SIMPLIFIED DESIGN AND CONSTRUCTION
OF AUDIO-FREQUENCY 50-OHM BANDPASS

FILTERS

Test technicians and engineers can now design and construct 50-ohm bandpass filters useful in limiting
the bandwidths of non-tunable detection systems.

Edward E. Wetherhold, Signal Analysis Center, Honeywell Inc., Annapolis, MD

INTRODUCTION

The increased emphasis on testing
personal computers (PCs) for compli-
ance with the radiation and conduc-
tion requirements of certain test
specifications necessitates the use of
low-frequency audio bandpass filters
for defining the bandwidths of non-
tunable detection systems. These fil-
ters are needed because the com-
monly used PC serial input/output
data rates of 300 and 600 bits/se-
cond (b/s) require cutoff frequencies
as low as 150 Hz. Bandpass filters

- (BPFs) are also useful for limiting the
audio bandwidth of detection sys-
tems used when testing analog
speech communication systems.

Constructing BPFs for use in the
high audio frequency range (above 5
kHz) presents no problem because
the inductors usually require less
than 100 turns and are easily hand-
wound on toroidal moly-perm cores.
However, for cutoff frequencies as
low as 150 Hz, hand winding induc-
tors becomes impractical because
several hundred turns are needed.
The purchase of inductors from an
inductor manufacturer or the pur-
chase of a BPF from a filter manufac-
turer has the disadvantages of high
cost and delivery delay. A more satis-
factory alternative is for an electron-
ics technican to assemble a suitable
BPF in the test laboratory using con-
veniently available standard parts.

Previously, the lab construction of
low-frequency audio BPFs was im-
practical because of the large num-
ber of turns required to wind the
inductors. However, a new design
and construction technique using
surplus load cail stacks to satisfy the
inductor requirements now makes it
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Figure 1. Two Typical 88-mH Inductor Stacks and Two 44-mH Inductors Used in the
Bandpass Filter Construction. Plastic component mounting clips securely
grasp the stacks for convenient mounting on a base.

feasible to construct this filter type
easily and inexpensively. This article
provides all the information neces-
sary to design and to construct au-
diofrequency 50-ohm BPFs, and
several examples demonstrate the
simplicity and versatility of this new
design procedure. These examples
are directly applicable for use in ac-
cordance with a commonly used test
specification familiar to many ITEM
readers.

SURPLUS LOAD COIL
STACKS

Millions of load coils are used on
telephone lines throughout the U.S.
to optimize the transmission of audio
signals. The coils are assembled in a
5-coil stack with a cylindrical card-
board wrap, and the coil leads are
terminated in two rows of ten termi-
nals per row. Figure 1 shows two
typical 88-mH inductor stacks and
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two separate 44-mH inductors used
in the BPF construction to be dis-
cussed. The load coil stacks become
available as nonsalvagable scrap
when the telephone company dis-
mantles a telephone line. Although
these inductors are not reuseable by
the telephone company, they are
highly valued by radio amateurs for
audio filter construction; and many
articles have been published on this
subject.}* "Enterprising electronics
technicians and engineers can also
make good use of these inductors,
which are available from several
sources®, including junkyards special-
izing in electronics scrap.

The two frequently encountered
toroidal load coils available have val-
ues of 88 mH (most common) and 44
~ mH (less common), and each coil has
two toroidal windings, nominally 22
or 11 mH. When the windings are
connected in series aiding, the total
nominal inductance is 88 or 44 mH,
respectively; and the inductor is
specified by its series inductance.
When increased accuracy is re-
quired, the leakage inductance of the
windings must be considered; and
the nominal values of 11 and 22 mH
are more accurately given as 10.9
and 21.8 mH, respectively. Inductor
Q is about 50 at 1000 Hz and in-
creases to a maximum of about 160
to 7 kHz; whereafter, the Q declines
to about 50 at 40 kHz. It will be
demonstrated that the inductor Q for
bandpass filter applications is ade-
quate even for cutoff frequencies as
low as 150 Hz.

One of the advantages of these
surplus inductor stacks is that they
are already in a convenient-to-use as-
sembly with terminals that allow the
inductors to be wired, in different

combinations, to achieve the re- .

quired values. Also, two separate in-
ductors may be glued to the ends of
the stack when additional inductors
are needed. If necessary these end
inductors are modified easily by re-
moving turns to achieve smaller val-
ues. The presence of a center tap
(when the windings are connected in
series) is an important and necessary
feature in some of the bandpass fil-
ters to be discussed. The disadvan-
tage of bulk and weight, as com-
pared to the smaller and lighter ac-
tive filter, is acceptable in exchange
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Figure 2. The Narrowband Bandpass Filter Assembled in a Crown CR-800 Aluminum

Box. The two 8/200-ohm center-tapped transformers are glued to the
bottom left side of the box; the phone jack is mounted on the opposite end.
The two 44-mH inductors and five capacitors are secured to the ends and
sides of the stack with silicone sealer.
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CcT

C1, C5—0.292 uF
C2, C4—1.036 uF
C3—0.0973 uF

L1, L5—88.0 mH
L2, L4—24.8 mH ct (modified 44-mH inductor. See text for details.)
L3—264 mH (three 88-mH inductors connected in series)

T1, T2—transformer, 8/200-ohm, ct, 0.4-watt (Mouser 42TU200)

All capacitors are 100-V metallized Mylar. If necessary, two capacitors may be
paralleled to obtain the design values within one percent.

Figure 3. Schematic Diagram of the Narrowband 993-Hz Bandpass Filter. All L-C circuits

are resonated at 993 Hz. A geometric center frequency of 993 Hz is used so
that the 6-dB frequencies on the filter response plot are about 150 Hz above
and below 1 KHz. C1 and C5 can be obtained with paralleled .27-uf and .022-uf
capacitors. Figure 4 shows the wiring diagram of the fiiter.
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for the ease of design and assembly. .

Also, the noise-free character of the
passive filter makes it especially ap-
propriate for use in front of low-noise
amplifiers.

BANDPASS FILTERS FOR
TESTING ANALOG SPEECH
COMMUNICATION
SYSTEMS

When testing analog speech com-
munication systems for spurious
speech correlated emanations, the
customary practice is to use a wob-
bulated 1000-Hz input test signal as
a simulated speech signal. Then the
non-speech lines to be tested are
searched aurally for the presence of
the 1000-Hz wobbulated tone. Usu-
ally, the audio detection system has
an unnecessarily unrestricted audio
bandpass so that any signal from 60
Hz to 20 kHz is passed to the ears of
the tester. Such a wideband detec-
tion system eventually causes listen-
ing fatigue because the ear is subject-
ed to continuous hum, noise, clock
harmonics, hetrodynes and hiss over
the entire audio range. To lessen lis-
tening fatigue, a passive inductor-ca-
pacitor (LC) BPF is recommended.
This will limit the audio spectrum to
a passband just wide enough to pass
only the wobbulated 1000-Hz test
signal. Also useful is a wideband BPF
for passing only to the speech range
between 300 and 3000 Hz. The fol-
lowing discussion explains how load
coils can be used to design and to
construct narrowband and wideband
BPFs for use in audio detection sys-
tems.

General Bandpass Filter Re-
quirements

A five-resonator BPF will be used
because the skirt selectivity is quite
adequate and because the filter can
be inexpensively and easily assem-
bled using an inductor stack and two
separate inductors. To comply with
the impedance requirements of the
test specification, the filter is de-
signed for 50-ohm terminations and
a maximum VSWR of less than 1.20.
A Chebyshev design with a maxi-
mum reflection coefficient of nine
percent and a maximum VSWR of
1.198 is selected to comply with the
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These leads are
connected

across
C2 or C4.

Center-tap

Cc2

C4
GND

(B) Narrowband bandpass filter assembly showing the wiring details of the 88-mH
stack and two modified 44-mH inductors. L3a, L3b and L3c are each 88 mH, and when
connected in series they equal 264 mH. See Figure 3 for the filter schematic diagram.

Figure 4. The pictorial diagrams show how to connect the leads of the
modified 44-mH inductors and how to wire the 88-mH stack for
the narrowband bandpass filter. The modified 44-mH inductors
(L2 and L4) are fastened to each end of the inductor stack with

silicone sealer.

10-ohm maximum impedance varia-
tion permitted by the test specifica-
tion. Figure 2 shows how the narrow-
band BPF looks when assembled in a
standard commercial aluminum box.

Narrowband Passband De-
signed for 1-kHz Wgobbulated
Tone

The BPF is designed for a geomet-
ric center frequency of 993 Hz. This

particular center frequency is select-
ed so that the higher and lower fre-
quencies of the wobbulated 1-kHz
tone may pass through the filter un-
attenuated. Figure 3 shows the sche-
matic diagram and component val-
ues of the narrowband BPF. Stan-
dard 8/200-ohm center-tapped

transformers provide outputs at ei-
ther a 50- or 8 -ohm impedance lev-
el. Figure 4 shows a wiring diagram
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FILTER CENTER C1,C5 C€2,C4 C3 Li,l5 L2L4 L3 Rt 6dB 6-dBFregs. R.C. Applicable
BANDPASS  FREQ. Design Low High Figure

TYPE (H2) S W— weeeeeo(MH)-s (OhMS) (H2) (%)  Numbers
Narrow 993 0202 1.036 00973 880 248 264 230 852 1157 0.0441 283
Wide 1031 © 0271 1.084 0542 880 220 440 224 2860 340 3200 63 485
NOTES:

1. Rt is the design impedance of the filter. The actual source and load impedances seen by the filter should be within ten

percent of the design value.

2. Both bandpass filters can be matched to an 8-ohm source and load using the MOUSER 42TU200, 8/200-ohm center-
tapped transformer. To match the filter to a 50-ohm detection system, use the transformer center tap of the high-impedance
winding. The wideband filter may also be matched to a 50-ohm detection system without the transformers by using the center

taps of inductors L1 and L5.

3. R.C. is the reflection coefficient of the Chebyshev lowpass prototype upon which the bandpass filter designs are based.

4. In the narrowband design, L2 and L4 are obtained by removing turns from a 44-mH inductor. See Appendix E for an
explanation of how to determine the number of turns to remove and the proper lead connections.

5. In the narrowband design, three 88-mH inductors in the 5-inductor stack are series connected to get L3. In'the wideband
design, the windings of two inductors are connected in parallel-aiding to make each inductor 22 mH. The two 22-mH

inductors are then connected in series to make the 44-mH L3 value.

Table 1. Component Values and Calculated Design Parameters of Narrowband and Wideband 5-Resonator

Bandpass Fiiters.

L3 L5

C1,C5—0.271 uF
C2, C4—1.084 uF
C3—0.542 uF

L1, L5—88.0 mH
L2, L4—22.0 mH )
L3—44.0 mH (See text for wiring details on L2, L4 and L3.)

T1, T2—transformer, 8/200-ohm, ct. 0.4-watt (Mouser 42TU200)

All capacitors are 100-V metallized Mylar. If necessary, two capacitors may be
paralleled to obtain the design values within one percent.

Figure 5. Schematic diagram of the wideband bandpass filter. All L-C
circuits are resonated at 1031 Hz. C3 can be obtained with
paralleled .39-uF and .15uF capacitors. Figure 6 shows the
wiring diagram of the filter.
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of the narrowband BPF. Figure 5
shows the schematic diagram of the
wideband (330-3000 Hz) speech
BPF, and Figure 6 shows the wiring
diagram. The relative attenuation re-
sponses of these two filters are
shown in Figure 7. Table 1 lists the
component values and design pa-
rameters of the narrowband and wi-
deband BPFs. Appendices A and B
give the derivation and calculations
associated with the design of the nar-
rowband and broadband filters.

BANDPASS FILTERS FOR
NON-TUNABLE TESTING

A commonly used test specifica-
tion requires non-tunable testing us-
ing BPFs to define the non-tunable
bandwidths where the 6-dB band-
widths are dependent on the data
rate of the test signal. A data rate as
low as 300 b/s is frequently used
when testing PCs in the serial inpu-
t/output mode. Thus the lower cut-
off frequency can be as low as 150
Hz. The upper cutoff frequency of
the first non-tunable segment can be
as high as 1500 Hz. Additional high-
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er-frequency bandpass segments are
used up to a maximum frequency
determined by the rise and fall times
of the test signal. BPFs for the first
and second segments are usually the
most difficult to construct because
the inductance values are not feasi-
bly hand wound. However, the fol-
lowing discussion will demonstrate
how the load coil stacks can be used
in the design and how BPFs suitable
for the first and second segments of
non-tunable detection system can be
constructed. Figure 8 shows a typi-
cal BPF for non-tunable testing in-
stalled in an aluminum box. The five-
resonator BPF design is used again
since it is eminently suitable for the
same reasons given for the speech
BPFs. Figure 9 shows the general
schematic diagram of two BPFs suit-
able for non-tunable testing, and Fig-
ure 10 shows the corresponding wir-
ing diagram.

300/600-b/s Data Rates

For the first non-tunable segment
for data rates of either 300 or 600
b/s, the (A) input /output connection
shown in Figures 9 and 10 is used.
Table 2 gives the component values
and calculated parameters of the
300/600-b/s BPF. Inductors L1 and
L5 (41.1 mH) are obtained by modi-
fying a standard 44-mH inductor in
accordance with the procedure ex-
plained in Appendix E. Specifically,
to achieve the 41.1-mH value, seven
turns are removed from each wind-
ing of the 44-mH inductor, or the
. total turns removed amount to 14.
Using the equation given in para-
graph (6) of Appendix E, the calculat-
ed total of turns to be removed is 15;
but since only an even number can
be removed (half of the total from
each winding), a total of 14 turns is
chosen. Figure 11 (Curve A) shows
the measured relative attenuation re-
sponse of the BPF. The insertion loss
at 454 Hz is about 0.5 dB. Although
the calculated 6-dB low cutoff fre-
quency of this BPF is 145.4 Hz, the
measured cutoff frequency is slightly
higher (just below 150 Hz) because of
the limited inductor Q. Despite this
measurement, the BPF performance
still meets all the requirements of the
applicable test specification. Appen-

dix C explains the procedure used in.

calculating the parameters of the
300/600-b/s BPF.
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A

TOT1

Figure 6. The pictorial diagram shows how to wire the 88-mH inductor stack
for the speech filter. L3a-and L3b are each 22 mH and are
connected in series to make 44 mH. L5 is fastened to the end of
the stack with silicone sealer. The center-tap connection of L5 is
not used in this application.

60

N ML 1
N\ | 1/
LN e

REANRNINIE

NER | /
U T

150 200 300 | 500 1K 2K 3K 5K | 7K

| Flre_qlfeincy (Hz) | ‘ | l

Relative Attenuation (dB)

Figure 7. The Measured Relative Attenuation Response of the Narrowband and
Wideband Bandpass Filters. The attenuation lévels were measured relative
to zero dB at the center frequencies of 993 and 1031 Hz, respectively.
Table 1 gives the calculated design parameters. '
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Data Bandwidths Center 6-dB Freq.
Rate Ap 6dB Freq. Low Hi C1,5 C24 C3 R
(bls) (H2) uF) (ohms)
300, 998.165 - 1274.66 454.4 145.4 1420 2.984 11.25 5.632 50
600
1200, 3992.7 5098.6 1817.5 581.6 5680 .1865 .7034 .3520 200"
2400
*(See Note 1 below)
NOTES: ,
1. The 1200/2400-b/s 200-ohm design is used as a 50-ohm fiiter by connecting the input and output leads to the center taps
of L1 and LS. i

2. The following standard inductor values are used in both filter designs given in Table 2: L1,5=41.1 mH (with center taps),

L2,4=10.9 mH and L3 =21.8 mH.
3. Figure 9 illustrates the schematic diagrams. Figure 10 diagrams the wiring of the capacitor leads to the inductor stack

terminals.
4. A nine-percent reflection coefficient was selected for both filters to give maximum skirt selectivity and a VSWR of less

than 1.20.

Table 2. Component values and calculated parameters of 50-ohm, 5-resonator bandpass filters for
R.C. =9 percent. Suitable for first segment non-tunable testing.

Figure 8. The Bandpass Filter for Non-tunable Testing Installed in a 3 x 4 x 5-inch Aluminum Box. The stack is fastened to the
bottom of the box with a plastic mounting clip, and the modified 44-mH inductors are secured to each end of the ’
inductor stack with silicone sealer. Figureé 9 and 10 show the schematic and wiring diagrams.
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ALUMINUM BOX

| ikttt |
| 1
I _ i
! L1 Cl L2 C2 L3 C3 C4 L4 C5 LS |
. r - 1
- —_—
TO 50 i WISCT . CcT _/, | TO 50Q
SOURCE | (B) () | LOAD
: . |
¢ o . |
s I — |
NOTES:

1. For the 300/600-b/s data rate bandpass filter, use the corresponding component
values in Table 2 and the “(A)” input/output connection shown above. For example,
C1 and C5=2.984 uF.

2. For the 1200/2400-b/s data rate bandpass filter, use the corresponding component
values in Table 2 and the “(B") input/output connection shown above. For example,
C1 and C5=0.1865 uF.

Figure 9. Schematic diagram of the bandpass filters for nontunable testing. See Table 2 for the component values and
calculated performance parameters.

1200/2400-b/s Data Rates

The 1200/2400-b/s BPF is de-
signed for a 200-ohm impedance lev-
el (Table 2) so that the same inductor
values used in the 300/600-b/s de-
sign can be used again. Table 2 gives
the new capacitor values for this de-
sign. Only the input/output connec-
tions and the capacitor values
change. The 50-ohm input/output
connections are obtained by using
the, center-tap on inductors L1 and
L5. The calculated 6-dB cutoff fre-
quencies of this BPF indicate that it
may be used as a second segment
filter when performing the non-tun-
able tests for 300/600-b/s data
rates. The insertion loss of this BPF
is about 0.5 dB, and the measured
relative attenuation is shown by
curve (B) in Figure 11. Because of
imperfect coupling in the windings of
L1 and L5, the center-tap connection
does not function as well as it should,
and causes the filter passband to
have a ripple of about 0.5 dB. The
measured upper 6-dB cutoff frequen-
cy exceeds ten times the lower 6-dB
cutoff frequency by about six per-
cent, but this minor discrepancy
from the test specification should not
prevent the filter from being used.
For the non-tunable segments above
5 kHz, standard lowpass and high-
‘pass decade filters may be cascaded.
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Aluminum Box
[ putedeieintessiinint ittt A
é‘_ (A) (A)
\"' ) INDUCTOR STACK “//
\ (B) l c2 C4 ® / E
cT = !
1’——4 L2 |4 —| | |
L3 !I
y '
L1 — L5 |
' Y Y Y e % i
| ' I
1
1
|
C1 Cc3 C5 I
S S B IR S—— A
NOTES: :
1. Use the input/output connection “(A)” for wiring the bandpass filter for the
300/600-b/s data rate testing. Use the input/output connection “(B)” for wiring the
bandpass filter for the 1200/2400-b/s data rate testing.
2. See Figure 9 for the schematic diagram of the two filter types.

Figure 10. The pictorial diagram shows the wiring of the bandpass filters for
nontunable testing.
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SUMMARY

Bandpass filters are required
when performing tests in accordance
with certain test specifications. Previ-
ously, passive LC filters for the low-
frequency audio range were not
practical for construction by the test
technician because of the more than
two hundred turns required for the
inductors. This article explains a new
design-and construction procedure in
which surplus load coil stacks are
used as the inductor elements there-

by eliminating the need to wind in--

ductors. Design and construction ex-
amples are given for bandpass filters
useful in testing analog speech com-
munication systems and in perform-
ing first and second segment non-

tunable tests for the 300/600 and
1200/2400-b/s data rates used in

the serial 1/O ports of personal com--

puters. Appendices provide exam-
ples of the design procedures so that
different bandpass filters may be de-
veloped by the interested reader. ®
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Derivation and Calculation of Narrowband Bandpass Filter Element Values and Parameters

Derivation and Calculation of Narrowband
Bandpass Filter Element Values and Parameters

Figure A1, The inductor-in/out configuration
is used for the narrowband bandpass filter
The numbered components are listed:
in Table Al with their normalized values.

design.

Reflection

61,5 62,4 53/61
Coeff. () {#H (F) Ratio and where L1 = 352 nH.
-9.0441 0.1054 10,2625 0.3162 3.000 times greater,
6.30 0.1642  0.2457 = 0.3284 2.000

42

---0 (1)

Table Al. The Chebyskev component vaiues (G61-3)
are normalized for one-ohm terminations and for a
3-08 cutoff frequency of one hertz.

The steps in the derivation procedure follow:

Assume the filter termination impedance (RY)

will be the sum of an B8-to-200-ohm transformed

impedance,

(2) For a narrowband (NB)

the transformer winding resistances
transferred to the high-Z winding plus the L1,3
inductor resistance, or a total of about 230 ohns.
Also, assume the design Rt will be 4%230 = 920
ohms, and inductors L1,5 will be 4x88 = 352 mH.

design, use the

normalized values for RC = ,0441% where L3 = 34Li,

For a design with a BY 1.4
use the normalized values for RC =

6.34. The calculations for a NB design follow.
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¢3) Calculate the 3-dB bandwidth (B3) based on
Rt= 920 ohms, Li= .332 H and G = .1054 H:
B3 = Gi*#Rt/L1 = .1034%920/.352 = 275.5 Hz.
Becavse of inductor losses, the actual 3-dB
bandwidth will be about eight percent narrower
than the calculated B3.

(4) Find C2,4 based on B3 = 275.5 Hz:
(2 = 62/<Rt * B3) = ,2625/(9204275.5) = 1.0357 uf,
Suwearizing the lowpass design values: L1,5 =
0.352 H, 13=1,056 H, C2,4 =1,0357 uF, Rt = 920
ohms and B3 = 275.9 Hz. This lowpass design will
be transformed into a bandpass (BP) filter having
a center frequency (Fc) selected by the designer.
Figure A2 shows the 8P filter schematic diagran,

0-==1[==-X00==#=== === [~ =4 ===4==- X0~~~ -0

{-- 920 -—- X X - 920 -~
ohns --- X A == ohms
X ) S
Q== ———— fumfommm e fomefmmmmmmmc e 0
-1- -2- =-3- -4- -9 -

Figure AZ, Bandpass filter schematic diagran.

- {3) Assume that Fc is to be 993 Hz. Calculate L2 based on
€2 = 1,0357 oF where L2, C2 and Fc are innH, uf and kHz:
L2=25.33/1C2#(Fc*2)]1 = 25.33/0(1.0357 * (,993*2)]1 = 24.8 nH,
L2 & L4 are obtained by removing about 28% of the turns fron
a 44-pH inductor. See article text for details.
L2,4 can be varied, the Fc can be betueen 500 and 1500 Hz.

(4)  The relative percentage bandwidth (¥Bd) = 100%B3/Fc =
275/9.93 = 22.7.. The minimum @ required to obtain a close
approximation of the calculated response is: @min = 20%Fc¢/B3
= 72. Because inductor Q at IKHz is only about 350, the
difference between the actval and calculated responses will

Because

be noticeable. In spite of this, an inductor @ of 50 at
1kHz will be adequate for this application.

(7) C1,5 and €3 are calculated based on LI and L3 =352 ni,
L3 = 1056 nH and Fc = .9¢3 KHz:
€l = 25.33/[L1%(Fc*2)] = 0,0729783 uF,
€3 = (C1)/3 = 0.0729783/3 = 0.024326 uF.
Summarizing all values calculated so far:

Ct,5=0.07298 wF  L1,5= 352 nH B3 = 275.5 Wz
€2,4=1.0357 uF L2,4=24.80mH Fc=993 Hz
- C3=0.0243% uF L3 = 1056 ni Kt = 920 obas

A1l LC products = 25,49 # 10*-9 to give Fc = 993 Hz.

(8) The three series branches are moved to the L2 and L4
center taps. The series-branch reactances become 1/4th of
their {former valves. The 11,3 and 5 values are quartered
and the C1,3 and 5 values are quadrupled. C2,4 and L2,4
remain unchanged. The L1,3 and 3 values now can be realized
with one or more 88-mH inductors. Rt becomes 230 ohnms,
Figure A3 shows the final diagram.and component values.,

4--=4 4---4
O L X ¢ 313 X + L5 €9
o=} === == =X ===} ==~ [~ -X{- ~=X---) ~==X*X---1[---0
S ) S
{- 230 ohms L2 i ~--- L4 --- 230 ohng-)

v - (2 i —-C4
0 $--mt et S EEE R 0
€1,3=0.292 vF, . LI1,5=88.0nH, B3 = 275 Hz
€2,d4 = 1.03¢ oF, L2,4 = 24.8mH, , Fo=993Hz
C3 = 0.0973 uF, "L3 = 264 nH, Rt = 230 ohms
Figure A3. Schematic diagram and component values of the

bandpass filter with F-center = 993 Hz and Rt = 230 ohns,

APPENDIX B

Derivation and Calculations of Wideband Filter Element Values and Parameters

B ny DLETEE R R P,

1 2 3 4 3
The components are numbered 1 to 5, left to right.

61,5 = .1642F, 63 = ,3284F, G2,4 = .2457H, 63/G1 = 2.000.
Rt= one ohm and the reflection coefficient = 4.3 percent,

44

Figure BI, The filter schematic is shown with the normal-
ized component values (G1-3) of the lowpass prototype used
in . designing the wide bandpass filter. The component
values are nornalized for one-ohm terminations and for a
3-dB cutoff frequency of one hertz. A reflection coeffi-
cient of 4.3 percent was selected so that 63 s twice as.
large as 61.

The steps in the derivation procedure follow:

9D L2 and L4 must be 22 mH to allow vse of a standard
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inductor wvalue, Rt is to be 224 obms so an  §/200-ohm
transformer- (MOUSER 4ZTU200) can be used. The exact Ri
value is based on an B-ohm source transformed o 200 ohns
plus the trans{ormer winding resistances referred to the
high impedance winding <200 + 12 + 12 = 224 ohms3,

Find the 3-dB bandwidth *B3) of the desired bandpass
tilter based on the lowpass prototype in Figure Bi:

B3 = RtxG2/1lz = 224 1 ,24572/.022 = 270%.3 Hz,

(2) Calculate Ct & €3 for & 3-dB bandwidth of 2705.3 Hz:

£1,5 = G1/(Rt * B3 = ,1442/{224 % 2705.2)
= 0.27096 o,
3=2

* C1 =2 % 27096 vF = 3419 uF.

(3)  Transforn the owpass prototybe in Figure Bl inta a
bandpass design by resonating all components to Fc.  Gee
Figure B2 for the bandpass schematic diagram.

p-—~#=-——t==][~=XAN--t =t ] [~ -XAK = =4 ----t---0
{-- o ‘ : | P
Rt= --- X -~ X - X Rt=
28 --- X -- X --- X 24
ohms |} X : X : X ohms
T S e dmmm e s Bt
-1- -2- -~ 3- -4 - -9 -

Figure B2, Bandpass filter =chematic diagram.

{4y Calculate the bandpass center {requency which ic to
be based on the values of C! and L1, CI has already been
determined, L1 must be 88 mH to allow use of 2 ctandard
inductor wvalue that gives an Fc near the center of the
desired wide bandpass filter, Eince the desired 3-dB
lmeer and upper frequencies are about 30 and 3000 Hz, Fc
should be within {0 of SQR(30043000) = 930 Hz. Calculate
the actual value of Fc by using the values of C! and L1:
Fc = 159.155/50R<L! # C1) where Fc is in Hz and LI
and C1 are in H and uF. L1 = .088 H and {1 = 27094 F.
Fe = 159.150/.1544144 = 1030.484 = 1030.7 Hz,

(3)  Caleulate L3: L3 = ¢L1)/2 = ,088/2 = 44 mH.
(4 Based on the 3-db bandwidth (B3} and Fc, calculate
the lower and upper 3-dB fregquencies, F3l and F3U
F3L = SOR{Fc*2 + X*2) - X, where X = B3/2 = 1332.65 Hz,
F3L = SOBRC1030.7°2 + 1352.45°2) - 1332.45 = 247.94 Hz.

F3U = FaL + B3 = 347,94 + 2700.,3 = 3033.2 Hz.
fis 3 check, Fe=SORIF3L*F3U) =5QR(347.94%3053.2)= 1030.7 Kz.

Reviewing the calculated design parameters, it is ceen
that the Fc, B3, F3L and F3U values for the wide BP filter
application are satisfactory, and the design is acceptable,
If not, the Rt value of 224 ohms may be varied within ten
percent to ohtain slightly different parameter values,

The relative percentage bhandwidth is B = 100#B3/Fc =
262,54, The minimum required inductor O {o oblain a close
approximation of the ideal response is Omin =20¥Fc/B3 =7.4.
The results of these calcwlations indicale that there
chould be no difficulty .in using the B8/22-mH inductors to
obtain & bandpass respense that closely approximates ihe
ideal response since the inductor @ at 1000 Hz is about 30.

“Only when a relative bandwidth of tess than about 20% s

required will the actual bandpass response be significantiy
tess than ideal because of limited inductor @,

{7) Calculate £2 & C4 based on L2= 22 wH and the Fc value
where C2, L2 and Fc are in uF, mH and KkHz, respectively:
02,4 = 25,23/(L2 * F*2),
= 25.33/(22 % 1.0307*2)= 25,33/23.3713 = 1.(838 vF,

NOTE: Al circuits are tuned to Fc = 1030.7 and all tuned
circuits have an LC product of 23.84 # 10°-9,

This concludes the derivation of the BP filter design
procedure. By wusing other Ri values that can be nalched
with standard transformers {such as 8/500 or §/1000 ohnms),
other distinctly different bandsidths may be obtained.

APPENDIX C

Procedure for Calculating the Parameters of a Bandpass Filter Suitable for Non-tunable Testing at Data Rates of 300 and 600 b/s

1. From Table DI, the S0-chm, 1-Hz normalized component values for R.C, = %%

are selected: GI,5 = 2979 uF, G2,4 = 10.8% H and GZ = 5421 uF.:

This design ic

used so the calculated &4-dE ltown frequency of the bandpacs filter will be lecc
than 130 Hz and the VYSWR will be less thanm {.20,

Z. The lowpass tilter configuration to be used iz chown below:

46

Continued on page 66

ITEM 1989




Continued from page 46

c1 Lz ¢C3 L4 C5 LZ and L4 must be 10.9 mH so
0~===4===XXXK ===+ —==-XXXX-=+----0 each can be derived from tuwo
1 i H parallel-connected 21.8 mH
90 (=== === -—- === === 30 inductors that are in the

- , - - standard 88-mH inductor stack.

3. Find the ripple bandwidth, BAp, of the lowpass filter shown above, which
will be transformed into a bandpass filter having the same ripple bandwidth:
BAp(Hz) = G2/L2 = 10.88/.0109 = 998.145 Hz.
Find the é4-dB and 20-dB bandwidths, Bé and B20, where the 6-dB and 20- dB
normalized bandwidths (from Table D2, RC=9%4) are 1.277 and 1.641, respectively:
Bé = 1.277 % 998 = 1275 Hz, 820 = 1.641 * 998 = 1638 Hz.

2979uF/998.145
3621uF/998.165

2.9845 uF,

4, Calculate C1 = Gi/BAp
= 5.6313 uF.

and C3 G3/BAp

5} Let L3 = 21.8 mH so one standard-value inductor can be used.
Find F-center based on the assumed value of L3 and the calculated value of C3:
Fc = {59.2/S0R(L3*C3) = 159.2/S0R(.0218%5.46313) = 434.4 Hz.

6. Calculate L1 and C2 for Fc = .4544 kHz, C1 = 2.9845 uF and L2 = 10.9 mH:
L1 = 25.33/(C1%Fc*2) = 25.33/(2.9845%(.4544*2)) = 41.1 mH,
C2 = 25.33/(L2%Fc"2) = 25.33/(10.9%(.,4544°2)) = 11.25 uF.

7. Find the lower and upper ripple cutoff frequencies and the é-dB and 20-dB

frequencies on the bandpass response curve using the BAp, the Bé and the B20

values from (3) above:

(a) FApLO= -BAp/2 +SQRL(BAp/2)"2 +(Fc)"2]= -49%.1 +SQGR[49%.1"2 +454.4"2]=175.9 Hz,
FapUP= FApLO + BAp = 175.9 + 998.185 = 1174 Hz.

(b) F6LO = -B&/2 +SARI(B&/2)"2 +(Fc)>*2] = -437.5 +SQR(437.5"2 +454.4°2)=145.4 Hz,
F&UP = F4LO + Bé = 145.4 + 1275 = 1420 Hz.

(c) In a similar manner, calculate F20L0 = 117.6 Hz and F20UP = 1736 Hz.

8. The schematic diagram and response curve of the bandpass filter are shown below:

20dB qf R 1 B
£2 L2 t4 U4 ////?
o-=4===4=} | 000K -4 == ~4= 1 | OO0+ ---+--0 1
P HE Vo 4dB - 1275 ) :
{-- --- X - X X --- - ¥ i i
W - X -~ X X ---30 §{---- 998 —---- | i :
N I I {Ap)dB e ! : |
[ -t t---4--p H i ; Fc i i : |
1 L1 £3 U3 L5 €5 118 145 174 454 1174 1420 1736
(A) Schematic diagram {B) Calculated attenuation response
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APPENDIX D

Normalized Parameters of 5th-order Chebyshev Lowpass Filters for Reflection Coefficients of 1to 12 Percent

Table

~
. e Nl
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— s

Table

. . ST Nl
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l—hi—‘l—bv
N O QYONOGGTUIADRWN- T

Di. Sth-Order Chebyshev lowpass filters normalized for
a oné hertz ripple cutoff frequency and S0-ochm terminaticns.

1.247
1.273

Ap F3/F-Ap
(di) Ratio

- .000434 1.6160

.001738 1.4549
.003%10 1.3739
.006954 1.3218
.010871 1.2844

~.015643 1.2558

017272 1.2484
.021333 1.2228
.027884 1.2138
.035321 1.1978
.043648 1.1840
. 052870 1.1719
062993 1.1612

61,65
(uF)
1550
1861
2088
2275
2440
2589
2631
2724
2856
2979
3098
3212
3323

G2,

G4

(H)
8.353
2.305
9.837

10.
.43
.40
.64
10,
.82
.88
.92
10.
.95

10
10
10

10
10
10

10

19

73

9?4

63
{uF)
3901

435

4449
4872
5056
5217
5262
5362
9496
5621
5740
5854
5964

G3/61
RATIO
917
341
227
141
.073
016
.000
8 4-Y
.924
. 887
1.853
1.822
1.795

- = PN RNNRN NN

D2. Frequencies ve, stopband attenuation of Sth-order Chebyshev
lowpass filters normalized for a ripple cutoff frequency of one hertz.

Attenvation Levels (dB)

1.0 3.01 6.0 10 20 30 40 50
== ======= Normalized Frequencies ======= ==
1.459 1.616 1.765 1.936 2.394 2.965 3.693 4.617
1.323 1.455 1.579 1.724 2.114 2.40% 3.234 4,034
1.259 1.374 1.485 1.614 1.970 2.419 2.995 3.730
1.217 1.322 1.424 1.545 1.875 2.296 2.837  3.52¢%
1.187 1.284 1.380 1.494 1.806 2.205 2.721 3.381
1.144 1.256 1.344 1.455 1.752 2,13%  2.630 3.245
1.158 1.248 1.338 1.444 1.738 2.117 2.407  3.235
1.144 1.233 1.319 1.423 1.709 2.078 2.9%4 3.171
1.131 1.214 1,297 1.394 1.472  2.029 2.494 ~ 3.091
1.11%9 1.198 1.277 1.373 1.641 1.988 Z.440 3.023
1.108 1.184 1.261 1,353 1.613 1.952 2.394 2.943
1.099 1.172 1.244 1.336 1.5&9 1.920 2,332 Z2.709
1.091 1.141 1.233 1.321 1.548 1.8%1 2.315 2.862
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APPENDIX E

Procedure for Calculating the Number of Turns to Be Removed from a 44-mH Inductor to Get Any Inductance Less than 44 mH

(1> The 44-mH inductor used in the narrowband filter construction has two
separate windings on opposite halves of a molybdenum-permalloy core. The
polyurethane insulated wires are solderable at 750 to 800 deg. F, and the
leads do not need to be scraped to remove the insulation. The soldering fumes
are irritating to the lungs and eyes - so Keep your face away from the fumes,
and solder only in a well-yentilated area.

(2) Measure the original inductance, Lo, with the two windings connected in
series-aiding (S-A). To do this, connect the start lead of one winding to the
finich lead of the other winding, and connect the other two leads to an
inductance bridge. An alternate method of finding the inductance is to
resonate the inductor with a known capacitance and calculate the inductance
based on the capacitance and resonant frequency. To do this, connect the
inductor leads across & nominal 0,47-uF capacitor (previously measured to an
accuracy of better than 0.5 percent) and lightly couple an audio generator and
an a—-¢ VTUM to the tuned circuit with two 1000-pF capacitors. Vary the
generator frequency until the VTUM indicates a voltage peak: Measure the
resonant frequency (approx. 1107 Hz) with a digial frequency counter and
calculate the inductance with the equation:

Lo = 25.33/[(F*2)%C] where Lo, F and C are in mH, KHz and uF.

(3) Remove 30 turns from each of the two windings (total turns removed = 100)
and again connect the windings in series aiding. Measure the new inductance, Lm.

(4) Calculate To = 100*R/(R-1), where R = SQR{Lo/Lm), To = original number
of turns on the inductor core, Lo = original inductance in the S-A connection,
and Lm = modified inductance after removing a total of 100 turns (30 turns
from each winding). °"S@R(Lo/Lm)" means "take the square root of (Lo/Lm)."

For example, if Lo = 43.6 mH and Lm = 28.3 mH, then R = 1.236841
and To = 522 turns.

(%) Calculate: S = (To - 100)/5QR(Lm) where Lm is the modified inductance
after removing 100 turns from the inductor. For example, if an inductor has
Lo = 43.4 mH, To = 522 and Lm = 28,5 mH for 100 turns removed, then:

S = (922 - 100)/SQR(28.3) = 79.0478,

(&) Use the following general equation Yapplicable to all two separate-
winding inductors with Lo = 43,4 mH)> to find the number of turns to remove
to obtain a specific inductance: Td = To - [S * SGR(Ld)), where Td = tectal
number of turns to remove from an unmodified 43.é-mH inductor, To = total
number of original turns on the inductor core, Ld = desired inductance in mH
and S is the value calculated in (3), For example, for the values given in
(5) and if the desired inductance, Ld, ic 24.8 mH, then:

Td = 522 - [79.0478 * SOR(24.8) = 522 - 394 = 128 turns to be removed from
the original inductor. Since 100 turns have already been removed, an
additional 128-100 = 28 turns must be removed to get 24.8 mH. Because turns
must always be removed equally from each winding to maintain balance, an
additional 14 turns must be removed from each of the two separate windings.
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