~DBESER PTI ON. Opt i cal Transmitter and Transcei ver Modul e TECHNI CAL FI ELD The
present invention concerns transnmtter and transceiver nodules for the
optical data transnission. These nodules are in particular suited for the
use in infra-red data transm ssion systens. BACKGROUND OF THE | NVENTI ON
Wth the rapidly increasing nunber of workstations and personal conputers
(e.g. desktop or handheld ones) in all ardas of business, administration,
and fabrication, there is also an increasing demand for flexible and sinple
i nterconnection of these systens. There is a simlar need as far as the
hook-up and i nterconnection of peripheral devices, such as keyboards,
conputer mce, printers, plotters,. sQERERPTIGNsp| ays etc., is concerned.
The use of electrical wire networks and cabl es becomes a problemin

- particular with increasing density of systens and peripheral devices and in
the many cases where the | ocation of systens, or the configuration of

subsyst ens, Optical Transmitter and Transceiver Module

TECHNICAL FIELD

The present invention concerns transmitter and transceiver modules for-the
optical data transmission. These modules are in particular suited for the use

in infra-red data transmission systems.
BACKGROUND OF THE INVENTION

With the rapidly increasing number of workstations and personal computers
(e.g. desktop or h'aﬁdheld ones) in all aréas of business, administration, and
fabricafion, there is also an increasing demand for flexible and simple
interconnectioh -of these syst'ems'. There ié a similar need as far as the .
hook-up and interconnection of peripheral devices, such as keyboards,
computer mice, printers, plotters, scanners, displays etc., is concerned. The
use of electrical wire networks and cables becomes a problem in particular
. with increasing densify of systems and peripheral devices and in the many
cases where the location of systems, or the configuration of subsystems,
' muét be.. changed frequehﬂy. it is therefore desirable to use wireless
communication systems for interconnecting such devices and systems to

eliminate the requirement o_f electrical cable networks.

in particular thé use of optical signals for exchanging information between
systems and remote devices received increased interest during recent_
years. The advantage of such wireless optical communications systems is
the elimination of most of the conventional wiring. With respect to radio
frequency' (RF) wireless transmission, optical infrared (IR) wireless
transmission has the advantages that no communication reguiations apply



rust ke changed frequently. It is therefore desirable to use wireless
communi cation systens for interconnecting such devices and systens to
elimnate the requirenent of electrical cable networks. In particular the
use of optical signals for exchanging information between systens and
renot e devices received increased interest_during recent years. The
advant age of such w rel ess optical comuniat i ons systenms is the
elimnation of nost of the conventional wiring. Wth respect to radio
frequency (RF) wireless transnission, optical infrared (IR) wirel ess
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occur,

and the radiatton Is con

ned to a roomso t
can occur, and the radiation is confined to a room so that better data

“security is guaranteed than with RF systems. There is thus no interference

with similar systems operating next door and a higher degree of data
security is afford'ed than radio—frequency transmission can offer. In contrast
to radio-frequency antennae, the dimensions of light emitting diodes (LED)
and photodiodes are usually smaller, which is of particular interest when
designing portable computers.

The optical signals in such systems might directly 'bropag,afe to the optical
receiver of the receiving system or they might indirectly reach the receivers
after changes of the direction of propagation due to processes like
reﬂéctions or scattering at surfaces. Today, the former case is realized in
docking stations for portable computers where tﬁe data transfer takes place
bétWeen an optical transmitter and a receiver which are properly aligned
and close together at a distance on the scale of cm. The latter case is

- typical for applicétions in an office environment in which undisturbed direct.

transmission of optical signals between transmitters and receivers several
meters away from each other is impractical or; even impossible due to
unavoidable perturbations of the direct path.y One known approach to

- achieve a high degree of flexibility is to radiate optical signals from the

transmitting system to the ceiling of an office where they are reflected or
diﬂusely-.5caﬂ§red. Thus, the radiation is distributed over a certain zone in
the surroundings of the transmitter. ‘The distribution of the light signals
spréading- from the ceiling depends on many details which are characteristic
for the. particdlar environment under consideration. However, essential in

‘this context is m_ai'nly that the transmission rangé, i. e. the distance between

transmitting systefn and receiving system, is limited to some final value,
hereafter called the transmission range, since the energy flux of the
transmitted radiation decreases with increasing distance of propagation and
the receiver sensitivity is limited due to a final signal-io-noise ratio. Typical
known Sy'stéms, operating at levels of optical power which are limited by the



securisty is guaranteed than with RF systens. There is thus no interference
wth simlar systens operating next door and a higher degree of data
security is afforded than radi o-frequency transnmi ssion can offer. In
contrast to radi o-frequency antennae, the dinmensions of light emtting

di odes (LED) and photodi odes are usually symaller, which is of particular

I nt erest when desi gning portable conmputers? The optical signals in such
systens m ght directly propagate to the optical receiver of the receiving
systemor they mght indirectly reach the receivers after changes of the

di ~ection ofdg%agagafion due to processes like reflections or scattering at

surfaces. To mRRceRiHde lighisquices andsaletyremtiraments: forilight exgesure,
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transmtter and a receiver which are properly aligned and cl ose 'toget her at

a distance o MRPSscale of cm The latter case is typical for applications
in an office environnment in-which undisturbed direct transm ssion of

optical signals between transmtters and receivers several neters away from
each ot her i £nusi aparatagtess @y anwirglesssianticalj eommunication system are ‘the

achievable data rate and the distance between the systems exchanging
data. In an office environment, it can be necessary to_' communicate data
over distances exceeding the transmission range of a conventional optical

transmitter.

There are several disadvantages of todays wireless optical data
transmission systems. First, the transmission range is not suited for use in
environments such as for example large office rooms and conference rooms
and the radiation characteristic and range is usually not uniform, thus

requiring precise alignment of transmitter and receiver.

In addition, one has to take into account that in most environments there is
unavoidable ambient light, such as daylight or light from lamps, which.
- always reaches the optical detectors, unless the system is restricted for the
use in a completely dark environment. Unavoidable ambient light can fead
to -time-dependent signalé, for example AC signals from lamps, and is an
. important, in many practical cases the dominant source of noise in the
optical receiver. Thus, ambient light influences the signal-to-noise ratio of
the receiver and, therefbre, affects the transmission range. The appearance
of unavoidable light is mostly statistical and often difficult to control and its
intensity can drastically change, as it is apparent for sunlight or lamps being
3 switched on and off. A further realisfic effect which statistically affects the .
'signal-to-noise ratio and thus the transmission range is the occurrence of
optical path obstructions influencing the receiver signal.

A first approa.ch to get round these problems would be to increase the
output power of the transmitter module. This has proven to be impractical
for several reasons. The power consumption of such transmitter modules



unavoirdabl e perturbations of the direct path One known approach to achieve
a high degree of flexibility is to radiate optical si gnal s fromthe
transmtting systemto the ceiling of an office vvher’Ehn berr lacedt ed O
diffusely scattered. Thus, the radiation is distri but | n zone
i'n the surroundi ngs of the transmitter. The distri but

signals spreading fromthe ceiling depend§ on many det al | ch ar e
characteristic for the particular environnent under consi derat i on. However,
essential in this context is mainly that-the transm ssion range, i. e. the

di sf ance between transmtting systemand receiving system is limted to
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optical powefs uhliGBafd thatdhtichi Padidifon can present a hazard to the eye and to .

the skin if the exposure is high enough. The degree of hazard depends on a

number of factors, including the exposure level (energy or power), exposure

time and wavelength.

in the article “Optical Wireless: New Enabling Transmitter Technoldgies", P.P
Smyth et al., IEEE International Conference on Communications ‘93, May
23-26, 1993, Geneva, Switzerland, Technical Program, Confere.ric-e Record,
Volume 1/3, pp. 562 - 566, changes to existing eye safety standards as well
as a new form of transmitter technology are discussed. This new form of
transmitter technology is based on the idea to enlarge the area of the
optical source in order to reduce the danger of retinal damage. In this
article it is proposed to use a computer_generéted phase hologram for
example, to obtain multiple beams for beam shaping out of a sinlgle laser

diode source.
This approach is a first étep in the right direction, but the problem of

insufficient transmission range and sufficient eye-safety has not yet been

. addressed and solved.

SUMMARY OF THE INVENTION

s It is an.object of the present invention to provide for an improved optical
transmitter module. '

It is a fu_rther object of the present invention to provide for an optical
transmitter module of small size and with optimum radiation pattern.



F perfiormance of the |ight sources and safety requirenents for Irght
exposure, have denonstrated transmi ssion ranges of sev&hig hcﬁtéiueBsn acelfh ta
rates of 1 Mops. Crucial paraneters of a wireless optrc L]

system are the achievable data rate and the distance ‘bet

exchangr ng data. In an office environnment, it can be necessary to

comuni cate data over distances exceeding $he transm ssion range of a
conventional optical transmtter. There are several disadvantages of
todays wreless optical data transm ssion systens. First, the '
transm ssion range is not suited for use in environnents such as for
exanpl e | ar gdt disf mpetheroobjentdot dhe epeasest riowentiandta heravidee afoiroan optical
characteristr g precise

al i gnnment of ??gﬂg%{%gdg%d%@e%évﬁeég%% éﬂét&ggtghdéwgg&ﬁ%%ém take into
account that in nost environments there I S unavoi dabl e anbient |ight, such

.as dayl  ght 9% |s' %%tﬂé @b,&r{péf tY%Q present invention to provide for an optrcal
transmitter module with switchable radiation- pattern.

The above objects have been accomplished by provision of optical -
transmitter modules as hereinafter claimed.
DESCRIPTION OF THE DRAWINGS

AND NOTATIONS USED

The invention is described in detail below with reference to the following -

drawings:
FiG. 1 shows a schematic cross-section of an 'optical transmitter
module in accordance with the present invention.
FiG. 2 shows three different regular and symmetrical configurations of
light emitting. diodes.
FlG. 3 shows a schematic cross-section. of an optical transmitter
| module in accordance with the present invention.
FIG.4 . shows a schematic cross-section of an optical transmitter
% .. module in accordance with the present invention.
FIG. 5 shows a schematic cross-secti'on of an optical transmitter

module in accordance with the present invention.

FIG. 6A ~ is a cross-sectional view of a dome-shaped housing.



al ways reaches the optical detectors, unless the systemis restricted for
the use in a conpletely dark environnent. Unavoi dabl e anbient |ight can
lead to tine-dependent signals, for exanple AC signals fromlanps, and is
an inportant, in many practical cases the dom nant source of noise in the
optical receiver. Thus, ambient light influences the signal-to-noise ratio
of the receiver and, therefore, affects tHe transm ssion range. The

appear ance of unavoidable light is nostly statistical and often difficult
to control and its intensity can drastically change, ‘as it is apparent for
sunlight or |anps being switched on and off. A further realistic effect
whi ch st ati sthiGal6By af figaterossrsestignall view-ofca sdomexrshaped dousing.t he

transm ssion 'range is. the occurrence of optical path obstructions
i'nfluencing the receiver signal. A first approach to get round these
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This has proven to be i t.l. cal e r ower
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FIG. 8 is a schematic top-view of an optical transmitter module in

accordance with the present invention

FIG. 9 is a schematic top-view of an optical transmitter module in

- accordance with the present invention.

FIG. 10 shows a schematic cross-section of an optical transmitter
module in accordance with the present invention.

FiG. 11 shows a schematic cross-section of an optical transmitter
module in accordance with the present invention.

FIG. 12 shows a schematic cross-secti.on .of an optical transmitter.
| module with switchable radiation pattern in accordance with the

present invention.

- FIG. 13A is a schematic top-view of the optical transmitter module with
. switchable radiation pattern illustrated in Figure 12.

FIG. 13B is a sch_e'maﬁc_ top-view of the optical transmitter module with
switchable radiation pattern illustrated in Figure 12.

FiG. 13C is a' schematic top-view of the optical transmitter madule with
switchable radiation pattern illustrated in Figure 12.

} FIG. 14 shows a schematic cross-section of an optical transceiver

module in accordance with the present invention.



4 would be way to high for use in portable systens such as for exanple in
not ebook conputers or pal ntop conputers. However, the nost inportant.issue
facing the devel opment of optical wreless systens is optical safety. It is
anticipated that optical radiation can present a hazard to the eye and to
the skin if the exposure is high enough. The degree of hazard depends on a
nunber of factors, including the exposure? evel (energy or power), exposure
time and wavel ength. "In the article "Optical Wrel ess: New Enabling
Transmitter Technol ogies", P.P. Snyth et al., IEEE International Conference
on_.Conmuni cations '93, My 23-26, 1993, Geneva, Switzerland, Techni cal
Program ConFéEehdh Resbhows wolsghematis, cpess-sectiorso®, athaanficalt trapgteiveng

eye safety standards agdifill 1A%cBoflENEOHH the bratal ihughugachnol ogy are

di scussed. This-new form {7 Ssmtrer technol ogy I's based on the idea to
enl arge the area of the optical source in order to reduce the danger of

phase hol ogr B0t BB oyl o, Schehaltc, SpMRP 3 Ind cralefee, PREE e ehicd)
of a single laser di odtrapsceiver module illustrated in Figure 15A.

FiG. 16 shows a schematic cross-section of an optical transceiver
module in accordance with the present invention.

FIG. 17A shows a schematic cross-section of an optical transmitter
module with switchable radiation pattern in accordance with the

present invention.

FIG.17B is a schematic top-view of the housing and reflector ring of the
’ optical transceiver module illustrated in Figure 17A.

i
FIG. 18A shows a schematic cross-section of an optical transmitter
' module with switchable radiation pattern in accordance with the .

present invention.

FIG. 18B is a schematic top-view of the housing and reflector ring of the
optical transceiver module iliustrated in Figure 18A.

FIG.19A .. shows a schematic view of a fixture for mounting an opti_cal
transmitter/transceiver module with switchable radiation
pattern in aci:ordance_ with the present invention.

FIG.19B = is a schematic view of the fixture of Figure 19A in a ftilted
position. '
FIG.20 -~ shows a schematic cross-section of an optical transmitter

module with switchable radiation pattern in accordance with the

present invention.



‘Fhis approach is a first step in the right direction, but the problem of
insuf ficient transm ssion range and sufficient eye-safety has not yet been
addressed and sol ved. SUMVARY OF THE INVENTION It is an object of the
present invention to aneliorate one or nore of the abovenentioned

di sadvant ages. According to one aspect of the present invention there is

di scl osed optical data transni ssion nodul 8 conprising an array of infra-red
light emtting diodes being arranged in a regular, and preferably
symmetrical, manner and being either individually or commonly addressabl e,
and. a dbne-shaged housi ng form ng a cavity, said nodul e being characterized
in that sai dFEs+21A | s shawsit 2dnofebiiok camputeriwith andoptical d@nsmittgpear

housi ng conpri ses di ffﬁgﬂécﬁéﬁmdﬁ”ﬁ%ﬁﬁgﬁ%ﬁémé%q light is emtted from

said array inside said cavi roug usor means providing for an
apparent source enlargenent. According to another aspect of the invention

th is di ai | C il
bnot her _aspell TR ho SIE °a “ABRELBK  Sobtisihe? Wit Bn. HELAER ikl
transmitter or transceiver module.

FIG. 22 is a schematic block diagram of the analog frontend of a
transceiver in accordance with the present invention.

GENERAL DESCRIPTION

lh view of the above it is highly desirable for wireless optical transmitter

modules to meet the following criteria:
1. eye safety to the highest possible degree;

2. optimum source radiation jpattern distributing the power-limited optical
~ signal in an efficient. way. to gain maximum transmission distance at
minirﬁum dynamic range. This is of particular interest if an optical
transmitter module is used in common office enviro‘nments (low ceiling,

diffusg propagation mode).
3. no need for aligning transmitters and receivers;

4. for environments with a very high ceiling with poor (or non-existing)
reflection properties (buildings with atrium, large lecture theatres, .
¥ outdoors) the possibility to rely on line-of-sight (LOS) propagation
without need for aligning the fransceiver modules.

In connection with Figure 1, the basic concept of a transmitter module in
accordance with the present invention is described. As illustrated in this
Figure, such an optical transmitter module comprises an array of light
emifting diodes 11, which are arranged in a regular and symmetrical



ffor wirel ess data comuni cation, the transceiver conprising: (a) a said

nodul e, (b) an array of photodi odes, (c) anplifiers for anplification
of the signals received by said array of photodi odes, (d) means for
detecting the information carried in the signals received by said array of
phot odi odes, 5 (e) driver means for driving the array of infra-red

|ight emtted diodes of said nodule, (f) 9 neans for active selection and
i ndi vi dual conbination of the signals received by each of the phot odi odes
of said array of photodi odes, (Q) means for proximty detection by

determ ning the strength of an echo
manner. To fix the diodes 11 in the right position, a mounting base 10 is

employed. The array of light emitting diodes 11 is situated in a
dome-shaped housing 12. In the present example this dome-éhaped housing
12 is a long cylindrical tube with a domed end section. This housing 12 is at
least partially trahsparent. In addition it comprises diffusor means to
provide for an apparent source enlargement. Diffusor means can be
realized in different ways. The housing 12 might for example consist of a
plastic material comprising suspended particies of high refractivé index
such that at least part of the housing serves as diffusor. In another
embodiment, diffusion of the light beams emitted by the light emitting
diodes 11 can be achieved by means of a housing .12 having a corrugated
surface.- A plexiglass housing which has been sandblasted with glass chips
(size between 100 - 150 microh) provides a four-fold on-axis powér
reduction with half-power angle (LEDs DN305 Stanley have been used)
increase from 7.59 to 109 (vertical incidence of light at the diffusor). Other
diffusor means will be described in connection with the following
embodiments. Depending on the roughness of the !diffusor surface, or on the
number and size of particles integrated into the diffusor housing, either a .
full diffusor or a partial diffusor can be achieved. The usage of such a full

diffusor results in a Lambertian source.

. Depending on the symmetry of the configuration and elevation angle of the
light emitting diodes, the radiation angle of the diodes, the shape of said
housing, the diffusor means, and their location in said housing with respect
to each other, different radiation patterns can be obtained. In Figure 2, top
views of three exemplary diode configurations are shown. The mounting

3 base 20,.0n the left hand side of Figure 2, carries only three light emitting -
diodes 21 being arranged in a triangular manner. The_mounting'base 22,
carries féur regUlarly arranged diodes 23, and the mounting base 24 carries
eight light emitting diodes 25. These eight diodes 25 are arranged in a

- circular manner. it is obvioué from these three examples, that any kind of
~ symmetrical and regular arrangement' of light emitting diodes in connection



signal. and switching off the array of infra-red light emtting diodes of
said nodule if said echo signal exceeds a predefined limted. According to

still another aspect of the invention there is disclosed a transceiver for
wirel ess data conmunication; the transceiver conprising: (a) a said
modul e, (b) anplifiers for anplification of the signals received by the

array of photodi odes of said nodule, (c) 10 nmeans for detecting the
information carried in the signals received by the array of photodi odes of
sai d nodul e, (d) driver means for driving the array of infra-red |ight
em-yting diodes of said nodule, (e) means for active selection and

i ndi vi dual covith aatanpropriateboysingaand diffusords syjtedslonobiain achighsiegteedds
of the array L S i d. : ans for proximty
det ecti on by &%ﬂ%ﬁﬁ%g h%ﬁ‘s'}‘ﬁﬁ*n%’?‘??&%#]a?'naﬁ'ﬁBa‘éf’g‘r?& and swi t chi ng of f
the array of infra-red light emtting diodes of said nodule if said echo

si gnal exceecgefsré) 'ﬁ?r(iﬁérl Qﬁﬂ;&dimehts will be described, more details concerning the
iight emitting diodes are given. The light emitting diodes herein shown are
'commercially available diodes'being encapsulated Ii‘n a small, conventional
plastic housing. Such diodes are available in plastic housings of different
size, material, and with various radiation patterns and angles. Well suited
are for example Stanley DN305 and DN304 light emitting diodes. It is
obvious, that the preSeﬁt invention is not limited to the use of individual
diodes; each being encapsulated in its own housing. Under certain

- circumstances, it might be advantageous to use an array of diodes, all of
them being encapsulated or packaged in one common housing. It is further
conéeivable, to employ either separate light emitting diodes or an array of
light emitting diodes grown on a common substrate, without housing. The
dome-éhéped housing in which these diodes will be located, then replaces

. |
the diode’s own housing and serves to protect these diodes.

In Figuré 3, another optical transmitter module, in accordance with the
present invention, is shown. This module comprises a mounting base 30 on
~which light emitting diodes 31 are arranged in a regular and symmetrical
- manner. The mounting base 30 has inclihed surfaces and the diodes 31 are
fixed on it such that they face towards the center axis of the cylindrical
housing -32. The diffusor is integrated info the housing e.g. by means of

suspended paﬂicles.

4 In the next embodiment, illustrated in F.ighre 4, a.computer-generated phase
hologram 43 is employed to obtain suitable beam shaping. This hblogram is
located in the cylindrical housing 42 which covers the érray of light emitting

diodes 41 located on a mounting base 40.

In Figure 5, an optica_l transmitter module with dome-shaped housing 52 is
shown. This module further comprises a mounting base 50 carrying an array



DESCRLPTI ON OF THE DRAW NGS AND NOTATI ONS USED The invention is described
in detail belowwith reference to the following drawings: Fig. 1 shows a
schematic cross-section of an optical transmitter nodule in accordance with
the present invention. Fig. 2 shows three different regular and synmetri cal
configurations of light emtting diodes. Fig. 3 shows a schematic
cross-section of an optical transnitter nddul e in accordance with the
present invention. Fig. 4 shows a schematic cross-section of an optical
transmtter nodule in accordance with the present invention. Fig. 5 shows a
schematic cross-section of an optical transmtter nodule in accordance with
the present idfJightiemittimg diodes 59. Part of dhe dausing 52\ campoises al itk diffugeed

housi ng. surface 53 to obtain diffusion of the light beams emitted by the diodes 51.
Similar results can be obtained by means of a checkerboard diffusor pattern -
applied to the housing. If the diffusor surface is situated at the inside of the
housing 52, contémihation of the difosor_ by finger grease or dust can be
prevented. Different degrees of diffusion may be obtained by varying the
roughness of the diffusor surface, by changing the checkerboard pattern, or
by applying the diffusor surface on the inside and the outside of the
housing. The required surface roughness can be obtained by sandblasting
or etching the mouid for pressing the plastic housing. In case of a plastic
housing comprising suspended particles, the degree of diffusion .can be
modified by imbedding particles of different size and/pr shape.

Other dome-shaped housings 60 and 61 are schematically illustrated in
Figures 6A and 6B.

The optical transmitter moduile given in Figure 7, comprises a flat mounting
base 70 on which conventional light emitting diode§-71 are arranged. The.
pins of these diodes are bent, such that the diodes emit light towards the
center axis 74 of the dome-shaped housing 72. This arrangement' is
advantageous in applicatibns where the space is limited and the whole
: transmitte_f module ought to be small. It has been determined, that the
inclination angle of the diodes, i.e. the angle between a plane being
perpendicular to the center axis 74 of the dome-shaped housing 72 and the
center axis 75 of the diode’s radiation cone, should preferably lie betweeh
50 and 80°, and in particular between 200 and 40°. The optimum angle
3 between the center axis of a LED and the mounting base is about 259, as far
as the use in the herein described and claimed modules is concerned. The
angle of 259 results in a maximum diffuse range in offices with low ceilings
(2.5 - 3.5m).

Another configuration is illustrated in Figure 8. In this embodiment, eight
light emitting diodes 81, each of them having its own housing, are arranged



@ FIG 6B is a cross-sectional view of a done-shaped housing. FIG 7
shows a schematic cross-section of an optical transmtter nodule-in

accordance with the present invention. FIG 8 is a schematic top-view
of an optical transmtter nodule in accordance with the present invention
FIG 9 Is a schematic top-view of an optical transmtter nodule in
accordance with the present invention. FI d2 10 shows a schematic
cross-section of an optical transmitter nodule in accordance with the
present invention. FIG 11 shows a schenatic cross-section of an optical

transmtter nodule in accordance with the present invention. FIG 12
shows a scherBt? Sirsularsand giegytaromannes AN @amourdingnbase BO0nsurh thatj light is

swi tchabl e 1 ag)f{ddOPadigiy Shith 'r8sBECCIF I ndliB 4 REnfire£6E 8d. WERbW Beam
light emitting diodes with an elevation angle of approximately 250 are well
suited for use in this embodiment.

A similar, star-like configuration' with eight diodes is shown in-Figure 9. in
this embodiment, the diodes 91 carried by a mounting base 90 face towards
the center axis of the housing. On the left hand side of this Figure, a
housing with a full diffusor surface 93 is shown. Full diffusor means that the
corrugated surface covers the whole beam cross section. The diffusor can
be strong {(producing a Lambertian source) or weak (producing additional
scattering of the beam to improve éye—saftey). This full'diffusor surface is
realized at the inner surface of the dome-shaped housing. The respective
radiation pattern obtained by diffusor means 93 is illustrated next to it. On
the right hand side, a schematic sketch of a dome-shaped housing is shown
which comprises a checkerboard diffusor pattern 92 serving as diffusor. The
respective radiation pattern is indicated next to this sketch. As schematically
illustrated, part of the light passes the diffusor almost unobstructed, and the.
remaining light beams are scattered. Such a checkerboard pattern could for
example be realized by drilling holes into the housing, or by using a suited

mask when sandblasting it.

An optical transmitter module with dome-shaped housing 102, diffusor
means 103, and an additional ring-shaped prism section being integrated in
the housing 104, is illustrated in Figure 10. As illustrated by means of
dashed lines, this prism ring 104 deflects part of the beam pbwer, denoted

» with A, (downward) in a horizontal direction. The remaining portion is
_emitted through the diffusor 103, directly. The prism ring 104 improves
line-of-sight path communication. :

- A further embodiment of the present invention is shown in Figure 11. The
module illustrated in this Figure, comprises a mounting base 110 on which
an array of light emitting diodes 111 is situated. These diodes 111 are



FIG 13A © is a schematic top-view of the optical transmitter nodule with

switchabl e radiation pattern illustrated in Figure 12. FIG 13B Is a
schematic top-view of the optical transmitter nmodule with sw tchable

radi ation pattern illustrated in Figure 12. FIG 13C is a schematic
top-view of the optical transmtter nodule with sw tchable radiation
pattern illustrated in Figure 12. FIG 1413 shows a schematic
cross-section of an optical transceiver nodule in accordance with the
present invention. 7 FIG 15A shows a schematic cross-section of an

optd cal transcejver nodule in accordance with the present invention. FIG
15B is a sdénelined withogespest e muuntingeibaee pHI tarst emhit lighti vadially. The

transceiver yadtl phbodShoaling 192 LeMbPist8 a reflector ring 114 at the inner
surface and diffusor means 113. This reflector ring reflects at least part of
the beams emitted by said diodes 111 upward, before the beams pass the

diffusor 113.

A cross-sectional view of another embodiment is shown in Figure 12. An
optical module is shown in this Figure, which allows to switch the beam
pattern, as illustrated in Figures 13A - 13C. The purpose of beam switching

is either to have a radiation pattern (e.g. 259 giving maximum
omnidirectional range (see Figures 13A and B), or maximum range in a
certaiﬁ direction (see Figure 13C). This switchable module comprises a
mounting base 120 on which an array of diodes 121 is fixed. The diodes are
located in a doeme-shaped housing 122 which shows diffusor means 123,
reflector means 124, upward deﬂectihg prisms 125, and downward deflecting
prisms 126, both with roughened surfaces. The modes of operation of this
switchable" module are described in connection with Figures 13A - 13C. In
these Figures, top viéws of the module are given. As shown in Figure 13A, .

, - the housing 122 comprises a series of reflector means 124 and deflector
S | prisms 125, 126 along its' inner surface 130. For sake of simplicity, the
reflector means 124 are indicated by a bold line. Switching of the beam

- pattern can be achieved in that the housing with reflectors 124 and deflector
prisms 125, 126 can be rotated with respect to and around the center axis of
the array .of light emitting diodes 121. The deflector angles (horizontal
plane) determine the desired reflected beam direction. The position of the
arrow marker 132 (on the rotating housing 122) with respect to the (fixed)

3 symbols 134 indicates the selected beam pattém. If the marker 132 points
on the symbol “empty circle”, the module emits light with an elevation angle

" o of approximately -250 in a!l' directions, i.e. in this mode of operation, the
module serves as omnidirectional antenna with maximum transmission

range and is suited for low ambient light. This position repeats every 450,



FI G 16 shows a schematic cross-section of an optical transceiver nodul e
in accordance with the present invention. FIG 17A shows a schematic
cross-section of an optical transmitter nodule with swi tchable radiation
pattern in accordance with the present invention. FIG 17B is a schematic
top-vi ew of the housing and reflector ri n%\ of the optical transceiver

modul e illustrated in Figure 17A. FIG 18M shows a schematic
cross-section of an optical transmtter nodule with switchable radiation
pattern in accordance with the present invention. FIG 18B is a schematic
top-view of the housing and reflector ring of the optical transceiver

modul e il | ustMarked 132 englhecsympol Fiul cirgle”, segofigurestIBnindicateiscay hgam

S tehabl o r SVHoRCaRR1ECH drcdbprohdiiaiy 0. 0P TGE nlCTealBH biflditdktionat,

19B is a sophwent idensitgwionf thée vidinityir of ofhe-i modesled O i high tambesht light
environmenté..This position repeats every 459. in the example shown in
Figure 13C, the pointer 132 points on the symbol "arrow”. This indicates the
selected beam direction for increased directed rangé. The beams within the
housing are indicated by means of dashed arrows. Eight different radiation

directions may be chosen in increments of 450,

In Figures 14 to‘16, optical transceiver modules, in accordance with the
present invention, are shown. The embodiment shown in Figure 14 is based
on the module illustrated in Figure 3. This module in addition to the
transmitter part comprises a receiver. The receiver has four photodiodes
143 arranged below the mounting base 140. These photodiodes are tiited
and face in different directions to receive light from all around the.module.
The orientation and configuration of these photodiodes depends on .the
field-of-view of each diode, as well as on the shape of the housing and the
position within the housing. "The photodiodes are protected by a thin wire .
mesh 145 which serves as Faraday cage to reduce electro magnetic
interference. In the present embodiment, this wire mesh 145 is integrated
into the dome-shaped housing 142. In this module, a substrate 144 for
. electronic circuitry in SMD-Technology is situated underneath the
photodiodes 143. This substrate 144 might carry preamplifiers, LED drivers,
or complete analog chips, if the space permits.

In the next embodiment which is shown in Figure 15, the receiver part is
+ situated above the transmitter part, i.e.I above the light emitiing .diqdes
carried by a mounting base 150. The receiver compriseé an array of five
photodiodes 153, all of them being arranged'such that light is received from
all directions. These photodiodes are protected by a wire mesh 155 being
integrated into the domed endsection of the housing 152. A substrate 154
with electronic circuitry is situated underneath these photodiodes 153. The



position. FIG 20  shows a schenmtic cross-section of an optical
transmtter nmodule with swtchable radiation pattern in accordance with the
present invention. 8 FIG 21A shows a not ebook conputer with an
optical transmitter or transceiver nodule being attached to it. FIG 21B
shows a notebook conputer with an integrated optical transmtter or
transcei ver nodule. FIG 22 is a schemd®ic bl ock di agram of the anal og
frontend of a transceiver in accordance with the present invention. GENERAL
DESCRI PTION I n view of the above it is highly desirable for wireless

optd cal transmtter . .
receiver part is separated from the transmitter by means of a reflector.156.

In Figure 15B, a schematic top view of the receiver part is shown.

Another optical transceiver module is illustrated in Figure 16. This module
is based on the transmitter module being shown in Figure 7 and differs in
that a receiver is integrated in the same housing 162. This receiver
comprises an array of photodiodes 161 being mounted on a base plate 160.
The receiver is located such that the beams emitted by the light emitting
diodes pass the housing and diffusor almost unobstructed. Narrow-beam
light emitting diodes with an elevation angle of approximately 250 are well
suited for use in this embodiment. Modules with a star-shaped array of 3 - 6
photodiodes at 300 - 459 elevation angle showed good results.

Another embodiment of the present invention is illustrated in Figures 17 A
and 17B. Shown is a cross section and top view of a module with switchable
beam pattern. The array of light emitting diodes 201 is situated on a
mounting base 203. The light emitting diodes 201 are located in a
symmetrical manner underneath a dome-shaped diffusor housing 200. If this.
housing is in Position 1 (Pos. 1) with respect to the light emitting diodes 201
(see f'ight hand side of Figures 17A and 17B), the light is emitted vertically
through the housing 200. Depending on whether this part of the housing is
. realized as diffusor, the beam pattern is focussed or spread. The housing
200 comprises a reflector ring 202. If the housing 200 or the reflector ring
202 is rotated with respect to the diodes 201 (Pos. 2 on the left hand sidé of
Figures 17A and 17B) the light beams emitted by the diodes are reflected
-towards the side facet of the housing 200. This side facet is usually
+ comprises diffusor means to achieve widening of the beam. It is shown in
Figure 17B that the reflector ring 202 might be carried out as a ring with
several ‘tongues’. The reflector ring 202 can be made using a thin metal
which is embossed or punched. In the exampie giveh in Figures 17A and
17B, a rotation of 22.50 aliows to switch from position 1 to position 2.



nodul es to neet the following criteria: 1. eye safety to the highest

possi bl e degree; 2. optinmum source radiation pattern distributing.the
power-limted optical signal in an efficient way to gain naxinm

transm ssion distance at minimumdynam c range. This is of particular
interest if an optical transmtter nmodule is used in common office
environnents (low ceiling, diffuse propaga?lsi on node). 3. no need for
aligning transmtters and receivers; 4. for environnents with a very high
ceiling with poor (or non-existing) reflection properties (buildings with
at rd um Iarge | ecture theatres, outdoors) the possibility to rely on

| i ne- of - SI ght Another eannemb0f an Rptisdlutransenttesrmadulmiwi t%’tﬁ'?%mgcéﬁﬁ@r

modul es. I'n GotiAt isoﬂldﬂ'h‘ & 'IHUFi%ui'-es 48R BRA P8EONERRAL nﬁdlﬁetcro%ﬂﬁméé &n

nodul e i n accordance wth t present invention is describ
il lustrated iatranjef rhg@&remltbnghdmdezqotmdalwmabngmtslwatﬁﬂdm ewgongie%ey an

g;[rﬁét ‘r’T C;: IepfrBbLibh8Yof :° Hisunting WasEN2P3 STRET 810¥RY 11 2are*8BlBled M) a
dome-shaped diffusor housing 210. A reflector ring 212 is integrated into the
housing 210. This ring 212 comprises tongues or cantilevers bent suéh that
the light beam emitted by the diodes is reflected towards the side walls of
the diffusor housing 210 (see position 2 on the left hand side of Figures 18A.
and 18B). If the housing with reflector ring is rotated such that the diodes
211 are not situated underneath th-e reflecting tongues or cant_ilevers of the

"~ ring 212, the light beams are emitted vertically with respect to the mounting
base 213 (see position 1 on the right hand side of Figures 18A and 18B).

In Figures 19A and 19B, a fixture for mounting a module 220 with switchable
beam pattern is shown. In -Figure 19A, the housing and reflector ring is in
position 2, i.e. the light beam is emitted omidirectional, and the transmitter
radiates a's indicated by the arrows. In Figure 19B, the fixture 211 with
module 220 is opened up, and the module is in position 1, i.e. it radiates.
light perpendicular to the mounting base of the diodes. This fixture 221
allows direct line. of sight communication if the module is in position 1 and

faces a remote receiver.

Another configuration of a switchable transmitter module is shown in Figure
20. In this embodiment, the center axis of the diodes 221 are filted
approximately 250 with respect to the mounting base 223. if the
dome-shaped housing 220 is in position 1 (see right hand side if Figure 20),
+  the light beams pass-the housing as indicated. In position 2, a reflector 222
is placed in front of the light emitting diodes 221, and the light beam is
reflected .upwards' (see Figure 20 on the left hand side). In the present
example, the reflector 222 is a thin metal plate having an angle of inclination
of about 580. The reflectors can be carried by a metal ring which is

integrated into, or fixed in the housing 220.



9 manner. To fix the diodes 11 in the right position, a nmounting base 10 is
enpl oyed. The array of light emtting diodes 11 is situated in a
dome- shaped housing 12. In the present exanple this done-shaped housing 12
is along cylindrical tube with a domed end section. This housing 12 is at
l'east partially transparent. In addition it conprises diffusor neans to
provi de for an apparent source enl argemenfl/ Diffusor means can be realized
in different ways. The housing 12 mi ght for exanple consist of a plastic
naterial conpri sing suspended particles of high refractive index such that
.l east part_of the housing serves as diffusor. |In another enbodinent,

d| ffusion of Theereflegtar Hagnthawn in ddgusest he 18, gand &9 tiohy ke seRieced hyad be
achi eved by ??%g@ gfegeafh@?? sqled ch Fﬁgl 8%5%@3* prhsti’ 46 Svhiéh RhFbGLass

housi ng whi c n sand
series of prism shaped and arranged such that different beam radiation

patterns are obt_ained. depending on the position of this pi‘ism ring with
respect to the light emitting diodes. This prism ring might be an integral
part of the dome-shaped housing. Different approaches are conceivable
-where either the housing carrying the prism or reflector ring is rotated with
respect to the position of the diodes, or where the ring as such is rotated
with respect to the housing and diodes, or where the diodes themselves are

rotated.

The reflectors in Figures 11 and 12 might be 'replaced by a metal ring
carrying ‘tongues’ or cantilevers, as ‘described in connection with Figures
17, 18 and 20. The only difference with respect to a switchable module
would be that this metal ring would then be fixed (not rotatable).

Two different integration or attachment schemes of the present transmitter
and transceiver -modules for notebook .computers are illustrated in Figures .
21A and 21B. The optical transmitter or transceiver modules herein
described should be free of hear—field obstructions through housing or
displéy panel of the computer to which it is attached or into which it is
. integrated. In Figure 21A, a notebook computer 170 with removable optical .
transmitter/transceiver module 171 is shown. This- module 171 is attached
with a magnet or Velcro clip 172 to said computer 170. A cable 173
interconnects the module 171 with an interface card plugged into one of the
computer slots. In Figure 21B, a computer 174 with integrated module 175
v+ is shown. This module is integrated into the display and any electrical
interconnections and the respective intérface circuitry are p.laced inside the
computer. This module 175 can be retractable.

A block diagram of a specially designed analog frontend circuitry is
illustrated in Figure 22. This circuitry comprises preamplifiers_ 180 coupled
to each photodiode of the photodiode array 181 as receiver. The switches



(si ze, between 100 - 150 m cron) provides a four-fold on-axis power
reduction with hal f-power angle (LEDs DN305 Stanl ey have been used)
increase from7.5[err] to 10[err] (vertical incidence of light at the
diffusor). Qther diffusor means will be described in connection with the
foll ow ng enbodi ments. Dependi ng on the rogghness of the diffusor surface,
or on the nunber and size of particles int'@grated into the diffusor

housi ng, either a ful'l diffusor or a partial diffusor can be achieved. The
usage of such a fuII di ffusor results in a Lanbertian source. Dependi ng on
t he. symmetry of onf i uratlon and el evatlon angl e of the ght emttlng

di odes, the riif %ﬁe'éﬁﬁ'l'é B switeh fanded upie 183 dpeilitates § aem}gﬂng thge

di f f usor meangignaigdrédeivéd | WthOPedﬁbcﬁ%dpﬁ&Wl&ﬁleé/\ﬂ A, rcﬁsaee;bbé@t %@Gthe
ot her, dlfferent radi ati on, patterns can be obtained. In ﬁure , Vi ews

of three exerfﬁFﬁWdoq'Sﬂé'sc'érmeﬁ'F‘%ﬂq #ha rastampbiigr "I’ﬂeaﬂﬁd en dgd BBE‘E‘QIDa on

the |eft handgjgdrdeg®ito Fh Wdrtparater@fBEES |PRh¥ prdisBRt IbIGER dpagram NhedinddRy 21
being arranged in a triangular nmanner. The nounting base 22, carries four

regularly ar rFH'ﬁééﬂ'tm%é%t'% ar&nt!l‘cﬂtl'ﬂ#qmﬁ‘h't |H‘i§x!§’é'§3é defe¢tion |1€§ echo signal
received at the photod|odes 181 and emitted by the array of light emitting

. diodes 187 is watched. If the echo signal exceeds a predetermined level, the
. light emitting diodes 187 are automatically switched off. This active safety
interlock is achieved by means of a peak signal detector 188 which is
coupled via a bus n parallel lines to the output of the preamplifiers 180. A
control circuit 190 analyzes the received signal to detect strong echo
signals. It then immediately switches the drivers 191 such that no more
light is emitted. The control circuitry 190, together with a DC photo current
detector 189 and the switch control unit 183 allows an automated selection
and/or combination of signals. This selection takes into account the actual
signal strengths and/or the DC currents (measure of shot noise received
from directed ambient light sources like sunlight, desk lamps) of the
photodiodes 181.

The whole analog frontend is connected via an interface unit 192 (PCMCIiA)

to the microprocessor bus 193.

The optical transmitter modules and transceiver modules presented herein
are eye-safe optical systems and have several additional advéntages. They
are compact and suited for integration into computers and other devices. A
module in accordance with the present invention can be easily attached to
, any notebook computer. The modules are characterized by their optimum,
neaﬂy uniform circular radiation characteristic, which in some embodiments
can be swilched. The modules allow to distribute and receive the:
power-limited optical signal in an efficient way to gain maximum
transmission distance. Intense directed ambient light can be suppressed by
means of an analog frontend as illustrated in Figure 18. The present
modules are distinguished from conventional transmitters in that less total



eight. light emtting diodes 25. These eight diodes 25 are arranged in a
eircular manner. It is obvious fromthese three exanples, that any kind of
symretrical and regul ar arrangenent of light emtting di odes in connection
10 with an appropriate housing and diffusor is suited to obtain a high
degree of eye safety and an opti num source_radi ation pattern. Before

further enbodi ments will be described, not® details concerni ng the I'ight
emtting diodes are given. The light emitting diodes herein shown are
commerci al ly avail abl e di odes being encapsulated in a small, conventional

pl-astic housing. Such diodes are avail|able in plastic housi n s of different
size, materi 8hot ARIPEVPERURErthEE IMRIGVING he ﬁéﬂ'@@f’?@sﬁrﬁﬁm&nap dtrangmissign t ed

are for exanpdggestiphh8yitid3ARedd s Wﬂéeh'ﬁ?tm |F\§'t'?ﬂ: fHandesivel tmbdules.

obvi ous, that t e present I'nvention is not |imted to the use of 1ndividual
One special embodiment of the present invention facilitates two

transmission modes namely diffuse and/or line-of-sight communication.

The present transmitter and transceiver modules comply with |[EC 825-1
regulations. This can be achieved with a large enough extended apparent
source, and/or with an active safety interlock if the head of a person comes
too close to the emitter. As described above, this interlock mechanism might
be based on sensing the strong reflected echo signal with the photodiodes
of the emitting transceiver module caused by a nearby object (proximity
detection).

The present invention provides an automatic mechanism to block intense
directional ambient light (from desk lamps, windows, direct sunlight) in
order to optimize the transmission range for a given data rate. This feature
can be implemented by selectivity-combining of individual photodiodes
pointing in different spatial directions (sectorization), thus selecting the.
maximum possible signal_/noise ratia. |



di odes, each being encapsulated in its own housing. Under certain

conceivable, to enploy either separate light emtting diodes o

|'ight emtting diodes grown on a common substrate, w thout housing. The
done- shaped housing in which. these di odes_zw |l be |ocated, then replaces

t he di ode's own housing and serves to protect these diodes:. In Figure 3,
anot her optical transmtter nodule, in accordance with the present

i neention, is shown. This nodul e conprises a nounti ‘ | r“lm”mnzh
light emtting diodes 31 are arranged | GLAIM8gul ar |mu M I nner .
The nounting base 30 has inclined surfaces and the dl odes31™ar® fixed on

it such that they face towards the center axis of the cylindrical housing
32. The di f f dsorOptical datgrizaesimissian meduewsnmprising. abyamenred lightemiftinded

particles. Int t ' ' t in _Fj .

conput er - gener a@%agﬁégiﬁ%%ﬂj‘o%?gﬁ"@‘% iﬁeéngfaggledé ! t‘%‘%gg g‘ieﬁa%lgi ?)érgfneet_ggglm

shapi ng. Thi s hdhagneminsa dome-shaped housing (52) with diffusor means for an
apparent source enlargement, said light emitting diodes being either

% Replaced
ci rcunstances, it mght be advantageous to use an array of di ee'f__ s Been Replase _
t hem bei ng encapsul ated or packaged in one conmon housing. It “ ﬂﬂ“ |\

individually or commonly addressable.

2. The module of claim 1, wherein the light erhitting diodes of said array
(11; 201) are-located on a mounting base (10; 203) such that the main
radiation axis of the diodes is approximately paraliel to the center axis

of said dome-shaped housing (12; 200).

3. The module of claim 1, wherein the light emitting diodes of said array
(31; 41; 51; 71; 81; 91; 101; 111; 121; 221) are located on a mounting
base (30; 40; 50; 70; 80; 90; 100; 110; 120; 140; 150; 223) such that the
main radiation axis of the diodes is tilted with respect to the center axis
of said dome-shaped housing (32; 42; 52; 60; 61: 72; 102; 112; 122; 142; .
152; 162; 220). '

4. The module of claim 3, wherein the light emitting diodes (31; 41; 51; 71;
91; 101) are arranged such that they face towards said center axis.

5. The module of claim 3, wherein the light emitﬁng diodes ('81; 111; 121; '
221) are arranged such that they face radially outwards with respect to

said center axis.

6. The module of any of the preceding claims, wherein said dome-shaped
housing (42) comprises a phase'hologram (43) serving as beam shaper

and being located inside the housing.



Located in the cylindrical housi nQ 42 which covers the arrayof—tight :
em tting diodes 41 |ocated on a nmounting base 40. In Fi gurhigshed Baed Réplaced

transmtter nodule with donme-shaped housing 52 is shown. Th

further conprises a nounting—base_50 carrying an array o] EIJIE![IH%MI'H
di odes 51. Part cﬂ"mﬁ 2 conprises a full diffusor

obt ai n diffusion ”ﬂﬂﬂ% em tt®H by the diodes 51. Sinilar
results can be obtfai r?ed'-byn f a checkerboard diffusor pattern applied
to the housing. If the diffusor surface is situated at the inside of the

housi ng 52, contami nation of the diffusor by finger grease or dust can be
prevented. Dffféhenmafiecet wie wff thei eaimay 1t wiheseinedaly dJdeme-shandde

e o LS P10, S e, SRR TarechE ARl b o

housi ng. The rewhichegenie aadiffysergheans (¥Hn be obt ai ned by sandbl asting

8. The module of one of the claims 1-5, wherein said dome-shaped
housing comprises a corrugated surface (93) at the inner and/or cuter
surface which serve as diffusor means. '

9. The module of claim 8, wherein said corrugated surface has a degree of
roughness which matches the wavelength emitted by the light emitting
diodes of the module.

10. The module of one of the claims 1-5, wherein said dome-shaped
housing comprises a checkerboard pattern (92) at the inner and/or outer

surface which serve as diffusor means.

11. The module of any of the preceding claims, wherein said dome—sha’bed
housing "(102) comprises a prism ring (104) which reflects part of the .
light (A) emifted by said array of light emitting diodes (101) downwards
such that direct line-of-sight communication is improved.

. 12. The module of one of ihe claims 1-10, wherein said dome-shaped
~ housing (112) comprises reflectors (114) located at the inner surface of
the housing (112) which reflect the light emitted by said array of light
emitting diodes (111) upwards such that it leaves the housing (112)
through said diffusor means (113). '

i3. The module of one of the claims 1-10, wherein said dome-shaped
housing (122) combrises a series of reflectors (124), upward facing
deflector prisms (125), and downward facing deflector prism (126)
located in a circular manner at the inner surface of the housing (122),
such that, depending on the position of said array of light emitting



or etching the nould for pressing the plastic housing. | n cas€. of aptastie—-—
housi ng conpri sing suspended particles, the degree of diffusion can be

nmodi fi ed by i nbedding parti-el es—of di.fferent size and/ or ShaﬁeShe&m“Rgﬁ“d
HEMEN

dome- shaped housi ng re schematically illustrated |i{HI®
and 6B. The opti cal ﬁ, ’1@ le given in Figure 7, conpg
nmounti ng base 70 on Koot al Iig?ﬁ emtting diodes are

arranged. . The pins of these diodes are bent, such that the diodes enit
light towards the center axis 74 of the done-shaped housing 72. This

arr.angenent i s advant ag&gus in applications where the space is linited and
t he whol e transniiqdes KZdhwith riesreqt Joswaid rgflectars (134) ped prirme (i29elLS),

that the incl i natjopadiafib iteri%or dad fipddiotan! BE siighggbet veen a plane

bei ng perpendicular to the center axis t he done-shaped housing 72 and
the center axis 75 of the diode's radiation cone, should preferably lie

The. opti num al o BoMaulé  of Uhe bIPRid i PRarSHerel) Seig, doMedidd |

about 25[err], abofising (200; 210; 220) comprises a series of reflectors (202; 212; 222),
or a series of prisms located in a circular manner in said dome—'shaped
housing (200; 210; 220) such that, depending on the position of said
array of light emitting diodes (201; 211; 221) with respect to said

reflectors (202; 212; 222) or prisms, the radiation pattern of said module

can be swit;hed.

15. The module of one of the claims 13 or 14, wherein said domé—shaped
housing (122; 200; 210; 220) is stepwise rotatable with respect to said
array of light emitting diodes (121; 201; 211; 221).

16. The module of any of the preceding claims, further comprising a
receiver with an array of photodiodes (143; 153; 161) being tilted with

respect tb said center axis of the housing.

17. The module of claim 16, wherein said photodiodes (143) are located

below said array of light emitting diodes in the same housing (142). -

18. The module of claim 16, wherein said photodiodes (153; 161) are located
above said array of light emitting diodes in the same housing (152; 162).

19. The module of one of the claims 16-18, wherein said photodiodes (143;
4 153; 161) are mounted on a mounting base (160} which is fixed in said
housing (142; 152; 162). |

20. The module of claim 16, wherein said housing (142; 152) comprises a
substrate (144; 154) with electronic circuit_ry and or a thin wire mesh
(145; 155).



as the use in the herein described and cl ai med nodul es is?c—)_r'icerne'a. Thé
angl e of 250 results in a maxi mumdiffuse range in of fices T Bkl MBeen Replaced -
an.

ceilings (2.5 - 3.5m). Another configuration is illustrated}i IR

t'his enbodi nent, eight [ight emtting diodes 81, each of th wmu%ﬂ ,
own housing, are a l a circular and regul ar

mount i ng base 80 smmmmllluml Im em tt&d radiall y wth respect to the
nmodul e's center axi 8 88. WNarrow b&am light emtting diodes with an

el evation angle of approximately 25[err] are well suited for use in this
enmhodinment. A simlar, star-like configuration with eight diodes is shown

in Figure 9. 3'n Eampulentidi0imdad) cemprigingian apticehiransmibgr moeduiet (178; bele
90 face towards Jrafiy 46 &Y SofPthd NfreBolfg Gaifd, ! Bia! RitbriBeddmdatls fir

this Figure, a
coupling said module (171; 175) to the bus of said computer.

22. The computer of claim 21, wherein said module (171) is attached to the
display panel of the computer by means of a clip (172) and connected to
said interface means via a cable (173). -

23. The computer of claim 21, wherein said module (175) is integrated in

fixed or retractable manner into the display panel of the computer.

24. Optical transceiver for wireless data communication comprising
a) an array of photodiodes (181),
b) amplifiers (180, 184) for amplification of the signals received by said
array of photodiodes (181),
c} means (186) for detecting the information carried in the signals
received by said array of photodiodes (181),
d) an array of light emitting diodes (187), .

~ e) driver means (191) for driving the diodes of s_aid array of light
emitting diodes (187),

. f)  means (182 183, 190) for active selection and individual combination
of the signals received by each of the photodiodes of said array of
photodiodes (181),

g) means (188 - 191) for proximity detection whiéh determine the
strength of the echo signal and switch of the light emitting diodes of
said array of light emitting diodes (187) if said echo signal exceeds

b a predefined limit.

- 25..The optical transceiver of claim 24 being coupled via interface means
(192) to the bus (193) of a computer.



bousing with a full diffusor surface 93 is shown. Full di ffusor rre'ns thﬁltl "

the corrugated surface covers the whol e beam cross section.j; I et

can be strong (producing a Lanbertian source) or weak (produci u '
£

scattering of thebeamfo inprove eye-saftey). This full di'f

is realized at theyy .the dome-shaped housi ng. The respective
radi ati on pattern ‘)Il‘mm‘ﬁl"nm sor neans 93 is illustrated next to it.
On the right hand si*de¢ at scherfati*c sket of a dome-shaped housing is
shown whi ch conprises a checkerboard diffusor pattern 92 serving as

di f:f usor. The respective radiation pattern is indicated next to this
sketch. As schematically illustrated, part of the |ight passes the diffusor
al most unobstructed, and the remaining |ight beans are scattered. Such a
checker boar 86pat t &montisal dats transmission module, substantiallyas her¢inbefare dascribed nt o

t he housing, .or by using a suited mask when sandblasting it. An optical
transmtter fexengeta apy of Fignpel 10436, ofgl 7010 204 f f usor means 103, and an
additional ring-shaped prismsection being integrated in the housing 104,
is illustrated in Figure 10. As illustrated by neans of -

27. An optical transceiver substantially as hereinbefore described with reference to

any of Figures 14 to 16, and/or Figure 22.

28. A computer substantially as hereinbefore described with reference to Figure
21A or 21B.



dashed lines, this prismring 104 deflects part of the beam power, denoted
with [err], (downward) in a horizontal direction. The remaining portion is
emtted through the diffusor 103, directly. The prism ring 104 inproves
| i ne-of -si ght path conmunication. A further enbodi mrent of the present
invention is shown in Figure 11." The nodule illustrated in this Figure,
conprises a nounting base 110 on which an array of light emtting diodes
111 is situated. These diodes 111 are 25 inclined with respect the
nounting base 110 and emit light radially. The done-shaped housing 112
conprises a reflector ring 114 at the inner surface and diffusor neans 113.
This reflector ring reflects at | east part of the beans emtted by said
di odes 111 upward, before the beans pass the diffusor 113.

OPTICAL TRANSMITTER AND TRANSCEIVER MODULE

ABSTRACT

Disclosed are optical transmitter and transceiver modules for data communication.
Such a transceiver module compriSes an array of light emitting diodes mounted on a |
mounting base (140) being arranged in a regular and symmetrical manner in a dome-
shaped housing (142). This housing (142) comprises diffusor means for source
enlargement. In addition to the transmitter part consisting of said dibdes, the
transceiver module comprises a receiver. The receiver has four photodiodes (143)
arranged below the mounting base (140). These photodiodes are tilted and face in
different directions to receive light from all around the module. The photodiode§ are
protected by a thin wire mesh (145) which serves as Faraday cage to reduce electro
magnetic interfereﬁce. A substrate (144) for electronic circuitry in SMD-Techn(;logy is
situated underneath the photodiodes (143).

Figure 1



vA..QLpss-sectional view of another embodinent is shown in Figure 12. An
optical nodule is shown in this Figure, which allows to switch the beam
pattern, as illustrated in Figures 13A - 13C. The purpose of beam swi tching
is either to have a radiation pattern (e.g. 250) giving maxi num

omi di rectional range (see Figures 13A and B), or maxi mumrange in a.
certain direction (see Figure 13C). This K43 chabl e nodul e conprises a
nount i ng base 120 on which an array of diodes 121 is fixed. The di odes are
| ocated in a donme-shaped housing 122 which shows diffusor neans 123,

refl ector neans 124, upward defl ecti ng_Rri sngs 125, and downward defl ecting
prisms 126, both with roughened surf&ce§.4he nbdes of operation of this
swi t chabl e nodul e are described in co"n.pécriraph,with Figures 13A - 13C. In
these Figures, top views of the no8ute kie—gi en‘.'_’As shown in Figure 13A,

t he housing 122 conprises a series o means 124 and defl ector
prisms 125, 126 along its inner Msur 30. al,c‘e of sinplicity, the
reflector means 124 are indicated a bplld /line) SW_sehi ng of the beam
pattern can be achieved in that i housi‘-.'r{g"with riefl ectors 124 and

def | ect or ' _ < .

20 20

FIG. 2



sprisps 125, 126 can be rotated with respect to and around the center axis
of the array ..of light emitting diodes 121. The defl ector angles
(horizontal plane) determne the desired reflected beamdirection.- The
position of the arrow marker 132 (on the rotating housing 122) with respect
to the (fixed) synbols 134 indicates the selected beampattern. If the

mar Ker 132 points on the synbol "enpty ci2f18", the nodule enits light with
an elevation angle [err] of approximately 25[err] in all directions, i.e.
in this node of operation, the nodule serves as omnidirectional antenna

W t.h maxi mum transm ssion range and is_suited for |ow anbient light. This

position repeats every 45[err]. 14 Whr@ﬁr 132 on the synbol "ful
circle", see Figure 13B, indicates d“he&ml kevafTon angle [err] of
approxi mately 30[err] - 40[err] for ing . onnldlrectlonal pover density

inthe vicinity of the nodule in hi

41

FIG. 4




environments. This position repeats every 45[err]. In the exanple shown in
Figure 13C, the pointer. 132 points on the synbol "arrow'. This indicates
-the selected beamdirection for increased directed range. The beans within
t he housing are indicated by neans of dashed arrows. Eight different

-radi ation directions may be chosen in increments of 45[err]. In Figures 14
to .16, optical transceiver nodules, in BFbBdance with the pr esent

i nvention, are shown. The enbodi ment shown in Figure 14 is based on the
nodule illustrated in Figure 3. This nodule in addition to the transmtter
part conprises a receiver. The receiver has four photodi odes 143 arranged
bel ow t he nounting base 140. These phot odi odes are tilted and face in
different directions to receive light fromall around the modul e. The
orientation and configuration of tib&se phot i odes depends on the
field-of-view of each diode, as wefl 4s om é skape of the housing and the
position within the housing. The S arg p&_tected by a thin wire
mesh 145 which serves as Faraday‘b & 0 .er ctro.#mgnetic

ﬁeiﬁes

145 is integrated

61

FIG. 6A = . FIG. 6B
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into the dome-shaped housing 142. In this nodule, a substrate 144 for
el ectronic circuitry in SVD Technol ogy is-situated underneath the
. phot odi odes 143. This substrate 144 might carry preanplifiers, LED drivers,
or conplete analog chips, if the space permts. In the next enbodi nent
.which is showm in Figure 15, the receiver part is situated above the
transmtter part, i.e. above the |ight &M8ting diodes carried by a
nmount i ng base 150. .The receiver conprises an array of five photodi odes 153,
all of them being arranged such that light is received fromall directions.
These phot odi odes are protected by a_ wire nmesh 155 being integrated into
t-he donmed endsection of the housing 1524 Alsubstrate 154 with el ectronic

circuitry is situated underneath these phofodi odes 153. The 15 receiver
part is separated fromthe tragsmtter by neans of,a reflector 156.
\ b

FIG. 8




1n Fi.gure 15B, a schematic top view of the receiver part is shown. Another
optical transceiver nodule is illustrated in Figure 16. This nodule is
based on the transmtter nodul e being shown in Figure 7 and differs in that
a receiver is integrated in the sane housing 162. This receiver conprises
an array of photodi odes 161 being nounted on a base plate 160. The receiver
is located such that the bearms enmitted b/4B 1ight emtting di odes pass

t he housing and diffusor al nost unobstructed. Narrow beamlight emtting

di odes with an el evation angle of approximtely 25[err] are well suited for
use. in this enbodi nent. Mddules with a star-shaped array of 3 - 6

phot odi odes at 30[err] - 45[err] el tion angl e showed good results.
Anot her enbodi nent of the present i ntion is illustrated in Figures 17 A
and 17B. Shown is a cross section. pm X a nodule with switchable
beam pattern. The array of |ight vertti gl odeg 281 is situated on a

nmounti ng base 203. The light em
symmet ri cal nmanner underneath‘a ‘gousing 200. If this
housing is in PositiqP 1 (Pos. l'i ght eg;;ting di odes

Y I'd
201 © T Sy S = R A
SO A S

111

FIG. 11



Xsee.right hand side of Figures 17A and 17B), the light is enitted
vertically through the housing 200. Depending on whether this part of the
housing is realized as diffusor, the beampattern is focussed or spread.
The housing 200 conprises a reflector ring 202. If the housing 200 or the
reflector ring 202 is rotated with respect to the diodes 201 (Pos. 2 on the
| eft hand side of Figures 17A and 17B) tH®/18ght beans enitted by the

di odes are reflected towards the side facet of the housing 200. This side
facet is usually conprises diffusor nmeans to achi eve wi dening of the beam
It 4s showmn in Figure 17B that the reflector ring 202 m ght be carried out
as aring wwth several 'tongues'. The reflector ring 202 can be made using
a thin nmetal which is enbossed or punched. In the exanple given in Figures
17A and 17B, a rotation of 22.5[err]{281ows to switch fromposition 1 to
position 2. 16 T A 122

101 <1 \120 FIG. 12
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:Anot her concept of an optical transmtter nodule with sw tchabl e beam
pattern is illustrated in Figures 18A and 18B. This nodul e conprises an
array of light emtting diodes 211 which are situated in via holes or
depressions of a nmounting base 213. The di odes 211 are covered by a

dore- shaped di ffusor housing 210. A reflector ring 212 is integrated into
t he "housing 210. This ring 212 conprisesZ/qi@ues or cantilevers bent such
that the light beamentted by the diodes is reflected towards the side
wal I's of the diffusor housing 210 (see position 2 on the |eft hand side of
Figures 18A and 18B). If the housing with reflector ring is rotated such
that the diodes 211 are not situated underneath the reflecting tongues or
cantilevers of the ring 212, the light beans are emtted vertically with
respect to the nounting base 213 (se sition 1 on the right hapd side of
Fi gures 18A and 18B). In Figures 19 n 9B, a fixture f [

nodul e 220 with sw t chable ;

housi ng and refl ector i ™N i.e. the light be

om di.rectional, and 74 i ad t@ s indicated by thelarrows.

Figure 198, the fi OMNIDIRECTIONAL

Reduced Range
High Ambient Light

132

FIG. 13B

DIRECTIONAL
Maximum Range |

in one Direction

FIG. 13C




sodul e 220 is opened up, and the nodule is in position 1, i.e. it radiates
| i ght - perpendi cular to the nmounting base of the diodes. This fixture 221
allows direct |ine of sight comrunication if the nodule is in position 1
and faces a renote receiver. Another configuration of a sw tchable
transmitter nmodule is shown in Figure 20. In this enbodiment, the center
axis of the diodes 221 are tilted approxi@gg®ly 25[err] with respect to the
nount i ng base 223. If the dome-shaped housing 220 is in position 1 (see
right hand side if Figure 20), the |light beans pass the housing as
indicated. In position 2, a reflector 222 is placed in front of the |ight
emtting diodes 221, and the |ight beamn A’j’ f4ected upwards (see Figure 20
on the left hand side). In the present‘éﬁamp,e, the reflector 222 is a thin
metal plate having an angle of incliati grbof_-abwut 58[err]. The reflectors
can be carried by a netal ring which jgni ed into, or fixed in the
housi ng 220.
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17 The reflector ring shown in Figures 17, 18, and 20, “m ght be replaced by
a prismring. This is a ring which could be made of plastic and which
carries a series of prismshaped and arranged such that different beam

radi ati on patterns are obtained depending on the position of this prism
ring with respect to the light emtting diodes. This prismring m ght be an
integral part of the done-shaped housing. 93 erent approaches are

concei vabl e where either the housing carrying the prismor reflector ring-
is rotated with respect to the position of the diodes, or where the ring as
such is rotated with respect to the housing and dlodes or. where the diodes
thensel ves are rotated. The reflectors In Figures 11 and 12 m ght be

repl aced by a nmetal ring carrylng ‘tongues' or cantilevers, as described in
connection with Figures 17, gﬁd 20. Th lonly difference with respect to
a switchabl e nodul e woul d be th

r ot at abl e).
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154
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.Two different integration or attachnment schenes of the present transmtter
and transcei ver nodul es for notebook conputers are illustrated in Figures
21A and 21B. The optical transmtter or transceiver nodul es herei.n

descri bed should be free of near-field obstructions through housing or

di spl ay panel of the conputer to which it is attached or into which it is
integrated. In Figure 21A, a notebook cofB 170 with renovabl e opti cal
transmtter/transcei ver nodule 171 is shown. This nodule 171 is attached
with a magnet or Velcro clip 172 to sahg corrpzb 170. A cable 173

I nterconnects the nodule 171 with a ard pl ugged into one of the
conputer slots. In Fi gure 21B, a '@‘on:pute 4 vmth I ntegrated nodule 175 is
shown. This nodule is integrated, |ht' Hoy y' ang any el ectrical

i nt erconnections and the respecti “ ¥ Ui try are pl aced i nside
the conputer. This nodul e 175~Q&l§ ML Agus.lock di agram of a
speci al | y designed anal og fror\ter’f Gi rcUi &ify” IS ustrated in Figure 22.
This circuitry conprises preanplm‘ ers~;8¢‘~gedpl .4£0 each phot odi ode of
the photodi ode array 181 as r€cei) r‘-‘ """

q)

y : ) ..
[ '\ ] FIG. 16

— FIG. 17A

Housing
rotated
by 22. 59

FIG. 17B



.18 182 together with a switch control unit 183 facilitate a sel ection of
the signals received by the respective photodi odes. All, or a subset of the
received signals is forwarded to a postanplifier 184, and then fed through
a filter 185 to a conmparator 186. In the present block diagram mneans for
proximty detection are included. For proximty detection the echo signal
received at the photodi odes 181 and emttdd/M3the array of light emtting
di odes 187 is watched. If the echo signal exceeds a paedeterm ned |evel,
the light emtting diodes 187 are autonatlmally switched off. This active
saf.ety interlock is achieved by nean i gnali detector 188 which
Is coupled via a bus n parallel I} ol the preanplifiers
180. A control circuitoi®0 analy to dei@ct strong
echo S|gnals.< It th |nned|a 91 spch that no

T ..

nore 0 TCel
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L. -1
FIG. 18A
Housing
rotated
by 22.5°
FIG. 18B
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~light is emtted. The control circuitry 190, together with a DC photo
current detector 189 and the switch control unit 183 all ows an automated
sel ection and/or conbination of signals. This selection takes into account
the actual signal strengths and/or the DC currents (neasure of shot noise
received fromdirected anbient |ight sources |ike sunlight, desk |anps) of

t he phot odi odes 181. The whol e anal og frdREh8 i s connected via an
interface unit 192 (PCMCIA) to the m croprocessor bus 193. The opti cal
transmtter nodul es and transcei ver nodul es presented herei.n are eye-safe
optd cal systens and have several additional advantages. They are conpact
and suited for integration info gonputers and other devices. A nodule in
accordance with the present" [ ngtion can lbe easily attached to any

not ebook conputer. The modul e re 1€ Lt their oppagum nearly
uni form circular radiation lcha me enbgdi nents can be
swi t ched. The nodul eosPl o
optical signal in an efficj

'S IC,i
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f{ransm ssion distance. Intense directed anbient |ight can be suppressed by
means of an analog frontend as illustrated in Figure 18. The present
modul es are di stinguished fromconventional transmitters in that |ess tota
19 shot noi se occurs, thus inproving the signal/noise ratio and

transm ssion range. In addition, there is no need for aligning the
transcei ver nodul es. One special enbodi ndi@3/18 the present invention
facilitates two transm ssion nodes nanely diffuse and/or |ine-of-sight
conmuni cat i on. The present transmtter and transceiver nodules conply with
| EC. 825-1 regul at 1&hs. This can be achieved with a | arge enough extended
appar ent sourced/énd/or with an active safety interlock if the head of a
person cones otheemtter. As described above, this interl ock
mechani sm ni rzi\k on sensrnyzthe strong reflected echo signal with

t he photodi 0
: 13?
-
F

184 185
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sunlight) in orde n he transmission range fn6 Lgt’/ery

of- t he’ emttmg*t‘r‘arrl"swver—rmdufeca P
detection). The R &S8R t pr ovj % m&g 'HF/ I&;?-Itfg-li\ﬁ)rWT
i ntense direction [ﬁs “ﬁeﬁ (from il , d|r g\{_UL 1995

rate. This featur nted by2zel ectivity- conblnlng of

I ndi vi dual photodlodes pointing in different spatial directions
(sectorization), thus selecting the maxi num possi bl e signal/noise ratio.
20 CLAI Vs: Optical data transm ssion nodul e conprising an array of

Syrmet 1 cal | manher - ardBi) AgedrREISI G SPRPFIRE gy HereLUahi o,
and a dome; S?tarpgeﬁllogesu(%' lygefn%rarpran%e&‘ in Cavég&fﬂr and preferably symmetrical, manner in

the cavity formed by a dome-shaped housing (52) with diffusor means such that

infra-red light is emitted from said array through said dome-shaped

housing (52), |

said diffusor means provide for an apparent source enlargement, and

said light emitting diodes are either individually or commonly addressable.

2, The module of claim 1, wherein the light emitting diodes of said array
(11; 201) are located on a mounting base (10; 203) such that the main radiation axis of
the diodes is approximately parallel to the center axis of said dome-shaped housing
(12; 200).

3. The module of claim 1, wherein the light emitting diodes of said array
(31; 41; 51; 71; 81; 91; IOi; 111; 121; 221) are located on a mounting base (30; 40; 50;
70; 80; 90; 100; 110; 120; 140; 150; 223) such that the main radiation axis of the diodes
is tilted with respect to the center axis of said dome-shaped housing (32; 42; 52; 60; 61;
72; 102; 112; 122; 142; 152; 162; 220).

4, The n&odule of claim 3, wherein the light emitting diodes (31; 41; 51;
71; 91; 101) are arranged such that they face towards said centef axis.

5. The module of claim 3, wherein the light emitting diodes (81; 111;
121; 221) are arranged such that they face radially outwards with respect to said center
axis.

6. The module of any of the preceding claims, wherein said dome-shaped
housing (42) comprises a phase hologram (43) serving as beam shaper and being located

inside the housing.



sai d nbdul e belng—eh&Fact—erTzed"’n tha i-—-a— =t =& e
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nodul e of claim 1} l'ight erdg4ing diodes of sa Aoy
| ocated on a nounting base such that a main radiation axis of t he d| odes S
approximately parallel to a center axis of said donme-shaped housing. 3. ,
The nodul e of cl2i.m 1,Cemputer 170 el 1) glompeisingt am gpticad demsmittes amodule r@y1;ar e
| ocated on a nounting base such that a main radiation axis of the diodes is
tilted witH» @gﬁarézngt@ anxc ehitle pesepding fclajmsd aad interiprgpmgansofosi ¢aypling said
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. means via a cable (173).

23, The computer of claim 21, wherein said module (175) is integrated in

fixed or retractable manner into the display panel of the computer.
24. Transceiver for wireless data communication and for use in connection

with a module of claim 1-15, comprising

(a) an array of photodiodes (181),

) amplifiers (180; 184) for amplification of the signals received by said array of
photodiodes,

©) means (186) for detecting the information carriedl in the signals received by said
array of photodiodes (181), |

(d) driver means (191) for driving the array of infra-red light emitting diodes of
said module,

() means (182; "183; 190) for active selection and individual combination of the
signals received by each of the photodiodes of said array of photodiodes (181),

® means (188-191) for proximity detection by determining the strength of an echo
signal and switching off the array of infra-red light emitting diodes of said
module if said echo signal exceeds a predefined limited.
25. Transceiver for wireless data communication and for use in connection

with a module of claim 16-19, comprising

() amplifiers (180; 184) for amplification of the signals received by the array of
photodiodes of said module,

(b) means (186) for detecting the information carried in the signals received by the

array of photodiodes of said module,
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housi ng.:" 7. * —7Fhe—rpdule of_any. ong ar s 1- 5 wh i - l
dome- shaped housi n corrprr ses suspende l !ﬂﬂ HMI gh reﬂE&tACEHENM(fMEET '
whi ch serve as 'HP lacﬂ ~ong{ of the cl

1-5, wherein sar ousr ng conpri ses a Eort ugat dDster{. &Jﬁh%@

I nner and/ or out h serve .gg di ffusor neans. &

of claim S8, V\/nerer n sai d corrugat ed surface has a degree of roughness which
mat ches the wavel ength emtted by the light emtting diodes of the nodul e.
10. Théchoduldrivef naeaps (@l )ofortdriving shensrrdy of infrawed hightenittingaliodes pefd
housi ng conprises a checkerboard pattern at the inner and/or outer surface
whi ch serve as @pifmedieneans. The nodul e of any one of the

i ch 1 of @t s Beens G Snbis 8%3°t’§$naﬁr?€q‘?seﬂgp?§§?%aﬁgvﬁ° i ComBRRAom ok o
di odes downwar ds Sufshretcer}%d gy eac oi’ the photod?oc%s of %ﬂengyrgjlr S tphgg)dlodes %'?rsgl\(/led
module, '

(e means (188-191) for proximity detection. by determining the strength of an echo
signal and switching off the array of infra-red light e1i1itting diodes of said
module if said echo signal exceeds a predefined limit.

26. The optical transceiver of claim 24 being connected to any of the

modules of claims 1-15 and being coupled via interface means (192) to the bus (193) of a

computer.

217. The optical transceiver of claim 25 being connected to any of the

modules of claims 16-19 and eing coupled via interface means. (192) to the bus (193) of a

computer.
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ner surface of
t he housing which reflect the light em't fpétbg_ﬂtA_ﬁﬁi,t,ﬂggsg...
di odes upwards such that it |eaves the h sa| .
13. The nodul e of any one of the cl ai m, 1-10, wherein sai d dome-shaped
housi ng conprises a series of reflectors, upmard facing deflector prisns,
and dovmvva\lvmlﬂab,e' rweyd ¢4 | high dor mse sim pmttaiﬂ@dyaitnma stich casl for pample Wt notebook
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of light power) exposure time and wavelength.
In the article "Optical Wireless: New Enabling Transmitter Technologies”,
P.P. Smyth et al., IEEE International Conference on Communications '93, May 23-26,
1993, Geneva, Switzerland, Technical Program, Conference Record, Volume 1/3, pp. 562-
566, changes to existing eye safety standards as well as a new form of transmitter
technology are discussed. This new form of transmitter technology is based on the idea to
enlarge the area of the optical source in order to reduce the danger of retinal damage. In
this article it is proposed to use a computer generated phase hologram for example, to obtain
multiple beams for beam shaping out of a single laser diode source.
This approach is a first step in the right direction, but the problem of insufficient
transmission range and sufficient eye-safety has not yet been addressed and solved.
' 'SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more of the
abovementioned disadvantages.
According to one aspect of the present invention there is disclosed optical data
transmission module comprising an array of infra-red light emitting diodes being arranged in
a regular, and preferably symmetrical, manner and being either individually or commonly
addressable, and a dome-shaped housing forming a cavity, _
said module being characterized in that said array is situated within said cavity, and
said dome-shaped housing comprises diffusor means, such that infra-red light is emitted
from said array inside said cavity through said diffusor means providing'for an apparent

2_1._,41-2-:’%’ nodul e of any one of the m,saghg&HgggeQnR @erdeq
done- shaped housi ng conprises -reflectof E!!IE .-

source enlargement.
According to another aspect of the invention there is disclosed a computer

comprising such a module.
According to still another aspect of the invention there is disclosed a transceiver for

wireless. data communication and for use in connection with such a module, comprising:
@) an array of photodiodes,

(b) amplifiers for amplification of the signals received by said array of
photodiodes,
“(c) means for detecting the information carried in the signals received by said

array of photodiodes,
d driver means for driving the array of infra-red light emitted diodes of said

module,
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eniztt 0 di odes with respect to said mgéﬂg&mgﬁeegﬁ t'He’ “t’aﬂr’*’alt ﬂo‘-n*’n— I
‘pattern of said nodule can be sw tched ul'je f an e
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clains 13 or 14, wherein said done-sha

wWith respect to said array of light em The nodul e of
claim1l, further conprising a receiver wrth an array of phot odi odes bei ng
titled wwth respect to a center axis of t5he housi ng. 17. The nodul e of
claim 16, wher e&h sai MepMofofiastes sgleation, and cindpddusly epmbinationapf othe| pignals

emtting féb@ide&byeaémefﬂlarphoﬂﬂmmgfsal@may oﬁ’blﬁ)taald&ése of claim 16, wherein
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t he sane housin . e o ACfET 5 agyeehe
sai d photsigmaidmd savie:h'mgwﬂfeme arraa qfnufna-rrﬂbhg:lasanmﬂmgmodes of xad modudaiifisaid
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of said (a) amplifiers for amplification of the signals received by the array of
photodiodes of said module,
®) means for detecting the information carried in the signals received by the
array of photodiodes of said module, _
© driver means for driving the array of infra-red light emitting diodes of said

H
H

module,

@ means for active selection and individual combination of the signals
received by each of the photodiodes of the array of photodiodes of said module,

(e) means for proximity detection by determining the strength of an echo

s1gnal and switching off the array of infra-red light emitting diodes of said module if said
echo signal exceeds a predefined limit.
DESCRIPTION OF THE DRAWINGS AND NOTATIONS USED

The ir}”vention is described in detail below with reference to the following drawings:

Fig. 1 shows a schematic cross-section of an optical transmitter module in
accordance with the present invention.

Fig. 2 shows three different regular and symmetrical configurations of light
emitting diodes.

Fig. 3 shows a schematic cross-section of an optical transmitter module in
accordance with the present invention.

Fig. 4 shows a schematic cross-section of an optical transmitter module in
accordance with the present invention.

Fig. 5 shows a schematic cross-section of an optical transmitter module in
accordance with the present invention.

Fig. 6A is a cross-sectional view of a dome-shaped housing.
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either individually or commonly addressable, and a dome-shaped housing forming a cavity,
said module being characterized in that said array is situated within said cavity, and
said dome-shaped housing comprises diffusor means, such that infra-red light is emitted

from said array inside said cavity through said diffusor means providing for an apparent

source enlargement.

2, The module of claim 1, wherein the light emitting diodes of said array are
located on a mounting base such that the main radiation axis of the diodes is approximately
parallel to the center axis of said dome-shaped housing.

3. The module of claim 1, wherein the light emitting diodes of said array are
located on a mounting base such that the main radiation axis of the diodes is tilted with
respect to the center axis of said dome-shaped housing.

4. The module of claim 3, wherein the light emitting diodes are arranged such
that they face towards said center axis. .

' 5. The module of claim 3, wherein the light emitting diodes are arranged such
that they face radially outwards with respect to said center axis.

6. The module of any of the preceding claims, wherein said dome-shaped
housing compr'tses a phase hologram serving as beam shaper and being located inside the
housing. '

7. The module of one of the claims 1-5, wherein said dome-shaped housing
comprises suspended particles of high refractive index which serve as diffusor means.

8. The module of one of the claims 1-5, wherein said dome-shaped housing

comprises a corrugated surface at the inner and/or outer surface which serve as diffusor

means.
9. The module of claim 8, wherein said corrugated surface has a degree of -

roughness which matches the wavelength emitted by the light emitting diodes of the module.
10. The module of one of the claims 1-5, wherein said dome-shaped housing

comprises a checkerboard pattern at the inner and/or outer surface which serve as diffusor
means.

11. The module of any of the preceding claims, wherein said dome-shaped
housing comprises a prism ring which reflects part of the light emitted by said array of light -
emitting diodes downwards such that direct line-of-sight communication is improved.

12. The module of one of the claims 1-10, wherein said dome-shaped housing
comprises reflectors located at the inner surface of the housing which reflect the light
emitted by said array of light emitting diodes upwards such that it leaves the housing
through said diffusor means.
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comprises a series of reflectors or a series of prisms located in a circular manner in said
dome-shaped housing such that, depending on the position of said array of light emitting
diodes with respect to said reflectors or prisms, the radiation pattern of said module can be
switched.

15. The module of one of the claims 13 or 14, wherein said dome-shaped
housing is stepwise rotatable with respect to said array of light emitting diodes.

16. The module of any of the preceding claims, further comprising a receiver
with an array of photodiodes being titled with respect to said center axis of the housing.

17. The module of claim 16, wherein said photodiodes are located below said
array of light emitting diodes in the same housing.
18. The module of claim 16, wherein said photodiodes are located above said

array of light emitting diodes in the same housing.
19. The module of one of the claims 16-18, wherein said photodiodes are
mounted on a‘mounting base which is fixed in said housing. :

20. The module of claim 16, wherein said housing comprises a substrate with
electronic circuitry and or a thin wire mesh.
21. Computer comprising an optical transmission module according to any of

the preceding claims, and interface means for coupling said module to the bus of said

computer.
22, The computer of claim 21, wherein said module is attached to the display

panel of the computer by means of a clip and connected to said interface means via a cable.

23. The computer of claim 21, wherein said module is integrated in fixed or
retractable manner into the display panel of the computer.
24, Transceiver for wireless data communication and for use in connectlon

with a module of claim 1-15, comprising:
(a) an array of photodiodes,

(b) amplifiers for amplification of the signals received by said array of
photodiodes,
(c) means for detecting the information carried in the signals received by said

array of photodiodes,
(d) driver means for driving the array of infra-red light emitted diodes of said

module,
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with a module of claims 16-19, comprising:

@) amplifiers for amplification of the signals received by the array of
photodiodes of said module,

() means for detecting the information carried in the signals received by the
array of photodiodes of said module,

© driver means for driving the array of infra-red light emitting diodes of said

module, , _

(d) means for active selection and individual combination of the signals
received by each of the photodiodes of the array of photodiodes of said module,

© means for proximity detection by determining the strength of an echo
'S1gnal and switching off the array of infra-red light emitting diodes of said module if said

.echo signal exceeds a predefined limit.

" 26. A computer comprising a transceiver of claim 24 which is coupled via
interface means to a bus of said computer, and a module according to claims 1-15 being
coupled to it. )

27. A computer comprising a transceiver of claim 25 which is coupled via
interface means to a bus of said computer, and a module according to claims 16-19 being
coupled to it.

28. An optical data transmission module substantially as hereinbefore described
with reference to any of Figures 1 to 13C or 17A to 20.

29. An optical transceiver substantially as hereinbefore described with
reference to any of Figures 14 to 16, and/or Figure 22.

30. A computer comprising an optical transmission module substantially as
herembefore described with reference to Figures 21A or 21B. '
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In the article "Optical Wireless: New Enabling Transmitter Technologies",
P.P. Smyth et al., IEEE International Conference on Communications '93, May 23-26,
1993, Geneva, Switzerland, Technical Program, Conference Record, Volume 1/3, pp. 562-
566, changes to existing eye safety standards as well as a new form of transmitter
technology are discussed. This new form of transmitter technology is based on the idea to
enlarge the area of the optical source in order to reduce the danger of retinal damage. In
this article it is proposed to use a computer generated phase hologram for example to
obtain multiple beams for beam shaping out of a single laser diode source.

This approach is a first step in the right direction, but the problem of insufficient
transmission range and sufficient eye-safety has not yet been addressed and solved.

SUMMARY OF THE INVENTION
i i It is an object of the present invention to ameliorate one or more of the
abovementioned disadvantages.

According to one aspect of the present invention there is disclosed optical data
transmission module comprising an array of infra-red light emitting diodes being arranged
in a regular, and preferably symmetrical, manner and being either individually or
commonly addressable, and a dome-shaped housing forming a cavity,

said module being characterized in that said array is situated within said cavity,
and said dome-shaped housing cbmprises diffusor means, such that infra-red light is emitted
from said array inside said cavity through said diffusor means providing for an apparent

|
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ni cat i on

source enlargement. _
According to another aspect of the invention there is disclosed a 'computer
comprising such a module. :
" According to still another aspect of the invention there is disclosed a transceiver
for wireless data communication, the transceiver comprising:

(a) a said module,

(b) an array of photodiodes,

©) amplifiers for amplification of the signals received by said array of
photodiodes, -

(@)  means for detecting the information carried in the signals received by said

array of photodiodes,
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means (186) for detecting the information carried in the

by the array of photodi odes of said nodul e, - 24 - (¢ driver neans
(191) for driving the array of infra-red i ght emtting diodes of said
modul e, (d) (mans (i8S meas; fot Wpivirignthe ary wE infed-rect light eamitied divdes dfisdid
conbi nat i Q{ the signals received by each of the photodi odes of the array

of phot odi odes’ of said nodul e, -
( means for active selection and individual combination of the signals

received by each of the photodiodes of said array of photodiodes,

(2) means for proximity detection by determining the strength of an echo
signal and switching off the array of infra-red light emitting diodes of said module if said
echo signal exceeds a predefined limited.

According to still another aspect of the invention there is disclosed a transceiver
for wireless data communication, the transceiver comprising:

@ a said module,

(b) amplifiers for amplification of the signals received by the array of
photodiodes of said module,

©) means for detecting the information carried in the signals received by the
array of photodiodes of said module,

@ driver means for driving the array of infra-red light emitting diodes of said
module, :

(e) means for active selection and individual combination of the signals
received by each of the photodiodes of the array of photodiodes of said module,

® means for proximity detection by determining the strength of an echo
signal and switching off the array of infra-red light emitting diodes of said module if said
echo signal exceeds a predefined limit.

DESCRIPTION OF THE DRAWINGS AND NOTATIONS USED

The invention is described in detail below with reference to the following
drawings:

Fig. 1 shows a schematic cross-section of an optical transmitter module in
accordance with the present invention. -

Fig. 2 shows three dxfferent regular and symmetrical configurations of light
emlttmg diodes.

Fig. 3 shows a schematic cross-section of an optical transmitter module in
accordance with the present invention.

Fig. 4 shows a schematic cross-section of an optical transmitter module in
accordance with the present invention.

Fig. 5 shows a schematic cross-section of an optical transmitter module in
accordance with the present invention.

Fig. 6A is a cross-sectional view of a dome-shaped housing.
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of a conputer. 27. The optical transcepyer of claim 25 being connected

to any of the nodul es of clainms 16-19 and eing coupled via interface neans

(192) to thpAiNgs.(193) of a computer.

1. Optical data transmission module compfising an array of infra-red light
emitting diodes being arranged in a regular, and preferably symmetrical, manner and being
either individually or commonly addressable, and a dome-shaped housing forming a cavity,

said module being characterized in that said array is situated within said cavity,
and said dome-shaped housing comprises diffusor means, such that infra-red light is emitted
from said array inside said cavity through said diffusor means providing for an apparent
source enlargement.

2. The module of claim 1, wherein the light emitting diodes of said array are
located on a mounting base such that a main radiation axis of the diodes is approximately
parallel to a center axis of said dome-shaped housing.

3. The module of claim 1, wherein the light emitting diodes of said array are
located on a mounting base such that a main radiation axis of the diodes is tilted with
respect to a center axis of said dome-shaped housing.

4, The module of claim 3, wherein the light emitting diodes are arranged
such that they face towards said center axis.

5. The module of claim 3, wherein the light emitting diodes are arranged
such that they face radially outwards with respect to said center axis.

6. The module of any one of the preceding claims, wherein said dome-shaped
housing comprises a phase hologram serving as beam shaper and being located inside the
housing.

7.  The module of any one of the claims 1-5, wherein said dome-shaped

housing comprises suspended particles of high refractive index which serve as diffusor
means.

8. The module of any one of the claims 1-5, wherein said dome-shaped
housing comprises a corrugated surface at the inner and/or outer surface which serve as
diffusor means.

: 9. The module of claim 8, wherein said corrugated surface has a degree of
roughness which matches the wavelength emitted by the light emitting diodes of the
module.

| 10. The module of any one of the claims 1-5, wherein said dome-shaped
housing comprises a checkerboard pattern at the inner and/or outer surface which serve as
diffusor means.

11. The module of any one of the preceding claims, wherein said dome-shaped
housing comprises a prism ring which reflects part of the light emitted by said array of light
emitting diodes downwards such that direct line-of-sight communication is improved.

e uua \ J.UO)
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12. The module of any one of the claims 1-10, wherein said dome-shaped
housing comprises reflectors located at the inner surface of the housing which reflect the
light emitted by said array of light emitting diodes upwards such that it leaves the housmg
through said diffusor means.

13. The module of any one of the claim 1-10, wherein said dome-shaped
housing comprises a series of reflectors, upward facing deflector prisms, and downward
facing deflector prism located in a circular manner at the inner surface of the housing, such
that, depending on the position of said array of light emitting diodes with respect to said
reflectors and prisms the radiation pattern of said module can be switched.

14, The module of any one of the claims 1-10, wherein said dome-shaped
housing comprises a series of reflectors or a series of prisms located in a circular manner in
said dome-shaped housing such that, depending on the position of said array of light
emitting diodes with respect to said reflectors or prisms, the radiation pattern of said
module can be switched. |
' 15. The module of any one of the claims 13 or 14, wherein said dome-shaped
housing is stepwise rotatable with respect to said array of light emitting diodes.

16. The module of claim 1, further comprising a receiver with an array of
photodiodes being titled with respect to a center axis of the housing. '

17. The module of claim 16, wherein said photodiodes are located below said
array of light emitting diodes in the same housing.

18. The module of claim 16, wherein said photodlodes are located above said
array of light emitting diodes in the same housing.

19.  The module of any one of the claims 16-18, wherein said photodiodes are
mounted on a mounting base which is fixed in said housing.

20. The module of claim 16, wherein said housing comprises a substrate with
electronic circuitry and or a thin wire mesh.

21. Computer comprising an optical transmission module according to any of
the preceding claims, and interface means for coupling said module to the bus of said

computer.

22. The computer of claim 21, wherein said module is attached to the display
panel of the computer by means of a clip and connected to said interface means via a cable.

23. The computer of claim 21, wherein said module is integrated in fixed or
retractable manner into the display panel of the computer.

24. Transceiver for wireless data communication, the transceiver comprising:

(a) a module of any one of the claims 1-15,

®) an array of photodiodes,

(© amplifiers for amplification of the signals received by said array of

photodiodes,
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) means for detecting the information carried in the signals received by said
array of photodiodes, )

(e) driver means for driving the array of infra-red light emitted diodes of said
module, .
® means for active selection and individual combination of the signals
received by each of the phbtodiodes of said array of photodiodes,

® means for proximity detection by determining the strength of an echo
signal and switching off the array of infra-red light emitting diodes of said module if said
echo signal exceeds a predefined limited. .

25. Transceiver for wireless data communication, the transceiver comprising:

(a) a module of any one of the claims 16-19, .

) amplifiers for amplification of the signals received by the array of
photodiodes of said module,

(©) means for detecting the information carried in the signals received by the
array of photodiodes of said module,

: @ driver means for driving the array of infra-red light emitting diodes of said
module,

i (e) means for active selection and individual combination of the signals
received by each of the photodiodes of the array of photodiodes of said module,
® means for proximity detection by determining the strength of an echo

signal and switching off the array of infra-red light emitting diodes of said module if said
echo signal exceeds a predefined limit.

26. . A computer comprising a transceiver of claim 24 which is coupled via
interface means to a bus of said computer, and said module being coupled to it.
27. A computer comprising a transceiver of claim 25 which is coupled via

interface means to a bus of said computer, and said module being coupled to it:



