A UNIQUE

Scott D. Prather, KB9Y
2776 S. Monroe Street
Denver, Colorado 80210

APPROACH TO
AM SYNCHRONOUS

DETECTION

A simple way to enhance fullcarrier

AM reception

. mplitude modulation is almost as cld as

A(hc radio art itself. Stnee the era of the

radio-frequency alternator, AM has been
used to convey intelligence throughout the RF
spectrum. Even teday, AM is hard at work in the
standard broadcast band, the shortwave broacl-
cast bands, and aviation commuications.

For years now, the envelope detector has
been the traditional method of demodulating
AM. The envelope deteetor is a siniple, low-
cost device that provides relatively good per-
formanee under most conditions, bur it is by no

means a high-performance demodulator, For
instunce, the envelope detector sutfers from
extreme distortion during selective fading—a
common occurrence on the medium and short
wave bands.

Fortunately, there is a solutien: synchronous
detection. The synchronous detector (also
known as a coherent detector) offers these
advantages:

* Provides low-distortion audio during carni-

er fades when recelving shywave-propagated

signals,
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Figure 1, Rotating vectors are the easiest method of visualizing the phase relationships in amplitude modulation.
Reprioted from Frederick Terman, Electronic and Radio Engineering, 1955, MeGraw-Hill, permission of McGraw-

Hill Books.

+ Minimizes the effects of any quadrature
components in the received signal caused by
propagation anemalies, receiver mistuning,
IF filter asymmetry, receiver phase noise,
transmitter PM, etc.

+ Provides a 8/N ratio consistent with the
actual 8/N ratio of the incoming signal,
regardless of its strength,

Until recently, most commercial receivers
have not included a synchronous detector for
AM, primarily because of its cost and complexi-
ty. The unique and simple circuit presented here
was designed to offer the following features:

= Wide IF frequency range. Will work with
any )F between 50 and 500 kHz, at any [F
level between 10 mV and 1 volt RMS.

= Audio switching berween an envelope
detector and the synchronous detector is on-
board, and is controlled by the presence of a
ground signal.

= Audio distortion is less than .5 percent
THD.

* An on-board notch filter with variable Q
attenuates adjacent-channel heterodynes
while providing high-frequency tone control.
The noich filter can be set up to operate at 5,
9, or 10 kHz.

* An on-board LED driver is included to indi-
cate detector phase lock.

+ An on-board regulater permits the use of
any input veltage between 7.3 and 35 volts
DC, while eliminating the adverse effects of
power supply ripple and ¥ CO feedthrough.
+ The board’s smal] size (3.5 x 3inches)
allows its installation into almost any com-
municat;ons receiver.
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Before we delve into the specifics of this cir-
cuit, fet’s spend some time looking at the AM
demodulation process, and how a synchronous
detector solves the problems associated with
conventional envelope detection.

Amplitude modulation—a tutorial

In order to undersiand synchronous detec-
tion, it’s best to explain the physics of ampli-
tude modulation, If we view an AM signal in
the (ime domain using an oscilloscope, we can
see the superpositioning of the modulating
waveform on the carrier, resulting in modula-
tion of the envelope of the wave. If we view the
AM signal in the frequency domain using a
spectrum analyzer set up with the appropriate
resolution bandwidth and dispersion, we see the
carrier and (wo identical sidebands spaced the
distance of the modulating frequency from the
carrier. If we vary the percentage of modula-
tion, we would see the amplitude of the side-
bands change relative to the carrter, Viewed
this way, the AM process looks to be quite sim-
ple. However, there are phase relationships
between the carrier and the sidebands that play
an important part in the modulation process.
We must be aware of (hese to understand how
synchronous detection works.

Rotating vectors (see Figure 1) are the easi-
est method of visualizing the phase relation-
ships in amplitude modulation. In Figure 1, the
three vectors C, L, and U represent the ampli-
tude and phase relationships of the carrier,
lower sideband, and upper sideband, respec-
tively. For clarity, the carrier vector C can be
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Figure 3. (A) Diode envelope detection. {B) Product detector. (C) True synchronous demodulation.

reduced in amplitude, the ratio of the magm-
tude of the L." and U" vectors and the C* vector
during periods of maximum negative modula-
tion (point 7) may create a medulation index
that exceeds unity at the receiver causing
extreme envelope distortion. [n addition, rapid
phase reversals occur as the madulating wave-
form crosses zero, causing a high degree of
phase modulation.

AM demodulation

There are three basic types of AM demodula-
tion: diode envelope detection, product detec-
tion (sometimes called quasi-synchronous
detection),? and true synchronous detection.
The differences between these 1hree types are
summarized below:

* Diode envelope defection. This is the old-
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Figure 4. Motorofa MC13022 internal ciecuitry,

aat

est form of AM demedulation. in which a drode from the stages that precede 1.
and capacitor produce an output voliage across 3} The diode demonstrates a threshold effect,
a resistive load that corresponds to the envelope where jt wiil no [onger demodulate when the
of the waveform (see Figure 3A). Although it’s input signal drops below a certain [evel.
quite simple, the diode envelope detector has 4) The diode envelope detector creates severe
several disadvantages: distortion when the modulation index

1) The diode 1s nonhinear, therefore creating exceeds unity, as often happens during sky-

distortion at certain levels of nwodulation. wave propagation.

2) The diede requires quite a bit of drjve [n spite of these disadvanlages, the diode
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envelope detector has been used 10 communi-
cations receivers for decades, primarly
because of its low cost. Today. however, the
diode envelope detector has been replaced by
product detection.

* Product detection (gquasi-synchronous).
This term is actually a misnomer, as 2ll
demodulators produce an x(t) y{t) product of
the carrier and modulated carrier frequencies.
However. the term has come nto such com-
mon usage that it now denotes the use of a
multiplier instead of a simple diode rectifier.?
In the product detector, the IF signal 1s fed
info a lymqter stage, where the modulation s
stopped from the waveform (see Figure 3B).
The resulting square wave of frequency o, 15
fed into one port of a multiplier to serve as a
carrier, xft), while the other input of the mu!l-
tiplier s fed with the original ampljtude-
modulated 1F signal, ¥(¢). Product detection
has the advantage of producing less distor-
tion than a simple diode envelope detector
under strong signal conditions, but 1t fails to
offer any advantages as the signal strength
decreases or the modulation index exceeds
unity—as the x(t) carrier level will drop as
well. Product detectors typically requyre far
less input signal to produce an output, so the
drive requirements are reduced.

+ Frue Synchronous. The premise of true
synchronous demodulation iy quite simple.
Instead of depending upen the received carri-
er to maintain the proper carrier vector mag-
nitude (and therefore a modulation index of
unity or less). we will instead design the
recerver so it generates (ts own carrier x(¢) of
the proper magnitude in-phase with the
recerved carrier. This carrier ts injected as an
LO signal into one port of an in-phase (1)
muloplier, with the modulated IF signal 3(¢)
feeding the second multiplier input (see
Figure 3C). The product thyt results from
this process has several advantages overa
simple diode envelope detector:

[} During periods of carrier fading, the
recerver’s synclironous carrier takes the place
of the mssing carrier for the duration of the
fade. In so doing, the audio distortion from
the detector s greatly minimized wheny the
modulation index exceeds unity, unless the
sideband amplitudes are altered severely.

2) The multiplier only responds to the in-
phase or amplitude component of the signal,
minimizing the detector’s response to the
phase component.

3) The synchronous detector continues to
demodulate regardless of the level of the
incoming signal, eliminating the threshold
effect seen in diode envelope detectors

4y The phase-locked YCO can eliminute the
frequency-modulation associated with two
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Figure 6. R3 and C5 provide the necessary R/C cirenit for the RSSI line,
who's output voltage varies according to the log of the input signal.

carriers near the same frequency (provided
the carrier offset 14 outside the range of the
lowpass filter in the PLL loop).

53 True synchronous detectors can also be
uged to demodulate single sideband reduced
carrier ransmissions, designated SSB—)».

Overview of the Motorolo
MC 13022 AM stereo decoder

chip as @ synchronous detector

Over the years, several means of providing
synchronous detection have been developed,
but in many cases the cireuits were complicated
and difticult to integrate into a wide range of
receivers. Others were crineal n their adjust-
ment, and some required a very specific IF sig-
nal level, Sull other circuits suffered from |F
“breakthrough.” where strong signals (such as
loca! broadcast stations) would ride into the
detector due to its high gain. ) felt that there
must be a simple way to provide synchronous
AM detection in almost any receiver with an IF
in the 50 to 500 kHz range without the prob-
lems associated with other designs. | found the
anywer in the Motorola MC13022 AM stereo
decoder chip.

The real beauty of using the application-spe-
cific Motorola MC13022 as a synchronous
detector 15 that a high percentage of the neces-
sary components already reside on the chip The
MC13022 includes-a low-distortion envelope
detector, in-phase and quadrature maltipliers.
and an internal ¥ CO. The chip also includes an
AGC-controlled IF amplifier with 60 dB of
dynamic range, and an audio notch filter to
atteauate adjacent-channel heterodynes,?
Although the cbip was designed for an IF in the
260 to 455 kHz range, my tests jndicate that it
works just as well at any JF between 50 and 500
kHz-—making it adaptable to a high percentage

Communicatiens Quorterty 19
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of the comniumcations receivers on the market.
The high input inpedance of the witernal 1F
{>10k). and low IF signal requirements (10 mv
minimum) nean that the cjrcuit is easily fed
from almost any IF strip, or 11 can be used as an
IF amplifier/synchronous detector iy your yext
honebrew project.

Let's take a closer look at the ¢qreuit in
Figure 4. The IF input of frequency w, from the
recenver is fed in on pin 5. From there, the 1F
signal is amplified and appears on pin 2. An
external L/C circuil resonates the ]JF amplifier
output. and the IF signal 1 internally coupled to
the envelope and 1/Q phase detectors. AGC yvolt-
age developed in the IF amplifier is fed back to
a shunt attenuator on pin 5 to maintain an optj-
murm signal amplitude to the multipliers and
PLL. This AGC circuitry zlso feeds an internal
signal quality detector that provides an extemal
logarithmic signal strength indication. in add,-
tion to providing a signal quality indication 1o be
used in activating the PLL fast-lock circuitry.

The amplitvde-modulated IF signal y(t) from
pin 2 is fed into a buffer, and then into the mul-
tiplier/PLL input bus. The MC13022 uses mul-
tipliers for both the 1/4Q outputs and the enve-
lope detector. By <o doing, the envelope detec-
tor is actually a product detector {quasi-syn-
chronous}. The MC13022°s 1 and Q multipliers
are identical; the ouly difference between them
is the LO signal injected into each from the
VCO. Since the ] multiplier demodulates the
in-phase component, the VCO mwust supply it
with an 1(7) carrier of cos @ {t}. The cos w (1)
carrier generates maximum voltage when cos
8= (8=0 degrees). By the same token, the
quadrature multipliers are fed with an 1'{t) car-
rier of sin e, (t}. With this carrier, the output
voltage s maximum when sin 8=1 (§=90
degrees).® These LO signals are developed in
an internal phase-shift nerwork on the output of
the MC 13022 vCO.

The VCO in the MC13022 operates at eight
limes the frequency of the 1F and an niernal
divider brings the VCO down |0 the IF frequen-
cy. In the clup’s original application, this was
done to assure that the VCO would always be
above the frequency of the standard broadeast
band, even when (he chip was used in au auto-
mabile recerver with a 260 KkHz IF. In my
application, this “feature™ serves na purpose,
other than to restrict the upper frequency Limit
of the IF jnput signal. The VCO employs a fast-
lock circuit and an IF frequency discrimnator
that can sense whether the VCO s too high or
teo low n frequency and rapidly adjust the
VCO lock voltage accordingly. Finally, VCO
lock is fed back to the signal quality detecior,
where it provides an output voltage thai [ used
to operate an LED to indicare PLL |ock.

Circuit description

The support circuitry for the MCI3022 s
quite simple, and enly minor mod,fications to
the chip’s standard configuration were neces-
sary to allow (15 use as a synchronous detector
(see Figure 5). The IF signal from the receiver
is coupled through DC-block C| and R1 to the
IF input on pin 5. R| raises the input imped-
ance, since tQis is varjable with the setiing of
Ul’s inernal shunt attenuator. The amplified 1F
signal appears at pin 2, and 15 applied to the IF
resonant circuit consisting of L[, C2, and R2.
R2 15 used to lower the Q" of L14C2. unprov-
ing the frequency response of the 1F.

Capacitor C3 provides internal AGC filter-
ing, and C4 erves as & AC bypass for the 3
volt regulator on pin 3. R3 and C5 provide the
necessary R/C circuit for the RSST Line, who's
vutput voltage varies according to the log of the
uput signal (see Figure 6).

Moving on 1o the detector portion of the



Component 5 kHz notch

R14,15,16A,16B 68,000 ochms

9 kHz notch
47,000 ohims

10 kHz notch

43 000 ohms

Table 1. Component values for various notch-filter frequencies.

chip, capacitors C6, C7, C8, und CY serve as
bypass capacitors for the 2w (t) compoenent pre-
senr on these pins. The values of these capaci-
tors vary according to the [F frequency, with a
value of 0.0} pF fora 50 kHz IF and 0.001 pF
for a 455 kHz [F. The values of these capaci-
tors were carefully chosen to provide the neces-
sary 2w (1) filtering while mininuzing their
effect on the audio frequency response. It's
very important tha the sanie value capacitor be
used on all four mulaphier cutputs, as an 1mbal-
ance can cause distortion and VCO locking
problems. Resistor R4 15 used to supply a small
DC bjas yoltage to the internal voltage com-
parators that monitor the degree of negative
modulation on the owrput of the | muliiplier.
During deep canier fadey the degiee of yega-
tive modulation can be very high, niggering the
MC13022s imternal modulation comparators
and causing a loss of VCO lock. The bias sup-
plied by R4 minimizes this elfect.

In the VCO section, C10 serves as the Toop
filter capacitor. and a value of 68 pF wa cho-
ven to nlaxinize the ability to retain lock dur-
ting deep carrier lades. Foy proper performance,
C10 must be a low-leakage capacitor, prefer-
ably a tantalum. The VCO resonant circuit
consists of L2 and C13-15. The values ol these
components can become quite critical, especial-
ly when the MC13022  wsed at an IF frequen-
cy below its design Limit of 260 kH-.

In order (o provide & meany of deteriaintng
when the VCO 15 1 lock, I moditied the
“Blend” cireuit on pin 23, ln UL's onigrnal
applicanon. thiy circuit was intended to slowly
blend the left and right channels together dur-
ing perivds of poor signal quality, or to kill the
sterea conversion process altogether when
recerying 2 monaural station. It can also serve
as an indicator of VCO lock. although 1"y
elfectiveness in thes regard 1, munimized by the
application of 1 DC bias voltage through R4 on
the [ muitiplicr output. The blend voltage goes
low (around 0.5 to 0.6 volts) when the VCO 15
out-of-lock. and goes hugh ¢around 0.7 volts)
when Joched with a good signal. R3 and Ci |
provide a short R/C tiue censtant, and the fil-
tered blend voltage is fed into a simple voltage
comparator conststing of R6-R10, C12, U3, and
D1. C12 prevents oscillation in U3, and R10 is
used to set the compurator level for proper sync
light operation. Components R11, C16, and
C17 are included to prevent the wterna] stereo

decoding circuitry from nterfering with my
application of the MC13022.

The audio circuitry includes a Twin-Tee
notch filter with vanable feedback made up of
Cl19, C21, R14-Ri6. This notch filter can be set
for any notch frequency between 5 and 10 kHz
as determined by the values of these compo-
nents {see Table 1). R13 serves as a DC return
for an internal capacitor on pin 13. The Q" of
the notch filter can be ajtered by changing the
voltage on pin 15 via R12. Graphs showing the
notch depth/high frequency response versus pin
15 voltage are shown n Figure 7. The ouput
impedance of the MC13022 15 very low_ and
will not provide an efficient match to the audio
stage of most recervers. A simple self-biased
audio amplifier stage consisting of €22, C23,
R17-R19, and Q1 sclves this problem,

[n order to make the detector sunple to
install into any receiver, on-board audie switch-
g s provided through bilateral switch U2.
Sections A and B of U2 allow the selection of
either envelope detector or synchronous audio.
A logic hugh at pin 13 selects envelope detector
audiv, while a bugh at pin 3 selects synchronous
detector andio. Transistor Q2 serves as a logic
inverter for the B secnon of U2, When enve-
lope audio is selected, the audio can be derived
tfrom the receiver’s wnternal enyelope detector
via C23 and R25. R25 allows baluncing of the
audio level between synchronous and envelope
detector audio. Instead of using the recever’s
envelope detector. audro can be derived from
the envelope detector on pin | of UL, and R23
is not needed. However, €25 15 necessary o
serve as a DC block. When synchronous audio
is selected, the output of the | multiplier in Ul
feedsy pin 4 of U2B via C24. Finally, section C
of U2 was included to force the VCO to a cen-
ter resting frequency when the envelope detec-
tor is in use. | found that the MC13022 hay a
propensity for pulling itself to an extreme of
the control voltage range when first powered
up, or when the recéiver Is tuned oft of a strong
station. Occasionally. it ook some time and
effort to pull the VCO back within the capture
range of the PLL: consequently, R20 and R2]
are switched in while the envelope detector is
in use, pulling the VCO to a frequency within
the PLL capture range.

Pawver for the synchronous detector board is
supplied by regulator chip U4, a garden-variety
S-volt regulator. U4 serves (wo important func-

Commrunicatons Guarterly 21




e

Foil 1994

MADEINUS.A.

Figure 9. Synchronous detector hoard layout,

tions: 1) It supplies a low-ripple regulated voli-
age to the circuitry on the card. allowing it to
operate from almost any DC power souice jn
the 7.3 to 35 v olt range, aud 2) I¢ greadly atten-
uates the fundamental and harmonics of the
MC13022°s internal VCO that would otherwise
“ride out” on the power supply leads.

Pre-construction notes

Before constructing the sy nchronous detector
described 1n this article, there are a few aspects
of 11s design that you should be awnare of:

* The receiver in which you plan to insqall the
synchrongus detector must be stable, with
very low local oscillator FM., For instance,
several consumer-grade shortwave receivers

| tested tend to vary the local oscillator
frequency according to the AVC yvoltage.
While the degree of FM may he small (100 to
200 Hzy, it may be enough to cause brief
detector loss-of-lock during rapid changes in
AVCholtage.

* Because the MC13022 s an application-spe-
cific chip, modifying it for use as a synchro-
nous detector involves some compromises.

One of these compromtses is finding an effec-
tive manner in which to sense detector lock
and operate an external indicator. The com-
parator included in this circuit (U3) works
well in ecervers with an AGC system, such as
the Drake R-7 or SPR-4, but 1t does not work
well 1n a receiver with a simple AVC circuit.
U3 and its associated circuitry may be deleted
tf you don't need the sync indicator.

* The audio frequency response of this eircut
has been tajlored for communjcationg use
(200 Hz to 4 kHz). The detector will not pro-
vide a wideband audio output unless the
notch filter 15 bypassed. Even then, he fre-
guency response will be limited by the Q"
of the tuned circuil on pin 2 and the response
of the IF stages preceding the detector (see
Figure 8).

* | mentioned earlier that a synchronous
detector can be used to demodulate SSB- 5
transmissions. With SSB— |, only the upper
sideband 15 transmitted and Lhe carrier 15
reduced 12 dB below the sideband PEP. This
provides just enough carrier for synchronous
detection (although the phase modulation
inherent in an SSB signal can make carrier-



lock difficult). SSB— 5 15 just now coming
into use on the shortwave broadcast bands,
and will become the standard for shonwave
broadcasting by the year 2016. While my
application for the MC13022 as a synchro-
nous detecror works well for full-carrier,
DSB transmissions, the MC13022 may not
reliably hold lock on S§B—(; transmissions
hecause of ity intemal design. However, the
primary design obyective for this detecior is to
combat the effects of selective fading. and by
so doing greatly minimize the listener fatigue
associated with the reception of 1onosphe-
rically propagated full-carrier AM signals.

Construction

Construction of the synchronous degecior is
noncritical. [ highly recommend using the circuit
board artwork tncluded in this article (see
Figures 9 and 10);* however, any method of
construction may be used. The only sensitive
poriion of the circuit is the VCO L/C circuit on
pins 19 and 20. These leads should be kept as
short as possible to maximize stability and mini-

mize microphonics. If you decide ta make any
component substitutions in (his circuit, keep in
mund that | spent quite a bit of time determining
the values of inductors L1 and L2, as well as the
associated capacitors. You may find that the
VCO will not run if substitutions are made,
especially when the MCI13022 js used an 1F fre-
quency below 260 kHz. Also, be sure to use the
same value of capacitor for C6-C9, as an imbal-
ance in values wl| cause distortion or difficult
VCO lecking.? All of the remaining components
may be substiputed ay your needs require.

initial tests

[nitial testing of the synchronous deector 15
quite simple. Begin by applying power o the
card, and check for 5.0 £ 0.2 volis ai the curput
of U4. Next. measure the voliage at pin 3 of
U1, it should measure 3.0 £ 0 1 volts. Place the
circuit in the envelope detector mode (pins
12/13 of U2 at logic high) and check the volt-
age at TP (pin 24 of Ul). This should measure

*PC budeds dare availaple Jof $4.50 plus $1.50 shopping and handiog fram
FAR Circuics, 188830 Field Caurt, Dundee, Ninos 613
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about 2,8 to 3.1 volts. If all tests indicate proper
operation so far, 1t's time 1o adjust the VCO
resting frequency. To calculate the proper VCO
operating fiequency, mulyply the IF frequency
by eight Atiach a frequency counter 10 TP2
(pin 20 of U1 and adpuse L2 unul the fiequen-
cy of the VC O is within 100 Hz of the calcnlat-
ed operating frequency. Next, adjust poten-
tiometer R12 (nowch filter Q) for 2.9 volts at pin
15 of U1 and adjust pot RIO (v oltage compaia-
tor) to supply 0.72 volis to pin 3 of U3, You are
now ready to install the card into your receiver.

installation

This synchronous detectar was designed to be
easily installed into almost any receiver The
AGC circuit in the IF amplifier aliows the cir-
cuit to function quite well down to 10 mV of IF
signal. Therefoie, the IF sample can be taken
from any convenient point in the receiver after
any IF filters. For exumple, the IF sample can be
taken from an unbypussed cathode bias resister
in the last stage of IF amplitication. In some
1eceivers, thiy level may be too high for the
detector (the IF level must be hept below | volt
RMS). H this i« the case, amply subsutute the
existing cathode bias resistor with two resistors
in a series voltage-diy ider configuianon. Choose
a division ratio 1hat provides between 100 and
200 mV with a trong inpet signal (receiver
AGC on). In a sohd-state receiver. the IF sample
can be taken from the input 1o the diode enve-
lope or product detector. As with a vacuum tube
recenver, a voltage-divider may be necessary if
the IF level at this point is too lngh.

Power for the circunl can be taken fiom any
point capable of supplying a miniium of 7.3
volts at about 30 mA, Make certain that you do
not exceed the regulator’s maximum input of
35 volts. In a vucuum tube receiver. you can
derive the necessary power fromthe 6.3 or 12 6
volt filament circuit. Simply install a power
supply consisung of a half-wayve 1ectifier apd a
500 pF filter capacitor on the filupeut bus

The only critical part of the insiallation of
this card comes, 1n detenmining s placement
within the receiver. You must clioose a location
that will minnmize the couphng of radiated
energy from the VCO nto the recever front
end. The eaqiest way to find a Iocytian for the
card is to provide 1t with power and wry placing
it in pateptial locations within the recerver.
Then tune the recejver to the VCO fundamental
frequency aq well as several huarmonics, and
note any presence of the VCO signal

The board can be mstalled so that it uses
either the on-board enyelope detecior for non-
syne audio or the reeciver’s emvelope detector.
The choice 1s primanly dictated by the recenver
design and your personal preference This deci-
s10n will also be influenced by »our desire to

route either all audio through the notch filter, or
only synchronous detector audio. If the recejver
mode switch selects defected audjo from two
separate peints when switching between AM
and SSB, you can use either the receiver’s
enselope detector as an jnput to R25, or you
can use the envelope detector on pin 1 of Ul.
However, if the receiver mode switch selects
AM and $SB andio from the same point, you
must feed recever audio mnto R25.

Finally, you will need a means for switching
between sync and non-sync audio from the
front panel. Because the board requues nothing
more than a ground te switch sources, this
should be siniple to do. If you don’t want any
additional holes i the front panel, look for
unused switches. A prime candidate on many
receivers would be the reeeivesstandby switch.
I used 1he calibratoy swatch on the Drake SPR-
4, and the “Spkr™ switch on the Drake R-7. In
any cvent, make swe you discennect and nor-
malize any existing wiring o the switch you
select prior o conecting the <yne audio con-
trol line. If you would like specific mtormation
concerming the istallation ol this board inta the
Drake R-7, Druke SPR-4, or Hallicraftery, $X-
42, please send me an SASE at the address ligt-
ed at the beginnmg of this article.

Alignment

Connect a signal generator tuped to your
receiver’s [F frequency and to the input of the
synelionous detector cand. Set the generator for
30 pereent modalation at [00 mV output,
Conpect a DVM 1o TP3 (pip 6 of Ul) and mea-
sure the RSSI vollage With 100 mV input, this
test point should measure about 4.0 volts DC If
necessary, tune L1 for maximum RSSI voltage.
This completes, the alignment of the card in the
non-sync niode.

To align the ynchronous derector, you need
only adjust the VCO frequency. Begin by con-
necting a signal generator o your recelver at any
comenient fiequepey. Place the 1ecejver n the
narrowest bandwidth you would use for yvoice
communication. and certer 1he signal from the
generator in the IF passhand. Neat, conect the
synchronous detecior card to the IF sample
peint. Check for proper RSSI voltage as before.
Using a scope. alvo check tor a sine wave at pin
1 of UI. Place the synchronous detector in the
sync node, and ineasure the yoltage at TP2
Adjust L2 until this voltage reads 29 + 0.1
volts. Connect a scope to pin 28 of Ul You
should now see a ine wave idemtical 1o that pre-
sent on pin | of Ul Finally. wath the detector
Iocked on your et signal. adjust R10 until the
sync light goes aut, then back again until just
slightly past the point where 1 cames back on
This sets the comparator thieshold for your pa-
ticular MC13022 blend Line. The only remaining



alignment is the setting of audio levels.

If you have wired the detector so you will
use the on-board envelope detector n the non-
sync node. the only audio adjusement you need
to make 15 0 R17 This pot should be adjusted
50 the audio leve| from the card magches the
level of the detector the card replaced.
However, if you plin (0 use the receiver’s
envelope detector, there are a couple of addi-
tional steps. Connect the signal generator to the
receiver, and tune both to a convenient frequen-
cy with 30 percent modulation of the carner.
Next. with the card in the sync mode, measure
the audio output voltage from the board. Place
the board 1n the envelope-detector mode, and
adjust R23 for the same audio level at the out-
put of the hoard a, you had in the syne mode.
Ahgntnent of the card i5 now complete.

Operation

Operaung your receiver with the synchio-
nous detector installed 15 quite simple. Begin
by powening up the recerver with the detector
in the envelope detector mode. Oncee the
desired stution has been selected, ceneer the sta-
tion 1n the receiver's passband and seleeq the
synchronows meode. If the station wis properly
centered, the syne LED will ifluminate and the
audio shauld be norual. If there s an sudible
heterodyne, retune the receiver towarnds zero-
beat The VCO should come mto lock and the
syne LED <hould ifluminate, You may find that
getting the detector into syne may be dittiealt
ou very weak statrons, or stations with strong
adjgeent chanuel interference However, carcful
tuning will bring these stations e lock. 1
hiehly recommend thae you “browse™ through
the band with the synchronous detector turned
off. as the heterodynes created prior to VCO
capture rend 10 become very unnoying. Also.
occasion2lly you may Hnd that you cannog
achieve VCO Jock. even on strong signals This
often happens when tuning through the band
with the syuchronous detector turned on This
rapid tuning may cause the YCO control volt-
age to sit at its lower limit, To correct this,
place the detector in the envelope-detector
mode. then switch back to synchronous. This
will re-establish a favorable VCO control volt-
age, and the detector will come right into syne.

When you should use the synchronous detec-
tor 1s totally a mateer ol personal preference. [
use the syne mode almost all the time, as its
audio consistently sounds bener than that of a
consentiond envelope detector. Ef you use the
on-board envelope detector, there may be times
on strong gignals when you nouce ne difference
beeween syne and non-sync audio, primarily
becuuse the on-board envelope detector is actu-
ally quasi-synchironous.

Finally, it you decide to use R12 aq a vari-

able one control, 1t's important that you do not
allow the voltage to pin 15 of Ul to exceed 2.9
volts The MC|3022 gencrates high-frequency
transients when the VCO locks up. causing an
annaying “pop” 1 the audio The high-frequen-
cy roll-oft at this setting of R12 s sufflicient o
agtenuate these ransients.

Conclusion

The synchronous detector presented in this
article provides a simple means of greatly
enhancing full-carrier AM reception. As with
any unigue application of a custom-designed
chip. it has its drawbacks. For example, the cir-
cuit may not demodulate SSB- 5 (ransmissions,
but this is of mimimal consequence. as the vast
majority of stagons utilize full-carrier DSB,
and will continue to do so for some time. [ feel
that this circuit meets the synchronous detec-
tion needs of most shore and mechum-wave lis-
teners. | hayve installed this board in a Drake R-
7, Drake, SPR-4, and Hallicrafrers SX-42-—all
with equally nnpressive resules The significant
reduction in listener fatigue during selective
fuding was this ctreuit’s primary design intent,
and it meegs thue objective quite satisfactorily.

| hope that by pre<enting this imiplenwnation
of sytchronous detection, we can begin (o bring
circuis of this type into commean use. and spur
others to design even more flexible circuits than
what [ have presented here. In addition. | look
forward to hearing from readers who have
designed other applications for this ciccuit. For
instance, the output from the quadrature multi-
pher could be used 1o indicate the degree of
phase modulution in a signal, which may be use-
lul [or some types of propagation measurements
or in measuring phase noise. The quadrature
output could gto be used with a notse bianker or
any ciecuit that coglel benefit Irom the fack of an
in-phase modulation component
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