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ENHANCEMENT BACKGROUND OF THE I NVENTION 1. Field of the Invention This
invention relates to the field of wireless data transfer and conmuni cati on.
In particular it relates to the wireless transfer of data at high speed
using infra-red-,radiation. 2. Description of the Related Art Many

busi ness and personal applications require the high speed wireless transfer
of data between core and peripheral electronics equipnment. In many

i nst ances, tlcularl when the data transfer occurs within a limted
spatial r egl&TMﬂﬁElﬁé’E RELESS RECHIMER YHTH NSWEE SH IR IDING aNILHRI ce.
Exanpl es of personal data transfer applications wutilizing infra-red

radi ati on include renot eFRONT BNDeSIGN AL BNIHANGREMIENK es, hone safety and
security systens, communi cation between personal conputers and peripherals
and w rel ess headphones. Silver (U S. Patent No. 4,882,745) provides a
cordl ess headset telephone that allows for "hands-free" operation and is

connected to a base unit BYCRGHGUND OH1E IR§UAIEION!T | nfra-red radiation.
Ito (U S. Patent No. 5,708, 725) provides an easily adjustable wireless

headphone that can be used to receive audio signals transmtted by
infra-red radi ati on. Exanpl es of business applications include |ocal area
net wor Ki ng 1 bej g\%ﬁﬂg uters and peripheral devices. Kerklaan, et al. (U
S. Patent B %U% prow des an infra-red transceiver for use with a
conput er |n a wi rel ess | ocal area network

This invention relates to the field of wireless data transfer and communication. In

particular it relates to the wireless transfer of data at high speed using infra-red radiation.
2. Description of the Related Art

Many business and personal applications require the high speed wireless transfer
of data between core and peripheral electronics equipment. In many instances,
particularly when the data transfer occurs within a limited spatial region, the use of infra-
red radiation is a method of choice. Examples of personal data transfer applications
utilizing infra-red radiation include remote controllers for home appliances, home safety
and security systems, communication between personal computers and peripherals and
wireless headphones. Silver (U. S. Patent No. 4,882,745) provides a cordless headset
telephone that allows for "hands-free" operation and is connected to a base unit by either
radio-frequency or infra-red radiation, Ito (U. S. Patent No. 5,708,725) provides an easily
adjustable wireless headphone that can be used to receive audio signals transmitted by

infra-red radiation. ~ Examples of business applications include local area networking



"(LAN). In all of these applications, the use of infra-red radiation as the
medi um of data transfer provides advantages such as econony of operation
and the fact that there is no need to conply with the various regul ati ons
t hat govern wirel ess data transfer by other fornms of el ectromagnetic

radi ati on such as mi crowave or radio frequency transm ssions. There are,
however, sone di sadvantages associated with wireless infra-red

transm ssions. Because the transmtting unit of the wireless infra-red
radiation_is generally a | ow power source that is not highly directional,
t he recei VFHGRATPYHErS BndperinbgishivicesfKerklaam et Ng(W-OSNPéWéﬂg@/- 58adsfi8 and
have a reasonably isotropic reception area. This is particularly true if
t he recei pwvidss an irdrsrei traesceiaeefor nsewith @ nompltat invevitdese kohl othenwodr  at
positions that can vary during use. In addition, infra-red transmtting
devi ces arleANDf nesll aftlede bpplRat@s, bhaseottihei-ecd adbndhasaibheotunvifsiabl e | i ght
and radi o frequency energy, both of which can interfere with the reception

of the i nthdfEgaoviash Alkies BhdhakleYondnlieof cpeRgbA hivd th¥ 1% Hah@eRNOhOdet ect or s
(phot o-di odes) typically used to detect infra-red radiation is subject to

variati onged b RohBRRGHRY r\ﬁﬁi%ﬂ@?@ﬁ?ﬁ)ﬂ%& ggv_e?ré %ﬁl@f%gsedattae%%feﬁ)? bher

envi ronnment highly “desirea ein transmssion is required to
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transm ssion systemthat conbines wreless infra-req signals.mﬁth signal s
transnit t BERSHHETRISaReeriee Bgltrapspiding yaif fihe wigeless infrerahyedingon is, 977, 618)
provi des point-to -point wireless transm ssion by the use of

generally a low power source that is not highly directional, the receiving unit must be

capable of detecting low energy signals and have a reasonably isotropic reception area.

This is particularly true if the receiver or transmitter are in motion relative to each other

or at positions that can vary during use. In addition, infra-red transmitting devices are

often used in areas where there is both ambient visible light and radio frequency energy,

both of which can interfere with the reception of the infra-red radiation. Finally, the

sensitivity of the photodetectors (photo-diodes) typically used to detect infra-red radiation

is subject to variations with temperature changes, making a stable temperature

environment highly desireable.

If the infra-red transmission is required to be point-to-point (i.e., propagate

accurately between fixed locations), the use of optical fibers, light transmitting tubes or

systems of directional reflectors may be necessary. Koyama (U. S. Patent No. 5,953,145)

provides accuracy and reliability by the use of a dual-mode transmission system that

combines wireless infra-red signals with signals transmitted along an optical fiber. Allen

(U. S. Patent No. 4,977,618) provides point-to -point wireless transmission by the use of



-2 asystemof reflecting surfaces. Mdseley et al. (U S. Patent No.

5,987, 205) provides a flexible, hollow plastic tube to transmt infra-red
energy between a transmitter and receiver disposed adjacent to each other.
The wireless transceiver provided by Kerklaan and cited above includes a
mul ti-beam deflector to maxim ze dispersion of an array of infra-red beans
and provides a revolving turret for directional capabilities. Finally, the
need to concentrate infra-red radiation for reliable detection extends even
to the fabrication of integrated solid-state radiation detectors. Radford
et al. (U2swtepgferiecting surfgceppYogedey etpt. dUi 8.alatent Ney p.a§7,805)ipnévidesraed

radi ati on sensitive Goup II-VI alloy sem conductor material in a

f abri cat edlesibleubollnveplasimttubs toltiapesit infteered @herge bbteetn onsnswiten andesa
sidewal I s and other reflective material to achieve a concentration of the

i nfra-redrecehdt dispad adji@natosaet diheér. AMRaviroMst hangbival dry@le@BEK biktanci t ed
above, use infra-red wireless commnication between headsets and

surroundi Bgd gesdl a‘BBﬁ‘é"'fncluE&eanertl%aglede@l‘éc@P%%Hlﬁi12@% nBRidnQr af‘}'ﬁna pfra-red
receiving unit that will be sensitive, interference free and not subject to

L enper at Uil lel Gl A@Hﬁm&aeﬂx%mvﬂfgce@%tmﬂ% @5@%@8&%9%3 fle. cited

above, provides I spersion-o Fa-fed’radiation
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a nmanner sensi tlve ree ect to

t enperat ur.e fl uct t ons bo e, des for a fixed arra
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Sald met hod of data transfer is not applicable when the transmtter and
recei ver ar’é ARy mpydesaa amgy job iifigrred radiation sensitive Group I1I-VI alloy

semiconductor material in a fabricated structure that utilizes internal reflections from
mesa sidewalls and other reflective material to achieve a concentration of the infra-red
radiation onto a smalier area.

Although Silver and Ito, cited above, use infra-red wireless communication
between headsets and surrounding equipment, they provide no specific design for an
infra-red receiving unit that will be sensitive, interference free and not subject to
temperature fluctuations in photo-diode properties. Kerklaan et al., cited above, provides
for the dispersion of a plurality of infra-red radiation beams, but does not make specific
provision for detection of said beams in a manner that is sensitive, free of interference
and not subject to temperature fluctuations. Allen, cited above, provides for a fixed array
of reflectors and a transmitter and receiver at similarly fixed locations. Said method of
data transfer is not applicable when the transmitter and receiver are in relative motion or
have varying positions. Similarly, Koyama, cited above, does not provide what is strictly
a wireless connection and freedom and degree of motion is limited by the use of an

optical fiber. In a similar manner, Moseley et al., cited above, requires a relatively fixed



"have varying positions. Simlarly, Koyama, cited above, does not provide
what is strictly a wreless connection and freedom and degree of notion is
limted by the use of an optical fiber. In a simlar manner, Mbsel ey et
al., cited above, requires a relatively fixed 3 relationship between the
transmtter and receiver. The present invention specifically addresses the
probl enms of receiver nobility, infra-red energy concentration, optical and
radio frequency interference and tenperature sensitivity that characterize
infra-red  receiver designs of the prior ail. SUMMARY OF THE | NVENTI ON A
first obj&dftioyship P%P%Vepﬁﬂ@ﬁtam&mﬂﬁeéaq epvRi dac arosent évpaiionotpepificalles s
infra-red radiation that is suitable for use in high speed data

t ransni sspédiesses e pebtenutifaetcivet mohildy.iinfrerad coprgy sonwenpaton, detial rietei ver of
wireless infra-red radiation that will concentrate incident infra-red

ener gy anadiefidpendyt ingifesnté ael temperaiuné emsititity that elakzawriac iffaied decodi ng of
data signals. Athird object of this invention is to provide a receiver of
wirel ess idetiver deeigns bodle ptibodrt.t hat is shielded fromthe effects of

radi o-frequency (RF) interference and prevent build-up of static

el ectrical charges that may affect the photo-di odes' pre- anplifier
performance. A fourth object of this invention is to provide a receiver of

wireless infra-red radi fects of interference from
d e 2 SOV AR BRSSO G

anbient visible l[ight. nvention is to provide a
receiver of wireless infra-red

A first object of this invention is to provide a receiver of wireless infra-red
radiation that is suitable for use in high speed data transmission.

A second object of this invention is 1o provide a receiver of wireless infra-red
radiation that will concentrate incident infra-red energy and render it of sufficient
intensity to allow accurate decoding of data signals.

A third object of this invention is to provide a receiver of wireless infra-red
radiation that is shielded from the effects of radio-frequency (RF) interference and
prevent build-up of static electrical charges that may affect the photo-diodes' pre-
amplifier performance.

A fourth object of this invention is to provide a receiver of wireless infra-red
radiation that reduces the effects of interference from ambient visible light.

A fifth object of this invention is to provide a receiver of wireless infra-red
radiation that reduces the effects of temperature fluctuations.

A sixth object of this invention is to provide a receiver of wireless infra-red

radiation that permits movement between it and the source of said radiation.



radi ati on that reduces the effects of tenperature fluctuations. A sixth
object of this invention is to provide a receiver of wireless infra-red

radi ation that permts novenent between it and the source of said

radi ation. 4 A seventh object of this invention is to provide a receiver of
wireless infra-red radiation satisfying all of the above objects yet is of
sinple construction and snmall enough to fit on a personal headset or to be
used in any of the many applications involving the wireless transni ssion
of data at high speeds., The objects of the present invention wll be

achi eved by a sénicvephabicelal Ups Bventianig 19 peridy a recgivet ghivirelass infaredzes a
smal | array of photo-di odes, each nounted at the approximte focus of a
concave r efifbetionfgtisfying ab ef thgiabeve deathpit & efpipereutmaionded sbpll a
grounded, conducting wire nmesh and a cover that is transparent to infra-red
f requenci esnoBRItER! DESCRISGTE] DN AGE of HEbbBURESyRifghe rharey dppliaaticop vi ew of t he
sem -spherical receiver showi ng the disposition of the photo-diode array.
Fig. |b isimvobiigetheivewlat whiveniseon ofsaben hadl spegigei ver showi ng two
phot o- di odes and the concave reflecting surfaces behind them Fig. 2 shows
sone rays of a tryppBRéts bitht JRRENISAMIGH w'ilFH?ch'fe‘%@d Bﬁggaﬁﬂ_@mﬁmaﬂfﬂo&{étrat' ng

both the directly incident rays and the reflected rays striking a

phot o- di odgy ;PESCRIRTEL B, Okl ARFEREGR, FhBGR t
i nvention p?o{/i des a 1\%‘% eslé, Eisglhgﬁéat E-Bé e gr%ﬂ%%%ﬁﬁ%é%%ﬁ@of
approximate focus of a concave reflecting surface, with the whole system surrounded by

a grounded, conducting wire mesh and a cover that is transparent to infra-red frequencies.
BRIEF DESCRIPTION OF THE FIGURES

Fig. 1ais a top view of the semi-spherical receiver showing the disposition of the
photo-diode array.

Fig. 1b is a side view of the semi-spherical receiver showing two photo-diodes
and the concave reflecting surfaces behind them.

Fig. 2 shows some rays of a typical incident beam of infra-red radiation,

illustrating both the directly incident rays and the reflected rays striking a photo-diode.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides a wireless, high data-rate infra-red receiver of

improved sensitivity using concave reflectors to concentrate said radiation energy on an

array of infra-red sensitive photo-diodes, while significantly reducing radio frequency



“inmproved sensitivity using concave reflectors to concentrate said radiation
energy on an array of infra-red sensitive photo-diodes, while
significantly reducing radio frequency 5 (RF) and visible |ight
interference as well as tenperature dependent variations of said
phot o- di ode response. Referring first to Fig's. la and Ib, there is seen
top (la) and side (Ib) schematic views of the present invention. An array
of photo-di odes ( three such photo-diodes constitute the array size in the
present exanple, but other array sizes are possible) is arranged

symet ri cARF\angvisible lighidniseiprened aswealt asdampastves dsperdlediovasiat rpedaideni - spher e
so as to achieve a 3600 coverage of incident radiation. Fig. 1 a shows a
top vi ew photpidéodenespensephot o- di odes (10), which nmay be PIN type
phot o- di odes of a wi dely obtainable type, each of which is nounted in
front of a conBafeeirigfilertodig'ona eAdP)b,fieeRdebitop (IHhheeiit vi) sshwnieundi ng
material. The reflective material can be silver or copper and nmay be coated

with addi trjeﬂﬁ@@k”tH?éqir@léhtahﬁenﬁﬁﬁ.hAﬁ%rrfaﬁbff)ﬁ(ﬁo-_@fo&%ﬂn%%u&f(};%@&dmgsgen for
their ability to reflect infra-red radiation il e absorbing

| ect i Hab Lioo; I | ecti e, material

21 S0 Ser venrHhe bEaE LRl e Bt e R e Ul BB g to
i ntai , t . Fig. |.b.sh t
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I |y depi cted 4. Th tir t i ded b ded,

conduct | gy P BCHRAFEL EBYerere ClER Gt A i S0 11 SHSpABRY <O AEGEe

encl osure of aother conducting nmaterial, whose urpose is to forma Faraday

cage to sPIUPEitdER(IhstRichmarbe PN hwealipiordipdss of # widely obtainable type,
each of which is mounted in front of a concave indentation (12) formed in a reflective
surrounding material. The reflective material can be silver or copper and may be coated
with additional materials such as ferrite or various oxides chosen for their ability to
reflect infra-red radiation while absorbing electromagnetic radiation of other
wavelengths, The reflective material also serves as a heat sink for the attached photo-
diodes, helping to maintain them at a constant temperature. Fig. 1b shows the same
arrangement in a side view, wherein the concave indentations are more clearly depicted
(14). The entire arrangement is surrounded by a grounded, conducting wire mesh (16) or
by an infra-red transparent grounded enclosure of other conducting material, whose
purpose is to form a Faraday cage to shield the photo-diodes' pre-amplifier from
interference by radio frequency radiation. By being grounded, the enclosure also
prevents the build-up of electrical charges around the photo-diodes' pre-amplifier. If the
enclosure is constructed of wire mesh, it can be a wire mesh whose conducting wires are
approximately 0.5 mm in diameter and which overlap so as to form openings of between

0.5 cm and 1.0 cm on a side. The mesh is itself covered by a material (15), which might



interference by radio frequency radiation. By being grounded, the enclosure
also prevents the build-up of electrical charges around the photo-di odes’
pre-anplifier. If the enclosure is constructed of wire nmesh, it can be a
wi re nmesh whose conducting wires are approximately 0.5 mmin diameter and
whi ch overlap so as to form openings of between 0.5 cmand 1.0 cmon a
side. The nmesh is itself covered by a material (15), which mght 6 be
constructed of plastic or glass and which is transparent to infra-red
radiation, Alternatively, the role of nesh and cover ht be combi ned
into a si AgFensEuEed aﬁ@égtlc@éﬂi?é%@d Wickis traﬁﬁnaaemwnfma:fxb jadian. material in
whi ch conductive particles have been nolded. Conducting | eads (17) pass
from the pHemetivklpdberole ffroesyrand hevar efiplgdtcicogbinvd fréo halngld dubstwicee nmesh and
the transparent cover, whereupon they may be connected to a photo-di ode
pr eanpl i f t@npaskd ohan mﬁgetdleansmrbﬂit rhdteridl @addichicendilcgoe pditielkedrgd efveem r adi o-
frequency radiation. The receiver sem -sphere front-end descri bed above

coul d be ibldedMCoRd@BinpM8ade(1d) pARR HRM WO PRotdSBtes [ iRFoudX BR¥RERectihp a set of
wi rel ess headphones, but other dinmensions could be chosen so as to be
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a side view of the receiver simlar to t ﬁvmn ]
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the sane ting %] that would strike the photo-diode &36 continue to do
so. The rifBAYH igrdiameter quiien ysgda it s pipplcemer s§i ofpriseless dgadphones, but

other dimensions could be chosen so as to be appropriate to a given application.

Referring now to Fig. 2, there is seen a side view of the receiver similar to that in
Fig. 1b, showing, in addition, several incident infra-red rays passing through the wire
mesh and impinging on one of the photo-diodes (22). By placing the photo-diode at the
approximate focus of the concave indentation, rays that would normally not strike the
photo-diode (24) are reflected back upon it. At the same time, rays that would strike the
photo-diode (26) continue to do so. The reflection of infra-red radiative energy produced
by the concave surface concentrates that energy and effectively increases the area of the
photo-diode.

As is understood by a person skilled in the art, the preferred embodiment of the
present invention is illustrative of the present invention rather than being limiting of the
present invention. Revisions and modifications may be made to methods,- processes,
materials, structures, shapes and dimensions through which is formed a wireless, high
data-rate infra-red receiver of improved sensitivity utilizing concave reflectors to

concentrate said radiation energy on an array of photo-diodes while significantly



by t'he concave surface concentrates that energy and effectively increases
the area of the photo-diode. As is understood by a person skilled in the
ail, the preferred enbodi nent of the present invention is illustrative of
the present invention rather than being limting of the present invention.
Revi si ons and nodifications may be nade to nethods, processes, nmaterials,
structures, shapes and di nensions through which is fornmed a wirel ess, high
data-rate infra-red receiver of inproved sensitivity utilizing concave
reflectors to concentrate said radiation energy on an array of

phot o- di od&&cifgiTsdo &icguney dhintang visitie Hetdiinter feraniensiedlops derener{tRE)  and
visible light interference as well as tenperature dependent variations of
sai d phot depfindels vesaipon oésaidphdte detde résppseywililagilbprovidagessirdiésghighdat a- r at e
infra-red receiver of inproved sensitivity utilizing concave reflectors to
concent r atletasate dnfraidatdietver enN@igyvedemitidnynayizif dhaive rdicodestonhi | e
significantly reducing radio frequency (RF) and visible light interference

as wel | asodeNpat adidiRliatldQRAAAS O aX 8k A1 k- 8bdsal B1dalifcMlipde response
formed in accord with the present invention as defined by the appended

claims. 8r&ginPRadid ﬁ'eqlﬁngfgf L34 v%ibl{:/ P }I{tgﬁitéﬁ%egﬁe?is%éﬂ% térgl?errat-hl% shi el ded

fromradi o-frequency 'inte rence, interference and static
electric : . ] ed.and appljfied by a
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invention as defined by the appended claims.



interference and static electric charges, conprising: an array of
phot odi odes on a circul ar base symmetrically di sposed about a verti cal

axi s wherein each photodiode in said array is placed at the focus of a
concave reflecting surface; a grounded, infra-red transparent

radi o-frequency shield placed over the photo- diode array form ng, thereby,
a Faraday cage; a shielded pre-anplifier connected to the outputs of the
phot o- di odes by a shielded el ectrical Iead passi ng through the

radi o-frequency shield and grounded Q? t he radi o-frequency shield and
the shielded pre-anplifier. 2. The detec or of claiml wherein the

radi o-frequency shield is formed of wire nesh and covered wth a nmateri al
that is transparent to infra-red radiation but an absorber of visible

e of o CONAEAT T 1t 6 (3l a5 TR B GH VG 0o acl at on
but an absorber of visible i ght
interference, visible light mtet ference and static electric charges and whose output is
processed and amplified by a pre-amplifier that is shielded from radio-frequency
interference and static electric charges, comprising:
an array of photodiodes on a circular base symmetricaily disposed about a vertical
axis wherein each photodiode in said array is placed at the focus of a concave reflecting
surface;
a grounded, infra-red transparent radio-frequency shield placed over the photo-
diode array forming, thereby, a Faraday cage;
a shielded pre-amplifier connected to the outputs of the photo-diodes by a

shielded electrical lead passing through the radio-frequency shield and grounded to both

the radio-frequency shield and the shielded pre-amplifier.

2. The detector of claim | wherein the radio-frequency shield is formed of wire
mesh and covered with a material that is transparent to infra-red radiation but an absorber

of visible light

3. The detector of claim | wherein the radio-frequency shield is formed of a
conducting material that is transparent to infra-red radiation but an absorber of visible

light.



