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A Simple Optical Test Device for
the Laser/LED Communicator

In June 2000, I published in 73 Magaz ine the first of three articles about an LED communicstor
constructed in two sections of PVC tubing or pipe looking much like a binocular with a r ifle
scope for poin ting the system.

The basic concept was to make a light
communication system different from

other devices for optical communications
due to the difficulty in modulating HeNe
lasers and safety couccms. Kerry N6IZW.
my part ner, developed the co nce pt and
system designs .

Wh at w as envisioned vvas a bigb-output

LED transmitter and photo detector. each
housed in one section of the a -inch PVC
pipe. Rear splice unions (PVC) and end caps

were used 10 house electronics for the sys­

tem. Not wishing to re-invent the whee l.
existing systems were used so we did not
ha ve to construct a full recei ver system.
What was done was to use a 4046 Ie osci l­
lato r functioning at 35 kHz 0 11 o ne end and
45 kH z on the opposite end so as no t to feed
hack to its o wn system. The modulation and

RF driver for the LED is a 324 op amp and
an electret mic. The rnic can be removed

and a computer sound card o utput can he
used as well to provide PS K-3 1 for some

very interesting app licatio ns .
In fact. Kerry N61ZW a nd I have ac­

complished a 15-mile-path full -duplex­
o peration f1\.f narro wband communicatio ns

from ML Palo mar to Valley Center. using
the upgraded Laser o ptical system show n
here. Also tried war.. PSK-31 and compute r­
gene ra ted QSL cards se nt via slow scan

video. It was an e xciting night demon ­
strat ing the syste ms that Kerry N6l ZW

had envisioned and deve loped.
Driving the transmitter, he it o riginally

an LED or. in o ur up- graded ve rs io n. a
pocket lase r. bo th arc fed from the same
modulator oscil lator at 35 or 45 kH L. The
35 kH z transmitter is made to funct ion with
the opposite end recei ver a 35 kH z photo
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detecto r. The o pposite e nd transmitter is
o n 45 kHz. so there is minimal crossta lk
between recclve and transmit a t eithe r e nd
( 10 kHz separa tion between Rx and Tx).

Now. the sne aky part in Kerry ' s design
is to feed the detected receiver (he it 35
o r 45 kHL) energy and am pli fy it and drive
an SRA mixer 's IF port and feed the LQ

port with a synthesizer 's 145 MH z RF sig­

nal source. This converts the 35 o r 45 kHL
receiver photo detector output to the RF port

at 145.35 o r 145.45 MHz. up-converting the
received signa l forin sertion into a 2-meter

HT for receiving narrowband FM with 5-kHl.
deviation. This receive system works un­
believably we ll. hut just remember to never
transmit on the HT - it is for receive op­

e ra tion only. Transmit is the electret mic in
the power supply modulator for the LED!

laser.
The system loo ks like two -t-inch PVC

tubes spaced about an inch apart and a rille
scope and newly added Laser pen transmit­

ter. beefing it up qu ite a hit over the original
LED transmitter system . (When using the

laser we cover up the LED transmitter and
its optics with a -i-inch PVC pipe cap to shut

the LED down.) Now comes the problem
of dealing with 4 tube-like structures: (I)

the LED transmi tter. ( 2) The receive photo
detector. (3) The pocket lase r, and (4) the

rille spott ing scope. Defi ning the problem
is like wanting 10 hold fou r penci ls in one

hand and have them all be po inting in the
same direction.

But fir st. to env ision the problem let 's
take the four pencils. or actual de vices we
described earlier. and make them a half mile
long . or even longer. and keep them all on

the same axis pointing at the same spot at

the remote ta rget. It's obvious that some
help in calibrating this octopus is needed .

First. it's somewhat easy to point o ne

object at a fur source a nd ce nte r it up to
rece ive the far transm issions. be it an LED
or a higher intensity pocket laser. orcourse,
the furthe r the d istance the harder this pro b­

lem gets. and micro positioning is a required

function to make very fi ne adjustments in
both vertical and ho rizontal directions . To

add even more difficul ty to this formula. yo u

need very beefy tripods for rigidity, and
even then they will still ha ve some small
wiggles and nonsolid move ments in them.
A lathe table would be excellent -but then

where wou ld yo u park the crane to ha ul it?
A tripod. being what it is. wi ll suffice and

allow us to aim o ne si ngle target to align­
ment. Getting them all to the same spot is
the problem faced here .

One solution is to construct a simple os­

cill ator a t the syste m receive frequency
(35 kl-lz, fo r example) and mount it into a

tin can to se rve as target to alig n the photo
detector and tin can's LED together. Now

add a small automobile reflector in the same
tin can to serve as not only transmitting os­

cillato r hut also now reflec ting the return

of the lase r spot. The laser spot is much
more intense tha n the test LED in the tin
can and will overri de it whe n foc used o n
the laser. Usi ng the posi tioning controls of

the tripod. align the detector o n the LED.
and then turn o n the laser and position the
laser ' s righ t/le ft/ up/dow n movement to

al ign the laser spot in the reflector in the tin

can while keeping the lin can LED al igned
with the receive r. Veri fy by shutting do wn
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Fig. 2. lAyout ofconstruction of3-inch pvc pipe. couplings and
end caps for housing reflector and electronics fo r test circuitry.

Fig. 1. Schematic of 555 oscillator circuitry, construction Reflector is pushed into coupling to touch against center ridge
mounted dead-bug style on copper circuit board as common held in place by 6-inch or so length ofpvc pipe. Front section of
ground solder surface. coupling/arms lens reflector shroud.
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up-convened receiver system oscillator of
higher frequency. the principle is the same.
lfyou transmit a laser or LED frequency to
a remote target and reflect it back to the
source, you can detect it when you are in
ali gnment be tween your recei ver and
transmitter. How. then, do you construct
a si mple. inexpens ive osci llato r LED '
transmitter reflector?

I located a three-and-one-eigh th-inch­
wide round reflector at our local Kragen
auto pans store.This reflector fit like a glove
into a 3-inch PVC splice union meant for
joining two sections of3-inch PVC pipe. A
snort section of 3-inch PVC pipe (about 6
to 7 inches long) is inserted behind the
reflector to position the reflector tight up
to the center ridge inside the splice union,
holding the reflector firmly.Arcar 3-inchpipe
cap closes off the rear of the PVC pipe and
allows insertion of controlling electronics
inside the PVC pipe.

A high-intensity LED is selected for the
transmitter LED. By using four and a half
volts (3AAcells) for a power supply. I drew
about 17 rnA current through the LED 1
selected. Pretest your LED pon ion of the
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the laser. Align the receiver and tum on the
laser and verify collimation between both
systems.Then align the telescopic rifle spot­
ting scope with both the receiver and the
laser spot to the rifle scope.

How far away the target is positioned is
a fac tor in how accurate you will be and at
what distance you will be in alignment. lt's
best to make additional long distance tests
on some targets (like a power pole trans­
former). as the gray surfacegives a fair return
and sho.....s up on distant targets reasonably
well. The "tin can" can be positioned out
quite some distance and be hit wi th a well­
calibrated system. For example, an optical­
quality retro reflector positioned some 4 to
5 miles away can he regularly hit and return a
strong signal to the source for system per­
form ance tests. For closer-in tests, the
simple tin can and auto reflector is just fine
for making system evaluationsin a near range
ofa hundred to several hundreds of feet.

If your system uses a I kl-lz tone detection
system, or something like our synthesized

circui t first; mine has a 150 ohm resistor to
the anode of the diode to limit current. The
LED Kerry and I use is from Hosfelt Elec­
tronics. 1-800-524-6464, part # 25-339, and
about $5 each. Any other high-output LED
will be suitable. You might have to experi­
men t with yo ur LED to se t the desired
brightness and current through the LED for
the one you select. The drivercircuit is noth­
ing simpler than a good old 555 timer that
uses three resistors and two capaci tors be­

sides the 555 timer chip itself. The circuitry
is shown in Fig. 1. Place a 10 J.1F cap from
the posit ive battery line to ground. For
simple construction, wire the circuit dead­
bug style on a small piece of scrap copper
PC board. Position the chip upside down,
solder pin I to ground on the copper sur­
face middle. and position the other parts
accordingly.

Parts values for Fig. 1 go as fo llows (I.
kHz frequency/35-kHz): RI - 22k18200;
R2 - 5 1k/33.3k; R3 - 500- 1500: (stan­
dard 500: LED used)11500: (high-output
LED); CI - 0.D15 ~FIO.OO82 ~F; C2­
10 ~F/IO ~F.

I drilled a hole to position the large LED
- - - ---- - - --- - --- - - - - - - ---- ---- - - -1 in the center of the reflector. Carefully drill

a small hole fi rst, and enlarge as required.
so as nor to shatter the reflector. I used au­
tomotive RTV to hold the LED in the cen­
tcr of the reflector. When dried. attach two
wire leads and then heat shrink over the
leads. Verify diode polarity and attach in
series to the anode end a current-limiting
resistor from !he earlier lest for your selected
LED. Allow 24 hours for the RTV to set
solid before going further.

This is a good time to construct your 555
oscillator on a scrap piece of copper board.
The pans are not critical and can be trimmed
by extra capacitance or varying resistor val­
ues. The output of the oscillator on pin 3
can be measured on an o-scope or frequency
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/"10'0 It. Picture of neu' laser l.ED transceiver system at \VB6JGP. Electronics and -i­
inch Fresne l lens inside white -s-inch PVC tubing, PVC coupling sleeves (/1/(1 short sec­
tians of pipe and end cap s /1.\('(1 to create coml,,'rtments fo r electronics. Bottom right:
photo detector; It}!: LED transmitter: Top cellfa : spott ing scope; just below: laser inside
beam expander: laser transmitter:

PIIOIo B. Optical reflector in housing with high-output LED ill center of reflector. Elec­
tronics in rear ofhousing pipe containing 555 timer ch ip running at 35 kH: rate to drive
LED transmitter. LED used from llosf elt Electronics, part #25-339: C05(, about 55 each
( 1-8()()-52-1 ~6-I6·n Other LED diodes suitable.
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L ED tran sce ive r was publi s hed in 73
Magazine. Part s I. 2. and 3 were in June.
J uly. a nd August 2000. If ) 'OU ha ve an y
questio ns about this o ptica l. o r any o ther
subjec t. send an E-mail 10 my add ress at
(c1 ho ug h @ pacbell.netl. and I will try to

an swer them as best I can. Best 73 , C huc k
WB6IG P. iii

suffices fo r close r work and confirms ba­
sic al ignme nt of your optics a nd lase rs all
in one test 00.\. The reflec to r is simple to
construct and will serve well until you can
upgrad e your system to greate r di stance
and possib ly a retro reflecto r in your te st
kit.

NOTE: The o rig inal article covering the

co unte r. Uyou can' t fi nd a n "Xv-cha nne l
e nha nceme nt-mode MOSFET like the
VNIOKM or V:"5001 A MO SFET, send
me $3 and I will se nd you a couple de ­
vices from my junk box (ne w devices ).
(Cost will covcr postage a nd cost of jiffy
clive lope .) If yo u need any o ther parts and
I ha....e them , I will he glad to comply if I
can. All other pans in this projec t are garden
variety ones .

I se lec ted 3-inc h PVC pipe beca use it
fi t the reflector I found in th e a uto pa rts
store. Use your resources, as no thi ng is
c ritica l in cons truction or parts. be it op­
tic s (re flec to r) or LED. A tin ca n o r a
Pringles chip container mi ght work well
fo r you. J ust match up yo ur reflec to r with
a conta ine r d iameter and con struct a way.
One no te of caution is th ai if you use a
filte r ove r your photo deice lor, make sure
the LED yo u se lect works in the range of
yo ur fil ter. Our laser and LED transmit­
tcr works at 650 Nm, a wry RED beam
of light . and o ur filte r is +5 Nm wide .
Some lasers are 623 Nm. and the y ncve r
mak e it th ro ugh th e optica l fi lte r. Just
check out what yo u have .

Th e 3-i nc h PVC pipe so lved m a ny
problems. like cente ring the re flec tor in
the housing. and the rear section on PVC
pipe gave room to put a sm all plastic box
fo r the PC board . I rubbe r-handed the
three "AA" ce lls to the plastic box fo r ri­
gldl ty. T he n I c ui some pac king foam to
protec t the rear of the reflector a nd LED
wiring com ing out of the center of the re ­
flec tor from the batte ry and osc illato r box
ban ging into it. Some e xtra foam over the
far e nd to keep th in g s f rom m o vin g
aro und fini shes o ut th e c ircuitry, save for
an on/off switch on the rear cove r. Use a
locking toggle switch, if you can find one
- it will sa ve you o n batteries. See Fig,
2 or Photo B for constructio n of my os­
ci lla to r sy s tem us ing the 3- inc h PVC
plumbi ng pipe an d fit tings.

Be it a I-kHz laser system or a system
like ours, the addition of a real retro reflector
surp lus can COSI $95. One retro re flector
(63 .5 mm diam.) source is the Surplus Shell,
part #L 1792, [h llp:llww w.s urplus shed.
com]. o r 1-877· 778-7758 for surp lus op tics .
The retro re flec to r is actua lly a trihed ra l
prism that reflects any beam e nte ring it
bac k to its source regardless of the pris m 's
o rien ta tion . Ke rry a nd I use a sli gh tly
di ffere nt trihedral prism fo r our 5-mile test
range described earlier. The re flector at the
auto parts store cost $ 1.99 for two of the m
- qu ite a bargain . While it's not a retro
re flector, the automobile-grade reflecto r




