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An IR Remote-Control System

Lets you remotely control up to six lights and

(Part 1)

appliances from a single hand-held transmitter

By Anthony J. Caristi

eaders who own a remote-
R controlled TV receiver, VCR

or audio system are familiar
with the convenience of using wire-
less infrared remote-control systems.
If you’ve ever wished you could put
this type of convenience to work con-
trolling other devices as well, the
project to be described is for you. It’s
a basic IR system that provides on/
off control of up to six electrically
operated lights and appliances in a
single room from a reasonable dis-
tance away using a hand-held bat-
tery-powered portable transmitter,
an ac-powered stationary receiver/
decoder and suitable ‘‘interface”
modules between the latter and de-
vices you wish to control.

The basic system is limited to six
channels of control in any given
room. However, it can easily be ex-
panded to control up to six devices in
as many rooms as you wish from a
single transmitter unit. To accom-
plish this, all you need do is build an-
other receiver/decoder for each
room in which you want control, plus
whatever interfaces are needed.

Inthisinstallment, we focus on op-
eration and construction details for
the transmitter and receiver/decoder
units. Next month, we will detail how
to build a variety of interface devices
to control just about any electrically-
operated item you wish.

About the Circuit

Toavoid confusion, we’ll discuss op-
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eration of the transmitter and receiv-
er/decoder circuits separately.

® Transmitter. Shown in Fig. 1 is the
complete schematic diagram of the
transmitter circuit. This one-chip cir-
cuit is powered by an ordinary 9-volt
transistor battery. It provides a series
of 28.4-kHz infrared energy pulses
that are encoded according to which
of the six pushbutton switches is
pressed at any given moment.

When no transmitting switch is ac-
tivated, the circuit remains in stand-
by, drawing virtually no current
from battery BI. When any one of
switches S/ through S6 is pressed, its
closed contacts activate circuitry in-
side ICI that causes the transmitter
to generate a group of pulses that are
sent through the air by infrared-emit-

S

ting diodes LEDI, LED2 and LED3.
These pulses are repeated at 90-milli-
second intervals, as long as the par-
ticular switch is held closed.

Designed specifically as a PCM
(pulse code modulation) transmitter,
IC1 is capable of encoding up to 62
channels in accordance with the se-
lection of one row input terminal and
one scanner input terminal, which
are shorted together by means of a
single-pole switch. As mentioned
above, in this project only six chan-
nels are used, specifically channels 2,
4,6, 8,10and 12. These are identified
in this project as channels A through
F, respectively.

Integrated circuit /C! is capable of
operating in either FSK (frequency
shift keying) or AM (amplitude mod-
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ted space. If the bit is zero, the second
half of the space contains the burst.

Although this project uses only six
channels, the chip is capable of en-
coding channel numbers O through
62 by transmitting six bits of infor-
mation, any of which may be a one or
zero. Thus, channel 0 would consist
of a code word of 000000, channel 1
would consist of code word 000001,
and so on up consecutively to chan-
nel 61, which would have the code
word 111101. Channel 62 is automat-
ically sent when the transmitting key
is released, signifying end of trans-
mission (EOT). Channel 63 is not
used at all.

Frequency control of the transmit-
ter output is provided by 455-kHz
ceramic resonator Y/. Frequency di-
viding circuits inside /C! generate the
28.4-kHz IR modulating frequency
as well as the timing for the output
pulse train.

Transistors Q7 and Q2 serve as a
driver circuit for the three IR LEDs.
Using three LEDs as shown provides
almost triple the amount of infrared
energy with no increase in battery
current drain. As long as visible light-
emitting diode LED! in the collector
circuit of QI lights when a transmit-
ter button is pressed, the battery has
sufficient energy to power the circuit.
® Receiver/Decoder. Shownin Fig. 4
in three sections is the complete sche-
matic diagram of the receiver/decod-
er circuitry. Integrated circuit IC7
detects and amplifies the infrared
pulses generated by the transmitter
and detected by IR detector diode
D1. The six remaining chips in this
circuit decode the transmitted pulse
train, and emitter-follower transistor
Q2 through Q7 output stages provide
six channels. Since this project con-
tains just six active channels, only
three bits of the transmitted word are
needed for full control.

The specified chip used for /C7has
been specifically designed to serve as
an infrared detector/amplifier. In-
frared energy striking photodetector
D1 is coupled to the pin 7 input of
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Fig. 2. Binary word for channel A is 000010, which indicates that all bits are 0 ex-
cept one, which has a binary weight of 2.

IC7. The 28.4-kHz IR bursts are con-
verted to electrical pulses by DI. The
resulting electrical pulses are ampli-
fied, and the amplitude-modulated
waveform is detected to produce the
waveform envelope that contains the
binary-coded information of the
transmitted pulse train. Wave-shap-
ing circuitry inside IC7 provides a
clean, solid waveform at the pin 1
output. This is inverted by QI and
fed to the decoder circuit for further
processing.

As shown in Fig. 2, the recovered
transmitted pulse train (channel A is
illustrated) contains six bits of infor-
mation that must be decoded to de-
termine which of the six possible
channels, A through F, has been
transmitted. A truth tableillustrating
the six possible code combinations is
shown in Fig. 5.

Since each individual bit of the
coded word occurs in sequence, the
information presented by the pulse
train is in serial data form. To recov-
er and store this information, serial-
to-parallel converter IC4 is used.
This eight-bit shift register IC is cap-
able of converting data from serial
form to parallel form and latching it
in its output stages. Operation of the
decoder circuit is best understood by
referring to timing diagram Fig. 6,
whichillustrates what the waveforms
should look like at various points in
the circuit.,

To synchronize the decoder timing
circuits with the transmitter, ceramic

1L

Logic Logic
0 1

Fig. 3. Position of amplitude modu-
lation for each bit of the word deter-
mines if bitisa 1l or a 0.

resonator Y! operates at the same
455-kHz frequency as the resonator
in the transmitter. Gate ICIC is
wired to operate as a simple inverter
and is biased into its unstable linear
region by means of R5. The ceramic
resonator, connected between out-
put pin 10 and input pins 8 and 9 of
the gate, causes the circuit to oscillate
at the resonant frequency of YI/.
Gate IC1D, also wired as an inverter,
is used as a buffer for the oscillator.
Gates ICIA and ICIC are config-
ured to form a bistable multivibra-
tor, or common flip-flop. This cir-
cuit has two stable states that depend
upon the logic levels fed to the inputs
at pins 1 and 6. This circuit is a latch
that controls operation of counter di-
vider IC3 and shift register /C4.
When the first pulse of the received
transmission reaches input pin 1 of
ICIA, output pin 3 of this gate as-
sumes a logic 0 level and pin 4 goes to
logic 1. The output at pin 4 of ICIB
enables AND gate IC2A4 and allows
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PARTS LIST (Receiver)

Semiconductors C2,C4—4.7-uyF, 16-volt radial-lead T1—12.6-volt C.T. power transformer

D1—MRDS821 or equivalent infrared
photodetector (Motorola)

D2,D3—1N4148 or similar silicon di-
ode

D4—1N5235B or similar 6.8-volt zener
diode

DS5,D6—1N4004 or similar silicon recti-
fier diode

IC1,1C6—CD4001B quad 2-input
NAND gate

IC2—CD4082B dual 4-input AND gate

IC3—CD4020B 14-stage binary counter

IC4—CD4094B 8 bit shift register

IC5—~CD4028B BCD-to-decimal de-
coder

IC7—MC3373P infrared receiver/am-
plifier

Q1 thru Q7—2N3904 or similar npn sil-
icon transistor

Capacitors (16-WV minimum)
C1,C6,C7,C16—0.001-xF ceramic disc

electrolytic
C3—0.0033-xF Mylar or metal-film
C5—0.01-uF ceramic disc
C8 thru C13—0.1-F ceramic disc
C14—470-pF ceramic disc
C15—100-uF, 16-volt radial-lead elec-
trolytic
C17,C18—270-pF ceramic disc
C19—220-uF, 16-volt radial-lead elec-
trolytic
Resistors (Y4-watt, 10% tolerance)
R1,R2,R19,R20—100,000 ohms
R3—22,000 ohms
R4—51 ohms
R5—1 megohm
R6 thru R11,R18—220,000 ochms
R12 thru R17,R21—220 ohms

Miscellaneous

F1—Y-ampere slow-blow fuse

L1—10-gH inductor (Toko No. 126 LNS-
T10327)

(Radio Shack Cat. No. 273- 1365 or
similar)

Y1—455-kHz ceramic resonator

Printed-circuit board or perforated
board with holes on 0.1-inch centers
and suitable Wire Wrap or soldering
hardware; sockets for all DIP ICs;
three-conductor ac line cord with plug;
fuse holder; suitable enclosure; ma-
chine hardware; hookup wire; solder;
etc.

Note: The following items are available from

A. Caristi, 69 White Pond Rd., Waldwick,
NJ 07463: Transmitter pc board, $7.50; re-
ceiver pc board, $15.50; MC3373P, $3.00;
MC14497P, $15.00; CD4001B; $1.25;
CD4082B, $1.25;; CD4020B, $2.00;
CD4094B; $2.25; CD4028B; $1.75; three
MLEDS81s, $6.50; MRDS821, $4.00;
IN5235B, $1.00; L1, $4.00; Y1, $3.75 each.
Add $2.00 P&H. New Jersey residents,
please add state sales tax.

s

Fig. 4. Complete schematic diagram of receiver/decoder circuit, shown here in three sections.

icant bit stored at pin 12. The infor-
mation contained at pins 13, 14 and 7
of IC4 is the only data required for
this six-channel decoder. Note that
the bits of data (see Fig. 6) stored at
these three terminals represent a bi-
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nary number between 1 and 6.

BCD-to-decimal decoder ICS5 ac-

cepts four bits of binary-coded-deci-
mal data and provides a single output
that represents the decimal equiva-
lent of the data fed to its input. Since

the data to be decoded is contained in
just three bits, the most-significant-
bit input at pin 11 of /C5 is grounded,
and the data from IC4 is fed to the
three remaining inputs at pins 7, 14
and 13. This permits /C5 to decode
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IR Remote-Control System

the information stored in JC4 and to
provide a logic 1 output at the output
pin (14, 2, 15, 1, 6 or 7) of the trans-
mitted channel.

The decoded output at one of the
pins of IC5 remains at logic 1 level for
as long as the transmitting switch is
held closed. When the switch is
opened, the transmitter generates the
EOT (end-of-transmission) code
(channel 62), and the logic level at the
decoded output pinreturns to logic 0.
In this manner, the decoded output is
automatically returned to a logic 0
level at the end of each transmission.

The emitter-follower stages Q2
through Q7in Fig. 4(B) are driven by
the outputs of IC5. RC filtering en-
sures that no transistor will be driven
into conduction during the time that
the circuit is shifting data. When any
transmitter switch is closed, the ap-
propriate transistor stage is driven in-
to conduction and turns on the LED
that identifies the selected channel.
The output of each emitter-follower
stage can be used to drive a variety of
circuits to perform the desired re-
mote action.

Power for the receiver/decoder
circuit is provided by the 117-volt ac
line using the dc power supply whose
circuitry is shown schematically in
Fig. 4(C). The 117 volts ac from the
power line is converted to 12.6 volts
ac by power transformer 7T'1. This re-
duced ac voltageis rectified to pulsat-
ing dc by full-wave rectifier D5/D6.
The pulsating dc is then filtered to
pure dc by capacitor CI9.

Two dc output voltages are avail-
able from the power supply: an un-
regulated +9 volts and a regulated
(by zener diode D4) + 6.8 volts Vpp.
The + 9-volt output will be used by
the interface circuits, which will be
covered next month. Since the receiv-
er/decoder circuit should never be
shut off, there is no power switch in
the primary circuit of T1.

Construction

best wired on separate single-sided
printed-circuit boards. You can fa-
bricate your own pc boards using
the actual-size etching-and-drilling
guides shown in Fig. 7 (transmitter)
and Fig. 8 (receiver/decoder), or you
can purchase ready-to-wire boards
from the source given in the Note at
the end of the Parts List. Alternative-
ly, you can wire the transmitter cir-
cuit on perforated board that has
holes on 0.1-inch centers using suit-
able soldering hardware. Whichever
way you go, though, it is a good idea
to use sockets for all ICs. However,
use only pc-board construction for
thereceiver/decoder to assure that its
very-high-gain amplifier operates
with maximum stability.

Begin building this project by wir-
ing the simple transmitter. Place the
transmitter’s pc board in front of you
in the orientation shown in Fig. 9 and
install and solder into place the IC
socket. Do not install the IC itself
in the socket until after you have
checked out the wired circuit.

Install and solder into place the re-
maining on-board components.
Make sure that electrolytic capacitor

-

Fig. 5. Truth table illustrates that
project has six possible channel code
combinations.

C1 and the diode and LEDs are prop-
erly oriented before soldering their
leads into place. Then, making cer-
tain that the 2N3904 npn and 3906
pnp transistors are installed in the Q1
and Q2 locations, respectively, and
that both transistors are properly
based, solder their leads into place.
Install and solder into place resona-
tor Y1, using heat judiciously.

Strip ¥ inch of insulation from
both ends of 14 4-inch-long hookup
wires. If you are using stranded wire,
tightly twist together the fine conduc-
tors at both ends of all wires and
sparingly tin with solder. Then plug

Binaryword| 0 | o | 1 ] o] o] o |
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| Tfansmitted word, Channel B
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IC1 Pin 4 (Gate)

IC3 Pin 12 (Clock)

IC4 Pin 3 (delayed and inverted clock)

1 l—

o —»

IC5 Pin 2 (Channel B output)

Both transmitter and receiver are Fig. 6. Decoder circuit timing diagram.
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