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How Lightwaves Are Changing Communications 

By Forrest M. Mims III 

The wires and cables that con- 
nect electronic devices with 
one another and with their 

sources of power have always been 
considered a necessary nuisance. But 
are they always needed? 

Simultaneous advances in low pow- 
er CMOS circuitry and high -capacity 
batteries, both disposable and re- 
chargeable, have eliminated power 
cords from many electronic devices. 
It's also possible now, with radio 
waves or beams of light, to replace 
the wires that traditionally connect 
between many devices. 

Radio vs. Light 
Radio links have been used for de- 
cades to open garage doors and to 
control model airplanes, boats and 
cars. They are easy to use and omni- 
directional, but they require anten- 
nas and may be subject to govern- 
ment regulation. For these reasons, 
photonic systems that transmit infor- 
mation or control signals by means of 
near -infrared radiation and visible 
light often offer a viable alternative 
for short -range links. 

Strictly speaking, the term light re- 
fers only to the range of wavelengths 
in the electromagnetic spectrum that 
is visible to the human eye. It's com- 
mon practice, however, to classify 
systems that use visible light and 
those that employ near -infrared as 
lightwave links. I'll use that termi- 
nology in this column. 

Often lightwave signals can be 
transmitted directly to a suitable re- 
ceiver in what is usually called a free - 
space link. When total electronic se- 
curity is important, or when distance 
or obstacles preclude a direct optical 
link, information -carrying beams of 
light can be injected into highly trans- 
parent fibers made of plastic, glass or 
silica material. 

Whether radio or infrared is the 
best choice for a particular wireless 
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Fig. 1. Simple light wave transmitter for speech. 

application depends upon the cir- 
cumstances. My personal preference 
is to use a lightwave link when possi- 
ble. But I don't hesitate to use radio 
when transmitting data from model 
rockets or triggering a camera sus- 
pended from a kite or a balloon hun- 
dreds of feet in the air. In short, both 
radio and lightwave links possess rel- 
ative advantages and disadvantages. 

Lightwave Links 
Communications over beams of light 
were first pioneered in the United 
States by Alexander Graham Bell 
and Sumner Tainter in 1880. Up until 
the 1950's, though, most lightwave 
communications research was con- 
ducted by the military and by individ- 
ual experimenters. During World 
War II, Italy, Germany and Japan 
developed advanced lightwave voice 
communications gear. 

Solid -state light emitters and de- 
tectors, as well as the laser, were de- 
veloped in the United States during 
the 1960's. Japan and West Germany 
were among the first to apply these 
components in lightwave links for 
consumer products. 

German companies were among 
the first, for example, to develop in- 

frared remote control transmitters 
for television sets, toys and wireless 
stereo headsets. Japan's Canon fur- 
ther makes a midget infrared RS -232 
free -space data -link that allows a 
handheld computer to communicate 
with a nearby printer. 

Canon's infrared computer- print- 
er link is merely the first of what may 
become many such wireless links be- 
tween computers and their peripher- 
als. Indeed, the keyboard of IBM's 
PCjr personal computer even now 
transmits keycodes to the system unit 
over beams of near -infrared generat- 
ed by a pair of light- emitting diodes. 

Telecommunications is by far the 
biggest application for fiber -coupled 
lightwave links. If you make a phone 
call to or from a major metropolitan 
area in the United States, Japan, Bra- 
zil, England, Italy or Canada, chances 
are your voice will travel at least part 
of the way as pulsations of near -in- 
frared through silica fibers. 

A Simple Lightwave 
A free -space lightwave link capable 
of transmitting your voice several 
hundred feet can be assembled from 
surprisingly low -cost components. 
I've been building such communica- 
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tors since 1965 when, as a student at 
Texas A &M University, I used flash- 
light bulbs and newly developed 
GaAs near -infrared -emitting diodes 
to send voice to receivers, using a sili- 
con solar cell connected to an audio 
amplifier. 

Since then I've designed and built 
dozens of lightwave communicators. 
Because of its simplicity and low 
cost, the transmitter circuit shown in 
Fig. 1 is one of my favorites. 

In operation, the small voltage 
generated when voice pressure waves 
are intercepted by a crystal micro- 
phone is channeled through CI into a 
741 operational amplifier. The signal 
is then amplified with a gain deter- 
mined by RI's setting. 

The amplified signal is channeled 
through C2 to the base of driver tran- 
sistor Q1. Resistors R5, R6 and R7 
form an adjustable voltage divider 
that permits the bias on Q1's base to 
be adjusted for an optimum, distor- 
tion -free output from the LED. 

The collector- emitter junction of 
Q1 acts like a variable current switch 
that controls the current flow 
through the LED. Maximum current 
flow is limited by R8. 

Many different LEDs will work 
with this circuit. For best results, 
though, the LED should be an 

A 1 GaAs unit emitting at 880 nanom- 
eters. A GaAs:Si unit that emits at 
950 nm will also work, but at less than 
half the power efficiency of an 
A1GaAs unit. 

In any event, it's necessary to limit 
the quiescent forward current 
through the LED to a figure ranging 
from about 10 to 40 milliamperes. 
Brief high -level audio surges will 
substantially raise this level. 

The easiest way to establish the 
LED quiescent current is to replace 
R8 temporarily with a 1000 -ohm po- 
tentiometer. Then, while monitoring 
a milliammeter inserted between the 
LED's anode and Q1's emitter, ad- 
just the pot until the current flow is 
from 30 to 50 percent of the maxi- 
mum allowable for the LED you're 
using. Remove the meter and pot, 
measure the pot's resistance, and 
substitute a fixed resistor having a 
similar value. 

The receiver shown in Fig. 2 de- 
tects the voice -modulated beam from 
the transmitter by means of a photo - 
transistor, and this, together with 
load resistor R1, generates a voltage 
proportional to the amplitude of the 
signal. The signal voltage is ampli- 
fied by a 741 op amp. 

An LM386 audio power amplifier 
provides sufficient boost to drive a 
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Fig. 2. Lightwave receiver with audio output. 

small speaker. R3 controls the signal 
level that reaches the LM386. 

This transmitter and receiver pair 
will operate over a range of a few feet 
without external lenses. If you colli- 
mate the beam from the transmitter 
with a lens and place a second lens 
over the receiver's phototransistor, 
the range can be greatly increased. 

Phototransistors saturate (i.e., 
turn fully on) in the presence of sun- 
light. Therefore, the receiver will 
work much better at night or if you 
block extraneous light with an infra- 
red filter. Ironically, in total dark- 
ness a small amount of d.c. light fall- 
ing upon the phototransistor will im- 
prove its sensitivity. This occurs be- 
cause the light biases the transistor 
into conduction. 

A Low -Cost Communicator 
The transmitter and receiver de- 
scribed above can be linked easily to 
one another by means of an optical 
fiber. In fact, I've done so many 
times over the years. 

However, many experimenters 
who lack experience in building light - 
wave links have long hoped for an 
economical kit that would allow 
them to assemble, with minimum dif- 
ficulty, a working fiber link. 

One answer to their plight is the 
EDU -LINK Fiber Optic Kit. Avail- 
able from the Advanced Fiberoptics 
Corp., 637 S. Hayden Road, Tempe, 
AZ 85281, for $19.95 plus $2 for 
shipping and handling, this kit con- 
sists of a transmitter, receiver and a 
one -meter length of sheathed plastic 
fiber. Both the transmitter and re- 
ceiver circuits can be quickly assem- 
bled in under an hour. 

The EDU -LINK transmitter is 
TTL compatible and will convert in- 
coming logic signals into optical 
pulses. The transmitter also includes 
a self- contained oscillator that pro- 
vides a 1 -kHz signal for test and dem- 
onstration purposes. 
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STATE OF THE ART KITS 

EXCEL DRILL 
TITAN MINI DRILL $39.95 
RELIANT MINI DRILL KIT 529.95 
EXCEL MINI -DRILLS ARE HIGH. 
PERFORMANCE. COMPACT AND 
LIGHTWEIGHT FOR ALL THE DELICATE 
AND MINUTE WORK INVOLVED WITH 
ELECTRONICS, ENGRAVING. MODEL 
MAKING AND OTHER CRAFTS THE PRECI 
SION DESIGN MAKES THEM AS EFFICIENT 

As DRILLS MANY TIMES THEIR SIZE. 
EACH DRILL KIT COMES COMPLETE WITH CASE AND 20 PIECE 

ACCESSORY MINI TOOLS SUCH AS DRILLS. BURRS, BURCHES 
AND DISCS NOTE: RUNS ON 12 VOLTS D C 

DRILL STAND FOR ABOVE 519.95 

EXCEL PRINTED CIRCUIT BOARD KITS 
CIRCUIT BOARD KITS 524.95 
COMPLETE KIT WITH POSITIVE RESIST PC BOARDS. ETCHANT, 
DEVELOPER. GRAPHICS 5 TRAY 

CARBIDE P.C. DRILLS 
A SPECIAL PURCHASE MADE IT POSSIBLE TO PASSA SAVINGS 
ONTO YOU THESE DRILLS NORMALLY SELL FOR AS MUCH AS 
$3 95. ALL DRILLS HAVE A STANDARD 11B INCH SHANK 

.033 DEC. SIZE 51.50 EA. OR 4155.00 

.043 DEC. SIZE .$1.50 EA. OR 4/55.00 

.OBI DEC. SIZE $1.50 EA. OR 4/55.00 

LOGIC PROBE KIT ONLY 55.95 
NEEDED BY ANYONE WORKING WITH LOGIC IN THEIR PRO, 

JECTS. HAS A RANGE. CONSISTS OF SMALL G.10 P.C. BOARD 
MEASURING 2118" . 3/4" AND PRE -DRILLED. ONE SEVEN SE 
MENT READOUT. ONE I.C., TWO DIODES. THREE RESISTORS AND 
ONE TRANSISTOR. WORKS OFF 5 VOLTS AND MAY BE TAKEN 
FROM THE CIRCUIT BEING TESTED. INDICATES (R HIGH. IO) LOW 
NORMAL. AND (P) PULSING EXCELLENT STUDENT PROJECT 

PRE-SCALER KITS 
HAL 300 PRE 514.95 
PC BOARD AND ALL COMPONENTS 

HAL300NPRE ..... .. ...924.95 
PC BOARD AND ALL COMPONENTS WITH PRE.AMP ONBOARD 

HAL IMO PRE .929.95 
PC BOARD AND ALL COMPONENTS 

HAL 500 AIPRE 439.95 
PC BOARD AND ALL COMPONENTS WITH PRE.AMP ONBOARD 

HAL 1.2 GHZ PRE .SCALER 919.95 
BUILT AND TESTED . REQUIRES 5 VOLTS D.C. 

SHIPPING INFORMATION: ORDERS OVER 525 WILL BE SHIPPED 
POSTPAID EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES 
ARE REQUESTED. ON ORDERS LESS THAN 525, PLEASE INCLUDE 
ADDITIONAL 52.50 FOR HANDLING AND MAILING CHARGES. 
MICHIGAN RESIDENTS ADD 4% SALES TAX. SEND DO STAMP OR 
SASE FOR FREE FLYER. 

.AP,E .ND N,HY N,N P HL , T Y ' HALTRONIX, INC. 
P.O. BOX 1101 

SOUTHGATE. MICH. 48195 
PHONE (313) 285.1182 HA1 H W4zH 

HOWLAND 
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Fig. 3. TTL- compatible EDU -LINK transmitter schematic. 

Fig. 3 is the transmitter's circuit di- 
agram. IC1 (CD4093) is a quad of 
two -input NAND gates, each of 
which exhibits Schmitt -trigger opera- 
tion on both inputs. Two of the gates 
(a and b) are connected as an astable 
oscillator that's enabled when the 
OSE (OScillator Enable) and TXD 
(Transmit Data) inputs are both high 
(logic level 1). 

A third gate (c) steers the signal 
from the built -in oscillator or an ex- 
ternal source to driver transistor Q1. 
R2 and R3 supply base bias to Q 1, 

and R1 limits the current through the 
LED to about 40 mA. 

The LED is a Siemens GaAsP visi- 
ble red (665 nm) emitter. Since the re- 
ceiver's silicon photodiode is much 
more sensitive to near infrared at 
about 800 -950 nm, the wavelength 
range of the powerful near -infrared 
LEDs I specified for the free -space 
transmitter in Fig. 1, you may be 
wondering why the EDU -LINK 
transmitter uses a less powerful, red - 
emitting LED. 

The principal reason is that plastic 
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Fig. 4. EDU -LINK receiver accurately reconstructs incoming pulses. 
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fibers transmit near -infrared radia- 
tion very poorly. On the other hand, 
they transmit visible red wavelengths 
quite well. 

The simple circuit in Fig. 2 will de- 
tect signals from the EDU- LINK'S 
transmitter. The EDU -LINK receiv- 
er, however, employs a clever design 
optimized specifically for the ampli- 
fication and accurate reconstruction 
of incoming pulses. 

The circuit of the EDU -LINK re- 
ceiver is shown in Fig. 4. ICI is an 
LM324N quad op amp, and D1 is a 
high speed PIN photodiode. In oper- 
ation, D1 is reverse biased and con- 
nected to one of the amplifiers (a) to 
form a voltage -to- current converter 
or, as it is commonly known, a trans - 
impedance amplifier. The operation 
of the remainder of the circuit is more 
complex than it might at first appear. 

Amplifier d is connected as a unity 
gain follower that provides, at pin 8, 
a buffered version of the voltage gen- 
erated by the divider made from R5 
and R6. Amplifier b, together with 
Q 1 and C 1, forms a peak detector 
that stores the amplitude of the in- 
coming pulses. According to the 
EDU -LINK instructions, "This 
stored reference signal allows one to 
sample the incoming signal at its 
point of minimum distortion, there- 
by reducing pulse width distortion." 

The output from the peak detector 
is halved, relative to the reference 
voltage, by the divider formed from 
R3 and R4. This signal, along with 
the amplified signal from the photo - 
diode, is then applied to the output 
comparator (c). 

The neatest features of the EDU - 
LINK kit are the plastic connectors 
into which the LED and photodiode 
are installed. Each of these connec- 
tors is attached to its respective cir- 
cuit board by a pair of mounting 
screws. 

Only a few minutes are required to 
terminate the plastic optical fiber 
supplied with the kit. After a quarter- 

inch of sheathing is removed from 
each end, the ends of the fiber are in- 
serted into plastic ferrules. The ex- 
posed fiber emerging from the end of 
each ferrule is then cut with a hobby 
knife. The link between transmitter 
and receiver is completed when the 
plastic ferrules at each end of the fi- 
ber are snapped into the LED and 
photodiode connectors. 

All that's necessary to test the link 
is a 5 -volt power supply and an audio 
amplifier or oscilloscope. I powered 
the unit I assembled with a pair of 
6 -volt batteries. (I dropped the volt- 
age from the transmitter battery to 
about 5.4 volts by connecting a 
1N914 diode between the positive 
battery terminal and the circuit.) 

You can hear the test tone by con- 
necting the output from the receiver 
to a small audio amplifier. Or you 

can monitor the signal with an oscil- 
loscope as described in the instruc- 
tions supplied with the kit. 

Going Further 
If you would like to learn more about 
lightwave communications, you may 
want to read my book, A Practical 
Introduction to Lightwave Commu- 
nications (Howard W. Sams, 1982). 
For a variety of both amplitude and 
pulse -modulated circuits, see The 
Forrest Mims Circuit Scrapbook 
(McGraw -Hill, 1983). 

In the meantime, be sure to stay 
tuned. Along with many other topics 
to be covered in "Electronics Note- 
book," I'll include additional tips on 
free -space and optical fiber light - 
wave communication circuits in fu- 
ture columns. 

Quick charge cordless 
scldering iron. Up tc 125 
electronics joints pe- 
charge. Total recharge 
in less then 4 hours. 
Isolated tip design. One 
of more than 2 dczen 
ISO -TIP an i ORYX irons 
available. Write for free 
catalog and name of 
nearest d stributor 

A Hot Tip on 
Cordless 
Soldering 

No. 7700 
QUICK CHARGE 

Cordless 
Soldering Iron 

IS TIP 
ORYX" 

WAHL CLIPPER CORPORATION 
S-erling, Illino s 61381 (81e) o25.6525 
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