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Design and Development of Strip-Line Filters
E. H. BRADLEY~

Summarg—Strip transmission lines off er an alternate medium in

which microwave filters can be realized. Since bandpass filters de-

signed in waveguide or coaxial lines would necessarily be large at
ultra-high frequencies, strip lines provide a practical means of real-

izing filters which are simply fabricated and which represent an ap-

preciable saving in size and weight.

Design tectilques which were formerly employed in the realiza-

tion of wavegukle and coaxial filters have been applied in the syn-

thesis of strip-line filters having “maximally-flat” and Tchebycheff
response characteristics. In this paper, these techniques as well as
those for realizing the required circuit parameters in strip line will
be described. Using engraving techniques instead of the more com-

monly employed photo-etching techniques, strip-line filters can be

fabricated with such precision that tuning screws are generally not
required to aligm the filters to a desired center f~equency. Bandpass

filters having a 10 per cent bandwidth at S-band have been devel-

oped with a mid-band insertion loss of less than 1 clb and a rejection
of greater than 50 db at frequencies 9 per cent from the center fre-

quency. The effect of temperature variations on the filter perform-

ance has been evaluated and will be dkcussed. Tecludques will

also be presented for eliminating spurious responses in filters re-
quired to operate over a frequency range of several octaves.

The application of strip-line techniques in the development of
multiplexer and other microwave components, such as detector
mounts, attenuators, and loads, will be discussed.

INTRODUcT1ON

s

INCE World War II, technological advances in the

utilization of ultra-high frequencies in the fields of

communications, navigation, air surveillance and

television have promoted an increasing interest in the

development of rf filters designed to provide frequency

discrimination and signal selection in both airborne

and ground based equipment. Since such components

designed in waveguide and coaxial lines would be large

in the uhf spectrum, a relatively new distributed line

structure, namely, strip-line, is particularly well suited

for the realization of filters which are simply fabricated,

are readily reproduced, and, in most cases, represent an

appreciable saving in size and weight.

The purpose of this paper is, in general, to acquaint

the engineer with some of the advantages afforded in

the realization of rf components in a strip-line structure

at ultra-high frequencies, and, more specifically, to pre-

sent a general design procedure which can be employed

in strip-line for the development of bandpass filters

having a prescribed bandwidth, skirt selectivity, and

pass-band ripple tolerance. In a previous paper,l design

techniques for waveguide and coaxial filters,2-a were
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applied in the synthesis of strip-line filters having a

“maximally-flat>> selectivity. In this paper, a more gen-

eral procedure is presented from which strip-line filters

can be designed having either “maximally -flat)l or

Tchebycheff characteristics. However, as a result of

the mathematical simplicity of the design equations in

the former paper, the formulas presented here are

recommended primarily for the use in the design of

bandpass filters having a prescribed ripple tolerance

or Tchebycheff response.

Experimental strip-line filters having 10 per cent

bandwidths at S-band have been developed with less

than 1 db mid-band insertion loss and with greater than

50 db rejection at frequencies 9 per cent from the center

frequency. Using engraving techniques instead of the

more commonly employed photo-etching techniques5’o

strip-line filters can be fabricated with such precision

that tuning screws are generally not required to align

the filters to a desired center frequency. The design

techniques discussed in this paper are general and,

therefore, not restricted to the realization of the above

filter characteristics. The application of strip-line tech-

niques in the development of other microwave com-

ponents such as detector mounts, attenuators and

loads will also be discussed.

FILTER DESIGN PROCEDURE

Bandpass filters to be realized in a strip-line struc-

ture can be synthesized in a manner similar to that em-

ployed in the design of lumped parameter filters at

much lower frequencies. 7,8 This close correlation be-

tween lumped and distributed parameter circuits is not

always recognized. For that reason, it is hoped that the

following design procedure will be both enlightening and

helpful to those engineers who are interested in the

development of bandpass filters in a strip-line structure.

The first step in the design of filters is the selection of

an appropriate power loss ratio, po/pL, or transmission

coefficient, ] t(jco) 12, corresponding to a network having

the desired rejection-band characteristics. One type of

commonly used transmission coefficient, which results

in what is called a “maximally-flat” selectivity, is that

derived from the Butterworth function:

(1)

~ R. M. Barrett, “Etched sheets serve as microwave component s,”
Electronics, vol. 25, pp. 114–1 18; June, 1952.

6 K. S. Packard, “Machine methods make strip transmission
line, ” Electronics, vol. 27, pp. 148–150; September, 1954.

7 E. .4. Guillemin, “Modern methods of network synthesis, ”
Aduances in Electronics, vol. 111, Academic Press, Inc., New York,
N. Y. pp. 261-303; 1951.

8 J. R. Whinnery, “Design of microwave filters, ” Proc. Sym,
Mod. .kTetwork Syrzth., New York, pp. 296–3 11; April, 1952.
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where n designates the number of frequency sensitive

elements in the low-pass prototype shown in Fig. 1

and u is the normalized frequency variable in radians.

Still another type of transmission coefficient, which

is based on the Tchebycheff polynomial T.(@) and

causes an oscillatory behavior in the pass-band, is ex-

pressed in (2):

(2)

where e specifies the ripple tolerance in the pass-band.

The Butterworth function, whose poles are uniformly

distributed on a semicircle centered at the origin of the

complex frequency plane, is classified as a special case

01 the Tchebycheff function, in which the poles lie on

the periphery of a semi-ellipse centered at the origin.

For given band-rejection characteristics or skirt se-

lectivity, fewer elements are required when the syn-

thesis is based on a Tchebychefi distribution.

Fig. l—Low-pass filter prototype.

In the design of filters requiring extremely sharp

skirt selectivity, the Jacobia~l elliptic function is often

used to approximate the desired response function.

However, for most practical applications, the use of

either the Butterworth or Tchebycheff approximation

will suffice.

Following the selection of an appropriate trans-

mission coefficient, which for the purpose of this paper

is assumed to be either the Butterworth or Tchebycheff

response function, the corresponding low-pass proto-

tl-pe can be synthesized from (1) or (2) using a proce-

dure outlined in Appendix A. From this low-pass proto-

tlpe, a bandpass filter [c.j. Fig. 2(a)] can be readily

obtained with a low-pass-to-bandpass transformation

which is equivalent to replacing each series inductance

of the prototype with a series LC circuit resonant at

the desired center frequency and each shunt capacitance

with a parallel resonant tank.. As will be seen later, this

configuration is not as easily realized in strip-line as is

the circuit shown in Fig. 2(b).

It should be noted that the transmission coefficient

of the former network has an equal zero distribution at

zero and infinite frequencies in the complex frequency

plane, whereas the filter shown in Fig. 2(b) has an un-

equal distribution with 2n – 1 zeros at zero frequency

and 1 at infinite frequencies (IZ is here defined as the

number of resonant elements). For this reason, there

exists no one-to-one relationship between the response

characteristics of these two circuits. However, if the

driving-point impedances of the two networks are

equated and if the circuit components of one network

is expressed in terms of the other, the pole distribution

of each network will be identical, Although the zero

distribution of the filters differ, the response character-

istics are essentially identical in the neighborhood of

the passband for small filter bandwidths. For large

bandwidths, the frequency response characteristic of

the filter having an unequal zero distribution will be

asymmetrical.

(a) CONVENTIONAL TYPE

(h) CAPACITIVE - COUPLED TYPE

Fig. 2—Lunlped element banclpass filters.

By equating the driving-point impedances for the

band-pass equivalent of the low-pass prototype [c.j.

Fig. 2(a) ] and the capacitive-coupled filter shown in

Fig. 2(b), the circuit parameters of the latter network

can be expressed in terms of those of the prototype. g

In order to design an equivalent: filter in strip-line, an

analogy can be made between the capacitive-coupled

filter and the direct-coupled cavity-t ype filter of Fig. 3.

pm,.+,+

I -+~~

Fig. 3—Direct-coupled ca~ity-type filter.

Considering the first

tally loaded cavity,

at the input, .~l, can

type as follows:

resonant circuit as an asymmetri-

the normalized coupling reactance

be expressed in terms of the proto-

(3)

where Cl is derivable from the prototype (G.j. Fig. 1)

f,= center frequency of the b:zndpass filter

Af = filter bandwidth.

In the design of filters having bandwidths in excess

of 10 per cent, the accuracy of (3) is questionable.

g Ragau, op. cit., pp. 661–666.
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The normalized reactance of the end discontinuity is

and

and the normalized reactance of all other discontinui-

ties are

I Xml = lxll’@:’c: for m odd but >1, (6)

and

I ~~ I = \ x, 12 @~cm-l-
for m even,

c1
(7)

where

m = serial number of the discontinuity= 1,

2,3,...~rl

R, Lm, Cm= prototype parameters designated in Fig.

1.

The separation of the reactance elements is

[(. k~ – ~ tan–l ————
I;ml )1+tan-’lz~,(8)

where

k = electrical wavelength in air

k = a positive integer

e = dielectric constant of the transmission medium.

PHYSICAL REALIZATION

Following the design of the bandpass filter, there

remains the difficult problem of physically realizing the

required circuit components in a strip-line structure.

In order to achieve this objective, it is necessary to 1)

choose the type of line structure, Z) select the most

appropriate dielectric material for the particular ap-

plication, 3) compile a reference library of normalized

capacitive reactance vs gap spacing, and 4) fabricate

the multi-stage filter using photo-etching and/or en-

graving techniques.

There are several different type strip transmission

line structures,l”,ll the better known of which are il-

lustrated in Fig. 4. In the development of rf components

where line discontinuities are required, Melpar has

employed the ‘(sandwich)) structure in order to reduce

those problems introduced by line radiation and to

facilitate the packaging of components. The choice of

an air-dielectric or solid-dielectric structure is predi-

10 E. G. Fubini, W. E. Fromm, and H. S. Keen, “l~ew techniques

for high-Q strip components, ” CONVENTION RECORD OF THE IRE,
Part 8, p. 91:1954.

11D. D. Greig and H. F. Englemann, “Microstrip-A new trans-
mission technique for the kilomegacycle range, ” PROC. IRE, vol. 40,
pp. 1644–1650; December, 1952.

cated largely upon the system requirements regarding

space and weight as well as upon the allowable mid-

band insertion loss.

In general, strip-line filters designed to operate at

high frequencies (i.e., ~0 >3,000 mc) should be designed

in an air-dielectric structure such as shown in Fig. 4(d).

At lower frequencies where the consideration of space

is often important, similar components can be designed

in a solid-dielectric structure whose over-all size is re-

duced by the square root of the dielectric constant; in

so doing, however, the weight of the units is appreciably

increased. In the development of narrow bandwidth

filters (e.g., bandwidth less than 1 per cent), the pres-

ence of a solid-dielectric material between the strip and

the associated ground planes generally- increases the

midband insertion loss of the assembly to an extent de-

pendent upon the frequency of operation. When a solid-

dielectric structure is desired, the line shown in Fig.

4(c) is particularly advantageous. Although the single-

line structure [cf., Fig. 4(b) ] can be fabricated more

(a) MicroctripStructura

k) Doubl. Llnc Structure

(b) Sln@o Uno Structure

Q
(d) Air OidactricStructuro

Fig. 4—Strip transmission line structures.

readily, the use of a double-strip structure greatly sim-

plifies the fabrication of other strip-line components,

such as attenuators, loads, detector mounts, and tun-

able filters. Although certain general recommendations

can be made, the choice of an air or solid-dielectric

structure must be consistent with the specific electrical

and physical specification of the component. In order to

facilitate the development and interconnection of

strip-line components, the line structure shown in

Figs. 4(c) and 4(d) have been standardized at Melpar.

The choice of a dielectrical material for use in the

strip-line structure is particularly important for several

reasons:

1) Variations in the wavelength will drastically ef-

fect the electrical performance of the filter.

2) A Iossy dielectric material will appreciably in-

crease the midband insertion loss and limit the

maximum loaded Q which can be realized.

For these reasons, only those materials having a low

loss-tangent, a satisfactory degree of homogeneity,

suitability for copper cladding and good environmental
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characteristics can be considered. Following an ex-

tensive investigation of various copper-clad dielectric

materials (viz., Mycalex, pure teflon, epoxy, ceramic,

and teflon fiberglass), teflon fiberglass has been selected

for use at Melpar,

The final preparatory step in the realization of the

capacitive-coupled strip-line filters is the compilation of

normalized reactance data. A series capacitance is easily

realized in a strip transmission line by making a gap in

the center conductor [cf., Fig. 5 (a)]. A reference

library of normalized capacitive reactance as a func-

tion of gap spacing can be compiled experimentally in

either of two ways:

1) Test one-stage strip-line filters having different

gap spacings at a specified frequency.

2) Make impedance measurements on a single gap

using slotted-line techniques.

(B) DOVE-TAILED GAP
\ \

Siiiiiid”maIlmniR*,,,,
iA)sIMpLE GAP

Fig. 5—Series capacitance realization in strip line.

The former approach has been employed at Melpar

since the capacitive reactance of a gap spacing can be

readily computed from (9) following the measurement

of the loaded Q of a one-stage filter:

(9)

In order to realize the higher capacitances required

at the lower frequencies without making the gap spac-

ings unrealistically small (less than 0.010 inches), a

dove-tailed gap shown in Fig. 5(b) is employed. Typical

reference libraries of standard and dove-tailed gaps

compiled at 2,000 mc in an air-filled line are shown in

Fig. 6.

In an effort to maintain closer tolerances in the fabri-

cation of strip-line filters, an engraving technique has

been developed to replace the less accurate photo-

etching methods still used on less precise work. An ex-

perimental evaluation of the reproducibility of strip-

line filters using both fabrication techniques has veri-

fied that improved tolerances can be realized with en-

graving. Using photo-etching techniques, the widths of

the smallest capacitive gaps employed (viz., 0.010

inch) were found to vary from — 35 per cent to + 5 per

cent, while the variation in similar engraved gaps can

be maintained within micrometer tolerances. Although

the bandwidth on the photoetched cavities (QL = 40)

centered at 3,000 mc varied as much as 19 per cent,

the bandwidth of the engraved cavities varied less than

6 per cent.

EXPERIMENTAL RESULTS

Using the formulas and reference data discussed

above, bandpass filters having either Tchebycheff or

“maximally-flat” response characteristics can be de-

signed and fabricated. The choice of a particular filter

selectivity is dependent upon the desired application.

16
I I

FREQUENCY:2CCMI M. /’ T7’7

‘“~tt-t--i

OJ 1 I I 1 __J—__—~~~

0 D25 ,050 .075 .100 .125 .1s0 .175 ,200

SPACING OF SIMPLE GAP IN INCHES (.4]

SPACING OF DOVE–TAILED GAP IN INCHES (CI)

Fig. 6—Design data for strip-line filters.

Five-stage bandpass filters having a ‘1’chebycheff re-

sponse function and a 3-db ripple tolerance have been

developed in an air-dielectric structure at 2,150 mc

with a 10 per cent bandwidth. A typical. unit shown in

Fig. 7 has a minimum insertion loss of less than 1 db,

Fig. 7—Five-stage filter having Tchebycheff response.

and a rejection of greater than 50 db alt frequencies 9

per cent from the center frequency; the theoretical and

experimental response functions are plotted in Fig. 8.

For those applications where ripples in the filter

pass-band must be kept to a minimum, strilp-line filters

can be designed to have a ‘(maximally-flat” selectivity

using the same design equations. Six-stage ~<maxirnaIly -

flat” filters having a 10 per cent bandwidth and 40 db

rejection at frequencies 12 per cent from the center

frequency have been developed at 1,435 mc. Typical

theoretical and experimental response functions for

such a solid-dielectric filter are shown in Fig. 9.

It is of interest to note that the performance of

strip-line filters under extreme environmental operating

conditions is particularly good. Im temperature cycling

a six-stage filter with an air-dlielectric structure from
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\
\
\ Af =206mc.

I fo= 2157.5mc
\
\\

Q= Io.47

r -

\

\\ EXPERIM ENTAL

,-- H
I

THEORETICAL- )

I

k

I

9 2.0 2.1 2.2 2.3
FREQUENCY 1N KMc

/

/

I.

Fig, 8—Tchebycheff response characteristics of five-stage
strip-line filter.
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Fig. 9—Maximally-flat response characteristics of
six-stage strip-line filter.

+25°C to +125”C, the center frequency decreased

only 0.03 per cent at 125*C corresponding to a 0.3 db

change in the insertion loss at the 8 db points on the

filter skirts.

J3andpass filters having both Tchebycheff and

“maximally-flat” response functions are currently being

developed for use in the frequency range from 400 to

6,000 mc. In order to shorten those filters designed at

the lower frequencies, the strip-line can be fabricated

in a “snake-like” configuration with reactance gaps or

the equivalent lumped capacitors located in the linear

portion of the line. The effect of reflections from the im-

pedance discontinuities at the bends has been found

to be negligible.

In many applications, filters must have a large in-

sertion loss over a wide frequency spectrum outside of

their fundamental pass-bands. However, distributed

parameter networks, similar to those discussed here,

are subject to spurious responses at approximately

integer multiples of the fundamental. Spurious responses

of this type can be removed with a low-pass filter having

a cutoff frequency somewhat less than that of the first

spurious response; this type of filter can be readily de-

veloped in a strip-line structure.]2

.%SSOCI.4TED STRIP-LINE COMPONENTS

Strip-line is not only well-suited for the realization

of bandpass filters but also for the fabrication of

numerous other associated rf components,13 such as

tunable detector mounts, pad attenuators, rf loads, and

multiplexer.

For example, tunable detector mounts having band-

widths greater than 10 per cent have been designed to

tune over a frequency range from 400 mc to greater than

6,000 mc. A typical unit, shown in Fig. 10, has a sensi-

tivity of greater than – 48 dbm over the designed

frequency range when operated in conjunction with a

conventional video amplifier. These mounts have been

developed in both solid and air-dielectric structures.

Fixed attenuators having insertion losses of 3 to 10

db have been developed with vswr’s of less than 1.3

over a 2 to 1 frequency range centered at S-band using

50-ohm resistive cards placed symmetrically between

the strip and the adj scent ground planes. Using similar

techniques, strip-line loads have been developed for

use over a comparable frequency range.

Since most laboratory test equipment is designed

for use with either waveguide or coax structures, the

development of Both coax-to-strip-line and waveguide-

to-strip-line adaptors was required. Broadband transi-

tions for both waveguide and coax have been developed

and are show in Fig. 11; the vswr of each of these units

is less than 1.3 over its operation frequency range.

Flange connectors are utilized to facilitate the inter-

connection of strip-line components without requi~ing

the use of intermediate adaptors. In order to facilitate

the evaluation of these components, a strip-line slotted

section operating in a standard Hewlett Packard car-

riage has been designed to operate over a frequency range

from 2,000 to 6,000 mc; this unit is shown in Fig. 12.

12 He c. H~amS, ‘(f)esign of a flat strip or printed Ckxlit micro-

wave low-pass filter, ” Melpar Tec7t. Rep.
13 N. R. Wild, “Photoetched microwave transmission lines, ”

Symjosiam on Microwave Strip Circuits, Tufts College; October
10<A. . . . .
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Fig. 10—Tunable strip-line detector mounts.

CONCLUSION

The design formulas and the realization techniques

presented here provide the engineer with a formalized

design procedure for the development of banclpass

filters having a prescribed bandwidth, skirt selectivity

and passband ripple tolerance in a strip-line structure.

Rf components developed in strip line have certain ad-

vantages over their waveguide and coaxial line counter-

parts in the uhf spectrum. For that reason, it is antic-

ipated that strip-line techniques will be found increas-

ingly applicable in this frequency range for the future

development of rf components, such as bandpass filters.

SYNTHESIS OF TWO-TERMINAL-PAIR

NETWORKS TERMINATED AT BOTH

ENDS14

The power-loss ratio, ~0/~L, or the transmission co-

efficient, \ t(jti) I‘, is used to specify the insertion loss

characteristics of a two-terminal-pair network termi-

nated at both ends. Mathematically, this rational func-

tion or ratio of two polynomials can take any one of

many different forms depending upon the desired. fre-

quency response. The Butterworth function (some-

times called the “maximally-flat” function), the Tcheby -

cheff functions of the first and second kind, and the

Jacobian elliptic function are commonly used in the

design of amplifiers, receivers and filters.

A low-pass prototype having resistive terminations

at both terminal pairs can be synthesizedl~ such tha~

its response function approximates the ‘1’chebycheff

polynomial of the first kind having a rippIe tolerance

e, or ,

Fig. 1 l—Strip-line transitions to waveguide and
coaxial line.

\ (j(o)]’= —---1
1 + 6’T.2((1)) “

Fig. 12—Strip-line slotted section.

where

t(jo) = ratio of the voltage of the transmitted wave

to the voltage of the incident wave.
.

~ = ripple tolerancele

T.(u) = Tchebycheff polynomial of the first kind,l~

Furthermore,

\ t(jw) ]’ = ~ - I P(.i@) 1’ (11)

14 T’he following appendix is not intended to :~ive a rigOrOUs de

velopment of a synthesis technique, but rather to formulate a work-
able procedure which can be readily applied by the engineer.

lS E, A, Guillemin, unpublished class-room notes.
M The ripple tolerance in db is — 10 log (1 ~c’).
IT The Tchebycheff polynomial, T. (CO), can be ex]wckd as fol”

lows :

T,(w) = co

T2(w) = 2cF– 1

T.+I(CJ) = 2coT.(co) -- T._I(w).
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a-

1FoJ) 12 = P(@) P(-j@) = ‘2 T’’2(o) , (12)
1 + 6’T.2(0)

where

p(~u) = reflection coefficient.

To insure physical realizability, the poles of the func-

tion expressed in (12) must be in the left half of the

complex frequency plane (i. e., o-mS O where the complex

variable, s, is defined as s.= u. +~co.). The zeros of the

function are not so restricted; however, in order to maxi-

mize the gain-bandwidth product for a given associated

shunt capacitance, the zeros must lie in the left half-

plane.

For the purpose of this discussion, a minimum phase

function (i.e., zeros in the left half-plane) will be formu-

lated. Using the following equations, the poles and

zeros can be immediately identified:

k~ kr
SPk = — sin — sinh I& + j cos — cosh ~Z, (13)

2t’z 2?2

where

and

SPk = location of the pole in the complex plane.

k=l,3,5, ..,2 n–l.

n = order of the polynomial (i.e., number of fre-

quency sensitive elements in the low-pass

structure).

(~ + /3)’/” – (a – @)I/m
sinh & = — (14)

2

cosh ~, _ ‘a+D)’/n+ (a – p)I/n (15)
2

m77
so,. = — jcos —

2n

(16)

(17)

(18)

where

.$m = location of m ‘k zero in the complex plane

m=l,3,5, -..2 l—l.

With the left half-plane poles and zeros specified in

(13) and (18), respectively, the reflection coefficient,

p(jcu), can be formulated.

27&1

r15 (s – Sd

p(jco) = (19)
9 .—1

The driving point impedance, Zll(j.o), can then be

expressed in terms of the reflection coefficient, or

(20)

A two-terminal-pair ladder network terrniuated at

both ends can be synthesized from the driving-point

impedance. The method of attack is dependent upon

the desired circuit configuration. If the network is to

have a shunt capacitor across the input terminals,

a pole of the driving-point admittance, Yll(.jti), must be

removed at s = ~. If a series inductance is desired at

the input, a pole at s = ~ must be removed from the

driving-point im~edance, Zll(ju). The expansion then

continues until all of the components in the desired

ladder network have been specified.

In a similar manner, a low-pass prototype can be

synthesized such that its response function provides a

‘(maximally-flat” (Butterworth) selectivity, or

(21)

Using (22), the left half-plane poles of the Butterworth

function can be specified

where

s~x = location of the k ~~pole in the complex plane,

k=l,3,5, . . .2n–1,

n = order of the polynomial.

(22)

It should be noted that, in this case, the n zeros of

P(j@) all occur at s = O, or

SOm
f= o, (23)

where

S&= location of the m&*h zeros in the complex plane,

~=1,3, j,. ..21 —l.

With the left half-plane poles and zeros specified in

(22) and (23), respectively, the reflection coefficient for

the Butterworth approximation can also be formulated

using (19).

Example

The design procedure which has been outlined in the

previous paragraphs can best be illustrated with an

example. In order to simplify the mathematics, it

will be assumed that a three-stage network having re-

sistive terminations at both ends and a 3 db ripple in

the pass-band (i.e. j e = 1) is required.

With

~=@ from (16)

p=l from (17)

sinh 42 = 0.298 from (14)

cosh ~z = 1.043 from (15)

----
H (s – S,,)

?t=l,3.5
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the poles of the network can be colmputed from (13),

Spl = – 0.149 + jo.903

sp3 = – 0.298 + jO.

sp5 = – 0.149 – jo.903.

From (18), the zeros are found to be

sol = – jo.866

sf)3 = – jo

.$05 = + jo.866.

Substituting the poles and zeros in (19),

S(S2+ 0.750)
p(jti) =

S3 + 0.596s2 + 0,927s + 0.250

From (20),

0.596s’ + o.l~~s + 0.250
Zll(jw) = -–

2s3 + 0.596s2 + 1.677s + 0.250 “

Since a shunt capacitance is desired at each terminal

pair, the continued fraction will be formulated such

that a pole is initially removed from the driving-point

admittance, l/Zll(jW), at s = ~.

3.36s

.596s2 + .177s + .250 ]2s3 + .596s’ + 1.677s + .2.50

2s3 + .596s’ + .838s

.839s + .2.50

,71s

.839s + .250 1.596s: + .~??.$ + .250

.596s? + .l~7S

.250

IOHM 0,71 HENRY

EG:li3

~IG, 13—Low-pass prototype (q= 3) having
Tchebycheff response (e= 1).

NORMALIZED FREQUENCY, W

Fig. 14—Tchebycheff response (e= 1) characteristics for
low-pass prototype (V= 39.

The resulting network and its selectivity are s!lhown

in Figs. 13 and 14, respectively.
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