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Abstract —An 800 MHz band dielectric receiving filter with a sharp

stopband has been developed. This filter is composed of a conventional

dielectric antenna filter and three active band-stop filters, each sharply

eliminating one band in the passband. In the active band-strop’ f ilters, smatl

dielectric resonators in which the unloaded Q is raised to about 50000 by

means of an active feedback resonator method are used. The active

band-stop filter is designed to obtain optimum stability and an optimum

noise figure. One of these active band-stop filters has a center frequency

of S45.75 MHz, a stopband width of 1.0 MHz, and an attenuation of 30

dB. Deviation of the resonant frequency is held within k 30 kHz and the

noise figure at passband is adequately small. The size of the dielectric

receiving filter is 480X 250X 44 m~, and the volume is less than 1/20

that of a conventional filter rising cavity resonators.

I. INTRODUCTION

c ELLLJLAR mobile communication systems have been

increasing worldwide, and the number of base sta-

tions for these systems has been increasing rapidly. One of

the most important components in the base station is the

antenna filter. Dielectric filters used for this purpose have

been developed which are small and inexpensive [1]-[8].

Recently the frequency band used for mobile and other

wireless communications has been using up the available

operating frequencies. Because of this, an extension of the

frequency band and more complex frequency allocation

are needed. The FCC has released new frequency alloca-

tions, and these are shown in Fig. 1.. In order to avoid

interference between service providers, band-stop filters

are needed which can provide high rejection in the receive

band of other providers and low insertion loss in their own

receive band. For such filters, the unloaded Q of the

resonator must be quite high. Conventional high-Q res-

onators are large and expensive and unsuitable for USG as

resonators in filters which have high rejection and many

sections. One solution of this problem is the use of an

active feedback resonator constructed from a feedback

amplifier circuit and a resonator [9], [10]. Resonators of
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Fig. 1. Frequency allocation

this type generally have unstable electrical

and an inadequate noise figure.

characteristics

By introducing practical equations concerning the stabil-

ity and noise figure of the resonator, we have developed a

small and electrically stable dielectric active feedback res-

onators (AFRs). Using the AFR, we manufactured a new

active band-stop filter with sharp stopband. The center

frequency is 845.75 MHz and the bandwidth is 1,0 MHz.

We use a coaxial TEM-mode dielectric resonator as a basic

resonator, of which the unloaded Q is 1500. The unloaded

Q of the AFR is raised to about 50000. It is easy to make

two more active band-stop filters of different center fre-

quencies in the 800 MHz band. By combining these filters

with a conventional receiving antenna filter, we obtained a

bandpass filter with sharp stopband in the passband.

This paper describes the underlying principles and the

construction of the AFR, the construction and design of
the active band-stop filter using AFR, and the perfor-

mance of the receiving filter using active band-stop filters.

II. PRINCIPLE AND CONSTRUCTION OF ACTIVE

FEEDBACK RESONATOR

A. Principle

The equivalent circuit of an AFR is shown in Fig. 2. The

AFR is constructed of a basic resonator and a feedback

amplifier circuit. The feedback amplifier circuit is coupled
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Fig. 2. (a) Concept of AFR. (b) Equivalent circuit of AFR. (c)Equiva-
lent circuit of trap filter using AFR.

to the basic resonator (related to Q,,) and compensates

power loss in this resonator. Consequently, the AFR oper-

ates as a very high Q resonator; the unloaded Q of the

AFR (Qo) can be much more than that of Qm. For the

basic resonator, various resonators can be used, such as

cavity resonators, dielectric TE-mode or TEM-mode res-

onators, and microstrip resonators. With respect to size

and natural unloaded Q ( Qw), dielectric resonators are

chosen. The value of QO is calculated by the following

equations:

z(o) =jx(@)+R

008X
Qo=iy~ _

U—c.

6)) X(uo) = o (1)

1

R(uo)
((.d=(do)

Qoo——
{l+2(Qm/Qe,)}{l- A(Qm/Q=i)cosO} ‘2)

where Qm is the unloaded Q of the basic resonator (Qw =

r/uL ); Q.l is the external Q to the feedback amplifier
circuit (Q,, = z, /LJL ); A is the gain of the feedback ampli-

fier circuit; and 6 is the phase delay of the feedback

amplifier circuit.
By using (2), a relation between the gain of the feedback

amplifier circuit, A, and QO/Qm is showlm in Fig. 3. AS
the amplifier gain and Qw/Qei become greatqr, QO/Qw

be~omes greater. When the phase delay of the feedback

amplifier circuit, 13,is 2n n, QO/Qw is raised to inf@ity at

the lowest gain value. In practice this condition is very

unstable. For stable operation QO/Qw is usually chosen to
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Fig. 3. Unloaded Q of AFR.
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Fig. 4. Performance of AFR and dielectric resonator,

value,be about 100 or less. When the gain exceeds this

QO/QOQ is negative and the AFR often osci~a~es.
Fig. 4 shows the performance of a trap filter using an

AFR when the feedback amplifier circuit operates amd

when it does not operate. The unloaded Q is raised from

about 50 to about 10000 under the operation.

When the feedback amplifier circuit operates, the reso-

nant frequency of the AFR varies from that of the ba~sic

resonator. The vari,ati~n value is calculated by the follc~w-

ing equations:

A (J = ~o/(.Jm – LJoo/uo (4)

A(Qm/Q,i)sin8
AtiQo=-

1– ~(Q@/Qel)cos O”
(5)

This is shown in Fig. 5. As the phase delay, 0, approaches

n ~ and Qm \Q,i becomes smaller, the variation valhe

becomes smaller. Qm/Qei must be determined considering
(2) and (5).

By taking partial derivatives of (2) and (5) with resp!:ct

to d and by minimizing the differential constant, a stable

condition is induced by the following equation:

QOA sin2@ = Q,i cos 6. (6)
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By using the above equations, a stable AFR can be de-

signed exactly.

The unloaded Q of a coaxial TEM-mode resonator is

proportional to the square root of the volume. By using the

AFR, a large volume reduction of the high-Q resonator

becomes possible. When QO/QOO is 10, for example, the

rate of volume reduction becomes 100.

B. Basic Construction of the AFR

The basic circuit of the AFR we used is shown in Fig. 6.

We chose a TEM-mode quarter-wavelength coaxial dielec-

tric resonator as the basic resonator because it is small and

has high temperature stability and a high unloaded Q

relative to physical size. The dielectric material is shown in

Table I. The conductor of the electrode is fired silver. The

feedback amplifier circuit pattern, which is the microstrip

line circuit, is constructed on the dielectric substrate by

using a photoetching technique. The, transistor is Si bipo-

lar; the other passive components are of the chip type and

TABLE I
DIELECTRIC MATERIAL

I Material system MgTi03 – CaTi03

Dielectric peruiittivity 21

Dissipation factor 5. OX1O-5 ( 800MHZ )

Temperature coefficient +3 Ppld”c

Metal case

In

lk Input Sigial flow line

Fig. 7. Basic construction of active band-stop filter

Line

c.

Fig. 8. Equivalent circuit of active band-stop filter.

these are mounted directly on the substrate surface. This

circuit is coupled to the inner conductor on the open side

of the basic resonator.

III. ACTIVE BAND-STOP FILTER

A. Construction

The construction of an active band-stop filter using an

AFR is shown in Fig. 7. The casing is made of brass. The

input and output terminals are N-type connectors and the

dc input terminal is an SMA-type connector; these are

fixed on the casing. The input and output terminals are

isolated from each other by more than 80 dB. The AFR’s

are arrayed side by side and isolated individually by using

shielding metal plates. The signal flow line is a 50 Q

dielectric coaxial line, to which AFR’s are connected at

intervals of a quarter of the wavelength as high-Q trap

resonators. The dc line is wired under the feedback ampli-

fier circuits, to which each bias input of the feedback

amplifier circuit is connected in parallel.

B. Filter Design

The equivalent circuit of the active band-stop filter is

shown in Fig. 8. The filter type is a distributed band-stop

filter, and the values of the design parameters are calcu-

lated by the usual Chebyshev characterization design

method. Resonant frequencies of the basic resonators of

AFRs are determined considering the deviation of reso-

nant frequencies shown by (5). Usually the phase delay of

the feedback amplifier circuit, 9, is chosen to be within
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Fig. 9, Noise power of active trap filter.

TABLE II

PERFOWNCE OF ACTIVE BAND-STOP FILTER

I Required Measured

Number of section 8 8

Center frequency 845. 75MHz 845.75 MHz

Stopband width 1. OEHZ , 1. OMHZ

Attenuation 30dB / 32dB

Physical size I‘0’200’30”’EI!!E2K

2n n ~ n/10 for the reason that the variation of power and

temperature is small. The unloaded Q of the basic res-

onator is chosen to be about 1/30–1/40 of the unloaded

Q of the AFR for the same reason. We use the basic

resonator with an unloaded Q of 1500, and the deviation

of the resonant frequency is held within +30 kHz at

O–60”C under O dBm.

C. Noise Figure

When an AFR is used as a trap filter coupling to the

signal flow line by a capacitor, the noise figure of this filter

is calculated by the following equations:

N.F. = N. F.~,AB/(1 – All) (7)

B=
(2/Q,,)2

(2/Q, +l/QM +2\Qe1)2+ (A~)2

(8)

where Q, is the external Q of the filter.

Noise power reaches its maximum value at the resonant

frequency. Noise power in the passband is sufficiently

small compared with the case of a conventional amplifier
circuit using the same transistor. An example of noise

power characteristics is shown in Fig. 9. The noise power

characteristic curve is similar to the Sll characteristics

curve. When an AFR is used in a band-stop filter and the

noise figure of the transistor is about 1.3 dB, the noise

figure of the AFR is less than 1.0 dB and the noise power

Fig. 10. Attenuation characteristics of active band-stop filter.
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Fig. 11. Insertion loss characteristics of active band-stop filter.

generated in the AFR is negligible. This is an advanta-

geous point of the active band-stop’ filter.

D. Performance

We have manufactured an eight-pole active band-stop

filter. The required characteristics and performance of this

filter are shown in Table II. The center frequency is 845.75

MHz, and the bandwidth is 1.0 MHz. The electrical char-

acteristics are shown in Figs. 10 and 11. The unloaded Q

of the AFR is about 50000. A very sharp band-stop

characteristics curve was obtained. The physical size is

55X 180 X 25mm3.

IV. DIELECTRIC RECEIVING FILTER USING ACTIVE

BAND-STOP FILTERS

Two more active band-stop filters were made in the 800

MHz band. By combining these filters with a conventional

dielectric antenna receiving filter, a new type of receiving

filter was obtained. A block diagram of this filter is shown

in Fig. 12. Each filter is combined in cascade and the

electrical lengths of the cables between each filter i~e

adjusted. These filters are put into a single metal casing.
The entire physical size is 480X250X 44mm3, and the

volume is less than 1/20 that of a conventional filter using

cavity resonators. The (electrical characteristics are shown

in Table III and Fig. 13. A bandpass characteristic curve

having three sharp stopbands was obtained. Attenuation in
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TABLE III

PERFORMANCE OF NEW RECEIVING FILTER

I Required Measured I

\ Insertion 10SS \ 2.OdB I 1.7dB I

~ Attenuation I 30dB \ 30dB \

I Return loss \ 12dB I 12dB ~

I Physical size I 480x350 x44min I 480x250 x441DM I
I 1 1 I

810 830 850 870 890

Frequency [MBZ]

Fig. 13. Attenuation characteristics ofnew receiving filter.

the stopband is 30 dB. By using this filter as the receiving

filter for extended cellular systems, unwanted signals can

be effectively rejected.

V. CONCLUSION

We have developed an 800 MHz band dielectric receiv-

ing filter with sharp stopband by using the active feedback

resonator (AFR) method. We considered the principle of

the AFR and introduced certain effective equations. We

used a coaxial TEM-mode dielectric resonator as the basic

Fig. 14. Extemaf view of new receiving filter.

resonator of the AFR, and the unloaded Q of the AFR

was raised to about 50000. Noise power generated in the

AFR in the passband is sufficiently small. We manufac-

tured an active band-stop filter using AFRs in the 800

MHz band which is small and has sharp rejection charac-

teristics. In addition we manufactured a new dielectric

receiving filter by combining the active band-stop filters

and a conventional receiving filter having sharp stopbands.

Attenuation in the stopband was 30 dB. The entire physi-

cal size is 480x 250x 44mm3. This filter is useful as the

receiving filter of cellular base stations.
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