Adding a Q-Multiplier to a*“Zero Power Receiver.”
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Abstract

Experiments are presented dealing with asmple “crystal set” with one resonator, first using a
diode detector and then aMOSFET. Traps are added to enhance selectivity. Theradio isthen
converted to a“regenerative receiver” through the addition of a single transistor operating asa Q-
Multiplier. Theresulting design can till be used asa crystal set, but can hear some other signals
with the flip of a switch and the adjustment of apot. The active device consumes 1 mA from a9
volt battery.

" A ZPR built in an old BC-221 chassis.

Introduction

Theterm “Zero Power Receiver” (ZPR) appliesto aradio circuit that receives AM broadcasts to generate
an audio signal in headphones while consuming absolutely no external power. In earlier times, we would
use the less pretentious term crystal set to describe such areceiver. But thisterm may no longer fit for our
contemporary ZPR might not even useacrystal. No matter what we call it, we are concerned here with
primitive, simple receivers, and simple ways to expand their performance.

| became re-interested in modern crystal sets after discussions in 2006 with a good friend, Bob Culter,
N7FKI.  Bob steered metoward web sites that presented some of the many interesting aspects of the
contemporary crystal receiver. A central oneisthe home page of the Birmingham, Alabama, Crystal
Radio Group. See http://www.crystalradio.us  Within thissite you will find alist of interesting links. |
especially recommend the site of Ben Tongue at http://www.bentongue.com/ | urge you to follow the
links within these links, and to do your own searching through Google or other search engines. Thereisa
wealth of information out there,

A landmark paper recently appeared: Bob Culter, N7FKI, “High Sensitivity Crystal Set,” QST, pp31-33,
January, 2007. This paper can be downloaded from the ARRL web site. Bob's design replacesthe
traditional semiconductor diode detector of a classic crystal radio with a zero-voltage-threshold MOSFET.
Theresult isareceiver with good sensitivity and even better selectivity. Bob's effort produced an
immediate interest among the crystal set crowd, as evidenced on the web in the “Rap ‘n Tap” discussion
group found at http://www.midnightscience.com/rapntap/default.asp Theresponse to Bob's paper was so
strong that Mouser sold their complete stock of the parts that Bob used in hisreceiver shortly after
publication. (They are now available again.) My reaction was not as quick, but it was still firm —1 had to
build one of these receivers.

It took awhile, but | finally got around to the project in September of 2007. | ordered some ferrite toroids
and Litz wire and jumped into the crystal set game. It'sbeen alot of fun so far.



Coilsand their Q

One of my first realizations about the modern crystal set was that the quality of components, especially the
inductors, was avital part of a successful design. Accordingly, | started my efforts by building several
coils. | measured their inductance and Q, and often the self resonant frequency which allowed cal culation
of aparale capacitance.  Thisinformation is summarized in a companion document titled Experiments
with Coils and Q-M easur ements, which is aso posted on my web page at http://w7zoi.net/tech.html

A First ZPR

| wanted to start with areceiver that was somewhat compact. Still, it was clear from the websites that
vernier tuning and some logging accuracy would be of great valuein amodern crystal set.  So the chassis
and tuning capacitor of an otherwise empty BC-221 Frequency Meter was elected to form afirst receiver.
The tuning capacitor had arange of 13t0 188 pF. So ahigher than normal inductance would be required.
| filled afairly large ferrite toroid with #22 wireto yield an inductance of 449 uH. A crystal tap was
placed at 14 turnsfrom ground. Thefirst receiver is shown bel ow:
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A first receiver using a diode detector.

The basis for this design was the “Progressive” design offered by Jack Bryant, KE4ID, one of the gang
from Birmingham. | had the pleasure of meeting Jack at the Dayton Hamfest in May of 2007.

Thereceiver shown above was used with atypical ham antenna consisting of a pair of dipoles for 40 and 20
meters that were fed with a Sngle piece of coax cable. For receiving the lower frequencies, the feeders
were tied together and fed againg the station ground, which was far from good. It <ill worked well
enough.

A Bogen 725 audio transformer matched the diode detector audio output to the available low impedance
phonesthat | had. Initialy | used the phones from my ham gear, currently a pair of TDK MP-100s.
These were inexpensive, but are adequate for normal use. Shortly after building the first receiver |
converted a couple of telephone handsets (about 25 years old) that N7FKI had contributed to become a pair
of higher sensitivity phones. The sensitivity improvement was dramatic.

The signalsfrom a few of thelocal stationswere quite strong. However, distortion was severe until the
“Benny” wasadded. Thisisaparald RC, 110K and 0.1 uF in thisexample. Thiscircuit isacreation of
Ben Tongue, which accounts for thename. The high DC resistance reduces the detected DC current
flowing inthediode. But the paralldl capacitor routes the audio past theresistor to the transformer.

The circuit improved selectivity and reduced the distortion on the local blockbuster station.



Selectivity was poor with thisreceiver. It was better than | had ever experienced with a crystal set, but it
was still compromised.

Switchingtoa MOSFET Detector

The next receiver, shown below, used one of the MOSFETsthat Bob had used in hisreceiver. | started
immediately to protect the gate back-to-back catch diodes, for some other builders had reported damaging
the FETswith large signals. | had just asingle pair of diodes in the circuit from gate to ground, and the
MOSFET gate was attached to the top of the tuned circuit. Theresultswere confusing at best. There was
audio output, but the tuning had littleto do with it. | attenuated the input RF signal and the circuit started
to behave.

At this point it appeared that the signal level across the resonator was already too large for a Sngle diode.

| temporarily returned the receiver to the crystal detector mode shown above and started placing series
strings of diodes acrossthetotal resonator. | wasamazed. Even astring of 5 diodes degraded the
performance. Considering theimplied high signal voltage, | moved the MOSFET gate and related diodes
to a center tap on the coil. Theresult is shown below where 5 diodes no longer caused problems.  The
number of diodeswill, of course, depend on the environment and antenna system used with the receiver.

(I can only guess at the sgnal levels that some folks must encounter with their much larger antenna
systems!)
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A modified ZPR using a MOSFET detector.

Thisreceiver was now beginning to function like the one that Bob had built. | was abletoreceive a
number of thelocal stationsover the entiretuningrange.  The selectivity was aided with looser coupling
to the antenna afforded by an impedance transformation provided by a series variable capacitor. A link
coupled trap was added. There isno need to float the notch generating resonator above ground.

| had a variable capacitor with plastic insulated mounting hardware, so used a floating capacitor for the
variable coupling. However, atraditional grounded capacitor could be used in the ground return lead from
the main resonator link.

Adding a Q-Multiplier
While crystal setswere fun, | have also dways enjoyed regenerative circuits. | wastempted to move on to

aregen in this BF-221 format, but did not want to dismissthe crystal set just yet. Among other things, |
had not yet heard anything outside of the greater Portland, Oregon area. | wanted to at |east hear some



“DX.” Signal strength measurementswith a general coverage receiver indicated that | was within 10 dB,
sol wasclose.  Whilethinking about the problem, the approach taken by a friend in the UK cameto
mind. (George Dobbs, G3RJV, “A Stable Regenerative Receiver,” SPRAT 105, Dec 2000. Also seeFig
1.16 in EMRFD.) He had built agreat shortwave regenerative receiver by attaching a Q-Multiplier circuit
toasmple JFET detector.

Some computer simulations proved to be both useful and interesting although they brought some irony to
the project. Somehow it does not seem proper to design a crystal receiver with computer simulation. It
appeared that a suitable circuit could be built with either a FET or abipolar transistor. | ended up using a
common 2N3904 bipolar, although about anything would work. Thetransistor isbiased to about 1 mA
maximum, with net current controlled by aregeneration control. A pair of capacitors are added to generate
positive feedback in the manner of a Colpitts oscillator. This feedback creates a negative resistance in
parald with some capacitance when looking into the base of the circuit. Thisisloosely coupled to the

hot end of the tuned circuit through asmall capacitor. Thefina circuit is shown below.
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The ZPR is converted to aregenerative receiver with the addition of a Q-Multiplier.

This design includes some additional refinements. A second trap was added, allowing meto attenuate two
of thelocal rock crushersat onetime. (A third might be appropriate!) A few turns were removed from
the coil to alow tuning to 1600 kHz.

The computer simulations had shown that the Q-multiplier would enhance selectivity and provide alittle bit
of gain. The gain was not excessive though; usually about 20 dB was as much asit bought. Thisis
different than atypical regenerative detector. On the other hand, this might be just right for areceiver in
the broadcast band. Thisis exactly what | observed.  Switching the Q-Multiplier on produces no change
unless the coupling capacitor isnear minimum C.  Then advancing the regeneration will alow oscillation
tooccur. Tuning then produces asignal in about every 10 kHz dlot.  Many of them can be copied by
dropping the regeneration just below oscillation.  Advancing the coupling will make the signals louder,



