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Experimenting With an Infrared Receiver Module

By Forrest M. Mims 111

The Technaloey of infrared remote can-
trivl has been available since 1962, In that
vedr, highly efficient neat-inlrared-emic-
ting diodes were develnped. Only inore-
venl yedars, however, have infrared re-
mote concrollers become widely avail-
able. Their most popolar application js
the  gomrel  of  home-enlsnsinment
equiprnerl. such as TY receivers, video-
cessrtte recorders and audic coanpanents
and zyatems.

A spin-ofT from the widespreud aocep-
tance ol infrared remote coatrol is che
avatlability of incxpeosive infrared re-
celver moduoles. Oire such module is the
Shacp Corporation’s GRITE2X . This re-
ceiver module s now available Froan Ra-
dire Shack [lat. Ne. 276-137; 53.49).
Thiz time around, we'll Laks a close ook
at thiz irppressive rocoiver module und
samc af the witys you can pur it to uze.

YMuch ol what we'll discuss will apply
19 any of the infrared roceiver giccuirs
and modules used in remote-1y controdled
television reooivers, videncazaerte regord -
ers, audic gear and other appliances,
Therelore, (F vou have accezs to a dis-
curded applianoe thut can be operaced I
an infrured remote contreller, vou may
ke able o zalvage the receiver cireuit
from it und tev it in place ol the
GPILEEX moddule,

The Receiver Muoduie

Though the S 152X 5 not as sensitive
a5 a regelver thal you van assemble from
a photodicde amid high-gain eperaticnal
ampdiliet, (1 hay surprisingly high sensi-
vily, As Fig, 1 shows, the GRIL25Y 6:
smaller than a receiver vou can gssemble
ol your awil. Moreover, [ is 4 vomplele
system that inclodes a bandpass fier.
demoedulatar and oulpul comparalnr,
Designed 1o be powered by a 5-volt
soniree, the GIPLUS2Y is rared fora maxi-
mum posweer supply patential of 6.3 voles,
The wpper lionir is detscomansd by A minia-
ture 4T-mictolarad capagitar that 3s cateed
at 6.3 volts coolained inside the moduls.
The modale s specifed for 4 masimom
sureenl consumplion of 3 millianiperes.

Fie. I Pfhofo of the GrrUIAY infrared
revelver modufe.

Showt in Fig. 2 35 the battom side of
the tiny hyvbrid circuit- board assembly in-
side the GERILSIX module. The black
blod: & gposy o the ceater of ehe board
covers the single integrated-circait chip
that incorparates rthe receivers amplilist
and sipgnal-processing ciecuitey, Two oer-
amic chip capacitors are sollered 1o the
upper-left and lower-lefe corners of the
brard. A single chip resistor is Jocated
jusi above the lower chip capacitor.

Shonwn just above Lhe eovapsulalesd
chigs ur the board are the two soldered
pta thar provide connections to the on-
hivard photndiode. The twosoldeted pins
of rhe tight side of the epoxy blok are
those for the 4¥-mivrolarad capacitor,

How the Module Works

[oformation alwaut the GPITE2X mool-
ule heyond what is supplied by Hadio
Shack was ol pessible 1o obtiin for chis
wolurnn, Based o a close examinaricn of
a  disassemnbled module and  Radio
Shack's block diagram, from which Fip.
1 I5 adapted, i°s possible o fiaure om
hiow the module warks.

Pulsed tralrared signals are detected by
a silivon PIM photoediods. The photodi-
oade is envapsulated in & near-infraced-
transmisaive cpoxy matcrial ehat ahzorhs
vigible light. The diede’s package in-
cludes a small molded lens that Trcreases
the infrared gathering power of the de-

e, 2, The hvbrid circuii boagrd inzicde ehe
RN wrndule.

vive and provides some degrec of divec-
Lanal sensitivity,

1he phetadinde transforms Lhe signals
it receives inld 4 pholovurrenl that is am-
plifsd by un op amp. A limitet resrricrs
the peik level of the signal. The bandpass
“iltet W tuned Mor & maximom freguency
rezpanze of 40000 pulses per second
{ppad, Sienals withio ahoot 4,000k s of
the handpass [tequency are passed onro
an iegrator aod then a comparator rhat
acts ai a Lhreshold vicvuit. 16 the signal
that appears e the input ol rhe compara-
ot exvesds 8 preadjosied value set oo ex-
vevd the nodze level, the comparator
awitches an when g 40,000-pps sipnal is
received by the photodiods.

Ideully, the bandpazs filter sl
block all cut-af-hard signals. 1o prac-
tice, huwever, cut-ot-band sipnals of suf-
ficient amplirode do gel through, More
aboul rhis Jater,

1 4 srrivs rosdstor 3a uscd o restrict the
o of current 1o d few millidmperes, the
COMPATALor s output can dircotly drive a
Iow-current LED or piezoclectric huzzer.
it can trigper a didver reansiztar rhat,
inturn, can drive a telay, lamp, motor or
wther external device.

Lising the Receiver

If you"ve ever designed and buill o light-
wave roceiver using individoal compo-
pents, vou’ll find that rhe QP13 05
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Fig. 3. Block diagram of GP1US52X infrared receiver module.

amazingly easy to use. As you can see by
referring to the outline view of the mod-
ule in Fig. 4, the module has only three
pins. Pin 1 is the device’s output, pin 2 its
positive supply and pin 3 its ground.

Shown in Fig. 5 is a simple method that
can be used to verify operation of the
module. The LED connects directly to
the module’s output pin in the polarity
shown. Series resistor R/ limits current
through the LED to 2.5 milliamperes.

A piezoelectric buzzer can be substitut-
ed for the LED in Fig. § to give an audible
output. The buzzer should be the kind
with a self-contained oscillator and not
just the piezoelectric element. Correct
polarity must be observed when connect-
ing the buzzer into the circuit. A buzzer |
tried consumed only 1.5 milliamperes
when it was emitting a tone.

Figure 6 shows how to insert a transis-
tor driver between the receiver and buzz-
er. Since the series resistor remains un-
changed, current consumption of the
buzzer is unchanged. In both circuits,
you can insert a 10,000-ohm potentiome-
ter or trimmer resistor between the series
resistor and positive supply line to pro-
vide a means for controlling volume.

ldeally, the LED will glow or the buzz-
er will sound when a train of 40,000 pps
of near-infrared pulses is received by the
module’s photodiode in Figures 5 and 6.
Actually, the receiver will trigger on al-
most any light signal. Therefore, you will
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Fig. 4. Pinouts of the GPIU52X.

observe occasional flashes from the LED
or hear “chattering’’ or ‘‘beeps’” from
the buzzer when the receiver is illuminat-
ed by ordinary room lighting. Before get-
ting into why the receiver falsely triggers,
though, let’s try some simple experi-
ments with the basic circuits given in Fig-
ures 5 and 6.

If you have an infrared remote-control
unit for a TV receiver or VCR, point it at
the receiver module and press any of its
buttons. The LED will probably flash or
the buzzer will beep in response.

1f you use the Fig. 6 circuit, the sound

of the buzzer may be annoying. As al-
ready noted, you can reduce the level of
the buzzer’s sound by placing a 10,000-
ohm potentiometer between R2 and the
positive power-supply line. You can also
reduce the sound level by placing some
tape over the buzzer’s sound-venting hole.

1 happen to own a VCR made by
Sharp, the company that makes the
GP1US52X receiver module. When |
pointed the VCR's infrared remote-con-
trol unit at the module, with the latter
connected as shown in Fig. 5, and pushed
some of its buttons, the LED rapidly
blinked on and off. The receiver was
quite sensitive to the signals sent by this
“transmitter.”’” Indeed, the receiver
would respond even to stray reflections
when the transmitter was pointed any-
where in my office and shop.

| opened the remote-control unit and
found that a 1.5-ohm resistor was con-
nected between the unit’s single LED and
ground. An oscilloscope connected
across this resistor revealed periodic
bursts of a dozen or so pulses were gener-
ated. Each pulse had a duration of 15 mi-
croseconds.

Since both the IR transmitter and the
receiver module were made by Sharp, 1
wasn't surprised to find that the pulses
within each burst had a pulse repetition
rate of approximately 40,000, which, of
course, is the center frequency of the re-
ceiver's bandpass filter.

As measured across the 1.5-ohm resis-
tor, the amplitude of each pulse was 0.4
volt. From Ohm’s law (I = E/R), this
gives a peak current per pulse of 0.4/1.5,
or 267 milliamperes.

Incidentally, the number of pulses
within each burst and their relative posi-
tions were constant for a specific key on
the remote-control unit. Pressing differ-
ent keys altered the pulse pattern withina
burst. A microprocessor connected to the
receiver decodes the pulses within the
bursts to determine which key has been
pressed.

False Triggering

Before looking at a circuit for a transmit-
ter you can build, let’s examine the
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Fig 5 Adding o LED mathe CGIPHIS2X 'y
FecEiver iadule s i,

GPILE2X s spaceptilility 19 false 1rip-
weriig, Afier vou make the conneciivas
shownin Fig, 3 ar Fip. 6, you'll probably
abserve oecasional randem flashes Tram
the LEL} or becps from the hurzer even
when oo iofraved sipnal is present, Those
flashes are caused by siray dlumination
from room lizhts or sunlighl cotering a
windomw,

1f vour work ared is lightod by a fluoe-
cacent souree, the optput LED may {lash
apidly or even appuar 10 glow conlinu-
oualy. 11 will flash only occusioually if
WO prevenl excessive slouy lighl from
striking the photodiode,

Sinee the reeciver's circuitry cantains a
handpass filter, vou're prabably wonder-
ing why il responds 1o ambient light. To
understand why this oceurs, let’s begin
by Inoking @l sunlighe since it isn't cvcn
modulated,

A phoodinde’s phorocurrent is linedar
et Alx or seven decades of Light intensi-
tv. Therefore, o photodiods can be oper-
ated in che prescnee of consideralle
bagkprownd illumination. A pulsed sig-
nal will be deteeted <o loog as it produces
d pulsc of photocurrend that exceeds the
steady phorooureent produced by a O
(continuous-wave] sourge sugh as sun-
Ught ¢r a battery-powered invandescent
lamp. In ather worda, the regeiver moogl-
ule can [unetian in the presenee of somc
swnlight,

What we're concerned about here i
false trigpering,. Why docs the maodule
cmit outpat pulaes when it s illominared
by struy sunlight? The answer is that the
amplifivd photocurrent his a noisy upper

fringe. When o ooisc spike cxucods the
svilern’s  threshold, the owtpur LED
flasbies.

Tocandescent yud Muorescent Behls an:
modulated by the alternating nuiure oF
the household a¢ line current that powers
them, You van €asily prove this by con-
neoting d sodar cell o the input of an an-
dioamplitier. Whet yvou point the cell to-
ward these liphl sourges, cthe speaker
driven biv the amplifier will emit the fa-
railiar 60-Hz hum. Light trom a floores-
went lamp switches on and off more fre-
quently than does that frorn an ingandes-
cent lamyy. Therelore, the hum or buzz
produced by fluorcseent lamps is more
intense than bt from  incandescent
lamps, The bot Glament of an incaodes-
cent larop remains heated and continoes
to zlow during the zero-crossing of the
applicd cureent. This —"thermal-lag’™ ef-
Tect reduces the modulation deplh aused
b dlternatinog corrent.

Both incandescetnt and  flugreseent
Lamps will canse Lhe receiver moduls to
lrigger, 3ince the handpass filter in the
receiver s olireaitry s desighed to pass sig-
nals that have a rate thal is within 4.000
(s aneither side of the 40, 000-pps cer-
ter frequency, why doss Lhe svsiem Irig-
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Fig 6, An infrared recelver Witk o piegoelectric-buzier ol

Fig, 7 Schrernatic icgram of o 0.k 5z ifrared mransmitior. ’
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‘ Fig. & An auwtomatic switcher circwit for the Fig. 7 transmitter.

Fig. 9. The GPIUS2ZX receiver module with a clear plastic

Joor “lens. "

ger on & 60-Hz signal? Obviously, the re-
ceiver’s bandpass filter is not perfect.
Stray signals that fall well outside its
nominal passband will be detected, espe-
cially when the photodicde is pointed to-
ward them.,

False triggering can be reduced by
placing a near-infrared filler between the
photodiode and light source. For this ap-
plication, glass absorption filters waork
best, Several layvers of developed color
photographic film will funclion as a
near-infrared filter if you have this
handy.

Another way 1o reduce false triggering
is 1o place a collimator tube over the pho-
todiode. This collimator will then reduce
the stray light that strikes the detector
and gives the detector a much more direc-
tional response. A short length of 0.25-
inch-diameter heat-shrinkable tubing
works well. Cut a slit part or the way up
one end of the tubing 1o allow it 1o fit
over the photodiode's leads.,

Incidentally, materials that block visi-
ble light may be nearly transparent 1o the
near-infrared radiation the photodiode is
designed to detect. Before using heat-
shrinkable tubing as a collimator, | used
an infrared viewer 1o check its ability to
block near-infrared radiation. When ob-

served through the viewer, an operating
near-infrared LED appeared like a bril-
liant searchlight. However, the beam was
completely blocked by the heat-shrink-
able tubing.

This test can also be accomplished with
a LED pulse modulated at an audio [re-
guency and a photodiode connected to
the input of a small audio amplifier that,
in turn, drives a small speaker, Position
the photodiode 50 that it can readily re-
ceive the signal from the LED. Then
place the collimator material you're test-
ing over the LED. [f the material doesin-
deed block infrared radiation, the tone
produced by the receiver will be greatly
or even totally attenuated.

Near-IR Transmitter

Many different near-infrared transmit-
ters will activate the GPIUS2X module,
In Fig. 7 is shown the schematic diagram
of asimpletransmitter designed around a
555 timer configured as an astable oscil-
lator. This oscillator delivers a train of
pulses to Q4 at a frequency determined
by the setting of B2, When O/ is switched
into conduction, the LED receives a
pulse that has a duration of a few micro-
seconds and peak current of 350 milliam-

peres. | measured the current by connect-
ing an oscilloscope across /3,

Potentiometer £2 in Fig. 7 can be ad-
justed 1o provide a pulse repetition rate
of 40,000 {the center frequency of the
GPILA2X), This adjustment is best ac-
complished by connecting a freguency
counter across B35 or Cf and observing its
display as 82 is adjusted, Alternatively,
vou can point the LED at the receiver
(built using the circuit shown in Fig. 5 or
Fig. 6) and adjust B2 for best results, The
optimum  40,000-pps  setting can be
found by permitting only a small amount
af 1he radiation emitted by the LED 10
reach the receiver's photodiode,

The duration of the pulse from the
LED can be increased by increasing the
resistance of K3, This is best done by first
connecling an oscilloscope across K5 and
observing the change in pulse duration
on its CRT screen as you try differem
values of resistance for R3. However,
keep in mind that increasing pulse dura-
tion also increases the transmitter’s cur-
renl consumption.

You can easily add a switching circuit
to the Fig. 7 transmitter circuit that will
automatically transmit bursts of 40, (00-
pps pulses. To do this, first disconnect
pin 4 of the 555 in Fig. 7. Then adjust the

e —————————————
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