AMATEUR LIGHTWAVE
COMMUNICATIONS

by Peter Day, G3PHO

and
Barry Chambers, GBAGN
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= \What are lightwaves?
= How can we generate
lightwaves?

= The |laser
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; I|fe before
amateur radio!

an ancient form of
communication

Origins go back at
least to Ancient
Greece

I]m: 1804: EHT.IEII huimgraph :nrp-ar mgnaillrlg from th:}
beseiged town of Ladysmith, Boer War, South Afrlca,
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- Anyone licensed amateur or not can transmit and
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= receive at lightwave frequencies

= All' kinds of data can be transmitted:
* CW -
* Speech
* yvideo
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*the list Is endless!”



lightwaves?
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Low frequency High frequency
Long wavelength Short wavelength
Low quantum energy High guantum energy




350 nm 400 nm 450 nm 500 nm 550 nm 600 nm 650 nm 700 nm 750 nm 800 nm

Visible Continuous Spectrum 2
{Perceived Brightness Partially to Scale)

= Amateur lightwave communication; takes place on
: ugnmeg.!ggtween 350THz and 680THz

00nm ( deep visible red
Ilght) to 400nm (VISIble violet)

= 1THz= 1million MHz !
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Light Takes Only 8 Minutes!




White light
(from the sun

(> If'a 55 prism
Prism
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- Non coherent ...many Single or almost single frequency,
frequencies, not in phase. in phase

Spread out Narrow beam, highly directional



"= Coherence is one ofithe unigue prope

—

rties of laser

- light. It-arises from the stimulated emission
process which provides the amplification. Since a
common stimulus triggers the emission events

which provide the amplified light, the emitted
photons are "in step” and have a definite phase

relation to each other.

m Independent atoms
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LIGHITWAVES)

« Almost anything can be used but some are much
~ better than others eg:

* Quartz 1odine car headlamps: Can be seen for
miles but difficult to modulate the heated
element. Non coherent.

* High powered LEDs: high outputs available

S(watts!)‘. Easily modulatedﬂﬁeds SJYET  —

onerent.

Lasers: Coherent light. Narrow beam. Cheap In
diode form.
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Amplification by

Stimulated

R

Radiation
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= reflected

A

— light is

amplified by
medium

Active :
s medium > Small portion
of amplified

light escapes
4o into a beam

of highly
directional
coherent light




Allsactive medmm Jrlmule [2s zir)c)

Examples include:
= Solid-state (ruby)
= | jguid (dye laser)
. 933 (Helium-Neon or Argon

i —

Semicenductor. (laserdiode




Partially
reflective

r'ef'l ective

________________________________________ = emission

L Depletion

Laser action (with the resultant
monochromatic and coherent
light output) can be achieved Iin
a p-n junction formed by two
doped gallium arsenide layers.
The two ends of the structure
need to be optically flat and
parallel with one end mirrored
and one partially reflective. The
length of the junction must be
precisely related to the
wavelength of the light to be
emitted. The junction is forward
biased and the recombination
process produces light as in the
LED (incoherent). Above a
certain current threshold the
photons moving parallel to the
junction can stimulate emission
and initiate laser action.
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= The active medium -

e .

= Mirror (reflector) spacing =

-



- = 1. Coherent: Dl’fferent parts ofi the laser beam are related
~ t0'eachrotherin phase.

= 2. Monochromatic: Laser light consists of essentially one
wavelength, having its origin in stimulated emission from
one set of atomic energy levels.

= 3. Collimated: Because of bouncing back between

naths v@c%
nirrers many ti .

mﬂﬂ yeary perpendictlarto the mirrors. As a
[, laser beams are very narrow and de not spread veny

much.






= ""'H?llum Neon Laser: e
— Can generate reasonable power levels

— Very narrow beam width (Imilliradian) without
external optics -

BUT
= Fragile__ s ~ -
neffici 20 T———

a——

modulate with speech
— Needs high voltage power supply (1KV+)



Hreater-eiﬁeiency thét I—TeNe (80%, above lasing
threshold)

— Physically rugged

— Compact size

— Light weight

— Long life (over 50,000 hours)

— Wider light beam than HeNe laser.. may need collimator
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= A beamwidth of 1 milliradian produces a5
~ foot diameter “dot” at 1mile

= A diode laser tends to produce an elliptical,
divergent cone of light

ﬁgefore simple optics (eg a single plano- .
nvex| nd.5 jameter can™
| e beamwidih to.an

acceptable 1 x 3 milliradian beam




LASER RADIATION
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The most
vunerable
parts of your

body are..
your eyes



LASER RADIATION
AVOID DIRECT EYE EXPOSURE

DIODE LASER

5 mW MAX OUTPUT at 670 nm |
CLASS llla LASER PRODUCT




- The Sun’s visible output is about 1000 watts per squaré
" metre at the Earth’s surface

Your 2m hand-held has an r.f. output of 1 to 5 watts

Typical laser output is nominally 1 to 3 milliwatts

sers should be labelled with their

e label suggests as they are not
checked after manufacture =




The receiving diameter of the eye varies with light level
/mm at night, maybe 3mm on a bright day —

N colleciialeeut 50 time

\Q
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~ Ifthe eye is open to 7mm and the maximum safe level
«is 18 watts/sq metre,

(it doesn’t spread out like a torch

beam)

Ight makes

makes your head turn away




Safe viewin

distances metres for a red

| cLa,.. VIEWIIG t]me _O'_f 1sec o_m_(_ |
~| Laseroutput | - G=1 G=7
power (mW) (naked eye) (binoculars)
1 ) 38 -
12 87 H
17 123
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-~ must be demodulated by electronic means
l.e ... NOT BY EYE!

— The received light can be translated into
audio (loudspeaker or phones) ervideo (TV)
or data (computer screen)

— [ he, ARRL insist that amateur radio il

g light ISS ‘e via .
| Iight If they are to)count for DX
records and contest entries
— Any form of modulation Is allowed







GCoAGIN'S

~ < Azimuth

RN Elevation fine -
adjust

Tripod pan and tilt for
coarse az/el adjust



Azimuth micrometer

Aluminium, steel
or plywood

Azimuth

micrometer

Camera tripod mount
(1/4" thread)

— Elevation micrometer
Azimuth movement

Laser module & sighting scope

| I Elevation movement

Loading spring

Design: OHZHOT

Elevation micrometer Drawing: OHZKTB




SIWIPLE LASER DIODE TRANSVITTEF

— s

MCW TONE
MODULATOR

> LASER
DRIVER

Key
:/ (must be
grounded

to turn on
Laser)
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LASER MODULE

Tl
Key in {ground to TX)
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Light
received via
RXlens
system

SIVIPLE|

Photo detector

LIGH F\/\/,—\\/ RECEIVER

RS I audio

filter & 10
amplifier amplifier

Headphone
or
loudspeaker
output




G3PHO Lightwave Recelver

1r 4002

To audio

100k5?

W,
(Try 5-10M)

Photodiode detector bandpass filter inverting buffer amplifier
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100mm i.d. Marley
ABS pipe

anti Q|?fI’E Shielld Eddystone diecast box
(ex coffee canl) / houses all the electronics

.. receiver front end -

100mm diameter photodiode and amplifier
magnifying glass lens

photodiode positioned in
centre of lens tube axis



CSEPFO Ligriryely

Audio amp

+12VDC in
and out

Photodiode
-~ frontend

Headphone

S meter and
| voltage check

-






A sturdy tripod is essential
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CHOPPER

Chopper
DC Fan
12v DC
9-Blade

460THz 800Hz Tone CW
2.5mW Transmitter

Jan 2001 by JA1ATI .

POWER SUPPLY

LASER HEAD

CHOPPER
DC FAN 40mm Dia
B-Blade

- A mm——~

- -
160 mm

460THz 800Hz Tone CW
Transmitter

by JATATI



G=13V
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100 1W & 9V
140 2V & 13V

IN4 7284
33V IV

VOICE MODULATED DIODE LASER TRANSMITTER

steve J MNoll WasEJOD 973754
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BANDPASS
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AN EFFECTIVE AND AFFORDABLE LASER COMMUNICATION RECEIVER

Steve J Noll WAGSEJD 9/3/94




Fin [ode Laser

heceiver Frant End
foir DAYLIGHT e |

Rl sets laser diode current p=-
Pl Current Monitor 1 v = 100 ma |

IP2 Photodiode Current 1 v = 1ma | g,
All Resistors are 1/2 watt !

Modulation
Input



1w PEP Mixer fr =150 kHz
IC-202/FT-290

Diode Laser
Jurrent

SEB/ACW/FM —— % —— Modu- Laser Module

lator | |

transceier

‘Base- /N M ount: Typically 50 kHz
hand! elevation,

AM. sidebands
azimuth,

G used (3 dB loss)
COMPAass,
©

lewels

73 MHz* 2 Laser P51

AM-55B laser transmitter

0109 2003 0 H2ALE




Reflector telescope

- Laser

ranseeiens
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LIGHT
SOURCE

.*I@ .

Tyﬁif:al Lheans:

Light source

¥ ‘star on right. |
p—— ¢ Insulating PG
_‘# ——— »  board
Aluminium
board




= How far can we communicate by light?
= \What Dx records have been achieved?

= | ocal lightwavers..GBAGN, G3PHO and
GOEWN

“firsts” B —

eo——

ecord ¢
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oW Tair calfl We get gy I]ght?

2-all-time record fc roplca ommunications™
_r_usmg Morse code via light was made by
heliograph ( mirror!).

= This record was established by the United States
Army Signal Sergeants, from Uncompaghne Peak,
Colorado to Mount Ellen in Utah.

distance 183 miles or 294./km !

i




AMATEUR LIGHI WAVE DX

- 2 0Y K InI\/71 — ) |
=\ (AU I\NVIV

- =-Two way MCW record using red HeNe lasers =
192.4km (KC7AED to WB7VVD)

= World record optical DX is 248km (WA7CJO,

KY7B/7 and WATYLI. Used violet light (678THz or
442nm). 15mW HeCd laser. MCW modulated

= One way audio DX record = 190km (by the EOS

ﬁateur Radio Club in California in May 1963).

ed a 125 mi ts HeN ser!

audio using non laser (non
coherent) light was set up on the 19 February 2005

In Tasmania by VK7MJ and VK7JG: 167.7km
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Extra Terrestrial
LASER

Communications:

Satellite and Lunar
Laser Ranging

Paul Perryman, PhD
WASWCP
paul.perryman@Iimco.com




~

35 kg
Moalminkar tang
KP2OKSI0TSTS
ier)

ior appr o

E levat

bare PAMT (50 kHz AM modulated CW subcarr

using

N

=

[

Gl

+— —
i

[=]

L

LN

ki
Cloud scatter experiment, (RB 17.6 km, signals copiable variably

!

Hels

35 dey

' Elevat ion appr .

KP20OMNFB4UI28

Yuosaar

CW Cloud Scatter Experiment
O1L.0R 20032 HZALE

Lightly semiowercast,
slightly dark clouds,
altitude maybe 6 - B km 2
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S 2004 GSAGN bunt separate RX and TX and
"~ tested both with G3PHO up to 45km

= Early 2005: G3PHO complete his RX
= Early 2005: GOEWN completed his' RX
= Feb 2005: Several one way tests between

W GBAGN and G3PHO andiGOEWN
stigating Luxeons, (high power

red light generators)

—




G8AGN/P

G3PHO/P
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S 2004776, 7Km
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. G3PHO/P Roper Hill



2m talkback:
|C202S

>SU and kever
Yol -






\ I hei i

Emley Moor i | Bradfield &
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T G3PHO and G8AGN's best DX so far: 45.9km

m‘@:“-' Listen to G3PHO/P’s CW signals as heard at

u

G8AGN/P at Gringley on the Hill
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G8AGN's laser as seen at Bradfield
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el GOV = frleuce cb o glel st

GSLSD’S_ laser as seen from the F/GOMRF/P’s laser transmitter and
French side receiver setup
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TAS MANIA

3 .. BASS ST.H‘AFT

b AT
Mt Wellington 167.7k South Baroew

=
=
=

Elevation (m) _,

Distance along path (kam)

40 60 50 100 124 140
Mt Wellington - Mt Barrow, Beam path profile




/OICEIOVEINIGRIEVES

167, /<m( O mJJ )
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# 104 mile optical DX: Mike Groth VI7MJ on Mt Wellington, = 404 mile optical DX: Chris Long's two optical transceivers on Mt Barrow,
i % near Hobart, Tasmania, Saturday 19 February, 2005.

near Launcesimn Tas ni; Batn 1PFébruary 2005.
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Note: this record used non coherent light ... high power luxeons!



FlOW TO rrlgwe 2 Start orl ligriiwayves




' Cheap laser levels ...
Under £15 at Lidl, Netto and Aldi
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" = Internet ..just Google for émateu?ligﬁs 2=
B —

or laser communications..you'll be amazed!

= Yahoo Laser group and reflector

S5HO and GOEWNIWlliBEm s
SISt anyone wishing tormake

SRGSAGIN,
deligntearore
a start




ight yet’?
Come and join us on the

ﬁl ;




LIGHTS OUT

The End












= Uses circuits by GOMRF, G7JTT and David Johnson

= |nexpensive (£2 to £3) laser pointer provides the diode

= Choice of op amps and transistors is not critical

= Simple +12VDC input power supply.
/eut.net.crtical, ...can be built on Veroboard




10K 100K

electret
microphone

0.0022u 330p




to SW2A
pin 2

>




to SW2B
pind  —

>

to SW2A
pin 4




to
laser diode

module
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