Communicating with Light

Barry Chambers GS8AGN




The Visible Spectrum
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Visible Continuous Spectrum 2
(Perceived Brightness Partially to Scale)

e Red LEDs and lasers emit at wavelengths between 620-670 nm
e The eye is most sensitive to wavelengths around 550 nm

e Atmospheric transparency depends on wavelength



TRANSMISSION FRACTION

1.00

ATMOSPHERIC TRANSMISSION SPECTRUM
TYPICAL CONDITIONS

0.90-

0.80

0.70 EL=30
=2
0.60 Elss
CGD ZEN
0.50 S
PP IO AN 17U UOUUNS NUUOTNR OO OO SOUUMOUNR: 1= SV SOOI . :
7 },' ) : : L I : S
/ : : OXYGEN WATER ,
0.30... .......,:..a..............-..............-.............:..............:..............-..............-.............a....'. .........
5 VAPOR WATER
; MAPOR
DO o om A oo oo oo op R oo ne e o e e e e n s m e m e R e e s s n s e AR s e o s e e e s s m e me s e o R e s s m e n e e Sy s e e e m e m e SR m e eSS S st
[0 JR 1 B e e T T P PP T T PP e TP PR TR PEE P EEPPPEEEE
0.00 : : ; : : ; ; ;
300 400 500 GO0 700 200 900 1000 1100 1200

WAVELENGTH [NANOMETERS]

Source: B.L. GARY, 1990



Red optical sources

Luminus PhlatLight
2.5A/mm?

8A standing current
>16A peak current

LEDs

High outputs available (watts!)
Easily modulated

Wide beam (collimation)

Lasers
Very narrow beam
Eye safety issues




Measured spectra of red optical sources
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Measured with Ocean Optics HR-2000 spectrometer



Optical Detectors

Photo transistor
Low MHz bandwidth
Sensitive but slow & noisy

e PIN diode
Fast but lower output
Low noise - GHz bandwidth possible

e LED
High efficiency LEDS look similar to PIN diodes in sensitivity
Relative speed & noise unknown

e Avalanche photo diode
High gain, low noise, very expensive.
Need high applied reverse bias voltage




Response of Silicon photo diodes and transistors
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Lenses

e Act like antennas - larger aperture means
higher gain with narrower beam-width

e Typical gain is approximately the ratio of
lens diameter to the photo-detector area
Photodiodes are typically 1- 3mm square

® Glass lenses are best but heavy and

expensive. Plastic A4 size Fresnel lenses
are OK and only 99p

1. Fresnel lens
2. Plano convex lens



Receiver optics

Blur spot

A
v

Blur spot diameter ~ D / 1000 for Fresnel lenses



LED illuminating a Fresnel Lens
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GEAGM 3-D Uector Optical Ray

Available vay files are:

Luxeon K2 1088k
Luxeon K2 Lok
Golden Dragon 186k
Golden Dragon 588k
Golden Dragon 5M

choice 5
Availabhle ray traces are:

alone =zeen at plane of Fresnel lens

with secondary optics seen at plane of Fresnel
with secondary and Fresnel at 1808m

with secondary and Freznel at 1km

with secondary and Fresnel at 18km

Enter choice 2

Choose secondary lens type:

1.... #8739 29mm diam. 28mm £.1.
2.... #B@16 3IBmm diam. 26mm £.1.
J.... B4856 28 .4mm diam, 28mm £.1.
4.... BC test

Chooze : 3
Enter spacing bhetween source and Fresnel lenz 335.

Enter spacing hetween source and PHM lens 11.
Max hits in a pixel = 53

LAMAAAA records read from ray file
Rays falling on Fresnel : 3276678

TRACE FINISHED

Pres=z RETURH to close window . . .
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Using a secondary lens

Better lens illumination but greater beam divergence

Secondary /




0.4m

Fresnel at 335 mm

#4056 lens at 11 mm
3108555 rays hit Fresnel (65.5%)

Golden Dragon 5M rays



Basic optical Tx and Rx for MCW or AM
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G8AGN’s optical transmitter and receiver

Based on circuits developed by Clint, KA7OEI

Tx uses Luminus PhlatLight LED 5 watt optical output,
AM, MCW or data modulation

e Rx uses BPW34 photodiode and AF amplifier
e Separate Tx and Rx lenses (A4 page magnifiers)
e Solid construction and heavy duty tripod

o Telescopic sight for alignment



General view of GRBAGN'’s
optical transceiver

This photo was taken near Harpswell, Lincs
24 Nov 2010




G8AGN’s optical transceiver - front view showing Fresnel lenses




G8AGN optical transceiver - mounting of LED Tx and Rx front-end

Fan-assisted cooling of LED Red filter over photo-diode



Luxeon lll mounted on heat-sink and fitted with PMN secondary lens




KA7OEIl current-sink modulator for high power LED
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Ul - LM324 <(do not substitute’
U2 - 78LAS regulator

Q1 - N-channel power FET

LED1 - High-power LED

Mic - Electret Microphane

Light output of a LED is proportional to current, not voltage.



KA7OEI linear modulator for high power LED




KAZ7OEI optical receiver front-end
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G8AGN optical Rx

This box is fed from a front-end
comprising a photodiode and a
low-noise pre—amplifier.

Shown are

e Audible S meter

e PIC comb filter for removing
50 Hz and harmonics

e Audio amplifier

All circuits due to KA7OEI




Optical receiver testing using a photon tube

16 x 2 LCD display
D4-D7

1 2 34 5 6 11 12 13 14 15 16

Q.L — iy

270R

+5V

+5V 1.5K I_

Arduino board LED
(Nano, Uno, MEGA2560) g

noise
source

A0

t

ADC input from RX audio output

FIGURE 1: Hardware for Arduino S/N meter

Sesr i In practice the photon tube is at least 2m
Eﬁzq?l}b' g?g: ?BHZ long and lined with black flock paper to
Filt El: 6.2 Hz eliminate wall reflections
S+HoHs 44,2 dBx




Optical target with light sensor




Optical target when illuminated
by GEAGN’s Tx situated 100m
away




Path planning

.- Radio path estimation (c) M.J. Willis

Pocklington to Roper Hill - 87km

Help  About

Input Data | Terrain Map I Site Database I Radio Refractivity Data I Tabulated Data | Zone Map I Mechanisms I Area Coverage I

—Input Format———————
(+ Degrees Minutes Seconds

" Decimal Degrees
¢~ DSGE Grid Reference
(" Maidenhead Locator

Calculate

—Locations—— | [ Radio Parameters

Frequency [GHz) lm
TX Mast Height (m) [1.0
RiX Mast Height (m) [1.0
Hurnidity (%) [0
[200

1000.0

|53 564764N 043661W

|53 212583N 135045W

Range |35.9 km
Bearing |221 4 deg

Temperature [C]

Pressure [mB)

Percentage I5U
Save input data I _
K factor [V Fixed -
—Results
Gaseous Loss 0.7 dB

AXASL 378 m Diffraction path loss 155 dB
T,X HEL _198 m Troposcatter path loss 200 dB
Line of sight loss 147 dB

Ducting path loss 244 dB
Overall path loss 155 dB
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Making an optical contact

Pointing requires good Az/El control
LEDs much easier due to wide beam

Aligned rifle scope or viewing through
receiver optics

Target must be visible unless precise Az/El
calibration and data is available

Liaison radio link for coordination
and audio pointing feedback

Atmospheric scintillation can be a problem



G8AGN/P’s 0.5W Tx as seen by GOEWN/P over an 87km path

Note the QRM
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Contact made on 8 Jan 2011




Optical DX records

Heliograph 293km US Army
Line of sight (laser)  189km weQyy, WeOP
Line of sight (LED) 278km KA7OEI group

Cloud Bounce (LED) 288km away VK7MO group

UK (LED) 129km G8AGN, GOEWN
Daylight (LED) 83km G8AGN, GORPH

1894

1963

2007

2009

2012
2013



et Optical Filters
S 0] B
H.4 | o
L’ 1 .} Transmission
j 1 I [ 100
;:*;~ %‘" 5 80 m
(A Freg £
TRANSMISSION - DATA 5 60+
.g @
EFFECTS - FILTER = 204
0 T T T T T T
400 600 800 1000 1200 1400
Wavelength (nm)
164
FLAME-RED
Transmission
100 ; _

= 80 ‘ - i :

2 P ‘ i

.S 60 — : l

w

R

£ 40

wn

-

R - w ; J\

0 J l

| T T T T T
4(I)O 560 6(])0 700 800 900 1000 1100 1200 130
Wavelength (nm)



UV receiver using 931A photo-multiplier tube

High voltage PSU for 931A taken from low-cost “bug zapper”




LED pulse width modulation

4 [flo)l

Carrier frequency (1st fundamental)
Ideal low pass filter response

Higher harmonics I

\

[V

Default PWM frequency = 490 Hz
Reconfigure Timer 1 to increase this

+3V

82K
AF in
l.1v pk-pk

18K

I

aa |

Arduino Nano

[D9

PWM

4 [V]

=l (o7 “m

Baseband
signal

Clock frequency = 16 MHz

Number of bits = 10 = 1024 levels

Sampling frequency = 16000/1.024
=15.625 kHz

wiki.openmusiclabs.com/wiki/PWMDAC

Use Arduino internal 1.1 V voltage reference



SMT-Hell modulator for LED

Arduino Nano version (GEAGN)
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A more versatile approach is the PIC based

SCRIBER module developed by G8HAJ

Details in Scatterpoint Feb 2019



Where to Find More Information

www.ka7oei.com

www.k3pgp.org/
www.barry-chambers.staff.shef.ac.uk/LED_files/led.html
www.pageperso.aol.fr/YvesF1AVY/UKINDEX.html
www.ham-radio/sbms/sd

http://g8haj.uk

Yahoo Group on UKNanowaves
Yahoo Group on Optical DX

www.surplusshed.com (for lenses)
www.ebaystores.co.uk/BJOMEJAG-EBUYER-STORE (for optical filters)

“An Arduino-based receiver noise figure alignment aid”, Barry Chambers GSAGN, RadCom, 2014
“Exploits in lightwave communications”, Stuart Wisher GERCY W, Practical Wireless, 2013


http://g8haj.uk/

Thank you for listening.

Any questions ?




