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Initial Build:
The board was built up according to the Rev 9B schematic, except that coupling capacitors

C17 and C24 were not installed.

Initial Checks:
Gain of the first amplifier stage was lower than expected per channel, because the unused

channels shunted the signals developed in the used channel.  Later tests with a resonator
contradict this (see far below).  Channels 2 and 3 have 1 mA bias current, equivalent to 3575
ohms each, which might be reducing the overall gain.  With all three channels driven, gain of the
first stage at 1.5 Mhz measured x112.5.  Gain of the second stage was x175 at 1.5 MHz.  This is
equivalent to the gain from the table for a 2-inductor load.  Third stage was not tested, assuming
gain would be equivalent to the table for a resistor load.

First Run:
After installing C17 and C24, I powered it up.  It seemed to oscillate.  After making AGC

manual, and setting for lower gain, it seemed to oscillate at anything other than minimum gain.
Looking back, after all the debug described below, I might have been seeing noise overload
instead of oscillation, due to way too much gain in the signal chain.

Modifying for Two Stages:
First modification was to bypass stage 2 (Q4, Q11, Q15).  This was done by first removing

C17 and C24, then installing one leg of C24 connected to the base of Q5, then installing a wire
between Q10-E and the other side (the floating side) of C24.  This made the system function
without oscillating.  I was able to hook up one resonator to input 1, short inputs 2 and 3, and hear
radio stations.  After I made a 9 turn secondary over the resonator, and connected it to the
amplifier input, selectivity improved but sound was muddy.

Modifying the First Stage:
Tuning seemed to vary slightly when gain was changed, so I shorted RFT1 and RFT2,

leaving only R1 as the load.  This seemed to help considerably.  

Phase Splitter and Detector Driver Performance:
This section works quite well as-is.  No need to modify or improve it so far.

Detector Bias:
I Installed a 20K pot at the detector bias point, found it improved the sound even at the

lowest setting.  Maximum current gave the best sound but it was still muddy.  I changed the value
of R60 to a lower value, and the sound improved.  R60 is now 7.50K (was 100K).  I installed
15.0K at R50 (was 2.00K), and shorted J21 to J20.

Audio Output Tests:
With a crystal earphone connected, sound is quite loud.  With a RCA cable to a line-level

audio input on a stereo component, the level goes down.  Sound quality is quite good through the
stereo amplifier (one channel was driven).  It does not sound like normal AM, it sounds more like
FM, with better bass and better high frequencies.  This might be that legendary "TRF sound".

AGC Function:
Initially the AGC driver Q9 would act OK only when detector bias was max (2.00K).  That

is, Q9 would be saturated until signal voltage caused it to come out of saturation.  With lower bias
current to the detector, Q9 would not saturate with no signal.  I moved R52 (1.00 Megohm)to the



base of Q9, and installed 187K at R53.  This allowed Q9 to saturate, then come out of saturation
when a strong signal was received.  To move R52 required a modification wire.

At this point I connected J16 (AGC OUT) to J17 (AGC IN).  With careful adjustments to VR1
and VR3 (VR2 is not in the system since amplifier 2 had been bypassed) I was able to get useful
AGC action.  The AGC system is still too sensitive at the input (gain in the MOSFETs?), and I get
low (not loud) mototboating in the audio when a strong signal is received.  I left it this way, and
am now using manual gain control instead.  

The Meter output (J14 and J15) is proving useful as an indication of relative headroom in
the detector, such that when the meter goes above half scale distortion in the audio starts to be
heard.  With the meter and the manual gain control, I can get good reception.

There seems to be an audio "sweet spot" at a meter indication of 40%.
Later, I decided to try direct gain control by wiring to the dividers (lifting R2 and R20, and

applying zero-to-6V to these).  This did not work well, being even more sensitive to slight changes
in applied gain control voltage than the original configuration.  So, I went back to original
configuration for manual gain control, as shown in the Rev 9B schematic.

Connecting Second Stage and Bypassing Third Stage:
Sensitivity seemed good, but I wanted to see if the second stage would oscillate.  I

removed second stage bypass wiring (described above), installed C17, and lifted one leg of C31
(disconnecting it from the third stage).  I installed a wire from Q11-E to the lifted terminal of C31.
Note C24 is not installed, as well.  This bypassed the third stage.  At maximum gain, the system
did not oscillate.  It still gives low amplitude motorboating when I attempt to use AGC, so I
continue to operate the system with the manual RF gain control.

It seems that now, with a gain of x175 in the second stage at 1.5 MHz, and a gain of about
x20 in the first stage, we have a total gain of x3500  in the signal chain, per channel.  This is
reduced most of the time for reception of local AM stations.  There is plenty of gain when needed.

Later, while operating the radio I noticed regeneration and oscillation.  I shorted RFT3 and
RFT4.  Less gain now (about half as much), but no regeneration or oscillation with a 4-turn
resonator secondary.  Noise between stations is very low, and there is not really enough gain to
make weaker stations loud.  Later I'll revisit this after mounting the amplifier in a metal case.

Later I will be connecting three resonators, which might deliver a first stage gain of x60 to
x100 when all three are carefully set to add together.  Operation of the three-resonator system is
yet to be determined.

Improving the Q of the Resonator:
The receiver system is TRF (Tuned Radio Frequency), so there is no oscillator and no mixer.

The resonator tunes to the frequency to be received, theoretically rejecting other frequencies as it
resonates only to the tuned frequency.  In practice, it seems that rejection is not complete (see
below).

So far I had been using a resonator secondary coil of 9 or 10 turns.  I reduced it to 6 turns,
with no apparent loss of sensitivity, noting that placement of this coil along the ferrite core makes
a big difference.  Later I will need to explore whether increased amplitude is countered with loss
of selectivity and so on.  Tests using a 4-turn secondary in various places along the ferrite showed
only slight tuning effects but no other effects were noticed.

And, I checked out 3-turn secondaries and 2-turn secondaries.  The amplifier offers plenty
of gain if I need it.  Signal seems to drop off quite a bit with less than 4 turns in the secondary.
Going with 4 turns for now.  Selectivity is very good, because the Q of the resonator is high (I'm
estimating Q to be above 150).

It may be that the orientation of the ferrite bar coil becomes more critical as Q is
increased.  I don't really know the answer to this, since all ordinary radios I could compare it with
are implemented with very good AGC.  This tends to make these other radios seem to be more
tolerant of bar positioning relative to the direction of the station.

Adjacent-Channel Interference:
At this point I have only one resonator connected, and I expect the second and third



resonators will allow cancelling out adjacent channels.  For now, with just one resonator, weaker
stations near strong ones are simply drowned out.  This does not appear to be related to the Q of
the resonator but to the strength of the strong unwanted signal.  One very strong station around
1200 on the dial still is audible in the background of a station at 1500.  

Grounding the rotor (the case) of the resonator tuning capacitor seems to have little effect
on the signal strength, but might be broadening the response to unwanted adjacent stations.  This
ground is the only connection between the resonator and the amplifier, since the secondary
winding carries the signal into the amplifier.  So this ground is not absolutely needed.  When not
grounded, touching the metal parts of the resonator tuning capacitor will change the tuning.
When grounding is installed, this effect is minimal and maybe even zero.

Oddly, in some cases a very low audio signal from a nearby transmitter is heard regardless
of the gain of the RF amplifier.  This suggests that signal pickup by the audio or other input/output
wiring is being detected and becomes audible.  Hopefully this will go away after the amplifier is
put into a shielded metal case.

Testing Each of the Three RF Inputs:
Resonator was connected to one of the RF inputs while the other two inputs were shorted

(grounded).  Identical performance was the result for each input, no difference found between one
input and any others.

Resonator was connected to all three RF inputs in parallel.  Slight effect on tuning of the
resonator but audio levels were unchanged relative to connecting just one RF input.  I was a little
bit surprised at this result, expecting the other two non-connected inputs to shunt the output of
the connected input.  But, no increase in audio or RF level was seen.

Operation Over the Battery Voltage Range:
With a station tuned in at max battery voltage of 6.3V, I gradually reduced the voltage.

The sensitivity and audio amplitude went down.  A very slight detuning effect was also seen.  At
about 3V (way below the minimum spec of 4.5V), sensitivity was so low that only the strongest
local stations could be heard.  Otherwise, there were no other problems, and audio quality was
always good.  This is a very good result.

Overall:
I'm quite pleased with the operation of the system so far, and, given the complexity of it,

am delighted that more modifications were not needed in order to get basic functionality.  
Operation of the AGC system will have to be reviewed.  Major redesign might be required,

but this is not a show-stopper.
Since the third stage amplifier is not needed, there might be enough room on a new PC

board for an audio amplifier.  Maybe no need for a separate board for this.

Where to Go from Here:
The board is sufficiently stable to proceed with resonator development.  The existing

resonator is a 4-inch long piece of ferrite with about 70 turns of heavy litz wire, tuned by an air-
gapped 365pf variable capacitor.  Easiest improvement is to glue two ferrites together to get an 8-
inch length.  Then I just make three of them and hook them up.  Easier said than done of course.

First though, I need to put the board inside a metal case and see if this allows me to get
more gain out of it before it oscillates.  Then on to the AGC system; I need to get it to work
before I'm done.


