
PASSIVE ELLIPTIC FILTERS 
USING STANDARD-VALUE CAPACITORS 

Introduction 

In a previous issue of ITEM (see References 1-14), it-was 
demonstrated how the Chebyshev passive LC filter could be 
used for many signal line filtering applications, including 
the attenuation of undesired harmonics from a signal 
generator or for receiver preselection. The design and con- 
struction of the Chebyshev equally-terminated filter was 
greatly simplified with computer-calculated design tables 
covering one decade of frequency in which only standard- 
value capacitors were needed. The user scanned the table to 
find a cutoff frequency suitable for the intended applica- 
tion, and then constructed the filter in accordance with the 
tabulated values and the schematic diagram given in the 
table. Because only standard-value capacitors were re- 
quired, the filter was easier to construct than if non- 
standard value capacitors had been required. Also, the com- 
puter calculation'of all component values eliminated the 
chance of computational errors that very likely would have 
occurred if the customary design procedures had been used. 

These precalculated design tables are of special interest to 
the EMI/RFI test engineer, for they allow one relatively in- 

experienced in the design and construction of filters to 
quickly, accurately and conveniently select and fabricate a 
suitable filter. 

Chebyshev Filter Has Limited Selectivity and Versatility 

Although the Chebyshev filter is very easy to construct 
because of its simple ladder configuration (alternating 
capacitors and inductors), this filter type has limited selec- 
tivity and versatility, making it unsuitable for the more strin- 
gent filtering applications. For example, the 5-element 
Chebyshev filter has about 31 dB of attenuation at one oc- 
tave from the cutoff frequency; however, some applications 
require that a higher attenu'ation level be reached at a fre- 
quency less than one octave from the cutoff frequency. 
Another disadvantage of the Chebyshev filter is its lack of 
versatility in allowing one to control the stopband attenua- 

tion response. This is illustrated by its continually increasing 
attenuation that theoretically approaches infinity as the fre- 

quency proceeds into the stopband. In actual applications, a 
filter attenuation in excess of 80 dB is seldom needed; con- 
sequently, it is not feasible to utilize the theoretical attenua- 
tion of the Chebyshev response much beyond the first or 
second octave from the cutoff frequency. A more versatile 
filter response would allow the user to design for some 
minimum acceptable stopband attenuation (for example, 50 
dB), where the stopband attenuation would never fall below 
this level. Also, by trading lower or higher levels of 
minimum stopband attenuation, the abruptness of attenua- 
tion rise could be changed. 

Of course, if more selectivity is needed, a Chebyshev filter 
with more elements could be used, but this has the disadvan- 

tage of added complexity, bulk and cost. Also, the disad- 
vantage of being unable to control the minimum stopband 
attenuation level remains. 

Use the Elliptic Function Filter for Increased Selectivity 

In order to obtain a more abrupt increase in attenuation 
than is possible with the Chebyshev, a different and more 
versatile type of filter called the elliptic function (also 
known as the Cauer-parameter) must be used. The elliptic 
filter configuration is distinguished from the Chebyshev by 
resonant sections tuned to frequencies in the filter stopband 
near the cutoff frequency. These resonant sections cause a 
more abrupt rise in the elliptic filter attenuation as com- 
pared to the Chebyshev filter, which lacks resonant sections. 
The resonant frequencies of the elliptic filter can be placed 
in the filter stopband to provide any desired level, of 
minimum stopband attenuation. The passband of the ellip- 
tic filter is similar to that of the Chebyshev in that attenua- 
tion ripples are present and have a maximum amplitude 
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(1) R. C. 
( ) 

=lpp*SQR[1 - (O. lex)] '(4) where 100*SQR = 100 times the square root of. . 
x = 0. 1 *(Ap) 

symbol for exponentiation 
* = symbol for multiplication 

(2) A = -4 . 3429*LOG [I — (. 01 -RC) f2] 
P (djj) 

(3) WSWR = (I + (. 01 RC)I/(I - (. 01 "RC)I 

Ap = Maximum passband ripple ampl itude in dij 

RC = Reflection coefficient in percent 

VSWR = Voltage standing wave ratio 

Equations (1-3) are presented 

in a format suitable for computer 

pr'ogramming. The LOG function in 

Eq. (2) is based on the naturaL Log. 

Figure 1. Equations Relating R. C. , A~ and VSWR for all designs in Tables 1, 2 and 3. 

related to the reflection coefficient and VSWR of the filter. 
The relationship of these three parameters to each other are 
shown in Figure I and Table l. 

For a particular level of passband ripple, the abruptness 
of the attenuation rise in the stopband can be increased or 
decreased by decreasing or increasing the minimum stop- 
band attenuation level. The versatility of the elliptic filter 
makes it much more useful than the Chebyshev with its 
relatively inflexible stopband attenuation response. 

This article will discuss the 5th-degree elliptic filter which 

is related to the 5th-degree (5-element) Chebyshev filter. 
This particular degree of elliptic filter was selected because 
its attenuation response is adequate for most of the more 
stringent filtering requirements encountered by the 
EMI/RFI engineer, and because it is possible to define 
many unique designs in which all of the non-resonating 
capacitors can be standard values. The fact that the 
resonating capacitors are not standard values is not impor- 
tant because these capacitors will be varied anyway to tune 
the inductors precisely to the specified frequencies. 
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Table 1. Filter Reflection Coefficients with Corresponding Values of Passband Ripple Amplitude and VSWR 
(for at]designs in Tables I, 2 and 3, 
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(A) Schemat ic diagram (B) Typical attenuation response 

Figure 2. 50-ohm 5th-Degree Elliptic Lowpass Filter. 

Figures 2 and 3 show the low-pass and high-pass 
schematic diagrams and attenuation responses, respectively, 
of 5th-degree elliptic designs. The configurations are similar 
to the corresponding 5th-degree low-pass and high-pass 
Chebyshev designs, except the inductors are resonated with 

parallel capacitors in the low-pass designs, and series 
capacitors in the high-pass designs. You will recall that one 
of the conveniences of the Chebyshev design was that for the 
5-element filter, the inductor values were identical, and the 
input and output capacitor values were also identical. Of 

course, this characteristic greatly simplified construction. 
Unfortunately, the elliptic filter component values do not 
share this characteristic — there are no common values; that 
is, all capacitor values are different from one another and so 
are the two inductor values. This characteristic of the elliptic 
filter is a continual inconvenience to those attempting to 
design and construct this filter when using the standard text 
book design procedure. However, this problem has been 
solved by finding and tabulating all those elliptic designs 
that can use standard-value capacitors for Cl, C3 and C5. 
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(B) Typical attenuation response 

Figure 3. 50-ohm 5th-Degree Elliptic Highpass Filter. 
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Precalculated Tables Simplify Elliptic Filter Design and 
Selection 

Tables 2 and 3 list the low-pass and high-pass designs, 
respectively, in which Cl, C3 and C5 are standard values. 
The table headings correspond to similarly labelled 
parameters in Figures 2 and 3. Similar tables have been 

previously published (15, 16), but this is the first publication 
of designs using all the standard capacitor values in the 5 fr('o 

tolerance group. There are 144 designs in each table approxi- 
mately extending over one frequency decade, and the in- 
crements in cutoff frequency from one design to the next are 
usually small enough so that virtually any cutoff frequency 

Table 2. 50-ohm 5th-Degree Elliptic Lowpass Filter Designs Using Standard-Value Capacitors for Cl, C3 and C5. 
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requirement can be satisfied: The low-pass table covers the 
1- 10 MHz decade, and the high-pass table covers the 
0. 1 - 1 MHz decade. Designs for other frequency decades 
may be obtained from the tables by inspection after shifting 
the decimal points of the frequency values to the right or left 

while shifting the component value decimal points the same 
number of places in the opposite direction. For example, the 
frequency heading of "MHz" in Table 2 can be changed to 
"kHz" if the capacitance and inductance headings are 
changed to "Nanofarads" and "Millihenries. " 

Table 2. (Con't. ) 
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, All designs are based on equal terminations of 50 ohms, 
but designs for other equally terminated impedance levels 
'differing from 50 ohms by an integral power of ten (for ex- 
ample, impedance levels of 5, 500 or Sk ohms) can be ob- 
tained by inspection. In these cases, it is obvious that the 
values of Cl, C3 and CS will remain standard because the 
only change is that of the position of the decimal points in 
the component values. For example, to shift the table to an 
impedance level ten times greater than 50 ohms (500 ohms), 

'multiply all inductance values by ten and divide all 
capacitance values by ten. The listed frequencies remain un- 

changed. Do the opposite to shift the table to a 5-ohm impe- 
dance level. For the case where a desired impedance level 
differs from the 50-ohm impedance level by a non-integral 
power of ten (such as 75 or 600 ohms), it is still possible to 
use the tables, but a simple scaling procedure is required if 
Cl, C3 and CS are to be standard values. This means that 
Tables 2 and 3 provide universal 5th-degree elliptic designs 
in the sense that they may be used to satisfy filter re- 
quirements for any cutoff frequency and any impedance 
level while maintaining the convenience of standard-value 
capacitors for Cl, C3 and CS. 

Table 3. 50-ohm 5th-Degree Elliptic Highpass Filter Designs Using Standard-Value Capacitors for Cl, C3 and CS. 
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Table 3. (Con't. ) 
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How to Use the Elliptic Filter Design Tables 

In order to select a filter to meet a specific application, the 
user must know the impedance level, the cutoff frequency 
and also must have some idea of where the stopband is to 
start and what the stopband attenuation level must be. All 
these data are available in the tables, and the filter selection 
is based on finding a design that meets all or most of the re- 
quired performance specifications. 

The cutoff frequency (F-CO column) specifies the end of 
the passband and the start of the stopband. The F-3dB data 
is included for reference — it indicates the frequency where 
the attenuation of the filter starts to become significant. The 
F-A, frequency specifies the start of the stopband at the 
minimum stopband attenuation level, A, . Designs having 
minimum A, values between 39 and 65 dB were selected as 
having the greatest usefulness, with most designs having A, 
values between 45 and 55 dB within one octave of the cutoff 
frequency. 

The R. C. (%) column gives the reflection coefficient of 
each filter, and this parameter should be considered when 
selecting a design. For RF filtering applications, the designs 
having reflection coefficients of less than 10% are recom- 
mended to keep the VSWR below 1. 22. For audio filtering 
applications, where VSWR is of little concern but maximum 
selectivity is important, the high R. C. designs are recom- 
mended. Almost all designs have R. C. values less than 45%, 
which means maximum passband ripple amplitudes of less 
than 1. 0 dB. This maximum level of passband ripple 
generally will not be noticed in audio filtering applications. 

Sometimes the ease of filter construction will be impor- 
tant, and in these instances, the values of Cl, C3 and CS 
should be carefully noted. For audio frequency applica- 
tions, the design values of Cl, C3 and CS should not be in 
the 5% tolerance group, because this tolerance in the capaci- 
ty range normally used in audio filtering (. 068 — 2. 2 pF) 
generally is not stocked by electronic parts distributors. For 
example, low-pass designs ¹1, 3, 5 and 6 are satisfactory for 
audio filtering applications (after scaling to an audio fre- 
quency decade) because all values of Cl, C3 and C5 are in 
the 10% tolerance group that is available from distributors. 
For RF filtering, the required capacitance will be in the 10 
pF — 10k pF range, and any design with low R. C. can be con- 

sidered because all the tabulated values of Cl, C3 and CS are 
available in the polystyrene capacitor type that is stocked by 
many distributors. 

As previously explained, the values of capacitors C2 and 
C4 will invariably be non-standard, but since these 
capacitors must be varied anyway to correctly resonate L2 
and L4, the fact that the values are non-standard is not im- 

portant. For audio filtering applications, it is recommended 
that two capacitors be paralleled to get the required design 
capacity within a few percent. Final adjustments can be 
made with the inductors by removing or adding turns until 
the design resonant frequency is obtained with less than 1% 
error. In the case of RF filters, C2 and C4 can be variable 
trimmer capacitors in parallel with a larger capacitor (if 
necessary) that closely approximates the design value. Cor- 
rect resonance in audio filters can be determined with a sig- 
nal generator, a frequency counter and an AC VTVM. Pro- 
per resonance in RF filters can be checked with a calibrated 
grid-dip meter or a spectrum analyzer and tracking 
generator. If all component values and resistive termina- 
tions are within 5% of the design values and the resonant 
circuits are properly tuned, the expected attenuation 
response will be obtained. (For a discussion of suitable con- 
struction techniques, see Reference 17. ) 

A Design Example is Constructed and Tested 

A 1. 2 k Hz, 50-ohm low-pass filter design was selected 
from Table 2 as an example to demonstrate the design pro- 
cedure. The filter was then constructed on a breadboard (see 
Figure 4), and its attenuation response was measured and 
plotted (see Figure 5). Before the designs in Table 2 were ex- 
amined, the headings were changed to "kHz, " "nF" and 
"mH" to get the tabulated data in the appropriate frequency 
decade. The impedance level was then changed from 50 to 
500 ohms by dividing all capacitor values by ten and 
multiplying the two inductance values by ten. For example, 
the Cl and L2 capacitance and inductance values in design ¹I change from 2700 nF and 12. 1 mH to 0. 27 pF and 121 
mH. . The other component values change in a similar man- 
ner. 

Figure 4. Lowpass filter design no. 15 assembled on a breadboard to demonstrate ease of construction. 
From left to right are: Cl, L2, C2, C3, L4, C4 and CS. 
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The F-CO column was then examined for values near the 
desired cutoff frequency of 1. 2 kHz. Designs ¹4, 8, 15 and 
19 were reasonably close to 1. 2k Hz, but design ¹15 was 
selected because its Cl, C3 and C5 values could all be real- 
ized with 10% polyester capacitors. The As level of 46. 7 dB 
was adequate, and the 9. 69% reflection coefficient was 

satisfactory. In this particular example, the F-A, value was 
not important. By a fortunate coincidence, the C2 value was 

. 0271 MF which can be realized with a standard-value 
polystyrene capacitor as shown in Figure 4. By another coin- 
cidence, C4 was realized with a single . 082 MF 10% polyester 
capacitor that measured 5% on the low side of the nominal 

10% value. Of course, Cl, C3 and C5 were realized with 

single 10% capacitors selected to be within +5% of the 
design value. 

Final tuning of the filter was accomplished by removing 
turns from the unpotted toroidal inductors. As indicated in 
Figure 5, the measured F2 was slightly different from the 
design value of 3. 45 kHz, but the measured F4 was exact. 
Because the resonant circuits were properly tuned, and 
because the inductor Q was adequate (in excess of 70), the 
measured attenuation response agreed very closely with the 
expected response. The insertion loss of the filter at 1 kHz 
was less than 0. 4 dB. 
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Using the Tables to Calculate Designs for Impedance Levels 
Differing from 50 Ohms by a Factor Equal to 
a Non-integral Power of Ten 

It was previously explained that the tabulated low-pass 
and high-pass filter designs could be scaled to other im- 

pedance levels, such as 5, 500 and Sk ohms, by simply shif- 

ting the decimal points of the component values. However, 
in order to use the tabulated data to obtain designs for im- 

pedance levels other than 5, 500 or Sk ohms, it is necessary 
to use a special scaling procedure that is explained below. 
An example of the procedure concludes the explanation. 

1. Calculate the scaled impedance factor, R = Z„/50 
where Z, is the desired new impedance level in ohms. 

2. Calculate the cutoff frequency of a "trial" 50-ohm 
filter using the equation: Fsp„= R F„„where Fx„ is the 
desired cutoff frequency of the filter at the new impedance 
level. 

3. From the 50-ohm tables, select a . design having its 
cutoff frequency closest to the calculated Fsp„value. The 
tabulated capacitor values will be used directly, and the fre- 
quencies and inductance values will be scaled. 

4. Calculate the exact values of F„„= F'sp„/R, where 
F'&p„ is the tabulated cutoff frequency. In a similar manner, 
calculate all the other frequencies. 

5. Calculate the new inductance values for the new filter 
from L, = R* Lsp, where Lsp is the tabulated inductance 

' 
value of the trial filter design, and L, is the inductance value 
of the scaled filter. 

As an example of how this scaling procedure is used, 
assume that a 60-ohm, I-MHz low-pass filter design is 

desired in which Cl, C3 and CS are all standard 10ir/0 values. 
Using the same previously numbered steps: 

1. R = 60/50 = 1. 2 
2. Fsp„= 1. 2(1. 0MHz) = 1. 20MHz 
3. From Table 2, design ¹15 has a cutoff frequency close 

to the Fsp„value, and the Cl, C3 and CS values are all of the 
10ii/0 tolerance group. Also, the A, and R. C. values are 
satisfactory. Design ¹15 will therefore be scaled to the re- 

quired 60-ohm impedance level. The tabulated capacitor 
values of design ¹15 are copied directly. Thus, for the 
60-ohm filter, Cl, C3, CS, C2 and C4 = 2200, 3900, 1800, 
271 and 779 pF, respectively. 

4. The exact values of F, „, F» and FA, are calculated, 
and are equal to (1. 27MHz)/1. 2 = 1. 058 MHz, 
(1. 45MHz)/1. 2 = 1. 208 MHz and (2. 17MHz)/1. 2 = 1. 808 
MHz. In a similar manner, the F2 and F4 frequencies are 
calculated. Note how a filter cutoff frequency of 1 MHz was 

desired, but the closest suitable design after scaling had a 
cutoff frequency of 1. 058 MHz. If the restraint that the Cl, 
C3 and CS capacitor values of 100/0 was removed, then 
several other designs (such as ¹4, 8 or 19) could be con- 
sidered. 

5. The L2 and L4 inductance values of the 60 ohm filter 
are calculated: L2x = (1. 2) '7. 85 AH = 11. 3 pH L4x 
(1. 2)* 6. 39 IiH = 9. 20 IiH. 

Validation of the Computer-Calculated Tables 

One should always view tabulated data such as presented 
in Tables 2 and 3 with some skepticism until the validity of 
the data can be confirmed. This can be done by finding a 

tabulated 5th-degree elliptic design from Tables 2 and 3 that 
uses the same (or virtually the same) normalized component 
values that appear in many of the previously published 
authoritative references 18, 19, 20. By using the previously 
published normalized component and frequency values, and 

' 

the standard scaling (de-normalizing) procedures with the 
tabulated cutoff frequency of the design being checked, it is 
possible to independently calculate the component values 
that appear in the table. If the independently calculated 
values agree within 0. 5ir/0 with the tabulated values, then the '. 

tables very likely are correct because all the tabulated 
designs were computer-calculated from the same BASIC 
computer program. 

Those who wish to check the validity of the low-pass and 
high-pass tables should use low-pass design ¹128 and high- 
pass design ¹105. These designs have reflection coefficients 
of 10ir/0 (virtually) and 20. 0ii/0, and the normalized compo- 
nent and frequency values for designs with these two reflec- 
tion coefficients were published in all of the three previously 
cited references. Of course, the normalized values for the A, 
listings in the references closest to 41. 7 dB (for the low-pass) 
and 59. 9 dB (for the high-pass), should be used. , If the 
tabulated cutoff frequencies for the low-pass and high-pass 
designs are used, the independently calculated component 
and frequency values will be within 0. 50/0 of the tabulated 
values, thus confirming the validity of the computer- 
calculated tabulations. 

Summary 

The Chebyshev filtering deficiencies of poor selectivity 
and lack of design flexibility were discussed. The 5th-degree 
elliptic function filter was recommended for those more 
stringent filtering applications where greater selectivity and 
design flexibility are required. Tables of low-pass and high- 

pass precalculated elliptic designs (144 designs per table) 
were presented in which the three non-resonating capacitors 
were all standard values. A sufficiently large number of 
designs were listed over one frequency decade so that vir- 

tually any desired cutoff frequency could be selected. In 
addition to the cutoff frequency, the F-3dB, FA„F2 and F4 
frequencies were calculated and listed for each design along 
with all component values. 

Although all designs were for one frequency decade and 
were based on 50-ohm equal input/output terminations, it 
was explained how the tables could be used to easily find 
designs for other frequency decades and other equally ter- 
minated impedance levels. A filter design selected from the 
low-pass table was assembled, and its attenuation response 
was plotted to demonstrate the close agreement between the 
measured and tabulated values. 

These 5th-degree elliptic low-pass and high-pass filter 
designs should be considered first whenever this filter type is 

required. The advantages of quickly reviewing the 
precalculated filter values and of using standard-value 
capacitors provide a strong incentive to first examine the 
tabulated designs before attempting to calculate an inde- 

pendent design. 
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LOSSYLINE FILTERS 

Filters offer simple means of improving the interference 

characteristics of electronic equipment, transmitters and receiv- 

ers. However, low-pass filters of' the reactive types can exhibit 

spurious responses. A simple and effective technique f' or elimi- 

nating or reducing these spurious responses is to add sections of 
an appropriate lossy transmission line in series with the conven- 

tional filter. Combining the lossy element with the conventional 

reactive elements increases attenuation and allows a significant 

size reduction of the conventional reactive EMI/ RFI I'ilters. 

Quick fixes of' operational equipment can be accomplished, 
with LOSSY TRANSMISSION LINE FILTERS since they 

can usually be added without extensive modification of the 

equipment. 
If the interference suppression filters are to be completely 

effective, the attenuation of the filters must be high and flat in 

the required rejection band. Unfortunately, manyconventional 

filters exhibit regions of relatively low attenuation which often 

coincide with spurious responses. In some instances, the inher- 

ent reactance versus frequency of conventional interference 

elimination filters strongly favors the production of multiple 

resonances since the reactances of these filters are periodic 

functions of frequency, The periodic frequency behavior of a 

worst case conventional low-pass filter attenuation function is 

shown in Figure la. For EMI applications multiple spurious 

passbands of such filters are unacceptable. 
A method of avoiding the spurious passbands is to employ 

a dissipative or absorptive mechanism or approach. 1 he 

required frequency-sensitive attenuation can be provided by 

incorporating an absorptive/dissipative element whose attenu- 

ation is an increasing function of frequency. Several materials 

are suitable for use as these lossy elements; the particular 

material and composition selected are determined by the 
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