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by

B. Lake
W. V. Reeder

SUMMARY

This paper describes the procedures used by the Micrcwave Integrated
Circuit Group to design microstrip and stripline bandpass filters. Design
computer programs are included together with worked examples. Comparisons
between measured and theoretical responses for a number of practical filters

are given.

Departmental Reference: Rad 1096
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| INTRODUCTION

This paper describes the procedures used by the authors in the design of

micrustrip and stripline bandpass filters for microwave frequencies.

The basic objectives of thie work were to (a) explore the possibility of
using thick film techniques to produce microwave componentg, and (b) to provide

a customer service supplying microwave components to RAE departments.

The thick film asscgsment was done in two parts. The first was concerned
with an investigation into thick film microstrip losses and into how these losses
are affected by process variables. This work has been publishedl’2 in part and
is the subject of an RAE report3 which is in preparation at the present time.

The second part of the thick film exercise involved the design and manufacture
of a number of passive components, particularly filters. Tvo formsa of band~
pass filter were investigated, one made up of edge-coupled half wavelength
resonators, and the other made up of quarter wavelength short-circuited stubs
and quarter wavelength connecting lines. Both Tchebyscheff and Butterworth

responses were used.

While this work was taking place a number of stripline bandpass filters
were designed for RAE customers. These were made using high quality printed

circuit board.

In order to reduce the effort devoted to the repetitive arithmetic
essential for filter design, and in order to let potential customers know
promptly if their requirements are feasible, a number of computer prograns were
written., These programs are included in the following report together with an

amended version of an existing NASA programs.

Some examples of practical filters are presented, and a comparison is made
between measuyred and theoretical responses. Iun general good agreement has been

obtained,

2 MICROSTRIP AND STRIPLINE

2.1 Microstrip

Microstrip transmission line is well reported6-8 and the basic structure
is shown in Fig.). It consists of a conducting strip of width W , and
thickness h , geparated from a coniucting ground plane by dielectric material

of thickness i , with dielectric constant €pe
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Empirical equ;tioncs are given below which relate characteristic impedance
Zy» and velocity ratio (xg/xo) , with physical dimensions and dielectric

constant for microstrip.

377 H
Z L] e ohm n
0 =
Ve, Wl1+ 1,735 er-0‘072a (W/H) 0‘833j
A ) B
vl 5.1755 @
0 1 +0.63 (gr ~ 1) (W/H)"* J
for W/H & 0.6
A 4
il l 0.0297 3
0 1 +0.6 (e, - 1) (WH)™
for W/H < 0.6
vhere 2 = the wavelength in the line )
AO = the wavelength in air
W and H are in the same units.
An interactive computer program, called MICR, which is written in JEAN and ;
can be used to produce tables of Z, and velocity ratio for various line widths, :
is listed in computer table l. A worked example is given in Appendix A,

It should be noted that no account is taken of dispersion (i.e. change in

4 0 T o a1 ol

substrate dielectric constan: with frequency), and for the mogt accurate design

the effective dielectric constant at the frequency of interest should be used.

2.2 Strigline

Stripline, often called triplate, is a transmission line constructed as
shown in Fig.2. It consiste of a conducting strip at the centre of two ground

planes with the remainder of the volume between the ground planes filled with
low loss dielectric material.

The characteristic impedance ZO’ of stripline is determined entirely by
the physical dimensions of the line and the dielectric constant of the insulating
material. A set of curves9, derived by Cohn relating the characteristic
imnedance, the dielectric constant (e;) of the dielectric material and the

dimensions of the stripline as depicted in Fig.2 are reproduced in Pig.3.
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Tablzs of ZO for given dimensions and dielectric material may also be

. . 10 . o .
calculated from the following equations to give results sufficiently accurate

for engineering purposes.
For relatively broad strivs, where w/(b - t) = 0,35

4,15
z - 94,15 o ohm (4)

0
‘Er(l ~e/b " O.U§ESer)

where w = the conductor strip width

= the conductor strip thickness
b = the ground plane separation

w, £ and b are in the same units

C% is the fringing capacitance in pF/cm from cne corner of the srrip

to the adjacent ground plane and can be calculated from:

. o.osaser[’ 2\, | )_( L ) |
£ m (1 - tﬁ? Oge(l =t Y\ ! 1°ge(77—:~E7572 B ) pF/cm
)]
For relatively narrow strips where w/(b - t) < 0.35
z, = 2= log { - - otm . (6)
Jer > E * = (1 + log, -L-—) + 0.51 (t/w)TJ

This equation is valid for t/w < O0.11.

The velocity ratio, which is independent of frequency and 2, 1in this

0
case, is given by:

0]

velocity ratio = 1
Jer
A simple computer program, which can be used to produce tables relating
strip width and characteristic impedance for given materials, is listed in
computer table 2, The nrogram, called STR., uses equations (4), (5), (6) and
(7) and is written in JEAN for interac®.ve use. A worked example is given in

Appe .dix B.
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3 BANDPASS FILTER CONSIDERATIONS

3.1  General .
Before designing a bandpass filter its response must be clearly defined,

Fig.4 shows a typical Buctterworth, maximally flat, frequency response
for a bandpass filter. In order to define the specification for such a filter

using these programs, the following details are needed:

(i) the pass band edges fI R fz as defined oy the 3dB points, or

the centre frequency fo and the bandwidth Af ;

(ii) & rejection, Af in dB, at some frequency fa , outgide of the

pass band,
In the case cf a filter with a Tchebyscheff, equal-ripple response (see

Fig.5) the details listed below must be known to define the specification:

(1) the maximum ripple R in dB which can be tclerated in the

pass band;

(ii) the pass band edges fl R f2 as defined by the ripple value, or

the centre frequency fo and the bandwidth Af .
(iii) an attenuation, Af , in dB at some frequency, fa , outside of

the pass band.

With thie information it is possible to determine the number of sections
N , required to meet the specification, and also to obtain a theoretical
regsponse curve (assuming no losses) for the filter. A computer program,
called PLOTBP, has been written for interactive use in BASIC, to determine N
and give theoretical frequency-transducer gain plots for either Butterworth or
Tchebyscheff responses. The program is listed in computer table 3 and a worked

example is given in Appendix C.
The lowpass to bandpass mappings used in the program are given in Ref.4.

in order to complete a specification for a practical filter, it is
necessary to specify the system characteristic impedance, ZO ohm , and the

permisgible insertion lass,

3.2 Dissipative losses

In practical filters the tuned elements will not be loassless, and this

will show up mainly as insertion loss in the pass band. If the unloaded Q of

e - 5
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the resonators, Q, , is known, an estimate of this loss can be made using the

following equationséz

~6.363 {7 8
We Q

dissipative midband loss dB (8)

where W, = the fractional bandwidth and is equal to Af/fo
n = the number of sections
By = the kth element of the equivalent lowpass prototype

Qk = the unloaded Q of the kth resonator or section,

If the assumption is made that Q is the same for all values of k and

is equal to Qu , then a further approximation can be made so that:

n
dissipative midband loss = 4.343 dB . (9
W.Q, By
ke |

Provision for estimating the increase in midband loss due to dissipation

is written into the prngram PLOTBP using equation (9) above.

3.3 Lumped element filters

Filters can be made using lumped components at microwave frequencies
provided the comporents are kept small compared with a wavelength (typically
less than 1/20 of a wavelength). The Plessey Co., under CVD Contract CRP9-137

is investigating lumped component filters with centre frequencies up to 2 GHz,

Fig.6 shows the layout of a lumped component bandpass filter together with
its dual, Computer table 4 lists a program, written in BASIC, which can be used
interactively to design filters of this type. The program is called BPLE and a

worked example is given in Appendix D.

3.4 Parallel-coupled resonator filters

The filter‘"n most commonly used is shown in Fig,7a., It consists of a
number of edge- or parallel-coupled resonators which can be made in either micro-

strip or stripline. Each resonator is a half wavelength long and is coupled to

its neighbour along nalf of its length.

W A e,

R —
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Filters of this type are suitable for bandwidths of the order 2% to 25%.
For bandwidths of less than 22, dissipative insertion loss becomes excessive
for many applications when using film circuit techniques, For bandwidths of
greater than 25%, the gaps needed between the resonators to achieve the tight

coupling become too narrow to fabricate.

In crder to determine the physical dimensions of this type of filter, it
is first necessary to compute the even- and odd-mode impedances, Zoe and zoo
respectively, for each coupled section. The even—-mode impedance is the
characteristic impedance of a single coupled line to ground, when equal currentc
are flowing in the two lines. The odd-mode impedance is the characteristic
impedance of a single coupled line to ground, when equal and opposite currents
flow in the two lines. Zoe and Zoo can be determined with the computer program
BECFI, which is listed in computer table 5, The program is written in BASIC and

is intended for interactive use, A worked example is shown in Appendix E.

3.4.1 Microstrip filte. dimensions

The line widths and the gaps between the lines for the coupled sections
can be obtained from the even-and odd-mode impedances by use of tables or curves,
generated by a computer pregram written by Bryant and Weisslz-la. The dimensiens

of the input and output lines are determined as described in section 2.1, :

Alternatively, a NASA computer programs, which has been adapted to run on :
the RAE ICL 1904 computer, can be used to produce a complete design, when %
supplied with a specification for the filter and details of the microstrip
materials. Firstly, it determines the number of sections to meet the specifica-
tion, then Zoe and Z00 are calculated, and finally the physical dimensicns are
obtained. The program is written in FORTRAN. The modified version of the
program, known as BDPS, is listed in computer table 6. A worked example together
with full details for inputting data is given in Appendix F, It should be noted
than some empirical adjustment of the lengrhs of the resonators is sometimes
necessary to pull the filter onto frequency. This need for adjustment is due to

a number of causes such as:
(1) fringing effects at the ends of the resonators;

(i1) insufficient data regarding the precise dielectric constant of

the substrate material within a batch, or from batch to batch;

(iii) problems associated with the fact that the ever and odd-mode

velocity ratios are different for microstrip.
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3.4.2 Stripline filter dimensions

For stripline, the widths of the resonators and the gaps between them, as
shown in Fig.7a, can be obtained for cach coupled section by the use of nomo-
gramsls shown in Figs.8 and 9. The coupled lengths are given by:

10
3 x 10
L = S—me—e— Cm (10)
4f0 Jeg
where fo = the centre fregquency in Hz,

e = the dielectric cunstant of the dielectric material,

Because of fringing effects the resonators normally require shortening by
a spall amount df as shown in Fig.7b., It has been found, that for stripline

15

the end correction recommended by Cohn ” is adequate for most purposes. That

e
e

di = 0,165Db
where b = the ground plane separation,

The widths of the input and output lines are determined as described in
section 2.2,

3.5 Short=-circuited stub filters

This type of filtera (see Fig.10), which is also suitable for both micro-
strip and stripline, can be used for bandwidths of the order 30X to 120%,

In general the greater the bandwidth the narrower the stubs. Thus the
maxizgum bandwidth which can be achiaved is limited by the minimum stub width
(i,e. the maximum characteristic impedance) wnich can be fabricated.

The use of excessively broad lines is not desirable because of the diffi-
culty in establishing reference planes at T-junctions, and because of the risk
of setting up spurious propagation modes at higher frequencies(e.g. a 200 micro-
stripline should be usable only up to 15 GHz when made on 0,635mm Aluminnls).
Hence, the maximum line width which can be tolerated sets the lower limit of
bandwidth for the stub filter,

The lower limit of bandwidth can be extended a little by replacing the
centre stubs, which are of approximately half the characteristic impedance of
the end stubs, by pairs of stubs in parallel of double the desired characteristic
impedance. This alternative layout is illustrated ia Fig,10.
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A couwputer program called STUB hag been writted in BASIC to obtain the
characteristic impedances of the stubs and connecting lines. It ia inteuded
for interactive use, and is listed in computer table 7, A worked example is

given in Appendix G,

For a given filter, once the characteristic impedances are known, the
physical dimensions for micrestrip or stripline are obrained as described 1n

sections 2.1 or 2,2 respectively.

4 PRACTICAL FILTERS

A number of practical filters, which were designed using the above pro-
cedures, are described in this section. Some were made in thick film, while

others were made using printed circuit board.

4.1 Thick film filters

All cf the thick film filters were constructed in microstrip using

screen printing methods,

The filters were printed with Engelhard 9177 gold ink on 0.635mm, Coors
ADS 995, alumina substrates. The conductor patterus were printed through 325
mesh, stainless steel screens., A firing temperature of 850°C was used th.ough-
out and to minimise cost, silver ground planes were used in each case. More
detailed information on the manufacturing processes used are given in Ref.3.
Connections at filter input and output ports were made via SMA coaxial to

microstrip connectors.,
(1) Filter A (see Fig.11)

Parallel-coupled resonators
Butterworth response

Two resonators

Centre frequency 1,52 GHz
5% baudwidth

As can be geen in Fig.ll, this filter wus folded in order to print it on

a 50.8mm x 50,.8mm substrate,

P S




11

(ii) Filter B (see Fig.12)

" Faruallel-coupled resonators
Tchebyscheff response
0.1dB ripple

- Three resonators
Centre frequency 3.0 GHz
13.4% bandwidth

(iii) Filter C (see Fig.13)

Parallel-coupled resonators
Tchebyscheff response
0.1dB ripple

Three resonators
Centre frequency 5.75 GHz
10Z bandwidth

The worked example in Appendix F gives the design of this filter.
(iv) Filter D (see Fig.14)

Short~circuited A/4 stubs with A/4 connecting lines
Tchebyscheff response

0.01dB ripple

Five sections or stubs

Centre frequency 5 GHz

50% bandwidth

R PO PR T R I WAL T T AT TI T N e, P

With this filter, the short circuits at the ends of the stubs were

achieved by printiug a conducting stripe along the ends of .he stubs parallel

to the edges of the subetrate. These stubs were then connected to the ground
plane by painting around the edge of the substrate with the same ink as was
used for printing the ccnductors. The circuit was then fired in the normal way.
The simplicity of achieving short circuits to ground by this method is a very

useful teature of the thick film process.

Pairs of parallel stubs were used for the centre stubs as described in

section 3,5.

This filter is the subject of the design example in Appendix G.




T e

12 068

4,2 Printed circuit board filters

A1l of the filters described below were made using standard photou-etch
techniques on high quality printeu circuit board (Rexolite 2200 of 1,59mm
thickness). This material was obtained plated on both sides with copper
0.036mm thick, Rexolite is a gla_.s reinforced, croes-linked, styrene coupolyuer,
which has a dielectric constant of 2.62 (10 MHz to 10 GHz),

Where filters were made in stripline, the conductor pattern was etched
on one side of one sheet by photo—etch techuiques leaving the copper ground
plane on the other side, The copper on one side of a second sheet was comp-
letely removed and the whole structure was either glued tegether or clamped
together using rows of screws, Occasionslly aluminium backing plates were
used to ensure even clamping over the total area of the filter. Type 'N' Esca
launchers have been used on filters E, F, I and J while SMA connectors have

been vsed on filters G and H.
(v Filter E (see Fig.15)

Stripline

Parallei—~coupled rzsonatois
Butterworth response

Two resonators

Centre frequency 1.55 GHz
8% bandwidth

(vi) Filter F (see Fig,16)

Stripline

Parallel=coupled resonators
Butterworth response

Three resonators

Centre freguency 1.55 GHz
247% bandwidth

Fig.)6 shows the conductor pattern and als¢ the couplete ssmembly,
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(vii) Filter C (sae Fig.}?7)

Stripline
Psrallel=-ccupled resonators

Butterworth response

I R % T g e e e

Four resonators
Centre frequency 9,4 GHz
2}% bandwidch

This filter wan assembled by gluing the two halves together using I8 )2
Cyano-~acrilate adhesive. This adhosive gives & strong bond for a thin, low rf

T R T R

lose glue line. It was necessary to solder copper foil around the edges of the

filter, in order to maka good elsctrical connection for rf betveen the two
ground planes,

(viii{) Filter H (wee Fig,I18)

Stripline

Parrilel-coupled rescnators
Buttarwvorth responeu

Yive resonators

Centre fraquency 9,4 GHz
24X bandwidth

(ix) Filcer I (see Fig.19)

gtripline

Parallel=coupled resonators
Tchebyscheff responss

0,348 ripple

FPive resonators

Centrs ::equency 850 Mz
23,5% bandwidch

In ¥ig.19 it can be sesn that this filter was folded so that the resonators
are V-shapad, This was done in ordar to reduce the overall length. The caicula-
tion nf the sven- and odd-mode impedances for this filter {e the subje.t of tha
wvorxed exanple in Appondix E,
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(x) Filcer J (see Fig.20)

Microstrip

A/4 short circuited stubs with \/4 connecting lines
Tchebyscheff response

0.1dB rippie

Four stubs

Centre frequency 1.5 GHz

602 bandwidth

At the end of each stub, it was found to be necessary to solder a copper
plate between the stub and the ground plane to provide a good short=circuit to
rf . The plate needed to be at least two stub widths wide and ideally stood
above the plane of the surface of the printed circuit board to form a physical

'wall’,
4,3 Measurements

The transducer gain wae measured for each of the filters over the desired

frequency band, with a Hewlett Packard Network Analyser.

4.4 Theoretical performance

For each of the filters a theoretical response was calculated for compari-

son purposes.

FPor filters A, B, E to J a theoretical response assuming no losses was
calculated as Jdescribed in section 3.1, The worked example in Appendix C shows

the determination of the theoretical performance of filter E.

FPor filter D a theoretical response was obtained by analysing the filter
circuit on computer programl7, Redap 38, Realistic loaeea3 per unit length for

the filter lines were used in the analysis,

The theoretical response for filter C alsoc takes into account filter
losses, Here it was not poasible to analyse the circuit directly, as the
snalysis program does not have provision to deal with coupled lincs. In this
case, the equivalent lumped circuit was designed as detailed in section 3.3.

3

Equivalent® Q values were given to the lumped components, then this lumped

circuit was analysed to give the theoretical response.

An estimate of mid~band loss for each filter was made using equation (9).
The Qu values used in equation (9) were obtained by direct measurement for 500Q
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thick film ring telonator|3. The Rexolite values were obtained from the manu-
facturer's data sheet.

Fig.21 shows how Qu varies with frequency for both 50% thick film, micro-
strip reaonators and 500, Rexolite 2200, stripline resonators.

5 RESULTS AND DISCUSSION

The measurement and theoretical responses of filters A to J are shown in

Figs.22-31 respectively, A summary of the results is shown below.

Mid-tand loss dB
Photo- | Frequency ] Q, for
Filter graph | response 50R Accordi to According to
Fig.No.| Fig.No. resonetor | Measured | #€€0T9in8 circuit
equation (9) .
analysis
A 11 22 100 2.7 2.5 -
Thick B 12 23 150 1.0 6.7 -
film  ¢| 3 24 230 1.3 0.6 0.9
D 14 25 210 0.9 0.2 0.25
E 15 26 320 1.2 0.5 -
F 16 27 320 2.4 2.2 -
Printed o | 28 390 2.0 2.3 -
circuit
board H 18 29 390 1.8 2.9 -
1 19 30 230 1.5 0.7 -
J 20 31 315 0.4 0.1 -

A feature of filters made up with distributed components is that spurious
resonarces will occur at multiples of the design centre frequency. This gives
rise to spurious pass bands and the designer must bear this in mind from the
start. In the case of the parallel-coupled resonator filter, the spurious pass
bands occur when the resonators are 3\g/2 , 5)g/2 etc (i.e, with centre
frequencies of 3£o . 5f0 etc.). This effect is illustrated in Fig.32, which

shows the frequency response of filter I over an extended frequency range.
6 CONCLUSIONS
(i) The design procedures deecribed in this paper can be used to produce

satisfactory filters with centre frequencies from 1.5 to 5.75 GHz for thick
film, and with centre frequencies of 0.85 to 9.4 GHz for Rexolite 2200. There

?
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is no indication that an upper limit in frequency has been reached for either
technology. Only lack of time and suitable requirements have prevented work at
higher frequencies than those reported.

(ii) The measured frequency responses match quite closely in every case

the theoretical responses obtained from computer program PLOTBP.

(iii) It should be stressed that the method used to predict mid=-band loss
is not accurate, particularly with the assumption that all of the resonators
will have the same Qu value as that of a 507 resonator. However, if this ;s
accepted, it is still a very useful way of obtaining a rough estimate of mid-
band loss sufficiently accurate to decide in most cases whether a filter design

is feasible or not.

(iv) All of the interactive programs have been written in such a manner,
that they can be run by personnel with the absolute minimum of training in

computer operation.
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SYMBOLS

width of microstripline conductor
thickness of microstripline conductor
dielectric thickness for microstripline
dielectric constant

transmission line characteristic impedance in ohm
wavelength in transmission line
wavelength in air

width of stripline conductor
thickness of stripline conductor
stripline ground plane separation
fringing capacitance in pF/cm
frequi:ncy of lower edge of pass band
frequency of upper edge of pass band
centre frequency of pass band
bandwidth

attenuation in dB

frequency whnere Af is required
Tchebyacheff ripple value in dB
number of filter sections

resonator quality factor

unloaded Q value

fractional bandwidth

number of filter sections

elemental values of the equivalent lowpass prototype

even-mode impedance of coupled transmission lines
odd-mode impedance of coupled transmission lines
length of coupled region for parallel-coupled resonators

resonator end correction

P
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Computer Table 1  Listing of computer program MICR

el IYPE "¢ PulG: MICRKRY"

«2 LINKE,2 TIMES

« 24 DEMAND E AS"ENTER DISLECTRIC CINSTANT"
«25 DEMAND P A3ZYENTER SUBSTHATE THICKVESSCIM) ™
29 TYPE"ENTE:® LIWEST(LY, INCREMENTCI)Y & HIGHRST(H)Y VALIJRS IF WINDTHCMMY '
«3 DEMAND L.»I,H

«39 LINE, 4 [TIMES

o/t [IPE™ WMD) WCTHIYY  230044S) LG /LD
o441 LINE

42 N=1)

e5 D3 PAKI 2 Flit W=L(IYH

NS 5=W/P

el A=1/(510.336)

15 R=1/(E10.0724)

o2 C=14+(A%3k].739)

+25 D=C*x3URTC(E)

3 Z2=377/7(5%*D)

«9 TJ PART 3 IF S>.6

«22 DI PAUT 4

ol L=S5AuTC1/C1+40e63%(E=1)%510.1255))

«2 M) PAul 5

ol L=SAnlC1/C1+0e6kC(E-1)k510.0297))

«2 DY PAnl 5 o

o2 T=wx1NN0/25e¢4

«21 N=N+1

3 TYPE WsTsZrL IN FIM 1

./t D) Panl 6 IF FPC(N/102<0.05

.1 LINE

.2 DI PArT 7 IF FP(N/40)<0.0001

.1 LINE, 4 TIMES

Il e

ERAAR HEFBAN  ARM RS Fo2404

ke &k

3



Table 2

Computer Table 2  Listing of computer program STR2

1.1 FYPE '"(PitdGs STH2)"

1.3 DO PAIT 2

2.1 DEMAND E AS'ENTER DIEL®CTRIC CONSTANT"

2411 DEMAND T AS"ENTER CINDUCTIA THICKNESS(MM)'"
2.111 DEMAND B AS"ENTER GRJIUND PLANE SREPARATIIN(MM)®

2.12 TYPE"ENTER LUWEST(L)» INCREMENTC(I),HIGHEST(H)Y VALUES JIF WIDTH(MM)™
2413 DEMAND L,I,H

2.15 LINE»4 TIMES

2.2 U=alssail(r)

2,25 TYLPE U IN FIaM 1

2.3 LINE

2.35 T7PE " W(MM) WCTHIUY W7 (B-T) ZCIHMSHY
2.4 LINE

2445 3=0

2.5 D) PART 3 FIH W=LC(I)H

3.1 Ty PART 4 IF W/(B~T)<«35

3.15 A=(1-C[/B))

J.2 D=(2/A)tLOG((1/A)+l)

3.25 Fs((l/A)-l)*LDG((l/A'a)-l)

3.3 C=2(1/P1)%(D-F)

3«35 G=((LW/BYZA)Y+()

34 2=9480157¢(SQARTCEI*G)

3.45 DJ PARI S

4.1 A=l+LJG((4tPI*W)/T)

4.15 A=1+((r/(PIkU))*A)+(0-51*((T/B)'2))
4.2 D=(W/2)*A

4,295 L:(60/5QHT(E))#LGG((Q*B)/(DtPI))
4.3 D) 2ART S

5.1 V=Wx1000/25.4

515 X=Ww/7C¢B=-T)

5-2 ‘J'—"J‘.‘l

5,25 LINE IF FP(Q/10)<0.05

5,3 LINEs 3 TIMES IF FP(Q/40)<0.0001
5.3% IYPE W Vs &£s2 IN FORM 2

FJRML1:

VELUICITY RAT[O=8.000

F 42t

'Y RN 'EX Y XX s.004 #8808

Y 2
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Table 3

Computer Table 3  Listing of computer program PLOTBP

)f Jld‘)

I=2e7143
1=3¢1415)

SINTTBAND-2ASS
Sal I8 ENIRa ALl
Pul Iyl |
PHINTTCWYT 8 Bl

1o IV2J5 I3
le 1 i3=9 4=y 25

15 2

29 INSJT Fl,¥2

21
22

B=(FI+FRY/2

“«=(F2-F13Y/13

€3 CGJIrl 31

23 PAINI"SNIRa CENTHE FiaRU 2 FxACTIIvAL

26 IN2JI 35w
27 Fl=03/72)e(2=-u)

2 4

F2=013/72)(2+4)

2) P2uINI"Fl=";F1;:"
31 2l=100ki

32

ulNI"BANDWIDI =" P13 "2

d3 PulNI"REANIE: aFaD
34 INPIL 1 ¥3

39 PAINT"ENTER | Flr ICHEBYSCHEFF: 0 71 BRITTRREWIATH™
36 IN2JT T

37 I¥ I'l=0 THEN 659
45 5C1¥=0.01

50 2C(2)=0.1

55 5(3)=.2

60 5C4)=0ehH

65 5(5)=1

70 5(6)=

T o0C7¥=3

45 P=0

30 =2+

)5 N=0

109
105
1190
115
116
130
135
1 40
145
150
155
1 60
165
170
195
201
205
290
291
2Je

N=+1

DIM AC263,8(26), 6o 26)

IL RS WITT TCHRRCSOHRFF I3 BIFTRiW )N Rus52 3wy

FURQUSNCIRS IN L

1') SPRCIFY PAND %DEWS:

N Fiare

L FuACTIINAL BAYDUIDI

F2="3F0

SFJIDIRY A Fu¥d

I[F ¥>15 THEN 165

38 =50
E=101(53/10)>~1
GIsJB 20600

Az el JGC3an((C+
La(lta+l/11tA)/2
Da(10/2.3025%) %
IF D<it THEY 100

SARECCI2Y=1))12))

LIGCI+(REx(Lt2)))

SINETENTES Fa¥d JF L)Wt ¢ UPPREL RAVD-RDGE PT5"

BANDWINIH

I G DL MR 1AL PAL
PHENR THIS TS RRan®

PRINT =3 N3 D LISS="3N DB AT FI3"4% FIIt"1 5831"DB RIPPLVY

IF 54<>5¢7) [YEN 91
Gir) 125

PrINIMIKE [HAN 18 ELEMENTS 1¥QD FIR RIPPLY® JF'3 S]1"NARY
IF 58<¢»50(7) FHEN 20

PRINILS 2PLIT HEAD? ENTEM 1

142J0 14

IF T4=8 THYN 2979

IF BLEARNISs HTPPLECDI) ® Best Available Copy

Pl JIEITIE N

PRIVIYA FAAGTLINAL BANDWIDIY®

NPT ¥» 33,4

FIt YES: 0 FIk NI"




Table 3 cont'd

293
295
4910
491
4132
493
494
495
496
502
503
504
505
506
507
508
509
5 a0
521
522
523
5 24
525
526
615
620
625
630
6450
655
6 &0
6 65
670
675
6 K0
685
690
695
705
719
715
7 20
725
730
735
740
745
750
755
7 60
761
7 65
770
1715
740
741
182
183
784
785
790
795
BN0
9 HO
985
290
995

U=10v¢(58710)~1

GJlsuB 280

Fl:t G=F4IJF5 SI'%P F6

IF G=3 [N 2193

Gl A)s

D=0

GJ) ] 520

LEl F3=C

GIsd3 2000

IF Cr2<1l THEN 507
HaV«LIJG(SQARCC+S5QuuCC123-1))12) )
L=CItH+} /1 'HY /2
D=(10/2.30258)Y %L JGCI+CRxCL12)))
Gird 520

W=50:aC1=-CC12))

Ad=NkATNC(Q/C?
D=C10/2.30258)%LIGCLI+(EX(CISCIIT2)I)
PRRINT G

GJ)sJ3 1500

NEALI G

GlaUB 1200

I1F 1T3=0 THEN 615

GJlsJB 1400

GJsJB 2200

PRINT"IS ANITHEA PLIT REQD? ENTER t FIR YES: 0 FIR VI
INPJT 1S

IF [5=0 THEN 9999

Glrl 290

N=0 '

N=N+1

IF N>15 THEN 695

GJlsUB 2000

F=1010.3-1
D={10/2+,30258)&LJGC1I+FExC1(2&N})
IF D<is FHEN 655

PHINTN="3N3 " FRANSDIUCER L:1SS="iD3"DB AT F3: "H%L"
GJry 705
PuflI"MIkE AN 15 ELEMENTS HEQD"

PiialMlS PLIT KEID? ENIER 1 FIOR YES: 0 FIR NI
INPJT 12

1¥ T&=3 THEN 2993

PRINT"ENTER VJ. JF ELEMENTS, & Fi{ACTIINAL BaANDWIDTH
INPUSF Nsw

GU5JB 980

Fin G=F4TIF5 SIEP F6

1F G=D THEN 750

G1Id760

D=0

GIr) 770

LEl F3=G

GIsJB 2000

D=aC10/2.302582%LIGCI+K&CT(2%V))

PRINT G

GJsJ13 1500

JELP G

GIsSUB 1200

IF 320 [UEN 70

GJsJdB 1308

GJs3UB 2200

PHRINT®LS ANITHER PLAL HEAD? BNTERK 1| Flii YESt 0 Flit va®
INPUTL T2

IF 200 TARN 299

cir) 120

PHRINT"Y=ALLISIENTER MIN»MAK, INC FIH FHEQ"™

INPUS ¥4, F4,F6

PUINI"A«ALISIENTER MAX ATTRNUATTI INCDDY"

INFUT A

1000 PuINT rAB(QS))ﬁfRAVBDUCEK BALINCDIY"



1005
10t0
1gt12
015
020
g2s
030
235
040
045
050
5%
360
065
066
067
0673
070
200
205
210
21%
220
225
230
305
310
315
3290
2400
1405
14190
1415
1120
1425
1430
1435
1440
1 445
1450
1455
1469
1435
1500
1505
1510
1515
1520
1585
1530
1535
1 549
2000
2005
2019
2015
2020
2029
2030
2200
2205
2211
2219
2220
2285
2230
PR
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FJi <=0TJ5

Y1=KX%xA/S

Yi==Y]

PRINET FABCIS+10+dsY1s
NELT X

PRINT

PulNL Tancagysrr

IR H £=17TJ50

IF X/710=INIC(K/710) [THEN 1059
GJafd 1060

PRINTT™IYS

GIrl) 1065

PRINTI".";

NulTl K

PRINI" FuEQ GAL NY
Sl NT

F6==F06

nETJiN

PRINI"IS APPRIX 4 JF ABSINATUIHS KNIWN?®

SHINIVENTEt | FI® YES: 0 FIR NI
INPULI T3
IF I3=0 THEN 1239

PulNT"ENTE APPRIX VALUE JF UNLJADED Q@

INPUT U2

HE T'JitN

Flrt =113V
GCKLI=2k3INC((2%{=1)2%J1)/7(2%N))
NELT K '

HETUKN

AK1=5%/17.37

M=LIGCCT IS+t C=-X1)) /7¢I tX1=TtC=X12))’

7=4/7¢(2«\)

V=474

Q=CI1r=11(=7))/2

Filui A=1TIN
ACKI=3INCC(2%{=12%J1)/7C(2%N))
BLY=CAr2)+ CUSINCCKKRILIZNI DI 12D
NELE X

GC1)Y=2%A(1)7/Q

Flit (=20 N

GCI=CaeNCL=1)ACKIIZ(B(K=1)%(G(K~1))

NEXLT L

oE FJaiN
A=INIC(D*5074)

IF M>30 THEN 1525
1F M=0 [HEN 1535

PRINT TABCGIY; D3 TABC20)3 "« '3 TABC20+M) 3 "+

GIld 1540

PRINT TARC6YsDITABC20); "
GIr) 1540

PHINT TABCGYIDI TABC20) )Y+
#ETJInN C
J2=1l-Ww/2 o
J3a(J1kF3)/7(2¢13)
JiasCJl /723 xJ2

VIia (5350 C5T9¢IAYI 129311 /7N)
V23 (SARCCSTINCIIMN 1IN L7\
Ga(l=CilSCJIIIRVEIZCLCISCINI I+ UD)
pEmlJay

Ut=0

Flh =1 [N

UlaUt+GCL)

NELT £

Ulel/4e343kJ1Y /(W ID)

JF RESIVATIRS*

Tqble 3 concl'd

PHRIVIMMIDBAND L1888 INCREASY DUR ') DISSIPATIIN="3U13"DR APPRIR™

sETURY
jAM)]

Rt d




Table 4

Computer Table 4 Listing of computer program BPLE .

VEY BOLE
| Bt dten e san e v
BIN I LUMPED-ELEME VD-PASS FILTHRS"
PHINT"D) VIFf USE EVEV VIS JF SECTIING
:u§VY"FJu TCHEBYSCHRFF FESP INSE"™ = |
HINT"ENTEN NJ5 3F SECTIINS, Z(IHMS), CENTRE FRRQCS :
P/INT"AND FHACTI JVAL aav0315r32HWb’,p‘vrik FhRaeIz.
INPUT NaZ,Fsdl
T=2.71583
212341416
K=2¥PL¥F
Geor=1
PHRINT"ENTEN 1 FIr TCHEBYSCHEFF; 0 FIR RJTTRHWIRTL™
INPUT T1
IF I'i=1 [HEN 19
G13JB 1300
GITI 20
GJ3U3 1000
FJit X=011CN+1)
PRINT G55 ") =" GO
NEAT «
41 PrINT
42 PrINIT"3IUACE AND LJAD IMPEDANCE="; /3" JHMS5"
45 Fir €=1 [ N
46 P=K/2~INT(L/2)
50 IF 2>0.1 THEY 60
52 CCXI =W/ CLECCK)*X)
5S4 LCK)=CL*CXD )/ CWxX)
56 ‘J"‘IVI"'C(";'{;'.):l';c(,{);"":‘ L.("::{;.')'-'";,..(:():""("
57 GIr] 63
60 CCKI=GCXD/CWRLkK)
61 LCK)=Ck4)ZCGCH) ¥K)
62 PRINITCC"i K3 ™)="3CC{I3"F LC™Es ™ =L Y
63 VEAT X
64 PRINIUCCIILCLICCIILI3) e «PARALLEL TUNED"
65 PAINTPCCOILI2Y3CCAILEAY oo« SERIES TUNED"
76 PLINT
77 PRINT
74 PKINI"FIx DIAL"
45 FIt £=1 I N
46 P=A/2-1NT(K/2)
90 IF °>.1 THEV 100
92 CCLI =6 /7 C*led)
24 LCK)=CkL) /CGCLI*K)
26 PHINTYCC K5 =23 CCX) 3 "F NIE TR TR R R SFRLIL
27 GITI 103
00 LCAI=CLRGEI)/CikgD
01 CCXI=W/CLrCCKIRL)
02 PHINTUCCS £3)="3 CCAI 3 "F NIRRT U NS SRR
03 NEAL K
04 PHINTUCCIILCIIFCEIILII) oo e o SRRIES TINED
05 PHINT"CC2ILE2Y S CCAILLAY o oo o PARALLFL TINED"
06 PHINIVIS AVITHAER DRSIGY HEAD?®
07 Pl IIENTEL 1 Fldt Y853 0 Flx NI°
a4 14PIl L2
09 IF [221 I4EY 6
10 GIEd 2099
900 PHINTUENTEL 1 PLE VALUKRCDID '

A

o
-

yV)
\v]

N )



1095
037
010
015
g20

021
025
N30
RIS
UR D)
3415
059
155
060
065
066
067
064
069
07y
3049
1301
1305
1310
1315
1320

99239

Poi Gt Gt s Gt b b et s bms e ged pmd Gt Gt Bt b Gt Bt e

INPUT it

PHINT"ICHEBY SCHEFF RLEMEITAL VALUES"
Xl=Rr/17."7

eI JGCCET I (=K1Y Y/ (Rt -Er(=X1)))
=700

V=M/4

U=t /=-"1(=0))/2

Fint £=1TJN
ACKI=SINCC(2%¥K=1I%21)/7(2%N))
BELI=CAI2I+CCSINCCLKPLIY /NI 2D

T4l ¢

GClY=2¢kACl1) /70

i A£=2011V

GO =CARACL=1I%AC Y7 (RCL=-1)KC(X=1))
vyuxl «

IFCCN/2)Y=INT(N/233Y>0e4 [HEN 1069
G+ 1I=(CEtV+ERt (= UI) /(BT U=Kt(=U)))212
GJIrl 1a7a

G+ 1) =1

ax TJnN

PHINT"IITEI%)LTH BLEVENTAL VALURS"
G(N+1y=1 .
Fla =10V
CC{I=2%3INC((2¥K=-1)kP1I/C2+ )

NEAT X

KL TJ:AN

ZND

‘Table 4 -ont'd

MR T W

RIS

e g it ot B e
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Table 5

N EW BECFI
1 DIM AC26),D(267,GC26)»JC26)
2 PRINT“EDGE-CJIUPLED BAND-PASS FILTERS"

6 PRINITENTER NOJS OF SECTIINS,Z(JHMS) AND FRACTIJNAL BAVDWIDTH'
7 INPUT Nsis W

COmpuurTnb!oB. Listing of computer program BECFI

"9 E=2.7183

Pl=3.1416

Ge¢o0r=1

PRINTUENTER 1 FJR TCHEBYSCHEFF: 0 FJIR BUTTERWIRTH"
INPUT T1 !
1F Ti=1 THEN 19

GO5UB 1300

GITOY 20

GasuB 1000

FOR X=0TIC(N+1)

PRINT"GC(": K3'")="3GIK)

NEXT X

PRINT

PRINT"SJURCE AND LOAD IMPEDANCE='";Z3 “0QHMS"

W= O VRISV SN O

SO0 DD ™ e v s e s e

45 PRINT"ZOECOHMS)* 3 TABC13); *Z00C3HMS) "3 TAB(30)3 *C*"3 TABC40); ""CF(DB) "

42 PRINT

50 FOR K=0TJaN

60 IF K=0 THEN 200

70 IF K=N THEN 200

B0 JCKY=CP1*W)/(2%«SAHCGC(KXI*XG(1+K)))

82 Z1=Cl+JCKI+CJ(KII2II*L

84 22=C1=-JCKI+CJICKI12))%Z

86 Cal((Ll/22)Y=13/CC21/722)+1)

B8 D=~=(20/2.30258)%LUG(1/C)

90 L=K+1

1 20 PRINT Z1:TABC13)3223 TABC(26)3C3 TABC39Y3 DS TABCS2)3*SC" 1Kz " "sL3™»"
130 NEXT ¥

149 GITJ 250

200 JCKI=5QHC(P1%xW)I/(2%GCKI®GCK+1)))

210 GITJ 82

250 PRINT "IS5 ANOTHER DESIGN REQD ? ENTER 1| FOR YESs 0 FIR NO"
260 INPUT T2

290 IF T2=1 THEN 6

280 GITJI 9999

1000 PRINT"ENTER E!PPLE VALUE(DB)"

1005 INPUT B

1007 PRIVT"TCHFBYSCHEFF ELFMEVTAL VALUES"
1010 X1=R/1737

1015 M=LOGCCEIXI+E1(=XI))/(EtX]-Et(~-X1)))
1020 Y=X’(2xN)

1021 V=1/4

1025 Q=(EtY-E1(=-Y))/2

1030 FIR «=1TON

1035 ACKI=SINCC(2%K=~1I%P1)/C2%N))

1040 BCKI=CQI2I+C(SINCCK*P1)I/NII2)

1045 NEXT K

1050 G(1)=2%A(1>/Q

1055 FOR K=2TAN

1060 GCKISCAKACK=1IXACKII/Z(B({=1I*G(K=1))
1 065 NEXT K

1066 IFCIN/2)Y=1NT(N/2)3>0.4 THEN 1069
1067 GEN+1)Iu((EIVLI1(=VII/(EtV=Et(=U)))1P
1068 GITI 1070

1069 G(N+1)=]

1070 KETURN

1300 PRINTYBUTTERWIRTH FLEMENTAL VALURS"
1301 G(N+1)I=]

1305 FIH {=1T3N

1310 GCIaRHSINCC(24K=1)4P])/7(A%N))

1315 NEXT K

t 320 BRETURY

9999 END
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Table 6

Computer Table 8 Listing of computer program BDPS

NO LISTY
PROGRAM(BDPS)
INPUT 1sCRO
OUTPUT X=LPO
TRACE 2
END
MASTER RANDPASS
REAI. GYALUE(30),WIDTH(30),LENGTH(30),6AP(30)
P 20n¢30),20E(30),LAMBDA
LI1ST/CONST/20,01EK,H,BAND,CENTER
AELIST/DONST/RIPPLE,SECTN,FREQ,ATTEN
V" PEAD (1. ONST)
READ(1,NDONST)
cONVE2S 4001
Mo/ CONY
BANDFSBAND/CENTER
TF(BAND) 5,5,25
8 BERR=156,*BANDF2BANDF
BANDs~-BAND
T1F(RIPPILENZ20,20.,90
10 RERR= 125, #BERR/ 156,
20 BANDFs=-BANDF« (9, +BERR/100,)
25 NSECT=SErTN
JF(NSECT)30,30,50
30 FNORM=ARS (FREQ~-CENTER)/CENTER/ (BANDF/2.)
CALL NSECTYN(HSECT,FNORM, ATTEN,RIPPLF,1ER)
IF(IER)50,50,40
40 WRITE(3,9910)FREQ,ATTEN,RIPPLE
Q10 FORMAT( /7 32M ODATA INCOMPLETE OR INCONSISTENT,12W ATTEN FREQ®.F7,
13,74 ATTENS,F6,2,8H RI1pPLE=,FS5,.2, // )
GO 70 160
80 CALL ELEMENT(GVALUF,NSECT,RIPPLE,1ER)
SF(IER)70,70,60
60 WRITE(3,920)
920 FORMAT( // 36N ERROR IN ELEMENT VALUE COMPUTATIONS,// )
60 10 140
70 TERM=(DIEK=q ) #( 2258+ ,1208/DIEK)/(DIEK+1,)
TERMEALOG(1.3/8.+SQRY(64.7(1.321,3)42,))=TERN
IF(TERM)R0,90,90
80 WRITE(3,930)
930 FORMAT( // 30h FRINGING FIELD CAPACITY ERROR, // )
80 10 140
90 ZAIR®SS . 96#AL0GC4./1.3+SQRT(16.7/(1,3%1,3)42,))
2u84 T8334TERM/SQRT(T,.4D1EK)
CEe(ZAIR/(.01918030222)=,225%1 ,30018K)/2.
NaNSECT+1
TEMPE3,141592654*8ANDF/2,
PO 100 121,N
TERMuTEMP/SQRT(GYALVE(1)*QVALUE(L+1))
1F(1~-1)100,104,102
102 1F(1-N)106,104,100
104 TERMuTERM/SQRT(TEMP)
106 ZOE(1)m1 +TERNSTERM
Z00(1)=(20B(1)~TERM) 20
ZOE(1)=(Z0E(1)sTERM) 20
LENGTHC(1) =0,




Table 6 cont'd

\,b|

tIioTH(I)=(,
100 GAPCI)®n,
LAMBDA=Y1 _B03/CENTER/ G,
1€R1=0
PO 130 Ta1,N
CALL CPIMS(VWIDTH(I),6AP(1),D0DD,DEVEN,H,DIEK,200(1),20E(]1),I1ER)
1IF(IER)Y10,120,108
108 WRITE(3.,940)
940 FORMATC // ,33H ERROR IN COUPLED SYRIP SYNTHUESIS, // )
60 70 140
110 1ERqs]EPq &g
120 MSWINTH(TI) /W
LENGTH(T)m AMBDA/SQRT((DODD*DEVEN)/2.)
CALL 28TRIP(Z.W,DIEK)
ZAIR2S59 060ALOG (AL, /N+SQRT(16,/(Weu)e2,.))
CAP=ZAIR/(,011803¢2+2)
LENGTH(TI)®LENGTH(I)=CFeWIDTH(I)/CAP
130 CONTINUF
CALL MSTRIP(Z20,0DI1EK,H,W,L,1ER)
BANNF=BANDF«CENTER
1F(IER=1Y150,135,940
135 WRITE(3.950)
950 FORMAT( // &&M FRROR IN INPUT DATA-NEGATIVE OR ZERQO VALVUES, // )
G0 TO 140
140 JERI=IERT 1
150 WRITE(S,960)CENTER,BAND , RIPPLE NSECT,H,DIEK,20,W,BANDF
Q60 FORMATC(INY,///,10X,35H PARALLEL COUPLED MICROSTRIP FILTER,// F7.3,
4290 GM2 CENTER FREQUENCY,F7.3,14H GH2Z DANDWIDTH, / F7.3,10N D8 RIp
2PLE,91X,17,94 SECTIONS, /7 F7.3,15H IMCH SUBSTRATE,S6X,F7.3,20M DIEL
BECTRIC CONSTANT, / £5.9,35H Onm MICROSTRIP INPUT LINE OF WIDTH,FS,
Lb,?H INCHES, / F?7.3,38H GHZ BANDWIDTH DUE TO PRE-COMPENSATION, / )

WCONYSW+COHY
MRITE(3,222)20,UWCONY
222 FORMAT(4MN ,FS.9,291H ONM INPUT LINEWIDTH=,F8.6,30 MN)
WRITE(S,970)
970 FORMAY( / Sé4W SEC ELEMENTY VIDTH GAP LEMGTH 200 20
1B, / S4H NUM VALUE INCHES INCHES THNCHES ONNS OWNS,/7 )
060 254 I=1,N
Jul-q

152 MRITE(3,980)J,6VALUE(T) WIDTH(1),GAP(1),LENGTH(I),200(1),20E(I)
980 FORMAT(I3,3F9.4,F8.3,2¢8.2)
WIOTH(I)=WIDTH(]I)*CONY
GAP(1)=GAP(1)*CONY
LENGTH(TI)SLENGTH(TI)*CONYV
254 WRITE(3,52)WIDTHCY),GAP{T), LENGTH(I)
§2  FORMAT(1M ,3HW =,F9,.4,2HMM/1H ,3HS =,F9 ,4,2HNNM/
914 ,3HL =, F0 4, 2HMM/ /)
WRITEC(3,982)
9r2 FORMATC ///7 141 )
IF(YERY)15%,1,1558
155 WRITF(3,98%)
98S FORMATC // &SH ACCURACY OF MICROSTRIP SYNTHESIS 1S In DOURT, // )
160 WRITE(3,990)
990 FORMATC // 20H DESIGN ABORTED ODUE TO ERRORS, ////77 )
G0 70 19
END
SUBROUTINE CPLMS(W,S,PODD,DEVEN,MN,DJEK,200,20E,JER)
1ER=0
Himg
$=1,05
Si= .9
1COUNT®D
21=20E+200
CPLING®(Z0E-200) /721
29.21/2,
10 TCOUNT=ICOUNT*
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1#C1CO0UNT=20220.20,60

=24

LF(S-1,)30,40,40
2221/(1.-0,034928¢(1.=-S)eW)

CALL MSTRIP(Z,01EK,HN1,W,0999,1ER)
W (1,.+, 0008/ (ueN))

CALL INVCPL(SY/,CPLING.W,DIEK,IER)
TF(ABS(S-81)/%-.001270,70,50

S=$81

60 T0 10

1ERz=-2¢TER

AIR=24,0

CALL ZSTRIP(20AIR, W, ALIR)
TEMPsZOATRe21/2

TEMPIR ,(0Se(1,.-S1951/20.)
1F(TFMP1)80,90,90

TEMP1I=0

SsSteN

TEMD22 (L 89420, 0eM0W) /(4 397420, wuey)
NEeWsy

POOD=(Y . =CPLING-TEMPI)@TENMP/ 200
DEVYENZ (1, +CPLINGSTEMPY)+TEMP/20E
0000=DONNP*DONDeTEMP2
DEVENSDFYENSDEVEN

RETURN

END

SUBROUTIWE INVCPL(S,CPLING,W,DIEK,TER)
TARGET®1,/CPLIYG-1,

A= 482

s 18

Cs4 37

=1 ,40448

E=100,

1ICOUNT=N

ICOUNTRICOUNT &Y
TF(1COUNT=20)20,20,50
S1=S+Bo(y-1.5)
TERMI=A*S1051+(CeS9¢D
TERMP?EY ¢S/ (FeW)
TRIAILSTFRMI«TERM2~-TARGET
DRIVETERMY/ (EsW)¢TERM2*(2,%A#S91+4()
TFC(ABSCTRIAL) /TARGET-.0001)60,60,30
SES-TRIAL/NERI]Y

1F(S=-.01140,10,10

S=_ 0%

60 Y0 10

1FRz=-1

S=S/(1,+.0009/(SeWewW))

RETURN

END

SUBROUTINF 2STRIP(Z.,W,0IEK)
1F(w-1.31,1,2

TERMe(D'EK=1) /(DIEK+1)
TERMETERM«(,2258+.1208/D1EK)
TERMEALNG(W/B.4SQRT(64./W/HN+2,))=TERM
72284 ,7833/SQRT(DIEK+1,)*TERM
RETURN

Xng,

o183 1415924

FRX/Pl=1,/X/Pla2, /PleALOG(X) =W
tF(ABSC(F)=,0001)5,%5,4
XEXwFePT/ (Y, =1,/X)0n2

60 Y0 3

A=ALOG (X)

psl. e (X+1,/0)/2.

R=PI«18R . 38/D

Table 6 cont'd
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S18 479« (Xe1, /%) 953

$1= 732+(A=ALOG(S51¢SQRT(81#31=-1.)))
$28,3863=1,/X

$2824(81=-S2)/D1EK
TERM=DIEK=(NIEK=1)*(A~S)/D
ZsR/SART(VERN)

RETURN

END

SUBROUTINE NSECTN(SECTS,FREQ,ATTEN,RIPPLE,LER)
INTEGER SECTS

1ER=0

TEST FOR VALID DATA

IFCATTEN)10,10,20
1ER=9

RETURN
IFCFRE®)10,10,30

CHECK FOR FILTER TYPE
IFCRIPPLF)10,40.50
MAK FLAY FILTER

TEMP=ALNG(10, o2 (ATTEN/10,)=1.)/(2,oALO0G(FREQ))
60 10 80

CHEBYSHEY FILVER

CONST=2.30258%

TEMPSEXP (CONST*RIPPLE/10.0=1.

TEMPuSQRT ((EXP(CONSTHATTEN/10.)=1,)/TENP)
IF{FREC~1.)460,70,70
TEMPRATANCSQRT (1.7 (TEMPPTENP)~=1.))
TEMPaTEMP/ATAN(SQRT (1./(FREQ*FREQ)=1,))
60 TO 80

TEMPSALNG (TEMPSORT(TEMP*TENP=1.))
TEMORTEMP/ALOGC(FREQ+SQRT (FREQSFREQ=1.))
SECTSEIFIX(TEMP+,999)

MUST WAVE AT LEAST TWO SECTIONS

1F(SECYS=1)80,90,100

SECTYS=2

CONTINUE

RETURN

END

SUBRGUTINE ELEMENY(GVALUE,SECYS, RIPPLE,TER)

60mGVALUE(Y),61m¢VALUE(2) ,ETC
INTEGER SECTS

REAL RIPPLE,GVALUE(30)
SINMF(X)=EXP(X)=EXP (=X)
COSMHEC(XIBEXP(X)SEXP (=X)

TESY NUMBER OF SECTIONS

IF(SECTS=1)10.40,20
1ER=

RETURN

PISS 141592654
TEMP=FLOAT(SECTS)
N=SECTS+1

1ERn(
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Taoble 6 cont'd

TEST FOR MAX FLAT FILTER .

1# (RIPPLE)10,30,50
MAX FLAT FILTER

GVALUE(1)=1 0

GVALUE(SECTS+2)m:9.,0

00 40 1=1,8¢CTS

GVALUE(1e1)n?  #SIN((2%1=1)*P1/(2.4TEMP))
RETURN

CHEBYSHFY FILTER

TEMPISZ2 . «TEMP

TEMP2sRIPPLE/Y7,37

TEMP2aCOSHF(TEMPR) /SINNF(TENP2)

TEMP2aA| OG(TEMP2) /2,

TEMO3sSINNE(TEMP2/TEMP)

GVALUE(1) =1,

GYALUE(?)m& aSIN(PI/TENPY)/TEMP]

TEMPISTE MPSaTEMPS/4,

50 60 Is3,N

TEMCLah «SINCFLOAT(201=5)aPI/TEMPIYeSIN(FLOAT(2*1I~-3)aP1/TEMP1)
TEMPLSTEMPL/ ((TEMPS+SINCFLOAT(I=2)sPI/TEMP)o#2) oCVALUE(T=9))
GVALUEC(I)=TEMPS

1F ( MON(SECTS,2) Y80/70,80
TEMPLeCOSHF(TEMP2/2.)/SINNF(TENP2/2.)
GVALUE(N+1)STEMPLOTEMPS

RETIRN

GVALUE(N+1) w1,

RETURN

END

SUBROUTINE MSTRIP(Z,K,HEIGHT , WIDTH,KEFF,IER)

SUBPROGRAM NO 8259 SINGLE MICROSTRIP SYNTMESIS

SUBROUTINE CALCULAYES THE WIDTH,W,AND EFFECTIVE DIELECTRIC CONS-
ANY,KEFF,O0F A MICROSTRIP LINE GIVEN TME IMPEDANCE OF THE LINE,Z,
NETGHT ABOVE THE GROUNDPLANMNE,H, (DIELECTRIC THICKNESS) AND THE
DIELECTRIC CONSTANT,K, ERROR CODE:0=sNO ERROR,1SERROR IN [NPUT
DIMENSIONS CO0 OR NEGATIVE),2® SOLUTION NOT FOUND IN 90 ITERATIONS
REAL 22(2)+XK(2),KEFF.XK1,R,K

1F (MEIGHT)10,20,20

1ER=

RETURN

1F(K=1.0)90,30,30

1F(2+5.3/8QRT(K))10,40,40

1Ea=0

PIs3,141592653%

A980,001

MuRFIGNT

N0

HI1mp1/376.7ToZ*SQRT(KeKe2,)

HIsKYIe(K=1,)/(Ke9,)%(,22584.1208/K)

H2mExp(KY)

Weq,/(HZ/B,=,29/H2)

21859 94A«AL0G(4,/WeSART(16,/%/H*2,))

KEFFa(l1/2)ae2

1E(W)70.70,5%0

1F(¥=-1.3)60,70,70

WNIDTHEWwN

RETURN

AuB3 /2/SQRT(K)

L e
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r'rrable 6 concl'd

P————-

AB2 Sa(aew &)
80 n0O 90 1=1,2
A®BA+AY
XsEXP(A)
Ds1.+(Xe1./X)/2.
R1sp12183.35/0
St1m _179«(Xe9,/X)+,953
S18 P32+ (A=ALOG(S1¢SQRT(S1281=1.,)))
sz..sasb-' ./X
$u82+(S$1=-82)/K
KK(T)mK-(K=1 )o(A=S)/D
00 Z2Z(1)=R1/SQRT(XK(]))
28222(1)/2.+22(2)/2.
1F(ABS(28-2)-.001+#2)130,130,100
100 NsNe9
IF(N=-10)120,120,110
110 1ERs=?
60 TG 130
120 ABA=A9¢2¢A9/(22(2)=22(1))}*(2~28)
GO0 T0 A0
4130 WIDTHST/PLla(X=1_/X=2 #A+A9)*H
KEFFeKK(1)/2,¢KK(2)/2.
RETURN
END
FINISH
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Table 7 -

Computer Table 7 Listing of computer program STUB

NRw sSPJB
DIA AC2R), B(26)5G(26),.0026),LC26Y,2(26), 1(26)
PulVr"38ATDAASS FILTELS: QUAATZHWAUR STUBS & CIINEATIIG LINTS
CulNITETIa VI3 IF SKCTIIVS, 4¢:1M3) AND FHACTIINAL RAYDWI N
INPILD ¥ iy
4¢0¥=4
B=2.7143

0 2l=3e14l16

2 GCnr=1

A PalNSTENITS 1 Fl TCHEBISCHEFFS N F it BITISicw IR

5 1NSJr 1

6 IF I1=1 BV 1)

7 G13J8 1309

3 ¢Ir) 2n

J GIsJB 1209

Fin {=001CNel)

CalNETCC"S G =" G )

NEAT «

Pulve
41 AalI0"5)I0CS AND L IAD TMPEDANGS="; 239 VS5
142 PalIvNi
500 [2=(21/2)%(1=-%/2)

510 C1=2%xGC1)

520 JC1I=52:€C17CGC2))

530 £C1)=4¢0)72JC1)

540 C2=CCC1e3INCI2))/7C2%(CISCI2)))12
500 “4C1)=0dnCC.JC1Y12)+C2) .

561 ZC1I=4CN)/ZCACLY=JCE))

565 IF N=2 [HEN 855
570 JCI=12=321CCCLEGCN+1)IIZGCN=1))

575 1IF =3 [HEJ 640
540 Flie £22 [) (N=-2)

593 JC{I=C1/32CGL) *¥GCL+1))

60 £C<I=2C0)7JC)

A1N M) =52/0C0JC4) 12)4C2)

620 4(A)=LC(DI7CMCL=1)I4+MC LI =JCC=1)=0C¢))

625 NELT <
630 A(N=1)=4¢0)7.J¢N=1)

640 4ACN=1)=30a0CJ(N=1)12)+C2)

657 4CN=1)2=24C0)7CMCI=2)4+M(N=1)=JCN=P)=JCN=1))

659 L(VI=LC1)

660 Flis <=1 T1 (V=1)

670 PrINTTLC"IL3)a"s X( <)
640 NEAT £

60 Fli =1 3V

oo n
[FSIE e

i i




Table 7 cont’'d

-

00 2l Nr2¢”3 43 =""34¢4)

10 NELT

) 2nlVl"£C1)»£C2) sseeeZCNY IF CINVSCTING LINZSC JHVSY
33 Palvi™201354C¢2%e00eee’tC0) IF STJIBSCILA3Y"
49 2uINE"Is ANICHRR DESIGY axXAD2FENTER 1 Flnn fRs5.0 Fld V)"
97 1IN 13

6) IF 3=1 1A%V 6

1 Gl )r)

000 PuldIENIFL #lP2LE vVaLd<Sonpy”

039 [T n

007 21N ICHRBISCHYFEF ELEMENIAL VALIES®
Nl K1=n/17«37

J19 4=LIGCCLtLI+E1(~L1)) 7 (Mt 1=Kt (=X131))
N8N (=%7(2%«1)

el v=s4/4

JRS Jd=(¥ti=K1(=-())/2

337 Kl =113

135 ACI=31(2xL=-1)%21)7(2%Y))

040 SBCO=CAT2IFCCSINCC {21 Z70)) 1 2)

345 NELE £

499 G(1)Y)=2&A(1)71

255 P L=z2i W

330 GCOI=CARACL=1IRACKIIZCBCL-1IG({=-1))
26 Jusgl «

066 150 (N/2)= IJA(V/?))>0 A 4wy 136D

N67 C(N+1)= (("'fv"-""( ~UIYZ (Rt Y= 1 (= 0)))12
164 G0 1079

36) ({(N+1)=1

V7Y Eyday

300 2aldimBITIvsasluld SLRARNTAL VAL JES"
311 GCN+1Y=1

JUo Fl =110V

1310 GCO=2e3IN(((2k4{~1)%2]137(2%\))

1315 N%4i A4

1 320 oWl

JJ)J)o) Ed

Lt I B e o e T e I e e e I
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Appendix A Appendix.A

Example of the use of computer program MICR (see section 2.1)

A\uuohnnMngNMgZbandw*nhynnhﬁxghmnmkﬂnuh!Muwwﬂn
Tlte substrate material is to be alumina with an effective dislectric constant of 9.6 and
thickness 0,635 mm. Results are required for linewidths of 0.05 mm to 1.6 mm with
0.05 mm increments,

DI PART 1)
¢ PHIG: MIC:)

ENTEl DIELECTR1C CINSTANT

= D6

ENTER SUBSTHATE THICKNEIS (MDD
- 0.635

ENIE: LINESTLISINCHEMENTC(I)Y R HIGHEST(HY VALYJES IF VIDTHCLW)
L =

- 035

I =

- .05

;»{ =

- 15

WA WODUY 2 303H45) LG /L)Y

« 0510 14963 115.926 «4153
«1310 3937 27714 4122
+ 159 5906 8609989 «4102
«200 7874 79337 <4087
+ 2510 9843 73395 4076
«391 11e%11 68552 <4067
«350 13.789 64489 « 4059
«/400 15.748 60.930 4045
451 17717 57.921 «4020
«500 19685 55.214 +3997
¢ 550 21.654 52793 «3977
« 600 23.622° 50610 ¢ 3959
« 650 254591 A5 . 628 + 3942
«700 27559 46.816 +«3927
+ 750 29.528 45152 3913
«300 31.496 43617 « 3899
«850 33+465 /24195 + 3887
«900 35433 40.873 « 38175
«259 37402 372639 « 3864
1.000 39.370 394485 «3853
1.050 41339 37.403 «3843
1100 43307 364385 « 3833
1150 45276 35.426 3824
1.200 47244 31521 » 3816
1250 494213 334664 « 3807
1300 51.181 32.851 ¢« 3799
1.350 53.150 324080 3792
1.4010 55+118 31347 « 3784
1450 57.087 30649 «3777

1.500 594055 29.983 «3770

NPT
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Appendix.B Appendix B

Example of the use of computer program STR2 (see section 2.2)

A table is required giving Zo for a range of stripline inner conductor widths. The
stripline is to be made on Rexolite 1422 printed circuit board. The dielectric constant of
the board is 2.53 and the thickness of a single board is 1.5875 mm, thus the ground plane
separation for stripline is 3,175 mm. The copper conductor layer is 0,03656 mm thick,
and values of ZO are required for linewidths of between 0.2 mm and 2.5 mm with
increments of 0.1 mm.

D) PAnd ]

C2alG: ora2)
FENTAn DIFLECTIUIC CINSTANT

253
NTE:D CINDUCT Jii THICKNRSSC4D

033556
ENTER CGi)UND PLANE 53KPARATI INCMD
- 3.175
NPER LIWESTCLY » INCHEEMENTCIILHIGHRES T ()Y VALIJES JF WIDTHMVD

ot

t

.ge
3

[ SN

VELJCITY &ATI )= «£2)
WCAMY W (THIUY wW/Z08-T)Y  Z2CIHMS)

«200 TeR74 0061 127.721
«3010 11e311 «N26 1164947
« 4010 15745 <127 10745310
590 196585 +152 100045
« A0 23.622 «191 93834
«700 27559 223 88.515
«300 314926 255 83.365
900 354433 e 237 79+732
1.900 39.370 «319 76.013

1100 43307 «350 72724
1.200 47« 244 « 382 69.+985
1300 51.181 o114 67445
1400 55.118 N6 65083
1.500 594055 e 4TH 68+831
1.600 627292 510 60823
1700 66.929 541 53.895
1300 TN o866 +573 VT.0836
1900 THeB03 « 605 5543834
24000 T% 6740 « 637 53«78 1

2.100 B2.¢677 ¢ 669 524269
R.200  H64614 o701 504839
24300 90551 0733 49485
2400 DN NBH o764 48.201
24500 234425 0796 /164983
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Appendix.C Appendix C

Example of the use of computer program PLOTBP (see sectior: 3.1)

A bandpass filter with a Butterworth maximally flat response is require:d for use
at L-band. The centre frequency is to be 1,55 GHz, and a 3dB bandwidth of 8% {fractional
bandwidth 0.08) is required. A rejection of at least 12 dB is essential at 1.4 GHz. The
filters are to be made in stripline form on Rexolite 2200 where the approximate unloaded
Q of the resonators is 320.

(i) How many sections are required to meet the specification?

(ii)  Piot the theoretical frequency-transducer gain response for such & filter
between 1 GHz and 2 GHz with 0.05GHz increments in frequency.

{iii) Obtain an estimate of the increase in mid-band loss, due to dm:pat:on
which would be expacted ‘for such a filter.

I UON
pUN FEGCIELING

AN = EenS RILTRrS 1Tk 1CAFLYSCHERE Uh P UT M ERwuE ot nESeoNbED
CRvIEE O PLL PRELLURACIFES 1N nd

FNTFE 1 i SPECIRY LAnNL FLGESE U Fub

CENIRF FitFe 2 PHE&CTIHERRNAL EANLWILTA

- 0

FNIFR CFoTik FiFt « rreClluneél cfalellin

- JTeShHEUIL el

i'l? elticeF+10 re= eliiicbk+ll

K 1V iH= b % I QU R B1.% 208 B e

‘\’TIP R¥FGT “ToChy 5+ PFRFG WHlkl Tels 1 ksl

- JELsYeliEF 2

ENTEY 1 FOE TCHE- 7@ - e 0 FLE FUTTERD - Wt

- U

o TEARSLUCKk v it = 15edb LE &T «14F+10
I8 FLivy 017 ENTFR 1 FOR YESS U rird we

-1

ENTFE N0e i'F iirobuealsh FEACTIUNAGL wénLoilin
- ealelr

T2 {0k CTRE lnseNas INC Ful FEREG

- IV us,fb il 0Ny
s=bni s bNie e TTENUE T TNCLLE )
- 44

duced from 3 @
E:"r oav‘::il.ablo copy. @0/
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Appendix.C cont'd

TReWET Lokr GEINCLL)
ij -b -16 -n4 -3 =40
foececsvcesolevsscescresslocccscssccloconcrsossnloonconccel

FrRELC GEIN

ezE+110
34.e737¢C . +
el E5F+1 G !
36181 . +
elur4l
3002269 L +
I KSR+
75095 | LI +
lHE+]ID : . ) : . : '
: C2n.306Y . +
«175F+10
Zhelil G . +
el17FE+10
' 501747 . +
«165E+10
boﬁgéﬂl L] +
«16F+1C
i 152501 ot
«155F+10
0 +
«15F+10 .
1e5252¥ o ¥
«14SEFLU
Heltl92¥1 . +
«14E+10
15.48 . +
«135F+10
20.4191 . +
+13E+11
243071 . +
el125F+10
275096 . . +
s 1ZF+1¢(
0257 . +
«115F+10
' 3206152 . -+
e11F+10
3467377 . +
e JOBE+LU
3heE5H4 . +
lF+10 ‘
JkelsiUL: o +

1S AFFEDZ O OF EESUNATORS KNOwn?
ENTER 1 FUR YESS 0 FUR WO

-1 |

FNTER AFPFOX VALUE UF UNLUALED & OF HESUNATORS

- 320 I - u . C
“1DRANL LOSS INCRRASE DLUE TO DISSIFATIUN® +479839 LL Arriua
1S ANDTHER FLOT KEGC? FN1EW | FOR YESt U Fuh WU

-0

FINISHED

A, e 1



Appendix.D
Appendix D

Example of the uss of computer program BPLE (eee section 3.3)

' Design a three-section bandpass filter with 8 centre frequency of 1 GHz and a
bandwidth of 20%. A Tchebyscheff response ir roquired with 0,1d8 ripple in the pass-
band. The scurce and load impoedances sre to be 50 ohm,

RUN
RUN PROCEEDNING
LIMPFD=-ELEMENT BAND-PASS FILTERS
pO NDT USE FVEN NOS 0OF SFCTIONS
FOR TCHFRYSCHFFF RESPONSE
FNTER NOS OF SECTIDNSIZ(DHMS):CENTRE FREQ(HZ ),
AND FRACTIONAL BANDWIDTH
- 3,50,1E9,0.2
FNTER | FOR TCHEBYSCHEFF} 0 FOR BUTTERWORTH
-
ENTER RIPPLE VALUF(DB)

- 0.1

TCHEBRYSCHEFF ELEMENTAL VALUES

GC 0 )= )

GC 1 )= 1.03158

Gl 2 )= |.1474

GC 23 )= 1.03157

Gt a )= |

SOURCE AND LOAD IMPEDANCE= 50 OHMS

Ce 1 )= 164181F=10 F LC ) ds +]542R2FE<8B H
C¢ 2 Y= .554836F-~12 F LC 2 )= .456534F-7 M
CC A )= «164179F~11 F LC 3 3= 154PRAF=8 K

CCIILC12ICC3IL(3)eseoPARALLEL TUNFD
C(P2ILIPIICCAILCA)ees s SFRIES TUNFED

FORrR DUAL

Cl ) )= 617129E-12 £ LC 1 )= «o10452FE=T7 H
Ct 2 )= .,182614E-10 F L¢C 2 )= +13B709E-E H
CC 3 2= «617135E~1? F LC 3 )= +410408E-7 N

CCIILCIDICE3IL(3)vee s SERIES TUNED
C(2IL(2)ICCaILCa)ese s PARALLEL TUNED
1S ANOTHER DFESIGN REQGD?

ENTER 1 FOR YFS3 0 FOR ND

-0

FINISHED
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Appendix.E
Appendix E

Example of the use of computer program BECF! (see section 3.4)

A five-section bandpem filter Is required with a centre frequency of 0,86 Gidz
ond 8 23.5% bandwidth. A Tchebyschetf response with 0.6d8 tipple is required. Find
the even- and odd-mods impedences If the source and losd impedances are 50 ohm,

The layout of the filter is shown In Fig.7s.

= RUN
RUN PROCEEDING

EDGE~COUFLED BAND-PASS FILTERS
ENTFR NOS OF SECTIONS,Z(CHMS) AND FRACTIONAL BANDWIDTH
- 5,50,0.235
ENTER | FDOR TCHEBYSCHEFF; 0 FOR BUTTERWORTH
-1
ENTER RIPPLE VALUE(DB)

- 0.5

TCHEBYSCHEFF ELEMENTAL VALUES
GC 0 )= )

G( 1 )= 1.70588

G( 2 J= 1.28961

GC 3 )= 2.54088

G 4 )= 1.22961

G( 5 )= ]1.7058

G( 6 )= )

SOURCE AND LOAD IMPEDANCE= 50 OHMS

ZOECOHMS) Z00¢QOHMS) C CF(DB)

84.0794 3745606 + 38243 ~B8.34898 SC 0., 1)
65.9923 40.5041 «239333 ~12442 SC1 ., 2
62.6227 41.7387 «200112 =13.9746 S¢ 2., 3)
62.6227 41 .7387 200112 =139746 SC 3, 4
65,9924 40.5041 «239335 =12.4199 SC 4., 5)
84.0796 37.5606 « 382431 -8434895 SC 5, 6
15 ANOTHER DESIGN REQD ? ENTER 1 FOR YES: 0 FOR NO

-0

FINISHED
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Appendix.F

Appendix F

Example of the use of computer program BDPS (see section 3.4.1)

In order to use this program the following data is required.

L)

DIEX

BAND

CENTER

RIPPLE

SECTN

FREQ

ATTEN

The impedance level in ohm.
The substrate dielectric constant
The substrats thickness in mm

The filter bandwidth in GHz (if negative a correction factor is
applied for bandwidth shrinkoge)

Filter centre frequency in Ghz

Tchebyschetf ripple value in dB; if zero s Butterworth
maximally flat response is assumed

The number of sections or zerc if it is requirea that the
number of sections be computed from the next uita

Frequency in GHz outside of the pass-band where a snecified
rejection is required or zero if SECTN is known

The rejection in dB8 st FREQ above or zero if SECTN is kncwn

The data is fed into the computer using the NAMELIST format as shown in the examp'e

below,

EXAMPLE: A filter is required with a centre frequency of 5.75 GHz and a bandwidth of

575 MHz, A Tchebyscheft response is required with a 0.1dB ripple, At 7.0 GHz2 a rejaction

of at least 30 dB is required. The input and output impedances are to be 50 chms. What

are the physical dimensions of such a filter made on alumina of 0.635mm thickness and of
dielectric constant 9.67

Data: -

VECONST
V2050.0,D1€EK=9.6,H=0.635,0AND=0.575,CENTERSS, 7S
VaEND

VEOONST
VRIPPLEN0,1.86CTN=0.0,FREQn7 0,ATTENS3O0.0
VAEND

V indicates @ space

L 1 ot o A O,

i

-,
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Appendix.F cont'd

Computer outout: —

PARALLEL COUPLED MICROSTRIP FILTER

S.750 GN2 CENTER FREQUENCY 0,575 6K2 BANDWIDTN

0.100 08 RIPPLE 3 SECTIONS

0.025 INCH SUBSTRATE 9.600 DIELECTRIC CONSTANT
50.0 ONM MICROSTRIP INPUT LINE OF WIDTH 0.0249 INCMES
0.573 6M2 BANDWIDTN DUE TO PRE-COMPENSATION

50.0 ONM INPUT LINEWIDTHE ©.6323 MM :

SEC ELEMENT WIvTN GAP LENGTH 200 ZOE
NUM  vALUE INCHES INCHES INCMES oMnsS ounms

0 1.0000 0.0977 0.006% 0.202 38.10 77.12

Vs 0.4492NMn
LI 0.7650mm
L = S. 13451

1 1.031¢ 0.0238 0.0230 0.197 43.82 58.2%

Y= 0.6037nm
s = 0.5854mMm
L = 5.0025mm

2 1.14674 0.0238 0.0230 0.197 43.82 58.26

s 0.6037mM
$ = 0.58S54nm
L s $.0025Mm

3 1.0316 0.0177 0.0065 0.202 38.10 77.12

VW = 0.6497MM
$ = 0.16% .MM
L = 5.1345Mm

The lsyout of this filter is shown in Fig.7s.

Punddlles T w0
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Appendix.G
Apoendix G

Example of the use of computer program STUB (see section 3.5,

Design a beandpess filter with 8 Tchebyschetf response and a 0.01d8 ripple. The
centre frequency is to be § GHz with » 50% bsndwidth. The source and load impedances
are to be 50 ohm.

- RUN
RUN PROCEEDING
BANDPASS FILTERS: QUARTERWAVE STURS & CONNECTING LINES
ENTER NOS OF SECTIONS,Z(()HMS) AND FRACTIONAL BANDWIDTH
- 5,50,0.5
ENTER 1 FOR TCHERYSCHEFF3 0 FOR BUTTERWORTH
-1
ENTFR RIPPLE VALUE(DR)

- 0.01

TCHERYSCHEFF ELEMENTAL VALUES
GC 0 ¥= 1}

GC 1 )= «7563n

GC 2 )= 1.30492

GC 3 )= 1.5772

GC 4 )= (.304a92

GC 5 )= +.7156326

GC 6 )= 1}

SDURCE AND LOAD IMPEDANCE= 50 OHMS

xX¢ 1 S 4604397
X¢C 2 )= a7l.4214
XC 3 )= a47.4213
¢ 4 )= 46.4396
2C 1 )= 4749339
ZC¢ 2 )= 23.8406
ZC 3 )= 237156
ZC 4 )= 23.Ra06
Z2¢C S )= 47.9339

XC1)2XC2) eeeeeZCO) OF CONNECTING LINESCOKMS)
ZC1)52(2)0eeeeeZC0) OF STUBS(OHMS)

1S ANOTHER DFESIGN REQD?FNTER 1 FOR YES»0D FOR NO
-0

FINISHED
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L-band filter A
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Fig.12

Fig.13
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S-band filter B

C-band filter C
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Fig.148&15

Fig.14  C-band filter D

Fig.16  L-band filter E
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Fig.17
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Fig.177  X-band filter G
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Fig.18
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Fig.18  X-band filter H

I0ETTD 990%L M’



o r— T Cxmr

Fig.19&20

TRy FE LR TR A

P

Fig.19  850MHz filter |

|__ Jem '

Fig.20 L-bang filter J

TR 74068 C11302




of

Fig.2|

AsuanbaJy yiim O papoojun ;o uolDbuDA 12 By

(zHD) Asuanbo.y
22 4 o 6 8 ¢ 9 S ¥ € 2 |}

o L) 1 L4 ] 1 § T T T g r -’

(LL16 pIoyjobU3) Wity W3
‘di438042W ¥ 0S5

0022 23}|10X8Yy
duid1a3s YOS

e90vL Wi

o0}

400¢

4 COo?v

<+ 00S

D P2POOJUN 1070U0S DY




gg,asﬂm,uviﬂ R e o

Fig. 22

990vL ¥y

he 4

Vv J231} 30 2suodsad Aouanbaiy g2 by

$2$50|
~ buipnjox2 jpo13Pi02yy —————

~ pP2JNSCIN

AOml

dov -

61

(zH5) Asuznbaay

(A

(gp) uiob u25npsuoay



™
~N
o @ 4231} 40 2suodsad Aduanbaiy ¢z 614
i
$2850|
Buipnjaxa |02132402Y ) ——— — ——
2.NnSD?
P W o
4oe~ 3
0
3
»
Q
=4
P
402~ 3
@
o
S
3
10t~ ~
L | o
Sy 0-2 31
(2HD) Aduanbaay
990vL Ml

g e il T s e e b

e - EIE

APPSO



Fig.24

T
@
2
£
o

o
3
3

5
o
c
o
«
| o

|
»n
o

!
('
o

- 40

Frequency (GH:.)

4 S [ 7 8
| | ____1 L 1
-~ \

Measured

1 e em———- Theoreticol
including losses

u

/l
- /

Fin.24 Frequency response of filter C

TR 74068




b

BT Y e v

Fig.25

g J21t) Jo asuodsas Aouanbaig gz big

$2SS0|
Buipnidul 109132400y ) ——— = ——-

P34nSD2N

ov-

o€~

oZ-

Ot~

Aquv Asuanbaagy

890¢vL ML

(gp)ugoﬁ J29NpSUDJL




Fig. 26 Frequency (GHz)

10 2 1-4 1-6 8 20
o] T - 2gin Y Y 1

Measured

-——= Theoratical

/

]

|
. |
excluding losses |

L~

1]
N
£
(o} .
v 3
L
S *
- p—
Y =20 2
0
g .
c
o]
L
-

Fig.26 Frequency response of filter E




Frequency (GHz)

-0 -2 -4 -6 -8 20
LS

Measured

~=—=——= Theoretica!

excluding losses

. 74068
Transducer gain (dB)

—9°L

Fig.27 Frequency response of filter F




Fig.28

Fraquency (GHz)
88 90 o2 o4 9:-6 98

)
<
£
()
@ 20} .
L o
5 N
° e
c
(o}
[
P
’
Measuraed
----- Theoretical
excluding losses
-Ao -

Fig.28 Frequency response of filter G




il 2 - ro oLl B ok gl o hbaic R e
S - P . .. . R
H

Fiq.29
Frequency (GHZ) 9
88 9:0 92 94 96 98
° L v T ¥ 77 ¥ Y | v ¥ v I ]
! \
/ \
Measured
----- Theoretical
! excluding losses
: -1or
{ N - S
% . @ 20
; e 2
. -3 -
- o
¥ o
L
]
O
=’
o
v
c
o
.
F 3o}
-40}
Fig. 29 Frequency response of filter H




1Y

Fig. 30

1?.\...! P

. . 890¥L Y.,

1 42313 30 2suodsad Aouanbaugy Qg 614

409~

-
3
o]
3
[ ]
4oy- 2
0
N
3
e
40t~ -
sasso} Buipnjoxa 3
JODIJII0DY | —— = == w
\\rg
P2JNSD2WN 402~
<40}~

AY 4 i 1 i

[ N 1 o
00T} o]o]}) 000} 006 008 00¢L 00° 00S
(z HW) Aousnb2.gy




Fig. 31

7/

s2ss0] Bujpnjaxa
J02132J03Y| — — — —

PoJNsSOIN

r 42111} 30 2suodsas Aduanbaugy

02
Auxuv Asuanboay

_890%L uL

(gp) wiob w2onpsuody



N e e e et e

e -

75

Fig.32

®90¥s u,

2buo, Aduanbayy P2Pu231x2 Jaa0 I4231y 40 2s5uodsay xucgvv..u ce b1y

Wawnuysu
mc.t:nouE uo
abuoy 4o cacocu/r

\'\l\,

[4 /] ']

oy -

;
(gp) uinbh

L
8
|

24 1 ¢ P4
ﬁuxuv xucu:vo.._n.

42npsucy,



