Bandpass receiving loops for 136kHz and 500kHz - Jim Moritz, MOBMU

Some years ago, | designed receiving loop antenitasa bandpass characteristic to cover the whagkiz
band without the need for remote tuning (see “Basdpeceiving loop antennas”, available at
http://www.wireless.org.uk/bploop.pdiThese have given good service, but the designea@w difficult to
reproduce because the ferrite pot cores used dnger available. Also, the 500kHz band has sulseity
come into being. This article describes updatedydsdor 1 metre square loops covering the 136khtz a
500kHz bands, with sensitivity limited only by esttal band noise.

Figure 1 — 1rhbandpass loop antenna

The traditional tuned loop antenna is a high Q dutiecuit, usually buffered with a high impedanceamp.
This gives a useful preselector action along withddional nulls and small size. It also has draskisaeven
for use over 135.7kHz — 137.8kHz, it is necessanyelak the tuning, since the bandwidth is usuabg than
1kHz. Since it is usually necessary to locate tlog laway from the operating position to avoid gise
levels from mains wiring, this requires some sdnteonote tuning. Remote tuning can be avoided bistiegely
loading the loop to reduce the Q, but this reddlsesoutput signal-to noise ratio and also out-afeba
selectivity is degraded. At MOBMU selectivity is anportant factor, since the field strength du¢hilocal
MF broadcast stations is of the order of 10s ofs/per metre.

The tuned loop is essentially a single tuned dintidade up of the inductance of the loop and a san
capacitor. The magnetic flux component of the raijmal induces an EMF in the loop inductanceait be
made into a bandpass filter by coupling it to theeiver via additional tuned circuits. The advaesagf this
are that:
The circuit can be designed to have a flat-toppeguency response covering the desired frequency
range without tuning adjustment.
The resistive loading required to achieve the eddirandwidth is somewhat reduced, improving SNR
with a given size of loop.
Rejection of unwanted signals outside the passisaimdreased.

In principle, you could use any number of couplaaed circuits, the main effect of having more bdamg
increase out-of-band rejection further. But momgetlicircuits means increased losses and complaxityin
practice a “2 pole” filter configuration using thesonant loop itself and a single auxiliary resamancuit
seems adequate for most purposes.



Based on previous experience, | wanted to usegdesinrn square loop element made from 15mm wapey. p
This is easy to make, easy to weatherproof, andstohe main difficulty is that, with an inductanaf only
3.6mH, such a loop requires large resonating capaciatisut 30nF for 500kHz and 400nF for 136kHz.
However, since tuning only has to be set up ornag,quite easy to get the correct values by cammgsmaller
capacitors in parallel. If metallised polypropylemepolystyrene capacitors are used, the unloadetisQch a
loop will be well over 100, which is more than adatg. A very high tuning capacitance also meansotheis
unlikely to be de-tuned by stray capacitance effeaiso the resulting low impedance reduces thadifigod of
E-field noise being picked up, and simplifies matghto a 50V Ioad. Suitable LF/MF adjustable inductors and
trimmer capacitors are becoming more and more scard¢hese designs, the auxiliary tuned circuduictors

are the primaries of “Toko” or similar 455kHz IFafisformers, which are fairly easy to find.

Circuit Details

Figure 2 shows similar circuits are used for bd@BKHz and 500kHz loops, with the same inductanbeega

for both. The 500kHz loop includes a 2:1 turnsarétansformer to increase the load seen by the doopit

from 50/ to 200V, while the 136kHz circuit is loaded with BQdirectly. This gives roughly similar loaded Q
for both bands, although the 500kHz loop has widerdwidth due to the higher frequency. The tramséor
design is not critical; any transformer giving avltmss and 200/50W transformation at 500kHz could be used.
The —3dB bandwidths of the prototypes were apprai@hy 10kHz for the 136kHz version, and 37kHz foe t
500kHz version.
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Figure 2 (a) 136kHz, (b) 500kHz loop circuits
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A band-switched version has also been built, sgar€i3. This simply switches one loop element betwibe
two circuits. A point to note is that the band-chpamswitch selecting the loop resonating capacitastrhave
low contact resistance in order not to increasddbses in the loop. For this reason, | used ad, pouble
throw toggle switch with three poles connectedarafiel to select the loop capacitor. The fourtlitcwpole at
the output is not critical in this respect.
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Figure 3 Band-switched 136kHz/500kHz loop



Component Notes

C1l 4 x 100nF, 100V metallised polypropylene in faldécapacitors selected during alignment)

C2 2 x 15nF polystyrene in parallel (capacitoresield during alignment)

C3 2.2nF polypropylene

C4 150pF polystyrene + 18pF in parallel

L1, L2 Primary winding of 455kHz 10mm “Toko” IF maformer with 180pF tuning capacitor or
similar; capacitor removed.

S1 4PDT miniature toggle switch

T1 18 bifilar turns on FT-50-43 (5943000302)7Inm diam= 850 toroid, or similar.

The capacitors should be polystyrene, polypropylsiteer mica or similar stable low-loss types; foe higher
values, metallised polypropylene are the best eéhdtolyester (“mylar”) capacitors look the same as
polypropylene, but have much higher loss, so bew@tdn the prototypes was made up of 4 capacitors
parallel; it was found that several small capasiiarparallel have less RF resistance than one lzapacitor.
The 600rH adjustable inductors are the primary windingSTafko” or similar 455kHz IF transformers; the
types that have 180pF capacitors have a suitablectance value that is adjustable over a fairlyewahge.
The internal ceramic capacitor must be disconneat@dmoved; in the Toko types, this is most eaddlge by
carefully breaking up the ceramic capacitor inrtieulded plastic base with a pointed implement. git@ary
winding is usually connected to the two end pinghefrow of three pins on the IFT base — check aith
ohmmeter to find the largest winding resistancée®toils with similar inductance and a Q >50 cdutdused.

The loop element is made from 4 x 1m lengths of i5copper water pipe, joined in a square witA @Bows.
Soldered elbows were used; compression fittingsis@feasible, but my experience is that theyveark
loose over time. One side of the loop is cut inrthédle, the cut ends flattened and drilled, arabbibolts
passed through and soldered into place. The baéis fhrough the wall of a plastic box containirgtiming
components, and connections are made using salger This gives a good low-resistance connectibe. T
connections to the loop tuning capacitors shoulddshort as possible and direct to the loop teaisin
especially for the band-switched version. Otherstttion is not critical, and the other componewntse
mounted on scraps of un-etched PCB material — gged=4. The loop element is attached to a woodepart
using plastic pipe clips.

Figure 4 Band-switched loop construction
The loop connections are the two bolts at the loh¢ke case. The loop tuning capacitors C1 andré€2 a
mounted on the toggle band switch at the bottom



Alignment

Alignment consists of adjusting the resonant frequess of the loop and auxiliary tuned circuits. S8 best
done during assembly by temporarily configuringtilmeed circuits as parallel or series traps asgarg 5;
when the resonant frequency is equal to the sdtggeency, a sharp dip in detector level will berseFirst,
the parallel resonant frequency of the loop itseHidjusted to be close to the centre of the b&ntterest by
selecting a suitable parallel combination of cajpasi(Figure 5(a)). The auxiliary tuned circuithen adjusted
to an identical series resonant frequency by i{$atjure 5(b)). Then the connections between thedtcircuits
and the output are made to complete the circuifurtber adjustment should be required. Nominabnesit
frequencies for the two bands are 137kHz and 504&Hzough deviations of a couple of percent frowse
values are not serious due to the fairly wide pasdb- the main thing is that both tuned circuitssat to the
same frequency.

() (b)

Figure 5 Adjusting resonant frequency of (a) lodp,auxiliary tuned circuit

The “source” and “detector” can be almost anytldagable of generating a reasonable test signakat t
frequencies of interest, and indicating a dip gnsali level at resonance of the order of 10 — 2@dRBceiver
and a suitable signal generator or wideband nagsergtor, a signal generator or attenuated TX owtfih an
oscilloscope or RF voltmeter as detector are exesaflhe ideal tool is a selective level meter writicking
generator. Note that, when tuning the Toko indwgttirese tiny ferrite cores can be saturated big doiv
signal levels; about —20dBm from the source is.safe

Preamplifier

As with all small loops, output level to the recaivs small — the band noise floor can be belovsrdOin a

CW bandwidth from this design. Most receivers aresensitive enough to be used with these loopsowita
low-noise preamp. The preamp should have inpuedapce near 3 and a gain around 20dB or so seems to
suit most “reasonable” receivers (sensitivity dfaction of a microvolt for 10dB SNR in CW bandwhd). The
preamp in Figure 6 was designed for the originapgand has given good results. It has a quitenlmge

level; less than 0.0@/ with 50W source impedance. Due to the use of negative &sddnd a fairly high bias
current, it also has good linearity, and will owexdl most receivers before generating significastbdion
products. The input impedance is determined bylfaekl and is close to B0 The output impedance is roughly
that of the 2RV series resistor, which ensures stability with cépee loads. With 5@ load, gain is about

22dB. This is essentially a VLF — MF preamp; gaifiat between about 10kHz and a few MHz.



Figure 6 Preamplifier Circuit

The ZTX690B is the best device | have found sddathis circuit; if you want to use something elkmk for
a small power device with a very highat high bias current, and-aof at least 50MHz — the ZTX 690B has
minimum 6 of 400 at 1A. The ZTX650 worked well too. A 2N30ibXhe junk box was only slightly worse.
Devices like the 2N2222 will work, but will geneead couple of dB higher noise level. TR2 is legscat; it
should havd > 50, fr > 50MHz, and be able to dissipate about 1W. A Z2383a8nd a BFY51 worked fine.

The Antennas In Use
The prototype loop antennas gave the followingasps:

136kHz antenna: 3dB down at 131.6kHz and 141.4BV¥ 9.8kHz.
30dB down at 113kHz and 181kHz.

500kHz antenna: 3dB down at 484kHz and 521kHN¥, & kHz
30dB down at 415kHz and 726kHz.

The selectivity of these loops therefore gives uisefection of LF and MF broadcasters and utsitseich as
Loran C. Performance on both bands is good enaugbkadr the band noise at MOBMU, without overloading
due to the local broadcast stations.

The loop antennas and preamplifier have been ussxssfully with a variety of receivers includingracal
RA1792, an Icom IC-718, modified “Softrocks” andieas homebrew converters and transverters. It is
important to realise that many amateur-type HF, adfough providing coverage of the LF/MF rangayén
degraded sensitivity at low frequencies. The IC-fa8 sensitivity about 20dB down at 136kHz comp#oats
HF performance, and the loop preamp gain is maltgiraough to cope with this. | have also used¥Yhesu
FT-817, which has such poor sensitivity in the BRge that it is much better to use it with a LF/MMF up-
converter. The RA1792 has good sensitivity in tReMF range.

To minimise pick-up of local QRM, it is essentialéxperiment with different locations for the amtarto find
a low-noise site. Often, moving the antenna orfisvametres will substantially affect the noise lewgsually,
best results are obtained by positioning the amtasfar from mains and telephone cables as pessiihg a
loop antenna indoors usually gives poor resultsedlith connection is shown in the loop antennaiitge- |
have found it is usually best to ground the systahy at the receiver end. Grounding the antennaasnaell
can create a “ground loop” where noise currentutate through the ground system and induce noifieei
antenna. This can happen inadvertently if the kelement comes into contact with the ground, or wamp
vegetation.

The loops are not very sensitive to de-tuning; evéarge metal object like a step-ladder has lgtfect unless
it is nearly touching the loop.

One could build the preamp into the antenna it3dlis would have the benefit of reducing the effefcany

noise picked up by the feeder cable. In practitis,lias not been an issue, and it is more convearzh
flexible to have a “passive” loop requiring no DGwer supply, feeding a separate preamplifier.
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