TERRY J. WEEDER

HAVE YOU EVER WANTED TO MAKE
good use of all those infrared
(IR) remote control units from
TVs, VCRs, and other stereo
equipment that have been pil-
ing up over the years? Have you
ever wanted to add remote-con-
trol operation to your electronic
projects? This simple-to-build,
low-cost construction project
will receive and convert the out-
put of virtually any infrared re-
mote-control transmitter with a
40-kHz carrier to logic levels
that can control all your favorite
toys, from robots to model rail-
roads.

This basic circuit can also
turn just about any appliance in
your home on and off. These in-
clude lamps, fans, radios,
alarms, electric locks, space
heaters, and air conditioners.
You won't have to leave the com-
fort of your lounge chair. Any-
thing which operates on elec-
tricity can be controlled with
$3.00 remote controls found in
abundance at surplus dealers
and ham fests.

The remote control receiver
has seven individual TTL-level
outputs that can be pro-
grammed to respond to any but-
ton on a remote control. Each
output can be set up as a latch-
ing output that toggles between
high only as long as the button
is pressed, or as a momentary
output that switches and re-
mains high for as long as the
remote’s button is pressed. To
program the receiver, place the
unit in its programming mode,
aim your remote-control trans-
mitter at it, and press buttons
to let the remote-control re-
ceiver “learn” and record the
data transmitted by the remote.

Remote control transmitters

A standard infrared remote-
control transmitter has a pho-
todiode that transmits in the
near-infrared range and is
pulsed on and off at 40 kHz. Al-
though some transmitters have
a different carrier frequency, 40
kHz is the most common and is
therefore the carrier frequency
used in this circuit.

The author was unable to find

Couch potatoes, sit right where you
are—this circuit lets you control
virtually anything with any infrared
remote control.

a remote that used a different
frequency. If, however, you have
one that transmits on a dif-
ferent carrier frequency, simply
replace the 40-kHz IR module
specified in this circuit with one
that’s tuned to your transmit-
ter’s frequency.

The IR signal is pulse-code
modulated when it is transmit-
ted in bursts of 40-kHz pulses,
as shown in Fig. 1. Data is en-
coded on the IR signal by vary-
ing the length of the bursts or
the time between bursts. The
different data patterns indicate
which button is pressed on the
remote. Figure 1-a shows an IR

signal that encodes data on the
carrier by alternating the length
of the burst, while Fig. 1-b
shows one that alternates the
time between bursts. A typical
infrared remote-control receiver
in a host product will decode the
logic levels in the data stream by
comparing the pattern of bursts
with an internal clock operating
at the same frequency as the
transmitter.

In most cases, each IR com-
mand consists of a pattern of
anywhere from 12 to 32 bursts
at 40 kHz. This pattern is re-
peated continuously while the
transmitter’s button is held
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FIG. 1—AN INFRARED SIGNAL is modulated by transmission in bursts. The sig?;al ina
is modulated by alternating the length of the burst, while the one in b is modulated by

alternating the time between bursts.

down. The author found one
model whose burst pattern was
transmitted only upon initial
contact with the button, and
this pattern was followed by a
short burst of the pattern every
100 milliseconds or so until the
button was released.

Circuit theory

The circuit is simplified by
the use of the self-contained in-
frared receiver/demodulator
MODI1. A block diagram of the
IR module is shown in Fig. 2.
The modulated IR signal is de-
tected by the photodiode whose
peak sensitivity is in the near-
infrared range.

After the signal passes
through a preamplifier/limiter,
the built-in bandpass filter then
rejects all signals outside of 40
kHz. This largely eliminates
false triggering from other light
sources. The resulting signal
(Fig. 3-a) is fed through a de-
modulator, an integrator, and a
comparator which outputs a
clean TTL-level pulse stream
without the carrier (Fig. 3-b).
Notice how a positive-going IR
burst produces a corresponding
low pulse at the output of the IR
module.

A schematic diagram of the
remote control receiver is
shown inFig. 4. The heart of the
circuit is IC1, a PIC16C54 8-bit
CMOS microcontroller man-
ufactured by Microchip. The mi-
crocontroller has one eight-bit I/
O port and one four-bit I/O port.
Each /O pin can be used and
configured individually. That
makes it possible to simplify the
PC board layout so that only a
single-sided board is needed.

The microcontroller stores its
data in IC2, a 93LC46 1 kilobit
serial EEPROM (electrically
erasable programmable read
only memory) also manufac-
tured by Microchip. If%his ap-
plication the 93LC46 has a
three-line interface with the mi-
crocontroller. The three lines
are CHIP SELECT, CLOCK. and DATA
INn/OUT. Because DATA IN and DATA
ouTt share the same line, a 1 kilo-
bit resistor (R2) limits the cur-
rent flow during transitions be-
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FIG. 2—BLOCK DIAGRAM of the infrared
receiver/demodulator module (MOD1).

I

tween writing and reading
when there are conflicting logic
levels.

The microcontroller commu-
nicates with the 93LC46 by
placing a logic high on the cHip
sELECT pin. Data is then trans-
ferred serially to and from the
93LC46 on the positive transi-
tion of the clock line. Each read
or write function is preceded by
a start bit, an opcode identify-
ing the function to be per-
formed (read, write, etc.). thena
seven-bit address, followed by
the eight bits of data which is
being written to or read from
that address. Immediately pre-
ceding and following all write
operations, the microcontroller
sends instructions to the
93LC46 which enables or dis-
ables the write function, there-
by protecting the data that has
been stored.

In the programming mode,
IC1 reads an IR data stream
from MODI1 and converts it to
data patterns that can be stored
in IC2. These data patterns are
held for comparison while the
unit is in normal operation.
More on this later.

Power for the circuit is con-
ditioned by IC3, a 78L05 low-
current, 5-volt regulator which
will accept any DC input voltage
between 7 and 25 volts. Capaci-
tors C1 and C2 stabilize the op-
eration of the regulator. Crystal
XTAL1 sets the internal os-
cillator of IC1 to 4 MHz. Jumper
JU1 consists of two closely
spaced pads on the PC board
that, when momentarily jum-
pered with a screwdriver or
other piece of metal, places IC1
in the programming mode and
lights LED1.
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FIG. 3—THE OUTPUT WAVEFORM of the infrared module (b) with respect to the 40-kHz

IR signal received at its input (a).
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FIG. 4—SCHEMATIC DIAGRAM of the IR remote control receiver. The microcontroller
(IC1) decodes and analyzes the output from the iR module, compares it to previously
stored patterns in EEPROM IC2, and activates the appropriate I/O pin if a match is
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PIC firmware

A pre-programmed PIC16C54
is available from the supplier
mentioned in the Parts List.
The source and object code are
available on the Gernsback BBS
(516-293-2283, v.32, v.42bis) as
a file called IREC.ZIP for those
who wish to program their own

FIG. 5—PARTS PLACEMENT DIAGRAM. The bare section of the board is reserved for
experimental components for your own circuitry.

PICs and have the proper equip-
ment to do so.

As mentioned earlier, the ex-
act protocol that indicates logic
levels from different remote con-
trols can vary from manufac-
turer to manufacturer. Because
of this, the firmware in IC1 is
configured so it does not try to
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FOIL PATTERN for the IR receiver.

identify logic “1”s or “0"s when
recording the data stream re-
lated to each button on a re-
mote. Instead it measures the
width of each IR burst and the
time between bursts. That in-
formation can then be used to
find a match while the control is
in normal operation.

There are only 16 eight-bit
registers available in ICl to pro-
cess and hold information be-
fore storing it in memory.
Because both the bursts and
the time between bursts must
be measured, a 32-burst pat-
tern will require 64 measure-
ments. To compress the data so
it can be handled by only 16 reg-
isters, IC1 must perform a se-
ries of tricks as follows: Because
a change in either the length of
the bursts or the time between
bursts (but not both) will be
used by the transmitter to en-
code the data, measurements of
each (per cycle) can be added
together and placed in the same
register.

In addition, because the cir-
cuit recognizes only a change in
length rather then the actual
length, the most significant
four bits of each measured value
are not important and can be
stripped off. These two pro-
cesses make it possible to store
four time values in each eight-
bit register for a total of 64 mea-
surements.
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FIG. 6—COMPLETED BOARD. The in-
frared module greatly reduces the
number of parts required.

After IC1 enters its program-
ming mode (when it detects a
low on pin 5 of port B), it waits
to receive an IR signal from a
remote-control transmitter. A
set of 32 bursts are sampled
from the beginning of the IR sig-
nal’s data stream, measured,
and stored in IC2. The pattern
is then assigned to I/O pin 1,
and the microcontroller flashes
the LED to indicate that the re-
cording process is complete for
that button.

If the remote control’s button
is held down following the flash
of the LED, the I/O pin is config-
ured for momentary operation.
If the button is released imme-
diately, the I/O pin is configured
for toggled operation. The mi-
crocontroller then waits for the
next button to be pressed on the
remote and repeats the same
procedure, assigning the next
pattern to I/O pin 2, and so on.
After seven patterns have been
stored, IC1 turns off the LED
and returns to normal opera-
tion.

During normal operation, IC1
waits for any IR signal to be re-
ceived, determines its burst
pattern in the same way as in
the programming mode, and
looks for a match in memory. Ifa
match is found, IC1 either tog-
gles the state of the correspond-
ing I/O pin or holds the pin logic

PARTS LIST

All resistors are Ys-watt, 10%

R1—620 ohms

R2—1000 ohms

Capacitors

C1, C5, C6—0.1 nF, polyester

C2—10 wF, 35 volts, electrolytic

C3, C4—15 pF, ceramic disc

Semiconductors

IC1—PIC16C54-XT/P pre-pro-
grammed 8-bit microcontroller
(Microchip)

IC2—93LC46 serial EEPROM%Mi-
crochip)

IC3—78L05 low-power 5-volt
regulator

LED1—light-emitting diode, any
color

Other components

MOD1—40-kHz infrared remote
control receiver module (Digi-Key
part No. LT1060-ND qr equiv-
alent—Digi-Key also has'TR mod-
ules tuned to 32 kHz and 36 kHz.
Digi-Key can be reached at
800-344-4539)

XTAL1—4-MHz crystal

Note: The following items are
available from Weeder Tech-
nologies, PO Box 421, Batavia,
OH 45103, 513-752-0279:
e Etched and drilled PC board
(WTRCR-B)—$8.50.
¢ All board-mounted compo-
nents including pre-pro-
grammed PIC16C54 (WTRCR-
C)—$23.50
® Pre-programmed PIC16C54
only (PIC-RCR)—$16.00

All orders must include an addi-
tional $3.50 for shipping and
handling. Ohio residents must
add 6% sales tax.

high until the IR signal ceases,
depending on the configuration
of the individual /O pin as was
previously defined in the pro-
gramming mode.

Construction

A foil pattern is provided for
those who wish to make their
own board, or a prefabricated
board can be purchased from
the source given in the Parts
List. The PC board measures
less than 2 X 3-inches, and
about half of the board space is
a prototyping area reserved for
circuitry you might want to add
for your particular application,
including AC or DC power-con-
trol circuits.

Refer to the parts-placement
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FIG. 7—USE THIS TEST SETUP to check
out your finished project. A separate
LED indicates when each 1/O pin goes
high.
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FIG. 8—THIS CIRCUIT can turn on any
DC load up to 500 milliamperes.

diagram, Fig. 5, and begin by

soldering in the two IC sockets
for IC1 and IC2. Next mount all
resistors and capacitors, paying
particular attention to the ori-
entation of polarized capacitor
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mnands, this circuit shows the remote
sontrol receiver interfaced to a relay.
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FIG. 10—AC LOADS including lamps,
fans, stereos, and more can be con-
trolled with this circuit.

C2. Solder in crystal XTALI,
voltage regulator IC3, and the
LED. Finish by mounting the IR
module, and be sure to solder
the two mounting tabs on its
case for making a good ground
connection.

After all components have

been mounted, examine the sol-
der side of the board for solder
bridges and/or cold solder joints
and resolder if necessary. Care-
fully plug IC1 and IC2 into their
sockets following the orienta-
tion shown in Fig. 5. Figure 6
shows a photograph of the com-
pleted board.

Operation

To test the receiver, set up the
board as shown in Fig. 7. This
circuit will turn on a sepatate
LED for each /O pin that goes
logic high, letting you study the
unit's operation and under-
stand how it works and how it is
programmed. Until you have de-
cided on a specific application
for the receiver circuit, tem-
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FIG. 11—THIS SETUP can be used on a
model railroad to control the track
switches.

porarily solder seven solid-con-
ductor. wires to the /O termi-
nals on the PC board and
connect them to a solderless
breadboard to be used for your
test circuit. The breadboard will
allow you to make experimental
changes without having to sol-
der and desolder.

Put fresh batteries in your re-
mote contro}l and set up the re-
ceiver so that you can aim the
transmitter directly at the re-
ceiver’s IR module at a distance
of 2 to 3 feet. Do not hold the
transmitter closer then 2 feet or
the IR module will be over-
driven, and the data being re-
corded will be unreliable. Make
sure that there are no fluores-
cent lights shining on the IR
module, as that light can also
cause various programrming er-
rors.

Apply power to the receiver.
Locate the two square pads di-
rectly underneath the IR mod-
ule and briefly short them to-
gether with the tip of a
screwdriver; this will cause the
LED to light and remain on.
Point the transmitter at the re-
ceiver and press and hold the
button you wish to assign to /O
pin 1. After approximately a half
second delay, the LED will flash
off then back on. Release the
button on the remote imme-
diately if you want I/O pin 1 to be
configured for toggled opera-
tion. Otherwise, hold the but-
ton down until the LED flashes
asecond time if you want the [/O
pin to be configured for momen-
tary operation. Next, select the
button you wish to assign to /O
pin 2 and repeat the procedure.
Continue until all seven I/O pins
have been dedicated to a button
on the remote. After the last I/O
pin has been programmed, the
receiver will automatically halt
the programming mode and
turn off the LED. Note that you
must program all I/O pins before
the programming mode will be
terminated.

Now point the remote at the
receiver and press the buttons
that you programmed the re-
ceiver to recognize; the appro-
priate LEDs in the test circuit of
Fig. 7 should turn on and off.
You can assign more than one

Continued on page 83
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REMOTE CONTROL ADAPTER

continued_from page 49

/O pin to a single button on the
transmitter. For example, one
I/O pin could be set up to toggle
between high and low each time
the button is pressed, while an-
other (set to momentary) could
perform a different function,
depending on how long that
same button is held down. For
example, pressing a button
could lower a projection screen,
while holding down the same
button could dim the lights to a
certain level.

Figure 8 shows how an I/O pin
can be made to drive a DC load
up to 500 milliamperes with the
aid of a transistor. This same
circuit can be repeated on all I/O
pins to control seven different
loads. Applications include con-
trolling servos and motors in
robotics, or turning any 9-volt
battery-powered device on and
off. If larger loads with greater
current demands must be driv-
en, Fig. 9 shows how to inter-
face a relay to the circuit.
Although a 12-volt relay is
shown, any relay that operates
on a voltage from 7 to 25 volts
DC can be substituted by power-
ing the receiver circuit with the
same voltage.

For AC applications, an op-
toisolator and triac can switch
line current from a standard
120-volt AC outlet, as shown in
Fig. 10. Be careful when work-
ing with 120-volt AC power.
Most triacs have their metal
tabs tied directly to one of their
main terminals. You will receive
a shock if you touch the tab
while power is applied. If heavy
AC loads are driven and the tri-
ac must have a heatsink, mount
the triac to the heatsink with
insulating hardware and check
for short circuits to ground with
an ohmmeter before plugging
the circuit into an AC outlet.

Model railroad buffs can con-
trol track switches with the cir-
cuit in Fig. 11. Two I/O pins are
required per switch—one for
each direction. The I/O pins
must be configured as momen-
tary. The receiver can also con-
trol other railroad accessories
in the system. Q
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