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Optimum Divergence of the Transmitter Optical
Radiation iInFSO Systems
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Abstract —T he deter mination of the optimum divergence of the  coherent action in order to decrease the connection channel
transmitter optical beam 6y in FSO systems can largely length or increase the outage in case of poor weather
compensate for the negativeimpact of the changein thedirection  conditions.A typical way of overcoming this problem is the
of propagation of the optical radiation due to various random  ;se of redundant power with a perfect optical setting of the
factors. Depending on the system parameters, the length of the g g0 and when there is a possibility that there are only
communication channel and the typical weather working . . . .
conditions, the proper choice of 6, can significantly increase the geome'FrlcaI losses, WhICh we have C(_)nSIdered In our paper
reliability of information transmisson and reduce the [1]. !n it, we have_ derived an expression _for calculating the
probability of outage. In this paper the influence of the optica Maximum radial displacement of the receiver antenna center
output power of the transmitter and the length of the from the transmitter laser beam axis, depending on the initial
communication channel on the value of optimum divergence of ~Gaussian beam radius.
the laser beam after the transmitting antenna are shown. When This paper is a continuation of [1]. We have proven the
the divergence of the transmitter beam is set, the FSO system of  significance of a transmitter optical antenna with adjustable
TU-Sofia can work reliably under conditions where the  angle width of the transmitter diagram in order to increase the
deviations of the beam from its main direction exceed morethan  fynctioning reliability of the system. We have researched the
twicethe deviations in the absence of adjustment. impact of the optical radiation source power and the

Keywords ~Communications, Free Space Optics, Laser Beam, cpnnection channel length on the v_alue of_ t_he optimum
Diverging Angle, Beam Wander divergence angle of the transmitter optical radiation. We have

indicated the basic parameters of the system and the
connection channel.

[.INTRODUCTION
[I. OPTICAL PROPAGATION AND INTENSITY

The application of FSO systems is becoming more and DISTRIBUTION. DEFINITION OF THE PROBLEM

more frequeh with specific connection conditions in the )

contemporary communication systems and networks. This is!n the selected location of the FSO system and a perfect

due to their wide bandwidth, tight radiation pattern of antenn@pticd setting, that is a coincidence of the optical antennae

small size and weight, lower price, license free frequen@xes of the opposite transmitter/receiver sets, eéwglé. The

band, that is, no frequency planning is necessary. TR&ERVvalue wih a perfect setting usually reaches values lower

increased interest in FSO systems, however, creates riéan 10°, when the values for normal functioning of the FSO

requirements for improvement of their characteristics, as wélystems arewithin the range of 1& to 10°. This allows,

as for optimizing some of their parameters, in particular tho¥éen the sowce power remains the same, for an increase of

of the divergence of the transmitter optical radiation [1-4].  the divergence of the transmit&r and in this case there is an
One of the reasons for decreasing the functioning reliabilithpcrease inthe value of the maximum acceptable angle

of FSO systems are the random angle fluctuations of tHeviationst,, Of the laser beam from its main direction when

transmitter laser beam from the direction where the receivertf®e conditim is fulfilled that the received poweb, is bigger

placed. The main reasons for their existence are the turbulgin the theshold value®, ., respectively the minimal

fluctuations in the atmosphere and the mechanical movemegigrage radition intensity in the receiver apertutés bigger

of the bases on which the transmitter/receiver sets are plagggh|, ., (fig.1). With the further increasing & we reach

(or building sway) [5-7]. The phenomena mentioned hage maximum value of 8, when the installation and

parameters fothe system are fixed, and the®., starts

L _ o o decreasing red we derive®, <®, ., , including the case
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and typicaly Kg > 10.

----- The losses in the light distribution between the transmitter
and the receiver when there is a assumption of an uniform
volume extinction coefficienta,, are calculated by the

€ 4,0.10° : : : : : : When the onditions (1) and (2) are fulfilled, the current
3 3,5.10° ““:‘“":L“"i _____ i____J:____J: _____ Gaussian radius is calculated by the formula
S 3,010°--\k SRRRREREEE P2 (2) =P} +(8 epz)” (6)
= 3 N e A i ]

2,5.10 \ =1 and

2,0.10° N G S SRREEEEEEEE I(p, 2)=1(0,2) €7

1,510 <=L N ARRREE RERR is fulfil led.

-
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Fig.1. Dependence of the radial distribution of intensitypical 4 392 ( A[um] -
radiationl (6, 2) in the plane of the receivez £ const) at different Ue [km ] = :
Sy [km]{ 055

divergences of the transmitter optical radiafp(B,ax IS the maxi-
mum acceptdb angular variancef transmitter’s beam from its

main directon in case 08, ,). In (7) 14 is the transparence of the connection char@gls

the meteoralgical visibility of the atmosphere, and for the

. o o ~ typical atmospheric conditions the expongns calculated by
phase and apfitude distribution of the field in the emitting the formula

apertureA = TR R, is the aperture radius of the transmitting
antenna. Inour model we will use synchronous phase and q= 05853S,, [km].

Gaussian amplitude distribution in the emitting aperture [1], . ) o )
[8]. The maximum intensity value is along the beam axis, With the @simptions made, the optical radiation intensity

respectively in the center of the emitting aperture. Whe#ong the optical axis and its radial distribution are

p = po, the light intensity decreases b¥ ia relation to the 21,1, (Ay, Sy . 2)®,
maximum andp, is defined as an initial Gaussian beam 1(0,z) = L8 5 )
radius. In oder to keep the Gaussian radial distribution in the ™, (2)

(8)

Fraunhofer zone

2
4o
22 Z exp 1) (p.2)=1(8,2)=1(0z)e ‘%=’ |
itis necesary to fulfill the condition In (8) the losses in the transmitter antenna optics have been
R>2p, . (2) expressed by, @, is the power of the source radiatichis
the angt deviation of the transmitter optical beam axis,
recognized from the case of perfect alignment, that is
coincidence of the optical axes of the transmitter and opposite
, (3) receiver optical antenna. The powyr is the laser power with
KgAg a assumptiotfior a digital communication system with On/Off
modulation (OOK) in the optical code impulse.

Z¢, expiS Cdculated by the formula

_ 10p5

z cexp

where is thecentral wavelength of the light source, ] o o .
With the digital communication systems with OOK

_ Kghg @) modulation, the system functioning quality is guaranteed by
Po = 0 ' the low values oBER With them, we calculatBER from
texp SNRagain using an erfc function, which presupposes a great

andKj is the oefficient indicating the random fluctuations Ofsloge in thehchanging ®BER Adchagnﬁgs téy one ordferhSINR_
the field phase im. These fluctuations are due to differenf€2dS t0 @ change up to ten order ecause of that it Is

stochastic dctors in the laser generation, and these facto pre convenient to deal V_Vith and to represent graphically the
' nge ofSNRfrom the different parameters of the system.

worsen the radiation coherence level and lead to a differe leulateSNR dth tical b t the inout of th
between the actual divergence and the theoretically defin g calcula we need the oplical béams at the input of the
receiver. The optical beam through the input aperture of the

oNeB o receiver corresponding to the upper level of the optical code
6 texp = KeB tteor (5) impulse, is
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®,4(0,2=m1, .R?.1(6,2). (9) 1000

In (9) R is the aperture radius of the receiver telescaps,

SNR

N
A
D------

the transmision coefficient of the optical receiver system. 6, 1<6; <6 3<6; 4
The above equation is true when the conditpon( z) >> R, 1004 - N ool R B
is fulfilled. E
The second in significance input optical beam, that is the i
background one, is calculated by the formula SNR, B4
104=----F <A e
qJB :T[zTrL)\,B ()‘O)erezrepr}‘Fv (10)

where L, g is the spetral brightness of the background
radiation, ad A\g is the transmission wavelength bandwith of
the interfeence filter before the photodetector, placed to 1
restrict the background radiation. 0 02 04

B R A .
eleffoccdecccdecaccccccsccdeacccccnaaad

08 10 12 14
0 [mrad]

With the indication of the dispersion of the two main types ! |
of noise in the optical receivers, the thermal and the quantum O1max B3 max

one, the expression f@&N\Rcalculation is Fig.2. Depenence of the signal to noise ratio from angular

Ri(Ay) ®,4(8,2) deviation® of the beam of the transmitter from its main direction at
NR= P .(11) different divergence of transmitter optical radiatfn
2kg T.A
cC +eR (A g)|Ppg(0,2)+P _— . .
\/ '{ R ( O)[ pa (6.2) B] beginning, ad then it starts decreasing, as we have already
F predicted.

The frmula is true for an optical receiver with The dependencé,.(8) for three values of the optical
preamplification and a p — i — n photodiode. radiation sarce powerd, = [10, 15, 20] mW with connection

channel lenth z= 2 km has been shown in fig.3. It is evident
R, (A, )= 80610°n(A,)A, is the htegral sensitivity for
current of he photodetectom(Ay) is the quantum efficiency
of the photdetector material is the Boltzmann constarg,
is the charg of the electronC, is the information throughput
of the digil communication system, am}, is the value of
the resistoin the feedback of the preamplifier.

=
I

Bmax [mrad]
|_\
D

_'A
o
1

-—f-Fr=---1-%¢--

I1l. SIMULATION RESULTS ANDDISCUSSIONS 081" /4 . "q)L'lOQW'

For the developed and implemented in TU-Sofia FSO 06 | | o | |
system [9],[10] we will determine the maximum divergence g4 . _____ ool bee oo Lo L
B;, opt O the transmitter optical beam. The system works at a i i E i i i
wavelengh A = 850 nm with information throughp@, = 024----- A (RO S L. [
100 Mbps wih power in the optical bit impulse, = 10 mWw. | | P | |
Using a twolens Kepler collimator, we gradually change the 0 ' ' — ' '
beam divergence within the range of 1 mrad to 5 mrad. The 0 0,5 1,0 51,5 20 25 3
connection channel length is up to 2 km. The other system ' 8 [mrad]
parameters necessary for the calculation using the method B, opt

developed inl, are:1; = 0,85;Kg = 10;R =55¢cm;6, =5
mrad;T, = 0,85 n(Ao) = 0,7;AA = 10 Nnm;Rs, = 1 kQ; A= 5. Fig.3. Depemencedyax (6;) at z = 2 km for three values .

For the ciculations we choose valu&g = 10 km,L, g = 102 Determinatio of 8; o (P = 10 mW).
W/m?.srA, T = 300 K, and the constants akg = 1,38.10°
JK, e=1,60210"°C. that when te power®, increasesp, increases, too. From

the graphicst is evident that if we want to have the maximum
value off,,,, it is necessary to chan@etoo, this means that
its optimum value exists and it is6; .. When &

In fig.2, with an increasing divergencé; ., of the
transmitterbeam, we have shown the dependeBbHEX0). It

is evident that, when we choose a minimal level for the resses ta times and with an optimum value of the
signal/noise ratiGNR, = 11,2, which corresponds BER~  yrangmitter optical beam divergence, the maximum possible

-8 . . .
107, the maimum possible divergence of the be@mx from  angle beam divergence increases by 37%. It is also evident
the perfectlignment increases with the increasin@gah the
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from the graphics thdi,., depending o®,, undergoes more that the value®,,{8; o) increase whend, increases and

significantchanges with the great valuesBaf

they decrese whenz increases, and the connection channel
length z has a greater impact on them. When there is a
constant collimation of the transmitter beam, that is a constant
value 6, the value off, is influenced to a much greater
extent byz ard . when the values d; are big than when
they are smi§ for instance wher®, < 1 mrad. When there is

2,5 I ] 1 |
§ | | | |
£ E | \ z = 1km
= 2,09------- Po-- - S SEEE S NCETEREEEES
1S | d
@ | |
151 A R S R
1,04----- , 2K\ -\
0,54--4---- r —————— s SRR R P P
o
0 ; ' ! .
0 1 2 3 4 5
6, opt 6, [mrad]

Fig.4. Dependaced,, (8, at®, = 10mW for three values of z. [1]
Determinatdn of 8 op(z = 1 km).
[2]
In fig.4 is shown the dependenc8,,(6;) for three
connection bannel lengthg = [1, 1,5, 2] km when the optical 3]

radiation source power ®_ = 10 mW. With the decreasing
of the distacez is necessary a significant readjustment of the
transmitter optical system, but as a result we can achievey
significant improvement of the functioning abilities of the

system. Whenz is decreased 2 times, it is necessary to
increased; by almost 3 times in order to maintain the optimum
setting of he system. As a result, however, the possibilities &
divergence of the beam from the main direction and keeping
the functioning of the system, are more than 2,2 times great?é']

In the comparisons between fig.3 and fig.4 it is evident that
the functioning of the system is more sensitive to the change
in the connection channel length that it is to the optical
radiation source power. When the values of the opticta)]
radiation divergence ar€, < 1 mrad, the impact of the
changing ofz or of ®_ on 6,5« can be ignored.

(8]
I\VV. CONCLUSION [9]

This paper shows the possibility of a significant increase in
the functioning and reliability of an FSO system with an

an optimumbeam divergence setting, within the limits of the
research definedI() it is possible to have a 121% increase in
the acceptable value of the divergefgg.
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B; op+ Its value depends on the particular parameters of the
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the impact of the connection channel lengtind the power in

the code impulse of the optical radiation of the sodrceon

the maximumpossible divergence 6, of the transmitter
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transmitter/receiver antenn&e= 0 (fig.2). We have shown
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