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BACKGROUND Field [0001] The present invention relates generally to a
serial encoder for high data rate serial comunication |inks. Mre
parti cul amg2006/p8032nventi on rel ates to a doubl e data PaTESHEFPE#Idencoder
for Mobile Display Digital Interface (MDDI) links. Background [0002] In
the field of interconnect technol ogi es, ldemand for ever increasing data
rates, especially as related to video presentations, continues to grow.
[ 0003] The Mobile Display Digital Interface (MDDI) is a cost-effective,
| ow power consunpti oNDOUBIE DATRRATE SERALENE@PRR' Y- hi gh- speed
data transfer over a short-range comruni cation |ink between a host and a
client. MDDl requires a mninmumof just four wires plus power for
bi-directional data transfer that delivers a mnaxi mum bandwi dth of up to
3.2 Ghits per second. [0004] In one application, MDD increases
reliability and decreases power col R@YND n ¢l anshel | phones by
significantly reducing the nunber of wires that run across a handset's
hinge to interconnect the digital baseband controller with an LCD displ ay
and/or a caMeld. This reduction of wires also allows handset manufacturers
to |l ower devel opnent costs by sinplifying clanshell or sliding handset
designs. [00051 MDDI is a serial transfer protocol, and, as such, data
recei vegoboip par aChelprdsart intensios Telaies @onepalBr toad séDlenbodek fHEREE dhd RR
serialized. Wiat is needed, therefore iis.a serjal encoder, integrable in
an MDD | i nﬁer@gﬁ?liﬂm%?t}o% Jiges. sMSproPaicHialy. HiegRvaysion delates do ardewble statavDD |
SUWARY WO 20064 AP&R5rRGTLEROBRAAY B nderLOORRBDIARe aspect of the
a oder

present invention, a double data rate serial en or
Background
[0002] In the field of interconnect technologies, demand for ever increasing data rates,

especially as related to video presentations, continues to grow.

[0003] The Mobile Display Digital Interface (MDDI) is a cost-effective, low power
consumption, transfer mechanism that enables very-high-speed data transfer over a
short-range communication link between a host and a client. MDDI requires a
minimum of just four wires plus power for bi-directional data transfer that delivers a
maximum bandwidth of up to 3.2 Gbits per second.

[0004] In one application, MDDI increases reliability and decreases power consumption
in clamshell phones by significantly reducing the number of wires that run across a
handset’s hinge to interconnect the digital baseband controller with an LCD display
and/or a camera. This reduction of wires also allows handset manufacturers to lower
development costs by simplifying clamshell or sliding handset designs.

[0005] MDDI is a serial transfer protocol, and, as such, data received in parallel for
transmission over an MDDI link needs to be serialized. What is needed therefore is a
serial encoder, integrable in an MDDI link controller, that supports the high-speed data
rate of MDDL

SUMMARY



MDDl is provided. The serial encoder conprises a nmultiplexer (nux) having
a plurality of inputs, a plurality of |atches coupled to the inputs of
the nmux, an enabler to enable the |latches to update their data inputs,
and a couNt@2006/0588¥l ect one of the plurality of inputsPCHUSHRZF4N f or
out put. [0007] In another aspect of the invention, the nux provides a
glitch-l1ess output during input transitions. The nux may include an

out put selection algorithmoptimzed based on a priori know edge of an

i nput gedoect i on BEGue ApectPsOthe deesehy invB@ioaOH olble dHRE raté RBHI HEHRE tih,ON
sequence may be G ay.cqde sequence. [0008] Further enbodjnents, features,
and advant aé@gbﬁﬁs pf‘%’é‘f r 488 888! FRROMET RIS Afpylfiplexer (pr) Bavings plpmalibng

operation ofy anﬁts)’a\laﬁlﬁl‘a}iﬁf ATRAts BRI Bfhd iBFutP ﬁ%@ B! DY ERDIPR enBI8 the

described in detail bel ow with reference to the acconpanying draw ngs.
BRI EF DESCRIgtchete @atPHEeiDRARIINGS, paD 9junTindo seled wpeanithecplutaliyiof gsputswhi ch

are incorpor i nd forma part of the. specification, illustrate
t he present oﬁ?\%%@#ﬁ%ﬁ&gﬂg‘, together with the description, further serve

to expliedod) t he pIn awtiek espeof oftthe ivemesnt thenmangtotideen ahich-16ss ReipSPAuRs | | ed
in the pertinent art to make and use the invention. [0010] FIG | is a

bl ock di agr U Kagsijops. The BUE nayinglide entphseleghinreigorifimmptimizethssade

Di spl ay Di gighal (VDR ol : : LA | di-agr am of
a digital da%a %ﬁed\i'/%%{e&?ﬁfggr f ace)nggﬂgbﬁg&tggcqg%%%éﬁ% %’%ﬁﬁé@é’w@%h&%ﬁe' aﬁ%

peri pheral dwy seectipgEyRncEnGy b2 Gy eodolsepiknai agram that illustrates an
MODI i j nterc ction.. accordi ng t n_enpodj pent of .t he .exanpl e of

FI G 1.[%610 131 A %&%é%‘in‘é"démﬁ?t%c‘[ﬁg‘afeg’gﬁngr%%ifar?g‘tgef P} e PRSP Y REO Rt dytlal

ar chi t ect ur es tike strheudlapll optiation &Dihe vafious kenbBiRlentdastth©prebdnGinvéntidn0 §b4]

FIG 4 is a._bl Qg‘é.dia rgmthat illustrates the data flow inside t he MDD
Host Core GFSCRPeE ingetayl hplow|wigh referance do the pecompanying fuiineiat il | ustrates an
MDDl serial encoder according to an enbodi ment of the present invention,

[0016] FIG 6 is a circuit diagramthat illustrates an MDDl serial encoder
accordi ng to BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The accompanying drawings, which are incorporated herein and form a part of

the .specification, illustrate the present invention and, together with the description,
further serve to explain the principles of the invention and to enable a person skilled in

the pertinent art to make and use the invention.

[0010] FIG. 1 is a block diagram that illustrates an example environment using a
Mobile Display Digital Interface (MDDI) interface.
[0011] FIG. 1A 1s a diagram of a digital data device interface coupled to a digital device

and a peripheral device.

[0012] FIG. 2 is a block diagram that illusirates an MDDI link interconnection
according to an embodiment of the example of FIG. 1.

[0013] FIG. 3 is a block diagram that illustrates the internal architecture of the MDDI
Host Core of the MDDI Host of FIG. 1.

[0014] FIG. 4 is a block diagram that illustrates the data flow inside the MDDI Host
Core of FIG. 3.

[0015] FIG. 5 1s a block diagram that illustrates an MDDI serial encoder according to an
embodiment of the present invention.

[0016] FIG. 6 is a circuit diagram that illustrates an MDDI serial encoder according to

another embodiment of the present invention.



anot her enbodi nent of the present invention. WO 2006/ 058052

PCT/ U52005/ 042414 3 [00171 FIG 7 illustrates a nmux output selection
algorithmin response to a Gray code input selection sequence. [0018]
FIG 8 is an exanple illustration of output glitches that can occur at the
out put of WR209eS80R2e to sel ect input transitions and d8CHEUSIPPYG42414
transitions. [00191 FIG 9 is an exanple timng diagramrelating the input
clock, the select inputs, the data inp3its, and the mux output of the mux
of FIG 6. [0020] The present invention will be described with reference
to the onpany : ML rd

appear STy pi ooy LS Emul OB R0 MEoLED, SRRtk

cor r espondi imguirseieeti@nscguanaerber . WO 2006/ 058052 PCT/ US2005/ 042414 4

DETAI L SCRI P, 0021 Thi |

oot TIATIS ¢ et FIch Bt B oaipl st AGELE i cfifped B8 B8 B30 B O Ly

di scl osed eﬂ*ﬁmﬂldﬁet&s(ese)ctmputtefansmmmnﬂndﬁmmmetransmmm| on. The scope of the
invention is not_ |imted to the dIS Iosed |nve tionis

defi ned@OYl t he VIS fsis 4P serpRlg t lﬁ’él??e e %‘Fén i‘iﬁﬁr@ﬁf? %ri bed,
and ref er enﬁl%%ata@nﬁ&ﬂ@aﬁcpﬁelrﬁdx%wueafﬁlemu%m@rmodl ment", "an enbodl ment "
“an exanpl e embod iment”, etc., indicate that the enbodi rrent(s) descri bed
may i ngioatle a pafid present lm‘@atlm avill derdeseribed Wiy referancecioethe AcP@panyingg every
enbodi nent not ture,
or charact gﬁ%é Tﬁ'ﬁ'\gr %ﬁl %%1812%111 g%fglgéﬁmggg e‘l:rlllgg é %&Jggggﬁlfayd?ﬁe}]{ glr%ri ng
to the SarTElefmmmﬂgm(enhthd%ﬂhfeb}ﬁhdm\g/mﬁbreacmmmﬁuI ar feature, structure, or
characteristic is described in connection with an enbodinment, it is
submitted that it is within the know edge of one skilled in the art to
effect such feature, structure, or characteristic in connection with

ot her enbodi nents whether or not explicitly described. [0023] Enbodi nents
of the invention may be inplenmented in hardware, firmare,




software, or any conbi nation thereof. Enbodi ments of the invention may

al so be inplenented as instructions stored on a machi ne-readabl e nmedi um
whi ch nmay be read and executed by one or nore processors. A

machi ne- r swealzdob/assozdi um may i ncl ude any nechani sm f or peT/OBINF04Q¥14
transmtting information in a formreadable by a machine (e.g., a
conputing device). For exanple, a machige-readabl e nmedi um may incl ude read
only nmenory (ROVM; random access nenory (RAM; nagnetic di sk storage

medi a; optical storage nedi a; hges; electrical, optical,
acoustical or other forns of D&ifé%%?ﬁgg?%ﬁ?&ﬁ(e. g., carrier waves,
infrared signals, digital signals, etc.), and others. Further, firmare,

software, routines, instructions may be descrihed. herei.n, .as perform ng
cer t ai WO#dt i ons Thitowespiication dﬁ%ﬁ?sdglﬂ?eo’éﬁbofﬁﬁﬂg’togﬂnet“%fhag d’&cf?r‘g‘)égtg rtF‘f)t i ons
are nerely dée&[ueg ofv ahi enc&tisRd trhat disdissbd %ﬁﬂddﬂﬁeﬂtﬁ) fragbly’ efdplify raen
conputing devices, processors, controllers, or other devices executing
the firnmiarieyensiofit e scomeoeft tha deventiomistnol dipritsAdo tha disclnss; qubodinegsi(aly
Digital Intgrf.ace.. 2 2803 005/ 042414 5 [0024[ The
Mbbi | e Di sp nﬁnag’l{l\/g%eﬁﬁ%/ge)? %gg{amND dlggﬁé%st -effective, |ow power
consunpioqn, tr ansf enbodiceay) Sdestritat, emhbbfesnver o Hhqlpapestiosdo | "ahe dat a
transfer over a short-range.conmupicati o | i nk..bet yeen a (Soazt ﬁr%dt a
client. [00ZEPdmentheapfRRATHRF > e A rBFER Cof™ et PlohdnPFEE & atez}eyvi th
respect 10 anERithéf(s) H‘le"sgﬂté‘d £aP bRt fgdi‘ti@ﬂar%ﬁ@fe, straEb b chafacrripmpi | e

phone. However, It would be apparent to persons skill ed in the relevant
art (s) thatbuireyeryoublodinkent imay ot necerserily inglude thei npsicutr feabureuseIsiue of he

canera nodul.e coul d j | i e i i of
this invent§ ?C%Fﬁtﬁlzg‘?o%ﬁ?%he@ra?}?ﬁ%%%?%\egq?grﬁgc%oglEmgﬁges gf‘t)cgﬁﬁé@i%\@eenti on,
an MDDl hosgmbaymert Ofqpthes eviene miticaky ératlre tsytpetsrepbr devicteistit isatesatoad
benefit fromusing the present. invention, For .exanple he host coul d be
a portabl e BGRPRACHE Wﬁhtaﬁé“‘%&ﬁlfﬁeﬁt? g S‘{tfﬁlﬁ%eﬁletﬁ%},n llsé{ﬂ?]iqule O@eﬁﬁ *frobi | e
conput i ng dgii&ein thd aﬁQ?”e@feét' S6h BetRe, RELSERALr BadracterAis iis bamiecid?DAYth a

pagi ng device, or one of many w rel ess tel ephognes or nodens.
other embodiments whether or not explicitly described.

[0023] Embodiments of the invention may be implemented in hardware, firmware,
software, or any combination thereof. Embodiments of the invention may also be
implemented as instructions stored on a machine-readable medium, which may be read
and executed by one or more processors. A machine-readable medium may include any
mechanism for storing or transmitting information in a form readable by a machine
(e.g., a computing device). For example, a machine-readable medium may include read
only memory (ROM); random access memory (RAM); magnetic disk storage media;
optical storage media; flash memory devices; electrical, optical, acoustical or otﬁer
forms of propagated signals (e.g., carrier waves, infrared signals, digital signals, etc.),
and others. Further, firmware, software, routines, instructions may be described herein
as performing certain actions. However, it should be appreciated that such descriptions
are merely for convenience and that such actions in fact result from computing devices,
processors, controllers, or other devices executing the firmware, software, routines,

mstructions, etc.

Mobile Display Digital Interface (MDDI)



Alternatively, the host could be a portable entertai nment or presentation
devi ce such as a portable DVD or CD player, or a gane playing device.
Furthernore, the host can reside as a host device or control elenment in a
vari ety oWwmtieepssoizdel y used or planned conmercial prado@swos/orimhi ch a
hi gh speed communication link is desired wth a client. For exanple, a
host coul d be used to transfer data at KRigh rates froma video recording
device to a storage based client for inproved response, or to a high

resol utyl | ar geke HedbEI8 rDiEI?E,y i 822 ThREAQRNGMDDN RPPLdRREBIMC v Poder
refrigerator that incorporates an onboard inventory or conmputing, system
and/ or Bl uetostmpéen esionschapism therenaties ayrbigh-spesd el datmmartséy over

| mproved di %gﬁ&%&aﬁgﬁé&%{uﬁ%ﬁfm Fﬂ;e&}%@ﬁ&‘h&g%# D i ntemet or Bl uetooth
connect ed node, or-have reduced w ring needs tor 1In-the-door displays (a
client)omsp keyphdae dollosdag) reamples bf MDD witiitegréshrted éthiregpetico aaametaer or
control syste host ), .resi de el se e.in the cabinet. In general, those
skilled in nglﬁr‘i(onmefl lar?ﬁ‘r‘&ﬁeﬁf’%m\g?% Ofp ﬂ%ott\g'ﬁrﬂ%@?? g# Wrjtle ‘é(P'élgtt}eoni c
devi ces and aasdnk 3 p&SordsNAil1dABY the Rdviaht Ak©OMhbhny Meulethatinl Suiddbelface,
as well as the ability to retrofit older devices with higher data rate
transport ofquivglent rfaatings tatthe icameg mpdule seuld hebeeedily subsifiderdc et gsedviai | abl e
in either @ﬁ%&im%ﬁ@%f‘th‘?!iﬁ%ﬁi%hi ng connectors or cables. At the sane tine,
an MDDl client nay conprise a variety of devices useful for presenting

i nf or rtg0026n t o aFurtied serdingrio quitedamningf ithd anveatiognad MDDA hseimdyo t he

host. For exanple, a m.cro-displa i ncorporated i oggl es o | asses, a
ot wct ton_ SCUPEE Bt Pk S SParaet givices) Ba cing beell 092 uRethe ragun
hol ogr aphi C jRlefitRNt FQUEtdmpld)t e dhowebhld Be HPERIAS coMpteiNdBW S YWPa

1
2006/ 058052 PCT/ US2005/ 04,4i4 6 w ndshield, or _various speaker,
headphone, @&pndheldnlapieopseresimilitgrobilecompiingdayicgh ligreaid alse besoBergonst Datasi c.
Q her prese i i i.NC | e . j i eyi used
Co present TirRPAIPEaY, RopelBaie B 1SR hdy WincOhSEHRR, AOHLESR, Uoe
Anot her  exaitptnetivebylltbe best téwdd bs @ poftabile axthrigimdent @r pssagitidnvdevite vidhes,
voi ce recogni ti i t Vi ces, security.scanners nd so forth that may
be. cal | ed apcirane IO or &5 SISEG o o v PR AGC ot PyrFiRGR e G Mo G &
device or sysidenkusRkt ddvide drichhtrdl cheiendin & vARM of Gh&lekidbRARed bPHGHhA"

sound fromthe user. In addition, docking stations for conputers and car
Kits commercial products for which a high speed communication link is desired with a

client. For example, a host could be used to transfer data at high rates from a video
recording device to a storage based client for improved response, or to a high resolution
larger screen for presentations. An appliance such as a refrigerator that incorporates an
onboard inventory or computing. system and/or Bluetooth connections to other
household devices, can have improved display capabilities when operating in an internet
or Bluetooth connected mode, or have reduced wiring needs for in-the-door displays (a
client) and keypads or scanners (client) while the electronic computer or control systems
(host) reside elsewhere in the cabinet. In general, those skilled in the art will appreciate
the wide variety of modern electronic devices and appliances that may benefit from the
use of this interface, as well as the ability to retrofit older devices with higher data rate
transport of information utilizing limited numbers of conductors available in either
newly added or existing connectors or cables. At the same time, an MDDI client may
comprise a variety of devices useful for presenting information to an end user, or
presenting information from a user to the host. For example, a micro-display
incorporated in goggles or glasses, a projection device built into a hat or helmet, a small

screen or even holographic element built into a vehicle, such as in a window or



or desk-top kits and holders for wreless tel ephones may act as interface
devices to end wusers or to other devices and equi pnment, and enpl oy either
clients (output or input devices such as mce) or hosts to assist in the
transfer o¥otmt/essomspeci ally where high speed networ kscaws0onwalned.

However, those skilled in the art wll readily recognize that the present
invention is not limted to these devicgs, there being many other devices
on the market, and proposed for use that are intended to provide end

users with hi Qu e and
transport o‘?’mgg“?lg’r us SB?% hf: 3 n on g gom?d %%(E:rk Iétrggegﬁlééﬂlﬁﬁ til}%hlgtgnti on
is useful igduhder Q@&icnmﬁh&epﬂmnoh t&eoiaﬁmmtudbqirmaﬂorsmrpromstmt éevioeks or
devi ces to accommopdat e t he hl%rh dat.a rat neede the

S real i zi
desired usetsed iqpreseshBforRbem iy npacHnesy of q%gmgw&? tgiﬁvgfondnﬁg(@si tH1OREEt o
devi ce int eé)%ﬂtg)feg[ %P\gd%gt‘lﬂé gel doofcHp st sensetBl (ﬁ@lc@@QloﬁﬁQe@gﬂﬂfohﬁﬁkﬁﬁ al
i'ta

devi ce 180 device 150 can include, but is not limted to,
cel lul ar tedleevp:twrsequr@y mnwmnda@f@rthatb@,ﬁmmbﬁcaﬂad uprarte tisRefeea @igmécfpér sonal

corputer. | n, QEner Ao o o Bl AR EE of MuckiPlhe g@é:ﬁ?t%&%lt‘% » Qneflirdht al

devi ce that ocessing u Instructions and the
processi ng wLhcldbiouad frofar s asdratlhadditiah aloc]Dhgbth%nscfet/bwtﬂﬁ@ andicdrikites a

systemcontrol ler 160 an link .controller 170. [00 8 pher al deV| ce
180 can i ncPrdrek-tap fitsjaad %Bt%e‘ls fos ‘E"Eﬁleis&ele%h"c?ﬁ%@%a‘:tfs BéP 8"10? R

| MBge SCANNEl ANtPHkOgAE: Ghd eaﬁlgnﬁmsaﬂ@@fnpwynelﬂlef\en@hs gmtbena;tutwo
can include any type of audio, video or inmage capture and display device

in which di gviees sugir @smwﬁ)at)t boptie assiskingthe apgdadiistasanccllvhephBbighl  and
a pr ocessin 5' ' gtwoﬁ%r 1n o fegrlllgnge‘}e? Cttlb's%es%ﬂfe‘&% rtﬂ%ﬁxg é}ﬁg kr?agdél%q‘e%o\éaﬁg

peri pher al a carrera e, ntrol 1 ncl ude,
but are not thht LIS bﬁ:deﬂt inviegtisn i cnnt lllmited thltlast dmcemhere bhiEPmangotheoewdced

shutter control ita res tatiop data can,.i,nclude di itaI dat a

repr esent i ng® AFdrgke gtr ﬁ%f{;%‘gﬁ?ﬁf tse %ted’ét%c{éd\f\bpﬂy 1 %L
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digital presentation data at high rate over a communication |ink 105.
I n one exanpiessntagion MdDplagsakru ﬁlih@apliemt |linygatiem is eeful in increasing the data

throughput between various elements or devices to accommodate the high data rates
needed for realizing the desired user experience.

[0027] FIG. 1A is a diagram of a digital data device interface 100 coupled to a digital
device 150 and a peripheral device 180. Digital device 150 can include, but is not
limited to, a cellular telephone, a personal data assistant, a smart phone or a personal
computer. In general digital device 150 can include any type of digital device that
serves as a procéssing unit for digital instructions and the processing of digital
presentation data. Digital device 150 includes a system controller 160 and a link
controller 170.

[0028] Peripheral device 180 can include, but is not limited to, a camera, a bar code
reader, an image scanner, an audio device, and a sensor. In general peripheral 180 can
include any type of audio, video or image capture and display device in which digital
presentation data is exchanged between a peripheral and a processing unit. Peripheral
180 includes control blocks 190. When peripheral 180 is a camera, for example,
control blocks 190 can include, but are not limited to lens control, flash or white LED
control and shutter control. Digital presentation data can include digital data

representing audio, image and multimedia data.



used which supports bi-directional data transfer with a maxi num bandw dth
of 3.2 GChits per second. Other high rates of data transfer that are

hi gher or lower than this exanple rate can be supported dependi ng on the
comuni caW@ee/Nisme. Digital data interface device 100CiIrwstusieg4id nessage
interpreter nodule 110, a content nodule 120, a control nodule 130 and a
link controller 140. [0030] Link controVler 140, which is located within
digital data interface 100, and link controller 170, which is |ocated

within digital e glmfg% - j [
control“ﬁg 140 gﬁét?lda&ascon ?‘%ﬁcr%hlfg may g%elééin&éoggi%?rag%%g#e[0031]
The Vi deo Ebmhrcomnnmdsnanﬁnk t35. Ansne exdnipde; ap WBBAt)mivDDicaiBmelinkearad bewhi ch
i's incorporat rein ference.in, it ent rety,. des t

requi r ement Esegf‘”}& S‘@?P"r%d’ég e‘&ioé‘clt dgta 8&’853 h (I:%un%ﬁ’ ‘PVY@ I}g%)?t abl e
devi ces trageRopér ééb&idt ad)thbﬁngﬁsfatfag ofiats It’iﬁildferptﬁﬁﬁ @b |h€:ghd1ew keer tionl thisger
ext ernal di spl plies a mnjat ure connector stem a,ag thin

f1exible ca@taém}f%é?éﬁ C*bebe |sm@rtﬁ@ 5@?&1@1@5@ r?ﬁ%‘?“r‘i’b“al fata and
entert ai ””efntte By h&hS {t(fb ﬁﬁﬁ&&' ar!rﬁes% %p?et&%@dlﬁ@lwahrc%meﬁt ﬁb&ﬂ@mo

di spl ays. i nc es 1 nfor mat n how to sinplify connectidns

bet ween hoshcantm¢amdml5§3&anﬁa11n1d¢c81p‘b1?1§rléQV| ce, in order to reduce the cost

and in se the r of, .t.hese onnect.i k co ol | 140
and 173603 abl i s *Eg%(? owlf)}éisﬁl Cfﬁ%%@E%glﬁﬁlsd%t%gﬁ%&ﬂmdi{ngndar d.
[0032] U.S. ccﬁﬂﬁoﬁat1mpwh&m§mcm&wuamtdlglkaedeﬁemesméétmslamnmﬁmbamnmkng a
Communi cati on_ Protocol _and Intémj(ace for_ Hi gh % a}ag al Transfer,

i ssued to XoU lépk gentrodgr Iffapd soniuplier T/pmash lgEcenfles: a dat a

I nterfagg,for trensyRis Eﬁ&troﬁbgs&adar&@&s%oam ESARPSIDIANarRia, Waith over
a co ni catlon pat h usi ng packet structure i nked t oget her to forma
communi cat i csnnq:ﬂrmr@f@@ hetfetyy bypregssense It%mtﬂw,dieSC@?B@m m@lme@le@ts af laehigh-

i nvention tau P ce.
The o1 gnal SRR is bl BEARGE RISty RERE dilalh MOk 1phBACHOENT,

140 and 179ma1¢;pmftabgmcez@beﬁ @ Wm&mal dwlﬂx;&nmmaamhemammaumhmr
formng the communi catjons protocaol nd to formdigital data into one or
more types 8fsteend ﬂﬁ%c,d?é’fbie ¢ Kiealt for iia]gpg FRE2RE SPBPHYS FORRRNEELSdevi ce

and bei ng C%tpérﬁafahﬂnérﬁaeﬁ&és%@&meﬂgﬂg@wﬁc@ sEATNHEAL ARFo BELys. RYRE as
commruni cati ons pat
- includes 1nformat10n on how to simplify connections between host processors and a

- display device, in order to reduce the cost and increase the reliability of these
connections. Link controllers 140 and 170 establish communication path 105 based on
the VESA MDDI Standard.

[0032] U.S. Patent No. 6,760,772, entitled Generating and Implementing a
Communication Protocol and Interface for High Data Rate Signal Transfer, issued to
Zou et al. on July 6, 2004 (772 Patent”) describes a data interface for transferring
digital data between a host and a client over a communication path using packet
structures linked together to form a communication protocol for presentation data.
Embodiments of the invention taught in the 772 Patent are directed to an MDDI
interface. The signal protocol is used by link controllers, such as link controllers 140
and 170, configured to generate, transmit, and receive packets forming the
communications protocol, and to form digital data into one or more types of data
packets, with at least one residing in the host device and being coupled to the client
through a communications path, such as communications path 105.

[0033] The interface provides a cost-effective, low power, bi-directional, high-speed

data transfer mechanism over a short-range “serial” type data link, which lends itself to



[0033] The interface provides a cost-effective, |ow power, bi-directional,
hi gh- speed data transfer nmechani smover a short-range "serial" type data
l'ink, which lends itself to WD 2006/ 058052 PCT/ US2005/ 042414 8

I npl ement at® 26ME803E M ni at ure connectors and thin flexipbiraszapbesis An
enbodi nent of link controllers 140 and 170 establishes communication path
105 based on the teachings of the " 7728Patent. The 772 Patent is herein
i ncorporated by reference in its entirety. [0034] Lt other enbodi nents,

link control]lers 0_an n Al n : hey
both can i n@ﬁ%eéégg%lﬂ’néﬂ@%tﬁ%o?gg%nﬁrg%fdlatg}fﬂ ss,ﬁe }Jgﬂg Eabégs(?f%é Qllghgdrlr%? Iét, c}fan
MDDl |ink cafiit éltioRérs anel amhblthatablishes cafimimicdtion gathr 106 besed aautbdteachingsor

CraT .2 R SO e St el SRRSO iR o

cont rogé(g_&] and ap,SiRg! Enbddiedtor 18X ERHABNNA40 A6KNTV RAIRIEDE ANESS 3HRS
bet wee i'gital data interface device 100 and digital device 150. Link

control | er s can®llama theytoslaieint ineliéd ¢ gonakivation op erniroleneruch ppos eggmple, an
i nterfaces, .4 n..Et her ' rf. e
o on” PROUFAERRRUT B9 AShePhpPS AREnRole, R b LALSHhACE g

Addi ti onal aceé d as notn by Individual s
skilled in tihke cotolyantAl@idasiviigskck anirdles 14kachl Hgenhecledana cqri@iBBjonW t hi n

digital data interface device ssage.interpreter dul e 0 .

recei ves "cpﬁfr&ﬂ’&%ouﬂsoﬁ? as @Bn&&gﬁe 8%‘%‘59”5% ?sﬁﬁég lg"?fr goﬁg%%ﬁangmg
comuni cat i Qiknolyliigert R niesagY bR EUMifaPi AL IntekBRe dbAELII R TidiABd®a¥MaNd
nmessages, and routés the information content of the commands to an

appropri at e 1a®dlink contrpllers digiand |l 7¢ additionally spt serpodesthedyna@f intodanss.
Cont ent noduyl F I ye thas f I IR)(;{ I ki 180 e Sk B S et he
data and t'fsj%c?\ls#gfgrls egﬁ%acﬁaﬂgtgg‘%ysgﬁg co%{?%}g%cﬁerﬂg%dsﬁr ouléﬁ aft be
communi cat i emppoitek ad 84l bedadwin Gontdivduatsoskillel h3he relering ests ibagedr oratlicon
frommessage interpreter 130, and routes information to control bl ocks
190 of peri pRENEES RFEM-ce 180. Control module 130 can al so receive

i nfor ﬁP{bds@P f r ompgand rn%itab'&%Snté@&ea@@ideOW(ESmédﬁ@gej nftedproadri @odile 11oe
message interpreter nodule 110. [0038] FIG 1 is a block diagramthat
i || ustr at es repsivexeamnends dipm githgoanerates respongp messages through communication link

105 to system controller 160, interprets the command messages, and routes the
information content of the commands to an appropriate module within digital data
interface device 100.

[0036] Content module 120 receives data from peripheral device 180, stores the data
and transfers the data to system controller 160 through communication link 105.

[0037] Control module 130 receives information from message interpreter 130, and
routes information to control blocks 190 of peripheral device 180. Control module 130
can also receive information from control blocks 190 and routes the information to the
message interpreter module 110.

[0038] FIG. 1 is a block diagram that illustrates an example environment using an
MDDI interface. In the example of FIG. 1, MDDI is used to interconnect modules
écross the hinge of a clamshell phone 100. It must be noted here that while certain
embodiments of the present invention will be described in the context of specific
examples, such as MDDI interconnections in a clamshell phone, this is done for
illustration purposes only and should not be used to limit the present invention to such
embodiments. As will be understood by a person skilled in the relevant art(s) based on
the teachings herein, embodiments of the present invention may be used in other devices

including any that may benefit from having MDDI interconnections.



MDDl interface. In the exanple of FIG 1, MDDl is used to interconnect
nodul es across the hinge of a clanshell phone 100. It nust be noted here

that while certain enbodinents of the present invention will be described
in the context of specific exanples, such as MDDl interconnections in a
cl anshel | WhyHeS80Ri s is done for illustration purpos®STEAPYSeRRd4shoul d

not be used to limt the present invention to such enbodinments. As wl|
be understood by a person skilled in thé relevant art(s) based on the
t eachi ngs herein, enbodinments of the present invention may be used in
ot her deospres iR@febtﬁ'igng) 1 (L7 rmﬂomwlhmmenisectfo&lommaﬂbm@s hone 100

i nt tions. 06/ 05 P 2005/ 042414 9 | 0039] Ref t
e o e S oo 2 R e ol Sl £
Mobi | e Stat b%bm%%&lwm%%et@ﬁﬂsh%h b&u&@‘iu Mrﬁ%lﬂp‘ﬁoﬁ’e f’(?](ﬂiwlﬁh%s

baseband controller. An upper clanshell section 114 of "cl ans ghe 100
i ncl udes a LLQI@CUS@PWEV(D:Bbm@ulﬂmndm@mneeamm@ﬂahtﬁa canera m)dul e

118. Stil FI k,110

modul eq% Irvé l%‘gﬁfnﬂglﬁégny%é\’r]?Dth“&%?ﬁ’fsr%“F%g e nl@g at od

:\/BtD Io legch i%&i\anﬂm Typidallye aﬁMdlnNBMnﬂtﬂﬂgr lhsn utﬁ%at%maﬁt}al &cl@fo{gslﬁiercall an
st is inte into canera ul e ile an i ent

106 resi desn'&ﬂﬁlufe l@ﬁﬁmeoﬁfh’ttﬁ%ww {D@lamMﬁ%ﬂe%l@mmﬁraﬁ@u

host is thelﬂf@%&lﬁéraciﬂéﬁu![eoﬂﬁﬂv}ﬁ’l@ A DMPRichd g?rem Bs @ﬁle%@fyphﬁe%%tq:ﬁ G 1,

pi xel data from canera nodule 118 are recelv ormatted Into
packets by WNOPPI lgsl 10 2Pymiedilyr e DEDRE host anSwimasted comtadleivDOihe NIDPE 11111]&0

MDDl client r e packets and re-conv s them i pi xel
data of theh;s‘gﬁsrre %ﬁﬂrlr%{ltosfaﬁeﬁe @Jﬁfl %? %Orcna Tge %ﬁﬁ%qi%@m TRE d dat a
are then sémmattel mro Mmﬂlqmbkeﬂi By lvﬂmmsn 1%5@&%&@&@&@%&%@9&4@04 1]

Still refer 1, MDDI | 2 connects LCD nodule 116 to MSM
104. In the %Qghé) MEP% R 180% reqSP ﬂ?‘?“ﬁ!?ﬁf%“@#ﬁé’ﬂé&ﬁﬂ@&t%ﬂ&ﬁlwmlx
108, i nt egdahed tho¥ateNohat (4, fgeﬁé?ﬁe@ﬂy Wibbra Ghd e ll%zefﬂéﬁlﬁarc%aeﬂ'e 'tllféﬁqo LCD

nodul e 116. In the exanple o 1, display data generated b
graphi cs coft & aegppEpripsivlorsan Ve 194 s prasessigd f or nat t ed |nto I\/DDI

packet ﬁO(ﬂY MDD m;eférgﬁg }l)c?lf*‘ﬁrr.q, REMISDI link 112 connects LCD module 116 to MSM
104. In the example of FIG. 1, MDDI link 112 interconnects an MDDI Host 108,
integrated into MSM 104, and an MDDI Client 120 integrated into LCD module 116.
In the example of FIG. 1, display data generated by a graphics controller of MSM 104
are received and formatted into MDDI packets by MDDI Host 108 before being
transmitted onto MDDI link 112, MDDI client 120 receives the MDDI packets and re-

converts them into display data for use by LCD module 116.

[0042] FIG. 2 1s a block diagram that illustrates MDDI link interconnection 110
according to the example of FIG. 1. As described above, one of the functions of MDDI
link 110 is to transfer pixel data from camera module 118 to MSM 104. Accordingly, in
the embodiment of FIG. 2, a frame interface 206 connects camera module 118 to MDDI
Host 122. The frame interface 206 serves to transfer pixel data from camera module
118 to MDDI Host 122.

[0043] Typically, camera module 118 receives pixel data from a camera through a
parallel interface, stores the pixel data, and then transfers it to MDDI Host 122 when the
host is ready. MDDI Host 122 encapsulates the received pixel data into MDDI packets.
However, in order for MDDI Host 122 be able to transmit the pixel data onto MDDI
link 110, a serialization of the MDDI packets is necessary.



transmtted onto MDDl |ink 112. MDDl client 120 receives the MDD packets
and re- converts theminto display data for use by LCD nodule 116. [0042]

FIG 2 is a block diagramthat illustrates MDDl |ink interconnection 110
accor di ng woz2dobessexanpl e of FIG 1. As descri bed abovepcomns2m$/of2ing
functions of MDDI |ink 110 is to transfer pixel data from canera nodul e

118 to MSM 104. Accordingly, in the ertidodi nrent of FIG 2, a frane
i nterface 206 connects canera nodule 118 to MDDI Host 122. The frane

interf 206 serves to t.ransf j . to
VDDI  +0F1 125, " [acHS PR g TR o er R R ARTRA IR Wi BT, 2
from a caneHssttiRRosegvesao spdaldl dhift ontrthe MIIREpacktts ot MiDIplinkel 10datttheand
then transfers it t I . 122 when th t .is ready. dost 122
encapsul at QMSM@nc}%fﬁggg)g&mEﬁi@a é?‘\ﬁg}Zﬁ%Of%?&E&E%?%&WIM&W or der
for MDDl Hosfg dReoREudPlie NODI haskeRitfont the sHak ahta deteive@Bv@ NYDDI link 10k 110,
a serialization of the MDDI packets is necessary. WO 2006/ 058052

PCT/ [ | S2005MPRUdignt 10$ theorenioventhe fEDRhensapsHation gpd frimsferpthe paradlel pikelzer

nmodul e 202, ,i,nt,eqr at w £ hi I erially shift out
t he NDDI paﬂ?@%ﬁl%&&ﬁtagfg%%‘%@% f8.$ %‘EE‘?‘?%% lﬁ}gﬁﬁ%@gswoﬁ/m link 110, a
de-serializer nodule 204, integrated within MDDI client 106,

re-constructs the NDDI pacﬁ,ets fromthe serial data received over NDDI
link 110. NOPPL Hpstdrre gEbEeRAWe enpves the MDDl encapsul ati on and

transfers the parallel pixel data through a frane interface 208 to an
appropriate block of MSM 104. MDDl Host Core Architecture ﬁ1004'5 The MDD
Host cd®dSipr ovi dBke MDA ek pase prayidsse hrdvaisimplementatipe g the jnge sige of e VDD

Soectt et S S BepdEoh,hoprElorigy,secSygpto
processor amngsocistibi). aTheeDETdst carn igertacenwish dott anng DAY Hqsepiobéseat and t he
DL el Ok P94k S ey e R bedbh 2 05
Core 3Qbgsinc! udesia 3Ge aTHRdH dRIeER §8OTIustEhe blt@aH 22dRectareMf MDPI Ho&sS S Or
Intertace { %ﬂow 300b$f01€4:ll<)])3101§65t ?2§e | S]BFIr{gst(C%EeG )300 includes a Command Processor
(CMD) block 302, a Microprocessor Interface (MINT) block 304, a Registers (REG)
- block 306, an MDDI Packet Builder (MPB) block 308, a Direct Access Memory (DMA)
Interface (DINT) block 310, a Data Input/Output (DIO) block 312, and a DIO Pad block
314. The function of each block of MDDI Host Core 300 will now be described with
reference to FI1G. 3.
[0047] CMD block 302 is responsible for processing commands issued by the MDDI
Host 122 processor. Commands issued by the host processor include tasks such as
powering up/down the MDDI link and generating certain MDDI packets.
[0048] MINT block 304 is responsible for interfacing with the MDDI Host processor.
The MDDI Host processor uses MINT block 304 to set registers, read registers, and
issue commands to MDDI Host core 300. MINT block 304 passes processor conmmands
to CMD block 302 and register read/write commands to REG block 306.
[0049] REG block 306 stores various registers necessary for the transmission of data
across the MDDI link. Registers of REG block 306 control the behavior of the MDDI
link as well as the configuration of MDDI Host core 300. '
[0050] MPB block 308 is responsible for creating the MDDI packets to be transmitted
over the MDDI link as well as determining the order of transmission. MDDI packets
are created from internal register values, and data retrieved by DINT block 310.



bl ock 306, an MDDl Packet Buil der (MPB) bl ock 308, a Direct Access Menory
(DMA) Interface (DINT) block 310, a Data Input/Qutput (DO block 312,
and a DI O Pad block 314. The function of each bl ock of MDD Host Core 300
wi || now lwod@sossodzed with reference to FIG 3. [0047pcCnBrdob/ocki4302 is
responsi bl e for processing commands issued by the MDDI Host 122
processor. Commands issued by the host iprocessor include tasks such as
powering up/down the MDDI |ink and generating certain MDDl packets. [0048]
I\/INTbIok304| n Ief s
procesg’g The ]i%gleaﬂgl%?i%b) §ésc§irﬂ@bt§lre%?e %&%b%wggbfset rle%?séters,
read registens DmndblobISSLlEm@Lm@mmdsequeBtd\@Dtn dﬁmnalchi)Ib‘\MO@emMnyMDBék 304

passes processor comrands bIo 02 d regi He

commands t ol (e buifesgata f? d%B 0% S§1 rsé\}gﬂlg%ters
necessary f}%écléé’t%lhrd@t@ﬁ% 'tﬁb@érdi@h@cet@eﬁ{sﬁﬁs%mhb@nmawﬂ)mniﬂc Regl sters of
REG bl ock control ehavior of the MDDI link as well as g}ﬁ

conf i g(aosali on of DIDBlockHRE? is gespensiie forprrmsgips Mpwhysiedl MBBS links PEBlask bl e
for creatingthe NDD .packe t IqBlsy as
wel | as det nfeﬁﬁonts’r]ﬂg grrdféI§St_ i fg%%%ﬂ%@%n@%@ﬁ%a Egﬁogﬁpg?ﬂe d(@:irﬁeat ed
from i nt er ngkasiR@icaise 'DIAblUES3 1 2amckidatdatar fedm IMRER Blook 308 hiAd bhsseskit 8atGo WO
2006/ 058052 PCT/ US2005/ 04241% bﬁ/ééﬁje 0511 DI NT bl ock 310 is responsible for
i nt er f aci ngDWY £Ad hlopiAlhhiec W 122, DINT block 310 issues bur st
requesi@ 140 an exi& pabloaRAM B8 R ¥ratbl MOmmﬁ)tbld&Z%mCanbldéﬂﬁly stidlsa f or
MPB bl Ig 308. In addition, DI NT block 310 assists MPB bl ock 308 in

det er m ni ngittaneontodies MBIDIplrdk el aspenes ISP asHiodkn3 tnis ramprsible e the de82] DI O

bl ock 312 is r onsi bl I ock
312 is respﬁ%ﬁﬁﬁlgnf%qrulrg%gﬁ-ﬁ%g?&rﬂ %@2 E %‘3“‘19 at a outl{ﬁtﬂ.@ 3a?&@r%gn

t rijp del ay b{aselaszgu ?awmels SnBMEDII Icnpkt/(gjitﬁut[)@m sigigal dMRDY | ];I@rﬁﬂl&PBﬁbh?ﬂlkS?iS
and passes it out to a

DI O Pad bl oé@%lll{"?feéég\?é‘g’“ﬁapﬁ:%ﬁb Ei‘aé'ét W@@-ﬁ? %BE é I\Z@g)l S ecglf&al |y
shifts it @UbpANges tAETVRRhald.| MK ond Bx@5HEMOR PRI BldCRG 10 shifts Moutsm
responsi bl e tor The dat a

twice the MDDI Input/Output clock rate.
[0054] FIG. 4 is a block diagram that illusirates the data flow out of MDDI Host Core

300. For simplicity of illustration, certain blocks of MDDI Host Core 300 have been
omitted.

[0055] Typically, at the MDDI link startup, the output data is entirely generated within
DIO block 312 for Host-Client handshaking. Once the handshaking sequence is
completed, MPB block 308 is allowed to direct the output flow of data which is
received from three sources. An MPB_AUTOGEN block 402, a sub-block of the MPB
block 308, generates packets internally within MPB block 308. Data from
MPB_AUTOGEN block 402 is received on an 8-bit parallel bus. Such packets include,
for example, filler packets, round trip delay measurements, and link shutdown packets.

[0056] DINT block 310 of MDDI Host core 300 routes to MPB block 308 packets

| received from an external SDRAM memory of MDDI Host 122. DINT block 310 uses
four 32-bit parallel buses to route data to MPB block 308. An MDDI Data Packets
(MDP) Interface (MDPINT) block 404, which is a sub-block of MPB block 308,
interfaces with an MDP block outside of the MDDI Host core and typically receives
video data packets for transmission. MDPINT block 404 interfaces with MPB block
308 using an 8-bit parallel bus.



serialization required for transm ssion on the MDDl |ink. As shown in FIG
3, DIO Pad block 314 receives an MDDl | nput/Qutput clock signal

(MDDl _10 CLK) fromthe NMDDI Host, and outputs MDDl Data CQut (MDDl DOUT)
and MDDI Strobe Qut (MDDl _STB QUT) signals. In one exanple, DSO Pad bl ock
314 shift VQ2060/AF2 at twice the MDD | nput/Qut put cl BERUSHOE424130541
FIG 4 is a block diagramthat illustrates the data fl ow out of MDDl Host
Core 300. For sinplicity of illustratildn, certain bl ocks of MDDl Host
Core 300 have been omitted. [0055] Typically, at the MDDl link startup,

the O] data %mckrs@k Bﬂe&ﬁﬂi%@ﬂ@d)r&rtdﬁlu@nsrﬁlséﬁnbbpﬁa&k&lZecfewed from
Host I'ent han aking. Once the handshaki n(g uence is_ . conpleted, MPB

]E)I ock ﬁos iRINGI blovlealﬁ MER rATOGES bk (2, rpd WY a‘?llade\ﬂ%h 8 blogkei ved
rom three @grﬁ ?%&eg gg{{%s | %@r\&p{oqgibwﬂltgﬁk 38 stib-A sQﬁkgﬂiauélhﬁs MR8

bl ock 308, in MPB bl ock 308. Data from
MPB_AUTOGENu®| De® b‘ﬂ&& 318 foreaadsvhel daa, cnngd-hit pajgHeldius,cb INsPadletk Pdcket s

i nclude, for exanple, filler packets and
k- shut o Bainbecs1qsenates B riseted e BIO Rishk TR S AMSIBET out e
to MPB bl ogf F% gﬁ%;m&%ﬁbodhﬁ&ﬁg ¥EDIC PAIBIadk F0atatdtaing SORAraseminyentbn MDD
Host 122. Dl | ock 310 uses four 32-bit parallel buses to route data to

MPB bl ock 308furthar dipDbsebdelewPackets (MDP) Interface (NMDPINT) bl ock 404,
which is a sub-block of MPB block 308, interfaces with an NMDP bl ock
outside of the MDDI Host core and typically receives video data packets
for transnm SpDIserdMDELeOdebl ock 404 interfaces with MPB bl ock 308 using an
8-bit parallel bus. WO 2006/ 058052 PCT/ US2005/ 042414 12 [0057] MPB bl ock
308 determ nes the order of transm ssion of packets received from DI NT

bl ock b8 MPB_ALTCXEN BIodad 4k %mdoﬁfﬁlem sBfi) Glcotiedfor MBB;DIH BIK 51808
then directs data for transm ssion to DI O bl ock 312 over g‘&blt paral | el

bus. In tuarbloddi Gidgrase kha1AlusatemarasMINY ggiah, enspdegno¢) t?f’?or galo 81 bus,
to DIO Pad bl.,0 k k 314 serializes the data received from
b0 bl ook o ftimelf bt e Pkt tio

[0059] MDDI serial encoder 500 includes a block of latches 502, an enabler block 504,

a counter block 506, and a mux 508. A parallel data interface provides a parallel data
stream 518 to serial encoder 500. The parallel data stream is received and stored by
latches 502. Counter 506 outputs an input selection sequence to control the output of
mux 508. In the embodiment of FIG. 5, counter 506 provides mux 508 periodically
with a set of select signals 512 to select the output of mux 508.

[0060] Using signals derived from the set of select signals 512, enabler 504 provides
latches 502 with a set of signals 514 to enable them to update their data inputs. A set of
signals 510 couple latches 502 to inputs of mux 508. Accordingly, the data inputs of
latches 502 and the inputs of mux 508 are updated according to the input selection
sequence generated by counter 506.

[0061] Mux 508 outputs a serial data stream 520 onto the MDDI link. In one example,
mux 508 is an N:1 mux having N inputs and a single output, where N is an integer
power of 2.

[0062] FIG. 6 is a circuit diagram that illustrates an MDDI serial encoder 600 according
to another embodiment of the present invention. In the embodiment of FIG. 6, MDDI
serial encoder 600 comprises a first layer of latches 602, a second layer of latches 604, a
mux 606, a counter 608, and an enabler 610.

[0063] The first layer of latches 602 comprise first and second sets of latches 612 and

614. Similarly, the second layer of latches 604 comprise first and second sets of latches



the MDDl |ink. Enmbodinents of DI O Pad bl ock 314 according to the present
invention are further discussed below MDDl Serial Encoder [0058] In
essence, DI O Pad bl ock 314 conprises a serial encoder for MDDI. FIG 5 is
a bl ock divagemoemishgt il ustrates an MDDl serial encoderch@Baseandi ng to
an enbodi nent of the present invention. [0059] MDDl serial encoder 500

i ncludes a bl ock of |atches 502, an endBl er bl ock 504, a counter bl ock
506, and a mux 508. A parallel data interface provides a parallel data
stream 518 a%ﬁrdl@l g?@@é?ﬂ%ecéﬁ%etsﬂﬁat&%@ht%d ded Bf SlelBaNMhyet of ef&leved and
stored by es 5 Counter 506 outputs an input sel ection sequence to
control the60c3wtrplqpupi¢d repRetbel), 1o firgt vad seassdisais il lgehes| @6 md Cduwefite 506
provi des mux t S el ect
t he out put o n%al %g%?ﬁ%gé@{ |hn§gat§f|1§ﬁg s‘%l&eﬁcfjg%ﬂ?ipg%%%géé%%é% esésel ect
signals 512%f f&mﬁbllz&dsheBOAnpmplchde]ss1ghzat6é@|£sscoﬁﬁlﬁdmnhh chck etpubéf arlgnfths 514
to enableth mto.u eir ta i signals 510 couple

| at ches 502D‘t%§°1?eﬁb‘h{%§%6?taﬁ€§<ecg Fy%ﬁeggﬁﬁ‘?ﬁgq@mgﬁggdata i nputs of | atches
502 angyggdje i npWirsx Blic RALE FHABLIFIOE dut @ ¢linB Guipatstdfehd saguHd 1Rk ect i on
sequen@e ‘generat ed by counter t2'06 dlgju I\/ﬁ% 508 outputs a serjal data
stream 520 @iigighesne4vODrther, rux 96 mmpresﬁsaﬁﬁpfeof sefpglinpos heingaprokided hix
having N in O )
[0062] FIG g}ll sgggc?@cglg} glafﬁp}g%st W"@&Efﬁf ugt’ ?gl?{eésNgnﬁ%ggmserl aef encoder
600 accor diinguts.t I tha @mlbealux&rrmfmlﬁfeﬁ,tmmf 6Qthiens [Brdaseinputs and biselest induts bthe
enbodi nent of F 6, MDDI serial encoder 600 conprises a first |ayer of
| at ches 602b » g0 ond |l ayer of latches 604, a nux 606, a counter 608, and

an enafjpgg 610. (ﬁ&ﬁ&%lﬁoifasmﬁhgeﬁta Btg/dff])la@él@beﬁl ﬁl@%ﬁﬂ:@ﬂﬁﬁdﬂﬁ@fﬂ@&‘l and
second set's of |atches 612 and imlarly, the second | ayer

| at ches 604causiep B0 €OMPTiEFE aaiet 0%8%%18 latghes 630, P2k @ﬁé§2m02m$1§@é@%9
PCT/ US2005/ %ﬁﬁ%{r n gﬁp&l@ @xggmi@l&)s Fiistoffifls $E0M et @00T62h atsd1@84 612

and 614 of ayer at ches
correspond, respectively, to select mputs b0, b1, and b2 of mux 606. Further, outputs of

D-latches 620 and 624 are the inputs to enabler 610. Input clock signal 640 drives

counter 608.

[0066] Enabler 610 comprises a plurality of AND gates. In the embodiment of FIG. 6,
enabler 610 comprises three AND gates 626, 628, and 630. The inputs to AND gates
626, 628, and 630 are derived from the outputs of D-latches 620 and 624 of counter 608.
The outputs of AND gates 626, 628, and 630 are coupled, respectively, to the second set
‘of latches 618, the first set of latches 616, and the first and second sets of latches 612

and 614.
[0067} The operation of MDDI serial encoder 600 will now be described.
[0068] Assuming that serial encoder 600 has just been started, at the first rising edge of

input clock signal 640, counter 608 outputs {b2, b1, b0} = {0,0,1}. For this value of
{b2, bl, b0}, the outputs of AND gates 628 aﬁd 630 of enabler 610 are true and,
consequently, the inputs of the first and second sets of latches 612 and 614 of the first
layer of latches 602 as well as the inputs of the first set of latches 616 of the second
layer of latches 604 can be updated. Further, given that clock signal 640 is at a rising
edge, the outputs of the first and second sets of latches 612 and 614 follow their
corresponding inputs. Similarly, the outputs of the first set of latches 616 of the second

layer of latches 604 also reflect their corresponding inputs. The inputs of the second set



602 are coupl ed, respectively, to first and second sets of |atches 616 and
618 of the second |ayer of |atches 604. Each set of l|atches 612, 614,

616, and 618 conprise a set of four D-latches. An input clock signal 640
i s coupl eave zoot/mzso®l ock i nput of each of the DI atchesCrmstgofimst and
second | ayers of |atches 602 and 604, [0064] Mux 606 has a plurality of
data inputs coupled to the outputs of thfe second |ayer of |atches 604.
Further, mux 606 conprises a set of select inputs being provided by

count er 608ofiﬁm&§@1|8|dfthé§b%oﬂ&% éi'@?la?&ﬂeéjﬁmahé\ﬂ@}é{v %cméﬁﬂ% ééisd’l‘k{é JRumber

of select inputs. In the enbodlrrent of. FIG 6, rux a I'nputs
and 3 sel ecf0¢ siesissfop putputAn inpy gerpesperpipEEe thmumtéelem \@bmﬁhoilses a

pIurall f D1

Compri SO0 oor ' A} St il aE A PRR Binal 5. B CRB R Pao
provi des anb(}hﬁu{K),]I,t} cGiveh ¢liat §63. bO}'h=e{Q)U}t et Bapois oE)Jcﬂleaﬁl@h&ﬁi £46nd &tlef and
624 corres S i,vel inputs b and b2 of mux 606.
Furt her . ouliEs 6LF SRhat4 ande wauedn Hotsuetariucs flgnt flotk Serd WAalIm 610,

| nput cl OCkfeﬁh@‘k&dge%e oBfpuEST 1atEIR BY 2 n P B B4 wﬁ199&65]et FIRb ®E uﬁéa@e&ﬁﬁn&&' ses a
plurality of AND gates. In the enbodi ment of FIG" 6, enabler

conpri ses t Hr ¥fheTAKEdy dbeautpsts of lgtehes 614 @ané b4 wilhrenjaipibe same QNBegamég 626,
628, d 63 d 624
Count or - gog M LS GARE AL RS Sl D08 984 B RR BT e

respectivel qusmndmfséhamgu@electmmfvaluat%hes 618, the first set of Iatches
oper at MBAT wook LEneat FErBuRE PGl Restigunnt el oingbero, rogam 08
Assuni ng thampaer{bmmempd:e{o ﬁ@pmﬂagoz wbd}eems I $eRfbetifdlyt '{i\%)zéﬂa%?és b0}

ri sing edge o i nput cl ock nal counter 608 out puts
{0,0,1}. Pccﬂlﬁ? Q/lélpﬁfé OBPUtPI{l‘EQfﬂBIGTS%Qj atchefe out puts of AND gates 628 and

630 of bI er 6 r , Yaaot rst
ond selE oot s ot R iaexf ity 08 of (AR SREK SEhAG0; Bl PR SuBlis B8 e 502
as wel | as bWe=i{hpults Fof {bhk0}f+ (51}, slet oupput IoﬁANJiegatém% 01f erfabler 6BERQMRle | ayer
of | atches an be at.ed t her ven. t hat 0 gnal 640 is at
a rising e%“ ¢ I%Sﬁ%ue&}Y’p Jups ?ﬁ@efsfa‘f'oélfl tnﬁ‘nlé‘@g %fg‘eo*cqnétlé}‘?é§f 612
and 614 fol latb\hei 6@} bre updated. Further, given that input clock 640 is at a rising edge, the

outputs of latches 618 follow their corresponding inputs. Mux 606 selects for output an
input corresponding to the input selection value 011.

[0072] For the next three rising and falling clock edges, the counter transitions through
the sequence {b2,b1,b0} = {101, 100, 000}. The inputs and outputs of all sets of latches
612, 614, 616, and 618 remain the same throughout these transitions. Subsequently, the
input selection sequence returns to {b2,b1,b0} = {0,0,1} and the cycle described above
restarts.

[0073] According to the description above of the operation of MDDI serial encoder 600,
it is noted that counter 608 transitions on either a rising or a falling edge of input clock
signal 640 and that mux 606 outputs one bit at every edge of input clock signal 640.
Accordingly, MDDI serial encoder 600 is a double data rate encoder. Further, the input
selection sequence {b2,b1,b0} has a single bit only changing at every counter transition.
Accordingly, the input selection sequence outputted by counter 608 represents a Gray
code sequence.

[0074] FIG. 7 illustrates a mux output sequence in response to the Gray code input
selection sequence of the embodiment of FIG. 6. According to the mux output sequence

of FIG. 7, it is noted that mux 606 sequentially selects for output the inputs coupled to



corresponding inputs. Simlarly, the outputs of the first set of |atches
616 of the second |ayer of |atches 604 also reflect their correspondi ng
inputs. The inputs of the second set WD 2006/ 058052 PCT/ U52005/ 042414 114
of | at chew®iBe/afsoi2zhe second | ayer of | atches 604, howeC@iUS200&0Ma+14
unchanged. The mux 606 sel ects for output an input corresponding to the

i nput selection value 001. [0069] At thg next faIIing edge of input clock
signal 640, counter 608 outputs {b2, bi, b0} ={0,1,1}. Gven that {b2,

20 el s meeb A e S e AP RSP Ay Sl SRR nd

edge, the opbpdtsusid tb ILMSEschHILlarthel Ab4iuihg thersaaongmalfbéfﬁeemutsmnupdat ed

inputs. In other 'words, the outputs of |atches 612 and 614 will remain
the sane. CHa8&§eent|ly, the inputs of latches 616 will also remain the
same. My%s606 S W% o ?“‘* BH exBlch AR %dat&th"erfﬁs?c@@ﬁ’kﬁ'l&tﬁhés%lsﬂﬁnh

sel ect vaI ue 0/70] At the next two rising and fallin ges of

i nput cI oc kfist halfbf 6tCnpwoeletidon SQeence g thesse¢dsr sehpt lapeies 61§ gullng)l}heand

{b2, hl, pect.i vel h i S or
but put's’ of Bepepaft bR BERO el SpARRSEy, BB Bl EOGd BBHES Ol
clock si gnalat&é@mmurmeraxea@ﬂatwmm thef/ A, ndbbeing kfdcted ot pitpifby tkomukb2, bC
= {l,l}, the output of AND gate 626 of enabler 610 is true and,
consequent | §96-t he i nputs of the second set of |atches 618 of the second

| ayer of latches 604 are updated. Further, given that input clock 640 is
at a rising edge, the outputs of latches 618 follow their correspondi ng
i nputs. MixGlibh-fre¢ Ootputf or out put an input corresponding to the input
sel ection value 011. [0072] For the next three rising and falling clock
edges, the counter transitions through the sequence {b2,bl, bC {101,
100, OQ@6l7e] The i Apsdidingnd tbutpwblst inlveraioh, Bk 608t of MIDBEserid 1dcodt £00616,

and 618 renmain the sane throu ut theetran iti.ons. quent | the
i nput sel ecPiayifles e Ssr‘%!’ttﬂﬁrﬁgm%“% “{pb‘g S%?Ctlﬁ’é)}ransl?@lst) %ﬂbin’t "%
descri bed aﬂﬁl\éﬁ?noﬁi%?toﬁfphg ghtEQé?,?fﬁak oA 6@hinge bRphthdF (Aa8€ Bhdlol tﬁuﬂsﬁbﬁs\flﬁ of

the operation of MDDI Serral encoder 600, it Is noted that counter 608
transi ti ons tleselecttinpits andiardhadptainpetsf al | i ng edge of input cl ock

[0077] In the example of FIG. 8, a mux 802 has four data inputs DO, D1, D2, D3 and

two select inputs SO and S1. A first output glitch 804 is due to a transition in the select
inputs c‘>f the mux. In the example, the input selection sequence {S1,S0} is transitioning
from {0,0} to {1,1} in order to change the mux output from DO to D3. However, due to
a skew delay between the "0 to 1" transitions of SO and S1, the input selection sequence
{S1, S0} briefly takes the value {0,1} for which data input D1 is incorrectly selected. A
"0" glitch appears at the output of mux 802 when the output should remain at "1"
throughout the transition.

[0078] Typically, glitches of the type of glitch 804 may occur at the output of the mux
whenever more than one select input changes values during an input selection transition.
Accordingly, to prevent the occurrence of such glitches at the output of mux 606 of
MDDI serial encoder 600, embodiments of the present invention employ a Gray code
input selection sequence.

[0079] Another type of output glitch, illustrated as 806 in FIG. 8, occurs due to
transitions in the data inputs of the mux. In the example of FIG. 8, in an input selection
cycle, the input selection sequence {S1,S0} transitions from {0,0} to {0,1}. However,
due a timing skew between the select signals S1, SO and the data signal DO, the data
signal DO changes values before the end of its selection period. A "0" glitch appears at



signal 640 and that mux 606 outputs one bit at every edge of input clock
signal 640. Accordingly, MDDl serial encoder 600 is a double data rate
encoder. Further, the input selection sequence {b2,b |,bO has a single
bit only sharmpsoggot every counter transition. Accor deagiugoosiuesisnput
sel ection sequence outputted by counter 608 represents a Gray code
sequence. [0074] FIG 7 illustrates a mgx output sequence in response to
the Gray code input selection sequence of the enbodi nent of FIG 6.

According to the rru ou t .sequen ol x 606
sequent i al | {r° QBIPEL? P’&%B%Wthﬁlb tchgm‘lt rsltbo (ﬂec%c?b e ttﬂgﬁlﬁ%%&ﬁ@lg}t%@égﬁ
PCT/ US2005/ 94 3ddAnt dxht facifscante &ﬁ:ttpuofoflrﬁﬂbclﬁeG of IADIIr senigl bhiwdéd 660, hal f
of the input sSelection sequence and the |nputs, coupled to the first set

of |atches enepdiments gt thePrSERJIATEIHN FOYFE R %%B’BPtsé% SRS Femaly §4
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616 during of "the i nput selecCtion sequence and the second
set of | at chdet fip8tsdutheogtpuhef meecond hal f of the input selection

sequence. Accor flrst and 0 e 6 a 618
are upd98¥q V\/negﬂ“t %@%}liogrtg Ao f™ %@(png {’\H%'ﬁf%lﬁd%%tﬂﬂs %Hﬁi ﬁgérru’x 606.
A itch-freeafdmepy e[ SOABPutAgR ehnng:cmoattthe optpes 6Nk mtmle'mhlsdype oflixlit@06 of

Nl DDI serial enco 600 provides a glitch-less output. durjn
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sel ect inputs an ?or t he atalnputs '? In the exarrple of FIG 8, a

mux 802 has1rfpumram*.£ttoa i hpiwesn D@y imiufs gh hmnaﬁ@ valugg' 14 eglétehesiof shis &¥PSO and

Si. Afirst ou i.tch e [ tenel NPUt S
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of the mux. ™ hd i nput ron seguence
transitioni agl\/mm@emil(%n@def 600 i¥ dddigried sachotat 1t1@mhlarag'e1"ttlneughmtm;{ippm from

DO to D3. However, due to el ay. bet we; n e "0t transitions
of SO and SRS hepion e G EOUIHERANY & o S8 fmiRq g yrbliRBs t he
value {0, 1} for which data input DI is |ncorrectly selected. A

Optimized Output Selection Algorithm

[0081] The output of mux 606 of MDDI serial encoder 600 is governed by the

following output selection algorithm:

Mux output =

(sn(2) AND sn(1) AND sn(0) AND d(0)) OR (sn(2) AND sn(1) AND s(0) AND d(1)) OR
(sn(2) AND s(1) AND sn(0) AND d(2)) OR (sn(2) AND s(1) AND s(0) AND d(3)) OR
(s(2) AND sn(1) AND sn(0) AND d(4)) OR (s(2) AND sn(1) AND s(0) AND d(5)) OR
(s(2) AND s(1) AND sn(0) AND d(6)) OR  (s(2) AND s(1) AND s(0) AND d(7)) OR
(sn(2) AND sn{1) AND d(1) AND d(0)) COR (sn(1) AND sn(0) AND d(4) AND d(0)) OR
(sn(2) AND s(0) AND d(3) AND d(1)) CR (sn(2) AND s(1) AND d(3) AND d(2)) OR
(s(2) AND sn(1) AND d(5) AND d(4)) OR (s(1) AND sn(0) AND d(6) AND d(2)) OR
(s(2) AND s(0) AND d(7) AND d(5)) CR  (s(2) AND s(1) AND d(7) AND d(6));

[0082] wherein s(n) represents the value of the n-th select input of the mux, sn(n)
represents the inverse of s(n), and d(k) represents the value of the k-th data input of the
mux. For example, in the case of the Gray code input selection sequence of FIG. 7, the
data inputs d(0), d(1), ..., d(7) of the above equation correspond respectively to D7, DO,
D2, D1, D6, D5, D3, and D4.



"0" glitch appears at the output of nux 802 when the output should remain
at "1" throughout the transition. [0078] Typically, glitches of the type
of glitch 804 nmay occur at the output of the nux whenever nore than one
sel ect input changes val ues during an input selection transition.

Accor di ngWQ 2a06038p¥vent the occurrence of such glitchefCaUSIHEIGHHpuUt of
mux 606 of MDDl serial encoder 600, enbodi nents of the present invention
enpl oy a Gray code input selection seddence. [0079] Another type of
output glitch, illustrated as 806 in FIG 8, occurs due to transitions in
t he da j,nput s . L ] I i i

sel ect kogtr}]él cycl e‘g {shagﬁ?rg?bﬁljt? asﬂe}rsté)g? Fgﬁéggdggéﬂ%‘éﬁ% %t’ t%%fﬁs?re %gts%e?? g%}fsth? rom
{0, 0} to {Ogbbye edimiion ere,conchmeedavithi seienngsthe wulpet efshomike Thelasirightitgmal s Si

SO and the data si gnal t he. data signal chan v es_.hef.ore the
end of its %‘@F’@cﬁ‘?‘gﬁlt‘fﬂgio X ghitchgs, 4 ?"gtsgﬁbegpg@gﬁsa%gl %gﬁpg%g%ggdg@?

PCT/ t JS20054Q4344¢ HbtichBoroUhBiiig efableLimuBRpushend tusigontGray , colde uhshitr emai n
at "1" throughout the transition. _To prevent such intcags at _ the 8Ut put
of mux 606 efeckpDreaienseaguaEntssdbat thoother Bimhbaphehpubys elitphes nascdessiibe
invention e t ta inputs to the nux remain stable one clock
cycle beforgeb%gé’ﬁlﬁgﬁﬁé%cg? This is done by delay matching the paths fromthe
sel ect [dogJut s t OThehabowe bpiptt ssfectivxalgpdb®0p optimzzdd ibajedontaopridreknopdedegpes of

mx out put ptches illustrated in . FIG 8 t _anpther type of f put
glitch can gﬁ@ﬁr‘n SFlﬁ%tloﬁuﬁeBﬁetnc%PPgwnﬁ%’ :Fh?é%e]f VpE o Vgl fa%{g?ﬁu? S‘%@‘%‘E"@m ly
caused by asdqusHcBhb GRphodREetSieilvaehniiniaidal (hgndb a ghitdhiiree mipeoutput
itself, causes the nmux to select_no input dining an input transjtion. As
such, wheneodly feriaputitiapsitionsin aesordager Wih Hisripue seleiion spatshtss “L‘&P’Fﬁh%i ng
the value "1", ' IS ;d : ; he
. " To. pr el SOSEnl ekt i3 M0 ToncHed S RRICHRe 4 Bt byl £
encoder 600inpst ttessitgme chos withint thatinput seleptidnnsequence.] "Thih desigrn elyticeanthienput

transition between data i.npu of.-h_hayi ng-. ue . "l." -t h i of
the transi tP{?ﬁ% TRSEHOR rzeg'#%f)t}l DU m}%élogge{[g %H} %?ga\é?{’et (ﬁlr%p '{tcfﬁﬁt]&‘ﬁi%éﬂg%ﬁput of
mux 606 of MheceRiyahintmandeonséQiinily, thoptasicaldideyoftivanux is also reduced.

Example Timing Diagram

[0085] FIG. 9 is an example timing diagram relating the input clock, the select inputs,
the data inputs, and the mux output of mux 606. In the example of FIG. 9, the input
selection sequence {S2,51,S0} is in accordance with the Gray code input selection
sequence illustrated in FIG. 7.

[0086] From FIG. 9, it can be noted that the input selection sequence {S2,S1,S0}
transitions at every rising or falling edge of the input cldck and that a single select input
changes at every transition. The mux output is glitch-less and outputs a data byte every
4 cycles of the input clock. Data bits DO0,..., D7 are exemplary sequences that are used
for illustrative purposes only and do not necessarily correspond to actual sequences in

implementation.

Conclusion

[0087] While various embodiments of the present invention have been described above,
it should be understood that they have been presented by way of example only, and not

limitation. It will be apparent to persons skilled in the relevant art that various changes



foll owi ng output selection algorithm Mx output = (sn(2) AND sn(1l) AND
sn(0) AND d(0)) OR (sn(2) AND sn(1) AND s(O AND d(1)) OR (sn(2) AND s(1)
AND sn(O AND d(2)) OR (sn(2) AND s(1) AND s(O AND d(3)) OR (s(2) AND
sn(1l) AND sn(0) AND d(4)) OR (s(2) AND sn(1) AND s(O AND d(5)) OR (s(2)
AND s(1) AMD206(BPS2AND d(6)) OR (s(2) AND s(1l) AND s( OpCAuS2ai§/TR¥140R
(sn(2) AND sn(1) AND d(1) AND d(0)) OR (sn(1) AND sn(0) AND d(4) AND d(0))
OR (sn(2) AND s(O AND d(3) AND d(1)) ®R (sn(2) AND s(1) AND d(3) AND
d(2)) OR (s(2) AND sn(l) AND d(5) AND d(4)) OR (s(1) AND sn(O AND d(6)

AND d( 2 d(7
AND G(6)) ; FoBEBIPErE G Rl (ANG i R s Al 17
i nput of t hélenﬂnx«zntsm( nThusy elrﬁr rsadih snd Iseopenvieths epresents fonynticanshoudlidkyot be

represents .he ue of. the k-th data in t of . t le, in
the case of téxgyﬁyé’galée 08 fles*%ﬁéia eglﬁ Jégle%t%téﬁou}d %? ﬁer ata

i nput's d(0) oni§}Gh decordance ﬁl{tﬂihe%ndvhﬁg dblmé%néﬂwﬂ{dqﬁﬁaléﬁﬂ’sr espond respectively
to D7, DO , DI, D6, D5, D3, and D4. WO 2006/ 058052 PCT/ US2005/ 042414
17 [0083] As is apparent to a person skilled in the relevant art, the
first eight terns of the above equation are concerned with selecting t he
out put of the nux. The |last eight terns ensure that internal nux
glitches, as described above, do not appear during input transitions.
Furthernore, having stable nmux inputs and using a Gray code input

sel ection sequence guarantee that the other two types of output glitches,
as described above, do not occur. [0084] The above output selection
algorithmis optimzed based on a priori know edge of the input selection
sequence of the mux. In other words, given an input selection sequence,
the output selection algorithmis designed to provide a glitch-free nux
output only for input transitions in accordance with the input selection
sequence. Accordingly, the output selection algorithmis not concerned
with providing a glitch-free output for input transitions not within the
i nput sel ection sequence. This design choice of the



present invention reduces the nunber of ternms in the above out put
selection algorithm to a necessary m ninum Consequently, the physi cal
size of the nux is also reduced. Exanple Timng Diagram[0085] FIG 9 is
an exanple timng diagramrelating the input clock, the select inputs,
the data inputs, and the nmux output ofg nux 606. In the exanple of FIG 9,
the input selection sequence {S2,Sl,SCG is in accordance with the G ay
code input selection sequence illustrated in FIG 7. [0086] FromFIG 9,
it can be noted that the input sel €IAIOMES sequence {S2, S1,SCG transitions
at every rising or falling edge of the input clock and that a single

sel ect input changes at every transition. The nmux output is glitch-1ess

and ou;putsqaogﬂéamgﬁgggeMp&xmd& sorsprRmedf the input clock. Data bits
DO,..., D7 are exenpl arr sequences that are used for illustrative

pur poses orfl glitenlgsupultiptexpreeris Anvinga plyralibs plomux dya dpitrak pher]ite ateedect n

i npl e ] I ad] IS f th
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t hey helet lnp@rbipr esented by way of exanple onIy, and not Ilnltatlon | t
ersons. s dinthe relevant art t

Ehanges. WO S S SR e A8 S9pLls g aeiel Ut PHP ARV ASEBITE BRl be

mede thes &it twefaeﬁgle@%nﬁépuwn; b0t BRa sl t and scope of the
i nvention. Thus, the bread and scope of the present invention should not

be lim tecﬁnwaldnycefpktdne tieebletebesd esamblsadd exwrmp terlytcbeno dpdasathe latblut

shoul d ehlge kél qegrd%pﬁ Q%ﬁ&!PQFuIO|| wing clains and their
GQUIVd? n@lp il &EKW CSHIE SreelE Y encoder, conpri si ng:
a glitch-1 essunigt tcbmiled(wthé BaleCt 1ﬂpatsldfglean@)l W6 sdlédi yn®bf ti s ludditaof MpMt s, a
plurality, of sel ect inputs and a nux output, wherein the nux. out put does
not gl 9EHPsE ¢ Breéetenaﬂefeseaﬁe% ;ﬁoréh%@% Ou%’é‘i dsajdipoyrtepgqnirolling the

enabler wherein the counter transitions on either a rising or a falling edge of an input clock, and
only a single counter state bit changes on a transition between any two consecutive states in a

count sequence.

2. An encoder according to claim 1, wherein the mux is an N:1 mux having N mux data

inputs and one mux output, wherein N is an integer power of 2.
3. An encoder according to claim 1, wherein the mux has eight mux data inputs.

4, An encoder according to claim 1, wherein the counter provides the mux with input

selection values according to a Gray code sequence.

5. An encoder according to claim 4 wherein the mux includes an output selection algorithm

optimized based on a priori knowledge of the Gray code sequence.

6. An encoder according to claim 5, wherein the output selection algorithm provides a
glitch-less output only during input transitions in accordance with the Gray code sequence,

thereby reducing the size of the mux.



a plurality of latches, having latch data inputs and |l atch data outputs,
wherein the latch data outputs are coupled to the plurality of nux data
i nputs; an enabler, coupled to the |latches, to enable and control the

| at ches to update the latch data outputs at a tinme when the latch data
inputs are not changing; and a countejyy coupled to the select inputs of
the mux, to select one of the plurality of mux data inputs in a

pr edet er mi ned sequence for the nmux output and said counter controlling the
enabl e1. whexeedtotidraiccadinkes clamaBswlidrein sheosutgit isélection algsiting, ®iecad thambik ng
edge of an . input clock, and only a single counter state bit changes on a
trgnsi?Wtﬁﬁlrb@tgﬁgléﬂcea‘ﬁ‘g}hmﬁgom%%utive gt ates in a count sequencg. 2. An
encoder acc(%tgliltng to claim1, wherein the max is an N.| nmux having N nmux

data inputs and one nmux output, wherein Nis an integer power of 2. 3. An
encodefsn@g AdIAUsNGH) ANDcin)AND diheO&i (sn@haNRusa(hasSNBi sght ANDXI(HaOR i nput s.
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encodefs(9aaa SMPAND (@) ANB dungIoR 3(2) PeNIx(1) ASDIOS AND GUHPOUR sel ecti on
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accord ode gue ere ing t sl ze of the
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AND s(0) AND d(5)) OR (s(2) AND s(1) AND sn(0) AND d(6)) OR (s(2) AND

| . . : 1) AND d(1) AND d(0)) OR 1
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d(k) represents a bit of an input of the mux.

8. An encoder according to claim 6, wherein the counter transitions at every edge of the

input clock and the mux outputs a bit at every edge of the input clock.

9. An encoder according to claim 1, wherein only a subset of the latches are updated while

another subset of the latches are being selected for output by the mux.

10.  An encoder according to claim 4, wherein the enabler enables the latches based on the

input selection values generated by the counter.

1. Anencoder according to claim 1, wherein the encoder receives a parallel input data and

serially outputs it onto a serial communications link.

12. An encoder according to claim 1, wherein the serial communications link is a Mobile

Display Digital Interface (MDDI) link,



(s(2) AND sn(1) AND d(5) AND d(4)) OR (s(1) AND sn(0) AND d(6) AND d(2))
OR (s(2) AND s(0) AND d(7) AND d(5)) OR (s(2) AND s(1) AND d(7) AND
d(6)); wherein s(n) represents a bit of an input selection value; sn(n)
represents the inverse of s(n); and d(k) represents a bit of an input of
the nmux. 8. An encoder according to claim®6, wherein the counter
transitions at every edge of the inmut clock and the nmux outputs a bit at
every edge of the input clock. 9. An encoder according to claim1, wherein
only a subset of the |atches are updated while another subset of the

| at cheB3. ar eA basiahgnoodpreereprisied: out put by the mux. 10. An encoder according

to claim 4,m ugg&igsporﬁl gltpg‘%gﬁg ec{fri]@r&@piltses the | atches based on the i nput

sel ection va ene counter. 11, An encoder according to
claim1, wheems forigereratapaeinpiteekti@ssequanas edrh@isingypedundat@ganchte heri al |y
outputs it onto a serjal co nications link. 12. An encoder, accogagi ng to
cl ai m HPULARIEFEnTN AEedelsrmaIed SeHsiTh said POHECT (aRRtPRS of qibes § gSIngpPsphiagine

Di gi taédrg_le'a%sl{fngﬁteclédll@mom;Q%mg}%leou sthe BRChecSHE PURRSitiGPIRNESI AY: Means

for storing a plurality of input bits; neans for generating an | nput

sel ect ivorcossgutevectatesanprdositsgquencoand er to generate the input sel ection
in a predeterm ned sequence, said counter. transitions on either a rising
or a farii igemsggaeanna e S wERt LGl B ot € eBlnPEe-Belit P
changegq@shcd Wicads kdid aitaRefonegllanyipuitivg coMPEQS Uldlveh-Bbadu@sutidirifg BeuNnt

" sequence;  and neans for serially outputting said plurality of input bits
accor dirHgitiops gl inpiEseleginseayPre: sequence, wherein said neans for
serially outputting conprises a glitch-less output during input
transitions in said input selection sequence. 14. A serial encoder

accor didg tAsglahemodd; actendingeo clnomp B (sithey:.compeirsg froeand pakatpdating the

pl ur al i]t 1.of fi. an]i%l .bits.in said storing neans. 15. A serial encoder
accorcF?Hé”tyoo ¢t 1978 AR MEARE g i nput sel ection sequence is a Gray
code sequence.

15. A serial encoder according to claim 13, wherein said input selection sequence is a Gray

code sequence.

16. A serial encoder according to claim 15, wherein said means for outputting includes an

output selection algorithm optimized based on a priori knowledge of the Gray code sequence.

17. A serial encoder according to claim 16, wherein the output selection algorithm provides

the glitch-less output only during input transitions in accordance with the Gray code sequence.

18. A serial encoder according to claim 13, wherein said serial outputting means outputs a bit

at every edge of the input clock.

19. A system, comprising:

a glitch-less multiplexer (mux) having a plurality of mux data inputs a plurality of select
inputs and a mux output, wherein the mux output does not glitch due to a change of any select
input bit;

a plurality of latches, having a latch data inputs and latch data outputs, wherein the latch

data outputs are coupled to the plurality of mux data inputs;



16. A serial encoder according to claim15, wherein said neans for
outputting includes an output selection algorithmoptimzed based on a
priori know edge of the Gray code sequence. 17. A serial encoder
according to claim 16, wherein the output selection algorithm provides
the glitch-less output only during input transitions in accordance wth
the Gray code sequence. 18. A serial encoder according to claim13,
wherein said serial outputting nmeans outputs a bit at every edge of the
i nput cl ockan ¢h@bleAcsyéEmthe ey, 0 ergbleand kbited theelashentbuppte derlatCimux)
having a plurality of nmux data inputs a plurality of select inputs and a
mux  oufqReuPYEH A atiRe then Mgdalsh dyanpybage a‘ﬁtc{‘@}gl“i% ﬁn‘gue to a change of any
sel ect i npauéoume},;coﬁg\lﬁél H @k sd¥ot A put A raRESux, NG V1B ofle bRihE BIHANR of RRNL S and
| at ch data out put's, erein the l'atch data outputs are coupled to the

pl ur al ddty inphits i prtdetarminpdisesjuer®2 forsthe swalobgn| arsloajst eanteocertiwellingttbhes, to

enable a control the |latches to update.the | atch data.out put t tinme
when tﬂ@ggéﬁﬁﬂﬁﬁh gcwﬁﬁﬁﬁengﬁgwﬁ>fmﬁﬁahﬁ?%%?f%ﬁ@ﬂgf@gﬁﬂ{%}&Bﬁgub ea%to t he
sel ect pdIPRYISlcQbuhtBestifdbit chéhg@ebee tratiiforOfctivéed apl wwakoisgcfveRtates idlat a
inputs in a predeterm ned sequence for the nux output and said counter

cont r ofQunhggquénee. enabl er wherein the counter transitions on either a
rising or a falling edge of an input clock, and only a single counter
state bit changes on a transition between any two consecutive states in a
count sequence.



