9kHz loop/preamp for soundcard receiver – J. Moritz - M0BMU

I am quite interested in the possibility of an NoV for 9kHz to extend the frequency range of my transmitting antenna experiments, but am not entirely convinced yet that it will be feasible to do field strength measurements in the same way it is at 136k and 500k. However, as a start, to investigate noise levels and so on, I have been trying out a portable receiver using a breadboard loop antenna / preamp to feed the 9kHz received signal into a laptop sound card for software-defined signal processing and display using Spectrum Lab etc. The prototype, although thrown together, seems to work quite well, covers about 3kHz - 22kHz and is pretty simple, so I thought others might be interested. The circuit diagram is attached.

The antenna is a multi-turn loop about 0.8m square with the winding made as a bundle of insulated wire. It is loaded with a shunt capacitor and the input resistance of the preamp to produce a low-pass response with a cut-off frequency around 22kHz. The first stage of the preamp is a bipolar transistor with series/shunt feedback to define the gain and input impedance, which gives an equivalent input noise of about 1.8nV/sqrt Hz. The second stage is an "audio" op-amp, with RC feedback to give gain that rolls off at about 20dB/decade over the frequency range of interest, to equalise the loop output which rises with frequency, to give a roughly constant Vout/Ein around 10dB.

In the tests I have done so far, the preamp noise level is at least several dB below the band noise in the region of 9kHz, so the sensitivity of the system is as good as can be used. It works successfully with DL4YHF's Spectrum Lab in various configurations, also with I2PHD's Winrad software. I would suggest keeping the preamp at least 1m away from the computer, and the loop antenna several metres away - my laptop seems to be quite noisy at VLF. The coax connecting the loop to the preamp can be any convenient length. Running both preamp and computer from batteries is very helpful when trying to identify sources of mains noise, which seems to make up most of the artificial noise in this part of the spectrum.



[image: image1.png]Antenna: 30tums
0.79m x 0.79m

16/0.2 PVC covered wire

9kHz Loop Antenna and Preamp
Jirm Maritz, MOBMU 10/03/2010

L=2.85mH

Preamp
Zin~ 300R

iz

RS

————&r
100R.

R2

J__'ca

xznu
GND  Qutput

P 6nd

To Soundcard
Line Input P

Gain ~ 6008 @ 9kHz
Ralls off at ~ 20dB/decade above 3kHz




The loop antenna I have been using is similar in size and inductance to the one in your link, but the preamp design is quite different. The "Easyloop" appears to be designed as a "natural radio" receiver antenna. For this application, one wants good sensitivity extending to the low audio frequency range. Since the loop output basically decreases as the frequency is reduced, very high gain is required at low frequencies to maintain sensitivity. This is obviously not good where a high level of 50Hz H-field is present, and for the "VLF communications receiver" application, high sensitivity at low audio frequency is not needed anyway.

So in my preamp design (see attachment) , I rolled off the low-frequency gain below about 3kHz. This results from the loop antenna response when loaded with the preamp input resistance, and the effect of C5/R7 in the second stage using IC1a. Also, high frequencies above about 22kHz are attenuated due to the low-pass filter formed by the loop inductance, C8 and the preamp input resistance. For use with software clipper/noise blanker, I have added a 9kHz bandpass filter, which further attenuates lower frequency noise, and also higher frequency utility stations. I have not had any problems with overloading due to mains noise or utilities with this design. (BTW, the ZTX690B can be replaced by a BC337 with negligible reduction in performance).

Of course, filtering cannot remove mains harmonics, etc. that are within the signal frequency range. These may be reduced by:
Changing the antenna (a E-field whip will be better than a loop if the local QRM is predominantly H-field, the loop will be better if it is mainly E-field)
Moving the antenna (often, there are large variations in QRM level over distances of only a few metres)
Using the directional nulls of a loop - it may be benificial to experiment with moving the antenna when trying to null QRM, because the apparent direction of the local QRM field also often varies over short distances.
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Regarding portable receivers for 9kHz, I have now added a BFO/product detector/AF output to my 9kHz loop/preamp/filter circuit. This effectively converts it into a small, self-contained fixed-tuned upper sideband receiver for headphone aural reception around 9kHz. The sound card preamp function is still available of course. The main idea of this was to have a portable receiving system for investigating noise sources at 9kHz, but it would also work well for near-field transmission experiments that people are trying. I also have an up-converter which can be used in conjunction with an FT817 as a portable 9kHz RX, but the dedicated circuit is much smaller and simpler, and more convenient. It only consumes about 20mA or so from the 12V supply, so only a small battery is needed.

The attachment shows the complete circuit - The 7.5kHz BFO and product detector uses a 4053 CMOS analogue switch IC as a combined mixer and RC-tuned oscillator. There is a bit of an explanatory diagram at the bottom of the schematic as to how this works... The BFO frequency stays within about 100Hz, which is fine for aural reception - for narrow band modes needing higher stability, down conversion can instead be performed by a PC and sound card of course.

The overall audio gain between loop antenna input and headphone output is very high, and when the "wide band" 3 - 22kHz bandwidth is selected, oscillation can occur due to internal ground loops, or external coupling between loop antenna and headphones. But for listening purposes, the wide band setting is not very useful anyway, and feedback is not a problem when the bandpass filter is selected since then input and output are in different frequency ranges. The complete circuit is contained in a small diecast box - however, I found this is not very effective as a shield against magnetic fields at 9kHz - best to keep it some distance from any lap-top or PC which it is connected to.

It is quite interesting to walk around with loop and RX listening to the wierd buzzing and whirring man-made noises and mains hum that is superimposed on the background QRN around 9kHz, and a good way of checking the suitability of a receiving location for future 9kHz tests. I have found that if you stand near overhead power lines, the noise present sounds quite different depending on the orientation of the loop with respect to the overhead wires. I guess this is due to different levels of 50Hz harmonics being present in the differential-mode and common-mode currents flowing in the lines. If you try this, you can expect very strange looks from passers by ;-)

Cheers, Jim Moritz
73 de M0BMU


[image: image3.png]Antenna: 30tums
0.79m x 0.79m
16/0.2 PVC covered wire

9kHz Loop Antenna and Preamp

Jirm Maritz, MOBMU 14/5/2010

Gain ~ 6008 @ 9kHz
Rolls off at ~ J0dB/decade above IkHz
Added product detector / audio output for aural recepti

ion

‘50ohm coax

L=2.85mH

R5 F28
et 4T0R J__'Ca 4TR
00u oy ol |2
x gy FUs 'mrzznu
cho © 3 o 0D output
8,2 Ry
. o —||—§ng»—(> LR
zLIE Zrxeo0s Iz - 22kHZ s
s 3 g > ond
5 3 Bandwidth —~——]—| To Soundcard
Preamp Line Input
Zin~ 300R 78- 105kHz

R2

RS
100R

4
100K

L2
7.8- 10.5 kHz filter

3
9kHz "RF" signal =9 86n
000 BFO / Audio ON/OFF
O
J_cza
-mrmnn
icz_[IB ChD
12 Vd 14
paj X
13 W
2o v S
Y1
o oS
of |« 5 4 =2 8 2
el 4 - T o
; cig )
INH vee b—
i A Teron 100m
3 g 4 25
= ¢ vss|— o
B e "
l 1caB
cig
Jcis @
EL[ < Set 7.5kHz A—LE R =
b= 0 BFOfrequency 5% 1ok -
10k
R23
Phase splitter +27dB 7.5kHz BFO / Product detector 3tz Low pass Volume Audio output
AVAVERR(! )
Phase
9tz in i L muoou
JAU W
O
B8
+veld 75kHz BFO
TR X
T2 A X B X T z
A
- 213 of 4053 Is used to produce 2 - inverter multivibtrator,
third switch is used as the product detector
@ Ot

1/3 of 4053 Analogue switch canfigured
as an inverter

Phanes

IR




