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Technology of FSO
Wavelength

FSO can be operated around 850 nm or in the 1550 nm band. Reasons for selecting 1550 nm are: eye safe
systems may have by 10 dB more power, receiver sensitivity is by 3 dB better and faster components are
available. Unfortunately, components are more expensive.

Transmitter

Two different light sources can be applied: Infrared light emitting IR-LED or VCSEL-laser diodes. Both have
a MTBF beyond 100.000 hours. The size of the light emitting area of IR-LEDs is 50 to 100 times larger than the
one of VCSEL-lasers. This means, that different optics for both diodes are needed. VCSEL-lasers offer the
advantage that they can be modulated by signals up to the Gbps range. The light of both sources is very
divergent, so that perfect adapted lenses or mirror optics are essential to convert the outgoing lightinto a nearly
parallel beam with low divergence.
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Itis not recommended to increase the transmitting power to more than 10 to 20 milliwatts per transmitter at
850 nm wavelength due to laser class 1M regulations.

Usually, birds may interrupt the infrared beam. Depending on the transmitted signal, problems can be the
result of this short interruptions between 10 and 100 milliseconds. A strategy to avoid bird’s influence, is to use
as large transmitter and receiver apertures as possible. This leads to large lense diameters with long focus
length and to several transmitters which workin parallel in a multi beam configuration.

Receiver

Simple and cheap receivers are operated by PIN-diodes. If APD-diodes convert light into current, up to 10
dB higher sensitivity is possible. Unfortunately, they are more expensive. The most important design rule is:
Collection of as many light as possible using a wide aperture. This reduces the geometrical attenuation, the
effects

from scintillation and also the influence of interruptions by birds. For this purpose the designer selects
lenses or mirrors with big diameters. A multi beam configuration is also possible. Note that the total area of the
receiver has the same importance as the antenna gain in microwave systems.

The sensitivity of a PIN receiver with 10 MHz bandwidth is typically -45 dBm. This is enough to ensure bit
error rates less than 10° under normal, unaffected conditions.

Picture 19:
APD (left) and PIN
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Level diagram

To compare FSO of different vendors, the mostimportant item is their system budget at a given distance. All other
parameters like transmitting power, divergence, receiver aperture and sensitivity effect the budget

System LaserLink 4E1 LaserLink STM-1
distance 0,5 km 1,0 km 0,5 km 1,0 km
launched transmission power +19,0 dBm +19,0 dBm +13,0 dBm +13,0 dBm
geometrical attenutation -25,8 dB -31,8 dB 21,3 dB 27,3 dB
atmospheric attenuation (clear weather)

scatter: 1 dB/km -0,5 dB -1,0 dB -0,5 dB -1,0 dB
scintillation: 2 dB/km -1,0 dB -2,0 dB -1,0 dB -2,0 dB
maximum receiver level -8,3 dBm -15,8 dBm -9,8 dBm -17,3 dBm
sensitivity -45,0 dBm -45,0 dBm -43,0 dBm -43,0 dBm
system budget 36,7 dB 29,2 dB 332 dB 25,7 dB

Picture 20:
Calculation of
system budget vs.
distance

.The system budget shows the permissible degree of attenuation caused by bad weather. For example: The 4E1
version running over 1 km works with up to 29.2 dB/km attenuation caused by extreme rain (> 150 mm/h) or medium fog.
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Picture 21:
Weather dependent
level diagram

The calculation of the required visibility versus hop length delivers the follwing important conclusion:

For error free operation of a FSO link, the visibility must be better than 2/3 of the hop length.

Ifit was possible to generate a 20 dB (!) higher system budget at reasonable cost, then the green curve would be the
result. For an 800 m hop, only 300 m visibility would be enough instead of 445 m. Small improvements (< 3 dB) are not

significant.
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To determine the availability of an FSO hop it is necessary to have the distribution of visibility for a certain location over the
year. These data are in general available for airports and weather stations. Unfortunately, they are not always representative

for midtowns. The following diagram shows the average data for central Europe:
Variations of 20 percent in visibility do not cause significant variations in availability throughout the year. This is a result of

the logarithmic relation.
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Itis always important to know the availability of a wireless optical link running over a certain distance. Picture 25 shows the
availability versus hop length. This is derived from the experience of more than 1000 installed links. Similar to rain zones for
microwave radio links, the influence of the very local climate, especially the probability of fog and heavy snow fall has to be

obtained.
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Thereis a big difference in availability between extremly dry desert climates and foggy regions!

Conclusion: Based on these facts and due to the physical properties of FSO, we recommend to use this technology with
GSM/UMTS applications only at distances of less than 800 meters in climatic zones with rain, snow and fog.

In dry southern climate, higher distances may be possible. Otherwise the availability will not be satisfactory for PDH/SDH
applications. Again, the reasons for this limitation lies in the physical properties of FSO and cannot be related to CBL

engineering.
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CBL - Communication by light

CBL Communication by light was founded in February 1991 by a team of engineers. The company originates from an engineers’
office in the field of optical communications foundedin 1988. Today, CBL stands for the following solutions:
[ Broadband wireless transmission via optical or microwave links mainly for private |P networks;
[ Coveringall datarates between 2 Mbps (E1) and 1250 Mbps (Gigabit Ethernet);
[ Distances upto2km by own developed opticallinks and up to 50 km by OEM microwave links;
[ CWDM for fiber optic systems with data rates between 2 .. 2.000 MBit/s and distances up to 150 kilometers;

The history of our experience in FSOis very deep:

1991 FirstLaser-Link for 10 Mbps Ethernet over 2000 meters

1995 Installation of 38 GHz microwave links (4E1) in private networks

1997 Voice-/data-multiplexer making Laser-Links more efficient

1999 LaserLink 4E1 specially for GSM-applications

2001 AirLaser IP100 with integrated microwave backup

2003 AirLaser1P1000 transmits Gigabit Ethernet with full speed of 1.250 Mbit/s
2003 Optimized LaserLink for STM-1in GSM networks

In 2002 CBL GmbH and its sister company CBL sro had totaly more than 40 highly qualified employees for R&D, production, sales and
support. Revenue of CBL group was over 8 million Euro. CBL is hold by independent private shareholders with a letter capital of 333.000

CBL - Communication by light GmbH
Darmstaedter Str. 81

D-64839 Muenster (near Frankfurt)
Germany

phone +496071/303-0
fax+496071/303-499
http://www.cbl.de
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