RDM TNMDS OPTI CAL SI GNAL TRANSM SSI ON USI NG PAM TECHNI QUE Cr oss- Ref erence

to Rel ated Applications This application clainms the benefit of US
Provi si oD 20pypi4us9at i on No. 61/186,821, filed June 13, 2009Sand/0bsIs€i n
i ncorporated by reference. Technical Field The present invention

relates to an HDM interconnect arrangenent and, nore particularly, to an
optical fiber-based HDM interconnect for use with TMDS signal s that
10perfornms a PAM 8 conversion of the TIVIDS data channel signals in order
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cabl e, APCrEALNG Haka Shannel & APRARALEC LR i Drgecor | gfnal col ors

(RGB) | i nt ensi erration I ne annelsO 1 and 2,
as well as sanwltaqu lpiteedmictibbkee clehtinedrasingwDStiG@LKberl n a | ong string of
| ogi c zeros and | ogic ones, bits are selectively manipulated in TMDS in
order to keep the DC voltage | evel of the overall signal centered around a
particul ar Excg@ahndiby’rz&shﬁfk;dwnAnot her si gnal threshol d at the recei ver is
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then used 30to whet her .a receiv bit is _.at
equi val ent to a TBg b *BPCH B MG Lo Rgres e ver R S E "ane (1),
15 digital interface to be used with, for example, digital video disc (DVD) players, digital
television (DTV), high definition TV (HDTV), set-top boxes, and other audio and/or video
devices. An HDMI interface cable is configured to carry multi-channel audio data, as
well as standard and high definition consumer electronics video formats. Content
protection technology is also available and an HDMI cable may be configured to carry
20 control and status information in both directions.

Transition minimized differential signaling (TMDS) is a signaling technique used
in HDMI to produce a transition-controlled, DC-balanced series of symbols from the audio
and video nputs. TMDS is more properly a way of encoding the audio and video digital
information to protect it from degrading as it travels along the length of the HDMI cable,

25 creating data channels associated with the three original colors (RGBYintensity aberration
{(YPbPr), defined as TMDS channels 0, 1 and 2, as well as a video pixel clock, defined as
TMDS CLK. Ina long string of logic zeros and logic ones, bits are selectively
manipulated in TMDS in order to keep the DC voltage level of the overall signal centered
around a particular signal threshold.  Another signal threshold at the receiver is then used

36 to determine whether a received data bit is at a voltage level equivalent to a logic zero (0)
or at a Jevel equivalent to a logic one (1).

FIG. 1 illustrates a conventional prior art implementation of an HDMI system,

showing an HDMI source 1 and an HDMI sink 2, coupled together via an HDMI cable 4.
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FIG 1 illustrates a conventional prior art inplenentation of an HDM
system showing an HDM source 1 and an HDM sink 2, coupled together via
an HAVI | wabkbh®/144894Wthin HDM source 1, the associ at edPeirdseoianss4aedi o

i nput signals are applied to an HDM transmtter 3, which transforns these
signals into a set of three signals along TMDS channels 0, 1 and 2, and a
separate TMDS CLK signal. The TN1DS CLK signal will be used by FIDML sink 2
as a frequency reference for data recovery on the three 5audi o/ vi deo
channel s. 1t 0erRAS Lhigdl alke 8L ﬁggiﬁaﬁwanﬁfw%w @m&neiwleantpmasmsdet of four
signals are transmtted as sinplex signals eP " transmni ssions)
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maj or dr awbacks associated with the use of an electrical cable as a result
of its suscBPtTBIPT & iteereliwet Pofgdeestient Hrertuscirtesnaeshl ' to the

l'i m t edycbanginhigisNDRiC, e, YORR eI, TiRWihHSE MMiRisstoRvist Apphsng fhansm tt ed
al ong copper wire are susceptible to power |oss, thus limti n% the length

of copper-b%é%wéwét%?ﬁ}&éﬁaﬁmpie%wswenf’@sé Pl DOMbEGE VIS it er s.
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optical fiber-based virtue o usi ng an optical cabl e, the

data rate aiiﬁél"ﬁ‘é%@r«ev@ﬁa@k fgirbbot h be Si gnl f| cantly increased while avoiding
the problens of, Blon WM ki€ sapeRti cal
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fi ber-based alternatives are di sc ose ed 25Application No.
2007/ 0283908ppusbkipstiec: iofricactablydrsudl2@0poseio! datre; whennelersvet, Hese

sol uti ons_posg. bhel (AN, LITEALLOAS Ll aBRAKLE DBuL e, Lranghl ssion of the

multiple T [ution is to use separateflbersfor each
channel , anmeotchgrbilgplari¢commiagnetio mﬂeé:rcmeaparraa”t edwav eled mgted SafdyridibaEthe channel .

Ei t her of these sol igtl ons i Frod %I él onal conponen sour ces
thermere e S1 ndstra,n miie

of 1oss int6Pthe"Sys RPNy L AR ES OpF°r Ahd'' ¢ bus’prgﬁﬁnot her
proposed sghouti los, ihas mengeﬁaia{gﬁze{'eopfkwbsgﬁ ekaf;tn'crzlvm)’*ﬁhwhlmkcs.mnimr to
transm ssi on over a single fiber, and then "deserialize" the data at a
recei ve®® urrt't(a™%&hni que referred to in the art as SERDES). The proposed

SERDES sol uti onjt hb@h!&b(@l%ﬁu@ﬁi?@ﬁ@%at@i fae£plfe obipeABastHDAIIELIOf wiieshikcsli ng t he
HNIDIconng Erl-garsle I?D%Bf 6}&6 B%v}upero%%myf Tgp }eglewkgigt? e 5&?:5 rafe and cable span
may both be significantly increased while avoiding the problems of copper wire. Specific
arrangements of these optical fiber-based alternatives are disclosed in US Published
25  Application No. 2007/0233906, published on October 4,2007. To date, however, these
solutions pose their own limitations in supporting the transmission of the multiple TMDS
channels. One solution is to use separate fibers for each channel, another solution is to use
separate wavelengths for each channel. Either of these solutions introduces additional
components and/or sources of Joss into the system, increasing its complexity and cost.
30 Another proposed solution is to “serialize” the set of TMDS channels prior to transmission
over a single fiber, and then “deserialize” the data at a receiver unit (a technique referred
to in the art as SERDES). The proposed SERDES solution, however, creates other

problems in terms of requiring the HMDI connection to operate at three times the data rate
2



of the individual channels (for exanple, at 10.2 Gops as conpared to 3.4
Gbps) and as a result requires the use of expensive, high bandw dth
conponentwotzhawi4mey consune nore power than their | ower pepasdoioossiser part s,
Thus, a need remains for a optical fiber-based HDM cabl e that addresses
the concerns of the nmultiple fiber/multiple wavel ength arrangenents w thout
requiring the use of nore conpl ex conponents associ ated wi th SERDES
operations, Sunmary of the Invention The need remaining in the prior
art is addressed, by the present inyentiqn, which relates to .an HDM
i nter connecﬁ%‘?‘%ﬁ?‘f&%ﬂﬁ%{ﬁﬁ‘ﬁg& HEPE pEr'e i%cr}lfﬁpéf"f Sﬁmﬁaifdé%?‘éﬁf}fﬁpé’aﬁ‘d f{ber - based
HDM i nt er cesueeduibothe Usen Wk bdnsiVdVDEhDaghals chhabtnepR 0 HAB cénspiit sercanpl i t ude
modul at i onéPAl}/% gﬁnl’\g&rsiron f the TIVIDS audio/video signals in order to
si mul t aneouSy" PPARERT TYe4FTeet APRE ¥ annel s over a single optical fiber. In
accordance W t hThheapeRisentint Ry @ Bpfic@NSibekDEse8 BN cab e a@diehs®/tv deo Ti vos
15channel's is applied as an i nput ]ft 0 a PAM 8 optical .nodul ator, which
functions tE EHESETRE Ret T e Ry s EMes S aH e PEaMs M taul at ed
out put si gnglmorelfifoiBLRLRGARId BRL wiihgRRlDHAsS pkhes@af ter coupl ed into an
optical fiber within an active HDM cable (where an "active" HDM cable is
defined as a cable including both optical fibers and copper wires and
necessary ofliea) of B=¢henksl cal (0/E) conversion conponents), and is
transmtted to an 20HUM receiver (sink). The TMDS CLK signal is not
i ncl uded in thi dheowwdersiipRg inMhortdiartoprddeated di Mg meseiiuevepBdravishas a
separat g eleGhl lCAlSloRRld Rl Erlhansihd ob-alongia, conRshic! gal path
wi thin the active HDM caqu. The 'I5AM8 si‘gnal ~ propagati ng al ong the
optical fi BesediEDhherereamooy &rack aith AMDY sfigrgisitat agrébroe e puledaipigidey t he
separ at el y-r]tﬁgo@” i ';};,e\g\%, sLenald. Lok struct set of three
TMDS channe s.“%(ﬁ%)\‘m&“ SHON rblr%ggi%?/g*rﬁ%%‘ﬁjﬁ%fvd%ég%é%%y? refthrqqgsed to translate
t he channelsgnilptoutlferadesi sibdireeictenelandrauchige opnfad fibat i on. The
utilization of PAM 8 nodul.ation to transmt Tl\/Dﬁhcha nel.s i cor dance
with the present’ FRVSRET STelS e R RE esed e Qobrsdel BYPS or extra
wavel engt hshras!suseg!itdustan énpar foar PAVIEE) gptivhiinlogdulalog ovhial foba@ions tagntdde ori gi nal
data rate tEe Tl VEDS data and 30t hus . avoiding th ed far high-speed
el ot r on oo HhSHEH T R S ERPES DA OFRArEndr f Shgariaie o
Advant ageousdny,, is theaagtcbiiged mMMh opabll 8bdravimethn 4t acigoRd ame(Wetehunt he
present invention may be used as a direct replacement for conventional
el ectrical RN @Mi&biﬁésr‘j@g?daabraéﬁ?%%ﬂgﬁ‘tg OPEroPtipe INEF PHLOPPSPESS of  acti ve
HDI vi | cablgs n8eseri fachiabene)ical (O/E) conversion components), and is transmitted to an
20 HDMI receiver (sink). The TMDS CLK signal is not included in this conversion into the
optical domain, but remains as a separate electrical signal to be transmitted along a copper
signal path within the active HDMI cable. The PAM-§ signal propagating along the
optical fiber is then recovered at an HDMI sink and decoded (using the separately-
transmitted TMDS CLXK signal) to reconstruct the set of three TMDS channels. Known
25 HDMI receiver techniques are then used 1o transiate the channels into the desired video
and audio information.
The utilization of PAM-8 modulation to transmit TMDS channels in accordance
with the present invention eliminates the need for extra fibers or extra wavelengths (as
used in the prior art), while also maintaining the original data rate of the TMDS data and
30 thus avoiding the need for high-speed electronics {as used in the SERDES-based prior art
arrangement). Advantageously, the active HDMI cable formed in accordance with the
present invention may be used as a direct replacement for conventional electrical HDMI

cables {or as a replacement for the various types of active HDMI cables described above).
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I n one enbodi nent, the active | TDM cable connection of the present
invention utilizes nultinode fiber, which is relatively inexpensive while
still prowodnrogi4sssiifi ci ent bandwi dth to extend the di st aotaseven3sské ch
|-1DM signals may travel when conpared to the conventional copper HDM
cable, In an alternative enbodi nent, single node fiber 5 may be used and
is considered to be preferred when transmtting the signals over distances
in excess of 100 neters (conpare to the 15 neter Iinitation of HDM copper
cable). The fiber itself. may co er a suit Iass pl astic
material . %1W aéﬁﬁﬁﬁﬁﬂgﬁmﬁf‘ﬁfﬁﬁg?&%%“&Fﬁﬁ %W@ r‘5”8%%‘%”“nventlon
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directly cre%%. éhe PA nal 10in the ogélcal domain, |n this case, the
vig Eéﬁ
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(VCSEL) nmyiseitglf reycpprasdihacediiia siae herlipfiasetsad gned data signals to

create the PAM § optical \/\QIWOEUEm%(QEP@A t of the present ﬁ»%%gréj%&?ZéMnHQ anot her
enbodi ment of the present invention, the TI{)/DS-toPAM conversi on may be

perforned iiptetitremereMZl) Gattilichsraian optigie thodubrsoPARK ! gleweteithdii Msiggral
t her eaf fer xﬁ%ﬁﬁ{;ﬁ?‘&'orhﬂﬁ Olnacﬁ‘exg&te'tﬁ%w@ag?%s SR ?‘*Is'f‘iﬁagcer

enbodi nent s vant ages of ent Tnvention w becone appar ent
during t he atewpdde o Cﬁ@Md)wtemgremlsmgﬁa@ﬁocaﬂﬁdmthcreﬂ@ﬁ ehzght gedtiya!

acconpanyi ng, d @I{_% T e ¢ %ﬁncaﬁ bﬁ%ﬁ%rr' i%é.,%”th‘é’ Toge%\%ﬁ%ay?béaﬂh%; {AV fgqnow to the

dr awi ngs, nent ati on of
an HDM source andlcsé nkput wgnzh (8> Q@n@emi oftg}nenthmwakor@abieé tgomect i ng t he

source and |nk t he  di agrqgn shgh % n gartl gu}lfar the utilization of TMDS
coding to tTRARSAY °f HE "OPHES MR A% SIghrL“SSriG 2 illustrates an
exenpl arsy PAM eﬂ@@zﬂ@ﬂﬂvcﬂpmv&ﬁba fchbgrsuiiasechi@ng BRGEWEREL Ubhy bezdaed;0 transm t
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In accordance with another embodiment of the present invention, the TMDS-to-
PAM conversion may be performed in the electrical domain, with the PAM-8 electrical
signal thereafter converted into an optical signal.
20 Other and further embodiments and advantages of the present invention will
become apparent during the course of following discussion and by reference to the

accompanying drawings.

Brief Description of Drawings
25 Referring now to the drawings,

FIG. 1 is a block diagram of a prior art implementation of an HDMI source and
sink, with a conventional HDMI cable connecting the source and sink, the diagram
showing in particular the utilization of TMDS coding to transmit the video and audio
signals;

30 FIG. 2 llustrates an exemplary PAM-encoded optical fiber-based arrangement
utilized to transmit HDMI TMDS signals along an active HDMI cable in accordance with

the present invention; and



FIG 3 illustrates an exenplary optical nodul ator configured to convert the
3- channel TMDS signals into an optical PAM8 signal for transm ssion over
a singl e wptooead44douber in the arrangenent of FIG 2; Fl BCTAIS610M38486)
additional feature that may be utilized to increase the linearity of 5the
out put response by encoding the original three TMDS signals into a
plurality of N phase-aligned bit streans used as the input to the PAM

opti cal nodul ator; and FIG 5 illustrates an alternative
configuration fergthe@eksYeetdPMareahlcs iaulnf (MRS 8A, LAveRtean where the
three TMDS data channels are first converted into an electrical PAM 8

si gnal , wi tHergelMPsstanpls dito ppatispldiali-BeHan for EnsnErifeavs ACHEEREIGt i cal
domai n pri q(be;gtgggﬁﬁ%%kgﬁlgrgmthe HDM source to the HDM si nk.

Detai |l ed Description ment i oned above, there are various factors limting
t he perfor manceF6f. 4Hapvs in al5dmbhideaturokiat her begitpigedetodpasass e dncagiaslie or a
conbi natd on, of optical. £l bers..and 60 MBS didiraBinto @MurAGE hme" Fl Wit
cabl e). SThgh%%Ing?i% E’Jes?jtwc%ﬁ%ggf ?‘gnﬁgﬁgﬁ {%reewgfr‘vg%esﬁémlgﬁp\ye%{& f%%q)té%j{\g?esses t hese
concer ns byhpreavigthdrigt strhanalsed kttye tputgd thelPdhepiivs] podulzersmid al | t hree
channel s of the M), d: I gn, over a singl ' Lher ~w.thout the
use of multi pl e}%el?}gbﬁ%%ﬁsn %%@h%@g‘e%ﬁ%ééﬁgm%%Qﬁy&@ﬁ%{%agg, ‘%Mgrfor mng a
pul se anpl igresehe 12@nodutheat tho thr{PRNPS clenveinstloarednst cheveTMDStodkat a channel s
and transm tting §, AM si | over. ptical fiber. . Reference is
mde 1o b1 Qe bR B e e B AR e edmRd PR 10t nat

i S propuasediofraim pasetol tranphaden Hém HBNIDlakdvecedo of HibiGI pnk.or art. As w ||
beconme apparent during the course of the follow ng di scussion, inventive
1-1DM cabl e connection 2510 may be used as a direct replacenent for
existing EID VIl cables (electrical cables or active cabl es) deployed in
various systens. Referring to FIG 2, active HDM cable connection 10 is
shown as i RAUYEF RG> 8Pt i cal fiber 12 to transnit channels 0, 1 and 2 of
the TMDS data (mhesaridhtasoehandealsabe rhGMmithgandetboathloyf iipMEl G 1) as
a PAM 8 optical signal. In particular, TMDS channels 0, | and 2 as created
by HD. M® tr%W%meﬁltffg?f apugptiedicabtagle of p capBingigngf ol fies ad caPPET WBER to a
phase al i gnnent ‘@b ADMALMNIOR (¥BYLLARRh&Son ke BX&MDIGention D-t ype
flip-flop circuit arrangenent). The operation of phase alignnent el enent 14
i s cont rol |28gressys ivpSoBER sty perehrithgaly by tofimgltingpedy wasaits|lgied s, shown as
bi t-0. i t-cha@Bd oPItk TRaD@kark HEnQUIRLL i1 PUIRSEneRL LARIRB: (L BT fipd 4.

The phase-allgneg streans represented as bit-0, bit-1 and bit-? are then
appl i ed as veeparaer SEEEES comipormply sinsieadaperspning alpupakselitadepl i t ude

modul a1 oG ONARHANTeRY S LEhIOPLL LAl RO G AT, ORELALIAG at a known
wavel ength 2, I's used to supply an optical I nput signal Ito nodul ator 16.
As wi |l be sgesiorviebadpbed digr. nodul ator 16 functions to

Reference is made to FIG. 2, which illustrates an active HMDI cable connection 10
that is proposed for use in place of HDMI cable 4 of the prior art. As will become
apparent during the course of the following discussion, inventive HDMI cable connection

25 10 may be used as a direct replacement for existing HDMI cables (electrical cables or
active cables) deployed in various systems. Referring to FIG. 2, active HDMI cable
connection 10 is shown as including an optical fiber 12 to transmit channels 0, 1 and 2 of
the TMDS data (these three channels are shown in a dotted box in FIG. 1) as a PAM-8
optical signal. In particular, TMDS channels 0, 1 and 2 as created by HDMI transmitter 3

30 (see FIG. 1) are first applied as an input to a phase alignment element 14 {which may
comprise, for example, a D-type flip-flop circuit arrangement). The operation of phase
alignment element 14 is controlled by TMDS CLK to create a set of aligned data signals,
shown as bit-0, bit-1 and bit-2, at the output of phase alignment element 14.

[



5create a pul se anplitude nodul ated (PAM optical output signal that is
representative of the values of the original three electrical input signals
that is, wepoesamsati ve of TMDS channels 0, 1 and 2. | npPChits2aia®sgssa PAM 8
configuration is utilized, neaning that a total of 8 different anplitude

| evel s are required to conpletely define all the various possibilities of
the three digital input streans. 10The out put PAM 8 optical signal from
nodul ator 16 is thereafter applied as an input to an optical fiber 12,

where optical efined as one cabl e

f 12 is GO
connecti on 10. #ﬁ%pﬁﬁﬁﬁﬁﬁF &“@W@Hﬁﬁ?m’?h%‘ﬂgfg ?Nﬁ‘téﬁm AJHF@ d” power,

and the |ikepardé eediriansultesh opficalpart khglidh@rmdR%eds: 160pRRAtIMCLESa20 al so
included in active HOM cabl e connection 10. The use of an active HDM

cabl e i ncl uliMigriet pruIsddspertizm AFnewr WeGtengbine st on s POYAPIo8WE! f or t he

phase al i gngRRti.£AEAdbN%:ENG. 9&%%%@9@3@%@9% Bt REqifBNE bRt ecei ve
sides of the cable to be S|an|f|ed wi t hout sacrificing on the distance

travel | 6d Iyeaicerudse gmalimde préulargFAM) aitied ohipyt sige! helqufepiepgpiative of
addi ti onal &E@&Eﬂk&%@é«@%&%ﬁ eé é;é(ct&&ﬂ i%ét s%gks't&@?s' rePf0GeR5L petfibktering to

renoving timng Jit using this technique of transnmitting
only the TN@@mehﬁnhaK§2dnﬁlsandazwgédvenf$mﬁwptﬂﬁaﬁﬂfﬂwémnéﬁW@téPbctron|cs

conti nue t e S 3 10. 2 Gbps rate
required f8¥%?ﬁgﬁ%ﬁﬁﬁéé bl “S“g?gﬁf%ﬁgggﬂ teﬁ?%ﬁ&%gggé9 Pﬂghe receive
side, the ﬁ%&&@zwﬁgﬁmbﬂpmo@@gaEHMQMQMDng optical fiber 12 is first re-

converted into Lp mai N W t hin pt, | ectrical (0/E)
conversﬁbn deV|cee%§mSnd\%%éﬁU%b% F% Oggmg%agregf?hcafw' %ekgé&a 3-bit AID

converter 2dput @ anegowefibtrhie, @bat gptical fitdat Aissefrdlas ofm don(ondmr bEabtimnd bit - 2,
as controll he recei ved._.(el ectrical Thereafter, the
cl ocked daﬁg%%?%?&épémﬁﬁﬁP%gd“§§m§@b5?§? Q?Hﬁﬁg gtoi§§%931§§u&§tput dri ver
2F|to recowameﬁbﬁiméhgiaﬁhmhhﬁﬁajmMES?da&gz?haﬂﬁ@&SNKﬁOOasoﬁkE&aBm .
ilTustrates an y_ PAM pt) cal podul at 6 .t hat . used to
conver t -t necondGSi TR bantsroe o Bieieg o b ToM Sl BeHTRE PORs ot ho

TMDS datsa pr&ﬁ@rﬁ&n&@?d%@m@ctﬂﬁaﬁ% llaaplok the@Rastabinddne dn@patrzcal u@@{ﬁiﬂgﬂ
signal. In t@x partlcul enbod] du%ator 16, co ri ses.

nul ti - segrré‘ﬁ @hra%‘h‘r%] é“F"ei“ﬁtS %‘{}B?T%th 0 PREPPHER v, @ﬁ%ﬁcm pti cal

i nput  si gnahe disthdc@ Ma®QMY 68 thb&ighis IPPLI 6k BryvaR £AGOIE Ng optical wa-vegui de
32, which then splits along a pair of waveguide arns 34 and 36. In this
case, a di faéHemy/penplicated cifcuitry to perform signal processing/filtering to removing timing

jitter. Indeed, by using this technique of transmitting only the TMDS channels 6, 1 and 2
20 over an optical fiber, the electronics continue to operate at the 3.4 Gbps rate, as compared
to the 10.2 Gbps rate required for the SERDES implementation mentioned above.

At the receive side, the PAM-8 signal propagating along optical fiber 12 is first re-
converted into the elecirical domain within an optical-to-electrical (O/E) conversion
device 22 and then applied as an electrical input to a 3-bit A/D converter 24 to recover the

25 digital data signals bit-0, bit-1 and bit-2, as controlled by the received {electrical} TMDS
CLK signal. Thereafter, the clocked data bits are applied as separate inputs to a TMDS
output driver 26 to recover the original three TMDS data channels.

FIG. 3 illustrates an exemplary PAM-8 optical modulator 16 that may be used to
convert the phase-aligned bit-0, bit-1 and bit-2 representations of the TMDS data channels

30 into a phase amplitude modulated optical output signal. In this particular embodiment,
modulator 16 comprises a multi-segment Mach-Zehnder interferometer (MZ1} 30. As
shown, optical input signal T from source 18 is supplied to an incoming optical waveguide

32, which then splits along a pair of waveguide arms 34 and 36. In this case, a differential
)



MZI is showmn, with a plurality of segnments forned al ong both wavegui de arns
34 and 36. That is, a first set of segnents 38-1, 38-2 and 38-3 are forned
al ong wawsgubtel4asom 34 and a second set of segnents 40- PCTAG2@048845610- 3 ar e
formed al ong wavegui de arm 36. Phase-aligned data streans defined as bit-0,
bit-1 and bit-2 are shown as applied as 5the electrical inputs to segnents
38-1, 38-2 and 38-3, respectively, with their inverse values simlarly
applied as inputs to segnents 40-1, 40-2 and 40- 3. The presence of these

el ectri cal I\ﬁ?gi@@}laé’mm&v t!l agpxq é)y ftslggmg{tsoﬁgﬁgd a?&xg%f h.\/\ &Hgé éﬁ‘glls 32

propagati ng al ong arns 3 I ntroduci ng |xe§ anount orf p ase del ay
bet ween t hefhsi Q,niaﬁifet spr Ypegratnin§-aPdAgreadh aa:rmma’é atpnp vagedusis 2o 3¢ he | ogi ¢
Oy o 0016 ook LAGEcOhe RN Dicky Ay BACH: ROLOE 4 DaLLIR: sfhgse ot cal
signal s thereaft reconbi he al ong an out pu | car® uide 42 to form
t he PAM 8 opti c&haseuatignet! dsﬂagmealma@eﬁﬁdca@hm@eb eldmkbu%snccsho‘mnaswpe iadse of an

MD to creat ) a. PAN tic t i.gnal e f n_US Pat ent
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assi gnee ofvatuhs Smégpbi a'ptpé&d @nnainto Reghehy mncm pandied Ty prater efibese 15it i s
al so possi b, e to fur ? gg %g t he ph |.i gned }set of thrlee bit streans
to create aeﬁ FaTse e rpé‘)tﬁgmﬁh‘t’é ?pt““ SHEATE RA 08 FPPZEE  t he N
separ at e st¥eadrgs,asr duﬂ@ﬂg a fiQedBanRAM ¢TpUM Aty betByern mef@a@sa mgpakiimgnunber of
el ectrical input and al so, perhaps easing the nunmher of segments
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present i nVeftd P%Megr%mﬁﬁé%‘@ué?‘g&h@d ASTOYREISCIpUESiQR ongg USE CARMAT t - 2 are

first appliggeas s&dﬁﬁ@f&ﬂb@ta@ﬂoﬁﬂﬁ@ﬁ%‘ c42bd Raka S dsRch v as1 M7 odUce an
additional |evel of differentiation between the si gnal s and generate an

i ncreased rubei fal QuptHes (%t P99 pRige tathegaByee aaty @pielMEa™ n a sinpl e
arrangemnent; ,cregpg{ggﬁgraé@ ey ggnerate a set of four output signals fromthe
t hree 25i nput si gna s and an associ ated MZI would be formed to include an
addi ti offal segniint 2lgoposebleity Birthiresnendidithel rbagetalisnqsiret ofiet Bt sitremaia angenent

of FIG 3 i Léa&%ﬁ @r&i%% ol s@%&gﬁﬂggnst%f s B Bg@i&ﬁg \*s@ CaALS lstp%mléta%]l i zing an

MZI opti cal It 1Ts to be understoo re are other types of
optical ar rlawgewe&‘r%M mdfﬁataiqra%astcsaasibetmgembtr@f @‘-Jeetat@ Htphe (MAME®, out put
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source nmay
signal will be defined at an increased level of precision by improving the linearity of the

20 transfer function of the phase response. FIG. 4 illustrates this aspect of the present
invention, where phase-aligned signals bit-0, bit-1 and bit-2 are first applied as inputs to
an encoder 42 that is used to introduce an additional level of differentiation between the
signals and generate an increased number of output (still phase aligned) data streams. Ina

simple arrangement, encoder 42 may generate a set of four output signals from the three

N
W

input signals and an associated MZI would be formed to include an additional segment to
receive the additional input.

While the arrangement of FIG. 3 illustrates an embodiment of the present invention
utitizing an MZI optical modulator, it is to be understood that there are other types of
optical arrangements that may also be used to create the PAM-8 output signal. For
30 example, as mentioned above, a directly-modulated VCSEL source may be used to
generate the desired PAM-8 optical output signal.

As mentioned above, it is also possible to first create a PAM-8 signal in the

electrical domain, directly from the phase-aligned bit-0, bit-1 and bit-2 signals, FIG. 5
7



generate the desired PAM 8 optical output signal. As menti oned
above, it is also possible to first create a PAM8 signal in the electrical
dormai n, dwvoeotdpsgonom t he phase-aligned bit-0, bit-1 ane#cChius2@osssysal s.

FIG 5 illustrates this aspect of the present invention, wherta

digital -to-anal og converter (DAC) 50 is used to create a PAM 8 out put
signal fromthe parallel bit streans. This electrical PAM8 signal is then
applied as an i nput to an electrical-to-optical (E 0) conversi on el enent
52, which rise a lasing device. S Arom DO
dovi ce &3 1Rl B ERlR boe Bl AUl SRS e DRy B ch s

t hereaf t er Waupked drevioa DRPLA- &adazpzftlatg&ﬁ | fiozh tha pirl&]‘@nﬁﬁ@ﬁeaﬁ’ﬂnﬁﬁﬁ egstrideéscri bed
above. ar ed 9 i npl ement ation qU|r the use of SERDES,
the Paw g A AR IR Aot S AT Pai e Brsirecir ot GRE PSR {hvent i on
i s much | owssmeansh, enahles sithey useprat a5 de%&erﬁﬁ‘ie\lﬂfpnwlgdahﬁdﬁ i ber w t hout
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of the pr esdghlﬁg P%@ébﬁf‘? O ARy BeY Y fég }%{%{F SME\ x%écfﬁfl IS CETRINY P |a|any
convent i onahtoIBMz! 680118 iddhk easymbilhetiSRlesckbéd dbsl1g nul tinode fiber also has

the extra benefit of providing greater tolerances for optical aI| nnment ,
enabling | ower JOEECORPYF PAMplFECRAIE AP UNE HY STRES oo ded A rdigenent of

the presentysuventi 9fihASHbBEmbME bhaE pRdvantagen szm&&ti@&)@'zﬁ@eﬁabés gpan over
whi ch t he HDM TI\/DS 15signal s can travel to distances beyond 100 neters,

dependi ng U IEHExpaBEe TEyimoda flcrvERPBLASY S1RERe FeFatidngs ParaiEe®r s

|ndeed110‘““@%6@@'tﬁ@aﬁl@ﬂb@ﬂ@ggnf"h@ﬁresénﬁmpérﬁ-féﬁﬁ@f/ bBUbdaiatRdeofih ber, much
greater distances can easily be achi eved fiber itself will, in nost

cases, conpriizemanigpiasy ce@icmii@ai BRYE dyblergireary ) use. Howkaime mulfigoflasfitg 5o
possible tq ‘d%g z‘ﬁ@&h?y%n&ﬂ'&gﬁkldzr%ﬁfatérc&prmk% Q‘é}tﬁ:a%a@ §m§n f QLpRLi on of an

optical fiber for this purpose |'e 't he present ention has been
descri bed Vpwdr cpgfreglerdent mﬁmfﬁcﬁ@mnﬁbenﬁbwﬁmﬁnﬁmh@pé@ﬁ presddse skilled in

the art w l1!1&/65@&9%”k]‘équﬁ&§g?x%ﬁ{1éo&sex%gﬁgcgl nv%m/mgew CCOI’ ?NI?PPV{qupartl ng

fromthe spirit and scope claine t1on
i nvent iBn isgnamotar frmhed&%-t@cwmonﬁ%%h@m dapetdies droawienigs:r amdaldfescrl bed in

t he specifi but onl in i nthe, ¢l ains 1d hereto. 25
Wat is cl algla&éol fer operating pXra%ete nq%l(% é\%’glﬁﬁi.!ﬁ :dneg_? ode h%?mﬁ fc%%{

i nterface (#libhbge ﬂiﬁblnezcb(gnaecmstemd om ebfxan:@mmuedg iav Phaurisdii Wiy, m.f
transition o ifi ed dat a_sj 9N l.s 1 as%om ated %qntr}) afé'!d o0 5and video
i nf or mat i ol TTNOISS DS £:2° R)IS%? s ““i 6O Sityhal PAHEC 85%6¢i at ed

certain polymer (plastic) materials in the formation of an optical fiber for this purpose.

20 While the present invention has been described with reference to different

embodiments thereof, those skilled in the art will recognize that various changes may be

made without departing from the spirit and scope of the claimed invention. Accordingly,

the invention 1s not limited to what is shown in the drawings and described in the

specification, but only as indicated in the claims appended hereto.



control and power signals, the active 14.1vlD cabl e connection conpri sing:
a phase alignnent el enent responsive to the plurality of TMDS i nformation
signal s awo 2010e4d89DS cl ock signal to generate a plurali rgTafS2phasssal i gned
i nformation signals; an optical nodul ator responsive to the
plurality of phase-aligned information signals generated by the phase
alignnent elenent to create a phase-anplitude nodul ated (PAM optical
information signal representative of the plurality of TMDS i nformation

si gnal s; Whar ibcisiapdlie optical fiber coupled at a first end thereof to the
out put of the optical nodul ator for supporting the propagation of the PAM
optical information signal 15thereal ong; a plurality of electrical

si gnal conduct ors plurality
of PINIDI el ectr] ‘ég?({ WEhAR ?%s%&m&} g?%%’%%%%gigjf@% % gc{aljr”iegt;blq ﬂ?TO/ E)

conver si on @henEng agoupledf tf@wéiose@drﬁﬁd dep pigsil ﬁ@l\éiﬁﬂ) agfoctaked vgibrigilie opt| cal
fiber far r, nY %ngga k(P I,C nf.or and
convertl%ng t% gk?&ég%?%/pgg X&R optica '?\MW tl%ﬁDgl gsr%a%@%i ntg%lj %%O%lea ectrl cal
represent atqomtml and powerarg"zaﬂaﬂ!tc@atmhmmjl tka¢ capoenvien stroprisir8DC) el enent
responsive to .ele I’IQC en al and
t he received T ﬁ Eﬁim 3 Tgf{?m %CQ%\%OR% Bm}% (%Fpﬁy%%%*]ase %%Ened

i nformati oreng r:rgrfaw@‘i uanad%ng@awpgeuevaﬂemtpw aﬂftv Wse(ir 1Gx1eirme1riemt%3;nme,s ponsi ve
to the phase- allgnq Ci)rrratlon &qg rat deglVIRSmforrratmn
si gnal s. OPURA' BT "I R ﬁlpé’r‘t 1%% Ge¥TREE in claim
wher ei niat he@hmg&:mmm«aa& pl3ed a!tzermm&mfrrehsmsrea eramhiekdmdﬁvgzemtokiﬁaﬂédfl ber.

3. An activy %{ 1D1\ 41 cabl.e con ection .as f| ne? Tﬂfﬁ% m.| _wherein the
singl e opti‘cal PPEaH "EBRpT SR RTHGIEY ° BBEIYA! priormation

signals;
a single optical fiber coupled at a first end thereof to the output of the optical
modulator for supporting the propagation of the PAM optical information signal
15 therealong;
a plurality of electrical signal conductors for transmitting the TMDS clock signal
and a plurality of HMDI electrical control signals;
an optical-to-electrical (O/E) conversion element coupled to a second, opposing
end of the single optical fiber for receiving the propagating PAM optical information
20 signal and converting the received PAM optical information signal into an electrical
representation;
an analog-to-digital conversion (ADC) element responsive to the electrical
representation of the PAM optical signal and the received TMDS clock signal to recover

therefrom the phase-aligned information signals; and

]
ws

a plurality of TMDS driver elements responsive to the phase-aligned information

signals to generate the TMDS information signals.

2. An active HDMI cable connection as defined in claim 1 wherein the single
optical

3¢ fiber comprises a multimode optical fiber.

3. An active HDMI cable connection as defined in claim 1 wherein the single

optical fiber comprises a single mode optical fiber.
g



4. An active HDTV' cable connection as defined in claiml wherein the
optical nodul ator conprises a Mach-Zehnder interferoneter (lvliZl) and is
further rweporwiss®4to a conti nuous wave (CW optical sigoalus2ehesssse t he
plurality of phase-aligned information 5signals is applied as the

el ectrical input to the W and nodul ates the CWoptical signal to generate
the PAM optical information signal. 5. An active HDM cable
connection as defined in claiml wherein the optical nodul ator conprises a
vertical cavity surface-emtting |aser (VCSEL) responsive to the
10plurality of phase-aligned information signals to generate the PAM
optical i nfornati dmagivgRaIMI cable conneblionAn daitded veciHBM whbabinehecpnin@dct | on as

defined in claiml wherein, t tical. modul at conprises. .. a

i gi 1l - oSSy cabiver ¢ Mo Eabr BHsRE e v ED eRETHHURE R et v

i nf or mat i orvostirgned Bavadw)hetidEVRat | vaelkeisihg pakalhoofpheatfigamn iefoasdtivhcal PAM
i.on, el enent

information.signal,; and an electrical-to-qptical éE/ ) gonver
r esponsive b’f%“‘g hc’eapélll%ncff?‘eceégfmﬁﬁ 1put to ‘he&ﬁﬁf‘%F‘ﬁﬁ"fz tﬁsht(i')‘giC afr’“%ffﬁgﬂébfﬁverti ng
the el ectrigeadraiPAMBAN opii@t ineimsfig@nadnat 0 t he PAM 20optical information
si gnal .
5. An active HDMI cable connection as defined in claim 1 wherein the optical
modulator comprises a vertical cavity surface-emitting laser (VCSEL) responsive to the
10  plurality of phase-aligned information signals to generate the PAM optical information

signal.

6. An active HDMI cable connection as defined in claim 1 wherein the optical
modulator comprises:

15 a digital-to-analog converter (DAC) responsive to the plurality of TMDS
information signals and the TMDS clock signal to create an electrical PAM information
signal; and

an electrical-to-optical (E/O) conversion efement responsive to the electrical PAM
information signal for converting the electrical PAM information signal to the PAM

20 optical information signal.
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