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Effect of External Circuit Susceptance Upon
Dual-Mode Coupling of a Bandpass Filter

Arun Chandra KunduMember, IEEEand Ikuo Awaj Senior Member, IEEE

Abstract—The effect of external circuit susceptances in the cou- excitation
pling between the dual-modes of a microstrip ring resonator band- capacttor
pass filter in addition to the main stub perturbation susceptances
is described. New theoretical expressions are devised to calculate
this coupling and they are experimentally verified.

Index Terms—Coupling, dual-mode, external circuit.

I. INTRODUCTION
. . . . Fig. 1. Structure of the microstrip ring resonator BPF.
UAL-MODE microstrip resonator filters are widely used

in communication systems due to their compactness. i
general, the coupling between the dual dominant modes |
provided by addition of perturbations, which may be of severa
types. But the second order effect of external circuit suscef
tances also provides a considerable effect upon dual-moc
coupling [1]. For a perturbed dual-mode resonator we haw
found experimentally that with the increase of the externa
circuit susceptance the coupling constant increases or decrea:
depending upon the position of the perturbation stubs witt
respect to the I/O terminals. The nature of dual-mode couplin
(capacitive or inductive) for a particular type of perturbation
depends upon its placement with respect to the 1/O terminal
[2]. Theoretical expressions for the coupling constant, including

symmetry plane

80=2n
(at resonance
without perturbation)

stub perturbation

the effect of external circuit susceptances are developed ft S P,
different placements of stub perturbations, and experimentally
verified. Fig. 2. Symbolic representation of the BPF.

IIl. CONVENTIONAL CALCULATION OF COUPLING CONSTANT  and

The physical structure of a dual-mode microstrip ring res- Yo = ;bp +2tant

@)
onator BPF for capacitive excitation is shown in Fig. 1. The 2—bptand

model microstrip ring resonator of Fig. 1 has the following digyhere89 = 27 = total electrical length of the microstrip ring
mensions: external diametet 10 mm, internal diameter=  (esonator in the unperturbed conditiop;= (Y;/Y,) tan 5l =

6 mm, height= 1.6 mm and dielectric constart. = 10.5. normalized susceptance of the perturbation stuk}3}= char-
Symbolic representation of the microstrip ring resonator BPFagteristic admittance of the perturbation stib;= character-
shown in Fig. 2. istic admittance of the ring transmission liie= length of stub

For even mode eXCitation, the Symmetry plane of F|g 2 Wiﬂerturbation; anQB — propagation constant.
act as an open circuit, and the equivalent circuit is the trans-at resonance

mission line model as shown in Fig. 3 (excluding external cir-
cuit susceptance). From this the normalized input admittances n+y=0 3)

41 andy» can be expressed as follows  ban 40 + 4b, 0 4)
. v vd 4 — B) —_— .
bp +2tan 36 0 bP
- b, tan 36 Sincef = = /4 at resonance without perturbations, the even
mode angular resonant frequertyis obtained as
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. . Fig. 4. The 3-dB band width versus internal coupling constant.
It is well known that the 3-dB bandwidth of a BPF and cou-

pling constant are related by

1 B
v g v 2]

whereg; = g» = 1.414 (for maximally flat BPF);B = 3-dB
bandwidth; andf = resonant frequency. The 3-dB bandwidth
versus internal coupling constant, excluding the effect of the
external circuit susceptances is shown by a solid line in Fig. 4.

Coupling coefficient of a resonator to the external circuits is
usually expressed by an exterd@lvalue. It is approximately
obtained by [4]

@

_ wo dBin
Qe = 2G dw 8)
taking off all the perturbations from the resonator, whBg (b)

is the input susceptance of the resonators the characteristic Fig. 5. Connection of a resonator with external circuit. (a) Direct connection.
admittance of the external circuit, ang is the angular resonant (b) Connection via.
frequency [Fig. 5(a)].

When the resonator is connected to the external circuit via |||. CoupPLING CONSTANT INCLUDING THE EFFECT OF
series susceptance as shown in Fig. 5¢h)js modified as EXTERNAL CIRCUIT SUSCEPTANCE
A. Coupling Constant for Stub Perturbation Perpendicular
1 Wo dBin
Qe=—|b.+ 2G4 to the Symmetry Plane
W
‘ “ For even mode excitation, the equivalent transmission line

(1

L <b + ”Ya> _1 (9) model becomes as of Fig. 6. From this model the admittance
¢ k

e G 11, y2 can be expressed as follows:

whereg, = B2/(G? + B2?),b. = GB./(G* + B?) andB.. = . b, +tan26 + tand 1
woCe, C. = excitation capacitance. yL=J7 (bp + tan 26) tan 6 (11)

When the coupling constafk) is known, from (9) the fol- Y2 = j(be + tan ) (12)
lowing relation can be easily obtained to calculate the excitation '
capacitancéC ): where normalized external circuit susceptance

EG? + G\/E2G? + 4(G — knYy)knYy, 2rG2 fC. 1
C. = + GV +4( m¥a)kn . (10) bE:Mx

A f(G — krYy) (G2 +uw2C2) " Y,
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includes the effect of excitation susceptance. With the help of
this coupling constant we can calculate the 3-dB bandwidth of
the BPF.

The calculated 3-dB bandwidth versus internal coupling con-
stant for stub perturbations perpendicular to the symmetry plane
is shown in Fig. 4. We observe that the bandwidths calculated
by considering the effect of excitation susceptances have higher
values than that calculated neglecting the effect of the excitation
Fig. 6. Even mode transmission line equivalent circuit perturbation fot®0 susceptancesi.e., the additional coupling effect is contributed by
the symmetry plane. external circuit susceptances. Here the capacitive stub perturba-
tions placed by 90from the symmetry plane gives capacitive

internal coupling [2] similar to the external couplings, and the
v resultant coupling of the bandpass filter is increased.
k) The experimentally obtained filter bandwidth for this config-
. by 2 uration is plotted in Fig. 4, and shows good agreement with the-

b, —

P SO 1 :

F M oretical results.
2

]
F ] B. Coupling Constant for Perturbation Stubs in the Symmetry
L Plane

I by 2 When the perturbation stubs are placed into the symmetry
plane, the equivalent transmission line circuit for the even mode
resonant frequency is shown in Fig. 7. By applying the resonant
condition (as described earlier), we obtain the following relation

Fig. 7. Even mode transmission line equivalent circuit for perturbation i”‘l‘br the Change of even mode resonant freque{mb@i)
the symmetry plane. €

6 (—8bp — 4be + beb?) tan® AGL 4 (—8b7 4 2b. b}
— 16bcby, + 8be + 32) tan AG? + 8b,, + 4b, — beb?

tan 26 + 2tan 6 + (b, + b.) — b. tan 6 tan 260 =0. (17)
— bpb. tan 6 — by, tan? 6 — tan 260 tan® 6 = 0. (13a)

Applying the resonance condition we obtain

Similarly, for the change of odd mode resonant frequency we
For a small change of resonant frequency due to the stub paave(A6})
turbations and external couplings, let us suppose that o A i )
6b, tan” A + (b, — 4) tan A8, — b, = 0. (18)
0=n/4+ Ab (13b) ] _ _

The filter bandwidths calculated with the help of (17) and (18)
Substituting (13b) in (13a) and neglecting the 3rd order termeme shown also in Fig. 4. Here the coupling given by the pertur-
we have the following relation to calculate the change of evération stubs are inductive in nature [2] and that of the external

mode resonant frequeng§i6?) circuit susceptances are capacitive in nature i.e., they are oppo-
o e site in sign. Hence, the bandwidth of the BPF decreases in com-
—(8bp + 5be) tan” A6 + (8 + 3be — 20pbe) parison with that excluding the effect of external circuit suscep-
x tan A6S + b, = 0. (14) tance. Here the experimental results are also in good agreement

. _— .. with theory.
For the odd mode equivalent circuit, the open ends in Fig. 6

will be simply shorted and we obtain the following relation for

IV. CONCLUSION
the change of odd mode resonant frequefisy?)

A quantitative theory giving the contribution of external cir-
(—8 — 3be — 2by + bybe) tan® AGS + (8 — 3b. — 20, cuit susceptances of a dual-mode microstrip bandpass filter on
— b,b.) tan AGS + (2b, + b, + byb.) = 0. (15) the coupling between the dual-modes is proposed and experi-

mentally verified.
Thus, the coupling constaft. ), including the effect of ex-
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