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| MPROVED RANGE AND DATA COMMUNI CATI ON RATE

BACKGROUND OF THE | NVENTI ON This invention relates generally
to optical 5 cq@upmiog=ati on devices. Mre-pgriicularly, this invention
relates to a.low power optical transceiver for use in portabl e
conputers, calculators and other devices to send and receive a data
stream across greater di OPPICAS TRANSCEIVER WUIEMIMPRGVED 'RANGEAti on rates
t han has been previously 10 poawblbara com:mcmxomml cating

i nformati on optically between {w } | nct advant ages over
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transcei vers (devices whi nsmt and receive optica
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portabl e ca&eubknaa@&vb@ﬁﬁuﬁ@baeesHUBaeaélaﬁaﬂahasbs&&ﬁearévsausly
devi ces and ot hers ,such as conputers and printers. U S. 25 Patent No.

5,075, 792, 1Por POSEAPLE: describes a | ow power optical transceiver for

use in portable conputi ComAanieasing 15?6%3&151’4”6})’6@&91@?' BEtREeAStwé
simlar optlcal nsc but _usi ode Instead o

transi stor, Pxeaﬁﬁoﬁaﬁealﬁﬁeacichedmggsteaa%roﬁfleomesﬁpia?ave#bﬂvgl
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and others in ? §r_ herent lim toge sthe{__ r ange
and transnpgg?Sﬁ ngun+§ﬁF&8Pl§s BQER F?%ngé?g canse %ﬁ§n1t
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per second. many Cases, equrva nunber
communication does not suffer from electromagnetic

radiated noise or provide a path for destructive
electrostatic discharge (ESD) as in the case of wires.
20 - Optical transceivers (devices which can both

transmit and receive optical communications) have been
successfully incorporated into a number of portable
computing devices for communicéting data between such
devices and others such as computers and printers. U.S.

25 Patent No. 5,075,792, for example, describes a low power
optical transceiver for use in portable computing devices
such as hand-held calculators. A similar optical
transceiver, but using a photo diode instead of a photo
transistor, is incorporated into the HP95LX palm-top

30 computer from Hewlett-Packard Company.

However, these optical transceivers and others in
the prior art have inherent limitations in their range and
transmission rates. Typically, such transceivers can
transmit only three to ten inches (7.6 to 25 cm) at a

35 fixed, relatively low baud rate such as 2400 baud. (The
baud rate is the number of signalling units per second.
In many cases, the baud rate is equivalent to the numbér
of bits per second.) Their limited range affects the

i



of bits per second.) Their Iimted range affects the 1092710-1
-2 - . conveni ence of use, and the |ow baud rate increases the time
antd power required to transmt data. Moreover, the fi xed baud rate may
render an optiqRfaAygurscei ver i nconpatpble with newer devices that
operate at different 5 transm ssion rates. SUMVARY OF
THE | NVENTI ON Accordingly, an object of the invention is to
provi de an i NywathidHde ADf tdwscaeid\ltme/viltdw bandeasde increasge &he data

conmuni cati on rat e. Anot h f in | s
provi de an ﬁﬂf&?‘ﬂ'ﬁq I, %@ 3’&1 t"i % g Qg‘ct aé’l%% g%g the
communi cati on ﬂ:atézs Banid rmv.&nm rteadeat amfopcttllq:@rl dranseseiver t he

transcei ver i s, com
! B devices thad) opiiatdl alt' A1FEeuat | N
accordance wt arll"lslr}? nven |on c§r¥pr |eses a seri al %l%nt erface device, an

encoder, 5 arrarmxnxsaslcm aratest.t er, an optical receiver and a decoder.
The serial interface device tr ' %ﬁdT%&P&H#%ﬁT%ON serial bit stream
at a selectable baud rate dete Sel ect abl e bgud rate of a

clock signal. On the 2@q¢mqlm.n@ns|°a€e% ofn EBGe A nVEREdoR difeeri al
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transforns th ctrical ses into light pul ses. On the receiving
side, an optuﬁ§HQQeﬂﬂﬁx9§Rﬁ qamgginieation rafe- pul ses and transforms them

into el ectyg cal pul ses.aStHerlensder dietndedosention lisghtio prlosddel aho a

serial bit . Stream for, the serial i nt erfa de The
opti cal recehﬁﬁpqﬂﬁﬁqrﬂﬁqﬁﬁ? tHAnsEediv with EﬁeF§8?¥ﬁ ngtﬁhe i ght
pul ses and corseminiGdtian irdtes fo:elmd:tamm@i thel sateand atherpdevieesf or

anplifying the 30 electrical pulses. A.hj a ilter filters out |ower
frequency pul S8 FFRREONRFR t55 ﬁ%\‘f“&&ﬁ&éﬁ% %ﬁﬁﬁi filtered pul ses into

pul ses having predet er Mimesbtdicgilt airanscedivgmalin @rsiordancef iidbl yhet he
converter %P rﬂégﬁif%n comprises a serial interface device, an encoder,
an optical transmitter, an optical receiver and a decoder.
The serial interface device transmits and receives a
serial bit stream at a selectable baud rate determined by
a selectable baud rate of a clock signal. On the
20 transmitting side, an encoder encodes the serial bit
stream into electrical pulses. An optical transmitter
then transforms the electrical pulses into light pulses.
on the receiving side, an optical transceiver receives
light pulses and transforms them into electrical pulses.
25 A decoder then decodes the light pulses into a serial bit
stream for the serial interface device.

The optical receiver may include a photo diode
for receiving the light pulses and converting them into
electrical pulses and an amplifier for amplifying the

30 electrical pulses. A high pass filter filters out lower
frequency pulses and a converter then converts the
filtered pulses into pulses having predetermined digital
signal levels. Preferably, the converter comprises a
comparator, although equivalent devices may also be used.

35 The high pass filter may comprise several transistors and

a capacitor connected in a feedback loop.



conpar at or, although equi val ent devices may al so be used. 35 The hi gh pass

filter may conprise several transistors and a capacitor connected in a
f eedback | oop. 1092710-1 - 3- The
encoder and deq@@@7iti each utilize coundeys- responsive to the clock
signal for encoding and decodi ng data at the sel ected baud rate.

The foregoing and other objects, features, and 5 advantages of the
invention will becone mihe apeadert ahdodecoderhmafoehchi ngiddezei counters
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recei ver "o oF Lhe Joptical recerver 5is a
Efgf”gt'c dlagﬁthﬂimgniaﬁhyﬁh progeedsoWish rREEEBNreatot thfsceiver. 20
_ is a ti g@@w Rgst he data encodi ng format enpl oyed
with the opticar% Ybniffyia0 v qs DESOR PT| O A PREFERRED

EVBODI MENT ReBRLEY DESCR] A9 ngs, there is
shown a fungfional bl ockid. aqfaglafbaacﬁpﬂhaqkahraﬁsaalmptlaéllo accor di ng

to the invention. The transceiver, grporated into a host
devi ce 11 such FansIVEY ZC5PT 1ng 58|¥PF05“8P“ ﬁgbook si zed conputer or
may be a phy5|cally F¥epnaratie deschematidedingttamThé evnposeder of the

transceiver 10 |n udegg.%&%%%%ggggé Eigksgglbggerface 30 device (SID) 12

such as a 1655&%r-1f8: asynchronous receiver and
transmitter) from Nati ofF@iG. 3 is a schematic diagram of an IR

15 transmitter portion of the optical transceiver.
FIG. 4 is a schematic diagram of an IR receiver
portion of the optical receiver.
FIG. 5 is a schematic diagram of a decoder
portion of the optical transceiver.
20 " FIG. 6 is a timing diagram showing the data
encoding format employed with the optical transceiver.
DESCRIPTION OF A PREFERRED EMBODIMENT
Referring now to FIG. 1 of the drawings, there is
shown a functional block diagram of an optical transceiver
25 10 according to the invention. The transceiver 10 may be
incorporated into a host device 11 such as a calculator,
palm-top or notebook sized computer or may be a physically
separate device if desired. The components of the
transceiver 10 include a programmable serial interface
30 device (SID) 12 such as a 16550 or 16450 UART (universal
asynchronous receiver and transmitter) from National
Semiconductor. Technically equivalent interface devices
include but are not limited to universal synchronous and

asynchronous receiver and transmitters (USARTs),

35 asynchronous communications interface adapters (ACIAs),
serial input/out (SIO) devices, data link controllers,
multiple protocol communications controllers and serial

communications controllers.



Sem conductor. Technically equivalent interface devices i ncl ude but are
not limted to universal synchronous and asynchronous recei ver and
transmrtters (USARTs), 35 asynchronous conmuni cations interface adapters
(ACI As) , senpeb7noput/out (SIO devices,q data link controllers,

mul tiple protocol comunications controllers and seri al conmuni cati ons
controllers. 1092710-1 -4- The
serial interface device TRergseriabsintdrnfdconievice he2 hosteireas cdatid from
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of the optical transcelver 10 1ncludes an optical receiveér such as an
IR recei ver 18 the® kacapveptical siransmittenisych 2% an ol EFRTSR

transmtter andtranshiftsfOo1gb e ¢rinsh] ©Edr | L8l tdnSesrhshe The

recei ver 15 passes these_electrical pulses to decaoder circuitry 20 for

decoding i nto a®i8FFEICALPUISeS HnSe HNerakRdJeioht PRISRS$iaRS 20 in turn
routes the pot Bi6£AGaEOs atBEr1Hght pulduiitat arade Decked theuderattd. The
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decoding into a serial bit stream RX. The decoder
circuitry 20 in turn routes the bit stream to a serial
input location on the serial interface device 12 for
communication to the host device 11. The optical
20 transceiver 10 preferably operates in half-duplex mode,
i.e., with only the transmitter 16 or receiver 18 active
at any given time, to prevent the transceiver from
receiving the data it transmits. However, with additional
shielding, the transceiver 10 could be operated in full-
25 duplex mode, i.e., both the transmitter and receiver
simultaneously active.

The serial interface device 12 includes an
internal programmable baud rate generator for transmitting
the serial bit stream at selectable baud rates up to

30 115,200 baud. The serial bit stream generated by the
device 12 is in a nonreturn-to-zero format with logic one
bits at a higher voltage level such as +5v and logic zero
bits at ground level such as §v, each bit pulse occupying
the full bit time. The device 12 also includes a SID

35 clock that runs at a multiple of the baud rate such as 16,
32 or 64 times as fast for clocking the encode and decoder
circuitry 14 and 20, for reasons to be described. An
operator of the host device 11 can thus select one of a



i nternal programmabl e baud rate generator for transmtting t he seri al
bit stream at sel ectable baud rates up to 30 115,200 baud. The serial bit

st ream generated by the device 12 is in a nonreturn-to-zero format with
| ogi ¢ one bjdsapioay hi gher voltage | evel such as +5v and | ogic zero
bits at ground | evel such as [err]v, each bit pul se occupying the full

bit tine. The device 12 also includes a SID 35 clock.that runs at a
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pul se, 3/16 of the bit time (three SID clock 51gnals) delayed 1/2
of a bit time after the counter begins a new count. This
delay insures that a true zero bit and not a "glitch" has
been sent to the counter reset pin; otherwise, the counter

20 resets when the glitch disappears. Thus, zero bits cause
the encoder 14 to generate electrical pulses with a high
logic level voltage (the counter is allowed to count),
while one bits cause the encoder to generate no pulse,
i.e., pulses with a low logic level voltage (the counter

25 1is reset).

FIG. 3 shows a preferred form of the optical
transmitter 16, which can transmit light pulses at up to
115,200 baud. The logic level voltages of the encoded
electrical pulses IRTX are applied to the gate of a field

30 effect transistor (FET) 32 with low gate capacitance for
switching on and off rapidly. A small "on" resistance is
also desirable. A suitable FET is the Siliconix Si9942DY.
The FET 32 is a switch for turning on and off a pair of
infrared LEDs 34, which provide a wider communications

35 cone and greater range than a single LED. LEDs 34 are
chosen with on and off times preferably no greater than
500 nanoseconds to achieve the maximum desired baud rate.
A suitable LED is the Telefunken TSIP 5201 that transmits



l.e., pulses with a low logic |level voltage (the counter 25 is reset).

FIG 3 shows a preferred formof the optical transmtter 16, which can
transmit |ight pulses at up to 115, 200 baud. The logic |evel voltages
of the encoded 1092&lectrical pulses | RTx-aée-applied to the gate of a
field 30 effect transistor (FET) 32 mﬁth | ow gate capacitance for
swtching on and off rapidly. A small "on" resistance is al so
desirable. A suitible waFeliengtie i 9560 mancgieyesZLY. The traaspitter 16 a
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transforms the el ect!icalreule s WRBinib0 dibgitenPéhofing thehdaraan be
detected fromzero to 3 feet (one net er

re b a.hi’ ensi tive
recei ver such R&nqeding dormat 9 dedckibed as theG a|§sa%FF#F t%FQgram
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si gnal ed byicserBlorg zenmulksit dsd sa.gxial@deby sehdungsaspgrisleednldyesehdpng no
pul se. Wth a sel.ect : | D Kk may
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known and iy anplay yia3Giddehd HhitokneSY8Boabalid) Mok even longer. The
data words are transmitted using a conventional data
protocol such as Kermit, which may include error
correction codes, framing information, etc. Kermit is
well known and is amply described in works such as Kermit,
20 a File Transfer Protocol (1987).

FIG. 4 is a schematic diagram of a preferred form
of IR receiver 18 for receiving light pulses transmitted
at various baud rates. Infrared light pulses are received
by a reverse-biased photo diode D1 and converted into

25 electrical current pulses. A preferred photo diode is the
Telefunken BPV22F, which has a visible light filter and a
peak wavelength of 950 nanometers. The current pulses are
amplified and inverted by transistor Q1 and AC coupled
through capacitor Cl1 to the noninverting input of a low-

30 power comparator 36. Comparator 36 serves to transform
the electrical pulses into digital signal level pulses,
such as +5v and Ov. Specifically, the comparator 36
compares the voltage of the inverted pulses to a reference
voltage (ground in this embodiment). If the pulse voltage

35 is of sufficient magnitude to drive the voltage at the
noninverting input below ground (indicating a logic zero),
then the comparator output is driven low and IRRX is a low
logic signal. Equivalently, a high gain transistor



20 a File Transfer Protocol (1987). FIG 4 is a schematic

di agram.of a preferred form of IR receiver 18 for receiving |ight
pul’ses’transmtted at various baud rates. Infrared |ight pul ses are
recei ved byoe2nregense- bi ased photo di-ode-D1 and converted into 25
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Other elements in the receiver 18 are used for
setting the comparator’s noise margin and for supply
voltage filtering. Resistor R4 sets the DC bias on the
noninverting input of the comparator 36 and thus the noise
20 margin of the receiver circuit. Increasing the resistance
of R4 lessens the sensitivity to noise, but it also
shortens the receiver’s range. Resistor R6 and capacitors
C3 and C4 are used for filtering the supply voltage +V.
FIG. 5 is a schematic diagram of a preferred form
25 of the decoder circuitry 14. The input signals to the
decoder 14 are the electrical pulses IRRX from the IR
receiver 18, the SID clock signal from the serial
interface device 12 and a reset signal RES from the host
device 11 to reset the decoder on power up. The decoder
30 14 includes a 4-bit counter 38 comprised of flip flops
38a-d, an input flip flop 40, an output flip flop 42 and
related logic gates. The rising edge of an incoming pulse
(indicating a logic zero) sets the input flip flop 40.
The output of the flip flop 40 forms the input to the
35 counter 38, which is clocked at the SID clock rate (16
times the baud rate) and begins to count. The counter
reaches its maximum count in one bit tinme.
Simultaneously, the output of the flip flop 40 is applied



QO her elenents in the receiver 18 are used for setting the conparator's
noi se margin and for supply voltage filtering. Resistor R4 sets the DC
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resets the flip flop 40 to awai &rT | val of g not her gulse

anot her pul se occur SPBEfBRE tﬂ% %uﬁ? 1caging R r 1R91¢ hE X ubf er |s 5

synchronously stsetched £X arnanbire biyi timerand|thacpulsesodbveradl avése
5" eoctved (1 pULRBELAGeR LRBLC, OBk ] B, suSB byl A PbBRE AL on°
one. The dtooderocformat. 14Bitenin ctize nstrean persist efomt16 STD anot her
Pﬁgfgaﬁraéygs éioéﬂec¥§9€% £$i£h££09hé9'are generated J@uéhgaQQIQEQQE
baud rate. The output RX is then shifted into the serial
interface device 12 at the selected baud rate, converted
to parallel format and routed to the host 11.
Having illustrated and described the principles
20 of the invention preferred embodiments, it should be
apparent to those skilled in the art that the invention
can be modified in arrangement and detail without
departing from such principles. For example, discrete or
integrated circuits of various types and depths of
25 integration may be employed for the elements of the
optical transceiver, as is known to those of skill in the
art. For example, the encoder and decoder circuitry may
be implemented on an ASIC chip along with the serial
interface device. Such circuits could also be implemented
30 in programmable or standard logic devices. Features of
the invention shown in hardware may also be implemented in
software. Those features in software may be implemented
in hardware.
Therefore, the illustrated embodiment should be
35 considered only an example of the invention and not a
limitation on the scope of the following claims. We
therefore claim all modifications and equivalents to the
illustrated embodiment coming within the scope and spirit



stretched to an entire bit time and the pul ses overall are transf or ned
into a serial bit stream having a nonreturn- to-zero format. Bits in
the stream persist for 16 SID 15 clock cycles so that they are generated at
the sel ected 109baad-nate. The output RX igs i hen shifted into the serial
interface device 12 at the selected baud rate, converted to parall el
format and routed to the host 11. Having illustrated and
descri bed the pfi thepkesl@imsf The woveéstodntipess ecleimendpdi tenbe,given

shoul d be e ] o] ski Ll in.the art that the Lnvenijon

can be nDdifiegﬁgggag%g%ggngnssgngééggg??eqwT?ﬁﬁ&ng gbd%$%r?#nﬁk$iiwﬁ%uch
princi pl es. Fothexanp)eunliessritecbearly appearsitthativeuintend tarisals
types and deptgﬁeﬁfdggfgp&ﬁgiggion may be enpl oyed for the el enents of the
optical transceiver, as 1s known to those of skill in the art. For
exanpl e, the encoder and decoder circuitry may be i npl enented on an
ASI C chip along wth the serial interface device. Such circuits could
al so be inplenmented 30 in programmabl e or standard | ogi c devices. Features
of the invention shown in hardware may al so be inplenented in

software. Those features in software may be inpl enented i n hardwar e.
Therefore, the illustrated enbodi nent should be 35 considered only an
exanpl e of the invention and not a limtation on the scope of the
followi ng clainms. W therefore claimall nodifications and equival ents
to the illustrated enbodi nent com ng wi'thin the scope and spirit
1092710-1 - 9 - of these clainms. The words of these
clainms are to be given their ordinary and accustoned nmeaning to one of
skill in the art, unless it clearly appears that we intend to use them
differently.



-1 - W claim 1. An optical communication device for
recéiving serial conmunication at various sel ectabl e baud rates;

conpri si ng: a photo diode (D) for receiving MhigBheet BRSRPEL]
converting the light pulses into electrical pulses; HEHEH (A RE iGN | er
(Q1) for anplifyingepheoeiectrical pulses; _ 19 - a hij (iR 1l (RS,
C2, @) for filtering out |lower frequency anplified electrica " and

a converter (36) for converting the filtered pul ses into pul ses having
predet er mi ned di gwéatlaigpal | evels. 2. The optical conmunication
device of claim1l wherein jhe cgonvert.er (36) conprises conpar at or (36)
for conparing the el ectrichl pdts&PhiAH §°%“E‘PBEEﬁ%é°9a B¥1E® ¥9Tnsform the
pul ses into predereceiving digrial cimpumicatiensat various Seledteblpthaiai

conmuni cati on dev}agegf SR éiﬁgm”Ei” the reference value is ground
vol t age. . The]§% Ica 'Qonnunication device of claim1l wherein

the high pass Pilter (R3, TXha dieds i(Dd3 forerdbaiwingrlight fpuldese dindg
the | over frequengynpal€ig bask 1onmtheuileko dtade; L0 1L o such

pul ses away fromthe anplitier (Qll - ® * 5. T%e Qlﬁ‘rt:?]égé\y%oérﬁw‘un_i cation
devi ce of claim1 wherei n ¥hEEHNGieTe{ QA foroApPlifEing f the telechmicalor
(Q1) having its bpsesé®ppl ed to the photo diode (D) and its collector AC
coupled to the converter (3 i cal commrunj cation

. .,6.  The opt |
device of claim4 wherein? %‘ﬂ? PrsFadd eert émcoﬁﬁrig%:f” f1iltering Qudnd
transi stor (@9 hhoweny frequenidyecmplifded edetbribflbpakses; tawea first

) ony b e T P il Ty 907 RBNRELAS BERSLABIAY
coupl ed at one erpulses hintoripulgesothaviiagl prefietermined odiqgi¥al asichridle base
of the levels.

2. The optical communication device of claim 1

15 wherein the converter (36) comprises a comparator (36) for
comparing the electrical pulses with a reference value to
transform the pulses into predetermined digital signal
levels.

3. The optical communication device of claim 1

20 wherein the reference value is ground voltage.

4. The optical communication device of claim 1
wherein the high pass filter (R3, C2, Q2) comprises a
feedback circuit for feeding the lower frequency pulses
back to the photo diode (D1) to divert such pulses away

25 from the amplifier (Q1).

5. The optical communication device of claim 1
wherein the amplifier (Ql) comprises a first transistor
(Q1) having its base coupled to the photo diode (D1) and
its collector AC coupled to the converter (36).

30 6. The optical communication device of claim 4
wherein the high pass filter comprises:

a second transistor (Q2) having its collector
coupled to the base of the first transistor (Ql) and the
photo diode (D1), and having its base coupled to the

35 collector of the first transistor (Q1); and

a capacitor (C2) coupled at one end to the
emitter of the first transistor (Q1) and the base of the
second transistor (Q2) and coupled at the other end to ground,

A




second transistor (@) and coupled at the other end to ground,
- 11 - the first and second transistors (Qll-h@Qeﬂf
f eedback path for feeding | ower frequency pul ses back zEan

.-Rﬁced

di ode (D1) to divert such pul ses away fromthe base of mm stor
(QL) and into thegg4getior of the second Lrppsistor ( )
capacitor (C2) for filtering higher frequency pul ses out of the feedback
pat h. 7. An optical comunication transceiver for receiving and
?e)ndi ng ser: al comeuni cgt ithie mlrggraﬁasSaebmtmzesm&dgm Q;zqrrrrrdr&uhgl

a) a serial interfac evice (1 9 ranspitting and rece Sgria
bit streamat a saeltzeﬁ%fﬁ PRk Fe e?%' Pr‘ét RN r?é"\cl}snﬁ% g’
sel ectabl e rate dioward dhle phgtal diocde (D1) {d)direrncooEr gﬁm@eétmway
encodi ng the seri M, e i : e
conpri si ng: f¥°$)éh E%%% ?225 rggg%%s€€%9%%%€ﬁ§ g% |§$ﬂﬁqt strean1and
a clock si gnal5fmomm@famhsesenéctqurm@ @n#l the capadiggirc
circuitry (26, 28{02?)0)1-‘0%0‘!3&'1%@&98" Hﬁ?fi&t'“ffé%&?ﬁcfrﬁﬁé At Yedid cal

pul se for a predeterm ned nunb sighals in eac count;
(c) an optical tFeaskAd% @athie) coupled to the encoder for transforni ng

the el ectrical pulses |ntq ||9hh o?ﬂh§8§ communlcatidﬁ ﬁﬁhﬂgﬁéiﬁﬁr el ver
(18) for rece|V|n ggu es a

transfo ng them.nto el ectr.ical
pul Ses; and 38BRLPSOFoT b L OUHE HBTE A SATAE Sl ses
into a seriall®i tsslgctanld hauvdecades, | schpeisbng: counter (38) responsive
to setting of a flip flop 0) r nt| ck rate
toward a predeterm ned cod%ﬁ CSr%SE d%ﬂ€g¥§?%ﬁf§%f&%) {#?%ng her eby

transmitting and receiving a serial bit stream at a

selectable baud rate, the baud rate determined by a
selectable rate of a clock signal;

15 (b) an encoder (14) for encoding the serial bit
stream into electrical pulses, the encoder comprising:

a counter (24) responsive to the serial bit
stream and a clock signal for counting at the selected
clock rate; and

20 logic circuitry (26, 28, 30) coupled to the
counter for creating an electrical pulse for a
predetermined number of clock signals in each count;

(c) an optical transmitter (16) coupled to the
encoder for transforming the electrical pulses into light

25 pulses;

(d) an optical receiver (18) for receiving light
pulses and transforming them into electrical pulses; and

(e) a decoder (20) for decoding the electrical
pulses into a serial bit stream, the decoder including a

30 counter (38) responsive to setting of a flip flop (40) for
counting at the selected clock rate toward a predetermined
count corresponding to a full bit time, thereby
transforming the electrical pulses into a serial bit
strean.

35 8. The optical communication device of claim 7
wherein the clock signal is generated by the serial
interface device (12).

| ER ) 30



trapsformng the electrical pulses into a serial bit stream 8.
The optical. communi cati on device of claim7 wherein the clock signal is
generated by the serial interface device (12).

- 12 - 9. A nethod of comunicating information optically,

conpri si ng: 1092FH-<ecting a baud rate= 12 - generating a seria

bit streamat the selected baud rate, each bit occupying its full bit tine;
encoding the serial bit streaminto electrical pulses, each pul se occupyi ng
a fraction of the serial B+ t2nmethpdsefiscagmunipating infomataor 24)

counting at a nulépeicaofy ! Ronpligehed baud rate; and driving an
LED (34) with the electrical, pul,ses to generate |ight pul ses. 10.

The net hod of clain19_iruﬂ§ﬁﬁQﬁ§4ng a baud FéEEFving a series of light
pul ses with a photo di ode Jdbraditigt haBetkeaNi Bitt Sereant H ebrestdd Xatited

oul seo: andof bt SR IACADS ¢! SeLucal PHLseR g e oBru sl DI
counter counting at the mendgdimgotheheesdéhdcbitl dbrelmaireto electrical
pulses, each pulse occupying a fraction of the serial bit
time, by sensing output of a counter (24) counting at a
multiple of the selected baud rate; and
10 driving an LED (34) with the electrical pulses to
generate light pulses.
10. The method of claim 9 including:
receiving a series of light pulses with a photo
diode (D1) and transforming them into electrical pulses;
15 and .
decoding the electrical pulses into a serial bit
stream by enabling a counter (38) in response to an
electrical pulse, the counter counting at the multipléwa
the selected baud rate.
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