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Exact Design of a New Class of Generalised
Chebyshev Low-pass Filters Using Coupled
Line/Stub Sections

Evaristo Musonda, Student Member, IEEE, lan C. Hunter, Fellow, IEEE

Abstract— A method for the design of a new class of
distributed low-pass filters enables exact realization of the series
short circuited transmission lines which are normally
approximated via unit elements in other filter realisations. The
filters are based upon basic sections using a pair of coupled lines
which are terminated at one end in open-circuited stubs. The
approach enables realisation of transmission zeros at the quarter
—wave frequency hence giving improved stopband perfor mance.
A complete design theory starting from a distributed generalised
Chebyshev low-pass prototype filter is presented. A design
example demonstrates excellent performance in good agreement
with theory.

Index Terms—Distributed low-pass filters, Generalized
Chebyshev, Meander Line, Selectivity, TEM

|. INTRODUCTION

Chebyshev prototype filters [4]. The problem is that there is
no direct realisation of the series short circuited stubs
associated with this low-pass prototype filter. In the existing
physical realisation [5] the series short circuited stubs are
approximated by short lengths of high impedance transmission
line (forcing those transmission zeros at a quarter-wave
frequency to move to infinity on the real axis), while the shunt
series foster is realised exactly @ open circuited stub of
double unit length. The approximation involved results in
relatively poor stopband rejection.

As an expansion to the work describi@d[6], this paper
presents two solutions in which the series short circuited stubs
are exactly realised within the equivalent circuit of the filter.
In section Il, the synthesis techniques for the two physical
realisations have been developed. In the previous paper, only
the equivalent circuit for the second low-pass filter physical
realisation was known and the element values were obtained

Low-pass filters are often needed in microwave systems ¥ optimisation in a circuit simulator. In this revised and

‘clean up’ spurious responses in the stopband of coaxial and expanded paper, the synthesis is developed and presented
dielectric resonator filters. The most important driving factoreogether with the required canonical low-pass circuit forms
are compact size, sharp roll-off and wide stopband. Some arfid corresponding transmission zeros that the transfer
the recent works have addressed some of these problemsfiictions may realise. The procedure for different low-pass
2]. Although it is relatively easy to obtain theoretical circuifilter degrees is included with the required circuit
models, the challenge in practical low-pass filters lies itransformations which was a significant piece of work. Design
achieving good approximation using real transmission linexamples are included to illustrate the synthesis technique.
components.

There exist many realisations for low-pass filters. One
popular type is the stepped impedance low-pass filter
consisting of interconnections of commensurate lengths ofln Fig. 1, the general physical layout is given for the
transmission lines of alternating low and high impedance [3roposed method. The structure consists of a middle section of
This type of filter has low selectivity for a given network ordehigh impedance coupled lines terminated at every alternate
because the transmission zeros are all at infinity on the read in a low impedance opeireuit stub forming a ‘meander-

Il. DESIGNTHEORY

axis in the complex plane.

like” structure as in Fig. 1. All the transmission lines are of

In order to increase selectivity, transmission zeros may lsemmensurate length. Grounded decoupling walls must be
placed at finite frequencies using distributed generalisedilised to eliminate coupling between the open-circuited
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stubs.

In this work it is shown how a general Chebyshev transfer
function may be used to implement two alternative realisations
arising from Fig. 1. via a series of derived circuit
transformations and one of the earlier transformation derived
by Sato in Table | of [7]. The synthesis of distributed low-
pass filter networks is based on work done in [8]. Fig 2 shows
the derived equivalent circuit transformations and the required
admittance relationships. The next two sections describe how
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these transformations were used to derive the equivale

circuit for the two possible physical realisations from thei
canonical low-pass filter derivatives.

Conductor

Grounded =

(@)

(b)

Fig. 1. Proposed layout of meander-like low-pass filter (a) ceeghbo
of a section of high impedance parallel coupled lines short cidcuite

by a low impedance open circuited stub at alternate ends (b)
graphical line equivalent circuit
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Transformation IV
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Fig. 2 Derived equivalent circuit transformationsldy be a hanging node)

A Physical Realisation |

The first physical realisation realises the equivalent circuit '}1
for the general Chebyshev distributed network given in Fig. 3
By using the synthesis technique given in [8], the network of £
Fig. 3 may be synthesized directly in distributed domain from
an Nt (N odd) -degree Chebyshev transfer function with
(N — 1)/2 pairs of symmetrically located transmission zeros
(£6,) and a single transmission zero at a quarter-wave
frequency €, = +90°).

Y1 Y4 Y5
;j 3
¥z

Fig. 4 Graphical representation of the equivalent circuit of Fig. 3 after
transformation of the'3-degree basic sections

In this Work N-Npr,-Nggo Simply refers to av®® -degree
low-pass filter with Nz, number of transmission zeros at
some general frequency in the complex plavge number of
transmission zeros at quarter-wave frequency{j.es +90°)
and (V — Nprz — Nggo) Nnumber of real axis half transmission
zero pair at infinity (i.e6, = +joo). WhereN;, exists, these
Fig. 3 Generalised Chebyshev distributed low-pass prototype transmission zeros may either be symmetrically pure
imaginary frequency pairs (.1, = £6,), or in general
paraconjugated pairs on the complex plane @.e= 6, +
j6,), such thatV., is always even. Therefore, in general the
distributed network of Fig. 3 is of the forN+(N — 1)/2-1.

Using circuit transformation 1 on each of th& aegree
section, Fig. 3 may be transformed into Fig. 4. It is then clear

¥3

+
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from Fig. 4 that each of the™3-degree section is just the

equivalent circuit of a pair of two parallel coupled lines with 7™ -DEGREEL OW-PASSFILTER SYNTHESISEDADMITTANCE

TABLE |

one end terminated in an open circuited stub as depicted in VALUES (U)
Fig. 5. The overall network after the transformation is Section 1 Section Il Section Il
illustrated in dFig. 6. I?I'hisbis equivalﬁnt to Flilg.I 1(a) t;u; V\|/.ith y, = 04983 | y = 0.5830 | y, = 0.4983
every second coupling e’Fween the paralle coupled lines Y, = 5.5807 | y, = 2.5671 | y,5 = 55807
section removed (i.e. couplingss, Z,4, ... removed in Fig.
1(b)), such that the structure is composed of cascalled 3 ys =2.8517 | y; =2.9514 | y;; = 2.8517
degree basic sections of Fig. 5 as shown in Fig. 6. ys = 0.4983 | yg = 0.5830 | y;, = 0.4983
F1a £ Z TABLE Il
Input - Qutput -—ﬁ ﬁ— 7™ -DEGREEL OW-PASSFILTER IMPEDANCE VALUES ()
“Parallel Coupled 7 A Z, AFTER TRANSFORMATIONII (A)-(C) IN 50 Q) SYSTEM
_ Lines Section = iy Z; =153.3 Zi3 = 580.7
V2 Z3 Section 1&3 Z, =22.73
- 7, = 153.3
stub — —
Fig. 5 A basic section containing a pair of coupled line and a _ Z,=1586 Zys = 3735
stub and its equivalent circuits Section 2 Zs = 21.54
1 2 e n* Section Ze = 158.6
stub

e |S11]
Synthesised

& |521|
Synthesised

0 I511] o]

Decoupling wall

-20

§ ; HFSS
Paralle E -0 % 1521
3 H
v [ Couple % %
Lines = i

-80

i el

N

Basic Section

Decoupling wall 0 1 2 3 4 5 6 7
Frequency (GHz)

stub “10n

Fig. 6 Physical layout for generalised Chebyshev distributed low-pass
prototype filter of physical realisation | Fig. 7 Circuit and HFSS simulation response for example |

In this realisation 16, = 25° is approaching practical limits

th i : _ for realisable element values. Reducing the electrical length at
A 7. -degree _Iow-pass f"t‘?r was designed using thﬁ’\e cutoff frequency further causes the impedance values of
technlque_s _descrlbed above with cutoff fre_quenc_y at 1G e high and low impedance lines to become unrealizably high
20 dB minimum passband retuorn loss V\é'th pairs of oém'tand low respectively. However, in reality the practical
transmission zeros &, = +54.44°, i43'00. and +54.44 stopband bandwidth is perturbed due to high order modes and
(218, 1.72 and 2.18 GHz) and a single quarter-wavs%urious couplings between the basic sections as shown by the

. - R )
transmission zeroff = £90°) and electrical length at the_ HFSS simulation in Fig. 7 with small resonance peaks around

—_ o
cutoff frequency,8, = 25°.The element values are shown iNg — 90°. The decoupling walls do not give exact circuit

Table 1 corresponding to the circuit of Fig. 3 where SYMMEUy - lisation for realisation I. In the second physical realisation,

IS assume_d for the_ el_ement values. Using th_e C'rCLHtowever, some of the couplings are allowed between basic
transformation |, the circuit was transformed to the final forngections

of Fig. 4 with the element values shown in Table II. All the
element values are clearly realizable. Fig. 7 shows the circBit Physical Realisation H ‘Meander-like’ Low-pass Filter
simulation of the design example.

1) Design Example

A more general realisation is achieved by using the layout
of Fig. 1. The only difference with the previous physical
realisation | is that, in the general case, physical realisation I
all the couplings between high impedance coupled lines of
Fig. 1 are allowed. The structure is built from the ba&lc 3
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degree section of Fig. 5 by adding a parallel line to the paral stub Decoupling wall
coupled lines section and an open circuited stub at one enc
form an interconnect each time to increase the network deg _
by 2.

The stripline layout for physical realisation Il is given in-
Fig. 8 and its derived equivalent circuit is shown below in Fic Output
9 with the unit element impedance values named sequentie Parallel Coupled
from input to output. This realisation is optimal sinceN#f - stub  Decoupling wall Lines Section
degree filter requirefV commensurate length transmission
lines. At the quarter-wave frequency, all the series shdfig. 8 Physical layout of the striplines for the general meander-lik
circuited stubs become open circuited while all the opdpw-pass filter with allowed coupling between parallel lines of the
circuited stubs become short circuited so that the altern@@acent basic sections.
ends of the parallel coupled lines are shorted to ground. Tk~
the meander-like low-pass filter of Fig. 8 has at least or
transmission zero at the quarter-wave frequency. The ott_,
transmission zero pairs may exist at infinity on the real axis
as symmetrical pure imaginary frequency pair or in general
paraconjugated pairs on the complex plane due to multipath
the structure.

It is now shown how the meander-like low-pass filte
network of Fig. 8 and Fig. 9 may be synthesized from suitable
low-pass filter networks and then using appropriate circuitig. 9 Graphical representation of the equivalent circuit of Fig. 8 for a
transformation to transform the canonical low-pass filtepeander-like low-pass filter

network forms to a meander-like low-pass filter. The The %9 -d filter is simplv a trivial di
canonical low-pass filter network forms were obtained by the e o -degree Ter 1S simply a Hivial case corresponding
circuit transformation | as shown in Fig. @. In this case

synthesis method in [8] and then applying cascaded syntheg‘? . . :
The 3%, 5", 7" and 9" -degree meander-like low-pass filter area%'o'3 or 3-2-1 low-pass filter may be realised.

examined next as depicted in Fig. 10.

Input

Z
Z13 o Zs

<1

|
N=3 (3-2-1)

I
N=5 (5-0-4)
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VI
N=9 (9-0-8)

VI
N=9 (9-2-6)

Fig. 10 Derived network transformation fir= 3,5,7 and9 meander-like low-pass filters

There are two possible cases f8r-Begree filter, namely 5- a single real axis half transmission zero pair at infinity
0-4 and 5-22 low-pass filter. For the first case of Fig. 10 (Il),(8, = t+joo) and two transmission zeros at the quarter-wave
a 5-04 low-pass filter has a single real axis half transmissiofnrequency @, = +90°). For an asymmetrical 5-2-2 case of
zero pair at infinity §, = +joo) and four transmission zeros Fig. 10 (ll), step 1 utises Sato’s transformation (Table I of
are at a quarter-wave frequendy & +90°). Beginning with  [7]) to eliminate branch 1,2 and in turn creates branch 1,3 and
the canonical network form, step 1 is to split the transmissidn5. In Step 2Sato’s transformation is used again to eliminate
lines into two equal parts between port 2 and 4. In step Zanch 2,3 and creates branch 3,5. In step 3, transformation Ill
transformation Il is carried out on each of the branch 3,2j4 applied on branch 1,5,6 and two sequential transformations
and 2,4,5 respectively. Finally in step 3, two separald are applied on branch 1,3,5. The final equivalent circuit is
transformations 1l are carried out on each of the three pafitained by application of transformation Il on a three port
subnetworks of 1,3,5 and 3,5,6 to derive the final equivalestibnetwork of 4,6,7 as illustrated in Fig. 10 (l11).
circuit as illustrated in Fig. 10 (I1). For symmetrical 5-2 low-pass filter of Fig. 10 (1V), step 1

The second meander-like low-pass filters, the B4@w-  splits the inductor between node 5 and 7 such that the
pass filter in Fig. 10 (Ill and IV), have a single pair ofadmittances of the outermost inductors in branch 1,2 and 7,8
symmetrical finite frequency transmission zerfs € +6,), are identical. In step 2, transformation 1V is carried out on the



TMTT-201506-0721 9

two port network between node 2 and 7 and finally twavhich may assume negative values arising from the formulae
separate transformations 1l are carried out on three paged in some of the cases of Fig. 2. As its canonical circuit
subnetworks 1,9,10 and 9,8,10 respectively to obtain the firfakrm, the meander-like low-pass filter is relatively unaffected
symmetrical form as illustrated in Fig. 10 (IV). Note that @y small changes in the impedances values because it requires
negative sign ory, in transformation 1V should be taken foran optimal number of element&), Thus small mismatch in
realizable impedance values. the impedance values only slightly degrades the passband
For a 7' -degree filter, one possible realisation derived, is eeturn loss.
7-25 low-pass filter of Fig. 10 (V) with a single pair of
symmetrical finite frequency transmission zero pdy =
+6,,) and all the remaining fivéransmission zeros at the A 7" -degree(7-2-5) meander-like low-pass was designed
quarter-wave frequency{ = +90°) which is now illustrated. with a symmetrical pair of finite frequency transmission zero
From the canonical low-pass filter form, transformation | ist 8, = +65°(1.625 GHz) and five transmission zeros at a
applied on the two port network between node 2 and 7 in stgparter-wave frequency(6, = £90°), 20 dB minimum
1. This is followed by transformation V again on the same twgassband return loss and electrical lengthfpof= +40°at
port network between node 2 and 7 in step 2. Then in stepcBtoff frequency of 1 GHz. The synthesised element values for
two separate transformation Il are applied on branch 3,2t6e canonical low-pass filter is shown in Table Il (assuming
and 8,7,9 and finally in step 4, three separate transformatiorsiimmetry with impedance values assigned sequentially from
are applied on three port subnetworks of 1,3,5, 3,5,8 ar@l 5,&ft to right of Fig. 10 (V)). Then using the technique as
respectively to obtained the final form of the meander-likexplained in section Il (B) and Fig. 10 (V) by a sequence of
low-pass filter of Fig. 10 (V). circuit transformations, the meander-like element values were
For a §' -degree filter, two derivative low-pass filter obtained as shown in Table IV. The circuit simulation shown
networks were examined whose core subnetworks wereFig. 11 validates the synthesis process.
derived from a 8 -degree network discussed above.

1) Design Example |

The first one is a 9-8-filter, with a single real axis half TABLE Il
transmission zero pair at infinity8f= tjoo) and all 7™ -DEGREECANONICAL LOW-PASSFILTER IMPEDANCE
remaining eight transmission zeros at a quarter-wavelength VALUES (Q)
frequency @, = £90°). Beginning with the canonical low- Z1 = 60.2932 Z4 = 6.2196
pass filter in Fig 10 (VI) in step 1, a two port network between Z2 =29.1279 Z5 = 28.6033
node 2 and 8 is replaced by a derived circuit for a 5-0-4 circuit Z3 =110.2028
as explained above (Fig. 10 (Il)). Then in step 2, two separate TABLE IV
transformations Il are applied to branch 3,2,7 and 5,8,9. This’™ -DEGREEMEANDER-L IKE LOW-PASSFILTER IMPEDANCE
is followed by two separate transformations Il which are VALUES (Q)
applied on three port subnetworks of 1,3,5 and 7,9,10 Z1=108.2319 | Z13 =362.2136
respectively to give the final equivalent circuit as illustrated in Z2 =53.7139 Z35 = 44439.57
Fig. 10 (VI). 73 = 215.9667
The second '® -degree low-pass filter is a 9&low-pass Z4 = 25.8734
filter with a single symmetrical pair of finite frequency
transmission zeros6f = +6,), a single real axis half . sl e T
transmission zero pair at infinity 8f= +jo) and all
remaining six transmission zeros at a quarter-wave frequer "% an[S21]
(6, = £90°). Beginning with the canonical low-pass filter
form in Fig 10 (VII) in step 1, a two port network betweer@ 40 & Is11|

node 2 and 9 is replaced by a derived circuit for a 5-2-2 circlg
as explained above (Fig. 10(lll or IV)). Then in step 2, tw:Z
separate transformations Il are applied to branch 3,2,6 a®
8,9,10 respectively. This is followed by two separat
transformations Il which are applied on three por
subnetworks of 1,3,8 and 6,10,11 respectively to give tla fin
equivalent circuit shown in Fig. 10 (VII). Note that a positive
sign ony,, in transformation IV should be taken for realizable "%, 3 5 3 R
impedance values. Frequency (GHz)

Multiple solutions do exist depending on the
transformations used. Impedance levels are within positi¥ég. 11 Circuit simulation of a 7-2-5 meandisre low-pass filter in
realisable values as long as the electrical length at the cutofi@mple Il B (1)
chosen to be arouné, = +45° as the two examples will
show. Moving further away form, = +45° either direction
tend to lead to extreme element’s impedance values some of

-60

-100
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2) Design Example Il The low-pass filter is then realised using rectangular bars or
striplines. The technique by Getsinger [9, 10] was used to

; . .. determine the initial physical dimensions. The final optimised
was designed with cutoff frequency at 1 GHz, 20 dB MINMUT ensions are given in Table VII. The nomenclature used in

return loss and, = £45°. The stopband insertion loss WaSrable VI corresponds to Fig. 13 and Fig. 14. Fig. 12 shows

defined to be above0 dB betweenl.3 GHz and2.7 GHz and :
; . : . c ood correspondence between the measured and theoretical
this was achieved by placing a symmetrical transmission zetg

pair at 8, = £58.23°(1.294 GHz), a single real axis haIfSImUIatlon using HFSS.
transmission zero pair at infinity 6= +joo) and six
transmission zeros at quarter-wave frequengy=(+90°) | My
yielding a 9-26 low-pass filter of fig. 10 (VII). The

synthessed element values for the canonicil-@egree low-

pass filter are shown in Table V. These values wel
transformed to the meander-like circuit with the elemer |ppywoutput
values shown in Table VI

An experimental 9 -degree meander-like low-pass filter

TABLE V
SYNTHESISED9™" -DEGREECANONICAL LOW-PASSFILTER ~ f====—T===-Fssr=-f-—======fr-——m—=== sk
IMPEDANCE VALUES () T
Z1 =51.3388 Z6 = 114.8003 . ¥
Z2 = 34.1469 Z7 = 30.5252
Z3 = 86.4301 Z8 =99.4671
Z4 = 15.2258 79 = 34.1469 L
Z5 = 39.6987 Z10 = 51.3388
TABLE VI ﬁzl_ S .*?.'*?{_. _______________
SYNTHESISED9™ -DEGREEMEANDER-L IKE LOW-PASSFILTER XX £ Tuning Screw
IMPEDANCE VALUES () ' ‘ v ' T
Z1=101.2065 Z13 = 317.8744 —_— I m [ {b b
Z2 = 66.08394 Z35 =1798.938 | ' r’ l
7Z3 = 207.5597 L |y b el - B
Z4 = 34.02597
75 = 147.2685 Fig. 13 Diagram showing the layout of the fabricatel @legree
meander-like low-pass fét. Dimension shown are as given in Table
TABLE VII Vi
9™ -DEGREEL OW-PASSFILTER OPTIMISED DIMENSIONS (MM) =
wl = 9.04 swl=125 | s12=6.75 | dL1=25 3
w2 = 1.85 sw2 =3.00 | s23=23.25 | dL2=85
w3 = 2.33 sw3 = 7.25 b =25 dL3 = 6.5
w4 = 17.64 sw4 = 3.00 t=5 wt = 13.0
w5 = 27.44 L =37.5
0
-20
)
= Synthesised
g @ -
S s 25
g % [521] . . )
HFsS Fig. 14 Physical hardware of the fabricatel! Segree‘meander-
-80 onn like’ low-pass Filter (top cover removed)
100 & Nessurea The overall length of the low-pass filter realisation is three

times the electrical length at the cutoff frequency. High order
modes do exist in the structure that potentially could worsen
the stopband response especially with relatively larger ground

Fig. 12 Comparison of simulated response of the synthesized, HF§§”e spacin_g. The effect is to_ shorten the effectivg stc_)pband
and measurement of meander-like low-pass filter frequency window as the design example shows in Fig. 12.

0 0.5 1 15 2 25 3 35 4
Frequency (GHz)
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The choice of the ground plane spacing affects the spurious
resonances within the filter structure which in this case
appeared above@.6 GHz. The insertion loss is fairly low
across the passband with a peak at 0.3476 dB at the cutoff
frequency in the measured response as depicted in Fig. 15
The slight discrepancy in the insertion loss between the

11

TABLE VIII

IMPROVED9™ -DEGREEL OW-PASSFILTER OPTIMISED

DIMENSIONS (MM)

simulated and measurement results in Fig. 15 is due to slig

mismatched response as evident from the return loss plot
Fig. 12 and Fig. 16.

0
-0.2
)
2 04 | ags21)
° HFSS (b=15 mm) 1GHz
3 -0.3476 dB
z -e-|S21| -
2 -06 HFSS (b=25 mm)
= 521|
Measured (b=25 mm)
-0.8
-1
0 0.2 0.4 0.6 0.8 1 1.2

Frequency (GHz)

Fig. 15 Comparison of insertion losses between HFSS simufatio
for b=15 mm and b=25 mm and measured response with b=25 mm

0
-20
% Synthesised
o 40 D -a-|521]
© Synthesised
=3
b= B IS
ga -60 HFSS (b=25mm)
o -0-1521|
= HF $$ (b=25mm)
= [S11]
-80 HF$$ (b=15mm)
-© [521]
HF $S (b=15mm)
-100
0 0.5 1 1.5 2 2.5 3 35 4
Frequency (GHz)

Fig. 16 Comparison of optimised equivalent circuit simulation ant
HFSS simulations of meander-like low-pass filter with ground plan

spacing of 15 mm and 25 mm.

Improvement in the stopband response may be achieved
reducing the ground plane spacing frobn=25 mm to

ht wl =542 swl =175 512 = 4.80 dL1 =3

in w2=111 sw2=18 | s23=1395 | dL2=5.1
w3 = 1.40 sw3 =175 b =15 dL3 =39
w4 =11.33 sw4 =18 t=3 wt = 4.65
w5 = 16.46 L =375

C. Comparison

A 9" -degree meander-like low-pass filter was compared to
other low-pass filter realisations. To achieve the same
selectivity, a & -degree generalised Chebyshev low-pass filter
would be required while a 15-degree stepped impedance
low-pass filter would be required as depicted in Fig. 17 below
with /4 electrical length at the cutoff frequency of 1 GHz.
Thus for the same selectivity, the proposed structure requires
much fewer number of filter elements than the stepped
impedance low-pass filter. Although the generalised
Chebyshev low-pass filter may be designed with the same
degree as the meander-like low-pass filter, its stopband
IE)erformance is much poorer in its physical realisation as
shown in Fig. 17 because the series short circuited stubs are
approximated by high impedance transmission lines [3]
Furthermore, both the generalised Chebyshev and stepped
impedance low-pastilters’ effective stopband response is
much worse in practice because it is difficult to realise ideal
commensurate transmission line elements and often
discontinuities, high order modes and mode conversion occurs
within the filter structure [11]. These reduce the effective
stopband width of practical low-pass filters to as much as half
of the predicted width! Even though effective stopband width
may be widened by using a lower electrical length at cutoff
frequency, it is often limited by element realisation as the
variations in element values tend to be extreme. By utilizing
relatively smaller ground plane spacing as described in section
B, the proposed low-pass structure offers superior stopband
performance.

v,
1N TR

Meander-Like

y

s

o
kel

tude (

Ari521]
. Meander-Like

b =15 mm at expense of slightly increased insertion los:
(Fig. 15). Fig. 16 shows HFSS simulations for differen®
ground plane spacing versus the ideal circuit response. Clec=

f1 7 Bism

General lised Chebyshev

$ Qs

General lised Chebyshev

the stopband performance matches very well with tt B vdanes
prediction for b =15 mm. Table VII shows the Qe
corresponding optimized physical dimensions. Notice thi ———
much smaller ground plane spacing is limited by realisabilit 0 0.5 1 15 2 25 3 35 4
of the physical dimensions as the dimensions ofldfepass Frequency (GHz)

filter are proportional to the ground plane spacing.

Fig. 17 Circuit simulation comparison of 9degree meander-

like low-pass filter with a ® -degree generalised Chebyshev
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low-pass filter and 15 -degree stepped impedance low-paskence is easier to construct. However, only certain forms of
filter.

transfer functions are realisable as described above. Synthesis
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Fig. 18 Circuit insertion loss simulation comparison Bf -Blegree [2]
meander-like low-pass filter with a9 -degree generalised
Chebyshev low-pass filter and 1 5degree stepped impedance low-
pass filter.

3]
Fig. 18 shows the circuit level insertion loss analysis of the
three low-pass filters being compared above with the sa
ground plane spacing of 25 mm assuming copper conductors
in air. It is quite obvious the stepped impedance low-pass filter
fairs worse because of the highest number of unit elemet:lnéi
required to achieve the selectivity. The generalised Chebys
low-pass filter passband insertion compares well with the
proposed meander-like low-pass filter with the losses
increasing towards the cutoff frequency. The proposeLg]
structure has an optimal number of unit elements equal to thé
degree of the network regardless of the number finite
frequency transmission zeros. The generalised Chebyshev
low-pass filter on the other hand requires 12 unit elements [tg
achieve the selectivity requirements. Thus the proposed
meaner-like low-pass filter is much more compact with low
insertion loss than the other two low-pass filters. The
meander-like low-pass filter has a high achievable roll-off ra{g]
of 246.7 dB/GHz with an achievable relative stopband
bandwidth of 0.883 [12] and could be advantageous where a
much deeper outf-band rejection is required. -

I1l. CONCLUSION

An exact design technique for realising generalise@o]
Chebyshev distributed low-pass filters using coupled line/stub
without approximating the series short circuited stubs has be[eﬂ]
demonstrated. The physical realisatidn has a simple
equivalent circuit, however, it requires isolation walls to
eliminate coupling between basic sectidBisice a single basic
section may realise a pair of finite frequency transmissioﬁz]
zero, a maximum ofN — 1)/2 pairs of symmetrically located
transmission zeros is achievable. A more general meander-like
structure, physical realisatiol, with optimal number of
elements and simple physical layout of transmission lines has
also been presented. Its physical realisation does not require
decoupling walls between the parallel coupled line section and

of a few realisations up to"™9-degree together with the
required transmission zeros locations of their canonical forms
have been illustrated. A low-pass filter design example
utilising the later physical realisation was fabricated and
measurement results showed good agreement with theory.
Comparison with other low-pass filter realisations reviewed
that the proposed low-pass filter has much higher roll-off rate
and deeper effective stopband.

REFERENCES

H. M. Jaradat and W. M. Fathelbab, "Selective
lowpass filters realizing finite-frequency transmission
zeros," in Radio and Wireless Symposium, 2009.
RWS '09. IEEE, 2009, pp. 2555.

C. J. Chen, C. H. Sung, and Y. D. Su, "A Multi-Stub
Lowpass Filter," IEEE Microw. Compon. Lett., vol.
25, pp. 532-534, 2015.

I. Hunter, Theory and design of microwave filters
IET, 2001.

J. D. Rhodes and S. Alseyab, "The generalized
chebyshev lowpass prototype filter,” International
Journal of Circuit Theory and Applications, vol. 8,
pp. 113-125, 1980.

S. A. Alseyab, "A Novel Class of Generalized
Chebyshev Low-Pass Prototype for Suspended
Substrate Stripline Filters," IEEE Trans. Microw.
Theory Techn.vol. 30, pp. 1341-1347, 1982.

E. Musonda and |. Hunter, "Design of generalised
Chebyshev lowpass filters using coupled line/stub
sections," in Microwave Symposium (IMS), 2015
IEEE MTT-S International, 2015, pp.4L-

R. Sato, "A Design Method for Meander-Line
Networks Using Equivalent Circuit
Transformations,” IEEE Trans. Microw. Theory

Techn, vol. 19, pp. 431-442, 1971.

E. Musonda and |. Hunter, "Synthesis of general
Chebyshev characteristic function for dual (single)
bandpass filters," in Microwave Symposium (IMS),
2015 IEEE MTT-S International, 2015, pp41-

W. J. Getsinger, "Coupled rectangular bars between
parallel plates," IRE Trans. Microw. Theory Techn.,
vol. 10, pp. 65-72, 1962.

M. A. R. Gunston, Microwave transmission-line
impedance data. London Van Nostrand Reinhold,
1972.

R. J. Cameron, C. M. Kudsia, and R. R. Mansour,
Microwave filters for communication systems:
fundamentals, design, and applications. Hoboken,
N.J: Wiley-Interscience, 2007.

J. Wang, L. J. Xu, S. Zhao, Y. X. Guo, and W. Wu,
"Compact quasi-elliptic microstrip lowpass filter with
wide stopband,” Electronics Letters, vol. 46, pp.
13841385, 2010.



TMTT-201506-0721

Evaristo Musonda (GSM'13) received

the B.Eng degree (with distinction) froi
The University of Zambia, Lusake
Zambia, in 2007, the M.Sc. degree

communication engineering (wit
distinction) from The University of Leeds
Leeds, U.K., in 2012, and is current
m= working toward his Ph.D. degree at Tl
University of Leeds. In early 2008 he joined Necor Zam
Limited, an ICT company, before joining the country’s largest

mobile telecommunication services provider, Airtel Zamt
in June 2008, where he was involved in core netw
planning, optimization, and support roles for three years. +
currently involved in research for new microwave filte
synthesis techniques for digital wireless communical
systems at the University of Leeds. His research intel
include microwave filters and network synthesis.

lan Hunter (M’82-SM’94-F’07)

received the B.Sc. degree (honors, fi
class) and Ph.D. degree from Lee
University, Leeds, U.K., in 1978 an
1981, respectively. Early in his cares
he was with Aercom, Sunnyvale, C/
USA, and KW Engineering, San Dieg
CA, USA, and Filtronic, Shipley, U.K.
where he was involved with th
development of broadband microwave filters for electrc
warfare (EW) applications. From 1995 to 2001, he was \
Filtronic Comtek, where he was involved with advanced filt
for cellular radio. He currently holds the Royal Academy
Engineering/Radio Design Ltd. Research Chair in Microw
Signal Processing with the School of Electronic and Electi

13

Engineering, The University of Leeds, Leeds, U.K.

currently leads a team involved with the research of |
microwave filters for mobile communications systems.
authored Theory and Design of Microwave Filters (IE
2001). Prof. Hunter is a Fellow of the IET and the U.K. Ra
Academy of Engineering. He was general chair of 2
European Microwave Week, Manchester, U.K. He will cF
the 2016 European Microwave Conference, London, U.K.



