;e3en( >>?2d@ ZAC6PCTCFUJ  Infrared (I R) Transm ssion Device The invention

"relates to an infrared (IR) trans mi ssion device conprisi mtter
and receiver elenents arranged in a housing. Infrared traaﬂmyﬁmwﬁmM@wMices
-are quite generally known, e.g. in renote controls for el ces
for consuners, such as television sets, VCR and stereo equi pmeHl3%*but al so
for electronic toll systens. As a rule, however, connunicawy

ans of
infrared sig nals is possible nmerely over short distances, ,@H] MHMFM he
range of DSRC conmuni cation (dedicated short range conmunica ; 1y

covering a range of less than 10 m In nct previously publishedS®¥plication

AT 77/ 2001 of Applicant, arselgetdverm relessmeosMYRI 6a,4L9n device has
been suggested with which ranges of up to 100 or 200 m are possi ble, and

there requests at sqmg@11§$gﬁ%ggh(fggg%ggghéﬂg sgn§¥£§%$g§i£kg§9%$g%Lgnlike

wi th the checking of the orderly paynent toll's, parkin
on, the connection or

are concerned. Jn.the field of telecommunjcati
"l aci ng" of inl{héiﬁﬁ %éﬁﬁﬁﬁi%ﬁﬁ%?%%ﬁ?%ghggFgﬂﬁﬂﬁF?ﬁ¥xﬁ@%nr%%%hb?k of a
net wor k provideﬁ_is one of the majn problens. This connection of the
subscribers to SNt ARG K stdlIYSi”I cal | ed “subscriber 1ine" or
“last mle", respectively. This subscriber line is not so nuch a problem
for established netwdriFFisyitderssmiss e tdreii el s ey daites sydifé cd Bng
subscri ber cable networks fromthe past, yet for new network providers
known, e.g. in remote controls for electronic devices

for consumers, such as television sets, VCR and stereo
equipment, but also for electronic toll systems. As a
rule, however, communication by means of infrared sig-
nals is possible merely over short distances, such as
in the range of DSRC communication (dedicated short
range communication), usually covering a range of less
than 10 m. In nct previously published application AT
77/2001 of Applicant, a selective wireless communica-
tion device has been suggested with which ranges of up
to 100 or 200 m are possible, and there requests at so-
called OBUs (on board units) arising in connection with
the checking of the orderly payment of tolls, parking
fees or the like are concerned.

In the field of telecommunication, the connection
or “lacing” of individual subscribers to the telecommu-
nication network of a network provider is one of the

main problems. This connection of the subscribers to



they constitute a problemsince they either have to rent existing |lines
~from established network providers or have to install l|ines thenselves,
which is work and cost intensive; therefore, in this connection the use of
-alternative technologies is desired, such as on the basis of DECT systens
or GSM systens whi ch, however, have the drawback of small band w dths and
expensi ve frequency |licenses; another, also very expensive al ternative
associ ated with expensive frequency |licenses are digital radio |inks,
optionally also optic |aser connections. It is now an object of the
invention to provide an infrared transm ssion device of the initially

defined type whileh remabbes @ssi gl 14 raasnkgsh onpo¥erext engded di-st ances,
dependi ng on the respective enbodi nent over several hundred neters to nore

than 1000 m ane y Ghi 1dras féséé@%?@%fyt0T@§s“§§9s&91?€£;%i§£g§£ mle”

solu tions, which is cost efficien therefore also w de

plicable, and whch,offer | C}ent ansm s _|ion band wi dths as
well as a data transér)nri ssi%rn&\s/lvliétrh fa%‘naéc ?%/%Ig%%r %%@%E%i%ﬁ?vﬂegﬁf ve this
probl em the present ..nventjon pravides ap_infrared transm ssion device

§ e diver o

with infrared tTansm tief & hent &1 Gr FERgeBLPAL aC#Rl i ng,
wherein a conmmon, nulti-segnent | ens elenent is arranged ahead of the
infrared el ememt S 4Hd 2 n- ¥ B3I el ¥ent o hakewnaEeotk apedv i éess segnent
of the common | ens el enent. Thus, the invention provides for a wdely
applic able, extrenmeigpeosiutet f4 greohlémisnes shodutéebdbhearhave to
rent existing lines from established network providers
or have to install lines themselves, which is work and
cost intensive; therefore, in this connection the use
of alternative technologies is desired, such as on the
basis of DECT systems or GSM systems which, however,
have the drawback of small band widths and expensive
frequency licenses; another, also very expensive al-
ternative associated with expensive frequency licenses
are digital radio links, optionally also optic laser
connections.

It is now an object of the invention to provide an
infrared transmission device of the initially defined
type which enables a signal transmission over extended
distances, depending on the respective embodiment over
several hundred meters to more than 1000 m, and which

thus is suitable to be used in optic “last mile” solu-

tions, which is cost efficien therefore also widely ap-



ticularly for the "last mle" signal transm ssion, wherein, due to to
“indicated lens elenent in conbina tion with the IR transnmitter and receiver
el enents ar ranged therebehind, particularly provided in |arger nunbers,
-transm ssion is al so possible over larger dis tances, up to 1000 m and
nore, rendering it suitable for subscriber connections. By the infrared
transm s sion technique a transmssion rate of from 10 to nore than 100
Mit/s is possible, i.e. approximately the nore than 10-fold transm ssion
rate when conpared with ADSL systens, or the nore than | 00-fold capacity
when - 3 conpared with the | SDN systens. Furthernore, a data connection

to the networkspusoably, usged WyiBRt WBEK Rr QuYEders c M
SONET or al so LAN netmorks e.g. Etherngt Fs poss?%?g Ea?ﬁougrgnsm E

probl ens. The igisargd gr@pégh§s n hoi qyey o] ows for actiyve error
correction and redundancy net hod égagéggcgésgrl ygr%%%?reﬁs?b?nsg?%PcFﬂg

sensitive subscriper sLies; %ﬁ{rtggiggre a renote adm nistration of the
transm ssi on devi ce |s p055| so-called Qinterface). The
transm ssi on deV|ce L e common, nulti-segnent |ens el enent can be
roduced, nounted an o?? hE e th REQPhe e RBRECRE iRV emEiMRNNEr; in
p
partlcular the nmulti-segnment | ens elenent may al so be nmade of plastlcs in
a technol ogy krRWAVHEFss@l Enfrafedntraespi veilen | oavibfe ODidh stsfrargd as an
i njection-nolded part, a pressed part or a part forned by enbossing,
wher ei n, nDreov%fan%mst¢$h amd rersiedenehnents | @asindgad r&gi Hnsotser eof ,
an optic filter effect may already be provided by the incorporation of
dyest uffs. ing, wherein a common, multi- segment lens element is
arranged ahead of the infrared elements and each in-
frared element has an associated lens segment of the
common lens element.

Thus, the invention provides for a widely applic-
able, extremely cost-efficient infrared solution par-
ticularly for the “last mile” signal transmission,
wherein, due to to indicated lens element in combina-
tion with the IR transmitter and receiver elements ar-
ranged therebehind, particularly provided in larger
numbers, transmission is also possible over larger dis-
tances, up to 1000 m and more, rendering it suitable
for subscriber connections. By the infrared transmis-
sion technique a transmission rate of from 10 to more
than 100 Mbit/s is possible, i.e. approximately the

more than 10-fold transmission rate when compared with

ADSL systems, or the more than 100-fold capacity when



I n conparison with conventional RF technologies for the last mle
“application, it is a further advant age that a permt for carrier
frequencies is not re quired, that higher band widths and a nore efficient
.- 4 transmtting power can be attained, furthernore, that the

communi cation zones are well adaptable to the re spective application, and
that m ni mum di stances to the next comrunication device are conceivabl e.
Furthernore, internodul ati on phenonena as a consequence of nei ghbor ing
carrier frequencies are avoided, and a particul ar advantage is also the
avoi dance of electromagnetic pol lution. Infrared as such is contained in

sunlight and doesmpateposetBnyhei skphosyBuBRES RAd-ARLMBLS, FugLhgr nore,
the infrared transcei ver technol ogy which, as such, is known per se, is a

cost - ef f i ci ent &65H@@£99M-tbbEﬁeiBeE&oPEEtESH%?gkYu§8Et8 | Rel ok ROgRSTENt

infrared radiation is used out of doors as a capacity
data transm ssignyoedi um, An thig gann aé [,n_conparison wWith any
. . uc o g .

possi bl e sol utions usfng rnfrafe ?aéegiMa ﬁ@giaﬂflgPFQ Hol enetworks,

cost-efficient realigg@ion wi th reduced. expenditures al so during nounting

and orienting i$ &chieVet®EurthePorePlaukl thorheanvichrebbemst r&8nen ssi on

. ng chT eV . . themtnct

medium a high reliability during signal transm ssion is ensured. The

mul ti-segnent |EhErefedehfanafisaion, teehpbdee odlaeryllevwyl ss act bie

pol ycarbonate, any of the previ ously nentioned, per se known production

t echni ques be -eBror correction and redundancy methods as necessarily
required for servicing sensitive subscriber sites; fur-
thermore, a remote administration of the transmission
device is possible (via a so-called Q-interface). The
transmission device with the common, multi-segment lens
element can be produced, mounted and oriented in a
simple and cost-efficient manner; in particular, the
multi-segment lens element may also be made of plastics
in a technology kncwn per se, e.g. from the production
of CD discs, e.g. as an injection-molded part, a
pressed part or a part formed by embossing, wherein,
moreover, alsoc in the lens element, at least in regions
thereof, an optic filter effect may already be provided
by the incorporation of dyestuffs.

In comparison with conventional RF technologies

for the last mile application, it is a further advant-

age that a permit for carrier frequencies is not re-

quired, that higher band widths and a more efficient



ing suitable for the production thereof. The Ilens ele nment may be produced
~in one piece, yet for many applic ations it is also suitable if the

nmul ti-segnent lens elenent is assenbled with a transparent carrying plate
made, e.g. of glass. Wth a viewto a sinple design, it is furthernore
advantageous if the nulti-segnent |ens elenent, optionally in conbination
with the carrying plate, forns a cover for the housing. The | ens segnents
may be refractive optic elenents in which a beam defl ection thus occurs due
to arefrac tion on the interfaces, with the injection-nolding technique
being a particularly suitable production nethod therefor. On the other

hand, a design i ct i e s_Lp_master_replica technjque,
i nj ec tion-nDId?%%ﬂ?g%%%%ggeﬁggggngggggégatg%h%?%Uef?§9%8€ﬂﬂfﬁge5b§F

wherein in thes i ive lens_seg nents, ich conprise Fresnel |enses,
t he bean1def|ecﬁ??oéé%@ﬁi%%a5§oﬁif??%ﬁt?ﬁ%.wfﬁriﬁ%ﬂpﬁ?%%?nBOSFPﬁcfﬁres are

provided for the desired i ging,géoperties, and gratings on the plane side
of the lens sedﬂ%%?%l%?ea%gﬂ DPreL o compehBat i Rynfpemt hesspheescto the
aberration; diffractive beam nutliplexers can divide an incident infrared
beam into a set"Oft e¢fErUBbaMEL CBrdehege cane -conceiprotieiceFar bhé rasye,
intensity distributions froma Gaus sign profile. As has been nentioned, by
i ncor porating |&veerydukot wanpsenondte 43 ke, copségudndd esr efié eghisc FRY
simul taneously be provided in the lens elenent so as to provide a daylight

barrier. As theirg arsntiderfpaghdsec Lo Vare el eiBiMdd, raspesthyel Yo P Se

known, conmer
advantage is also the avoidance of electromagnetic pol-
lution. Infrared as such is contained in sunlight and
does not pose any risk for humans and animals. Further-
more, the infrared transceiver technology which, as
such, 1is known per se, is a cost-efficient technology.
Here it is particularly suitable if incoherent infrared
radiation is used out of doors as a high-capacity, bi-
directional data transmission medium. In this manner,
also in comparison with any possible solutions using
infrared laser, a substantially more cost-efficient
realization with reduced expenditures also during
mounting and orienting is achieved. Furthermore, due to
the incoherent transmission medium, a high reliability
during signal transmission is ensured.

The multi-segment lens element may, e.g., be made

of acrylic glass or of polycarbonate, any of the previ-

ously mentioned, per se known production techniques be-



cially available infrared LED transmtting diodes with integral optics
~(lens) and a nounting suitable for pro duction in quantities may be used,
and per se conven tional PIN diodes with integral receiving filter nay be
- enpl oyed as the receiver elenents, respectively. To attain a high

transm ssion power, it has al so proved advantageous if the nulti-segnent
lens elenment is designed with a central receiver elenent-lens seg nent and
a nunber of transmitter elenent-lens segnents |ocated externally thereof.
To efficiently use the avail able space, it is furthernore suitable if the
transmtter elenent-lens segnents are arranged accord ing to a circle line

around the centigy seceiwes € ORD!sLGRSSEOMeOhe  EUFLNELIDIE, f Of an

adequate sensitivity when receiving infrared radiation, I ageous
if, seenin ton&ﬂ@Wﬁ%ﬁrﬁér cehyelq el e nment -l ens segnent is |larger than
any individual trans tte#§é$ené%%- 'and" S eghent’ V@?hg%rv?%ﬂﬁt%pﬁgéFﬁple
y ; ; ; .
manuf act ur e anqﬂgpqgglﬁe,.rqipectlvel%blthe IR transmtter and receiver
el ements may be jntegrated oh 3 sf gt L Tohhon @i Pett i ~sosrenwhiehs may form
By L€g . \ ;
a type of internediate bottomin the housing. It should be nmentioned that
from US 5, 187, 36 Hs SUGSELIRELT -y e | eranepapenti oo oy hugbelaté | ens
re gions is already known, yet this nufti-range lens is fornmed with the
| ens segnents B&EdRy three-i st ondfith ar ramgedtsuzhs it e tdes 1 qudj vidlual
|l ens regions receive their radiation froma certain zone, wthout being
abl e to recei ve s ddidtieomdreomdeagitmying ZoNgse WEf Bidegment lens
element, optionally in combination with the carrying
plate, forms a cover for the housing.
The lens segments may be refractive optic elements
in which a beam deflection thus occurs due to a refrac-
tion on the interfaces, with the injection-molding
technique being a particularly suitable production
method therefor. On the other hand, a design with dif-
fractive elements in master replica technique, injec-
tion-molding technique or embossing technique is
advantageous, wherein in these diffractive lens seg-
ments, which comprise Fresnel lenses, the beam deflec-
tion occurs by diffraction. Defined grating structures
are provided for the desired imaging properties, and
gratings on the plane side of the lens segments are
capable of compensating for the spheric aberration;

diffractive beam mutliplexers can divide an incident

infrared beam into a set of equal beams, or they can



the individual lens regions are to focus the radiation originating from

- various zones to a common focal point. Such a mufti-range | ens obviously
woul d not be suitable for the above addressed application in the field of

- tel ecommuni cation, and directional transmtting and re ceiving,
respectively, would not be possible, much rather nunerous interference
signals woul d superinpose the useful signal transm ssion. In the follow ng,

the invention will be explained _ g in nore detail by way of preferred
exenpl ary enbodi nments illustrated in the drawing to which, however, it
shall not be restricted. In detail, Fig. 1 shows a schematic bl ock di agram

of an IR {ransmsshgne dewheeclpybenconopet eg; Lo, fosHbseri per. i 0
. . r n —
t el ecomruni cati on network; Flg.y2 sﬁoms a§tobg§féapgﬁ?88a r8Wb8dgﬁEﬁt of an
| R transm ssiongdeyice %Iiustrating the common, nmulti segnment |ens el enent;
. 0O N . . . « .
Fig. 3 shows a cros “§ection through this trans m ssion device according to
line IIl1-111 of Fig.AZ; Fig. 4 shows another enbodi nent of the inventive IR
transmi ssion devi ce &% 22% RS SUPRTHPRad/ tBY A BCopPoFagbng 5laner 6dghow t wo
different embodi ments for the common, multi-segnent |ens segnent in
schematic sect i ohaPrap? edentlagi bhke, icetiasfalséngtbipresempar sifklg. 5),
on the one hand, and designed in two pieces with a carrier plate of glass
and a | ens el enemepudberbatpacheded hin etioe bens hel ohder bangds esad Fig. 7
shows an exanple of a transmi ssion diode driver circuit.

provide a daylight barrier. As the transmitter and re-

celver element, respectively, per se known, commer-

cially available infrared LED transmitting diodes with

integral optics (lens) and a mounting suitable for pro-

duction in quantities may be used, and per se conven-

tional PIN diodes with integral receiving filter may be

employed as the receiver elements, respectively.

To attain a high transmission power, it has also

proved advantageous if the multi-segment lens element

is designed with a central receiver element-lens seg-

ment and a number of transmitter element-lens segments

located externally thereof. To efficiently use the

available space, it is furthermore suitable if the

transmitter element-lens segments are arranged accord-

ing to a circle line around the central receiver ele-

ment-lens segment. Furthermore, for an adequate

sensitivity when receiving infrared radiation, it is

advantageous if, seen in top view, the receiver ele-



In Fig. 1, an IR transm ssion device for connect ing a subscriber 1 to a
network 2 is schematically il - g lustrated in a block diagram On the
side of subscriber 1, the transm ssion device conprises a transmtting part
-3 and a receiving part 4, a conventional telecom nunication appliance, e.g.
a tel ephone etc., denoted by 5 in Fig. 1, being connected to a transnmitter
mcropro cessor 9 and to a receiver mcroprocessor 10, respect ively, of a
m croprocessor unit 11 via a transmitter interface 6 and a receiver
interface 7, respectively, of an interface unit 8. The transmtting part 3
is then followed by a pulse former 12 which drives IR transmt ter elenents

13 (only two traaseiiées Sbement Sid31aFGeshoym, i, Fi gndilvic%a% E&%ﬁ%—‘? of

sinplicity). These IR transnitter elenents 13 are conbi ned w at 'Teast

one IR receiver n 4.in o] senbly 15, as will becone nore
mf&@@? é%%m%n{ 1@n§.%§8@?ﬁ§

clearly apparent fromt escripti igs. 2 and 3, and to the IR
recei ver el enent 14wwf€hanplifier 16 is connected as an el ectronic
u

component having an output WhiEh™T P t3IFP 1S RUHNRT S § AP P& e er
onp g p ! ) ;
m croprocessor 10. Corresponding conponents are provided on the side of the
network 2, a repetRITohvofYt e desRriRI B Heotr brhgreeriieedelemenrty. 1,
the correspondi ng el enents on the network side are designated by the sane
refer - 10 dirte Rrinkt et raikedren he Subsksi bevnsdde;i ymtit Heyamt e
provided with an apostrophe. The network proper follows

which may form a type of intermediate bottom in the

housing.

It should be mentioned that from US 5,187,360 A as
such a multi-range lens comprising a number of lens re-
gions is already known, yet this multi-range lens is
formed with the lens segments being three-dimensionally
arranged such that the individual lens regions receive
their radiation from a certain zone, without being able
to receive radiation from neighboring zones, wherein
the individual lens regions are to focus the radiation
originating from various zones to a common focal point.
Such a multi-range lens obviously would not be suitable
for the above addressed application in the field of
telecommunication, and directional transmitting and re-
ceiving, respectively, would not be possible, much
rather numerous interference signals would superimpose

the useful signal transmission.

In the following, the invention will be explained



at 5. The communi cati on between the two devices is ef fected by neans of
“infrared radiation 17 (cf. the double arrowin Fig. 1). In Figs. 2 and 3,
an enbodi rent of the transmitter and receiver assenbly 15 is shown,

. wherein, e.g., a generally can-shaped housing 20, which is decagonal seen
in top-view, is provided in the interior of which a common circuit board 21
wth eg. 10 IRtansmtter diodes 22 and with a central IR receiver diode
23 is nmounted. The receiver diode 23 is |located in the region of an opening
29 of an inner cylindrical shield 25, said opening 24 being provided in the
bottom 26 of this shield 25. By this, the receiving region of the as senbly

15 is separ at edif reeré h@ets BDSHY t kP00 f €8+ Ofe r £ OE éi@xﬂfﬂ&%&i&ﬂbéwlon bei ng
formed by a generally an nul ar space extending around the tyli1ndrical

shield 25. 11 Fhdned 1116800184 0fn ragl Aijops 0f thedransmisero di odes 22

is schematically indicated by broken 1 nes at recei ving bF i nput
region of the r \C iye el.ement 23. at %8. A commpn nul ti-segnent,
substantial ly ﬁ?é?e-é%gbéaa-rﬁﬁtrlcT% 5 %Te%%% 129 serves as housing cover
for the housing 20, éhe | ens el ement 29 bejnq}arran ed within a shield ing
screen 30 to shield %gfr%dﬂﬁﬁﬂﬁs?r%ﬁp%ﬁﬁﬁ%ﬁn Tt i3t bEr nkR provi ded
wi th individual |ens segnents 32, 33 for the receiver and transmtter
el ements. Ac corERMYMSSIN ddraife 9 drrnferreeclienst el @newescBoahi th are
substantially circular seen in top view (cf. Fig. 2) and which are arranged
ahead of the | R ttakeconnueicalibdesn@@yorhd a central receiver |ens segnent
Fig. 2 shows a top view onto an embodiment of an
IR transmission device illustrating the common, multi-
segment lens element;
Fig. 3 shows a cross-section through this trans-
mission device according to line III-III of Fig. 2;
Fig. 4 shows another embodiment of the inventive
IR transmission device in a top view similar to Fig. 2;
Figs. 5 and 6 show two different embodiments for
the common, multi-segment lens segment in schematic
sectional representations, i.e. as a single-piece part
(Fig. 5), on the one hand, and designed in two pieces
with a carrier plate of glass and a lens element proper
attached thereto, on the other hand; and
Fig. 7 shows an example of a transmission diode
driver circuit.

In Fig. 1, an IR transmission device for connect-

ing a subscriber 1 to a network 2 is schematically il-



33 are integrated in the lens element 29. The lens ele nments 32,e33 may be
formed by outwardly convex areas of the lens elenent 29, as is
schematically indicated in Fig. 3, preferably in combination with grating

- struc tures or Fresnel lens structures, as results fromFigs. 5 and 6 which
will be further explained hereinafter. FromFig. 3, it can furthernore be
seen that the shielding screen 30 preferably is forned in one part with the
housi ng 20. Furthernore, Fig. 2 shows in broken |ines 34 a nounting plate
which is attached to the bottom side or rear side of housing 20 and serves
to fasten the optic assenbly 15 on a carrier not fur ther illustrated, e.g.

by means of screwstsstedednt Arougbksar eyrhal esn (PRL Lk hustEa ]
FromFig. 3 it is furthernore visible tﬁ%t thenIR bean127B§h%gﬁgF§lFégiated

fromthe transmtt e t 4L |l e_of aperture of 2 x
20 to 25, i.e. i'tn g&?n E%gft@%‘%%,gg?ﬁi ‘3%%?%%@?%@%% Fﬁ?%s‘ﬁbééi‘-ﬂa 20. By

the respective cﬁaéﬁg, e, | ane convex | ens segment 32, this beam 27
then will be céﬁifgnate tD 5&%%?%1%? PRES Pardl FRIVEREHPLAL: CRhRCERMt si de
of the respecti%§ leng.segnenL,BZ, this beam pos sibly diverging
correspondi ng tBHETIEHF atifP et B Cape? - Furd belapkenefetct ewdeegtedsbyBy
this "parallel orjentation" of the beans 27, in sumthere results a strong
focussing of all ¥he"IR beanke b9t HeNReaERedi teer er@nent st@2, miheopby-a
circular-ring-shaped total beam bundl e is obtained which inpinges on the
recei ver |ens s&fifEnt 33nd thea coergtvesinicfépeoceatod ), ergspecat a
di stance of a few hundred neters and by this lens

ively, of a microprocessor unit 11 via a transmitter

interface 6 and a receiver interface 7, respectively,

of an interface unit 8. The transmitting part 3 is then

followed by a pulse former 12 which drives IR transmit-

ter elements 13 (only two transmitter elements 13 are

shown in Fig. 1 for the sake of simplicity). These IR

transmitter elements 13 are combined with at least one

IR receiver element 14 in a common assembly 15, as will

become more clearly apparent from the description of

Figs. 2 and 3, and to the IR receiver element 14, an

amplifier 16 is connected as an electronic component

having an output which in turn is connected to the re-

ceiver microprocessor 10.

Corresponding components are provided on the side
of the network 2, a repetition of the description not

being required; in Fig. 1, the corresponding elements

on the network side are designated by the same refer-

- 10 -



segnent 33 is focused on the opening 24 present there and on the receiver
“elenent 23. Optionally, the indi vidual IR beans 27 may all be focused with
their axes 36 all slightly converging to each other, and to this end, the

-l ens segnments 32 are provided to extend appro priately curved to thus all ow
for as much IR light to inpinge on the receiver |ens segnent of the counter
= 13 site as possible. O course, besides the arrangenent of the |ens
segnents 32, 33 shown in Fig. 2, with the transnmtter |ens segnents 32
arranged according to a circular line about a central receiver |ens el enent
33, also other arrangenents of the |lens segnents 32, 33 on the | ens el enent

29 are possi bl eendhiusumd S414 Nsd aneeshans@bs & ANGEAER 4Of L be E)Fé§r re
transmtter |ens SengEntS ac cordi ng to a square or a reCtang e about a

central receives, densglemeit,s o in I er_than th
transmtter Ieﬁ%relenents . i%nd%%%é?5 [el fﬁyﬁﬁngégga%ré Ed%%g%?wFs
shown in which,_.ina lgns el ement 29A t%§E€roups of transmtter |ens seg

ments 32 - andfﬂgg%oT gl 5 WS G otipd PER  HAR YOt @FVHFBEedS af Fanged
t her ebehi nd and. not owm in Fig. 4 - are provided on either side of a
central recei ve@eq‘teﬁfi SMEtS 33F wHitreredaradiasieomaryér (cfa teeei ver diode
agai n being provided therebehind. The lens ele nent 29A according to Fig. 4
t hus has an ocﬁ&@&%ﬁ BhEpe, 1wik¥e a Yarge rectangul ar middl e portion and
two |aterally added trapezoidal portions, and again it may be formed in one
pi ece of transparentlmpliEsts.cs, auth asamomibodingassodrtipol ycat donat €x

and receiver assembly 15 is shown, wherein, e.g., a

generally can-shaped housing 20, which is decagonal

seen in top-view, is provided in the interior of which

a common circuit board 21 with e.g. 10 IR tansmitter

diodes 22 and with a central IR receiver diode 23 is

mounted. The receiver diode 23 is located in the region

of an opening 24 of an inner cylindrical shield 25,

said opening 24 being provided in the bottom 26 of this

shield 25. By this, the receiving region of the as-

sembly 15 is separated from the transmitting region,

the transmitting region being formed by a generally an-

nular space extending around the cylindrical shield 25.

In Fig. 3, the angle of radiation of the transmitter

diodes 22 is schematically indicated by broken lines at

27 and the receiving or input region of the receiver

element 23 at 28.

A common multi-segment, substantially plate-shaped

- 11 -



- 14 Fig. 5 shows such a single-part lens elenent 29A, wherein here it
is additionally schematically indicated that each individual |ens segnent
32, or 33, respect ively, on its outer side or front side is provided with
- a Fresnel lens structure 42, or 43, respectively, so as to achieve the
desired bundling, or focussing, respect ively, of the beans 2i or 28,
respectively (Fig. 3). This structure of the lens elenent 29A (and al so of
the lens el enent 29 according to Figs. 2, 3, and of the lens el enent 29B
according to Fig. 6 described herein after) can be obtai ned by enbossi ng,
but also by injec tion nolding, the Fresnel lens structures 42, 43 which,
conmpared to i nfosm@td Demdmiacks oared: iad oidméing €ovdt ef Srafige Shbolikihgugh
structures - can be co-formed wi thout any problens, whereby a sinple

production, in partigdl aknd OBSHePF OlIchd Oy 4 Srd redcpogshblgiefg-the
material for the lens elenents 29 (and 29A and 29B; respectively), also

epoxi de resi n MRy, be. used, sbes) deg; apfvI{ oe gliass, oL, polycaphonat e, g,
respectively, and” a dyestu or fiTtering out undesired frequénces may be
incorporated into the materjal. According.to Fig., 6, the filter element 29B
proper is nmount®d-Yh %nn‘ga?‘?bril?\gp]b‘?‘é{%e%g Wilcrhghxéjydlb%fnjaﬂ%so?egmﬁ%ts

gl ass or of acrylic glass. O course, also nore than 10, e.g. 12 or 16
etc., |Rtransn$/%¢e$ df o8 esho2r fegl ver pReNi tern st el a’leBabE§- 15—t is

al so possible to nount an array of re
cordingly, 1n detail, transmitter lens elements 32

which are substantially circular seen in top view (cf.
Fig. 2) and which are arranged ahead of the IR trans-
mitter diodes 22, and a central receiver lens segment
33 are integrated in the lens element 29. The lens ele-
ments 32, "33 may be formed by outwardly convex areas of
the lens element 29, as 1s schematically indicated in
Fig. 3, preferably in combination with grating struc-
tures or Fresnel lens structures, as results from Figs.
5 and 6 which will be further explained hereinafter.

From Fig. 3, it can furthermore be seen that the
shielding screen 30 preferably is formed in one part
with the housing 20. Furthermore, Fig. 2 shows in
broken lines 34 a mounting plate which is attached to
the bottom side or rear side of housing 20 and serves
to fasten the optic assembly 15 on a carrier not fur-
ther illustrated, e.g. by means of screws screwed

through screw holes (not illustrated).

- 12 -



cei ver di odes connected together, in particular connected in parallel, on
the circuit board 21 (Fig. 3) instead of one IR receiver diode 23. In Fig.
7, an exanple of a driver circuit for the transmtter elenments 13, i.e. IR
- transmtter diodes 22, is illustrated, it being visible that several
transmt ter diodes 22 are connected in series in a group 22.1, 22.2, and
several transmtter diode groups 22.1., 22.2 may be connected in parallel.
Each group 22.1, 22.2 is connected to a supply voltage VCC, a capacitor 44
bei ng connected in parallel for energy buffering purposes. The signal
comng fromthe pulse fornmer 12 (Fig. 1) and to be transmtted is supplied

inelectric formto Each Ft@nswiitefsdf@een8FRYPe 221 dip22- 2nYi ar di%ver
gate 45 with inverting output and a series resistor 46. Instead o e

driver circuit sdounz7 ofhCONr 8§ @éégaQé@efr@ﬁt£N@t{99ngﬁf?§%§PO¥%T€§{sse

may be used for the transmtter diodes. Correspondingly,

di odes 23 may - 6 ct ed vol t age supply in a conventional
manner and conﬁ%%t%% %%r?ﬁgﬁ€§5%§0?$€%gé%%l???@?uf GOgnéFﬁggol)t@i%5a!
band-pass filter énot iIIus%@ated) s 17 daims: 1. Aninfrared (IR
transmi ssion devite Conprlsihg TR 17 ansihif eFtaht Pebeg vae wldmemt s
arranged in a i ng, characterized in that a conmon, nulti-segnent |ens
el ement (29, 29KUDGH 1¢- BY e dr atreet bfe tawso®ated, e.g. plane-

convex lens segment 32, this beam 27 then will be col-
limated to a more or less parallel beam - at the exit
side of the respective lens segment 32, this beam pos-
sibly diverging corresponding to half an angle of aper-
ture of 1° or of a few degrees. By this “parallel
orientation” of the beams 27, in sum there results a
strong focussing of all the IR beams of the transmitter
elements 22, whereby a circular-ring-shaped total beam
bundle is obtained which impinges on the receiver lens
segment 33 of the counter-site (i.e., at 14", e.g.,) at
a distance of a few hundred meters and by this lens
segment 33 is focused on the opening 24 present there
and on the receiver element 23. Optionally, the indi-
vidual IR beams 27 may all be focused with their axes
36 all slightly converging to each other, and to this
end, the lens segments 32 are provided to extend appro-
priately curved to thus allow for as much IR light to

impinge on the receiver lens segment of the counter-

- 13 -



menu (22, 32), wherein each IR elenent (22, 32) has an associated |ens
segnent (32, 33) of the lens elenent (29, 29A, 29B) . 2. A transm ssion
device according to claiml, char acterized in that an injection-nolded

- part is provided as said nmulti-segnment |ens elenent (29, 29A, 29B). 3. A
transm ssi on device according to claiml, char acterized in that a pressed
part is provided as said nulti-segnent |ens elenent (29, 29A 29B). 4. A

transm ssi on device according to claiml, char acterized in that an
enbossed part is provided as said nufti-segnent |ens el enent (29, 29A,
29B). 5. A transm ssion device according to any one of - 18 claims 1 to

4, characterizedit® &bhabothepnufti-segnent lens elenent (29, 29A, 29B) is
designed as an optic filter at least in regions thereof. 6. A transn ssion

fdovice pocording Lo Ghadbse £haks faLET et L IhBl IR PPLLE TLhLer 15

formed by incor porating a colorant in the mifti=segnen

29A, 29B) . 7. 1 $s1 op,deyvice accgrding to, any one of clains 1 to 6,
charact eri zed ié%%ﬁ%?éngfhu?%i5%%%ﬂeh? 95 g1e%%ﬁ? 29, toynSMIBESTi 5 made
of acrylic glagf. 8. A transn%gsion device according to any one of clains 1
to 6, characterTZ&d THITHALS t he PEFIPISROMEFRTIEME 6P chredi L ¢R2bar 2Dine 20B)
is made of pol ycarbonate. 9. A transm ssion device according to any one of

clainms 1 to 8, ¥Mact ef¢etrl nrerrivenel et t¢lenement3) enssel eneat (29, -

19
arrangements of the lens segments 32, 33 on the lens

element 29 are possible. Thus, for instance, an ar-
rangement of the outer transmitter lens segments ac-
cording to a square or a rectangle about a central
receiver lens element - which again may be larger than
the transmitter lens elements - is conceivable.

In Fig. 4, an embodiment is shown in which, in a
lens element 297, two groups of transmitter lens seg-
ments 32 - and, accordingly, two groups of IR transmit~-
ter diodes arranged therebehind and not shown in Fig. 4
— are provided on either side of a central receiver
lens element 33 which, again, is larger - a receiver
diode again being provided therebehind. The lens ele-
ment 29A according to Fig. 4 thus has an octagonal
shape, with a large rectangular middle portion and two
laterally added trapezoidal portions, and again it may
be formed in one piece of transparent plastics, such as

acrylic glass or polycarbonate.

- 14 -



29A) is made in one piece. 10. A transm ssion device according to any one
of claine 1 to 9, characterized in that the nulti-segnent |ens el enent
(29B) is assenbled with a transparent carrying plate (29C). 11. A

- transm ssion device according to claim 10, characterized in that the
transparent carrying plate (29C) is nmade of glass. 12. A transm ssion
devi ce according to any one of clains 1 to 11, characterized in that the
mufti-segnent |ens el enent (29, 29A 29B), optionally in conbination with
the carrying plate (29C), forns a cover for the housing (20). 13. A
transm ssion device according to any one of clains 1 to 12, characterized
in that at |east onefi@nsSsegoents(8R, a38)ngsedpsrgnédnaseaecnehtacbhye
region. 14. A transm ssion device according to any one of clains 1 to 13,
characterized iwhébhainateteast 08eali€nSion20ly ssREABOLCL32y 3BHikSted
designed as a diffractive region. 15. A transm ssion device according to

any one of claimgzd E9-13ingharagierizZed i | gastyon segnent
(32, 33) is desig%ed a% a}%resnel Iens.glgegﬁéﬁﬁaﬁghiggig%'dSS%ggégccording

to any one of cl.ai 1 10,15, a ized.in that .the nufti-seqnent.|en
elene%t (29, Zggféggtbo%sl%%s?gﬁgé %%?%Iégcg%?PélS%gge%§ePr8%é§§§tWF£Hs >
segnent (33) and nunbfr of transgﬁtter glenengélens sggnents (32) located

extern al Iy the?eofSS9T KCPT anshiSErbn d8vi 88 Adcof GFRGCESVEL ¥y nP263S
characterized in that the transmtter elenent-lens seg nents (32) are
arranged accor di NPtV ei tief eleFheedrbundlt Re, cert fFaFfupeéBPvetespect -
el ement -l ens segnent (33). 18. A transm ssion device according to claim16
or 17, charact ekVYokd i ¢if t Hag  beawn 2h eop2¥i evesphetivetyi VBigel 8hent -1 ens
segnent (33) is larger than any in dividual transmtter elenent-I|ens
segnent (32). -TiRis stA@ctwr¢rafisthssiensdevémenac2brdilagdt alaayoonehef
lens element 29 according to Figs. 2, 3, and of the
lens element 29B according to Fig. 6 described herein-
after) can be obtained by embossing, but also by injec-
tion molding, the Fresnel lens structures 42, 43 -
which, compared to information tracks on CD information
carriers are still rough structures - can be co-formed
without any problems, whereby a simple production, in
particular a mass production, is rendered possible. As
the material for the lens elements 29 (and 29A and 209B,
respectively), also epoxide resin may be used, besides
acrylic glass or polycarbonate, respectively, and a
dyestuff for filtering out undesired frequences may be
incorporated into the material.

According to Fig. 6, the filter element 29B proper

is mounted on a carrying plate 29C which may be made of

- 15 -



claine 1 to 18,

characterized in that the IR transmt ter and receiver

elements (22, 23) are designed for an incoherent IR radiation. 20. A
transm ssion device according to any one of clains 1 to 19, characterized

in that the IR

transmt ter and receiver elenments (22, 23) are integrated

on a single circuit board (21). 21. A transm ssion device according to any
one of clains 1 to 20, characterized in that the IR transmt ter elenents
(22) are fornmed by IR LED transmtter di odes with integral optics. 22. A
transm ssion device according to any one of clains 1 to 21, characterized

in that the IR
AL AF LAY L AF
y. Al

receiver elenents (23) are fornmed by PIN-diodes. - 22
grass Aryo ecAYlycAfFladk. . AF . A h3 . AF y. AY y. AU . Ah . ANY

Of course, also more than 10, e.g. 12 or 16 etc.,
IR transmitter diodes 22 may be provided in the as-
sembly 15; it is also possible to mount an array of re-
ceiver diodes connected together, in particular
connected in parallel, on the circuit board 21 (Fig. 3)
instead of one IR receiver diode 23.

In Fig. 7, an example of a driver circuit for the
transmitter elements 13, i.e. IR transmitter diodes 22,
is illustrated, it being visible that several transmit-
ter diodes 22 are connected in series in a group 22.1,
22.2, and several transmitter diode groups 22.1., 22.2
may be connected in parallel. Each group 22.1, 22.2 is
connected to a supply voltage VCC, a capacitor 44 being
connected in parallel for energy buffering purposes.
The signal coming from the pulse former 12 (Fig. 1) and
to be transmitted is supplied in electric form to each
transmitter diode group 22.1, 22.2 via a driver gate 45
with inverting output and a series resistor 46.

Instead of the driver circuit shown, of course
also other activating means known per se may be used
for the transmitter diodes.

Correspondingly, the receiver diodes 23 may be
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ransmission device accordlng to claim 1, char-
acterized in that an injection-molded part is provided

as said multiFsegment lens element (29, 29A, 29B).

3. A transmission device according to claim 1, char-
acterized in that a pressed part is provided as said

multi-segment lens element (29, 29A, 29B).

4. A transmission device according to claim 1, char-
acterized in that an embossed part is provided as said

multi-segment lens element (29, 29A, 29B).

5. A transmission device according to any one of
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acterized in that the optic filter is formed by incor-

porating a colorant in the multi-segment lens element

(29, 29A, 29B).

7. A transmission device according to any one of
claims 1 to 6, characterized in that the multi-segment

lens element (29, 29A, 29B) is made of acrylic glass,

8. A transmission device according to any one of
claims 1 to 6, characterized in that the multi-segment

lens element (29, 294, 29B) is made of polycarbonate.

9. A transmission device according to any one of
claims 1 to 8, characterized in that the multi-segment

lens element (29,
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rying plate (29C).

11. A transmission device according to claim 10,
characterized in that the transparent carrying plate

(29C) is made of glass.

12, A transmission device according to any one of
claims 1 to 11, characterized in that the multi-segment
lens element (29, 29a, 29B), optionally in combination
with the carrying plate (29C), forms a cover for the

housing (20).

13. A transmission device according to any one of
claims 1 to 12, characterized in that at least one lens

segment (32, 33) is designed as a refractive region.

14. A transmission device according to any one of

claims 1 to 13, characterized in that at least one lens
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claims 1 to 13, characterized in that at least one lens

segment (32, 33) is designed as a Fresnel lens.

le6. A transmission device according to any one of
claims 1 to 15, characterized in that the multi-segment
lens element (29, 29A, 29B) 1is designed with a central
receiver element-lens segment (33) and a number of
transmitter element-lens segments (32) located extern-

ally thereof.

17. A transmission device according to claim 16,
characterized in that the transmitter element-lens seg-
ments (32) are arranged according to a circle line

around the central receiver element-lens segment (33).

18. A transmission device according to claim 16 or
17, characterized in that, seen in top view, the re-
ceiver element-lens segment (33) is larger than any in-

dividual transmitter element-lens segment (32).
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20. A transmission device according to any one of
claims 1 to 19, characterized in that the IR transmit-
ter and receiver elements (22, 23) are integrated on a

single circuit board (21).

21. A transmission device according to any one of
claims 1 to 20, characterized in that the IR transmit-
ter elements (22) are formed by IR-LED transmitter di-

odes with integral optics.
22. A transmission device according to any one of

claims 1 to 21, characterized in that the IR receiver

elements (23) are formed by PIN-diodes.
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