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Introduction 

DATE: April 4, 1967 

FROM: R. S. Hoppough 

MM-67-6323-6 

The exact synthesis techniques described by Wentzel have 
resulted in nideal 11 synthesis of filters employing distributed 
components. This paper describes the design of an 18 percent 
bandwidth, bandpass filter operating at L-band with 50 db of 
rejection at the 30 percent bandwidth points. The response is 
Chebyshev with a .003 db ripple in the passband. The filter 
is a nine section quarter-wavelength stub type employing sym­
metrically tapped stubs and fabricated in stripline using 
air as the dielectric medium. 

Since the synthesis techniques have been computerized, this 
paper will deal primarily with the realization of the filter 
given the synthesized stub impedances. 

System Reg_uirements 

The required rejection was 50 db at f 0 ± 200 MHz with as low 
a loss and phase deviation as practical across the band f 0 
± 92 MHz. The small gain and phase deviations allowed forced 
the requirement for a match with a return loss of approximately 
30 db. The mechanical constraints were less than 3 inches in 
width, 3/4 inch in height, and an undefined minimum required 
length. 

Design Considerations 

lt was recognized that an interdigital or comb-line design 
with an elliptic function response could achieve the low 
inband insertion loss and high out-of-band rejection; how­
ever, the phase response of such a filter would have an 
extremely steep slope at the band edges and good matches are 
understood to be difficult to achieve. It was, therefore, 
decided that the predictability of the stub filter with an 
air dielectric would result in a more readily realizable 
configuration to develop in the time allowed. In an attempt 
to minimize the phase deviation across the band f 0 ± 92 MHz, 
the passband was extended to f 0 ± 117 MHz. 
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Design 

A computer program FLTR41 was available which computes the 
passband ripple for various numbers of sections, given: the 
center frequency, the passband edge frequency and its accept­
able loss, and tne rejection frequency and its required loss. 

This program predicted that 8 sections were required for a 
return loss of approximately 22 db, 9 sections for 32 db 
and 10 sections for 38 db. 

Since the minimum number of sections would keep the insertion 
loss to a minimum, 9 sections were chosen as this number is 
sufficient to obtain the required 30 db return loss. 

The synthesis of tne 9 sections, .003 db ripple Chebyshev 
filter with a passband of f 0 ± 117 MHz and a rejection of 
50 db at f 0 ± 200 MliZ was performed as described by Wentzel. 2,3 
This procecture was computerized by A. K. Johnson with the 
additional synthesis of tne stub filter parameters. The 
results of this program defined the stub impedances required. 

Given a main line impedance of 50 ohms the required impedances 
of the shorted quarter-wavelength stubs were as follows: 

Stub # 

1 & 9 
2 & 8 
3 & 7 
4 & 6 

5 

z 
12.485 
6.425 
4.94 
4.94 
4.565 

The accuracy of this program was established by runuing it 
through the analysis program of Rosler named FILTR2 . This 
theoretical response is snown in Figures 1, 2 and 3. 

Realization of Theoretical Model 

To a:Cford suff:i,cient rnecnanical strength, the center conductor 
thickness was f:i,xed at ~o64 inches. The ground plane spacing 
was selected by restricting the highest impedance line (the 
50 ohm main line) to be approximately .10 inches. 

This was calculat~d~ using the characteristic impedance 
equations of Conn', to be approximately .170 inches. The 
actual spacing was chosen to be .164 inches which left .050 
inches from eitner side of the center conductor to the 
ground planes, 
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Using the above cavity d~mensions, the line widths were then 
calculated to be as follows: 

Z0 (Ohm) 

50 
;12.485 
6.425 
4,94 
4,56;5 

Width (Inches) 

.098 

.663 
1.376 
1.815 
1.972 

'rhese widths we:r~6 intqle:rably large and it was decided to 
v;se a ta:pped stu'Q to increase the required etub impedances 
and thereby decrease their physical width. 

Using the 12.4$5 ohm stub width of .663 inches as the 
reference in?.pedance and calculating the percent of tne stub 
which.is left open at the end by setting the slopes of the 
adm::J.,ttance.s equal at band center results in the following: 

2. . ...1 czoa.. ·)~ where a = - cos ~ 
iT 0 

ZOo. ::;: Equivalent impedance wnen tapped at 
th.e point a.. 

Z0 = Impedance of stub untapped. 

Zo ·zQa. JL 
Wz 0 

12.485 6.425 .491 .663 
12.485 4.94 .567 .663 
12.485 4.565 .587 .663 

This filter was Malyzed using the FILT:F\2 program and the 
results are shown in Figures 4, 5 and 6. 

It can be seen that the response is UJ;lsymmetrica1 and it is 
~hifted low in frequency with one of the passband ripples 
completely lost. 

An analysi~ of the tapped stub relationships described in 
MM~66-6323~7 by the ~uthor, showed that an exact transformation 
from a quarter-wavelength stub to a symmetrically tapped stub 
of twice t}1e original impedance existed. 

The filter was tnen designed using the symmetrically tapped 
stubs at each loc~tion which required the following impedances 
and line widtns. 



Zo ZOtl. ......,.... -
12.485 24.97 
6.425 12.85 
4.94 9.88 
4.565 9.13 
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_g_,.. 

.5 

.5 

.5 

.5 

.286 

.642 

.862 

.940 

The ·theoretical response of this filter is then identical to 
th~t of Figures 1, 2 and 3, and is a considerable improvement 
over the unsymmetrically t~pped stub case and has its widest 
stub le·ss than 1 inch in w;tdth. 

Since the individu~l stubs must be separated by a ~uarter­
wavelength, the main line '' foreshortening 11 due to the stubs 
was the next consideration, The published junction theory 
seemed very weak so the difference in phase length of a 
straight line and lines with the various stubs was measured 
on a slotted line at band center frequency. This data is 
plotted in Figure 7· A subsequent check of the modified 
junction theory of A, G, Franco anct A. A. Oliner7 produced 
tne theoretical data for a TEE junction which ;:ts also shown 
in Figure 7~ This tJ:leory shows very good correlation with 
the measured results especially for large junction w:i,dt;hs. 

The·mech,anical oon~traints would not allow much freedom in 
layout as the $tubs took up the total width dimension. 
Meandered lines w,ere placed between each stub to minimize 
the overall length, The restriction of 1.5 ground plane 
spacings betwE:;:en ~djaoel'lt l,ines was placed on this meander 
and thus Q.eter~ihe~ ;i,ts phys;tcal ~hape. 

'rhe cornerswere deriv~d empirically, using the TDR, and 
exhibit a slight deviation from theory, The theory, however, 
hints of this since it imposes a minimum of 5 line widths 
between corners to e:J.iminate interaction. 

The basic meander ~hown in Figure·8 was used and its electrical 
length again m~asl.tred w;ith respect to a straight line to . 
determine its effect on the circuit. A TDR plot of the meandered 
seQtion showed ;l..t to be 50 ± 0.2 oruns throughout. This includes 
the QR 900 Conne9tor to ~irline transition which was also 
derived empir:Lca,lly. This transition was accomplished by 
tapering the cavity and tne center conductor as shown in Figure 8 
since the filter cavity required such a small ground plane 
spacing. 

As may be seen in Figure 8 the center conductor was made· 
mechanically rigid by joi.n:tng the shorted ends of the stubs to 
a common buss, Teets indicated that the total deflection of 
the open ends of the stubs, when mounted in the cavity, would 
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not allow them to exceed their elastic limit and therefore 
disallowed any deformation. The maximum vibration frequency 
required was 60 Hz which was determined to be well below 
the mechaniaa~ resonance of the structure. However, it was 
deemed practical to suppo~t the open ends of the stubs since 
center conducto~s might be distorted by handling in production. 
These supports would then rea:).ign the conductor in the cavity, 

Ceramic cylinders .121 incnes in length with an OD of .121 
inches and an ID of .082 inches were used. Since the ceramic 
is very strong under tension but weak under sheer, the 
cylinders were placed in a hole in the cavity and left free 
at their interface with the center conductor. The added 
capacitance due to the beads was assumed to be part of the 
fringing capacitance and taken into account by shortening 
the open stubs. 

The filter was constructed using aluminum as the g~ound plane 
and a copper plated aluminum center conductor as shown in 
Figure 8, 

The measured return loss was not as good as anticipated with 
a minimum of approximately 20 db across the band and capacitive 
tuning was added to the open ends of the stubs. 

The measured response of the tuned filter is shown in Figures 9, 
10 and 11. This shows that the design criteria have been met 
with a ret1,1rn loss in excess of 29 db across the band, a phase 
difference of less than 20 degrees, an insertion loss less 
than 0.9 db and a transmission loss of 50 db at the required 
points. 

A photograph of the completed filter is shown in Figure 12. 
It is 3 inches in width and 16 inches in length. If excess 
material were machined away from the ground planes to make 
them .125 inches thick, the overall thickness would be .404 
inches. 

Conclusion 

A bandpass _filter meeting the design objectives has. been 
constructed. It is anticipated that tne cost of this unit 
will be approximately $100.00 in production quantities through 
the use of stamping and casting techniques which have been 
developed for fabricating this type structure. The unit is 
expected to be highly reliable even under adverse shock and 
vibration. Additional effort.will be devoted to eliminating 
the necessity for tuning by utilizing a new computer program 
which is currently being written to facilitate exact dimen~ 
sioning of center conductor and cavity by calculating mechanical 
dimension changes required to obtain nominal electrical 
characteristics. 
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