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Design of Linear Phase Selective
Comb-Line Filter

ISAM HASAN ZABALAWI, MEMBER, IEEE

Abstract — A multiwire approach has been used to develop design equa-
tions for linear phase selective comb-line filter. The filter under considera-
tion consists of two rows of inductive resonators separated by a slotted
coupling surface. Through the development process a multipath prototype
network has been considered.

A frequency transformation has been formulated to relate the multipath
prototype network and the multiwire comb-line structure. Hence, once the
element-values of the prototype network are chosen to meet prescribed
requirements, the corresponding comb-line filter element values can be
computed through the developed explicit formulas.

To illustrate the design procedure a brief design example is presented.

I. INTRODUCTION

HE ADVANCEMENT IN communication systems,

especially in high capacity communication channels
and digital transmission, imposes the need for filters with
selective amplitude and linear phase characteristics. The
approximation and the optimization problems which are
related to the design of filters with high performance had
been discussed by the author in [1]. The transfer function
obtained by the use of the generalized Chebyshev rational
function. in [1] has been synthesized in the form of a
multipath network. In this paper the prototype network of
the above paper which is shown in Fig. 1 is to be designed
in the comb-line form.

The theory of comb-line bandpass filters has been studied
extensively in the technical literature, [2]. The available
techniques deal with the realization of comb-line filters
based upon prototype networks with minimum phase, i.e.,
the transfer functions that characterize these prototypes are
minimum-phase functions. In this paper the lowpass proto-
type network is described by a nonminimum-phase func-
tion as illustrated in [3]. This prototype (shown in Fig. 1) is
to be used here due to the following:

1) The amplitude and the phase responses of the proto-
type are compatible. The two capacitors at the input and
the output ports produce two transmission zeros at infinity
and this will provide a reasonable selective amplitude. The
multipath nature of the network can also provide flat
group delay (linear phase) over most of the entire pass-
band.

2) The element-values of this prototype network are
available for degrees up to and including 14 with different
number of transmission zeros at infinity (minimum two).
Tables of element values are provided in [1] and [4].

The prototype network of Fig. (1) has been realized in

Manuscript received September 23, 1981; revised February 25, 1982.
The author is with the Department of Electrical Engineering, Faculty of
Engineering and Technology, University of Jordan, Amman, Jordan.

Y

Fig. 1. Low-pass prototype network.
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Fig. 2. Generalized comb-line linear phase filter with 8 resonators.

different forms, direct-coupled cavity [5], interdigital [6],
and in-line dual-mode cavities [7]. In this paper the design
equations for the generalized comb-line filter are to be
presented. The generalized comb-line structure under con-
sideration is shown in Fig. (2). The structure consists of
two rows of coupled resonators, each row coupled to the
other through slots in the coupling-plate that separates
them. Each row composed of n-resonators and is similar to
the minimum phase comb-line structure. That is, all the
inductive resonators are shortened to the groundplate at
one end while at the other the resonators are left open.
Lumped capacitors as shown in Fig. (3) are used to provide
resonance with the associated inductive resonators at the

.center of the passband to perform the filtering process.

For a prototype network of degree (2r) and with (2m)
transmission zeros at infinity, the first (m —1) crosscou-
plings do not exist. The comb-line that realizes the above
prototype consists of n-resonators in each row with (n +1
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~— m) slots in the separation plate.

In this paper the generalized theory of multiwire net-
works [8] has been used to develop the design equations of
comb-line filter. Explicit formulas for the characteristic
admittances of the lines that form the structure are devel-
oped in terms of the scaling factor a and the element
values of the prototype network.

1I. THE MULTIWIRE NETWORKS AND THE
GENERALIZED COMB-LINE STRUCTURE

The nodal analysis of multiwire network shows that the
admittance matrix of the structure which consists of n lines
can be defined by

w| o o —n-eml[m
1] —y1-22[1] [Y] V]
(1)
where
1,1V, and V] shown in Fig. 4;
t = tanh(Bp);
P the complex frequency variable;
B a constant; and
[Y] (n X n) symmetrical matrix whose en-
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where, referring to Fig. 5(a)
Y, =Y +Y . *Y it Y -, (3)

tries are determined from the static
capacitances of and between the lines.

The comb-line under consideration is composed of 2n
lines and 2n-shunt lumped capacitors. The admittance
matrix of the generalized comb-line filter can be presented
by using (1) in the form shown (2)

Y —Y,
———1 ! + PC, t1’2 0
—_Yz" 222 4 pc 0
t t 2
0 ;_}_,27_2_ h-i—PC
t t 3
0 _thn 1,2
-7,
2n,1 O 0
| t

is the sum of all distributed capacitances (reciprocal induc-
tances) emanating from node r, and C, is the lumped
capacity from node r, to ground and all the nonadjacent
admittances are assumed to be zeros.

From (2) and (3), in conjunction with F1g 5(a), the
coupling between adjacent resonators (in the same row or

0 _YI,Zn
t
=Y, _
2£2n 1 0
2
0
an ;2;1 1+PC2,, . _Yz;—mn
_Y2n,2n—1 Yv?,n.Zn +PC7H
t { -]
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in the opposing one) is observed to be a series short-cir-
cuited stub, or distributed inductor. Based on the above, a
typical section of the comb-line filter can be configurated
as depicted in Fig. 5(a), (b).

By utilizing the technique presented in [9] a series short-
circuited stub can be decomposed into an ideal immittance
inverter, two transformers, and two shunt short-circuited
stubs are shown in Fig. 6.

In Fig. 6, 8 is the electrical length that corresponds to the
real frequency w = P/j and

(4)
The typical section of the generalized comb-line filter
after removing the transformers, reduces to the section

shown in Fig. 7 where
B,=(wC,—Y, ,cotf)tand. (5)

C. is to be chosen to produce perfect transmission at the
center of the passband, i.e., at § =0, hence at

t= jtan.

=46, B =0 (6)

wOCr - Yr.rcot 00 =0 (7)
— Yr,rCOt 00

S (8)

III. FREQUENCY TRANSFORMATION AND
ADMITTANCE SCALING

The typical shunt susceptance of the generalized comb-
line filter is given by

B,=(wC,—Y, ,cotf)tand
and by substituting (8) in (5) B, simplifies to

B=Y r{i tané _1}
| w, tanb,

(5)

)
but

0
=% (10)
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hence

6 tanf } (11)

Br:Yr,r{E(; tanﬂo -

Therefore, the required transformation is given by

,_[ 6 tand _q
@ 6, tand, @

(12)

where 6, are to be determined from the edges of the
passband of the bandpass response, and ' is the low-pass
prototype frequency.

If —1,1 are the edges of the low-pass prototype response
in w, and w,, w, are the edges of the required bandpass
response, then from (12)

6, tanf,
—1=<— —1ta
6, tanf,
6, tand,
1=+ —1ra
b, tand,
where 8, and 8, are the electrical lengths corresponding to
w, and w,, respectively.
Using (13) and (14)
f,tanf, + 0, tan 6
a= 2 2 1 1 (1 5)
f,tanf, — 0, tan b,
fytanf, =1(6,tanb, + 0, tand,) (16)
and for narrow-band applications (16) can be simplified to
6,+46
8, = — 3 = (17)
otherwise (16) must be solved numerically.

The inductive resonators of the comb-line structure are
often chosen to be about 90° at a specified frequency in
the stopband “f,”. Then the electrical lengths 8, and @, can
be calculated. However, §, is determined by (16) and
consequently the center of the passband f, can be com-
puted.

By scrutinizing (15) it can be easily concluded that ¢ is a
large number for narrow bandwidth. However, for a good
design, reasonable admittance values are necessary. An
admittance level of unity for Y, , can be achieved by
scaling the admittance matrix of the 2xn-wire structure or
the prototype network. The other reason for scaling Y, , to
unity is all the lumped capacitors will have the same value

(18)

A typical section of the low-pass prototype network is
shown in Fig. 8 where all the coupling elements are ideal
admittance inverters. By scaling the rth node by 1/(aC,),
then all of the frequency dependent elements are assigned
to the value (1/a). Hence the scaled values of the proto-
type network become

(13)

(14)

C = cot 8,

“o

c'=1/a (r=1-n)
K'
K] ,= agr’r (r=1-n)
1
K} 1= (r=l-n-1). (19

a/ClCl



- ZABALAWI: LINEAR PHASE SELECTIVE COMB-LINE FILTER

1 ‘ /I:I-I:-Cr 1

-1 241

Fig. 8.

Due to the scaling process the input and the output ports
are matched to aC|  rather than 1 Q.

IV. DgEsiGN EQUATIONS

By comparing the generalized comb-line section of Fig, 7
and the section of the low-pass prototype after the impos-
ing of the frequency transformation given in (12), it can be
shown that '

Y,=1 (r=1-n)
1
V= (=1
ayC-Clyy
n,=tg (=1

Y,=1~l{ Ly 1 +KC}
@ ‘/Cr/ T \/Cr, -1 r

(r=2-n-1)

(20)

The input and the output sections can be designed to be

matched to (aC,) @ by using capacitive coupling [10] as
shown in Fig. 9

1 JwC,
oC] I°G T juC, 1)
= (22)

wyjaCi—1
yCia—1

Cp - O)(XCI/ (23)
and the center of passband
C=— 't (24)

’ wyCla—1 -
yCila—1

C,=———""7—
s wyaC]

(25)

C, is negative and can be taken out of the first lumped
capacitor.
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V. DEsIGN EXAMPLE

This example intends to illustrate the idea of translating
the element values of a given low-pass prototype network
to physical dimensions.

Assume that the element values of the prototype network
that meets the required specifications are

C[=0.8025 K, ,=0
C;=13878 K, ,=0.059
C;=17467 K,,=03438
C;=1.8939 K, ,=0.6825

i.e., the filter is of degree 8. :

For the required comb-line filter. we consider in this
example: the center frequency f, =2 GHz; the bandwidth
=2 percent; length of each bar L, at f;=A /8; the dis-
tance b=2 cm (see Fig. 10); the thickness of each bar
(¢) = 0.8 cm; and the thickness of the separation plate = 7.

Accordingly

L,=1873cm -
0,=0.257rad
6,=0.24757 rad
0, =0.25257 rad.

By using (12), the scaling factor is

a=38.895.
The lumped capacitors C, can be determined by using (18)
C.=179.58 pF (r=1,2,---,8).

The shunt stubs admittances Y, can be determined by
using the corresponding expression in (20), ¥, =0.976,7,
=0.958,7,=0.964, Y, = 0.976.

The main line coupling admittances Y, ,,; can be
evaluated by using (20), Y} , = 0.0244,Y, ; = 0.0165,Y; , =
0.0144. N

The cross-coupling admittances Y, ,. can be computed as
indicated in (20), ¥, ,,=0,Y,, =0.0011,Y; 5, =0.005,Y, ,
= 0.009. : .

The admittances of shunt stubs and the main line cou-
plings can be converted to physical lengths directly by
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using the graphs presented in [11]. By using these graphs it
can be shown that §,,=2 cm, S, ;=21 cm, S, ,=2.18
cm, W, =1.00, W, =0.975 cm, W; =1.00 cm, W, =1.04 cm,
where S, ,,, and W, are shown in Fig. 10.

The dimensions of the slits can be evaluated by using the

formula (see [12])
Y, ,=(d2/3840)(7/b) (sech(2 V:))_Zexp( 7 ;)

where K, is a complete elliptic integral [13]. The above
equation can solved numerically to obtain d,. The input
and the output sections can be designed by using tapered
conductors and the lumped capacitors can be realized by
shaping the tip of each bar.
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Combining the Powers from Multiple-Device
Oscillators

MOHAMMAD MADIHIAN, STUDENT MEMBER, IEEE, AND SHIZUO MIZUSHINA, MEMBER, IEEE

Abstract —This paper describes the results of power combining with
multiple-device oscillators. A combiner circuit consisting of 3 osciilators
and a directional coupler is analyzed. Conditions are set to obtain the
maximum combining efficiency and a key approach is developed to control
the frequency of the combiner. It is shown that the performance of the
system is not seriously affected by the dissimilarity of the oscillators used
in the combiner. A prototype 84-diode power combiner is constructed and
total output power of 1.72 W with combining efficiency of 98.3 percent is
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obtained at 9.7 GHz. No fundamental limiting factor for the maximum
number of devices to be combined was found.

I. INTRODUCTION

ICROWAVE POWER COMBINERS can be classi-
fied into two categories: 1) single circuit multiple-
device structures, and 2) tree structures. In the former
class, a number of devices contribute to the output power
in a single circuit provided that the phase of the signal
generated by each device is properly adjusted [1]-[3]. So
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