ARTHONY J. CARISTI

THIS WIRELESS REMOTE CONTROL
system allows you to control up
to nine electrical circuits (such
as lights and appliances) with
an RF carrier signal that is im-
pressed upon and transmitted
through your home's AC wiring.
The transmission is called “car-
rier current” because the RF en-
ergy is not radiated, but
conducted between transmitter
and receiver by the AC wiring.
Because no RF energy is radi-
ated, no FCClicense is required.

A typical remote control sys-
tem will have one transmitter
and several receivers. However,
multiple transmitters can be

used instead. Both transmit-
ters and receivers can be placed
anywhere within the home.

The transmitter and receiver
are based on two Motorola ap-
plication-specific integrated cir-
cuits (ASICs): an MC145026
remote-control encoder and an
MC145028 remote-control de-
coder. Although the ICs can con-
trol as many as 19,683 channels
using trinary (logic 1, logic 0,
and open) data, the circuit de-
scribed here has a simplified en-
coding scheme for the control of
nine channels.

Both the transmitter and re-
ceiver are relatively simple, low-
cost devices that operate di-
rectly from the AC power line.
Power consumption is only 1 or
2 watts, allowing continuous
standby operation with insig-
nificant energy cost.

Although the receiver de-
scribed here is a simple remote-
control buzzer, any other kind
of circuitry can be controlled as
well. A typical receiver might op-
erate as a simple on/off control
unit or a momentary or timed-
mode device. The extent of con-
trol circuitry is limited only by
your imagination,.

Fundamentals

The encoder IC encodes the
inputs on its nine input lines
and transmits the data in the
form of a serial pulse train when
it is enabled. To ensure re-
liability, the transmitter auto-
matically transmits two com-
plete code words containing the
selected address data.

CARRIER-CURRENT
REMOTE CONTROL

Control up to nine devices remotely with

this versatile carrier-current circuit.

The decoder IC contains nine
input pins that allow it to be
user-programmed with a desir-
ed address. When the decoder
detects incoming data, it
checks the serial sequence to
determine if it matches the pre-
programmed code word.

If two identical transmitted
words containing the correct
address are received, the de-
coder will transmit a valid-
transmission pulse. That pulse

can then trigger auxiliary cir-
cuitry to provide the desired ac-
tion.

Transmitter operation

Refer to the transmitter sche-
matic diagram, Fig. 1. The
power supply consists of a half-
wave rectifier followed by volt-
age regulator 1C1, which main-
tains a fixed 15-volt output.
Most of the input power is con-
sumed by power resistor R1. In-
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FIG. 1I—TRANSMITTER SCHEMATIC DIAGRAM. Switches S1 through S9 activate the

desired channel.

candescent lamp LMPI1, con-
nected in series with the input
line, provides an additional volt-
age drop and also acts as a
power-on indicator.

Three 15-volt Zener diodes
{D10, D11, and D12) ensure that
the voltage input to IC1 does not
exceed its rated maximum al-
lowable input. Three diodes
provide sufficient power-han-
dling capability. A fixed voltage
divider composed of R2 and R3
sets the regulated output volt-
age of IC1 to 15 volts.

The heart of the transmitter
is IC2, a Motorola MC145026P
remote-control encoder. This
chip contains all the necessary
circuitry, with the exception of
the timing components R4, R5,
and C3, to generate a two-word
pulse train containing the en-
coded information in accor-
dance with the logic states of
address inputs a1 through ae.

When the transmit enable
(Te) input, IC2 pin 14, is forced
to logic O by any of the transmit
switches, the chip will transmit
its coded sequence. If the TE
terminal is held at logic zero,
the encoder will continuously
send the coded pulse train.

A different arrangement of
channel transmit switches
would allow the encoder to gen-
erate up to 19,683 different code
sequences, as discussed earlier.
Only nine unique code se-
quences are produced by this
project, which is configured to
take only one of the address in-
puts low while the remaining
elight inputs are held high.
(None should be left floating.)
This is accomplished by nine
single-pole, double-throw mo-
mentary switches (S1-S9) and
nine switching diodes (D1--D9).
When any one of the transmit
switches is closed, the switch-

ing diode associated with the
selected channel forces the TE
input low. causing the encoder
to send its word sequence.

A CMOS timer, IC3, is in an
astable mode with a duty cycle
close to 50%. The frequency of
oscillation is determined by
timing components R6, R7, and
C9, and is set to about 125 kilo-
hertz. IC3 oscillates only when
its enable input, pin 4, is at a
logic 1. Since this terminal is
driven by the pulse train cutput
of [C2, the RF carrier output fre-
quency of IC3 is pulse modu-
lated in accordance with the
encoding of the selected remote-
control channel.

The output of IC3, bursts of
125-kHz pulses, drives the base
of Q1. The collector of Q1 feeds a
matching transformer that con-
verts the relatively high output
impedance of Q1 to the low im-
pedance presented by the AC
power line. Capacitor C5 cou-



plés the output signal of Tl’s
secondary to the AC line where
it will travel throughout the 60-
hertz AC wiring. The RF energy
impressed upon the AC line is
very small, but of sufficient
magnitude to be detected by
each of the remotely located re-
ceivers. Surge suppresser
MOV1 protects the circuit from
high-voltage transients that
might appear across the AC
power line.

Receiver operation

Refer to the receiver’s sche-
matic diagram, Fig. 2. A half-
wave rectifier and Zener-diode
regulator provide 15 volts DC to
power the circuit. Resistor R12
drops the relatively high AC line
voltage and limits the current
through D15.

An RC network composed of
R13 and Cl11 couple the low-
power RF signal appearing
across the power line to parallel-
tuned circuit C12-L1. The reso-
nant frequency of the tuned cir-
cuit (125 kHz} allows the RF
signal to be coupled to the base
of Q2 while attenuating all other
frequencies. Transistor Q2 op-
erates as a common-emitter am-
plifier, providing a very high
gain to the RF signal appearing
across the tuned circuit. The
output of this stage is coupled
to Q3 through C14.

Transistor @3 is a detector
whose base is driven by the RF
signal. When Q3 is saturated,
the voltage across R18 ap-
proaches 15 volts. Capacitor
C15 provides sufficient filtering
of the 125-kHz pulses to cause
the waveform across R18 to as-
sume the shape of the original
modulating pulses generated by
the transmitter encoder. The
output of Q3 is fed through two
NOR gates ([C4-a and IC4-b}) con-
nected as inverters to provide a
clean digital pulse train to drive
the decoder’s serial data input.

Decoder 1C5 contains nine
address inputs, ai-ag, that are
preprogrammed with binary
data. Grounding any one of the
address inputs sets the receiver
to that channel. In this project,
only one input is grounded,
while the remaining eight are
held high. The digital pulse
train detected by the receiver is

fed to the data input terminal
(pin 9) of IC5. If the address con-
tained in the data is equal to the
preprogrammed address of the
decoder, an output pulse is gen-
erated at pin 11. To ensure the
transmission integrity, two
identical transmitted words
containing the correct address
must be received consecutively
before a valid transmission sig-
nal is issued.

The trailing edge of the
positive-going output pulse at
pin 11 of IC5 triggers a 555
timer (IC6) connected in a
monostable configuration. The
1Y2-second long output pulse
from IC6 drives piezoelectric
buzzer BZ1 to indicate that a
valid transmission has been re-
ceived.

The valid transmission pulse
output of IC5 or the output
pulse from IC6 can trigger the

auxiliary circuitry to provide
the desired response on the ex-
ternal device which is under re-
mote control.

Construction

Both transmitter and receiver
are constructed on single-sided
PC boards. Foil patterns are pro-
vided if you want to make your
own boards. Point-to-point wir-
ing is acceptable if good con-
struction techniques are used.
Follow the parts-placement di-
agrams for the transmitter and
receiver boards in Figs. 3 and 4,
respectively. Note that the tim-
ing and tuned-circuit compo-
nents must be temperature-
stable; use only the components
specified in the Parts List.

Install all integrated circuits,
except IC1, in sockets. Be care-
ful when installing polarized
components such as ICs, di-
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FIG. 2—RECEIVER SCHEMATIC DIAGRAM. Grounding one of IC5's address inputs,
while keeping all others high, sets the recelver to that channel number.
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TRANSMITTER FOIL PATTERN.

odes, and electrolytic capaci-
tors. It is also important that
transformer T1 be placed cor-
rectly into the circuit.

The transmitter can control
up to nine receivers, with one
control switch (S1-89) for each
channel. If not all channels are
to be used, you can leave out the
unnecessary switches, in which
case the inputs must be tied to
+ 15 volts.

Because of the transmitter’s
very low power consumption, a
power-cn switch is optional. If
desired, a double-pole double-
throw switch can be sub-
stituted for each of the channel-
control switches, with the extra
pole wired to apply line power to
the circuit only when needed.
This option is illustrated in Fig.
5.

Power indicator LMP1 should
be mounted on the front panel
of the transmitter. This is easily
accomplished by drilling a hole

and securing the lamp to the
panel with a small amount of
€POXy.

As with the transmitter, the
power-on indicator LED should
be mounted to the front panel of
the receiver to provide visual in-
dication that the receiver is
powered and operational. The
extremely low power draw of the
receiver eliminates the need for
a power on-off switch in the cir-
cuit, but one may be added if
desired.

Because this project is
powered directly from the 60-
hertz AC line without the use of
an isolation transformer, proper
safety precautions must be ob-
served. A grounded line cord
must be installed on both trans-
mitter and receiver. Addi-
tionally, you must verify the
polarity of the house wiring
where the system is to bes in-
stalled to make sure that it is
correct. That can be done with

»

an AC voltmeter set to read at
least 150 volts AC, or a neon test
light.

The AC wiring to any 120-volt
receptacle should contain two
conductors, plus a third con-
ductive path (via a third wire or
the BX cable’s metallic sheath)
to earth ground. One of the cur-
rent-carrying wires is known as
the “hot” lead, and this wire
should be black. The other wire
is known as the “cold,” or neu-
tral lead, and this wire should
be white. Without removing the
cover plate of the receptacle, ver-
ify that the polarity of the recep-
tacle is correct by touching the
common test lead of the volt-
meter to the screw that holds
the cover plate in place (this

TRANSMITTER PARTS

All resistors are Yi-watt, 5%, unless
noted.

R1-620 ohms, 5§ watt wirewound re-
sistor

R2—2400 ohms

R3—220 ohms

R4—49,900 ohms, 1%, metal fiim
R5--100,000 ohms, 1%, metal film
R6—4750 ohms, 1%, metal film
R7—2210 ohms, 1%, metal film
R8—2200 ohms

RS, R10—10 ohms

R11—10,000 ohms

Capacitors ‘

C1—47 pF, 63 volts, electrolytic
C2--88 pF, 10 volts, elsctrolytic
C3—0.022 uF, 50 volts, 2% poly-
propylene

C4, C6—0.1 uF, 50 volts, ceramic disc
C5—0.22 pF, 250 volts, metal film
C7--0.033 uF, 50 volts, 2% poly-
propylene

C8—100 p.F, 16 volts, electroiytic
C9—0.001 pF, 50 volts, 2% poly-
propylene

Semiconductors

IC1—LM317LZ adjustable voltage reg-
ulator

IC2—MC145026P encoder (Motorola).
IC3—LMC555CN CMOS timer
D1-D9—1N4148 diode
D10-D12—1N4744A 15-volt, 1-watt
Zener diode

D13-—~1N4004 diode

1—2N3904 NPN transistor

Other components

LMP1—14 volt, 0.08-ampere incandes-
cent lamp

51-89—SPST momentary slide or tog-
gle switch (see text)

T1--49.1 pH, 125 kHz output trans-
former (Toko No. 719VXA-T1060YUK,
Digi-Key No. TK1301-ND})
MOV1--45-volt metal-oxide varistor
(Panasonic ERZ-CO5DK560 o equiv-
alent)
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should be earth ground), and
carefully insert the other test
lead into each of the receptacle’s
slots. The narrow slot should be
connected to the hot (black)
wire, and should indicate a
reading of about 120 volts AC—
or it should light the test lamp.
The wide slot should be con-
nected to the neutral (white)
wire of the AC line, and should
give areading of zero on the volt-
meter—or it should not illumi-
nate the test lamp. Be sure to
check all AC receptiacles that
will be used with this system for
proper polarity and ground

If you do not obtain the cor-
rect polarity readings of your AC
receptacles as described, the
wiring is in violation of elec-
trical codes and should be cor-
rected by a licensed electrician.
Do not install the remote-con-
trol system until the electrical
violation is corrected. Make
sure that the line cords you in-

stall conform to local electrical
codes as well. Once the polarity
of the line cords has been deter-
mined, wire them into the
transmitter and receiver. Con-
nect the neutral (white) lead to
circuit ground (the negative
side of Cl in the transmitter and
the negative side of C10 in the
receiver). Connect the hot lead
of the transmitter line cord to
R1 and the hot lead of the re-
ceiver’s line cord to R12.

If you install the receiver and/
or transmitter in a metal en-
closure, connect the ground
lead of the line cord to it with a
good, solid connection. If you
enclose the transmitter in a
plastic case, tape the ground
lead out of the way so that it
can’t cause a short circuit. If
you enclose the receiver in a
plastic case, connect the
ground wire of the line cord to
the ground of the circuitry you
are attaching to it.

RECEIVER PARTS

All resistors are Ys-watt, 5%, un-
less noted.
%1 2—4700 ohms, 2-watt metal-ox-
ide
R13—33,000 chms
R14--300,000 chms
R15—1000 ohms
R16—100 ohms
R17, R19—100,000 ohms
R18—47,000 ohms
R20—150,000 ohms
R21—2200 ohms
R22—4330 chms, 1% metal film
R23—178,000 ohms, 1% metal film
Capacitors .
C10—470 pF 16 volt electrolytic
C11—0.01 pF, 250 volt metal film
C12—0.001 wF, 50 volts, 2% poly-
propylene
C13—0.001 F, 50 volit ceramic disc
C14, C15, C17—0.01 pF, 50 volts,
ceramic disc
316-0.0047 w.F, 50 volts, ceramic

isc
C18—0.1 uF 50 volts, 2% poly-
proplyene
C19—0.47 uF, 50 voits, 2% poly-
proplyene
C20—10 uF, 16 volts, electrolytic
Semiconductors
{C4—CD4001BE quad 2-input
NOR gate
IC5—~MC145028P decoder
(Motorola
|C6—LMC5E55CN CMOS timer
D14—1N4004 diode
D15—1N4744A 15-volt, 1-watt
Zener diode
D16—1N4148 diode
Q2-—2N3904 NPN transistor
Q3—2N3906 PNP transistor
LED1—Light emitting diode, any
color
Other components
BZ1-—3-volt DC piezo buzzer
L1—1.5 mH coil {Toko No. RUNS-
T1029Z, Digi-Key No. TK1233)
Miscellaneous: Enciosures, IC
sockets, grounded line cords, wire,
solder
Note: The following items are
available from A. Caristi, 69
White Pond Road, Waldwick, NJ
07463:
¢ Transmitter PC board—3$12.95
¢ Receiver PC board—$12.95
e IC2—-$8.75 '
e |IC5—88.75
¢ T1—§7.75
e |.1—-$6.75
¢ LMP1—§2.50 :
Please add $5.00 S&H.

Transmitter checkout

The checkout of the project
requires a digital multimeter or
VOM. An oscilloscope is not nec-
essary, but may come in handy.
Remove all socketed ICs from
the transmitter and receiver be-
fore proceeding.

To check the transmitter, ap-
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FIG. 5—A TRANSMITTER POWER SWITCH is optional. Double-pole double-throw
switches can be substituted for the channel-control switches, with the extra pole
wired to apply line power to the circuit only when needed.

ply AC power to it; the power-
indicator lamp should glow.
Measure the DC voltage across
Cl; a normal reading is about
42.5 to 47.5 volts DC. Also
check the output of the reg-
ulator (pin 2) for 14.24 to 15.75
volts DC.

With power removed from the
circuit, measure the resistance
between the +15-volt bus and
ground; normal indication is
about 2.6 kilohms. If anything
does not check out, do not pro-
ceed until the fault is found and
corrected.

With power disconnected
from the transmitter, carefully
insert IC2 and IC3 into their
sockets and apply power to the
circuit. While observing the in-
dicator lamp, push and hold any
of the channel selector switches
and verify that the lamp
“pulses” in intensity at a rate of
about 5 times a second. This
indicates that the encoder is op-
erational and is driving IC3 and
transistor Q1.

You can connect an os-
cilloscope to verify that bursts of
125-kilohertz pulses, at about 3
volts peak-to-peak, are present
at pin 1 of transformer T1. Ad-
just the tuning slugs of T1 with
an insulated tool to attain RF
pulses of maximum amplitude
at pin 1 of T1.

Verify the proper operation of
IC2 by examining the output
pulse train at pin 15 while hold-
ing a transmit switch in the on
position. A normal indication at
that output will be a series of
pulses at about 15 volts peak

amplitude. Check pin 14 of IC1
to verify that the logic level at
this terminal reaches about 0.7
volt when any transmit switch
is actuated.

Verify the operation of IC3 by
examining the output at pin 3.
A normal indication at that out-
put is bursts of 15-volt, 125-
kilohertz pulses.

The waveform at the collector
of transistor Q1 should be 125-
kilohertz pulses at about 35
volts peak-to-peak.

Now put the transmitter aside
and proceed with the receiver
checkout.

Receiver checkout

With all ICs removed from
their sockets, apply power to
the receiver; the LED should il-
luminate. Measure the voltage
across C10; it should be about
15 volts DC. Disconnect power
from the circuit and measure
the resistance between the +15
volt bus and ground; you should
measure approximately 50 kilo-
hms or more.

Insert all ICs into thelr sock-
ets. Set the transmitter nearby
to operate continuously with
the chosen channel. Adjust L1
by observing the waveform at
the collector of Q2 with an os-
cilloscope, while setting the
tuning slug for maximum am-
plitude; a normal indication is
125-kilohertz pulses at 5 volts
peak-to-peak. Check the output
of Q3 for a pulse train at about
15 volts peak amplitude.

Verify operation of the re-
ceiver by momentarily actuat-

w
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ing the correct transmit chan-
nel switch, and holding it on for
approximately a ¥z second to al-
low the transmitter to output at
least two complete pulse trains.
When the transmit switch is re-
leased, the piezo buzzer should
sound for about a second or so.

If the receiver is operating as
described, it may be placed in a
remote location and operated to
verify that it receives and de-
tects the transmitted pulse
train from the transmitter. If
the receiver does not respond to
the transmit signal, make sure
that the correct channel has
been actuated. Try all transmit
channels to see if one of the
other channels will actuate the
receiver.

Verify the operation of de-
coder IC5 by checking the serial
data input terminal (pin 9) for
the 15-volt pulse train as de-
tected by Q3. The valid trans-
mission output terminal (pin
11) should go high aslong as the
correct transmit channel
switch is held on. Check thelog-
ic levels at the address inputs of
IC5; all inputs should be at
about + 15 volts DC except the
selected input which should be
grounded.

If the valid transmission out-
put of IC5 (pin 11) is working,
IC6 should be triggered when
the transmit switch is released.
That causes pin 3 of IC6 to go to
about 15 volts, and turn on the
buzzer.

Using the system

The transmitter is placed at
any desired control location and
plugged into a nearby AC recep-
tacle. When it is desired to
transmit a control signal, the
appropriate transmit switch is
actuated for at least a ¥2 second
to transmit two complete pulse
trains. The selected receiver will
then respond.

The receiver, as described, is
designed as a simple remote-ac-
tuated buzzer. One application
for this would be a wireless
doorbell system that requires no
modifications. However, the cir-
cuit can be modified for many
applications. For example, the
pulse output of IC6 can operate
a relay which then can control
other devices. Q



