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the form of rectangular or circular bars. (These transmission

Abstract—In this paper we exploit a model of combline filters lines can collectively be regarded as a multiconductor
with simple uncoupled transmission lines to investigate the transmission line, witln signal conductors and one ground.)

impact of adjacent and nonadjacent couplings to stopband pach transmission line is short-circuited at the right end, and

transmission zeros. Furthermore, we present a way to control the . . .
slope of the passband skirts by adding appropriate nonadjacent terminated in a capacitor at the left end. Ports P1 and P2 are

couplings. These effects are also observed in 2D and 3pCouPled by capacitors to the first and the last line,
simulation models and verified experimentally on a combline respectively.
filter with 5 resonators. Pi

Index Terms—Combline filters, full-wave electromagnetic l_{\' 1

simulation, multiconductor transmission lines, resonators. H\ 2 -
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|. INTRODUCTION l_{} 4 1

Combline structures have been extensively used as H‘ 5 1
bandpass microwave filters owing to their compact size [1] ﬁ“

=

and the ability to keep the parasitic passbands far above the ’ T
basic passband. A combline filter consists of a set of PE
resonators. In the classical form, each resonator consists dfigal. A combline structure with 5 resonators represented as a
short-circuited transmission line section, shorter than quart@tulticonductor transmission line.

wavelength in the passband, and a lumped capacitor. Adjacent . o
resonators are mutually inductively coupled. In the passband, the electrical length of the transmission

Such a structure is usually synthesized following thknes is less than quarter-wavelength, so that the short-
standard procedures for polynomial filters (all-pole filters)Circuited transmission lines behave like a set of coupled
the Chebyshev design being the most common in practice. mdu;tor; (c0|ls)._ Hence, .each transmission line and its

However, a combline filter (fabricated in a homogeneou§'™Minating capacitor constitute one resonator. _
medium) has a natural transmission zero when the length of" the passband, the major contribution to the losses in the
the transmission-line sections becomes quarter wavelengfignsSmission lines usually comes from conductor losses. The
Also, by introducing additional couplings among nonadjaceff€lectric losses are less pronounced. Note that many
resonators, it is possible to produce other transmission zefB§rowave-circuit simulators improperly take the dielectric
that can be under or above the passband [2, 3, 4]. losses into a.ccount_[5], wrongly yielding larger losses than

The goal of this paper is to investigate transmission zer§§countered in practice. _ _
that naturally occur for a combline structure (other than the ASSUming that the dielectric of the multiconductor
quarter-wavelength case), which can be used to improve ffgnSmission line is homogeneous, the structure shown in

i

filter performance. F?g. 1 can be rep_resented by the e_qu.ivale_nt spheme shown in
Fig. 2a. The multiconductor transmission line is replaced by a
ll. EQUIVALENT SCHEMES FOR COMBLINE FILTERS set of simple (uncoupled) transmission lines.

Fig. 1 shows the scheme of one of the basic comblinelf [YC] is the characteristic admittance matrix of the

structures, which consists nfcoupled transmission lines angmulticonductor line shown in Fig. 1, then the characteristic
n+2 capacitors [1]. All transmission lines have a commogdmittances of the simple transmission lines in Fig. 2a are

o . N N
return conductor (ground). The transmission lines can be Yo :Czb;nn - zchn  m=1..N, 1)
n=1

printed as microstrips or striplines, or they can be machined in 1
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where by, are the elements of the matrix of the electrastati length of the microstrip lines ik =80mm and the width of
induction coefficients[B'], Yem are the elements of the all strips is w=1mm. The spacings between the lines are
matrix [Y,], andc is the velocity of wave propagation in thes; = 059mm and s, = 096mm. The capacitances are

dielectric. This equivalent scheme allows us to naorthe
influence of individual couplings simply by includj or
excluding the corresponding transmission lines. &@mple,
Fig. 2b shows the equivalent scheme of the stracbown in
Fig. 1 when only adjacent couplings are assumexXiti.

Py Py
i i

@ ()
Fig. 2. Equivalent scheme with simple transmissiores: (a) when all
couplings are assumed, (b) when only adjacent swshre assumed.
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Fig. 3. The 2D model of a microstrip combline filte

C, = 7pF, C,=129pF, C3=128pF, and Cc = 84pF.
The characteristic admittances of the simple trasson
lines in Fig. 2a and Fig. 2b are calculated usimggmm
LINPAR [7] along with (1) and (2).

In Fig. 4 the parametes; of the model shown in Fig. 3 is
compared with the parametess of the equivalent models
shown in Fig. 2a and Fig. 2b. The results for thoeleh shown
in Fig. 3 and for the model shown in Fig. 2a areaigood
agreement for all frequencies. However, they agvigk the
results for the model shown in Fig. 2b only in fhessband.
There are significant discrepancies outside theshzasl,
which are due to neglecting the nonadjacent cogplin the
model shown in Fig. 2b. This example demonstrates t
significance of the nonadjacent couplings.

The parametes,; has a natural transmission zero when the
length of the transmission lines is quarter-wavgien(at
937 MHz) because in this case there is no couglingng the
resonators. This zero makes, decay steeper above the
passband then below the passband (Fig. 4).
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Fig. 4. Simulation results of the models shownim B and Fig. 3.

Fig. 4 demonstrates that the couplings among nacad}
resonators, which always exist in practice, skesvgraph of
the transfer function slightly clockwise, makingettower
stopband shallower. The upper stopband is deeper (he
filter selectivity is increased), having a transsios zero very
close to the passband (at 314 MHz). Note that this
transmission zero does not correspond to the fremyueshen
the length of the transmission lines is quartereilangth, but
it occurs at a lower frequency (three times lower the
considered example). The existence of this phenomevas

As a concrete example, we consider the micrOStr%spected in [8], but it was not elaborated orfieeti

combline filter shown in Fig. 3. For 2D simulatiomge use

In the next section we also demonstrate that byngdan

Microwave Office [6] (whose kernel for electromagoe appropriate nonadjacent coupling, the leading skfrtthe
analysis of multiconductor transmission lines s #ame as in passband can become steeper, whereas the traking s

LINPAR [7]). In order to provide a homogeneous nuedj
we define the substrate relative permittivity to be The

remains only slightly affected.
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Fig. 5. The 2D model used for optimization in Mimave Office.

Ill. PRINTED COMBLINE STRUCTURE

In order to further confirm the influence of thed#nal
couplings among the nonadjacent resonators, we ha
fabricated a combline filter with 5 resonators ffaes structure
shown in Fig. 1). The substrate is FR-4 now. THeerfiis
optimized for the passband centered at 250 MHz. tRer
optimization we use the Microwave Office 2D modeig( 5).
Fig. 6 shows the printed combline filter. The sudost
thickness is 0.8 mm, whereas the metallizationktigss is
35 um. The length of the microstrip lines lis= 8328 mm,
and the widths of the microstrip lines amg = 092mm,
W, = 099mm, ws=102mm, w,=098mm, and
Ws = 089mm. The spacings between the lines are The parameters,; of the optimized 2D model and the
measured results for the fabricated combline sirectare
shown in Fig. 7.
s4 = 053mm, whereas the capacitances a@g = 39pF, To demonstrate the influence of the nonadjacenpliuys,
C, =10pF, C3=10pF, and Cc = 82pF. The schematic We introduce an additional coupling. We mount a pech

shown in Fig. 5 includes models of short circuiisgps) and €aPacHorCeoypiing= 0.3pF between the ports. We made this

parasitic effects of SMD components (short transiois capacitor from two wires coated with plastic. Bgshows the

lines). combline filter with the additional capacitive cding. Fig. 9
shows the measured results and the results of fhe 2
simulation of the combline filter with this additial coupling.

Fig. 6. Printed combline filter.

s = 047mm, s, = 084mm, S3 = 087mm, and
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Fig. 7. The parameteg; of the combline filter, measured and simulated)(2D Fig. 10. The parametes,; of the fabricated combline structure without and
results. with additional capacitive coupling between ports.

IV. FULL-WAVE ELECTROMAGNETIC SIMULATION

L In order to further confirm the results presentedtlie
previous sections, we perform a fullwave (3D)
electromagnetic simulation using software WIPL-Db P9].
The model of the combline structure without the igoldal
coupling between two ports, used for this simulatis shown
in Fig. 11. The geometrical modeling is performesing
bilinear quadrilateral patches. The surface currést
i approximated by higher-order polynomials. Lossestlia
dielectric are modeled assuming a loss tangent .62,0
p Tﬂﬂ‘ﬁ‘riﬁ[ﬁ[ffﬂ’[iﬂlﬂﬂﬂmmmmmwmm whereas the metal conductivity is 19 MS/m. All cifers are
0 1 2 8. Siif 6 7 8 modeled as lumped loadings. Each port is modelezhaan

in the inset in Fig. 11, in order to mimic an SMénnector.
Fig. 8. Printed combline filter with additional q@ing between ports (circled

in pink).
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0.1 200 400 600 The measured and simulated results (2D and 3D) are
Frequency [MHz] compared in Fig. 12. It can be observed that theigilation
Fig. 9. The parametes,; of the combline filter with additional capacitive provides a better agr_e_emen_t along the leading skirs,
coupling between ports, simulated (2D) and measte®ults. whereas along the trailing skirt, close to the pard, the 2D

imulation shows better matching (Fig. 12a). Bo#h 2D and

. Fig: 10 hcom dp(?rg S tlhe mlgasulredhrelsults be;orT etl(;md aéD simulations provide a sufficiently good estiroatiof the
inserting the additional coupling. In the latteseathe leading s passband (Fig. 12b). Overall, the WIPL-D Pro 3D
skirt of the passband becomes steeper and the gfatite

SRR . simulation is more accurate because it models the
transfer function is slightly skewed counterclockevi

discontinuities more precisely than the Microwaviéid®@ 2D
simulation.
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Fig. 12. The scattering parameters of the comHiiter (without additional
capacitive coupling between ports), measured amllated (2D and 3D):
(a) 1 and (b)sia.
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V. CONCLUSION

In this paper we investigated the influence of eeljg and
nonadjacent couplings in combline structures.
demonstrated that both couplings participate inpsitathe

couplings is particularly pronounced
Naturally occurring parasitic nonadjacent couplingsate a

Ve

transfer function of the filter. The influence bEtnonadjacent [9]
in the stoptmn

transmission zero just above the passband and rttake
trailing skirt of the passband steeper. Similaaly,intentional
insertion of an additional nonadjacent capacitiwupting
between the filter ports can make the leading skdrtthe
passband steeper. These results are confirmedrulagions
using 2D and 3D models and by measurements ofracéadd
combline filter. In order to clearly prove the cepts, the
example shown in the paper was designed for lower
frequencies. At higher frequencies, various parcasiffects
strongly influence the filter performance and tleeg hard to
be separated. However, the influence of the nocadja
couplings is also very important for the performancf
combline filters designed for higher frequenciesnbidjacent
couplings can be optimized to shape the transfections of
these filters as well.
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