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LOW OQUTPUT SKEW DOUBLE DATA RATE SERI AL ENCODER GROSS

REFERENCE TO RELATED APPLI CATI ONS [ 0001] The present
w@ppBiozEagd on clains priority to Applicati on NoPCT/US2007/075127

11/ 285, 397 entitled "Double Data Rate Serial Encoder”

filed Novenber 23, 2005, which clains priority to

Provi si onal Application No. 60/630,853 entitled "MD

Host Core Design"” filed hbvenfer 24, 2004, Provisiona

Application No. 60/631,549 entitled "Mobile D splay

Digital Interface Host Canera Interface Device" filed

Novenber 30, 2004, Provisional Application No.

60/@3¢ @R Ul $K&dV' DEnEB. B/DoA THoRADEVSERTALI ENCODER

Decenber 2, 2004, Provisional Application No.

60/ 633,071 entitled "MDDI Overview' filed Decenber 2,

2004, Provisional Application No. 60/633,084 entitled

"MDDI Host Core Pad Design" filed Decenber 2, 2004,

and Provisional Application No. 60/632,852 entitled

" | npl ement gROYS REFERENVEOIO HEgia Gon wreiien TiONsed

Decenber 2, 2004, which are assigned to the assignee

her eof and hereby expressly incorporated herein by

reference in their entireties. [0002] The _present
app! TBSt PEifeRS aapgeat@ Alagnst griegiote Y episrder Ne, 41/285,397

e Pt%lfc? t'D'c}loble q)a?tg aZe7 genzl 1:t1(|:otd|ee'dﬁ]te e\/[e%glla I’% 3695 which claims
? nmuni cati on 0Cco I'nt ace

pfl@ﬁtﬁ'tghP&ﬁﬁgm@ah% hitans &G, 60830863 Jéﬂthl&l "WAPWI Host Core

t he “di scl osure of ichis |ncorporated herei n by
Degiget €iksl NoBAGKEROUNDD(H, dirdi3106:3] Apphicaics &at 60/631,549 entitled
i nvention relates generally to a serial encoder for

"Mpgile Pasplay Rigitad dntesface Blostihrmard orerfaqedleviggyfded November 30,
oL P S 7 B850 R pevie
fildat efb@nBerd YDBDY4,! PAKSsioBACKPHIRUREn No. 60/633,071 entitled "MDDI
Overview" filed December 2, 2004, Provisional Application No. 60/633,084 entitled
"MDDI Host Core Pad Design" filed December 2, 2004, and Provisional Application
No. 60/632,852 entitled "Implementation of the MDDI Host Controller” filed
December 2, 2004, which are assigned to the assignee hereof and hereby expressly
incorporated herein by reference in their entireties.

The present application is also related to commonly assigned U.S. Patent No.
6,760,772 B2, titled "Generating and Implementing a Communication Protocol and
Interface for High Speed Data Transfer", issued July 6, 2004, the disclosure of which

is incorporated herein by reference.
BACKGROUND

Field
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[0004] In the field of interconnect technol ogies,
demand for ever increasing data rates, especially as
WO 200a021d44 0 vi deo presentations, continues to BECDUS2007/075127
[ 0005] The Mobile Display Digital Interface (MDDI) is
a cost-effective, |ow power consunption, transfer
mechani sm t hat enabl es very-hi gh-speed data transfer
over a short-range communi catjon |ink between a host
and a client. MDDl requires m ni mum of just four
-wires plus power for bi-directional data transfer
t hat THe Ipiretsens irvemgion malatdsagraeiadiyhtood serpl teoc@ded fGhhigh data rate
per second. [0006] ILn one appllcatlon MDDl i ncreases
Sqr@ﬂ F%‘BFI}‘FPSPt‘é’H’o‘H&"éc Mekcaer peiar! Y CNSBHpEGhrelates to a double data

f nb
ra%? 9em§al %ncct)cg 0F 1§/Io%¥1e Sﬁl%ﬁﬁ}é bﬁgﬁaé SI}e{Ee,rgag% ﬁgﬁé)l{‘) E%kgu er

run acro
|nterconnect the digital baseband controller with an
LCD di splay and/or a canera. This reduction of wres
Batkgoounhd ows handset manufacturers to | ower devel opnent
costs by sinplifying clanmshell or sliding handset
designs. [0007] MDDI is a serial transfer protocol,
and, ata received.in, para

 anbhra el sOaPRRRRE o HRBaSer e & Ps FTggting dat

rqlﬁles,sesgfe):@fa%gtas APRtddGB iy ﬁ\@ser&éﬂ&%’s c&?c?nue% b ke d
Doubl e ta Rate Serial® Encoder’ §enber 23,

2005THe Mo bile Dl@ﬂhyf\DEﬂlthdﬂfdrﬁacBE(Nﬂ)BB)t 1@ a( tIReffeediverllow power
encoder having a glitchless output. The glitchless
cwumntw@e flaapfer meshanispehat ﬁngblm ﬁeﬁyahlghr@@hd dgw transfer over a

| t d th ow
RS T L EP O QEERE. B 0eh e et MDDI requires 2
ﬂﬁ%ﬁ%@ﬁus@ffoﬁ%rhyglﬁg ?»@)e? Cr l‘;cie(ﬂy&:@f(\)%aﬂkltg \fﬁlngigf tiht delivers a

reduction in the si the mul ti1 pl exer and

masiises RAtWAthadf dphwt3. D Ghit ebbdRosar i al encoder .
[ 0008] However, inprovenents can be made in severa
aspebt sono apmiciRnseViDI] dncrdess dekalghtydemut | desgedses power

SRR ﬁbeﬂg'ﬁrqré%f"ég% mtia ‘e g eBg ahfpbeR gf wires that
r%r%?sri ﬁ!anc?sgg % ﬂg{gqu%ﬁgerp&'ﬂiecp 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.

MDDI is a serial transfer protocol, and, as such, data received in parallel for
transmission over an MDDI link needs to be serialized. U.S. Patent Application No.
11/285,397, entitled "Double Data Rate Serial Encoder”, filed November 23, 2005
describes an MDDI Double Data Rate (DDR) serial encoder having a glitchless
output. The glitchless output serial encoder benefits from a glitchless multiplexer,
designed with a priori knowledge of a Gray code input select sequence. This a priori
knowledge of the input select sequence allows for a reduction in the size of the
multiplexer and, subsequently, of that of the DDR serial encoder.

However, improvements can be made in several aspects to the DDR serial

encoder design described in U.S. Application No. 11/285,397. In one aspect, it is
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U S. Application No. 11/285,397 remains |larger in size
than a non-glitchless nultiplexer. In another aspect,
wo b@smeatiger of | ogic |ayers between the final PEQUS1007/075127
stage and the encoder output, a factor that
contributes to |larger output skew and | ower link rate,
can be significantly reduced. [0009] Wat is needed
therefore is an MDDI DDR ser|3al encoder havi ng reduced
size, conplexity, and output skew. Wit is al so needed
is that the MDDI DDR serial encoder has a glitchless
nomdmhlat t}mglﬂéhswmmm@&efr Eed NVERT DIDR [s80di0¢ncddBodbiagibed in
Dat a serial encoder is provided her ei n.
U[Soo&myll¢%loan§°asbl¥8§5 3Pherepprns é?li8§¥ i8n g38ethann @l gaeglitchless
mul%@gx&l IItnCaI%]loﬁ?esl’: agu le(:“n)1fler G 1 z}yaelés !)ec{%/een tﬁe final register
en ree encoder ou

sttQ%m afldl ith€ Qh@é&ermut{;hplaeﬁ@for thhe céhéﬁatﬁékdt& m;géreefmwt Gkew and
-the

encoder is significantly reduced. [0012]
loarwatlindr raas peas be sigh#fidabRyseduadd. encoder has a SI ngl e
| ayer _of |ogic between the final i ster stage and
t he ¥Yeasde rneéé‘F‘?b therghpge ds pa V&R mﬂ%b@?n%ferﬁagqrrshwﬂ@mreduced

he fi nal. Lster s t.he. encodey. out put, .
St P ISP AT PP AP TERE 1D AP Aol P o MPRLRRR seria
ehdddr had £ ht'gﬂpesggg[?ggd nunber of paths fromthe final

regi ster tage to the encoder output also sinplifies
out put skew anal ysis. [0013] Further enbodinents,
features, and advantages of the present invention, as
wel | as the st PREEESH Rp T HEANMENREON ar i ous
enbodi ments of the present invention, are described in
detail bel ow vvith reference to the acconpanying

ar v GRubfhih gﬁbﬁ%&\% 1 Ghedddr ;EROdES 4B 4] The
acconmpanyl ng r aw n are I ncorpor at eé erein
and fiobfeasfatthe DDR serial encoder includes a non-glitchless multiplexer
and digital logic for ensuring a glitch-free encoder output. By using a non-glitchless
multiplexer, the size and complexity of the encoder is significantly reduced.

In another aspect, the DDR serial encoder has a single layer of logic between
the final register stage and the encoder output and a reduced number of paths from
the final register stage to the encoder output, thereby resulting in reduced output
skew and increased link rate. The reduced number of paths from the final register
stage to the encoder output also simplifies output skew analysis.

Further embodiments, features, and advantages of the present invention, as
well as the structure and operation of the various embodiments of the present

invention, are described in detail below with reference to the accompanying

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated herein and form a part

of the specification, illustrate the present invention and, together with the
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of the specification, illustrate the present invention

and, together with thedescription, further serve to
we@Bary44 he princi ples of the invention and tRPCEHSIDE075127

a person skilled in the pertinent art to make and use

the invention. [0015] FIG 1 is a block diagramthat

illustrates an exanpl e environnent using a Mbile

Display Digital Interface ( I) interface. [0016]

FIG 2 is a block diagramthat illustrates an NDDI

link interconnection according to an enbodi nent of the
dexsppde, ffther Gerve. to[3Plafh the Grin8iples of thierioventiati and gorenable a

that illustrates an MDDl serial encoder. [0018] FIGs.
perperpskilled & tha RerERaRiATE &0 BRKE PR dPe dieifvepBeno] FIG 5

Ief]cg dfeﬁfi oggcg:‘bggckaﬁigglgafar}n t&ln%Li%tSEI% &S I%are]%({h per Eérgvrelmrlment usmg a
Mdame@jlg;qu D[lglgﬁ%teﬁa@e (MIDDSY) éntetedli t di agram t hat

| ustrates an MDDI serial encoder according to

anot HEG. 2nivodbioekt diagraniehpr ddesetatésnae MDA, 1ihR(iAidrconnection

FIG 7 is an _exanple timng diagramrelating signals
agsprdipg tappemhedimentgfibe exargplemi@IGe 1 [0022] FIG 8is

a ci nn di agr am.t hat t?Ia{h;i}’érates y erlali
encotler a‘éé‘ocr’l PHd g2 R Pk ther &8s tse’B? Tecer
pres % . S~-an exanple timng
di ag?gérﬁ re g?llth!rl}sgﬁg?gna S o?%eﬁﬁ/jﬁ%?’ serial encoder of

FI G FRG. § 802bcK biagping Sieittilludtiteed arDMDD]I derlf eflesdut abestding to
with reference to the acconpanying draw ngs. The
altl?la!\hpdlgmrm affthe presentanFemtion.f j r st appears is typically

Ig(rjlr Eﬁé,rﬂ' &t&b@% 'éf%%%”ﬁs fﬁ%tf%éﬁflﬁ\égfﬁége&} PAGAERF according
o 3R2AL: J;Hbédlm%@ Fof lEANLA FhSGhRSES one or more

I ment porate the features of this
| NVeRLG.on.is -&eeiﬁrﬁlﬁlboﬁﬁ%§mﬁg@dlrﬁﬁféﬂitﬁ-)g Bh&k Yof the MDDI serial
exenplify the
encoder of FIG. 6.

FIG. 8 is a circuit diagram that illustrates an MDDI serial encoder according
to a further embodiment of the present invention.

FIG. 9 is an example timing diagram relating signals of the MDDI serial
encoder of FIG. 8.

The present invention will be described with reference to the accompanying
drawings. The drawing in which an element first appears is typically indicated by

the leftmost digit(s) in the corresponding reference number.
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[0026]

[0027]

i nvention. The scope of the invention is not limted
to the disclosed enbodi nent(s). The invention is
waledosizid4by t he cl ai s appended hereto. [0026]Panes2007/075127
enbodi nent (s) described, and references in the
specification to "one enbodi nent”, "an enbodi nent",
"an exanpl e enbodi nent", etc., indicate that the
enbodi ment (s) described may include a particul ar
feature, structure, or characteristic, but every
enbodi nent may not necessarily include the particul ar
feature, structure, RETAREBPESEREPTIONMr eover, such
phrases are not necessarily referring to the sane
enbodi ment. Further, when a particular feature,
str UEﬁ.ll&r ecﬂ{caﬁgﬁ‘r(ﬁscttl (eé %Ha CorI &o%%ﬁ{blogg‘geﬂtg tl&at ncorporate the
connect an enbodi nent, 'S su h R
fdaBuréek td7i thid hevdaioM. edge afscRi@éﬂ shbddeglehfis)t B:féré"lﬁft edenplify the
effect such feature, structure, or characteristic in
inyentient The seppdofshdnvertods mentisitddentibe disclased embodiment(s).

pr|C|tIy crjbe [[0027] Enmbodj nents of the
TRA byt i dshne m%ree?}awwpﬁﬂ decherre, firmuare,
sof t WAk G Qédl%%t(%gggscr%t Iclo %%e%gncdas 8’9 ! neerg:g ca%fon to "one

t he |nve [ ON M emen as rnstructions

embodREeN '@n@ﬁ%diﬁreh@'@dﬁb Ieﬁarﬁgw ebodiieni”, TRY., BRIiER8%hat the
and executed by one or nore processors. A

embodinment(sg a dlabdribede dinayn aglude c lauderrenylare déranmes msfrocture, or
storing or transmtting information in a formreadable
charagteRglin; b every. embodiBep Ry n@éwe@easanbo rnfé%ﬁrﬁh particular
P! nach{ne r eadabl e ngénggp R i ncl ude ad on

ructua%, or charac lﬁﬂm - Srl‘rlﬁh % ra&es alyek 1'10[TD ne%essarlly

, ranaom access nenory

re?&ﬁ[rfggﬁ) RAathe QRbbdidlent! ALAGS, FBALS I}.Jtﬁﬁﬁr 'T@a[fﬁfé/ structure, or
devi ces; electrical, optical, acoustlcal or ot her

charnerrisfic rsrdq@agbatcbm &irgieatisn @ﬁtlgan effbodirgént\évie Submitted that it
infrared signals, digital signals, etc.), and others.
ispithiethe knowirdgeot ees slilledin Heunt fe sffetmich featim structure, or

Cl'l_ﬁg\?gi?tqg Slflr(l‘s%b]g%F% e]E) evlvﬂhagthrgzle refrn rorglm%nl(::se{v %!dl.’?eraglt In%t explicitly

described.

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 other 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
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appreci ated that such descriptions are nerely for

conveni ence and that such actionsin fact result from
w@oplLi7wy devi ces, processors, controllers, oPCDUBMNTI075127

devi ces executing the firmvare, software, routines,

instructions, etc. Mbile Display Digital Interface

(MDDI') [0028] The Mobile Display Digital Interface

(MDDI) is a cost-effective, uQM/pomer consunpti on,

transfer nmechani smthat enables very-hi gh-speed seria

data transfer over a short-range conmmunication |ink
inhéoperesula fromt camguang | degides, pB28ord, ncariellend, | @wotlypr devices

exanples of MDD will be presented with respect to a
e’@&%?&t%giﬂ“é’aﬁ% APRVAE TPYHIRGS: %H@Ftl%‘llsaﬁ%el | of a

nobi | e phone. However, it woul d be apparent to persons

skilled in the relevant art(s) that any nodul e having
Mobile Di a}tx il UhieafRa (MDY Ur es to the canera nodul e

coul d be readlly substituted and used in various

enbodi nents of this invention. [0030] Further,

accordi;g t o enbodi nents of the invention, an MDD

host ThayekitpPispiyoRisied Intytea(MRpbsis @fCQﬁé@ffe%tsvet» Aaw power

can_b neflt fro e pre i nyention
GRAMPERT birathORTaNN B FoaBle A6PE A Al difg trensfer
m‘e?ra@hgi't fan! @Qgﬂﬁllngncz!lt?cﬁ{ Qﬂk b win bk 2R Q'chlgnt

computing device. It cou al so be a Personal Data

Assi ki ah¢ fORDAng, aexﬁﬁ@ld?.goﬂjM/]])DE willr be freehtetiMith respect to a

w rel ess tel ephones or nodens. Alternatively, the host
cagpgrpdnpduly qemrained en@m@vneau dereshelbpef prackile ahppe However, it

Wi 6 Pt eR Pelts Brle & ChEelogeR S thad Fag maie having
fu}?lgﬁt)ng‘?)y E@ﬁvglreng (P&ttﬁrgg t&§ ltﬁg% Qltnehp nﬁ)d\{l?er L&hY re\%ﬁ?ﬁ Its}u%stituted

w del Yy 'us or p anned comrer ci al pro ucts for

ard @gdedspeasioGoambodeadrito8f tHisinvehtibna client is
desired. For exanple, a host could be used to transfer
dat aFatthen, giecomlieg t6 rappaliviedtoof deo iufvengioge wnc ¥ RPII dost may

st orage based cljent for |npro ed re nse, or to a
C‘H’P@lﬂser 8s%l tSF‘é??ai SYR§a oty %P i’§ ﬁ‘%s”af’ioafhél.smﬂnthe present

invention. For example, the host could be a portable computer in the form of a

handheld, laptop, or similar mobile computing device. It could also be a Personal
Data Assistant (PDA), a paging device, or one of many wireless telephones or
modems. Alternatively, the host could be a portable entertainment or presentation
device such as a portable DVD or CD player, or a game playing device.
Furthermore, the host can reside as a host device or control element in a variety of
other widely used or planned commercial products for which a high speed
communication link with a client is desired. 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)



appl i ance such as a refrigerator that incorporates an
onboard inventory or conputing system and/ or Bl uetooth
w@owsezt7uons t o ot her househol d devi ces, can he@BEUS2007/075127
i nproved di splay capabilities when operating in an
internet or Bluetooth connected node, or have reduced
W ring needs for in-the-door displays (a client)and
keypads or scanners (client) ile the electronic
conmputer or control systens (‘host) reside el sewhere in
the cabinet. In general, those skilled in the art wll
arap pegeadatos scivenans ddiara) wdtile thie aledermic ebsplire@ndccontrol systems
devi ces and appliances that may benefit fromthe use
b@ﬁt t¥epigle; ﬂf%v %r@em alse febinehs I gengrily rh%ﬁet#;ﬂm pbfthe art will

ol der. dev he data rate f ranspo oi
appr?c(:)l?tﬁa %I on ey r1e f éer clectro 1gr leviges anﬁ FpPHapces that may

b IFalth @ht Ris€ bk '91%5 lﬂéwaxe aaqc{s@h Q¢ ﬂ%_xmht;ngo FAPSHRCS18ES devices
or cables. At the same tine, an MDDl client may

wirthmbiiglse datsaratet yragfpatevoft ésfousetioh tdlizippeliatitddn@umbers of
information to an end user, or presenting information
cqndyeiass gealablein pigheroaewlyrsided pxppsissing sopnestorsprsesibigp. At the

B e IR T Y I N—
in?gﬁﬂatm g%ﬁﬁ@ﬁa ‘hs@ gﬁ%fzsggﬁh%tmf&&%u@n\@&hq Gser e Bdst. For

in a w ndow or w nd varil ous spea er,

expedslp hoitcroadislay itk o peiatdbinf iggles @8 ghistddga iii‘cgé'btlon device built
qual ity sound or nusic. Oher gresentation devi ces .
iritp @ [hgt er pelopesca omsll serepn i even balogeaphie slegmmd buigt into a vehicle,

R }eéi}ahﬁﬁwqgka el etotpd syscems
fo&ﬁ%%&rgﬁ'%s h%gm a Hot\{.lsldsgg L#]LES‘?CS Yﬂh‘gﬁ P %or tﬁﬁhl ﬁ&nces include

pIoRELH &abicﬁél:ﬂdﬁpaexh@est ﬁﬁa@SE&pr@eﬁﬂ gifbfhea@od fammedtings, or for
information froma device or systemuser with [ittle

mavtesand’ telgasion ainiages.t Rihet exarhples indude the ametdfetouch pads or
user. | n_additjon, docking stations for conputers and
seqgitivie] deviess. Helsk rF%?SIRP?% 5Pt AeYiger SeqBiyvicrBN@gsand so forth

tha?llﬁ%b e§a11n§ ao%t tg %1'&1I F erf aceni'?canL CeSoutn o%nlnf 1'tr1|1]at10n from a

her W ces” an equ enpl o
d&htEent @seéiﬂttﬁélﬂ with HEfRUcr@VigRE” StiEd? tBgn touch or sound from the
user. In addition, docking stations for computers and car kits or desk-top kits and
holders for wireless telephones may act as interface devices to end users or to other
devices and equipment, and employ either clients (output or input devices such as
mice) or hosts to assist in the transfer of data, especially where high speed networks
are involved. However, those skilled in the art will readily recognize that the
present invention is not limited to these devices, there being many other devices on
the market, and proposed for use, that are intended to provide end users with high
quality images and sound, either in terms of storage and transport or in terms of
presentation at playback. The present invention is useful in increasing the data
throughput between various elements or devices to accommodate the high data rates

needed for realizing the desired user experience.
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m ce) or hosts to assist in the transfer of data,

especi ally where high speed networks are invol ved.
WoHRM8H21749 t hose skilled in the art will readi|BCT/US2007/075127

recogni ze that the present inventionis not limted to

these devices, there being many ot her devices on the

mar ket, and proposed for use, that are intended to

provi de end users with high % ality inmages and sound,

either in ternms of storage ard transport or in terms

of presentation at playback. The present invention is

usef BlG.i hid ableksdiagraith ehatallastrdreo ag xainphe tm@esnment using an

various el enents or devices to accommodate the high
Md%ﬁ’]aqutﬁ‘t #ee. nliethedersple @£|Fi19i thtDiéI aused dg ipgegponnect modules

<SR 3bE BRSO ondnt, 0 LA 5 TG whitecorain
ethBb&h{cae€ of 1k b%eﬁ%ﬁ%hﬁoﬁfwﬂ G dlscrMaR in ﬁleu&ﬁge}&oof specific
i nt erconnect nobdul es across the hinge of a clanshel

exalngrles, 506h ak tMIDIN iercoahedidigries & idmaMeill pheres, ttﬁisnls done for
enbodi nents of the present invention will be described
illugtratien pyFassy oply %‘p?bé:}iqulé ne% depised to disein the prgent invention to

h t.hj d
sk By eRER o il ol burp i RLE H Tggmt are
b%ls\llg? lt)hq}lé tdal ﬁl %%?Ji% érﬂgg&ﬂﬂe‘ﬁgs 5]%}1 lf)‘f%eﬁﬁﬁ%!n%ﬂtrﬁa &Sused in

be un y a person s I'n the rel evant

othef ﬂS\)lC@ﬁ&emdQ{g dlietHab &R He@sfihHO8] Ravif DIgitkfcoBhections.
t he gresent i nvention may be used in ot devi ces
i ncl Beflendnging Rifratl, aepwise midrshelly mlhaleRgOﬂ\,ﬂmnshell phone 100

gt AP e St Nosert (M hEresbig Rbire 1060 M e o digical
ba@ﬁm lcSnLSBﬁI&Jt gln %/b‘gggg% 5@&% n«??gé??tw 12%' Bt Jc?az}nshlgﬁwbhone 100

inchaes heliduia @Ii’grét@mﬂsﬂ)ﬂa f.co)) anshed H1ohene ca&\grd Rchydess.
a Liquid Crystal Display (LCD) nodule 116 and a canera

modubtell 1af@rrif® R FIGSLi 4t MBP@AmknlQ corfleGs damexra tvidBile 118 to
link 110 connects canera nodule 118 to MSM 104.

Mpphilla | ypigpivem MPRK abramstalier ot émieﬂ’f"’é@i atededchy of camera
le 1 d In t
mg?ﬁ%| gS %’g o %BI%H ©1 ]tﬁiafl}am € o%%G N el\ﬁ%ﬁfqﬁost 122 is

Fbé?
integrated into camera module 112, while an MDDI Client 106 resides on the MSM

side of the MDDI link 110. Typically, the MDDI host is the master controller of the
MDDI link. In the example of FIG. 1, pﬁel data from camera module 118 are
received and formatted into MDDI packets by MDDI Host 122 before being
transmitted onto MDDI link 110. MDDI client 106 receives the MDDI packets and
re-converts them into pixel data of the same format as generated by camera module
118. The pixel data are then sent to an appropriate block in MSM 104 for
processing.

Still referring to FIG. 1, an MDDI 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
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integrated into canera nodul e 112, while an NDDI
Client 106 resides on the MSM side of the MDD |ink
wa1@s/oTywd cal ly, the MDDl host is the nmaster cPCI/D8i00EH75127
of the MDDl link. In the exanple of FIG 1, pixel data
fromcanmera nodul e 118 are received and formatted into
MDDl packets by MDDI Host 122 before being transmtted
onto MDDI |ink 110. NMDDI cli e&t 106 receives the MDD
packets and re-converts theminto pixel data of the
same format as generated by canera nodul e 118. The
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formatted i nto MDDl packets bé’DE) Host 108
Apeardinghei ingtheranbedimeay obAtle \franpe, kntenface RPpronnects camera

ack re-conver .
iR 1805 MPE 020 TreramE T et o i oles pixl daca
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1 nk I nterconnection 110 according to the exanpl e of
FI G T¥picdly,destsrh hrokdlb a8, reosiee bixeh dafaufioinl ®@8mefa through a
MDDI |ink 110 is to transfer pixel data from canera

ParaHell interfage songsina pixel detecand) hghyranisfers ftsodMbEdiHashl22 when

of, FIG 2, i nterface 206 cannects
Rt & 1oy MRE Hp D2 S5 S dlGer A Ete e Hel assy o MDDI
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[ 0036] Typically, canmera no

omm\ﬁmslrm 1<1ed adaﬁlahzfammoeftﬁambm phdkeugib nac@sangl | el
interface, stores the pixel data, and then transfers
it tbn vDDlenthestimenp ofifdfy. tZwea beydalizes medidy . 200DDhtepigsed within

Nﬁ%%l lglrc])s aPZSZU lsggvgss t(g Qeenarllifcsil% out tfle):( %/llD]%Iatpgclieg gntl\o/Dl\[/)IlDDI link 110.
At the MSM end of MDDI link 110, a de-serializer module 204, integrated within
MDDI client 106, re-constructs the MDDI packets from the serial data received over
MDDI link 110. MDDI client 106 then removes the MDDI encapsulation and

transfers the parallel pixel data through a frame interface 208 to an appropriate

block of MSM 104.
MDDI Serial Encoder

FIG. 3 is a circuit diagram that illustrates an MDDI serial encoder 300.
MDDI serial encoder 300 is described in more detail in U.S. Application No.
11/285,397, entitled "Double Data Rate Serial Encoder", filed November 23, 2005.
Serial encoder 300 includes a final data register stage, illustrated using flip-flops 320
and 322, a select input register stage, illustrated using flip-flops 314, 316, and 318,

and a glitchless multiplexer circuitry 324.
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packets. However, in order for MDDl Host 122 to be

able to transmt the pixel data onto MDDI |ink 110, a
w@eesati7aat i on of the MDDI packets is necessarRCT/PSDRB7975127

In the enbodi nent of FIG 2, a serializer nodule 202,

integrated within MDD Host 122, serves to serially

shift out the NMDDI packets onto MDDI |ink 110. At the

MSM end of MDDI |ink 110, ?8 serializer nodul e 204,

integrated within MDDl client 106, re-constructs the

MDDl packets fromthe serial data received over NDDI

| i nkThé GinahVBBla regisemtstap@Elip Hbrpsr20mrels32heeckiPldata input signals

encapsul ation and transfers the parallel pixel data
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enDre déltal I PI n"U S. Application I{gigcll/285 397, PToPS oF

eight il tHieflip-Doph| As Dhtseratedtia I3er Baflip=flopd’20' and B222ake D flip-flops,
Novenber 23 2005. Serial encoder 300 includes a final
byfagther @g?%tOérﬂlBtﬂa’@é O regiFIETS RAE alseéqenlgsefllaﬁ pmrile@s@@;ma person
a_select inp st er stage ustr.at.ed

sl 4R aeh ot beath ths, KSPhReT e RIr Plip-fPR; cRpEEd 322 are
SRt BY &I cIBLIE Skl 3123%4@[ 2 HAE kb dge of
Cregl st eﬁ%st(age fgn lops 3 anél 322 rl'rélgelave g?télsmg eeee ©
clogpsiignsl 3p2al s 308 and 310, respectlvely In one

enbodi ment, data input signals 308 and 310 are each 4

bi t sThaseleetdinayt gﬁ,glqtq:n spagel HpsflasB14ndl 8 2nd 318 recaive select input

Slglljlagl %‘?@i)n&? B%Pﬁe%* h;{(?%%%g%g)%g%’%’?b’f |$GEGCF|IB€1§: %gnals 302,
. I
3% %ghf%b’ggigg z itA1 r% bé&%%deérfgy b cjfo:d?%errfaaﬁ'lo gasrle %jc% E')o Ei:’liea the input of

miuypslex& cifduifdy f32epInmne @gbsdigicht "RYecd|sip@alke3025804,ad 306 are
understood by a person skilled in the art based on the
geregathi ngeohdingi e Gy f bofss s8@@mmad vBRizhaise known a priori by
controlled b cI ock signal 312 and update_their .
Iblﬁ{(esr gfoyd a?S; ]gefrﬁ \ é\ @Tém& a glitchless multiplexer output. Flip-

flops 314, 316, and 318 are D flip-flops, but other types of flip-flops may also be used
as understood by a person skilled in the art based on the teachings herein. Flip-flops
314, 316, and 318 are also controlled by clock signal 312, with flip-flop 318 updating
its output at rising edges of clock signal 312 and flip-flops 314 and 316 updating their
outputs at falling edges of clock signal 312.

Multiplexer circuitry 324 receives data input signals from the final data
register stage and input select signals from the select input register stage, and
generates the output 334 of serial encoder 300. Multiplexer circuitry 324 generates a
glitchless encoder output using a priori knowledge of the Gray code input select
sequence. Multiplexer circuitry 324 includes four layers of logic 326, 328, 330, and
332 that separate the final data register stage (flip-flops 320 and 322) and the select
input register stage (flip-flops 318, 320, and 322) from the encoder output 334. Logic
layer 326 includes inverter circuitry on certain paths from the select input register

stage to the encoder output. Logic layer 326 is coupled via an interconnect to logic
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cl ock signal 312. [0040] The sel ect input register
stage flip-flops 314, 316, and 318 receive sel ect
wo pppa2wiegnal s sel (2) 302, sel (1) 304, and sel PO)/USDOT/075127
respectively. Select input signals 302, 304, and 306
are typically provided by a counter and are used to
select the input of nultiplexer circuitry 324. In one
enbodi ment, sel ect signals 33%, 304, and 306 are
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known a priori by nultiplexer circuitry 324, thereby
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out put at rising edges of clock signal 312 and

fli phfisopsedthatarick 1O logiddbyerg 3262828, ABR0punhd 32 of multiplexer

falling edges of clock signal_ 312. [0041] NUItiglexer )
CIECUHEY %Ayarsém?dee@ic\?@&na%rpﬁlal Ingig 21q greapat drigen bieclock signals.

final data reqgister.stage and .input select sjignal .
AFYBHERG sSarLPIOReRpiRn Regrere il ebi foguitl: R gaca register
st%?f aRWbPYhe §ééctoifng§? E’ég%tele 519?@ 85 1RO 8n ek tolu%@txlﬁﬁy tbe different.

cuitry 324 generates a glTtchless encoder” out pu

Fusheag dgpuli gropagativd ddpes aoulde/aty aycordiitg it ptemsei@ed and/or
sequence. Multiplexer circuitry 324 includes four

Proggwsrgrigtiong iyl theagmodgpgircgey, madingdem Hifficyle pamandtor and/or
the final data register stage (flip-flops 320 and 322)
LA RHESEPECt i nput register stage (flip-flops 318

320, : : | op,
S50 TRRRuREde LD ST B PR PR oh B 4N encoce
olitp@t sedubstini WAt isrle@vat a¢ "Girpgeskew't, Retle RBOdefuaDeh@der output

Logic layer 326 is coupled via an interconnect to
be¢ipgisktagd or 3Borted reletive me laudbeired nominal dutpudf QafPut skew may

al %a %%ﬁl’tglﬁc?fgtéﬁé ?l%;vlylgg:og a:sg{gge: mgégtii%d&%gﬁ lg‘%é\#) ggtaf?ncoder output.
1) 88, ALY Sl R 5 AL RIS e nn
example signal 400, whereby falling and/or rising edges may occur earlier or later
than when they should ideally occur. FIG. 4B illustrates skew between two signals
Output 1 and Output 2. Output 1 and Output 2 result from synchronized input
signals 402 and 402 propagating through paths 406 and 408 respectively of
exemplary circuit 414, with paths 406 and 408 having different signal propagation
delays. The skew between signals Output 1 and Output 2, illustrated as "tx" in FIG.
4B, represents the time difference magnitude between signals Output 1 and Output
2, which ideally would occur simultaneously. Note that the skew between signals
Output 1 and Output 2 could result in an output skew at output 412 of exemplary

circuit 414.
In certain cases, output skew may cause a reduction in the maximum MDDI

link rate. It is evident therefore that output skew should be minimized.
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OR gate that provides the output 334 of the seria
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out put may be different. Fur si gnal propagation
del ays coul d vary according to tenperature and/ or
Lowetput Skew MDD Serial Edwodencoder circuitry, naking
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[0043] Typically, having different signal propagation

del a Pa to the enco resu t what
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nom nal output. Output skew may also result fromthe

by kieevimtjvicuabhsleiwn gf eadi gigail (fivab thefinal Hubesgiseertshge and/or the
encoder output. [0044] FIGs. 4A-B illustrate exanples
S%#ctsillglﬁaﬁgm@é\ﬁragﬁh at gengribugesttpdhe §n§m quipyn Ieyeaagies aspect,

0, whereby. fall d/
OFBRL e, FBPPOR AL dp T GREH e, RPN Tapal skews
W‘ﬁﬁ:cqy lin ¢akE ar%%}fo%l)ﬁ%ﬂa@ttg $he lﬁ@ﬂ\fgth? (?\P%ﬁgll' gl %}l%iial paths (a
Qut put 1 and tput 2. Qutput 1" and Qut put resu

fulnicaioh ®f Behhambaedf suepetsiveilggialfeddid rebch d¥encoder output).
propagatlng t hrough paths 406 and 408 respectively of
exenP$ augh c prauit tskews canyibehredueed byosinimizigs (havhe gumber of
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cd:rltﬁbugéato {}Epé got §u%{&@ )%1}@ fn% ¢of Q@%E Il&)& Frlom the final

bet ween si gn t put
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signals Qutput 1 and Qutput 2 could result in an

out plitG.skeiw atblock pliegran? tisft Shesetear yn VDI serdd4encoder 500

according to an embodiment of the present invention. Serial encoder 500 includes a
non-glitchless multiplexer 506 and a synchronizing circuit 510.

Non-glitchless multiplexer 506 receives data input signal 504 and input select
signals 502 and generates output signal 508. In an embodiment, data input signal
504 includes an 8-bit signal. In other embodiments, data input signal 504 includes
two 4-bit signals, four 2-bit signals, or eight 1-bit signals. Input select signals 502
control multiplexer 506 to couple one of the received data input signals to the output
of the multiplexer. Typically, the number, N, of input select signals 502 is such that
2N equals the number of data bits in signal 504. In FIG. 5, the number of input
select signals 502 is 3, making multiplexer 506 an 8:1 multiplexer.

Since the output 508 of multiplexer 506 may be non-glitchless, serial encoder
500 can be significantly simplified. In one aspect, data bits in input signal 504 are
allowed to switch at any time and not only when they are not being selected for
output, as in a glitchless multiplexer. In another aspect, the input selection sequence

carried by input select signals 502 no longer need to adhere to a Gray code sequence.
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and/ or_select input register stage) that contribute to
Vet BUBben of fraic laygss w3y fiean sherserodst quspite fimbesr reducing
o&ropthe final data register stage and/or the sel ect
tﬁ regi ster stage to the encoder output. [0048]

Fi G FfG' 8 & Plockildugham hiathddHisd bat SHBN M) encoder 600
serial encoder 500 according to an enbodi nent of the

aqeoediap to hnvtdiet embodineertalf thapadent inOeniiciel udes a
non- gél tchless nmul tiplexer 506 and a synchroni zi ng
ci r cofria sewodfloéa@]mmﬁeSga|ctaé%nr%gem4ag¢,pﬂbtmme§0@1ng flip-flop

dat 504 d ut I
o4 G a6 L AP Bieh arssfo S st SPRIRP 0%, €1 Gt and 616, 3
m% Qké’fedﬁz’ afih éyﬁﬁﬂthﬁ{E%&?éuiﬁ%.' ncl UdeS_ an 8-bit
al. I'n other” enbodi data i nput signal 504

i ncI THe slata\eegistbr $tagé @Rpflop 620Ufecdivibé Hathl i@pat Signel 610. In one
eight 1-bit signals. Input select signals 502 control

em’ebdmpﬂnéxéfrta 3oputt s;gl@ai lﬁdpendméesaﬁn Bhkit signel. v eticadadiagly, flip-flop
oA S Bgbe, WIS BL LD QU LRLBAS, et vt
o7y 2P BT (L S 4 o i
FIG. 6, flip-flop 620 is a D flip-flop, but other types of flip-flops or registers may also
be used as understood by a person skilled in the art based on the teachings herein.

The select input register stage flip-flops 612, 614, and 616 receive select input
signals sel(2) 602, sel(1) 604, and sel(0) 606, respectively. Select input signals 602,
604, and 606 are typically provided by a counter and are used to select the input of
multiplexer 622. Select signals 602, 604, and 606 need not adhere to any type of
input selection sequence, such as a Gray code sequence, for example. Flip-flops 612,
614, and 616 are D flip-flops, but other types of flip-flops may also be us.ed as
understood by a person skilled in the art based on the teachings herein.

Multiplexer 622 receives data input signals from the data register stage and
input select signals from the select input register stage, and generates output signal

624. In one embodiment, multiplexer 622 is an 8:1 multiplexer.
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sel ect signals 502 is 3, making multiplexer 506 an 8:1
mul ti pl exer. [0050] Since the output 508 of
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data bits in input signal 504 are allowed to switch at
any tinme and not only when they are not being sel ected
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glitchl ess encoder output, a synchronizing circuit 510

ogeyir iR QYIRS Rl maultipkcer A92-gACERERElY rouARHR4 SOBulHRlexer 622

. renpved at encoder .out put . .ln one egbodi t, .
s g RRHED 1F 3 SCRIPhRY Bty 8 et RERRY gl m outpur 624

arkirBRlovE@bheed RS bipuebagle that enabl es signals
contributing to thé encoder output to have m ni nma
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Seri al encoder 600 includes a data register stage,

i | | uThe GireaXKORistgeldatdd -dZBQﬂd@O,reéei‘S@b&Kfpﬁ.lt kigAbl 624 and feedback
_gggister stage, illustrated using flip-flops 612, 614,
sigigds 6061 flip-flaps 63 axe P36 28spestively. SkhecdwtpnisafAgOR gates 628 and
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flip-flops, four 2-bit flip-flops, or eight
upidaping dutpyesfat Gding edgeslof tst clatlesighal. FI G 6, flip-flop

620 is g D flip-fl%g; but other_ types of flip-flops or
r egi SHRTOPHEP4 andPferrg deerbask Sindloe SBdhpinal datestsgister stage
hgvl'ﬂllg ltl?edu I01r}.tptutgse CIi rsst—cgl?pﬁgg t& &dlbgattese gfi? W9 %36‘ oF Bld first XOR stage.

In other embodiments, the feedback signals to XOR gates 628 and 630 are provided

from the outputs of flip-flops 638 and 632 respectively, with flip-flops 634 and 636
eliminated from the final data register stage. A more stable design, however, is
achieved by using flip-flops 634 and 636 to provide the feedback signals to the first
XOR stage. This reduces any additional routing of the outputs of flip-flops 632 and
638, which then need to only be input into the final XOR stage of synchronizing
circuit 626.

The final XOR stage of synchronizing circuit 626 includes a single XOR gate
640, which receives the outputs of flip-flops 632 and 638 and outputs encoder output
642. Encoder output 642 is a glitchless output with low output skew.

It is noted that in serial encoder 600, a single layer of logic separates the final
data register stage from the encoder output. Accordingly, the individual skew of

signals contributing to the encoder output remains very low. Further, it is noted
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[ 0055] The select input register stage flip-flops 612,
614, and 616 receive select input signals sel(2) 602,
wa 200810217604, and sel (0) 606, respectively. SelRCT/UBWPUOT75127
signals 602, 604, and 606 are typically provided by a
counter and are used to select the input of
mul ti pl exer 622. Select signals 602, 604, and 606 need
not adhere to any type of inqgt sel ecti on sequence,
such as a Gray code sequence, “for exanple. Flip-flops
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skilled in the art based on the teachings herein.
63D B IR SPEREFT BIPUt e fpEberIRAIcing tPYf gay-s The reduced
f t st er . nd i t ect signals. .
b S b B R SBe TP SL00F 00 L B eSS P B0 Simptitis
oﬁﬁhpg&wﬁhﬂﬂ§§&624. I'n one enbodinent, multiplexer 622
is an 8:1 nmultiplexer.[0057] Multiplexer 622 is a
non- §lGt 8hises siruitt dipgexerthat rllodthees wor M)DIlsetiglhescoder 800

may occur in_output 624 of mnultiplexer 622. )
agseEdngita gl §urthen epthodgmantef the prepingievemion. i YDPhgerind gncoder

. a..synchroni zi ng _circuj 6 o ensur h n
S0 BoRbe Freaa ortan feMP ikl s et RORHEF G i emlovs
dﬁﬂe@ends%@ﬁr]qnﬁiﬁg lRIr@f: ZnBerfddigibd 882 61¢ 19 GbHdEHat ik Igr&dtice, the
XOR stage, illudtrated using XOR gates 628 and 630, a
syfnichadnidiaigacik@gt $d equishlage o ia duwdtedgeeflipuBopldand accordingly, any
flip-flops 632, 634, 636, and 638, and a final XOR
implgmentatian ef  dueldedgsi fig-Haproy finstignally equiyaleat girguitry may be

encqader, out put 642. [0059] The f.irst XOR stage gate
w5 N o S BT RBO AR SROHIPE 694 ARG BERack the present
ireffghs fromflip-flops 636 and 634, respectively. The

out puts of XOR gates 628 and 630 are respectively

r eceirnv edGhyg, fslyhﬁhfdrﬁﬂﬁg 637Zcuit0 842 andlhddd.a 638l data register stage,
Flip-flops 632, 634, 636, and 638 are controlled by a
ilisgatedsisyreailipdldos 8Rittandf80pparid ops1lépexendDé Fipdos §04gnd 806

LU BT 0 SORSR Dl gck S0 ARt
w@t‘ijlgﬁl?) f?gp g(ﬂ?uﬁcha%ﬁ‘lé i3 (gl.ﬂ%llt at rising edges of clock signal 802 and flip flop
806 updating its output at falling edges of clock signal 802. The outputs of flip flops
804 and 806 subsequently form inputs to multiplexer 808. Multiplexer 808 is also
controlled by clock signal 802, with the output of flip flop 804 being output from
multiplexer 808 when the clock signal 802 is high and the output of flip flop 806
being output from multiplexer 808 when the clock signal 802 is low, to generate the
encoder output 810. It is noted that, in embodiment 800, the encoder output 810
has a race condition on clock signal 802. This race condition is a result of a rising or
falling edge in clock signal 802 causing the currently selected input to multiplexer
808 to change. The encoder output 810 is glitchless only if a rising or falling edge of
clock signal 802 has selected the other input of the multiplexer 808 as the encoder
output 810 before the current input changes. As an example, when clock signal 802
is low, the output of flip flop 806 is being output from multiplexer 808 as encoder

output 810. At a rising edge of the clock signal 802, the output of flip flop 806 will



[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0060] Flip-flops 634 and 636 are feedback flip-flops

of the final data register stage having their outputs
wee@s®210dupl ed to XOR gates 628 and 630 of theP€T/DS1007/075127

XOR stage. In other enbodinents, the feedback signals

to XOR gates 628 and 630 are provided fromthe outputs

of flip-flops 638 and 632 respectively, with

flip-flops 634 and 636 elim gted fromthe final data

regi ster stage. A nore stabl e design, however, is

achi eved by using flip-flops 634 and 636 to prOV|de
updage feediontitatsivgnidd st the shine time she X@Rus bAfep f1dhBe4 is selected as

reduces ny addi ti onal routing of the outputs of
he PHPT BhEub3RlexsT P53, engedehowimEh Sheed ot ik Bljtahgs on encoder

oﬁtﬁegél({) q:ég é:lt E[?O%%%aél%%(%gﬁélw){&?%n&%ﬁ ip exer%S to the encoder

@nﬁa@ BIO Rt BY 16ds thkkh tth@@@la%rﬁ?&rﬁ@?&kasl Sha1 302 tﬁ%@aﬂﬁ flops 804
0, which receives the outputs of flip-flops 6

o68® enchudtiplenérs8@hcaddonged it ticdRg chndoiber is anétp ehcdiid? output
is a %Iltchless outgut with | ow out put skew. [0062] It
81is 3t ’é‘éhlﬁﬁé’(“tl“ﬁ witpilaw wip@ake™w600, a single | ayer of

| ogi ar at the fin dat a i ster romt
encofidh SBArBLTT R a8 P Iy oo AP A Sl P S ogopepatates the
24190
TR SRR R SRR AR S SR e
ddta mégltthstfage’lai»ntdiatlﬁng &g eft@ler sUEHR 8(10;1:1}1@&&-@' 1@fulting in a reduced
flip-flops 632 and 638) contribute to encoder out put
ogppt skeyy prdpimplifiedi avgpeskewm angkesis: The reduced number
of paths fromthe final register stage to the encoder
out put also sinplifies output skew anal ysis. [0063]
ez&ﬁn% | Lt diagramthat illustrates an MDD
serlal encoder 800 according to a further enbodi nent
of the present invention. MDDl serial encoder 800 is
simlar in several respects to MDDI serial encoder 600
of FFIG&. %is dpuexammple 6ipsing digrher wintingmighwle nf MIAQL serial encoder

S EHIC AT SR AL B2 ) S0t ed Nt e
sigllileﬁlseffgzg)ﬁ3 if IH18: f7! 2R PR oAEGRE %{Eﬂl yGra%rné(ode sequence as typically
required for MDDI encoders with glitchless multiplexer. Accordingly, multiplexer
622 of FIG. 6 operates identically to a glitchless multiplexer, but without the glitch
free output requirement. Note that the select inputs sequence in FIG. 7 is an
exemplary one and that other select inputs sequences may also be used.

Signal din[7:0] in FIG. 7 corresponds to data input signal 610 in FIG. 6. An
exemplary sequence of signal din[7:0] is provided in FIG. 7.

Signal din_reg[7:0] corresponds to signal din_reg[7:0] illustrated in FIG. 6,
and can be generated from signal din[7:0] according to signal data_en in FIG. 7. An
exemplary sequence of signal din_reg[7:0] is provided in FIG. 7.

Signal desired_data_out corresponds to signal 624 in FIG. 6.

Signals out_rise and out_fall correspond to the outputs of flip-flops 632 and
638, respectively. Note that out_rise = (desired_data_out XOR out_fall) and that

out_fall = (desired_data_out XOR out_rise). Also note that signal dout = out_rise



[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

i mpl ementation of a dual edge flip-flop or
functionally equivalent circuitry may be used for the

W@ 0820w zi ng circuit according to enbodi nentBRCDUSI00E075127
present invention. [0064] In FIG 8, synchronizing
circuit 812 includes a final data register stage,
illustrated using flip flops 804 and 806, and a
mul ti pl exer 808. Flip flops 394 and 806 recei ve out put
signal 624 of multiplexer 622°and are controll ed by
clock signal 802, with flip flop 804 updating its

XOR put_fall. Acordinglggeshef of ko kwe i fypwd lou@RR @egibtdrk icpn drive the
flop 806 updatln its output at falling edges of clock
%‘ﬁ“’&ﬁa atg gt vrfﬂ%e Ritdout é)yOlﬁolfimgpmf FIb‘i?é'tl’Bg)AtSa?}HPB’% Signal dout is

n Ut e
PR TR R 5 R 8 o
802, FI’Gt@mt e hH Httuﬁi‘ngfchh%'afr{ %at%%s@ﬁil@ af MEDFEenaI encoder
frommultipl exer 808 when the clock signal 802 is high

8Gndf Fhe. SutSimilaoto fthe pxdhple Gfngd diagearoWfJUG. f7; ohe select inputs
mul ti pl exer 808 when the clock signal 802 is low, to
tr@@ﬂ@%& eﬂltlrréateﬁc%d@l 28t imuF1® 19, aver in goepselewret wath ajGray code

tput 81
s EBRA FORPISA 2 FERie el B AT DBbS s P b et P iplpier. Note
héwkeSUtat the §el€:bt31| ?Qtso.{eqfl@lllclé iNdsSL98 ih rFI@l 9%<oﬁlly%é{nplary and

802 causing the currently sel ected I nput
th btheplseleet inpi8s dequeras geay aliebenedder out put 810 is
glitchl ess onIY if arising or falling edge of clock

si gnéigngbdinh49 %Fé@t%doﬁhwo@ﬂhé@ dam@pubslgnhleﬂo in FIG. 8. An
nuIHjﬁ[exer 80 Lg oder &qgm before the

XEUrRe tseqHB’ih‘Ee éfrPrS Iné n cl ock
Si gNgon80ir 4{@2’\] CBHS ?{HQ% 04 gt@u@ off'fﬁg fﬁ;%%iosm FIG. 8. An

bei ng outpuf’f nmul tlp exer 80 S encoder “out

ettiplait sequendd dT3igHAYQirDfred[N®)] d@@h@ugﬂaﬁGWZ t he
output of flip flop 806 wllupdate to a new state

whi | 8igagl ddasered adrga tdutneorrespandss peisigodl G24iip HiGoB. 804 i s

sel ected as the t put of nultlplexer 808 as encoder

out p nglfamsr&gﬁa RegyIes EPRESPORIdAIHE UtRYE ﬁétﬂlBﬂ?,PS 804 and

r. ck signal 802 through multiplexer

8% 2=§%Léﬁé§é%gg ? out put 810 nmust be less than the
del agighbiodo&|coedessdiiRab eBOSddr ugsetiduk BP0 i PRS. B0ote that dout
is equivalent to desired_data_out signal, but is delayed by 1 clock cycle, with %2

clock cycle delay due to flip-flops 804 and 806 and %2 clock cycle delay due to

multiplexer 808.
Conclusion

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 in form and detail can be made therein without departing from
the spirit and scope of the invention. Thus, the breadth and scope of the present

invention should not be limited by any of the above-described exemplary



or 806 to nmultiplexer 808. As long as this timng
condition is net, encoder output 810 is a glitchless
W@iop217yd t h | ow out put skew. [0065] It is al SeCHUS®A7/075127
that in serial encoder 800, a single layer of logic
separates the final data register stage fromthe
encoder output with only two signals fromthe fina
data regi ster stage contribuﬁgng to encoder out put
810, thereby resulting in a reduced output skew and
sinmplified output skew anal ysis. Exanple Tim ng
erBbedjmeamts, (00 6B8puldl IR defined anlyeinanqbedanicaiwigh dhadolbowing claims
l.ating . S|gnals of MDDI serial encoder 600 of FIG 6.
awf hejy; aUivaleee di agram the sel ect inputs
transitions, illustrated as signal sel[2:0] in FIG 7,
are in accordance wWth a Gay code sequence as
typically required for MDDI encoders with glitchless
mul ti pl exer. Accordingly, multiplexer 622 of FIG 6
operates identically to a glitchless nmultiplexer, but
W thout the glitch free output requirenent. Note that
the select inputs sequence in FIG 7 is an exenplary
one and that other select inputs sequences may al so be
used. [0067] Signal din[7:0] in FIG 7 corresponds to
data input signal 610 in FIG 6. An exenplary sequence
of signal din[7:0] is provided in FIG 7. [0068]
Signal din_reg[7:0] corresponds to signal din_reg[7:0]
illustrated in FIG 6, and can be generated from
signal din[7:0] according to signal data_en in FIG 7.
An exenpl ary sequence of signal din_reg[7:0] is
provided in FIG 7. [0069] Signal desired_data_out
corresponds to signal 624 in FIG 6. [0070] Signals
out _rise and out _fall correspond to the outputs of
flip-flops 632 and 638, respectively. Note that
out _rise = (desired_data_out XOR out_fall) and that
out fall = (desired_data_out XOR out_rise). Al so note
that signal dout = out _riseXOR out fall. Accordingly,
either of the two final output registers can drive the



desired_data_out value to dout by holding or inverting
its output. Signal dout is equivalent to signal
wa@le®snozd4dat a_out but is delayed by Vi cl ock cBRCI/ES2007/075127
[0071] FIG 9 is an exanple timng diagramrel ating
signals of MDDl serial encoder 800 of FIG 8. Simlar
to the exanple timng diagramof FIG 7, the select
inputs transitions, illustra Sd as sel[2:0] in FIG 9,
are in accordance with a Grai’ code sequence as
typically required for MDDI encoders with glitchless
WHAT IngEAIMERAE: Note, however, that the select inputs
sequence illustrated in FIG 9 is only exenplary and
that other select inputs sequences nmay al so be used.
[0072] Signal din[7:0] in FIG 9 corresponds to data
i nput signal 610 in FIG 8. An exenplary sequence of
signal di N%iﬁleﬁ&d@f,%hﬁﬁ@iﬂ% FIG 9. [0073] Signal
din_reg[7:0] corresponds to the output of flip-flop
620 i n Fl &m8ltipkxee Xeaviphgnypleeding ndelaod ispuganad plurality of select
.din_reg[7:0] is provided in FIG 9. [0074] Signal
IpEES> RBE 2AAUEPHuUt corresponds to signal 624 in FIG 8.

0075] Signal s, d d to th
(0075 P60, L AR08 SREREERT I oot o o

mlﬁng%,le,%er;[OO?G] Si gnal dout corresponds to encoder

output dout 810 in FIG 8. Note that dout is

equi val ent pluraties of sded ahpudilip-Bopgnaupldduio the sdRkaitifits of the

m{?"?{_l clock cycle, wwth i clock cycle delay due to
‘1@%@@%‘1804 and 806 and Vi clock cycle delay due to

mul ti pl exer_808. Concl usi.on [0077 il e varjoqus .

enbodi nen?%?hrfw% SEEHE SPhDEP dhe R e multiplexer and

RRS8hRED i #heS delequpd d - o
Phave %eﬁ cg}relglgtgr?tf e%lebg}g \%\H}éye of dggaanglﬁéagnf%%} gnﬂnﬁﬁ%mg clreuit
sdbistﬁintia?ljf @limihitedany olpuaphshesirotcheasifiplisoftke Inh@eipleier.

the relevant art

2. An encoder according to claim 1, wherein the multiplexer has eight

data inputs and three select inputs.

3. An encoder according to claim 1, wherein the multiplexer is a non-

glitchless multiplexer.

4. An encoder according to claim 1, wherein the data input flip-flops

and the select input flip-flops are D flip-flops.

5. An encoder according to claim 1, wherein the select inputs of the

multiplexer are provided by a counter according to a clock signal.

6. An encoder according to claim 5, wherein the multiplexer outputs a

bit at every edge of the clock signal.



that various changes in formand detail can be nade

therein without departing fromthe spirit and scope of
W@ b@sioenent i on. Thus, the breadth and scope of P€TES2007/075127

present invention should not be limted by any of the

above-descri bed exenpl aryenbodi nents, but shoul d be

defined only in accordance with the follow ng clains

and their equival ents. WHAT I§ CLAIMED IS: 1. A serial

encoder, conprising: a nultipPexer having a plurality

of data inputs, a plurality of select inputs, and an

out pidt; aApsl emerdiet peafrdigt @ ¢lapputl, fwheyein ssypehpingging circuit

to the data jnputs of the nultiplexer; a plurality of
CBPHERS 3 data registar§gecoupl ed to the sel ect inputs

of the multiplexer; and a synchronizing circuit

coupled to the output of the nultiplexer and providing

an ogt put AQf eddddes 8ddoddlin@R6 RUSH, 7, Wi tHd ®nal data register stage

synchroni zing circuit substantially elimnates any
isglequdrigén.t ches from the output of the multiplexer. 2.

An encoder according to claim1l, wherein the

mul ti pl exer has eight data inputs and three sel ect

i npugs. 3., An_encoder accor di to claim - rein_ . .
the. i t1 proRafooRg SEhodiar I eiact Ffiof o AT fEkdlpepiter
sef‘paféag& byt G e rlggiEQa(f;érafr%}ﬁ-'théMbﬁEﬁitnof B daka &MLy, thereby
lip-flops and the select input flip-flops are D
rdshiltingf incpleow GutpAnskac ofidie emeodérdi Nng to cl aim 1,
wherein the select inputs of the nultiplexer are
provi ded by a counter according to a clock signal. 6.

AN el .Oder ACCL A n% (gr%irclzl ?‘(In r?la?r’n X \e;vrh%lrer}ntt % output of the serial
mul t i pl exér™ SUYPUT SR8 P

encoder is solely determined by two signals from the final data register stage of the

synchronizing circuit, thereby resulting in a low output skew of the encoder.

11.  An encoder according to claim 1, wherein the encoder receives a
parallel data input and serially outputs the data input onto a serial communications

link.

12.  An encoder according to claim 11, wherein the serial communications

link is a Mobile Display Digital Interface (MDDI) link.

13. An encoder according to claim 1, wherein the synchronizing circuit is

implemented using any dual edge flip-flop.

14. A serial encoder, comprising:
means for storing a plurality of data input bits;
means for storing a plurality of select input bits;
means for serially outputting the plurality of data input bits according

to an input selection sequence generated by the plurality of select input bits; and



bit at every edge of the clock signal.7. An encoder

according to claiml1l, wherein the synchronizing
we@rooseri4conpri ses a final data register stagePCBUSAN7/N075127

encoder according to claim7, wherein the final data

regi ster stage is clock-driven. 9. An encoder

according to claim7, wherein the final data register

is separated by a single Iog%f | ayer fromthe output

of the serial encoder, thereby resulting in a | ow

out put skew of the encoder. 10. An encoder according

to cl ai m meaphfgredliminheng glignlies &ont & oyt & sad seddroutputting

is solely deternmined by two signals fromthe fina
m&%’i‘%%@&%&ﬁ%‘?‘*@?ﬁ%é gfehisss SEYHERFOMTARE i r cui t,

thereby resulting in a | ow output skew of the encoder.

11. An encoder according to claim1l1, wherein the

encou®r r AcekNASedcddRf Alckeidifkatid bapNt 14ndheesihaldi¥y means for

out puts the data input onto a serial comrunications
elinifatingzlitdres éndodera gucbratiniggtcorcoltai m 11, wherein

the serial communications link is a Mbile D splay

Digital Interface (MDDI) link. 13. An encoder

o roin oo Rl et gt GEIRY g Rt b 1 g prcpucting

mbdns BufRicé @l bRNGOSRS Y &%EPM 81 18ck TRARE thefebSt Rlakith @he serial
plurality of data input bits; means for storing a

emglodenh doyblefdasetage éndadprit bits; neans for serially
outputting the plurality of data input bits according
to an input selection sequence generated by the

plurality ,of gﬁlect i nput _hj.ts; dnea
|

ts; f . .
o =Gt Exester FHREIPEPpHE By Eargegdp; gid means for

elimnating g

el IRl P HEB 3R ud dNEFIBDY-aSRBR rr@éiét@ﬂst@gegl itchless
seri al “encoder out put.

18. A serial encoder according to claim 17, wherein said register stage is
separated by a single logic layer from the serial encoder output, thereby resulting in

a low output skew of the encoder.

19. A serial encoder according to claim 17, wherein the serial encoder
output is solely determined by two signals from said register stage, thereby resulting

in a low output skew of the encoder.

20. A serial encoder according to claim 14, wherein the encoder receives
a parallel data input and serially outputs the data input onto a serial communications

link.

21. A serial encoder according to claim 20, wherein the serial

communications link is a Mobile Display Digital Interface (MDDI) link.



15. A serial encoder according to claim 14, wherein
said neans for elimnating glitches includes a
W@ wse1omd zing circuit. 16. A serial encoder apCDDsiiony075127
to claim 14, wherein said serial outputting neans
outputs a bit at every edge of a clock signal, thereby
meki ng the serial encoder a double data rate encoder.
17. A serial encoder accordi to claim14, wherein
said nmeans for elimnating gfitches includes a
cl ock-driven register stage. 18. A serial encoder
acco?di ngAt eemdlapneader adeerding toarkdimety.swireraihasped i means for

separ at ed. a single lqgic layer fromthe seria
IEREGIRe @ﬁ%ﬂ?ﬁlﬁﬁﬁ%ﬁﬁﬁéﬁﬂw- Pin a | ow output skew
of the encoder. 19. A serial encoder according to
claim 17, -wherein the serial encoder output is solely
deternmined by two signals fromsaid regi ster stage,
thereby resulting in a | ow output skew of the encoder.
20. A serial encoder according to claim14, wherein
the encoder receives a parallel data input and
serially outputs the data input onto a seria
communi cations link. 21. A serial encoder according to
claim 20, wherein the serial comunications link is a
Mobile Display Digital Interface (MODI) |ink.22. A
serial encoder according to claim 14, wherein said
means for elimnating glitches includes a dual edge
flip-flop.



