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The shortage of available radio spectrum, catering to the ever increasing bandwidth
demand, has impelled many initiatives to look for alternative measures. In the advent of
optical wireless systems, high speed networks with vast amount of bandwidth can be
realized. Multiple links can be provided to one or more users simultaneously by using
efficient beam steering methods. An investigation for indoor optical communication
system using diffractive optics has been carried out. This paper demonstrates that up to
at least five simultaneous 1.5 Gbps NRZ-OOK links, with BER less than 10°, can be
deployed.

1. Introduction

Many might still recall the arrival of portable devices, especially cell phones and
personal digitalassistant§PDAs), with embedded Infrared Da#esociation fDA)
transceiversn the 905, for oneto-one short range communicatiorhen the first cell
phone withBluetooth arrived in the year200Q which featureda better coveragef
approximately 10fi]. At about the same tim&PRSwas introducef®]. GPRSIs an
extension of the GSM netwarkvhere users can have access to the inteflries is
followed byother technologiethat offerbetter data rates. The Wirelesslélity (WiFi)
technology, which also uses radio signalsijnsilar toBluetooth, but constitutes a much
greater area. W is by far the fastest and most stable mobile protatdhis point of
time[3]. One thing all these technologies have in commsrthe reliance on radio
waves, but is there enough room in the radio spectrum forCali¥sider alsahat
Cisco’s Inernet Busines Solutions Groupredicts some 50 billion devices that will be
connected by 202@ince year 2008, alreadyone devices are connecting to the internet
than peoplpl]. Theradio spectrum is getting congested and devices are interfering with
each other. Wit the explosion of wireless traffic ovére next few yearssolutions to
enablesupportfor the forecastedoomingcommunicatioriraffic are necessary] 6].
Foreseeing the broad and unregulated bandwidth in the THz frequency, the optical
spectrum has muh to offer. A considerable amount atsearchon the visible light
spectrum hsbeen carried out. The visible light communication systems (VLC) have a
basic system limitation on the bandwidth, i.e. a few 100s of mlppH 9], up to the
state of art of 22 Gbpswherewavelength division multiplexingly DM), carrierless
amplitude and phaseCAP) modulation,and RGBIlight emitting diods (LEDs) are
employedl10]. The infraredcommunication systems, on the other hand, emlalsgr
diodes,where high bandwidth is achievable doaenarrow spectral linewidth. da rates
can goup toterabits per secondrurthermore, ambient light, which is the dominant
noise inVLC systens, is eliminatedSince theemergencef fiber-to-the-home ETTH)
technologyin 2004 infrared wirelessommunications seen as a promising solutitm
bridge wirelessly the gap to the end [&&}.
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In this paper, we propose an infraffeasedindoor optical wireless solution,
employing passive diffractive optics foeam steering?Ve demonstte the feasibility
of using a passive grating as theam steering mediufior shortrange indoor optical
wireless communicationTherefore, v have compack the performance ofthe
diffracted beamso the performance dd free space begmandto the perfomance ofa
backto-back (BtB) measurement with @m long single mode fibéSMF).
Subsequently, a multilink free space transmission of 1.5 Gbps, steered over 35cm, with
bit error rate BER) less than 18, is demonstrated.

2. Indoor Optical Wireless System

Indoor qotical wireless systemcan be implemented as lhoé-sight (LOS) or nonline-
of-sight (NLOS) system|d.2][13]. LOS systemsare typically suitedfor pointto-point
communication via highly directionapower efficientbeams and therefore,require
precise alignmentNLOS systers, on the other handare appropriatefor pointto-
multipoint sysems via wide angle transmission, and thagquireless critical alignment.

In addition, the implementation of a wireless network could be a hybrid of optidal a
radio links. As uplinks typically do not require as much bandwidth, radio wireless
systems could be an optioimtelligence can be added to these systems to enable user
localization, andto have a power efficient
system for example transmission can be

UL el = il e turned off when there are no users and only
transmits to a particular user whaacessary

Fig. 1 shows a typical wirelessequipped
building with fibers, such asSMF fiber,
multimode fiberor plastic opticafiber[14], as

the in-building backbone network The

P building is equipped with a central
o 3 [] Q@’-{Qﬁm communication controllgfCCC), whereit will

receive traffic from the access network and

o e o Controler route it to all the access nodes) our case,
Fig. 1 Wired-Wireless-equipped home beam steering modules (BSM) idifferent
with beam steering modules rooms.

3. 1D Diffraction for Beam Steering

The novelty ofour method for beam steeringads from lie principle of diffraction
Diffraction stems from the ability of waves to bend, leading to a divergent prgfile a
propagates away from its source. At the same time, waves coincide constructively an
destructively with neighbaing waves to give rise to interference. This phenomenon
results inan array of bright and dark intensity patterns on the sciBesgse bight
pattens are the spots whelght beams ardormed,as seen in Fig2c, which we can
use as the medium of transmission in the optical wireless domain. Theusbv
advantage is that we gaifrom having multiple spots These spotstranslate
meaningfullyinto instantaneoumultiple linkswith the capability of each link to carry
the same amount @apacity. This is a wHwin powercapacitysharing systemwith a
gradualpower loss as the light intensity falld edwardshigher anglaiffracted bears.

Yet, the same amount of data capacity can be transmitted in eaclkdirduch, this
solution is scalable depending on the available power budget of the system.
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4. Experiment Setup and Results

The experimets were carried out with @on+eturnto-zero onroff-keying direct
modulated 1558.98nm laser diode, with pseudorandom binary sequenz®-lof
elements The first experimenis carried outas shown in Fig. 2a. A beam of 3.3mm in
diameteris launchedthrough an SMF pigtailed coupler with a lens of 18mm itafo
length for a distance of 25cnpwards a near Littrommounted echelle gratin@he free
space transmission is received by another SMF pigtailed filaeed at a horizontal
distance of 35cm from the gratingttenuatedand finally, evaluated with BER tester
and eyediagram In the second experimenhé grating igeplaced with ailver coated
mirror mounted at 45° from the incident beam, while maintaining the rest of the setup
as shown irFig. 2b. For the BtB measurement, the Tx and Rx couplerseplaced
with a 2m long SMF fiber.

Experimental Setups Observation and results
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Fig. 2a) Experimental setup for free space transmission with grating b) Experimental setup for free
space transmission with mirror ¢) Bright spotsformed after diffraction grating with 657nm laser d)
Resultant BER plot for BtB SMF with length of 2m, free space transmission with mirror and
transmission of 1% and 5™ diffracted orders of an echelle grating.

Clean opereye diagrams are observed indicating negligible dispersibe. BER
performance of the transmitted links, against the received power inidipresentedn
Fig. 2d Thegood overlap of the plot fdBtB, free spacel®™ orderand & order links
showthat the grating induceakegligible power penaltyVe observe< 1dB, for up to the
5™ order diffractioncompared to BtBThe distance of measurement and thenber of
links arescalable depending on the available power budget; therefessurements for
a longer distance as well are links can beneasured if there is enough spacethe
testbed.
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5. Conclusion

We have demonstratetbr the first time,a simultaneous multilink carrying 1.5 Gbps
each,with afree space transmissiaf over 60 cm, by which 35 cm between grating and
receiver plane are diffracted kis. Additionally, a BER of <18 has been achieveth
short, these results are promising for the deployment of gratings as the beamy stee
medium for indoor optical wireless systeiihe system complies with the egafety
regulations)ormulated in theANZI Z-136 in the US and the international IEC 60825
specifications.

Thiswork is part of the Beam-steered Reconfigurable Optical-Wireless System for
Energy-efficient communication (BROWSE) project, funded by the European Research
Council within the FP7 program.
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