] The basic configuration Fig. 1 (b) The cross sectional view
of the new waveguide of the waveguide for
structure numerical analysis

(1) The potentials of the point group in homogeneous medium

The pure TEM mode potential is obtained for each grid point to

minimize the residual RO specified by the following:

The potentials @o - ~, are specified to meet the two-dimensional.

Laplace equation corresponding to the points of square grid with

a spacing h on the uniform and homogeneous plane.

(2) The potentials of the point group with a boundary

The axial system is shown in Fig. 2.

When the grid point group includes a boundary between a metal, air

and a dielectric material, the pseudopotential of each point is intro-

duced into the equation (1) instead of the real potentials.

Under the limited condition of the objective waveguide, the cases

of the grid point group are specified by three shown in the Table 1.

The pseudopotential in each case can be derived out with the

consideration of the boundary conditions in the Maxwell equation.

They are listed in the table.

In the Table 1, the angle Or is chosen Or > rr/4 radian. When the

angle @r below rr/4 rad., (Or – rr/4) should be applied instead c)f the

angle Or.

(3) Impedance, Effective permittivity, Coupling coefficient

The wave impedance ZO is following in homogeneous medium:

Z. =+ ($2) (2)

where v = viI /~ is the phase velocity in the medium, PO is the optical
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Fig. 2 Axial system for the numerical

calculation Table 1 The classification of the grid point group including a boundary

velocity in free space and er is the permittivity of the medium. C is

the waveguide capacity per unit length. The wave impedance Z in

inhomogeneous medium k the following;

z=
vo& ‘“)

(3)

where Ci and CO is the waveguide capacity per unit length with and

without medium dielectrics respectively.

The effective permittivity of the waveguide is;

eeff = _

The coupling coefficient between two parallel waveguides k the

following;

k = (Zeven – Zodd) /( Zeven + Zodd) (4)

where Zeven and Zodd corresponds to the even and odd potential

specified among two waveguides respectively.

(4) The attenuation constant of the waveguide

The attenuation constant due to the cupper loss is calculated by

the following:

~Rm~~~,+~z ao 2dQ~r (~)
~c =

VL,

(neper/meter) (5)
COer (~) d!

Where Rm is the surface resistance, 1, and 1, is the integrating path

along the outer and the inner conductor respectively.

The attenuation constant of the waveguide due to the medium

dielectric loss factor is obtained by the following:

fJ[(*)2+($$ ]ds~meOertan6
ad =

V~, CO~r (~) dQ
(neper/meter) (6)

where u is the angular frequency, tan 8 is the tangential factor of the

complex perrnittivity and S is the cross sectional area of the waveguide

for integration.

The total attenuation constant is

C2=llc+(ld (neper/meter) (7)

and the Q-factor of the waveguide is obtained by the following:

Q = 27.3
— LY~= 8.686 .&. kg, ~g ‘),,/~

~A ‘
(8)

Calculation and Measurement of TEM Mode Parameters

The electromagnetic field is classified into even mode and odd

mode, and the equipotential distribution is obtained for each of these

modes, as shown in Fig. 3 (a) and (b) respectively.

Distance

Fig. 3 (a) Equipotential distribution in case of odd mode
2a=15mm, 2b=4mm, S=6mm ander =20

Distance

Fig. 3 (b) Equipotential distribution in case of even mode

2a=15mm, 2b=4mm, S=6mm and er =20

The impedance for each mode [equation (9)] and coupling

constant k [equation (4)] were obtained by integration around each

conductor along the path of integration Q2.

Zeven =
vo& i

} (9)

where, Cie, Cio : Even and odd mode capacitance, respectively

Spacing S (mm)

Fig, 4 Theoretical impedance for each of even mode and odd mode
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Spactng S (mm)

Fig. 5 Coupling coefficient k

The solid line M theoretical, dotted points show measured vallues

,030~

Dmme%erof the Inner conductor 2b (mm)

Fig. 6 Unloaded Q of transmission line

The solid line is theoretical, dotted points show measured values,

Modal analysis by the theory of mode coupling

Wavelength constant of the surface TMO ~ mode

In this thesis, W equals 2a as no gap is assumed, so the TEM

mode is prospective as the principal mode. If W is greater than 2a, the

surface TMO ~ mode is also prospective as the principal mode. The

authors have been studying it as an attractive waveguide at the higher

microwave frequency band.

Frequency dispersion of wavelength constant of TMO ~ mode

has been obtained by the analysis of the following characteristic

equation.

K, (kr2a) _~. JO(krlb)N, (krla)– J,(krla)NO(krl~ ~10)
kr2Ko(kr2a) - krl Jo(krla)No (krlb)– Jo(krlb)No(krla)

where kr 12 = k, Z-@

krzz =/Jj – kol

k02 =GJ2 .sOpO

k,z= 02 eO cr pO

krl’ +kr2’ =ko’(er -l)

The calculation is performed on the conditions; 2a = 15, 2b =

4 mm, and er = 20.

As for TMO, mode, W = m is assumed to simplify the analysis.

The effect of limited W can be approximately estimated by the theory

of perturbation. Fig. 7 (a) shows the calculated wavelength constant (3

of the mode by dotted line curve TMO ~ (e~ = 20).

Calculation and Measurement of the Coupled Niode Wayelen&h Con-

stant

The wavelength constant (3 of the waveguide was calculated

assuming that the modes TEM and TMO ~ are coupled by the coupling

constant K.

Wavelength constant 6C0 and PC, of two modes resulting from

mode coupling between TEM and TMO ~ are calculated as follows.

PCO=PO+P, +

J%, 2 -
IK /2 +&. –~,)’ (11)

where, ~ indicates the coupling coefficient between two modes.

Pc. and p.,, when K = 0.1- 0.3, are shown by two curves covered by

K = (), 1 and K = 0.3 in Fig. 7 (a), respectively.

Fig. 7 (a) and Fig. 7 (b) show the calculated wavelength constant

(J and the measured one, respectively. These results agreed relatively

well. The mode coupling constant (~ = 0.1- 0.3) obtained t,y experi-

mental result in Fig. 7 (b) and used in calculation for Fig 7 (a) can be

regarded as reasonable as compared with the result reported m the

Frequency (G Hz)

Wavelength constant of the guide with mode coupling

between TEM and TMO, [Theoretical]
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Fig. 7 (b) Wavelength constant of the waveguide with mode

coupling between TEM and TMO, [Measured]

Application

A 7-element Chebishev-performance filter unit was designed and

fabricated based on the requirements of

1) 835 MHz transmitting frequency (foT )

2) 880 MHz receiving frequency (fOR )

3) 20 MHz bandwidth of 0.5 dB down flat response

4) 60 dB selectivity at both edges of passband

5) 1 dB insertion loss

6) lowest spurious response f, > Z (foT and foR )

The volume of the quarter wavelength resonator filter that satis-

fied the above requirements was 68 cubic centimeters and the weight

was 270 grams.12J The lowest spurious response is calculated to be at

2 GHz and was found at 2.1 -2.3 GHz.

REFERENCES

1. T.G. Bryant and J.A. Weiss, “Normal mode impedance of a cou-

pled pair of microstrip transmission lines”, GMTT International

Symposium, pp. 110-116, May 1968.

2. A Fukasawa, et al., “Miniaturized dielectric radio frequency filter

for 850 MHz band mobile radio”, IEEE VTC-26, pp.181- 186,

March 1979.

455


