The [

PX 2000
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ha MEX 2000 s a multi-fecture

F sterec transmitter that offers

full coverage of the 88-108 MHz
band in 100-kHz steps. This unit is
intfended for use by hoblbyists, exper-
menters, and others needing O low-
power short-range FM stereo frans
mitter. The left and dght audio charn-
nels may be wsed independently to
transmit fwo separate gudio chan-
nals. The MPX 2000 B olso suitabile for
hobby Part 15 operation whene a
transmittar with digital frequency
readout and keypoad enfry of fre-
cuency s desirable.

This low-powened urnit is fully crystal
controlled, The plot and subcarmer
signaks are both generated from
guartz crystal, A phase-bcked oop
{PLL) systern assures frequency accu-
racy and crystal stabllify; while
the use of a keypad and
MCTORroCassor permit ease
of frequency antry without
having to set jumpers o
switches, ensuring thot
the progrommed fre-
quency wil be comacily
produced.

Stereo Tromsmission. When
FM  stareo transmission
was intreduced back in

fransmitted as the sum of left and  then perform the adding and sub-

right (L+R) audio channels, In addi-
tion, a signal i also transmified
that is the difference of the
channels (L-R), By adding the sig-
nals. the right channel cancels,
and the left channel alone
cppears. By subtrocting the
(L+R) and (L-R) signals, the left
chonnel cancels; and the right
channel simiary Is now obbtained,
A mono receiver would reject
the (L-R) component and repro-
duce only the (L+7) component
o5 & mono signdl.

The trouble is that the sum
and difference channals (L+R)
and (LR both arg audic that
occupies the baseband of 20 fo
15000 Hz, Using analog meth-

trocting (called mahixding) to obtain
the separate L and R channels,
Then two audio channels (L and
@) and two speakers can be used
fo obfain frua sterec reproduction,
A sterec-generator system must
be usad to process the Incoming
cudio channels into a form sult-
able for transmission Dy a stan-
dard FM transmitter on o stan-
dard FM channel 200 kHr wide,
with 75-kHz peak deviafion. The
usual pre-emphasis and devio-
tion limiting must be provided for
and the frequency response of
the audio should not be degrad-
ed from stondard mono fronsmis-
sions, Since available deviation is
fimited by FCC regulations to 75
kHz, the L and R channel total
audio must not ex-cesad
that tor an eguivalent
maono channst In acdl-
tion to the pliot signal.
some provision must
be made for the uss of
adiany subcomierns such
o5 SCA transmissions: on
&7 or 92 kHz
The circultry need-
ed for all this process-
ing, while using quite

the 19408, there wera
millions of monophonic
FM receivers in use, Whenewver any-
thing new Is infroduced Into a mass
market, it |5 desirable to maintain
compaotibilty with existing equip-
ment and not make it obsolete. The
nenw steran system had to be back-
wards compafible
with mono FM. The
naw starso fransmis-
glons had to be
recelved by existing
mono recelvers as
monaphonic audio, much like color
™V fransmissions wers received os
black and white on the milions of
black-and-white TV sets still in use.
What this meant was a stereo
audio format wos necessary, where-
by the man oudic channel was

ods, In those pre-digital days, there
was no way to separate fhe chan-
nels os s, Whot was dong was to
superimpose the difference (L-R)
component on a subecarier in the
ultrasonic range, where it would be

Command the FM band with
this do-it-yourself transmitter.

inaudible. A pilot carmier must also
be transmitted to assist in demodu-
ating this subcarier back to audic.
The stereo recelver hos to exiract
this subcarier and pllot signal,
process them to recover the (L-R)
differance signol os oudio, and

a few components, 1§
quite simple and straight-
forword, It Involves only low fre-
guencles and is easly implement-
ed with just a few ICs and fransis-
tors. Indeed, there oncea existed an
IC that did the whole job (BA1404
or BA14085), but this IC hos suffered
the fate common to
many 1ICs—discontinu-
ance, Thousands of
hobbyist sterec FM
transmitiers bolh in kits
and Individual pro-
jects were constructed around the
BA1404/BA1405 125, While they
may be avallable in surplus for a
fow years, they have no future, as
thare is Iitfle mass-market demand
for these chips, While they weare OK
for low-end uses, real FM starso
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30 Fig. l. This is the schematic diagram outlining the circuitry for the MPX 2000.



L&R
AUDIO INPUTS

Pt ey J L+A L
L.. L L
CLIPPER BALANCED
g DEVIATION ACTIVE MATRIX AMP MODULATOR S S
AMPLIFIER LP FILTER AMPLIFIER
3 U casal LIMITER = bt - TLOSY 38 kHz L fhgmairiivs
4« TNE4 o LM14BEN
R R L-R
19 kHe
159 » 30 iz PILOT
DC INPUT UBCARRIER
"
+5 AND #12
|_,. REGULATORS DG OUTPUTS w:: .II:I‘-II D;:E:ER ﬂ::fgf:“
LMTa12 4 =
LMTBOS OSCILLATOR oUTPUT CUTPUT
R TECOON CD404BE
PILOT AND
SUBCARRIER
FREG.
INPUT PR BAR GRAPH
&
OVERMOD =
WD S INDICATOR
i el LM3S14N
TACDON
DISPLAY AMD FREGUENCY RF SECTION
FREQUENCY ENTRY 1 SYNTHESIZER
¥
RF QUTRUT
DISPLAY MICRO- PLL vco AMPLIFIER
4 DIGIT CONTROLLER SYMTHESIZER |=—=| 88108 MHz |—=| 83-108 MHz
LED PICIEFEA MC145170N 2N35ED 2MaEE3
TACSTIN 2H2BBE
74C138H
T44TN [ [
RF
UNLOCK SHUTDOWN QUTPUT
DETECTOR = 2M3004 Flagp ity
2N390E IN914

Fig. 2. A detailed block diagram—Ilike this one depiciing the signal flove within the MPX 2000 —is a
viteel toal in designing and touhie shovting complex circuiny,

demands performance and signal-
to-noise ratios beyond the capabil-
Ities of these chips. Today, It is not
difficult to build a sterec generator
using discrete fransistors and a few
“classic” 1T devices widely ovall-
able from several manufacturers
together with a handful of resistcrs
and copacitors that will give
“broadceast quality” sterec sound
to a LP hoby transmitter. In addl-
fhon, all woavelonms are accassible
for study and for learmning how the
sterec systam works,

Stereo Generation. The sterec gan-
eralion process 5 as folows: The
two Input channels L and R (el
and right) are first fed to a pream-
plifier where the audlo s amplified
and pre-emphoszed This means
that higher frequencles are bocst-
ad relalive to lower frequencies by
a confrolled armount. This improves
the signakta-noise ratio (s/n) of the
received audio. In the receiver
exocty the cpposite 5 done (de-

emphasis), which reduces high-re-
cquency receiver nolse and pro-
duces an overall improved s/n
and, therefore, "cleanar” high fre-
quencles. In US FM proctice, a
high-pass filter with a cormer fre-
quency of 2.1 kHz, comesponding
to an R-C circult fime constant of
75 microseconds, s used. Tharefore,
below about 1000 Hz no atteration
Is made to the audio. At 1 kHz o
boost of around 1 dB occurs, at 2,1
kHz a boost of 3 dB, and at 4.2 kHz
a boost of 7 dB. and 5o on. at & dB
per octave, unfl 15 kHz,

The audio than is imited In ampli-
tude by a limiter, generally a dicas
peok clipper fo protec! agains
cvermodulating the tfransmitter, This
is done for both L and R channals.
Program input should be limited in
frequency to 15 kHz 1o avoid arli-
facts and aliasing effects and to
make the job of the lowpass fitter
easler, The sterec-generafion process
assumeas that no input frequencies
obove 15 kHz will be prasent. MNaxt,

a low-pass filter Is usad to reduce
audio componants above 156 kHz,
both input and those resulting from
any clipping. In European systams,
a pre-empohasis ime constant of 50
microseconds, coresponding fo o
zero ot 3.156 kHz, s used instead of
2.1 kHez.

Meaxt, the processed audio chan-
nels are added and subfracted
algebraically In a mafrix amplifier
circult. The L+R and L-R signals are
now genarated. The L+R signal s
the rmain cormponeant of the “base-
band” signol and s fed to a sum-
ming amplifier whara it ls combined
with other components fo be dis-
cussad later. The output of this sum-
mirig amplifier is fed to fhe trans-
mittar audio input.

The difference L-R signal must be
separated In frequency from the
L+R signal In order fo keep them
separated while being transmitted
on the same channel. This is done
by transforming the L-R signal into a
double-sicdeband suppressed-cari-
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Fig. 3. This is the schematic for the display-board circuitry



Fig. 4. Here ix one of the foil patterns for the mainbognd. The MPX 2000 wuses a double-etched board.

er AM signal at a frequency high
anough so s lowest frequency
companants will be far above the
highest frequency components in
the main L+R signal. A balanced
modulator circult i3 used for doing
this operation. A carrier reguency
of 38 kHz has been standardized for
this pumpose, and a pllot signal of
half this frequency at 19 kHz s also
genarated

The pilet signal can be doubled
at the receiver and usad To Qener-
aole o local 38-kHz signal for
demodulation of the subcamier into
L-R oudic. and it can also be used
fo signify the presence of stereo
audio, Alsa, the pllot carrier is used
by some receivers os a signal fo
switch from mono fto sterec and
back to monao if the pllot ot 19 kHz
falls below a minimum level, indi
cating insufficient signal for good
sterec reception. For TV stereo
audio, 31,468 kHz and 15.734 kHz—
2% and 1X the horzontal scan fre-
guencies—can be used if the
audio response s limited to about
12 kHz or so. A double-sideband
suppressed-carmier signal s used
becouse If a standard AM signal
wera used, the comer at 38 kHz
would “hog” a large part of the
aflowable deviation of 75 kHz total

permitted. This result would reduce
the available deviafion for the side-
band componants, which really
carry the desired audio nformation
the FM. In cddition It would reduce
the signal-to-noise ratic ond con-
tribute a fiterng problemn by get-
ting rid of the carier component at
38 kHz. while keeping the higher
frequency audio componenis at
10-15 kHz relotively “clean,”

The cudlo out of the balanced
modulator has components from
23 to 53 kitz. This comesponds to the
sum ond difference of the audio
components at 0 to 15 kHz with the
38-kHz subcarrer (which Is sup-
pressed). This signal. together with
the 19-kHz pilot signal, is fed to the
summing amplifier, The pilot carmer
and the subcarier frequencles
must be heald to within one herz or
so. This s nol as bod as it sounds.
about 52 parts per milicn for the
pilot carier and 26 parts per million
for the subcanmier. Since the subcar-
fier & referenced to the pilot, the
52-PPM tolerance atf 19 kHz can
easily be held with a crystalcon-
trolled oscillator. The 38-kHz signal
can be genarated and then divid
ad by two to get the 19-kHz pilot

Although crystals for 38 kHz are
availoble, they can be delicate

and sometimes expensive. A Crys-
tal in the 2- to 6-MHz range 5 by
contrast, chaaper, more rugged,
and easily available. Therefore, the
best approach is probably fo use Q
crystal In the MHz range and Use a
CMOS divider chip to divide the
higher frequancy Dy sSome pOower
of two to get 38- and 19-kHz signals,
This approach is used in our MPX
2000, A 4.864 MHz crystal Is used In
an oscllator, its frequency s divid-
ed by 128 to get 38 kHz and then
again by two to get 19 kHz. The
outputs from the divider are square
waves, but the balanced modula-
tor used to generate the subcarrier
needs a square wave, anyhow. The
pliot Is Inherently fitered by the
bondwidth of the oudio system.
Only two common digital CMOS
ICs ore used In this circuit, and cost
is very low.

The output from the summing
amplifier has the following spectral
Componants:

The sum of the L and R channels
{L+R) consisting of audio program
components up to 15 kHz. This Is
the part received and used by
maono FV recaivers.

A pilot signal at 19 kHz of sufficient

souondad ‘Loz Ay
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Fig. 5. Thiz is the foil pattern for the ather side of the main PC board. The doulde-vided design
makes it easier fo distribute the DC voltages meeded to rum the fronsmitter

amplifude s to produce around 10
percent of the total deviation per-
mitted for the fransmitter, This signal is
used for stereo detection and for
regeneration of the 38-kHz subcarmier
at the receiver

A double-sideband suppressed-
camer signal having frequancy
componants from 23 to 53 kHz
which camy the L-R signal needed
by the stereo recaiver

Optionally, subcarrlers at 57, &7,
or 92 kHz used for data fronsmission
or for SCA programming for use by
private organizations. The MPX
2000 is ready fo support this mode
with an external SCA generator.

Therefore, an FM stereo transmit-
fer must have modulation capabil-
ity up to as high as 100 kHz, with
recsonable flotness of frequency
response. Idealy, frequency response
should be flot with constant fime
delay vs. frequency, which Implies
a linear phase response vs, fre-
quency. Distortion, both harmonic
and Infermodulation. should be
kept low to avoid crosstalk and
unwanted spuricus mixing prod-
ucts, which interfere with audio

programming. These components
may show up s noise, whistles,
audio arfifacts, or loss of separg-
tion. Additionally, distorticn on the
transmission path between trans-
mitter and recelver must be avoid-
ad as much os possible for best
steren reception. Multi-path trans-
mission effects that occuwr af VHF
frequencies can cause severe dis-
tortion and ruin sterec reception.
Antennas used with FM sterao
transmifters and receivers must
have adequate bandwidth (rarely
@ problem) and enough gain to
ensure adeguate received signal.

Circult Signal Flow. The MPX 2000
circultry will now be discussed.
Refar to the schemalic shown In
Fg. 1 and the block diograom
shown in Fig. 2 for this discussion.
Audio Input at line level (1 voli
peak-to-peak at g 500- to 10,000
ohm impedance) is fed Into jacks,
J5 and Jé. which are lefl- and right-
audio input channeks. respectively.
Resistors R1 through R4, with R7.
make up an input network, and R7
5 used fo obfain an equal audic
gain for both L (eft) and R (ight)
channels. @1 and C1. along with
resistors RS, R8, R10 and R14. all

make up the L audic praomp,
which has a gain of about 5 ot 1000
Hz. Gain s shaped to produce a 75
microsacond pre-emphass stan-
dard on FM receivers used in Norih
America. The R channel is identical
(&2 and associated companents).
Capacitor C5 and rasistar R14 feed
amplified audio into a clipper con-
sisfing of diodes D7 and D8. These
are biased by voltages from the
network formed by R74, R75 R76,
and R?7, Audio i limited fo 3 volts
peak-topeak by these diodas. The
R channel uses the some circuitry,
The purpose of the clipping s to
prevent exceading the maoaximum
deviation (75 kHz) with excessive
audio input. The clipper acts as an
audio limiter. Next, both channels
ore fed Into a 2-pole octive fitter
consisting of a quad op-amp, IC1,
a TLO&4N; resistors R20, R22. R24.
and R26; and capacitors C7 and
C? (left channel). The right channel
has Identical circuitry. The active fik
ters cut off ot 15,000 Hz and serve
to reduce aliosing disforfion.

The audio signals are fed to g
matrixing network using the other
two sections of IC]. In one ampilifi-
er. the L and R channels are
summed fo produce the signal
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Fig. i, When vou are ready 1o solder compongnts fo the main board wie the parts laveut ghawn here o
a puide. Fay astention to what side of the boand you solder the components on.

(L+R) and the signal (L-R). Both sig-
nals are necessary for stereo gener-
ation. The signal (L+R) is the main
monophonic channel that occu-
pies the band 20 to 15,000 Hz. and

it is the signal received in a mono-
phonic FM recelver. This allows
sterao 1o be received as mono on
an FM receiver without a sterec
decodet, ensuring compatibility.

The signal (L+R) is fed 1o sum-
ming omplifier IC3 via RE7
where it wil be combined with
two other signals, the subcarrier
signal (LR) and the 19 kHz pilot.
The signal (L-R) is the difference
between the channels. This
audio signal has the same fre-
guency components as the
main signal (+R) and cannat
be transmitted In the same
channel as the (L+«R).

To solve this problem, the sig-
nal (L7 Is then modulated on a
subcamier at 38 kHz. The result is
a double-sideband AM sup-
pressed-carder signal occupy-
ing @ band from 23 to 53 kHz (38
kHz plus and minus up to 15 kHz).
it Is produced with a balanced
modulator circult, 1IC2, and fis
associoted components. Audio
(L-R) Is fed into IC2 via R35. R36,
and C11. Pins 1 and 4 of IC2 are
fed DC bias via R37, R38, R39,
and R41. Resistor R40 is used to
balance the voltages ot pins 1
and 4, Baolonce occurs when
they are identical. Resistor R44
sats the circult gain; and R42,
R43. R45, R44, and R4T are blas-
ing resistors for the input and
output of IC2.

The 38-kHz subcamer s inputted
at pin 8 and output oppears ot
pin 12, In the absence of input,
the ocudio oufput & zero; and, in
practice, R40 i odjusted to null
the 38kHz output with no L-R
input, The 38-kHz signal is obtained
from frequency divider IC5, a
CDA040BE. This IC & diven Dy Q
crystal oscilator/buffer at 4864
kHz, made up from two sections of
a 74C00N NAND gate. Copocitors
14 and C15 and IC1 maoke up
the oscilictor circult, In oddition, o
19-kHz signal for the pliot camer
and an 1187 5-Hz signal useful for
testing are cbfained from the
CD40A0BE of pins 13 and 1.
respectively. The 1187 5Hz signal
is taken off through o seres resistor
R49, and can be used to fest the
audio section, but Is othenwise not
usad In the systern. The subcamier
output i taken off through C13
and level control R55 and is fed fo
summing ampéfiet, 1IC3.

The output of IC3 s the sum of
fL+R) and the (L-R) signal. Itis fad to
network C17-R61 via RA0. In addi-

soquosdod ‘Lage Ane
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tion, the 19-kHz pilot signal from IC5's pin 13 is fed to
this point via ottenuator R51, R53, and RS54, where it is
reduced to 7 fo 10 percent of the peok audio level,
This 19-kHz signal is used by the receiver to generate a
38-kHz subcarrer for recovery of the audio (L-R) com-
ponent from the 38-kHz subcarier signal received
glong with the main (L+R) signal, Adding and sub-
frocting (L+R) and (L-R) will result in 2L and 2R, which
are the individual L and R audio channeals,

The signal oppearing across network R17-Cé&1 is
called the baseband or composite sterec multiplex
signal. This signal is fed to the transmitter modulator, In
order to ensure good audio quality on the fransmitted
signal, some audic-level monitoring & needad. The
MPX 2000 uses a 10-segment bar-graph level indicator,
which consists of ten LEDs mounted side by side to sim-
uiate a solid-state meter movement. In addition,
cnother LED is provided which lights when the peak
audio level that would result in overmodulation s
recched. Audio from the summing amplifier 5 taken
via k59, fed to an op-amp. a section of IC3, and then
rectified to produce a DC level comesponding to the
peak audio signal. Resistor R&5 sefs the gain of this
stage fo unity; and C19, D13, D14, and ©20 make up o
half-wave voltage-doubler detector. Dicdes D11 and
D12. and resistor Ré4 are used to improve the linaarity
of the circult ot lower signal levels. They increase the
gain of IC3 to permit low-level signals to overcome the
0.6 voit drop normally encountered in sillicon diodes.

The oudio components are removed by R&7 and
C21 and applied across potentiometer R&8, The DC
voltage is fed to the bar-graph level display via R78. A
part of this voltage appearing from the wiper of R68 to
ground is fed fo the base of ©3. The emitter of Q3 3
biased at 1.5 voit via R72 and R73. Potentiometer R4S
& adjusted so that when the audio signal lights all ten
segments of the bargraph display plus 10 percent
more, there will be sufficient voltage (2.2V) avallable
at the base of Q3 to cause it to conduct. This signal
tumns on @4 via R70 and R71, causing voltage to
appear from the collector of @4 to ground. This volt-
age is fed fo an LED on the display. lighting it. and indi-
cating overmodulation. The display pansl wil be
descibed separately in another part of this discussion

Frequency Modulation. An RF carier that con be fre-
quency modulated s required. It should be variabile
from 88 to 108 MHz to cover the entire FM broadcast
band. and it must be stable within 10 kHz or better. The
MPX 2000 uses a phase-locked bbop (PLL) frequency
synthesizer to generate all 200 channels at 100-kHz
spacing. between 88.1 and 107.9 MHz—Iha standard
FM broadcast band, The synthesizer is frequency moc-
ulated by applying oudio to its voltage-controlled
oscillator (VCO). Confradictory as it seems we want
the VCO to be rock stable ond to vary the frequency,
With proper design, this can be accomplished without
any serious compromises in fransmitted audio quality
or synthesizer performance, The VCO i the heart of
the fransmitter. and the synthesizer circuitry serves to
kesp It exactly on the desired fransmit frequency.
Free-running oscillators were usad in the past for this

Fig. 7. These two guides shew the xoldening poinis for required chip
CapaCiians
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Fig. 8 Hhese waidforms can serve ar o gulde for signal chaying. An avcifloycope can be waed fo
compiee the composite gudic-signal o the nominal waveform shown above.

application. This appfodch s still
usad in low-and, Iow-cost FM frons-
miltars, It Is difficult to keep thesa
transmitters on frequency, and,
thierefore, they can be hard to use,
aspecially  with digitally tuned
racaivers. Stability of befter than
100 kHz |5 difficult o come by with
this gpproach. The use of frequen-
cy synithasis eliminates this problem
The VCO output must be buffered
to eliminate frequency puliing
coused by varying ontenna loads,
proximity effects. etc

In the MPX 2000, JFET &6 & the
VCD. Inductor L1 and the com
bined caopacitances of funing var-
actor D4 and modulator varactor
L3 together moke up the L-C
tuned circull thot dedermines the
fransmitter frequency. JFET &8 s
bicsed by R12% and R134, The drain
of @8 obtains DC from R136.
Feadbock is from o fap on L1
which ls fed 1o the source of @3 vio
C42, Caopocltor C40 and resisfor
R130 couple some output from the
VCO to buffar amplifier circult
Ee-a10 maode up of R132, R133,
R134, and 34 and T35, Ingluctors
L2 and L3 and copacitors €33, C32,
and Ca1 moke up an RF output
network and harmaonic filker for the
buffer amplifier, Resistors R13%.
R140, ond R141 ensUre proper ter-

minafion of this network and feed
RF to the anfenna. Resistors R135
and R138 make up a regulator cir-
cult fo faed regulated 5.6 volts fo
the buffer amplifier. In case of syn-
thesizer mallunchion, a DC level
from the synthesizer IC B fed To
R131 and cuts off the buffer, kiling
the RF output ond reducing the
possiblity of transmifting oulside
tha P band.

Frequency Conhrol. Voltage from
the PLL chip phassffregquency
detéctor tunes the VCO. The PLL
chip (IC9) Is a Motorola MC145170-
7. Inside this chip. o sample of the
VCO signal is compared with a ref-
erance frequency, If they ara notin
phose and frequency agreement,
an eror voltage ls generated. Thisis
usad to change the funing voltoge
on the VCO to achieve fregquancy
ond phase agreement  (lock).
Resistor R126 and capocitor C43
feed a sample of the VCO signal to
amplifier &7, Collector resistor R115
biases @7, and the signal to dive
IC9 appears across it Capacitor
C44 couples this signal to chip 1C9,
Integrated circuit IC13 generates
clock signal at 4,000 MHz via XTALT,
tirmrner C49, and C50. Capacitor
C49 s usad fo adjust the frequency
to exactly 4.000 MHz, which is used

bath as a reference signal for the
FLL synthesizer and for microcon-
tralier ICHE. Two sections of IC13 are
used as buffers to provide this sig-
nal to IC8 and 1C9.

The synthesizer frequency depencs
on saveral dota wonds programmed
into 1IC9, The needed data words
are pfovided by IC8, a PIC16FE4
microcontiober. This microcontroller
hexs bultHn software to program 129
and to manoge ofher tasks, such as
the control of the frequency display
and scanning the keypod for fre-
guency eniry. Other funchions neces-
sary are Systermn shutdown in case of
matfunction. rejection of out-of-band
fraquency entries. and autarnatically
seffing to the lost transmitted fre-
guency Upon power-up.

When a valid frequency is enfered,
a voltage appears at the phose-
detector output pin (13) of ICS. This
voltage Is fed fo network RITE,
R119, R120, and C4d4, This network
determines somsa of the loop char-
acteristics of the synthesizer The
output of this network s fed 1o op-
amp IC10 and then to tuning var-
actor Dd. At lockup, this will be a
steady DC voltage, wvarying frem
3-4 volts ot the low end to as much
as 10 volts at the high and of the
FM cand,

In case of loss of lock IC9 pio-
duces pulsas at pin 11, These pulses
are integrated by R114 and C48.
The DC vaoltage turns on Q6, plac-
Ing 5 volts ocross R113 and R112
and Dé. This sequencs sends a volt-
age to the unlock indicator LED.
D201, and cuts off the RF buffer via
D6 and R131. In aodditlon, the rising
voltage 1s coupled to the base of
Q5 via R142 and C51, turning on Q5
mornentarily. This action couses &5
to concuct, reseifing the micro-
controlier via R108 and resetfing
nahtwork D5-R107, Capacitive cou-
pling is used to couple the signal fo
@5 5o as not to permaneantly resal
the microcontroler; otharwise, O
lockup condition will cccur. Normally,
resetting wil be a sufficlent cure if
the problem s Incomact frequency
entry or a "glitch,” s resetfing the
microconiroller will reprogram 125
with the corect dato, During this
process, the RF output is disabled,

Modulation i achleved by aoply-
ing baseband audio from R61-C17
ta varactors D3 and 04, This allows
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tefter modulation and fewer compromises than if
audlo were applied to the tuning varacior D3 alone.
Integrated circult IC7 provides o regulated 12 valts to
the PLL cnd helps fiter out any noise disturbances
appearng on the power supply.

The audlo section is supplied with 12 volfs reguicted
from ICé, and IC1] supplies 5 volts to the microcon-
froller. display logic, and PLL synthesizer |C. The use of
separate regulators for oudio and digital functions
helps to reduce circult nolse. DC input fo the MPX 2000
should be betweaen 15 and 20 volts to dllow sufficient
headroom for the regulators, keeping dissipation with-
in reasonabie imits. (This can be reduced a few volts
with low dropout regulators), Care must be taken to
use a wall transformer thaot is adequately filtered so
that the input voltage waveform to the MEX 2000
never gels below 15 volts. With less than 15 volts input,
there will not be sufficlent DC voltage to dllow full VCO
swing: and some of the BB-108-MHz tuning range will
be lost at the high-frequency end. Also. adequate RF
decoupling of the DC supply is needed to reduce the
possibility of RF-induced ground hum on the transmit-
ted signal, RF chokes may be needed in both power
l=ads In certain situations.

Display-Board Design. Let's discuss the display-board
circultry (refer to Fig, 3 for schematics). This board cone
tains a 4 x 3 matrix of fouch switches aranged in 4
rows and 3 columns, o 4-digit LED muttinlexed dispiay,
and the bargraph LED aond its associated driver an
LM3914 AC204), In oddition, three other LEDs thot senve
as overmodulation (D202), PLL unlock (D201), and 5CA
subcarfier ON (D203) are also on this board. The key-
bLoard s polled periodically by the microcontrolier for
switch closure by applying a logic level to a row and
looking to see if this level cppears on one of the three
columns, Each switch has a unique row and column
location: and the switches are scanned sequentially, 1
through 10 (10 is represented by zero). There are two
other keys. E (entar) and ce (clear entry). The desired
frequency is entered, most significant digit first, Since
we have tour digits. the most significant digit is zero for
frequencies below 100.0 MHz. This zero doas nat hove
to be entered, but it is recommended. This sliminctes
possible "glitches”™ or entry emors and fully clears the
keyboard memory. When the first antry Is mads. two
zeros appear on the display fo the left of the entaered
diglit, The leftmaost is blanked on leading zeros. For
example, 79.5 MHz will be displayed as 995 instead of
0995,

Mo changes are maae in the PLL programming or
Ihe fransmit frequency until the enter key 15 pressed.
The digits appear on the display as they are enterad
and shift right to left. If more than four digits are
entered, the leftmost will be shifted out. After the dis-
play shows the desirad fraquency, the £ key s pressed.
IFit Is a vald (legal FM channel) entry, the display
retains it the PLL shifts the transmitter frequency to it,
and it Is also stered In memorny. I will come up when
the MPX 2000 is powered up the next time. If an llegal
entry (<B8.1 or >107.%) i made, the microcontroller
rejects it and simply reverts to and displays the current

Te 4O
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Fig, 8 This parts-placement diggram shows the display-boand compo-
nenls " location. Pay carafid attenrion nol o apply too much stress on the
cable ribbons,

frequency. If an ermor is made during enfry, press the ce
key and the curent frequency once agoin appears,
When the MPX 2000 is powered down, the current fre-
guency Is retained In memory and reappears on the
nentt power up. Mo mamory backup battery Is needed
for the microcontroller,

The display section Is o conventlonal 4-digit mult-
plexed display using four seven-segment common
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Fig. 10, Here is the display-boand fuif patier, The display board is exoery Balf the size of the main bodard,

anode LED diglts, driven by @
FA4TM TTL driver IC. Resistors R209 o
R215 are current-limiting resistors for
the indviduol segmeants. No deci-
mal point s wsed In this display
There are eight logic inputs from
the microcontroller and thoss feed
o 7AHCS73N &-bit Iatch IC201. Tha
dight dota is lotched inla |he
JAHCST3N by a strabe pulse from
fre microcontroller ot the approprn-
ate time. and fthis dafa containg
the binary value of the paticulor
diglt and its position on the display
A FAHC 138N decoder decodas the
diglt-select information, and its out-
put tums on one of four 2N3906
switching transistors 2201-Q204,
via bios reslstors R201-R208
Inductors L2071 and L202, along with
capacitor C206, are noise-suppras
sion chokes to reduce switching
nolse. The display segments are
aperated at 20 ma aach and If an
8 is shown, 140 mA must be
switched by the 2N3904 associated
with thaot digit. Chip copacitors
C202-C205 slow down switching
speeds to further reduce nolse
spilkes

While on LED display can be
nolsy and coan consume a lot of
current; it Is much brighter, has
more eve appeal, and is easier to
racd than an LCD. LED readouts
nead no lumination: The display is
shiut down by the microcontroller
about 15 seconds after the last key-
pod press. cutting off the dispiay
multiplexing and leaving o few seg-
ments It on the leost significant
digit to serve s a power on indico-
tor, This approcch eliminates rasic-
ugl switching noise gensration and
consenves current, The display can
be owakened by pressing the zero
key to check the current frequency

setting. |t will stay on for 15 seconds
and go back to sleep,

The display and multiplexing
could hove been handled directly
by the microcconiroler witholdt the
three 1Cs, However the softwore
ovarhead would be larger and the
cumand for the LED display would
be too much fo be directly han-
dled. This opproach was fried, but
thare were problerms—the display
was too dim, performance of the
microcorfroller was a litte siow.
aond some additional “glue® circuit-
ry was needed because of the lim-
itedd number of pins avallable on
the PIC16F84. In coses like this, a
“hardware versus softwara” fradae-
off has to be made. The hargdware
multiplexing opproach was used
hare os it gove the best results. A
larger microcontroller could also
have baen employed, but this was
not imvestigated,

The bar-groph display is conven-
fional and uses a LM3?14 linear bar
graph driver (IC204). DT input from
the main board Is opplled 1o pin &
of 12204, and the sensitivity is deter-
mined by fhe satting of R218
Approximately 0.8 volts DC 15 need-
ed to light all ten segments of LED
disploy DE202. Resistor R218 s sat 50
that ten segments light when the
main board audio system is pro-
ducing full audio level just short of
limiting. This represents 100 percent
modulation. Reslstfors R220 and
R221 limit power dissipation In
IC204, and C207 bypasses the V.
line to the dsplay. LED D201 is fed
from the unlock detector on the
main board, When it 5 lluminated,
it indicates that the PLL is unlockad
LED D202 Is powerad from the main
board and Is llluminated when
audio clipping occurs, ndicating

onver modulation, LED D203 is used to
indicate that the cpfional SCA audio-
subcamar systemn k activated,

The MPX 2000, once programmead
to o desired frequency, wil oper
ote without the display board,
since its functions are mainly super-
visory, The board may be discon-
nected durng operation with no
affect on the transmitted FM signal
Howevear, it is neaded for repro-
graming of frequency

Owerall power requirements of
the MPX 2000 are 15 to 20 volts DC
at 350 ma, The display consumes
much of this current. If the display is
cslesp. the curent s about 160
maA. When the display s discon
nected from the main board, cur-
rant consumption drops to 125 maA.
Operdtion below 15 volfs is notf rec-
ommended unless |low-dropouf
regulotors (LM2230, etc.) are substi-
tuted for the LM7812s used hefe,
Cperation dbove 20 volts may
cause overheagting of the 5-volt
and 12-volt regulator ICs. Heatsinks
should be fitted to these |Cs if opar-
ation over 20 volts is expaected. The
DC input Is polafty protected by
D1 and accidental polarity reversal
will do no harm; the MPX 2000 sim-
ply won't operate and won't draw
any current until the supply polarity
is comected.

Construction. Although the MPX
2000 PC boards aren't difficult to
assemble for someone with a little
exparence,. it isimportant to follow
a cerfain ossembly sequence o
avoid mistakes that could lead 1o
hard-fo-find problems. In parlicular
a number of through-hole connec-
tions (vios) are required 1o connect
tfraces on both sides of the board.
Plated-through Boards are gradt
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in ihe fransyriftern

for mass production of PC boards
They reduce ossembly cost and
facilitare solderng. However, the
use of homemadea boards general-
ly preciudes plated-through holes
iMaking a few assembly erors In
constructing any new project s
expacied. If you must remove
component from a plated-through
board, yvou will find it very difficult
and will probably rin the compo-
nant and the PC board, os wall
That is why we do not recommend
the use of plated-through PC
boards in this project

The poords ore best assermbled
and tested circult by clreuit,  First
the main board con be prepared,
using Figs. 4 ond & gs refarences for
the PC-board foil patterns. Figure &
and Fig. 7 can be used o= guides
for component placemeant on the
main board. Builld one section at a
firne, starfing with the Installation of
jurmper vias and: the parts for the

and clhidker for we

power-distrioution  circultry. After
fhie power clrcuifry s complatad, o
power supply of 15 to 20 volls DC
and a DC voltrmater dre needed ta
test the circuitry—a VOM or a DVYM
will do. Power up the board, and
using fhe meter check the confinu-
Ity af the powsr-distriburion clrcuit-
rv. MNext, the audic (IMPX) circultry
can be ossembled and tested, if

these tast results are OK, the display
boord should then be assembled,
At this point, the main board will
have the microcontroller saction
installed: and this can then be fest-
ed together with the display board
if dasirad. After this Is dona, the RF
clrcuitry con be assembled, MNow,
the entire MPX 2000 can be
checkad oul. At Inls time, tha pro-
fect will be operoflonal. There are
no crfical  adjustrments - to be
made, and it should work the: first
tirne with the default setfings given
In the asseambly procedura that fol-
lonws, cssuming that there are no
mistakes,

While it |5 possible fo simply " stuff™
the PC boards and walt until ofter
complefion of assemby for testing.
this is not recommended unless you
dre varns axpernenced.

After completing the power-dis-
tribution circultry, install all vias and
any parts that connect to them—
the regulatorns and DC power sup
ply filterdng and bypassing compo-
nents. Check your work and make
sure all connections are solderad.
Connect +15 1o +20 voits DC o DI
{positive lead) and the negafive
lead to ground on the PCB. Check
for the foliowing voltages. All voit-
ages assume that the regulator 1Cs
supply an exact & or 12 volts. Since
they hove o & percent tolerance
that is acceptable for this applica-
ficn, rememiber to allow for this if
the voltages are a little low or high,
as they will be dependent on exact
regulator vaoltage. Consult the
parts-plocement diagram for the
phvsical location of the test points
s needad. Table 1 ik o list of volf-
ages to check,

MNext, inspect all V points (see
partsplacement diagrarm) to moke

TABLE 1

o Junchion C26, C27, D1 (npul)

o Junchon G268, 106 1L ICT2 E7
= WA

LT

o 5

v Winer, 40

o Junction k74, R75 C&3

s _lunction 74 R7T. CES

= Junction ICZ, €30

o Junction IC12 T34

#1510 +20 VDC

+14.4 10 +194 Ve

+5.0 Vpo #5%

+1 EE' VDC 75:‘5

+6.0 Ve

+50NVpe

+7. 26 M50

+4.75 Ve

+120 Ve

o fo > +12.0 Ve (Should
vary withy R138, Sat for +5.8)
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sure they are soldered and a clean
contact exlsts betwaan the traces
on both sides of tne board, The pur-
pose of these tests Is to make sure
that all sections of the PC board will
get DC power and that all signal
froces are intact, Then, Install the
audia and MPX generator clroui
companants

Audio And MPX Generator
Benchcheck. Apply +15 to +20 volts
as before to the DC Input ond
check for Ihe followlng volioges
(Tabtle 2. It is assumed that all volt-
ages that you obtaned wera Qs
specified In the first checkour of the
PC board, before the audlo com-
ponents were Installed, Ten per-
cent folerance 8 OK. Presst all
potentiometers—except R138—io
the center of rotation.

dlagram (Fig. 8) for audio wove-
forms. Adjust k7. R0, and RS5 o3
neaded to get these wavefarms. If
yvou don't have the test equipment
for this procedure. then leave al
patentiomeser adjustments whara
they are, If the DC voltages were all
comact and your assembly s amor
free. all should be OK so far,

Consfruction Of The Display Board.
The disploy board consists of three
saparate circuits: the keypod, LED
display circuitry, ond the bar-graph
risterng and status LEDs (see Fig. 9
and Flg, 7). These should be tested in
conjuncticn with the microprocessor
section, but some nifial tests can ba
mode on this board withoul it This
board s single sidea and the foll pal-
e is shown in Fig, 10,

Insert the |2 touch switches thot

TABLE 2
= @1 ond &2 Collector +3.6 Ve
= (CTPind +12.0 '\.I'IL-...;_'_
= IC1Pins1. 7.8 14 +0.0 Ve
s JC2Pins 1. 4 3.1 Vo Ovarying with &40
- JC2Pins2 3 +2.4 VDC
= |C2Pins 8, 10 +59 Vpe
= |C2Pinsé,. 12 +8.9 Voo
* IC2Pin& +1.2 Vpe
= IC3Pins, 7, 814 +0.0 Ve
« g Collector OYer
* @3 Collector +12.0Vpo
= Q3 Emitter +1.5 Vae
« Junction R67. RoB, R78. C21 Oto +02Vpe
- “:5 Pin ll't" +a o490 ""IIE_.'-L__

Mext. set R4A0 so that the voltoge
betwean plins 1 and 4 of 1IC2 s zerc.
Make this adlustment with the most
sensitive scale on your meter to as
low os 1 mYy, If possible. Using o
scope and oudlo generator you
can apply o 1-voll peak-do- peak
audia signal fo fhe L and R Inputs
and trace the signais through the
circuitry. This s excellent for uncoy
efing any emors—so fan Using 4
source of stereo oudio—such as a
CD player cassefte player or o
stereo recelver—you con frace the
signals through the circuifry with an
audic amplifier and speaker, You
wil not be ablz to hear the pilot
and the subcarrer signals (unless
vou are a cal or o dog), as they are
above the oudible range of fre-
quencies, Refer to the waveform

make up the kaypod. If you like,
you can check out the keypoad
with an ehmmeter to see if conti-
rulty exists betweaen o row and col-
umn  when fhe coresponding
swifch ks prossed.

Mext, assemble the display sec-
tion (center of display board)
Make sure that you first Install tha
lurmnpers below the site for the LED
displays You con use low profile
DIP sockets hare if you wish To
avoid scidering the 1Cs directly
onto the PC board, Now, Install LED
assambly DS201, This consists of two
identical 2-digt subassemblles,
Maxt, fabricate and Install hash
chokas L2001 and L20Z. These are
not crifical as to inductance, and
15 to 20 turns will be CK

Install o 20-pin socket whara

0S202 Is lo be located. This socket
MUST be used 5o the top of D202
will be at the same haight a3 DS20]
Then plug 05202 In the sockat mak-
ing sure the rounded comer or pin
1 indicator focas the comer of the
PC boord. No harrm will be done If

D53202 s Inserfed bDackwaords,
except thal DS202 will fail to light.

Mext, install 2204, the LM3P14N
BG driver chip. You con use o DIP
socket if you wish, a3 before. Install
LEDs 201, D202, and D203, making
sure fo observe polarity. Also make
sure the tops of these LEDs are the
some helight as D5201 and DEZ0Z,
This completes ihe dieplay-boord
assambly

Microcontroller And Logic. First,
install ten-pin header (1) and aight-
pin header (J2) o8 shown in the dis-
play-board pars-plocemant diciw-
ing. Moke sure Va2 and V33 are well
soldenad, as you will ol be able fo
get at them after this step. Next,
apply DC power to fhe board as
baefore and check for +5 volts on the
J1 pin shown. Remove DC power
and dlow a minute for the capacl-
tors fo discharge. Then, Instal the
programmed PIC16F84 microcon-
frcfler and all related parts. The
microcontroller must be pro-
grarmmed with fhe appropricte soff-
ware In order 1o cperote properly, If
yvou are building this project from
scratch, you wil have 1o do this for
fhe project to work. Refer 1o the
books and dota sheets published by
Microchip Corporation to see how
this s done. You can write your own
software o, it you prefer a prepro
grammed microconirolier can be
purchased from the source men-
fiored at the end of this article.
Make sure to install an 18-pin
socket at IC8. This Is required fo
allow easy removal of IC8 s that
future changes can be maode to
the intermal operating soffware |
neaded, You may alsa install a DIP
socket for IC13, but this is optional
The display baard can be connect-
ed to fhe maln board using ricbon-
lead cable of the kind used in PC
internal cailing, ond this is recom-
mendead. You can use Malex or sim-
ilar connectors with 0.100-inch
spacing te plug: directly imto the
headers on the main board
However, instaling these connec-
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tors generally reguires a speclal
crimp tool. Alermnatively, vou can
use soldertype connectors or
“prasson” ftypes. Check out a com-
puter parts catoleg for suitable
connectors

Connectors are not absclutaly
needed, olthough It does make
testing eosier. Howsver it tokes
time to install these connectors and
may not be worth the fime and
affort to do it Once the MPX 2000 is
assembled ond packoged in @
cose, these leods will not usually
have to be disconnected ogain,
Yol con check out the microcon
frcller section now, but it requires
wiring It to the dsplay board and
disconnecting it again, If the wiring
is coract, there s lite to go wrong
h.pr,:'_

PLL And RF Section. This saction |z
the last to be assembled and when
completed, the MPX 2000 PC
Boards will be ready for final testing
and mstallghon in o cose of your
choosing. Once ogain. refer to Fig
o for pars-placement information
First, Install all the resistors and then
the capociors, followed by transis
fors &5 through Q10 and all the
diodes, Next, install remaining ICs—
IC9 and IC10. Again, you can use
low-prafile DIP sockets for 1IC9 and
IC10, If vou wish. Maoke sure to
cbserve comect IC orentation. The
fimal stap s the fabrication of L1, L2,
and L3. Inductor L1 is five turms of
#18 tinned wire wound around a %-
inch mandral. The coll (L1 is
installed in the PC board with the
turme spaced evenly 5ot fits the PC
Board, A tap consisting of o short
wire lead soldered ta the appropri-
ate paint on the PC board s then
connected to the firl turm of the
cail as shown in Fig 1. Inductors L2
and L3 are made from four fums of
#22 bare tinned wire, wound using
the Ihreads of an 8-32 screw as o
mandrel. They wil lock like smal
springs when completed—the screw
controls the dimensions, so vou
cannot go wrong. Shope the leads
o5 shown In Fig 11. Remova the
sCrew and [nstoll the colls in the PO
board, Make sure no adocent
turns short together an L1, |2, or L3
Next, check over all work done so
tar ftor any erors. You are then
ready to do final testing. The dis-
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\ KEYHOARD DISPLAY - f LEDS
FRONT FANEL

USE 38 PLUS W
STANDOFFS
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Fig (2. Here iy the fromt-punel desipn wsed by the authors, The contamer should provide gaegneate

space for the Boards o fit sngly, ver withons crinping the various catdes conmer ting the display to

the matn board

ploy board must be connecled to
the main board first

After instaling all componants,
moke sure that the |Cs, diodes. and
capacitors are comrectly orented,
Power up the board as before ond
nofe the following

Bar-groph display DS202 should
momentarly ficker and then go
out; This Is normal ond a good sign
that things are working, The fre-
quency display should light and
aither show a valid FM station fre-
quancy or three zeros. The left-most
(MSB) dight Is zere Blonked and will
not display a zero, Next, examine
ihe keyboard layout in the display-
board parts-placemant diagram, [t
Is pretty stondard, Now, enter an
eight, which should disploy as the
rignt digit, Enter another eight, and
now the two right digits shiould
snow “88." Enter o cne. The display
should show: “881." Prass the £
tanter) key. The display should: st
show “881." Next, remove DC
power, and ofter about ten sec-
cnads reconnect power. The display
should light up "881." Try enfering
each digit—1-2—in sequance, The
nerwly entared digit should apoear
on the right and move left os new
digits are entered; the fourth digit
willl disappaar off the left side as
new digits are entered, Press the ¢
keay, and unless the display 5 shiow-
g a frequency bebtweasn 881 and
1079, the display will revart to 881 or
whatever valid frequency it previ-
ously showed, To reject an eniry.
press the c= (clear eniry) kay! and
the display will show the previous
valid frequency,

Iry entering o few valid FM fre-

guencies, each fime pressing the ¢
key ofter frequency entry. Remaoving
power and re-powering should
result in retention of the frequancy
in mermaory tha frequency ois-
playved differs. try re-enterng all
four digits (.e. 0995 for 9.5 MHz
Instead of 995). The leading zaro i3
nesded and doas not show

It sometimes hoppens thata 1 s
refained In memory when a fre-
quency of 100 MHz or more waos
previously entered, Enfering a new
frequency less than 100 MHz may
not erase the fourth digit and the 1
will be relained, confusing the
microcontrallern, This s not a foul,
bBut a result of suppressing the leac-
ing zero for puray aesthetic reo-
sons, maoking the operator forget
that it i still really thare, It s best fo
enter DBA3 rather than 883, for
example, especially if the previous
frequency was 100 MHz or higher
When you are done, enter "0781"°
as this will be needed for later tast-
ing- II all works as specified, you
can assume - that the microcon-
trofler and display clreult ore OX,

Mext, apply an oudio signal of
acout 1-volf p-p 1o the L input, The
bar-groph Indicator should show
sevearal it ssgments, Adjust R218 on
the display board so all fen seq:
ments light. Then increase the sig-
nal about ten percent and adjust
the potentiometer R68 on the main
board, o that D202 on the display
board (to the right of DS202) just
lights. Reduce awudio drive and
D202 should extinguish, with 05202
showing fewer segments it as the
oudie Input I8 decraased, This
checks out the melerng circuit,
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SEMICONDUCTORS

IC1—TLOSAN quad op-amp

1C2—MC 496N balanced modulator
demosiulator

IC3-——MC 458N dual high-performance
Op=amp

T4, 1CT3—74000N quad 2-input
NAND zate

IC5—CDAMOBE 12-stage binary/opple
counter

IC61CT—LMTRI2 12V vohuge
regulator

ICE—PIC 16F84-04 programmahle
microcimroller

ICO—MC145170-2 PLL synthesizer

IC10—TLOSIN JFET op-amp

ICT 1. IC12—LMTEOSMN woltuge regulatos

IC201—T4HCSTIN

1C202—T4HC L 38N

1C203—T744TN BCD-10-T-segment
decoderidrver

1C204—LMI0T4N violtage-level
indicator

Q1-033, O5—2MN3004 NPN RF-AMP
DRIVER

04, Qf, Q201 -Ql04—2N3006 PNP
RF-preamp

Q7. QI0—2N3563 [F-amp

Q& —-MPFI02 JFET N-channel anp

QO-—MPS3866 or ZNIB06 ascillator,
armp driver

DI—IN400T

D2—Nuot used

DEF—MY2 I3 or equiv.

Dd—MYV20% or equiv

D5-D14—INYI4B or 1N414%8

D201 —T1 ¥ red LED

D2—T1 % yellow or orange LED

D203—T1 * green LELD

DSI0 —Sevenr-segment 2-digit display

D& 202—Ten-segment bar-graph

RESISTORS

(Al resistors are Y-watt, 5% onifs
unless otherwise noted. )

R1. K2, R14, R15, R32, K112, R117,
Ri24, R13|—4700-0hm

R3-R6, R28, RIU-R31, RAARAG, R4S,
R51. R34-R57. RA2-R64, BA6, RA7T,
R0, RIORI07, RILL, RLIR,
RI2Z8—1),IN0-0hm

R7. R40—10,000-chm potentinmeter

RE. RY, R15. RI19—7 . 000-0hm

R10. R11, R58, RAES—15.000-0hm

Ri2, R13—9100-0hm

RI6G, R17, Bdd, B4R, RO, BI100, R101,
R10Z, RI03, R123, R125, R132,
R216—1000-0hm

R20-R23. R37, R38, RIUY, R12I7—
1O, O00-ohin

R24, R25—39,000-0km

R26, R27, RS0, R121—22.000-0hm

RIY, R4 1—68000-ahm

R42, R43, R52, R53,R71,R114
220)-ohm

Ed4h, Rd4T, R133—3300-0hm

B49. R119, R217—220.000-0hm

R55—25 0ii)-chm potentiometer

RS9, B 22—33,000-0hm

R, Bl 16—a800-olun

R61, 138, R21S-—1000-0hm
potentiomeler

R68—1 00,000-0tm patentiometer

R72, RI26; R13(0—=220-0hm

R73— [5H)-0hm

R74, RTT—3%0-0hm

R75, R76. R108, Ri136—100-chm

B7B—4 70,000 0bvm

R79, R110, R1249—2 2-megohm

R113—3300hm

R115, R135, R21%——470-0hm

B 1 20—330,000-ohm

R134—33-0hm

R134, Rl141—91-ohm

K 140—75-0hm

R201-R208—2200-0hm, 4 Wt

B2, R2I0-R215—150-0hm

K220, R221—56-ohm

REO-E9. K137, R142-200—Not used

CAPACITORS

Cl, C2—4.7-JF, 35-WVDC, electrolytic

€3, C4, 026, €27, C43-C45—01-iF,
109, S0V, Mylar

5, C6, Clh, C18, €22, C36—I10-gF
16V, electrolytic

C11,:C19,C20..C21: 030, C51.C52,
50— -pF, S0V, electrolytic

C12, €13, €35, C37, C38—.01-pF 50V,
GMY, coramic-lisc

17— 0015-pF, 10%, 50V, Mylar

24, C29— 1000-pF, 16V, elecirolytic

C24-—2200-pF, 25V, elecmolyhc

C28—L1-pF 50-WYDC, Myl

C31--47-pF, 5%, NPO, ceramic-disc

C32—[20-pF, 5%, NPO, cermmig-tise

C33—68-pF, 5%, NPO, cerantic-disc

C34, C40, C43, C583—4T0-pF, (MY,
ceramic-dise

C41—56.8-pF, NPO, ceramic-thise

C42—-047- ar |.0-pF, 35V, tantalum
eleetrolytic

C44, C201, C14, CL5, C39, C5N—22-pF
5% , ceramic-disc

C46—10-pF, 6V, untalum electrolytic

C47, C202, C203, C204, C205—0:1-pF
X120, 5UY, chap

C48, C56, C57. 0207, CT-C10—100-pF,
5%, NPO, ceramic-dise

C49—2-20-pF, rimmer, 7.5 mm

C53, C55—4T7-pF, 16V, clectrolviic

(154, C206—4T0-UF, 6.3V, electrolytic

ADDITIONAL PARTS
AND MATERIALS
§201-8212—Touch switches, momentary

PARTS LIST FOR THE MPX 2000

contact
L1, L2, L3—See text and figures
L20H, L202—TFarrite toroid 3E27
Material
XTALI—Crystal, 4 864 MHz
XTALZ—Ciystal, 4.000 MHz
Connector, 0.1-inch, 10 pins
Connector, 0. 1-imch, 8 pins
IC socket, 18 pin
IC secket, 20 pin
Label, Keyboard
I-feel #24 enamel wire
2-feet #22 nnned wire
|-foet #18 tnoed wire
Ribbhon cable, §.inches, 24 conductor
PO hoard, main
PC board, display
Ferrile beads, 43 Material
440 ® Minch BHMS
d-d(} Hex Nut
4-40 Lockwasher

NOTE: The kllowing ltems are available
from North Country Radio, PO Box 53,
Wykagy! Station NY 10804-0053;
www norihcnuninradio.com: A com-
plete kit of parts, consisting of all items
listad on the parts st That includes
dritled and etchad main and display
PC boards, preprogrammed mioroocan
trolier, all resisiors, capacitors, diodes
and LEDs, displays. transistors, inte-
grated circuits and all miscelansous
parts ag well s a detaidad theory,
assembly and test mamal 57154 85
il $5.00 for, pih in the US,

A compieta case package thal includes
the plastic case (NC225) shown in the
phato in this article, drilled and lettered
frant and rear panels, all conneciars,
and wire and cables as needed to fin-
ish the kit, as well as all necessary
instructions, $30.95 plus $1.00 for
postage and handling I ordered with
the abowve parls K1 or $35.85 plus
55.00 for postage and handiing
ordered saparately,

Collapsible 8-section whip antenna with
BMNC connector and right angle adaplior
£14.00 plus $1.00 for postage and han-
diinyg I ordeied with the parts Rit or
514.00 plus $5.00 for postage and Harn-
dling it orderad  saparately

PLEASE NODTE:
For shipment oulsida the US, please
add $10.50 for the first tem, plus $3.50
for each additional ilem crderad. NY
residanis must add B.25% salas lax o
tha price of any of the above (hlams

sowondod ‘Lope A

4
w
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MNow repedt with audio connected
to tha R Input. No aifference should
e noted, and no readjustiment
should be needed,

Final Test and Setup. You will need a
VOM or DV, an FM sterao recelv-
ar of some kind, ond a source of
line-level stersc audio. The MPX
2000 is designed so that 1-volt peak
to pack (0.316 volts RME sine wave)
at the Input will produce the
required deviation, and the oudio-
ingut level should not exceed this
figure. The Input impedance s
approximately 10k ohms. Power up
the board and check the voltagas
In Taels 3,

gram In a frequency of 88,1 MHz
Check fo see if D201 fickers and
goes out. Measure the valtoge al
TP1, It will be around 3 to 3.5 vaolts, If
D207 is still It, compress the turns of
L1 slightly untl the wvoltoge rses
sightty and D201 goes ouf,
Recheck at 107.9 MHz and 88.1
MHz until lock s obtained at both
frequencies, indicated by D201
enctinguishing. It 15 normal for D201
to ficker shigntly when changlng
frequency. Should you be unable
o get both 88.1 and 107.9 fo lock
up with onea setting of L1, check to
make sure you have ot least 12
volts af the output of regulator 1C/
It net, you can replaca it or add a

TABLE 3
. ICOPIN 16 $E VA
+ ICI0PIR7 +12 Ve
¢ |CI0PINS 130 ¥12 VDC
+« Qb Collector +5 "'HJDE
+ Qi Collector +1.510 +3.8 Vg

= Dd Center pin

+3 1o +12 Ve

+ Junction D2, D3, R128 +12Vpe

* Q8 Collector +12 Voo

* Q8 Base 1510 +7 Voo

* &8 Emitter +4.5 fo + 6.5 Vpe
* Q10 Colector +1.4 Vpg

+ Q9 Emifter +0.7 Vpe

« G Collector

After this fest. remove power
ram the MPX 2000, 1 any of the
voltages were incomrect, you need
o find the problem before pro-
ceeding further. I these voltages
chack out, you may procaed.
Mow, you can power up the MPX
2000, The numbers 9B showld
appear in the disploy and, if not,
anter this frequency, s described
before. On powsr up, the bar
graph display (DS202) and the
untock LED (D201 should both flick-
er and go oul. Maasura the vall-
age at TP1, pin & of 1C10. # should
be =3 and <11 volts. Now, enter g
frequency of 107.92 MHz, Whenthe e
button s pressed, D201 should flick-
er and go out, indicating lockup of
the PLL. The UNLOCK LED miay take
saveral seconds to extinguish, This is
normal due o the long Icop-time
constonts used, W D207 stays it
check voltage af TR1, It may be 11
volts or higher, Spread the turns of
L1 until this voltage drops below 10
volfs.and D201 goeas out. Next, pro-

5.6 Ve (adjust R138 as required)

diode In the common leg of ICT 1o
roise the voltage slighily

Once the PLL s adjusted, set up
an FM recelwer on 98,1 MHz or
somewheare near this if 98.1 MHz is
busy in your area. Enter this fre-
quency Intc the MPX 2000, Then,
D201 should extinguish affer a few
seconds, and you should hear o
carrier in the receiver as: avi-
denced by the quieting of the
recaiver, Momentarlly power down
the MPX 2000—this s 1o confim
that the carrier 5 Indeed coming
from it and not fram some other
source, Restore powsr and the car-
rier should reoppear in o few sec-
onds when D20] exlinguishes,

Mext, connect oudio to the L and
R inputs. The bar-graph display
should indicate something, and
you should hear the audio in the
Fi recelver. The recelver’s sterso
Indicator should be on, and the
oudio should sound like any other
Fi stablon. Make sure vou do not
doply excess audio. as this will

cause distortion and degrade
steren separation. Adjust REE for
bast saparation. IF vou hove aoosss
to an audlo generator and scope.
you can get an exact alignment by
adjusting for the waveforms shown
In the waveform dicgram, Adjust
dudio-nput level for best sound In
fhe recelver without distorficn and
clipping. With this audic-input level,
sat R218 on the disploy boord 50
that the LED bar groph shows all
ten segments It on the loudest
audio peaks. Slightly increose input
audlio and adjust 68 so that the
overmodulation LED D202 just fiash-
es. Then back off the audic-input
leval so that it barsly flashes on he
loudest audio peaks. This seis the
praper audio drive leveal,

Packaging. The MPX 2000 may be
pockaged In any suifcbla metal or
plasfic cass. Remember that this s
an audio device, and If also gener-
ates RF signals. For that reason, the
usae of shislded cables for audio
input and RF output Is recommend-
ed. Keap the display board s far
as possible from oudio lines and the
mdin boord, os it does generate
some switching noise, Such nolse
could appear as buzz or hum on
the fransmitted signal untl the dis-
play goes to sleep, Once pro-
grammed. the MPX 2000 will oper
ate without the keyvboard and LED
frequency display o8 long as the
frequency s not chonged, We rec
ommend that accessibility ta. the
kevboord be imifed to keep cur-
cus Individuals from pioying with
the MPX 2000 ond inodvertently
charnging frequency, This con be
dona with o removable pangl or
cover over the display. The - LEDs
Indicating lock and modulation
should be kept visible ab all times fo
slgnal improper operation. Figure
12 con be used os a guids for front-
paneal dasgn.

& good RF-ground and antenng
system s essentlal in reducing RF-
ground-inducad hum, g problem
with low-power FM fransmitters.
Simply using o wall fransformer and
o whip antenna plugged infa tha
RF cutput jack might not provide
adequate RF grounding. To check
if hum is RF-induced, power the
MPX 2000 from o battery, if this

(Cemtinted on page 56)
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lems with solder joins, but not w the
extent of these.

Wrapup
Thars all for now. Intermittent faults

have been present since the days of the

cat’ whisker radio and will be with us
unnl sotmething replices electromies in
the high-tech world. Unril then, we will
have o deal with bad soldering and
other similar problems. However, in
muost cases, they will yield to a systemat-

ic approach of mspection and testing. T
weleome comments and suggestions in
regard to this and previous Service
Clinics (viz e-mail to sam@repairfag.org,
please—I am not able to reply to snail
imail, sorry), o

DIGITAL DOMAIN

[continwed from page 20)

legitimate products. Even so, MLM
participants, called “distributors,” typi-
cally make money less by selling prod-
ucts than by enticing other peopla to
sell products. Distributors: sam com-
missions of the sales ol their recrults,
and their recruits' recruits, and so on,
with everybody scrambling to work
their way up the pyramid where the big
money supposedly |s.

MLM hes a bad reputation for good
reason. The hype surrounding MLM |s
in direct proportion to its penchant for
taking people for a ride. Most people
wind up losing money on the cost of
inventory, “educational” products, and
travel. says Edwards. On the other
hand, you can indeed use your per-
sonal computer and the Internet 1o
help you make money from home,
gither full time or on the side, and
many people do. Varlous statistics indi
cate that about one-third of Amearicans
have a home office and that about
one-gquarter of thesa offices are used
to support home-business activities.

Some do succeed at MLM, and if

POINT AND CLICK

c21T
wwwedil.com

eCharge
wivw.geliange, com

Ecount
www ecount.oom

HomeWorks
WIW. NOMmE WO iis. covm

MoneyZap
WWWMIOnayzap.com

PayPal
WWw. naypal com

SmallOtice
www smalioffice com

you want to explora it as a monaymak-
ing opporunity, recommendations
from friends or colleagues are best,
says Edwards. Find a company selling
products you find useful. Check out the
company with the Federal Trade
Commigsion and the Better Business
Bureau. Your best bets for making
money with the help of your PC are

more mainstream pursuits, such as
Web site creation, computer consul-
ing, computar repair, and technical
writing, says Edwards. He provides
more tips al his Web sita, al www.
homeworks.com. Another good site,
which offers particularly good advice
about technology for those working in
eithar home or small offices, is
Smalloffice.com, al www.smalloffice.
com, You may not get rich quick doing
it the right way, but vou won't lose your
shirt elthar.

COMPUTERS AND
THE ECONOMY

Perhaps the days of a cashless
society are still beyond our grasp, but
over the past five years, more people
are participating in trade over the
Internet. Although society-at-large may
not yet be cash-free, the Web has
proven that money does not have to
physically change hands in order to
make profits. The so-called Information
Hevolution has produced new profit-
yielding opportunities and carsers for
tolks the word over. Cyberspace may be
a cashlass society bustling with trade, but
It Is still & far cry from utopia P ]

THE MPX 2000

(continued from page 44)

curas the hum. the problem ks eithier
a poorly filtered DC supply or RF
induced hum. There is fillering bullt
into the MPX 2000 so a pretty poar
DC supply will be tolarated, bt this
Is still not recommended, I improw-
ing the powser-supply filterng does
rot help, the hum is mast likely RF
Induced. In this case, you may
have to experiment with antenna
placement, grounding, and RF

chokes in the power leads, A meta
case g halpful sometimes, as it pro
vides some shielding ond ground-
ing via its self-capacitance,

Final Words On FM Transmission. |t is
Impartant fo remember that the EM
tand fs strictly governed by federal
reqguictions In the US. Likewise, the
usa of fransmitters diso must follow
cerfain guidelines, In keeping with
Part 15 FCC requirerments, the radi-
ated field must be kept below 250
mY per meter at 3 meaters (about
ten feat) from the lransmitter. The

use of a six-dnch whip antenna s
racommendad. If the receiver s
close to the MPX 2000, no antenna
at all will be needed. Sufficient sig-
nal will radigfe from the PC board
Ifself to be detactoble, If o plastic
case |5 used for packaging. In prac-
fice, this 250 pV per meter ot 3-
meter limit will permit good recep-
tion at 50 to 500 feef from the trans-
mitter depending on the receiver
sensitivity and (s antenna system.
DO NOT connect any mane length
of antenna than you need, or you
may invite an FCC citation, |

SEE WHAT TAKES SHAPE. EXERCISE.

L]
American Heart Association @)

1392, Amarican Haan Atsociition



