By Ed Wetherhold, W3NQN

Clean Up Your Signals
with Band-Pass Filters

Part 2—You're now much closer to saying
goodbye to your unwanted signal problems!

ast monthi3 | described the de-
sign of band-pass filters that
provide a level of selectivity
and reliability heretofore unavail-
able. In this installment, I'll delve into filter
assembly, tuning and performance.

Filter Assembly and Tuning

For the prototypes shown herel/.&
2Y4x5-inch (HWD) aluminum boxes are
used. While tuning the 20 meter filters, | disH
covered that the passband return loss was &
versely affected when the enclosure cove
was installed. That effect was traced to th
close proximity between the inductors and th
sides of the smaller box. Using a box with §
3-inch width eliminates the problem. Now,
except for the 10 meter filter, all the othe
filters are housed in'®x3x5Ys-inch (HWD)
boxes such as the LMB 880.

The detector | used to tune the resonator
has a sensitivity of —12 dBm, and is described
in Wes (W7Z0Il) Hayward's article, “Beyond ) i
the Dipper.*4 Instead of the two hot-carrier return-loss response. Micrometals specifie€a = (7.33/7.15)x 123- 123 = 6.3 pF
diodes specified by Hayward, | use 1IN414& 5% core-permeability tolerance. The result- (Eq 2)

diodes as they are more conveniently availlnd L1 and L3 inductance variation is com- o _
able and are adequate for use up to 10 metef€nsated for by squeezing or spreading the A close approximation of this value

Before installing C1 and C3, use a digitaltums on the cores until both resonators tunean be obtained by connecting in.series two
capacitance meter to ensure they're th&0 the same frequency. o 12 pF, 1 kvDC Ceramite capacitors. Any
same value, preferably within a picofarad. To resonate L1 and L3 to within 0.2%final resonator adjustments are made by
As shown in Figure 1 (see part 1), the@o Of the design center frequencya small squeezing and spreading the L1 and L3 in-
taps on the L1 and L3 inductors are connectegmount of capacitance 3 to 10 pF) mustuctor turns until both resonators are tuned
to the SO-239 UHF connectors; capacitorélsua”y be added in parallel with C1 and C3to the samérequency with 0.2% of the de-
C1 and C3 are connected between grounEhe amount of additional capacitance resign value.
lugs and the ends of the inductor windingsﬂu”ed is determined by noting the exact After resonators 1 and 3 are tuned, note
The components for the other BPFs are invalues of C1 and C3, and measuring the inithe resonant frequency and preliminarily
stalled similarly. The L2 inductors are se-tial resonant frequency. The required additune resonator 2 to this frequency to find

cured by tying them to a strip of cardboardional capacitance is equal to the proper number of turns on L2A and L2B.
that is attached to the box bottom with RTV{[(F1/Fc)]] x C1} -C1 (Eq1) D0 this by grounding the center pins of both
silicone sealant. S0-239 connectors to short resonators 1 and 3

Using the tuning procedure described in For example, assume C1 and C3 of théo ground. Then, couple a test signal and de-
the notes of Table 1A, tune resonators 1 arfi0-meter BPF design both measure 123 pRector to L2A and L2B using single-turn loops.
3 to the design center frequency. When tun@nd C1 and L1 and C3 and L3 each resonatedd or remove turns on L2 until peak output is
ing these two circuits, use a digital frequencynitially at 7.30 and 7.35 MHz. Squeeze ancbtained at the design center frequency. Final
counter to ensure they resonate as closely §8read the turns on L1 and L3 until the cirtuning of L2 is done by squeezing and spread-
possible to the same frequency. If these cilcuits resonate at the same frequency, Samg turns on L2A and L2B while using an os-
cuits are not tuned to the same frequency, #-33 MHz. Because C1 and C3 were previcilloscope to observe the passband return-loss
may be impossible to obtain an acceptableusly matched to exactly the same value, Liesponse. (See the Appendix for details of the

and L3 now must also be of equal value bereturn-loss measurement procedure.)

cause the 1 and 3 resonators are both tuned to Tuning is complete when a three-peak

7.33 MHz. Eq 1 is used to find the requiredpasshand return-loss response—typical of a
13Notes appear on page 41. additional capacitance to add to C1 and C3hird-order band-pass filter—is obtained.
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Figure 2— Insertion-loss responses of a commercial 160 meter, two-resonator BPF, and
the 160 meter, three-resonator BPF described here. Note how the three-resonator BPF

exhibits substantially more loss than the two-resonator BPF between 4 and 10 MHz.
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Figure 3— Insertion-loss responses of a commercial 15 meter, two-resonator BPF and
the three-resonator BPF. The three-resonator BPF has more than 60 dB loss in the
10 meter band compared to less than 15 dB for the two-resonator BPF, and the three-
resonator BPF loss is greater than the two-resonator BPF up to about 52 MHz.

N
(&)

[&]

1A

Return Loss (dB)
5 &

>
o

|

1.2 1.4

1.6 1.8 2.0 2.2 2.4
Frequency (MHz)

Figure 4— Passband return-loss response of the 160-meter, three-resonator BPF. The

three sharp peaks in the passband are typical of the three-resonator BPF. Return-loss

minimums of a perfectly tuned BPF are at the same level; however, the minimum return

loss of 25 dB indicates that the tuning is quite satisfactory.
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The two valleys of minimum return loss
should theoretically be equal to the calcu-
lated return-loss value listed in Table 1; how-
ever, any passband minimum return loss
greater than 22 dB is quite acceptable. For
the 160 meter BPF, the calculated minimum
return loss is 30 dB.

BPF Passband and Stopband
Performance

The stopband insertion-loss responses of
the 160 and 15 meter three-resonator BPFs
are shown in Figures 2 and 3. The stopband
insertion-loss response of the commercial
two-resonator BPF is included for compari-
son to illustrate the superior performance of
the three-resonator BPF. The superior per-
formance of the three-resonator BPF is
mainly due to the series-coupling circuit be-
tween resonators 1 and 3 having an inductor
in addition to a capacitor, whereas the two-
resonator BPF has only a capacitor. Conse-
quently, at frequencies above the upper pass-
band cut-off frequency, the two-resonator
BPF looks like a high-pass filter and provides
little attenuation to the higher frequencies,
whereas the series inductor in the three-reso-
nator BPF provides increasingly greater at-
tenuation as the frequency increases. The
stopband responses of the other three-reso-
nator BPFs are similar to the 160 meter and
15 meter BPFs.

Comparing the 160 meter BPF measured
insertion-loss response with that of the com-
puter-calculated response in Figure Al (see
the Appendix), you can see that the increase
in the measured response is more abrupt than
the calculated response. This abrupt attenu-
ation rise is typical of all six BPFs and is
attributed to the effect of imperfect coupling
between the L1 and L3 50 tap and the rest
of the windingst® As the tap approaches the
top of the coil, the effect of imperfect cou-
pling becomes less and less, so when the tap
reaches the top of the coil, the calculated and
measured responses are virtually identical.
Of course, the component values and imped-
ance level will then be impractical.

In Figure 3, the undesired abrupt drop in
stopband attenuation of the 15 meter BPF
above 30 MHz is also attributed to the less-
than-perfect coupling between the tapped
windings of L1 and L3 (see Note 15). How-
ever, the use of the quadrifilar winding in L1
and L3 minimizes the effect of the imperfect
interwinding coupling and produces an ac-
ceptable loss response of more than 40 dB
between 35 and 50 MHz. Compare this 40 dB
level of attenuation with the substantially
lower 14 to 16 dB attenuation of the 15 meter
BPF shown in Figure 5, page 36 of the June
1994 QSTarticle (see Note 4).

As the frequency decreases below the
lower BPF cut-off frequency, the increasing
attenuation is caused primarily by the in-
creasing reactance of the series capacitor,
and the series inductor of the three-resonator
BPF becomes increasingly ineffective. Con-
sequently, the low-frequency attenuation re-
sponses of the two and three-resonator BPFs
are similar.

Depending on the band, the measured



passband insertion loss of the three-resonaration for the first time evert? phase, John Brosnahan,@WN, provided
tor BPF ranges from 0.25 to 0.50 dB. The additional test data with his network ana-
corresponding power dissipated in the BPFSUmMmary lyzer plots and heat run tests.
relative to a 200 W input, is about 11 and The new BPF design, construction and My thanks to Frank Glatz, Regional Sales
22 W, respectively. The major portion of thetesting techniques discussed in this articl®danager of Tusonix, for providing samples
power loss occurs in the inductor cores, buadvance the current state of the Amateuof Tusonix capacitors. The samples permit-
there is sufficient surface area in the 1.30Radio art. These new techniques should serted testing of prototype designs to confirm
inch powdered-iron cores to dissipate thisas a useful guide until they are supersedeithat the capacitor types and values selected
amount of power without an excessive risedy future improvements. were satisfactory before quantity orders
in temperature. Assembled and tested band-pass filterasere placed. Harry Roseberry, W1HRZ, of
Figure 4 shows a network analyzerare available from me. Send me a busines3usonix Customer Engineering assisted in
plot, provided by VBUN, of the passband size, self-addressed, stamped envelope feelecting the proper capacitor types.

return-loss response of the 160 meter, threeletails. Dale Nicol of Micrometals, Inc, discussed
resonator BPF. Because being able to ob- with me the temperature limitations of pow-
serve the return-loss response is crucial iRcknowledgments dered-iron cores, and Micrometals provided

making the final adjustment to L2, it soon A project of this size and length couldthe many samples | needed to find the most
became obvious that this particular test hachot have been completed without the assisuitable cores for each BPF design.

to be performed at the time of assemblytance of many others. | am grateful to Timygtes

Consequently, | developed a return-loss tedbuffy, K3LR, for proposing this project and 13gq wetherhold, W3NQN, “Clean Up Your Sig-
procedure using circuits similar to thoseproviding recommendations based on his nals with Band-Pass Filters,” QST, May 1998,
described by Randy Henderson, WISM/, unique experience in running one of the top,PP 44-48. . , )
for testing all the BPFs. Details of the return-multi-multi contest operations. His network \gg‘?H@;’yigdéswgzl?"Figﬁ¥g%d the Dipper,
loss test procedure and the associated circuigalyzer plots and heating tests assured thetpyijip Geffe, Simplified Modern Filter Design,
are described in the Appendix. An exampléhe final BPF designs would meet the special p 32, Figure 4-4, “Tapped Coil Hazards”; John
of the performance of these filters used durrequirements of the multi-multi contester.m;- R('jdefHPch:'Shefq In\?\h’;\?vw YAOFKé 196t3-F

; ; ey f i ; _ andy Henderson, , wept-Fre-
ing the 1997 ARRL International CW DX Tim’s contacts with the multi-multi contest quency Generator for Crystal-Filter Evalua-
Contest is |nd|cated py the comment of_operator fraternity was crucial in dIStI’Ibu.t- tion,” QEX, Mar 1994, pp 3-8. See page 6,
N6RO: “The combination of double stubsing a number of BPF sets to those needm%Figure 6, for the deflection and sweep circuit.
(tnx K2KW) and W3NQN band-pass filters a more reliable BPF than currently available: 1997 ARRL International DX Contest CW

(tnx K3LR) provided interference-free op- During the later development and testing ('?J‘fﬁj‘gtrsbr%fg)*_sep 1997, p 112, third column

Appendix
Return-Loss Measurement Equipment and Procedures

Figures A2 and A3 show the deflectionB&K Precision 4040 sweep generator. Bewhen testing the 10 meter BPFs.
and sweep circuit and a block diagram otause that sweep generator has an upper- Except for revising the deflection and
the equipment used in the return-loss testinfyequency limit of 26 MHz, | used a Mini- sweep output circuit with the addition of an
of the BPFs. For return-loss testing of theCircuits POS-50 VCO driven by the deflec-AUTO/MAN switch and using smaller capaci-
160, 80, 40, 20 and 15-meter BPFs, | usedtéon and sweep circuit shown in Figure A2tors to increase the sweep rate and ramp
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Figure A1—Computer-calculated and plotted return loss and insertion loss responses of a 160 meter band-pass filter selected for assembly.
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Figure A2—Deflection and sweep circuit used with the Mini- Ei ; ; ;
90 h gure A3—Block diagram showing the equipment arrangement
(B:g'c:uns POS-50 VCO for return-loss testing of the 10 meter used for measuring the return-loss testing of the BPFs. A B&K
: Precision Model 4040 sweep generator was used as the VCO on
the 160, 80, 40, 20 and 15-meter bands. On 10 meters, a Mini-

- Circuits POS-50 replaced the B&K Precision unit. The oscilloscope
slope, it's the same as that used by Randy ; i ; i
Henderson, WISW, in his March 19EX is a TENMA Model 72-3055, with a 20 MHz bandwidth.

article.* It was from Randy’s article that
| got the idea of using a VCO with a deflec-nects to the log RF detector. ence curve, it indicates that the BPF is not
tion and sweep circuit, a return-loss bridge, After some trial and error, a combinationproperly tuned and further adjustment of the
a log RF detector and an oscilloscope tof sweep rates and 'scope adjustments prda-2A and L2B windings is necessary.
observe the return-loss responses of théuced a swept-frequency return-loss re-
BPFs. | used commercially available swepsponse that related to adjustments made to
oscillators and Zack Lau’s RF log detectothe windings on the center resonator inducsRandy Henderson, WI5W, “A Swept-Fre-
circuit’ instead of the four-stage amplifiertor, Using this equipment and return-loss test q_uerlcy Generator for Crystal-Filter Evalua-
and detector shown in Henderson’s articleprocedure, it was possible to adjust all the o™ QEX, Mar 1994, pp 3-8. See page 6,
L . . . T igure 6, for the deflection and sweep circuit.
A similar article inPopular Electronics BPFs to obtain either a three-peak passban@ack [ au WivT. ‘A Logarithmic RF Detector
features a sweep oscillator and an RF detegeturn-loss response, or a minimum passbandfor Filter Tuning,” QEX, Oct 1988, pp 10-11.
tor for filter testing. return loss greater than 23 dB indicating that (Note: In Figure 1, p 10, the ground connec-
For the 10 meter BPF tests, | connectedptimum BPF tuning was achieved. Jt'ﬁ” j’f\’()'” lis mlslsmg.)Th K Tankin P
the +7 dBm output of the VCO to the input " By replacing the BPF with a 8D resistor )2 Eiecironics, Feb 1997, pp 77-78. letter ffom
of an RF return-loss bridge (RLB) describedn the return-loss test setup, | obtained a Douglas Ripka, Rebersburg, Pennsylvania:
on pages 26.41 and 26.42Tdfe 1997 ARRL 20 dB return-loss reference curve against “RF Signal-Strength Circuit.” Figure 4 shows

f ) a circuit featuring the Motorola MC3356P
Handbook The UNKNOWN z port of the which the BPFs’ return loss could be com- o5 c (received signal-strength indicator)
RLB attaches to the input of a 50-W-terpared. Whenever the minimum return-loss used as an RF log detector to drive the verti-

minated BPF and thRF OUTPUT port con- response of a BPF is below the 20-dB refer- cal input of an oscilloscope.

Company’s new subminiature keyer paddleThe antenna, suitable for portable or perma-
designed for QRP, mobile and backpackingentinstallation, requires three feed lines and
service, that's what! is made from high quality aluminum alloy
The mini paddle’s base is precision mawith stainless steel hardware. Other specs:
chined from a solid block of Type PVC, andboom length, 6.5 feet; maximum SWR at
all electrical parts are solid brass with stainresonance, 1.5:1; power ratings—500 W PEP
MINIATURE KEYER PADDLE FROM less steel 8-8 hardware. Each lever has on[2 m/70 cm), 1000 W PEP (6 meters).
PADDLETTE one moving part to increase reliability. Price: $99. For more information, point
0 What weighs less than an ounce, measures A companion knee mount, made fromyour Web browser tdttp://home.sol.no/
less than a single square inch and makdérmed, powder-coated aluminum, adds only-acdx/gb.html or e-mail gbanttow@
sweet-sounding Morse code? Paddlett®.2 ounces of additional weight, includingworldaccess.n!
the mount's elasticized mounting strap. The
key and knee mount stow neatly in a compact
polypropylene carrying case.
Price: Complete kit—$47, plus $2.50 ship
ping and handling. For more information,
contact Paddlette Company, PO Box 6036
Edmonds, WA 98026.

VHF/UHF TRIBANDER FROM GB £
ANTENNAS

O The Tri-Band antenna from GB Antennag
and Towers covers 6 meters, 2 meters at
70 cm with a unique design that combine
three complete antenna systems on one boo
allowing for multiband full-duplex operation.
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