
computer-aided
interdigital bandpass filter

design

For reproducible

customized design

in the 0.4-5 GHz

frequency range

One of the more challenging difficulties facing the
Amateur experimenter in UHF and microwave com
munications is to construct good bandpass filters at
these high frequencies. Good filters are especially im
portant in those bands where the Amateur frequency
allocation is shared with or is near high power services,
such as radar, which can cause ruinous interference.
And although a number of articles have appeared in
Amateur publications describing specific bandpass
filter types and specific construction techniques, none
has provided a simple means of designing filters for
different requirements.

This article describes a flexible computer program
that makes it possible for Amateurs to design and build
their own bandpass filters, custom-tailored to their
specific needs. The program performs the design tasks
for interdigital filters, a common bandpass type. The
article also shows, step by step, how to proceed from
the computer printout to the building and testing of
a working filter. In addition, two different examples
are used to illustrate two different construction
methods.

filter design
The design of narrowband bandpass filters - that

is, of filters that have passbands of approximately 10
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percent of the center frequency or less - is often
based on the well-known work of Matthaei, Young,
and Jones, ' which provides a wealth of analytical and
practical design methods for many types of RF and
microwave filters. Among the most common types are
filters that use comb or interdigitated coupled resona
tors. These two types are mechanically similar, but this
article discusses only the interdigital form.

Interdigitated bandpass filters have been widely
used in the microwave electronics industry for many
years. These filters are commonly used because they
provide reasonably good passband characteristics,
moderate loss, and fairly high attenuation in the stop
bands. Furthermore, they are simple to build and tune.

A typical interdigitated bandpass filter, such as
shown in fig. 1, consists of a number of resonator
elements or rods, each approximately a quarter wave
length long at the center frequency of the filter, which
are electrically coupled together between two conduc
ting ground planes. Each rod is shorted to ground at
one end and open-circuited at the other end. The rods
alternate, with one rod's shorted end opposing the
next rod's open end. It is this alternating structure,
which looks somewhat like interlaced fingers, that
gives the interdigital filter its name. At the ends of the
filter some form of impedance matching, either a trans
mission line transformer or a tap on the end rods, is
used to couple energy into and out of the filter.

Interdigitated filters are most useful in the low micro
wave frequency range of about 0.5 to 5 GHz. In this
region, lumped element filters are difficult to build, and
waveguide filters are mechanically large. The inter-
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defining terms
A bandpass IIIter is a device tha t permits the

passage of signals within a certain range of Ir e
ouencies only , but blocks out signals from above
or below that range. The range of frequencies
w here sign als can pass th rough the filter wi th
low loss is called the passband. The frequencies
outside the passband are variously referred to as
the rejection bands , stop bands or "skirts " of the
fil ter. (Figure 2 shows a general fi lter respcnse. l

An ideal bandpass filter would have zero loss
in the passband and infinite reject ion of un
desired signals in the stopbands. In real life,
however, the situation is not as clear-cut: the
passband of a real fil ter has a certa in finite loss,
even though it may be qu ite low . Likewise, a real
filter's stopbands do not absolutely reject signals,
but merely reduce their amplitudes. The an enca
tion depends mainly upon the separation, in tre
quencv . of the undesired signal from the
passband .

The loss in the passband may be nearly con
stan t, or flat , as in a Butterwort h design, Or it
may val)' wi th regular undulations or " ripple" in
the attenuation curve. In a Chebyshev type f ilter,
this passband ripple is related to an increase in
stopband reject ion . For our purposes, it is
enough to consider a Butterworth filter as a vari
ation of t he Chebys hev design, but w ith zero
passband tipple. It is important to realize that we
can ob tain bett er stopband rejection if we're win
ing to trade off passband flatness and accept
higher ripple and V$WR .

Since the transit ion from passband to stop
band in a real (rather than ideal) f ilter is not
abrupt , we mu st defi ne its locat ion . For a
Chebyshev f ilter, the " edges" of the passband
are defined as those poi nts where the attenue
tion exceeds the max imum tipple amplitude.
Thus the passband of a Chebyshev fi lter is of ten
known as the ripple bandwidth . The bandwid th
of a Butterworth design, which has no ripple. is
tr aditionally defined at the 3 dB points , Thi s
measure is called the 3 dB bandwidth .

There are many good texts and art icles deal
ing wi th fi lter topics, and the interested reader
should refer to them if a bett er backg round is
desired. A few of these sources are listed in the
references. However, the terms and concepts ln
traduced above are sufficient for a basic under
standing of the design and construction of the
bandpass filters we describe.

digi tal f ilter handily fills thi s gap between low fre
quency " co il and capacitor " filters, and microwave
wa vegui de " plumbing ." Thus, imerdigital filt ers are
of interest tor frequencies up 10 at least several GHz,
and down at least as low as the 420 MHz ham band.

The traditional design of int erdigi tated filter s de
scribed by M au haei, Young, and J ones calls for both
the spacing and sizes of the rectangular resonant ele
ments to be variables . While th ere is no problem wi th
this theoret ically, in pract ice it is often simpler to usc
round rods of equal diameter in place of rectangular
ones of various sizes. In the 1960's, Dishalsdescribed
a method of design ing narrow bandw idth filt ers using
equal diameter round rods. His melhod provides a sim
pie and accurate design guide which results in band 
pass filters of straigh tf orwa rd mechanical construction
and good electrical performance.

In addi tion to using un iform round rods in place 01
rectangular elemen ts o f various sizes, DishaJ ques
tioned the common practic e of using addit ional ete
rnen ts. one at each end of the filte r structure, w hose
only purpose was to match the fil ter to the desired in .
pu t and output connections when a simple tap on the
fir st and last element wou ld serve as well. Taking i f
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fig . 1. Typica l in te rd ig ita l ba ndpass Iilt e r s truc tu re. Thi~

I ilte r co nsists o f II number 0 1 ro d s. each open ci rc ui t ed

8t one end an d g rou nded 81 the o ther . w hi c h ar e etee-
tricaJly coupled t ogethe r be tween g round planes .

IIg . 2 , A ge nera lbed ba ndpass fill er re sponse . The
ripple in the pa Sllband Is 8 Ka ggara le d lor c la rily .
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table 1. Interactive program calculates expected elec
trical performance and computes mechanical dimen
sions of f ilter.

10 REM •••• • • • • ••• • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • •• • •

20 REM DESIGNS INTERDIGITAL BPFB
30 REM ••• • ••••••••• •••••••••••••••• •••• •••••• •• • •••
40 DEF FNRJ( TA,B ,C ,D) .( BOC-TAOD ) / (Coc+ o·O)
50 REM us in g eq ual di a me t er r o ds
60 REM 8 values ba s e d on rip pl e bw • q /coup on 3-bd
70 DI M G(2 00 ) , C( 2 0 0 ) RK( 2 0 0 ), AK(20 0) , FR (4 0 ) , ALOSS ( 4 0 )
80 DI M A( 2 0 0 ) , B(200)
90 PI .3 .14159265 '
100 INPUT" ' OF ELEMENT P - P RIPP LR I N PASS8AND (D B) " : N. RI P
11 0 REM
120 INPUT "INPUT FILTER CENTE R F REQ. ( GHZ ),BW(MHZ)&LOAO IMP EDENCE

ZO":FZGC.BW MC,R
1 3 0 REH
14 0 PRIN T" IN PUT GROUND PL ANE S P ACI NG • ROO OIAH ET ER"
ISO INP UT"& DI STANCE TO CENT ER OF F I RST AND LAST ROD": H,D .E
16 0 REH
17 0 REH
1 80 IN P UT"NO . OF FREQ. REJECTI ON PTS AND STE P S I ZE ( HHZ )" ;N FR, STP
190 FOR IP . -N FR/ 2 TO NfR / 2
200 CONT ER. CONT ER+ 1
2 10 fR ( CONTER) . fZ GC+ ( ST P· . 00 1'1 P)
2 2 0 NEXT IP
2 30 I DAT.I
240 GOTO 2 50
25 0 FI.FZGC- . 0 0 0 5 0 BWMC
260 F2. F ZGC+ . 00 05 0B WMC
2 7 0 If RIP >O THEN GOTO 33 0
280 BW 3 GC. f 2· F I
290 BWRGC. O
300 BW3.1
310 GOS UB 19 6 0
3 20 GOTO 3 9 0
3 30 B.J!SQR( l O· ( . I· RIP ) -I )
3 40 CA.LOG( B+SQR( B·B-I» / (N)
3 50 BW3. (EXP ( CA)+EX P (-CA » / 2
36 0 GOSUB 1 7 4 0
370 BWR GC. f 2·F I
38 0 BW3GC.BWR GcoBW 3
390 REM
400 W.2' (f2-Fl ) / (f2+f1 )
410 QF . f ZGC/BW 3GC
42 0 NfH .N -I
4 3 0 QWV L.I I.802 8 / (4·FZGC )
440 fOR K.I TO NFM
450 AK(K ).I / CBW3·S QR(G(K )· G(K+I»)
4 6 0 RK( K) . AK( K) /QF
4 70 NEXT K
480 AKO. G( I ) ' BW3
490 AK( N). AKO
500 AK(N+I) .O
510 QS.G ( I i - BW3'Qf
520 CANH.( EXP( 2 'PI 0E /H )-1 ) I ( EXP ( 2 0 PI °E /H ).I )
5 30 ZH. 59. 9 58 5·LOG( 4°H / ( P IOD » )
5 40 ZI:. 5 9 . 95 85 0 LOG( CANHOH04! ( PI ' D» )
5 50 RKH.RK (l ) 'SQR(Z H/Z E)
56 0 Z.P IO D/( 2 0H )
5 7 0 COTH. (EXP (Z )+ I ) / (EXP ( Z)-I )
5 8 0 Y.PI ·RKH/4
5 9 0 T.COTH- Y
600 C( 1 ) .( H/ P I) ° LOGll T . I) /( T- I»
610 MFL.N -2
620 REM I F N-3 <0 THEN AG. I ELS E IF N-3.0 THEN AG- 2 ELS E AG.3
630 ON ( 2+ S GNCN)OI ) GOTO 690 , 69 0 , 6 40
640 fOR K.2 TO HFL
650 Y.PI 'RK CK)/4
66 0 T. COTW Y
6 7 0 C(K ) . ( H/PI) ' LOG«(T+I) /( T-I» )
680 NEXT K
6 90 C(N-l ) . C( l)
700 X.S QR( PI OR/(4 ' ZE OQS ) )
710 AQ.2 oQIIVL'ATN( X/ SQR ( I -X 'X ) )/ PI
720 QU.2200·HO SQR(fZGC)
730 S UHG.O
7 40 FOR J I - I TO N
750 SUHG. S UHG+G( J l )
7 6 0 NEXT JI
77 0 BLOSS.4. 34 0 FZGC' S UHGI ( QUo ( F2 -F I » )
7 8 0 DELAT.SU MG/( 2 'P I ' ( F2 - f l »
79 0 IF RIP > 0 THEN GOTO B20
8 00 P RI NT " DE S I G N DATA F OR " : N:" P OL E I NT ERDI G[ TA L F IL T ER .

BUTT ERWORTH RESPONSE"
8 10 GOTO 8 30
82 0 PRINT " DES I GN DAT A f OR" :N : " POLE I NT E RDIG I T AL F I LT ER .BAN D

PAS S RIPPLE":RIP; "DB"
830 PRI NT"CENTER FREQ. ": rzcc :"GHZ"
840 PRTNT"CUTOFF FREQ . "; FI ; " ( GHZ) AND ": F2;" GHZ"
85 0 PRINT " RI P PL E 8W. ";BIIR GC : " GHZ"
860 PRIN T" 3 OB BW . "; BII3GC ;"GHZ"
8 70 PRI NT" FRA CTI OHA L BW . ";w
88 0 PRI NT " f I LT ER Q ", QF
89 0 PR INT"EST QU .. : QU
900 PRINT"LO SS BA SED ON THI S QU " ; BLOSS ; " DB"
9 10 PRINT" DELAY AT flU O CENT ER ";DE LAY;"HNOS ECOS DS "
920 FOR J K.I TO NFR
930 If JK . I THEN PRIST " f REQUENCY REJ ECT I ON INfORMATION ..
9 4 0 Nf N.A 8 S ( 2· ( f R( JK )-FZGC ) / ( W· FZGC »
950 If RIP >0 THE N GOTO 98 0
960 ALOS S(j K) - I O' LOG( I,N fN ' ( 2°S » ! LOG( 10 )
970 GOTO [040
980 I f NfSO THEN HN - I
9 90 ANG. N· LOG( Nf N. SQR( Nf N· Nf N- I )
10 0 0 YAK _ . 5 0 ( EXP (AN G)+EXP (_ ANG»
1010 ALOSS(j K).\ O·LOG( 1+ ( 10' ( . I · RI P ) - I ) OYAK* YAK)/ LOG( LO)
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10 2 0 IF ALOSS ( J K» 6 5 THEN ALOS S • 65 ELS E ALOSS • ALOSS ( J K)
10 3 0 FR. I NT ( FR(J K) " I OOOO) /lOOOO : ALOS.INT(ALOS S CJK »
10 4 0 P RIN T TAB(INT (ALO SS » ..... ,TAB ( 66 )FR :TA8 (7 3 lAL OS
10 5 0 NEIT JK
1060 1I0.2°PI oFZGcoIE+09
1070 f.O /H

L08 0 C F.( - .0 0 0 042 2 • • 085 739 7 ' f •• 0 0 6 78 5 3 ' F ' f -9 .09 2165E -
02 ·F ~ 3 + . 1 690 8 8 ·f ~ 4) · P I · H · 2 .54

10 9 0 REM
11 00 IIW. WOoI E- 12
11 10 B2 .. P I*A QI C2 ·QW VL)
1120 GG.l /R
1 13 0 B8.-C OS (B 2 ) /(ZE *SIN(B 2 »
1140 ELl • • 8 ·QWVL
115 0 ANG. ELl oPI I ( 2 'QWVL)
11 6 0 BI. ANG-B 2
1 17 0 YL. -COS( ANG)/ (Z MOS I N( ANG)
I I BO CP . IIWO(Cf • • 1 76 5 50 0 0 D/ ( QWVL- EL [ »
1190 rt . CP + YL
L20 0 EL2 • • 87 · Q.. : L
1210 ANG. EL2· PI ! ( 2 · QIIVL)
12 2 0 8 4.A NG- B2
1230 Y L .- C O S (A NG ) I CZ~O SIN (AN G )

l Z4 0 CD.. IIII·(CF• • 1 7 6 5 5 · D· D/ ( QIIVL- EL2 »
1 25 0 Y2 .. CO+n
1 26 0 EL3 • • 9 5 °QIIVL
LZ7 0 ANG.EL3°PI /( 2 0QWVL )
128 0 85. ANG- B2
L29 0 YL. - COS( ANG) ! (Z MOSI N( ANG»
1300 CQ.. WwoCCF+. 17655*D·D / ( QWVL -EL 3 )
13 10 r3 . c Q,n
13Z0 ELEM .Y 3 0YZ ' EL I /C(YI -Y2 ) 0 ( YI - Y3 ) ) +Y I ·Y3 °E L2/ « Y2 - YI)* (Y2 -

Y3)) +rt · y ZOEL3 1 « r3-Y I ) ' Cr3- YZ» )
1 3 3 0 TANN. S IN (Bl l ! COS(BI )
1340 n,..FNRJ (GG . BB+TANNIZl:, I-ZE 08B'T ANN,ZE ' GG'T ANN )
1350 r i . CP, n,
1360 TANN. SIN (B 4 )!COS (B4)
13 70 YL.FNRJ ( GG,88'TA SN/ ZE,I -ZE oBB ·TANN, ZEo GGoTANN )
1 38 0 Y2. CO. YL
13 9 0 TANS·S IN(B5) / COS(B5)
14 00 YL. FSR J ( GG.8B+T ASN/ZE , I -Z Eo BBOT ANN,ZE · GGoT AS N)
1410 r3 ..co- r t,
14 2 0 E L EQ.Y3 'Y2 0E LI / « YI -Y2 l ' CYI - Y3 ) ) +Y I OY3 0 EL 2 /« Y2 - YI) 0 ( Y2 

Y3 »+ rt * rz OEL3 / 11 Y3 - Y1) ° (r3 -Y 2»
143 0 REM
1 " 0 PRI NT"QUA RTE R WAVELENGTH ' '' , QIIVL : "IN CHES "
14 5 0 PR I n"THE LENGTH Of I NTERl OR ELEMENTS . " : ELEH :" IN CHES"
14 6 0 PRINT"LENGTH Of END ELEMENTS . " : ELEQ: " INCHE S"
14 70 PRINT "G ROUNO-P LANE SP ACE ."; H, " I NCHES ..
148 0 PR I ST "R OO DIAMETER . " :D: " ISCHES"
1490 PRIN T"END PLATES" ;E; " I NCHES FROM C/L OF END ROD ..
1500 PRINT "TAP EXTERNAL LI NES UP ";AQ;" I NCHES FROH SHORTED END ..
1510 PR INT "LlNE IMPEDAN CES: END ROD"; ZE:" , OTHER ";ZM : " , EXT .

LIN ES lO;R:"OH M"
152 0 PR INT " o n IENS IONS"
1 5 3 0 PRI NT" EL . NO. END TO C TO C G( K) Q/ COUP"
154 0 DOM. E
155 0 GOO. I
1 5 6 0 P RIN T "0" ; T AB( 4 1)GOO ; TAB(5 5) AKO
1 5 70 PR I NT " 1": TAB(16)E; TAfl(4 1 ) G(I ) ; TAB ( 55) H (I)
15 8 0 fO R K. I TO NfM
1 59 0 L- K. I
16 0 0 PRI ST TAB( 28 ) C(K )
1610 OOM- DOM,C( K)
16 2 0 PRIN T L : TA8( 16) DOM: TAB( 4 1)G( L) : TA8 ( 5 5) AK( L)
1630 NEX T K
16 4 0 LQ. N+ I
L6 50 PRIN T LQ : TAB(4 L)G ( LQ)
16 6 0 OOM.O OM+E
16 70 PR INT TAB(l 6 )OOM
16 8 0 IF IDAT · 1 THEN GOTO 20 7 0
169 0 REM
1700 REM
1710 REM DEF I NE FUNCTI ON
1720 DEF F NRJCT A, R . C , D) -(B · C- TA· O)! ( C· C+ U· O)
1 7 3 0 END
\740 REM S UB CHEB
175 0 REM
1760 C,Z 'R I P/l 7. 3 7
17 7 0 BET A.LOG« EXP( C) +I ) / (EXP (C) - I»
1780 GAMMA• • 5 · ( EXP( BET A/( 2* N» -E XP( - BETA/(2 · N» )
1 7 9 0 FOR K. I TO N
18 0 0 A(K ). SI N( .5 ' (2 ·K -l ) ·PI / N)
181 0 B(K ) .. GAMMA' Z+S I N( K·P I/ N) · 2
182 0 NEXT K
18 3 0 G( 1) _2 'A( 1) / lIAMMA
18 4 0 fO R K.Z TO S
1850 G(K ) _4'A ( K- l )OA ( K) I ( B( K- I ) *G( K- I»
18 6 0 NEXT K
18 70 NN. N/ 2
188 0 NNN. (N + l ) /2
18 90 REM I f NNN-NN <O THEN AGI .I ELSE I F NNN-NN. O THEN AGI . 2 ELSE AGI .3
1900 ON (2 +S GN( NNN- NN) * 1) GOTO 1910 , 1 9 10,1 93 0
1910 G( N+I ) -( (EX P( BETA! 2 )+ I ) ! (EXP ( BETAI 2)- 1 » ) ' 2
1920 RETURN
1930 G( N+ I ). 1
194 0 RETURN
19 50 END
19 6 0 REM S UB FOR BUTT
1970 R E~

19 80 REM
1990 REM
2 0 0 0 REM
2 0 10 POVl .I .5 70 7 96 3 3 1
202 0 FOR K.l TO N
2030 G( K) .z o S I ' ( POV2·( 2 · K-l)! N)
20 40 ~ £X T K
205U G( N+ I ) - r
206 0 RETURN
207 0 ENO



fig. 3. Program tests various configurations for the
44O-MHz bandpass filter. For comparison. all are for 0.38
inch diameter rods between groundplanes 1 inch apart.
and all have a center frequency of 440 MHz.

440 MHz bandpass filter

The first example is a front-end filter for a 440 MHz
FM receiver in a linear translator system. A linear trans-

a step further, he showed how to determine these tap
locations. A computer program, described below, is
developed around this design approach.

program description

The BASIC listing is given in table 1. This program
follows in loose form a program originally written in
Fortran IV by Rook and Taylor." We translated into
BASIC, modified it for use on a personal computer,
and added additional plotting output. The program
uses an interactive approach to request design infor
mation from the user, and then calculates the expected
electrical performance and computes the mechanical
dimensions of the filter. It is written in BASIC in its
IBM PCTM version, but it is structured so that conver
sion into other versions of BASIC for different com
puters should nat be difficult.

The first portion of the program sets up the required
variable dimensions and types. Next, an interactive
question sequence collects the input data for the
design. Once the required data are available to the
program, it computes the expected electrical perform
ance and gives details of the filter's mechanical con
struction. Finally, the program prints a graph of the
passband and rejection skirts of the filter.

Two different examples of filters for two different
ham bands are given. Each example gives general me
chanical details of construction techniques which have
been proven to give good results. The examples are
just that, examples, and serve as guides to help the
reader design and build filters which are optimized for
his own particular application. The explanations of
these techniques give enough information so that the
examples themselves can be duplicated without too
much difficulty.

number
of elements

2
2
3
3
3
4
4
4
6
6

ripple
dB

0.25
0.25
0.25
0.25
0.25
0.50
0.50
0.25
0.25
0.25

bandwidth
MHz

2
3
2
3
4
1
3
3
3
4

loss
at 440

dB
1.2
0.8
2.5
1.7
1.3
7.9
2.7
2.4
4.2
3.2

loss
at 445

dB
21.6
14.4
41.4
30.5
22.6
88.8
50.0
46.8
79.4
63.4

lator, like a repeater, retransmits what it receives on
a frequency 5 MHz (the 440 MHz spacing) away from
the input channel. In order to prevent receiver over
load or excessive intermodulation distortion in the
presence of the strong transmitted signal, the rejection
of the near-by repeater transmitter at 445 MHz must
be approximately 50 dB. At the same time, the filter's
passband Joss should be moderate, less than about
3 dB, or the receiver sensitivity will be degraded ex
cessively. These two considerations dictate the choice
of filter type and design.

An interdigital bandpass filter turns out to be a good
choice for this application. It can be simply and inex
pensively built, and has relatively towpassband losses
together with good out-of-band rejection. And while
it is true that a cavity diplexer filter of the sort often
seen in amateur repeaters can give still lower losses
and greater rejection, its good electrical performance
can be accomplished only at the expense of increased
mechanical complexity, larger size, and higher cost.
Here, the required performance does not absolutely
dictate the use of a multiple cavity diplexer, so we
should definitely consider using the much simpler
interdigital filter. If still less skirt rejection and
somewhat greater loss can be tolerated, a helical
resonator filter might be a good choice, for it would

'provide less rejection and probably would have higher
passband losses, but it would also be much smaller
mechanically than an equivalent interdigital bandpass
filter. This size reduction is possible because the in
ductances in a helical filter are coils and because the
inter-element couplings are not dependent only on the
physical spacing of elements.

The first step in the choice of filter parameters is
to determine the required passband loss limit, pass
band ripple, and out-of-band rejection that can be
tolerated. An interactive computer-aided design pro
gram makes these tradeoffs considerably simpler to
evaluate. The designer begins by entering a first
estimate, or guess, of the approximate number of
elements and passband ripple. From these inputs, the
computer program quickly determines the approximate
loss and plots the pass and reject bands. In the course
of a few minutes' work, several different configura
tions can be tried out. From these it is easy to select
the optimum design.

As an example of this interactive optimization, fig.
3 lists a number of different 440 MHz filter configura
tions tested by the program. These designs differ
mainly in the number of elements and in their pass
band widths. Filters with from 2 to 6 elements and rip
ple bandwidths of from 1 to 4 MHz are compared. In
each case, the loss at the center frequency, 440 MHz,
and at the transmitter frequency to be rejected. 445
MHz, are listed for comparison.

The results of this scan of various possible designs
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# OF ELEMENT $ P-P RIPPLE IN PASSBA ND ( DB) ? 4, .25
INPUT FILTER CENTER FREQ .(GHZ),BW(MHZ)&LOAD IMPEDENCE 20? .440,3,50
INPUT GROUND PLANE SPACING • ROD DIAMETER
& DISTANCE TO CENTER OF FIRST AND LAST ROD? 1 ,.38,.5
NO. OF FREQ. REJECTION PTS AND STEP SI ZE (MHZ)? 38 • . 5
DESIGN DATA FOR 4 POLE INTERD IGITAL FILTER .BAND PASS RIPPLE .2 5 DB
CEN TER FREQ. .44 GH Z
CUTOFF FREQ . . 4385 ( GHZ) AND .4415 GIl Z
RI PPLE BW . 3 . 00 002 1E- 03 GHZ
3 DB BW . 3 .419328E-03 GH Z
FRACT IONAL BW. 6.81 823E - 03
FILTER Q 128 . 6803
EST QU 145 9 . 315
LOS S BASED ON TH I S QU 2 .42 2713 DB
DELAY AT BAND CEN TER 294 .665 2 NAN OS ECON DS
FREQUEN CY REJECTI ON INFORMATION

*
*
*
*
*
*

*

*

*

*

*

*

*

*
*

*

*

*

*'

* . 430 5 69
* . 431 67
* .4 315 65

* . 432 63
*' .4325 61

* . 433 58
* . 4335 56

* . 434 53
* .4345 50

. 435 46

. 4355 42

. 436 38

. 4365 33

.437 27

.4 375 19

.4 38 9

.4 38 5 0

. 439 0

. 4395 0

. 44 0

.44 05 0

. 44 1 0

.4 41 5 0

. 44 2 9

.44 25 19

.44 3 27

.4435 33

.444 38

.4445 42

.44 5 46
* .4455 50

* . 446 53
* .4465 56

* . 44 7 58
>I< . 4475 61

* . 448 63
>I< .4485 65
* . 449 67

1 . 89449 5
2 2.394495 1. 269 327

1.969942
3 4. 364437 2.055808

1. 894495
4 6 .2 58931 . 8 509719
5 1

50 OHM

. 6633376

1 .570873

END
, EXT. LI NES

QICO UP
1.570873
. 663337 6

.54 31 323

G(K )
1
1 .37 8 239

C TO C

. 5

END TO C

QUARTER WAVELENGTH = 6 .706136 INCHES
THE LENGTH OF INTERIOR ELEMENTS = 6.418164 I NCHES
LENGTH OF END ELEME NTS = 6 .43 81 83 INCH ES
GROUN D- PLAN E SPACE = 1 INCHES
ROD DIAMETER = .3 8 INCHES
END PLATES.5 INCHE S FROM CIL OF END ROD
TAP EXTERNAL LI NES UP . 2294638 INCHES FR OM SH ORTED
LINE IMPEDANCE S: END ROD 67 .3 1341 . OTHER 72 .49873
DIMENSIONS
EL. NO .
o
1

6 .75893 1
fig. 4. Computer printout for t he 44O-MHz filter.
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quickly reveals some expected trends. For instance,
it is clear that filters that are too narrow (i.e ., filters
that have passband widths well under 1 percent of
their center frequency) have increasingly higher pass
band losses. Also, filters with wide passbands have
lower loss at the center frequency but decreased out
of-band rejection. These are fundamental tradeoffs.
Next, it is also apparent that increasing the number
of elements increases both the passband loss and the
desired rejection of out-of-band signals, and that a
filter with a relatively wide passband and many ele
ments will have low in-band losses and good rejec
tion . However, the number of elements cannot be in
creased arbitrarily because experience has shown that
filters with many elements are less easily built and
tuned, and that for Amateur construction and tuning
techniques it is best to avoid the use of more than
about five or six elements.

With all this in mind, we selected a four-section filter
with passband ripple of 0.25 dB (VSWR = 1.62) and
a bandwidth of 3 MHz. For our application, these
choices resulted in approximately the desired loss and
rejections, namely 2.4 dB loss at 440 MHz and a re
jection of about 46.8 dB at 445 MHz . Note that this
rejection is relative to the passband loss, so that the
filter's total loss at 445 MHz is estimated to be approx
imately 49.2 dB.

computer output
The computer program's output for this filter design

is shown in fig. 4. The printout contains information
on both the electrical performance estimates as well
as mechanical information in detail sufficient to fully
describe the filter.

After the "RUN" command is entered, the program
asks for some electrical design information such as the
number of sections, or elements, in the filter and the
passband ripple in decibels. Enter these two numbers,
separated by a comma, followed by the "return" key,
and the computer will respond with the next questions.
These are the center frequency, expressed in giga
hertz, the ripple bandwidth of the filter in megahertz,
and the desired load impedance in ohms (usually 50).
As before, these three entries should be separated by
commas and followed by a return .

Next , the program requests some mechanical infor
mation. The spacing between the top and bottom
ground planes, the diameter of the resonant rods and
the desired spacing between the end of the filter and
the first rod are entered in response to the questions.
All of these dimensions should be entered in decimal
inches because the design formulas within the pro
gram contain constants in inches .

The third and last section of input data concerns
the plotter output. The operator must specify how
many plot points and the spacing in megahertz be-

tween each point. The maximum number of plot
points is 40. It is usually convenient to specify a step
size of somewhat smaller than the passband width to
give a good picture. In this example, the filter is 3 MHz
wide and the plot with a one-half MHz resolution
shows the rejection skirts clearly.

After these last bits of information are entered, the
computer program proceeds without further interven
tion. It first prints out some of the calculated para
meters of the filter. Then the computer graphically
plots the pass and reject bands on the screen and on
a printer if one is selected .

The last block of computer printout gives the
mechanical details of the filter. The quarter wavelength
listed is the inside dimension of the filter cavity. The
length of the interior elements is listed, followed by
the length of the two end elements. All of the interior
elements have the same length, but the two end
elements may have a different length from the end
rods . The tap point is the point on the end element
at which the external connection is made, and it is
measured from the " cold" or grounded end of the
rods. A tabular summary of the filter's dimensions ap
pears at the end of the printout. It lists the end to cen
ter dimensions, the element center to center dimen
sions, and two coupling coefficients. The mechanical
-dimensions are easily translated into a sketch of the
filter. Naturally, the designer must have certain dimen
sions and construction rnaterals in mind before the
computer program can be run. The ground plane spac
ing and rod diameter must be entered as constants
to permit the completion of the design. These variables
depend on the materials used to build the filter, and
on the construction technique.

construction
Now that the computer program has been used to

select an optimized filter and it has printed the
mechanical dimensions of the filter's structure, it is
time to consider how to translate the filter design into
a form that can be realized. The mechanical structure
must be sufficiently sound to produce the expected
performance.

The table of numbers at the end of the computer
printout, fig. 4, gives fairly complete information on
the dimensions of the filter structure. The first column
gives the element number, with zero indicating the first
edge of the filter and a number one greater than the
total number of rods denoting the other edge of the
structure . The second column gives dimensions in
inches from the end of the housing to the center of
the rod indicated. For example , in our design, the se
cond element is to be located a distance of 2.39 inches
from the end of the housing. The total length of the
filter will be the dimension listed opposite the final
entry which is, in this case, 6.759 inches (17.168 em).

January 1985 UI 19



fig. 5. Sketch showing the top view of the 44O-MHz filter.
The end walls are deliberately cut longer so they can be
soldered to both sides of the side walls.
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outside dimension of the tubing, so the filter rod
diameter measures approximately 0.375 inches.

The choice of rod diameter is not entirely arbitrary,
although it is not very critical, either. As a rule of
thumb, the rod diameter should be roughly 1/3 the
housing height. In general, large diameter rods have
lower losses than smaller rods. This is because skin
effect losses predominate at radio frequencies. A larger
diameter rod has greater surface ar,a and, hence, less
resistive loss than a smaller diameter rod. However,
using a larger rod diameter can lead to mechanical dif
ficulties. In this filter, for example, it was difficult to
solder the large 3/8 inch diameter copper rods. These
rods have fairly large masses and good thermal con
ductivity, so a regular soldering iron, intended for
lighter duty circuit board work, just wouldn't provide
enough heat. In the end, it took the greater heat of
a propane torch to solder the rods to the copper walls.

The rods should be cut a bit longer than the cor
rect length given by the printout. Then they are fit
through holes drilled in the housing wall and soldered
on both sides of the double clad circuit board, as
shown in fig. 6. A good solder joint on each side in
creases the mechanical strength and improves ground
ing. The interior lengths of the rods and the center
to-center spacings between the rods are among the
most critical dimensions affecting the frequency re-

1,1
o
c

'"o

Although the printout gives information on how to
size the filter, it is probably a good idea to make a
drawing to fix in your mind just how the box is to be
assembled. Figure 5 is a mechanical sketch of the
440 MHz filter. It is clear that the dimensions on this
drawing have been taken directly from the computer
printout, but the sketch also shows how the walls of
the box are to be joined together. The dimensions on
the printout are for the electrical housing, which con
sists of the copper conductor inside the box, and not
the outside, mechanical dimensions. Keep in mind that
the external dimensions of the box are not the critical
factors.

One of the more popular amateur construction ma
terials is copper clad printed circuit board. It is widely
available at low cost, is strong and stable, and it can
be easily joined together by regular soldering tech
niques to make boxes and circuit housings of any
given size. It can be cut with a sheet metal shear or
tin snips to fairly close tolerances, and so it is a good
choice as the basic "building block" material for a
custom bandpass filter. Furthermore, copper is one
of the best conductors for use at high frequencies as
its electrical resistivity is quite low. Of the more com
mon materials, only silver has better high-frequency
conductivity, and it is considerably more expensive.

To construct the filter housing of this example, we
used 1/16 inch double-clad fiberglass epoxy board
throughout. The top, bottom, sides and end pieces
of the filter's housing were cut to shape with a sheet
metal shear, drilled to accept the resonator rods, and
soldered together with "tack" joints, that is with small
flows of solder at intervals along the edges of the
pieces to be joined. The pieces need not be soldered
with a continuous seam, but a soldered tack should
be used about every inch. This dimension corresponds
to only about 5 percent of a wavelength, and so it
ensures good electrical interconnection at all points
along the copper.

The most critical dimensions of the housing are the
width of the filter, which is usually a quarter wave
length, and the inside height of the cavity. A small
piece of wood or metal with perpendicular faces is a
good "jig" to help solder the housing walls accurate
ly. If you work carefully, you should be able to build
a housing that's both nearly square and accurate
enough to take advantage of the custom design made
possible with the computerized design aid described
in this article.

Because we want to hold all of the parts of this filter
together with regular tin-lead solder, all of the parts
obviously should be solderable. A good material for
the filter rods is common copper tubing which is availa
ble in a number of sizes in hardware and plumbing
supply stores. For the design of this 440 MHz filter we
chose 3/8 inch tubing. The "3/8 inch" refers to the
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spouse of the fi lte r. so mea sure them as ce retuuv and
pr ecisely as possible. In spi te 0 1 all the care you use
in cons truc tion, however , it w ill almost certainly be
n ecessary 10 peak tune the filter respon se.

One simple w ay 10 tunc me filler rod lenqrhs is to
load their open-circuited ends wilh variable capacitors.

lithe rods are ju st a bit shor ter than the design ca lls
for . then th e small capacitance of a tuning screw at
th e open end will tu ne that element's resonant Ire 
quency . Th is luning com pensates lor the m inor lnac 
curac ies which inevitably occur in cons truc t ion .

These luning screws need good grounds a t the
points where they penetrate the w all . It is important
10 realize m at it is th e inside grounded surface that

'\Ia lters most, because the inside copper cladding
lorms the conduct ive bou ndar y th at contains the
filter's electric li elds. For this reason the tumnq screws
are suppor ted by brass nuts soldered 10 the inside
surface of the box. These nu ts are visible in the ove rall
photograph of the lil ter and especia lly in the close-up
view , f ig . 7. Th e nut makes a simple threaded suo
port for the screw and serves as tbe low im peda nce
path from the screw body to the ground plane . On Ihe
ou tside of the filler housing a second nut holds the
screw l!fmly in place . This nut is tiqhtened alter all o f
the t itter tuning is com ple ted , and it ensures that the

screw is t ightly bound 10 the soldered -dow n nut and
pr events It from moving and thereby de tuning the

filler .
The computer program also lists the tap point

distance, which is the posit ion at which Ihe external
connector s pass thr ough tb e w alls and are coupled 10

the hlter , The distance is given relat ive to Ihe shor ted

l ig _6. An o"'ot,a ll vi _ ol lhft 4 1Ul'ct ion 44O-MHz b,irndpasli rilte,.
Thotlo p co"'.. , has b .... n , e m o",e d 10 . how Ih e in lerna l d elail.
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fig 7, Close up ",iew of Ih e 44() MH , l ill e r . ho w ing d el a ils 01
Ihe 60 o h m c oa. ia l co n nect o r tap a nd of a runin g eceew .

end of the rods. This junction sho uld be by a shor t
length 0 1 w ire or cable . Th e closeup view show n in
f ig . 7 shows how the connector 's center pin has been
joined to the end rod with a short length of solid w ire.
The ac tual tap po int dis tances may need 10 be adjusted
fo r bes t performance . bu t if the design value is used
it will serve for most cases w ithou l change.

tuni ng

After the filter has been fully assembled . w hich
means aft er all of the soldered joints are fully co m

pleted and the lOP is well secured electrically to the
sides , il is l ime to tes t and tune .

Tuning microwave fil ters can be done in a nu mber
0 1 ways . Several methods are descr ibed in re ference
I , bu t the sim ple procedure o f " sight tun ing , " or tun
ing by eye. is adequa te for amateur filters. csoecianv
lor f ilters with fewer than five or sil( sections. The basic
principle involved is to tu ne for max imum signal at th e

center fr equency . a process sometimes called syn
chronous tun ing. Th e tuning is in terac t ive. w hich

means that one adjustment aff ec ts the luning of a d 
jacen t eleme nts , so it is necessa ry 10 re tu rn 10 eac h
element once or twice to achieve peak performance.

A basi c test set tha t can be used 10 pea k the per 
formance of any of th e fi lters described here is shown
in f ig . 8 . Injec t a signal a t the center Ireccencv of th e
btter , de tect or monitor Ihe ou tpu t power level, and
tune for maximum. If the cen ter h eq uency is within
the ham bands. the inpu t signa l can be a t ransm itter
or exciter. A signal generator can also be used . Har

monics o f lower trequencv sources or crystal
osc illators can be useful as well. For example. the third
harmonic of a z-meter t ransmitter faits w ithin the 420
10 4 50 MHz band and could be used 10 tune this fi ller.
The signal detector can be a receiver w ith a signal level
meier. a diode detecto r, a sensitive power me ter or
signal analyzer. Reference 6 descr ibes many good low
cos t UHF lest meth od s in detail.
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fig. 8. Simple test set block diagram. The signal source
produces an output at the filter's center frequency. The
filter is then tuned for maximum signal at the detector.
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Apply the test signal to one of the filter's connec
tors and connect the signal detector to the other and
tune each of the screws to achieve the maximum out
put signal. The tuning range of this type of filter design
is rather limited, which helps prevent tuning to the
wrong harmonic, as can happen with broadly resonant
circuits. This is a useful feature if the simple test set,
with its potentially low spectral purity, is to be used.

If the filter is properly designed and carefully con
structed, the slight tuning range afforded by the tun
ing screws should be sufficient. Each tuning screw
should show a definite maximum. If it does not, this
is an indication that the element which you are tun
ing is not properly resonant. In such a case, the rod
length must be corrected before the filter will operate
properly.

Once you've adjusted each tuning screw to yield the
maximum output signal, go back and readjust each
screw again slightly to peak the filter. If the filter
response is not as calculated, and if the passband
losses seem high even though each of the resonators
gives a good peak tuning point, it may be necessary
to adjust the tap points at the two end resonators. If
no means of carefully measuring the losses is available,
it is probably better to stay with the calculated tap
dimensions. At this point the tuning is done.

A more sophisticated measuring system is useful for
measuring the actual performance of the filter.
Figure 9 is a diagram of the test set which produced
the swept frequency response of the filter examples.
The input signal from a sweep generator scans across
the frequency range in regular sweeps. A spectrum
analyzer measures the output signal from the band
pass filter, and provides a graphic plot of the filter's
output signal across the frequency range swept by the
signal generator. Because the power from the genera
tor to the filter input is constant, the spectrum
analyzer's display is a direct representation of the
filter's attenuation at various frequencies.

Figure 10 is the response of the 44O-MHzfilter. This
graph is the plotter output from the test set described
above. The filter was tuned using the simple single
frequency method of peaking all adjustments for maxi
mum signal at 440 MHz. With the aid of such sophis
ticated test equipment it is possible to tune for irn-

fig. 9. Test set used to produce the filter frequency
response charts.

eTR 440.0 MHz SP~N 5 MHz! RES BW 100 kHz VF. 3

REF -2 dBm 10 dB/ ~HEN 20 dB SWP ~UTO

fjg. 10. Swept frequency response of the four section 44O-MHz
filter. The horizontal scale is 5 MHz per division and the verti
cal scale is 10 dB per division. The spectrum analyzer settings
were recorded automatically at the top of the plot.

proved passband flatness or for more precise centering
if desired, but this clearly was not necessary in this
case.

In summary, the 440 MHz bandpass filter example
fully met its design goals of low cost, simple con
struction and easy adjustment, and it produced the
desired electrical performance. The filter is physically
small enough and sufficiently sturdy to be used in a
fixed base system, although mechanical improvements
would be needed for mobile service. This general con
struction technique using copper clad board and
tubular copper or brass resonators has been applied
to successfully build filters for the amateur bands from
440 to 2304 MHz.

1296 MHz filter
The second example of the use of this program is

a bandpass filter centered at 1296 MHz with a desired
ripple bandwidth of 20 MHz, a passband ripple of 0.25
dB and rejection points of 35 dB and 50 dB specified.
Using these data, a few iterations with the program
revealed that a four-section filter would again meet the
requirements.
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fig. 11. Mechanical details of the 1296-MHz filter housing. This housing is machined from aluminum stock. The top cover.
not shown. is made from 0.06 sheet aluminum.

If the construction techniques used to build the
44O-MHz filter seemed spartan, then this 1296 MHz
filter is by contrast decidedly upscale. In order to prove
that close tolerance construction could give good
agreement with the computed data, a machined
aluminum housing was used for this filter. Machining
a housing using a metal milling machine gives precise
control of the housing dimensions. This housing is
considerably more accurate than the hand-made struc
ture described in the first example.

The mechanical data supplied by the program were
used to make a sketch, shown in fig. 11, of a housing
that could be manufactured simply on a metal milling
machine. The elements, machined from 0.125 inch
brass rod stock (a standard size) were tightly "press
fit" into holes in the housing walls. The rods are held
tightly in position with a small setscrew once the exact
interior lengths were determined. At the input and out-

put ends of the filter SMA type connectors were in
stalled so that their center pins contacted the rods at
the tap point calculated by the computer program.
Small diameter tuning screws were installed in the
threaded holes in the walls opposite the open circuit
end of each resonator rod. These screws, as in the
44O-MHz filter, make it possible to fine-tune the filter
passband. A top cover of 0.06-inch aluminum sheet
was attached by eight screws that go into the threaded
holes along the top edge of the housing. The
photographs of this filter, figs. 12 and 13, show the
construction details clearly. (Note: while 0-80 screws
are specified in the construction drawings, 2-56 screws
could be used as well.)

The housing was manufactured by machinists in a
small shop, working from a simple sketch of the
housing and cutting the aluminum stock with hand
operated machinery. In order to reduce costs, we
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li g . 12 . A n ove ren lIie w 0 1 t he m a chinad 1296 -M HI lilla•. The
s hae ' m ota l COllo r has been romo ll8d to sho w ' h.. ;n ' 8. na '
c llvily a nd th8 4 n tSOnator ,ods .

li g . 13 , Close up detail s o t the 1296 -M HI liIl e , . The S M A co n
nec tor ce nte r p in is c le a rly v isi b le w ho. e lt pa sses thro ug h
t he housi ng wall and contac ts t h....nd , esona'OT ro d . The
s m all luning sc ' ew a l the end o l l ho seco nd , 0so nlllO' is a lso
s .... n .

asked the shop to produ ce only a blank housing . They
machi ned away the cavi ty to the precise 0.5((1 inch
depth and drilled locating holes for the resonator rods,
the tuning scews, the end connectors and the Cover
mounting screws, bu t they did not tap any of the
holes. W e wel e then able to finish the mecha nical
work by doing the time-consuming hand-tapp ing of
all of the threaded holes. This reduced the cos t of the
housing by more than a third . Even so, the cost was
in the $50.00 renqe. which may be justi f iable only
when precise results are essent ial.

However, the care and e xpens e expended on the
pr ecise housing produced a filter that was nearly on
frequency at first trv, with precisely the init ial resonator
leng th setti ngs that the computer predicted . Fine ad .
justments of the trimmer screws centered the p,ISS
hand precisely . Figure 14 shows a p ial of the swe pt
RF response of the fil teL Superimpnsed on the plot

are circles that indi cate the expected response
calculated by the computer pred iction. The calculated
and actual values are in clo se agreement throughout
the passband, and the reject ion skirts are close to the
computed values as well.

As before, the filter was peaked using the simple,
single-frequenc y approach in order to illustrate the
results obtainable wi th simple equ ipment . The test set
used to make the swept frequency response plot was
Ihe same as that used in the 440 MHz filt er tests.

Th is 1296 MHz filter, wi th its careful and precisely
machined construc tion, shows the power and ac
curacy of the computer routine. The construction
technique is a good one, and a simple meta l milling
machine, and perhaps even a dri ll press, can be used
10 make housing s such as this one.

The use of 0 .125 inch brass sto ck for the resonator
rods wa s a bit of a compromise. It would have been
better to use a somewhat larger diameter rod to reduce
skin effect losses, but the 0.125-inch stock was on
hand. Also , although brass rod is a good choice from
a mechanical viewpo int, it is not a very good conduc
tor of RF energy because its resist ivity is about tour
times worse than copper 's. A luminum rods would be
bette r Ihan brass, because aluminum is both stro nger
and a better co nducto r, but w ith alu minum rods the
tap point co nnection s couldn' t be easily soldered.
Tradeoffs, as always, seemed to abound .

concl us ion

This program is a powerfu l tool that greatly
simplif ies the selection and design of bandpass filters.
The interdigi ta l structure is useful from UHF to
microwave frequ encies. and provides good selectivi
ty , low loss, small size, and an ease of construction
that makes it suitable for many applications. The ease
w it h which many di fferent designs can be evaluated
in soft wa re means that Am ateurs can custom-design
filters for speci fic applications and need no t merely
copy published designs that only approxima te their re-
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: MOSFET REPEATER AMPLIFIERS ~
• An Indus try First! Power MOSFETs in Ameri can Made Ampl if iers. ;
: Built Far Those Who Demand Quali ty. •

: 4111: 2 Meter Power Amplifier :
• 2 Wall Input - 30 Wall Output I
• 20 Wall Input - tOO Wall Output •

I -;- •
• 4112: 220 MHz Power Amplif ier •
: • 2 Wall Input 25 Wall Output :
• • 25 Wall Input - 100 Wall Outpu t •

• I• 4114: 2 Meter Power Amplifier I
I 2 Wall Input - 100 Wall Output •

• II. These basic amplilers, with th e low no ise advan tages of MOSF ETs. req uire a 12-16 :
I Vdc power source. Mounted on an 8 '/. · rack panel wi th a la rge heat sink, they 'are I
• design ed for cont inuous duty at full power output when coole d with a small, •
I customer supplied, fan . Mounting provisions and control th ermostat are supplied. •

• I· lit CJlLCON (415) 85 1-8779 I• r,.. P.O. Box 620625 I
: COMMUNICATIONS Wood side, CA 94062 ;

, ALSO SEE US FOR YOUR MOBILE AMPLIFIER NEEDS #
~.-.__...._..-...__.--_....._--_.....-....~
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