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ﬁgﬁgl&%}&#@? TO TEST TRANSM TTED SI GNAL | NTEGRI TY .. Fi e _
subj ect matter disclosed herein genBFZﬂsfy"W"m‘a’"

relates to techniques to test transmtted signal-
integrity. Description of Rel ated Art i~A 100021 L
Ji Lt erTRCHNIQUESTPONEST TRANSRITTRDAGETN AF GRITY

di stortion caused by varlatlon of a signal fromits .
reference timng position in a conmuni cati ons system

In an ideal system bits arrive at tine increments -
that are integer nmultiples of a bit repetition tinme. -
In an operational system however, pulses typically
@iive at tines that deviate fromthese integer
tiples. This deviation may cause errors in the

recovery of data, particularly when data.is

[0o0gNSM t Bk sibiebi MBit&BRIEed A&8ingRNérally fRlatéy to\tééltnitideé)fb test

may be in the ~anplitude; time, frequency or phase of

‘I{"ﬁ may be caused by a nunber of -
ielﬁt(t)%e?s?t gﬁ}él ng inter-synbol interference,

frequency dlfferences between the transmtter and

recei ver clock, noise, and the non-ijdeal behavior of -
t he receiver and transm-tter clock generation -

Descriptin of REBEABArt)i tter is a probl emof particular’ Lo

inport in digital communications systenms for several:

[002RSONS. Jhtick fithe pérddrlterfiruied o ad3eribediftod M cahaiddy \ta@tauon ofa
be sanpled at a non-optinmal sanpling point. This

si ﬂ‘Bﬁa‘?&‘%@t‘e{fﬁ?ﬁﬁﬁﬁq t@hq?g A g@?g@ ﬁlitr A 3 % ahial system

ecel ver an

Second or acti.c st ens, r ver
iR e R REA ot SR mygRac ke ﬁesnml
dat.a gnhal . Jitter pmakes, this task signifijcantly
opﬁetlen@ SYStqmR, Jowevam, prlges typicplbnagriye %‘ttﬂ'ﬂ“cﬁgh%frdé’i‘i%ﬁ framdhese
_systens, where nultiple. repeaters 6 DEC 2006 WO =
integro sndtnlee THOTVISREONA0@TISETITe &i e récoveryefidatakparticularly
jitter accurmul ates. Brief Description of the Draw ngs

whie @Bt Is iRt 2 bighhapeédsl Thedavigesh @SvatiBor Mdg beliPthel S
particularly pointed out and distinctly clained in

| amlbbﬁldg Qe 'ﬁ‘éﬁ 8%{* bh%@ o?thré 8fa. SREG hd o6 dafBed B § number of

nvent i on as to orgatization
iR i AE it S?f?ﬂ't%?}éw&ﬁ%éﬂ&gf R ShBE s vervemate
trar%?r?ﬁer%h??ctaﬂf% e S tF«z gec[e%’ wa

enbodi ment s of the present i nventi on;
transmitter clock generation circuits,

7 [0003] - Jitter is a.prob]em of particular import in digital communications systems

‘for scveral reasons. First, jitter causes the received signal to be sampled at a-non-.OptimaT'

sampling point.: This occut'rence reduces the signal-to-noise ratio at-the receiver and thus

Iitnits the information rate.” Second, in practical systemns, each receiver must extract its

received sampling clock from the incoming data signal. Jitter makes this task sifgt_iiﬁéanﬂy

, '_mot"c difficult. Third, in long distance transmission systems, where multiple"repéatezs |

i
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< 100061 FI G 2 depi cts an |n'pl enentati on of a system g DEC 2095

e used for clock and "data recovery,
g’@%ﬁ’%@ﬂ%@ with an enbodi nent of the present PCT/US2004/027730
i nvention; and [00071 FIG 3 depicts one possible

npl ementati on of a | oop back receiver system  in
rQSEfEandudmk Jistertaceumedatendi ment of the present
i nvention. [00081 Note that use of the same reference
L iof : flguresmdlcates the sane or

B'r ~eT ndonf' ‘ Description [00091 FIG 1A
depl cts an i rrpl enentation of a transmitter system 10

j0ob4jt can 'D@subfﬂﬂibﬁﬂt%ﬁﬁﬂd@hs&hﬁm@éﬂ&ﬁﬁ% pafticalatly @dinted out and
System 10 may i1 nclude an interface 11, processor 12,

- di'éh@.ﬁit? isled B e E;Sﬁ@l\{cﬁﬁg’ SH9¥h 6£the Qg@if ézﬁrona FI%e uivbentlon however

el ec rlcal-to optical Signal converter

R SRl %fm'agﬁ%@smﬁaﬂﬁ&g@ et
LN G ST R S —

switch-fabric (not depicted). Interface 11 may 2 6

[0B¥SE 2006 FIeR). pAOSI B¢ S&yEiQE{s thiat SR Ae et Jap B t%oi"éh& Bresent

one or nore of the follow ng standards: Ten G ga

‘ ing%gi%ghment Unit Interface (XAU ) (described in | EEE |

| EEE 802.3ae, and rel ated standar ds), Seri al
Peri pheral Interface (SPl), 12C, universal serial bus :
[0¢065B) , | EEG. 1 38pictsGh gmplemenfativrnof 4 Hdeape deetdn bovised faetock and
(GM1) (described in | EEE 802. 3, | EEE 802. 3ae, and - '

* dataleddvesy, il ARBARNESVith BEEmBAEMBht (AR PR]&! 1ﬁ¢&1§6&%890t

(PCl), ten bit interface (TBlI), and/or a vendor
Mpem fic nulti-source agreenent (MSA) protocol. 100111
[0887bcess o193 denjictsane pestibledmplereniation of gripewbadkivpesver system,

encoding in conpliance for exanple with Ethernet (as

'in dewodanbewith an embadintent ofthé FERB ORedtiomd r el at ed

st andar ds) frarri ng and wrappi ng in conpliance for :
mpl e ITU-T 709 nd/or forwar
OGB8F eti Bie et s amg refRener BB o 1 ﬁreekﬁmemdmes
vvlthIIlL(J-T 6975 CDR 14 may renove jitter from -
EJP’(S’We&@d by processor 12. For exanple, CDR 14
may utilize some enbodinents of the present invention.
E/O 16 may convert electrical signals into stable
optical signals for transm ssion to anoptical network.
In some inplenentations, E/0 16 is not used and an

_MMDMgnaI is transmitted to a network (e.g.,

‘gi gabit Ethernet over copper) [00121 In one

(007 | eneni,ﬁ{;n ngndeplas opn?p emen :]:tlc}nro astl‘nglrlts}'tl?trtersé¥stemr?0]tgat can use

ybe .

‘embodlments of the present lnventlon System 10 may include an mterface 11, processor

12, clock and data recovery dev1ce (CDR) 14 and electr1cal-to~optlcal signal converter

(E/O) 16,

[0010] Interface 11 may provide intercommunication between processor 12and

other devices such as a memory device (not depicted), packet processor (not depicted),

microproees‘so,r_ (net‘de'picted), and/or a switch fabric (not depicted). Interface 11 iﬁay




 vensloe spastficsinyltistoyree apreme

“inplenented anong the sanme integrated circuit. In. 3 DEC ZBUB

%@ﬁ@ b Iement ation, conponents of transmtte

g@g 2.[6 maybe i npl enment ed anpbng several int eﬁFE/tU&P“‘”“”"?’“
circuits that  intercomunicate using, for exanple, a

bus or conductive leads of a printed circuit board, -

: O[OlebBWltE b o meredé liedbBowingistaptiande:r TeatGigabivAttachment Umt

recei ver system 20 that can use enbodi nents of the

IneABENXAUY ¢distited iSYSEEB02S, IEE 802adadaetated standards), Serial

optical -to-electrical si gnal converter (O/E) 22,

el rxmteﬁ%e@ sﬁgﬁ@unzv&ema%a%s ?@S?)?'TE'EE 564 {@gﬁ?@ﬁedla :

22 mmy conveért optical signals om an_ op

h"ff%%wnét PR LR S bt pE R e S e e i rolied

3. 6. .WD 2005/.02739

sgndbidnobinbeilGopoonspblmeeees GLD, ynitinierpes ibandora

over copper). RX CDR 24 enove jitter from
nt\({@e‘\)airemh cal fornmat.

si gnal s. RX CDR 24 may use sone enbodi nents of the

I RO e R R A B A T

ess COﬂ

.cqa@%aﬁfq%%h ”‘e% Wi ten friesshior Pamass POt a0 9

wth ITUT G 709; and/or forward error correction

- rejagctansianis) Jeaming andd wapping dmeempliance ferephmplei with ITRHTG. 709

G 975. Interface 28. may provide interconmunication ,
artdéirdorwerd encessectic FEQ) enddding idesimptiancefohexampie with ITU-T -
menory device (not depicted), packet processor (not .

- GY9Pi CII)4 i SérVe GRIES B8 d%%@ts profiBeFbEprocaRsY . Fhr example.,

switch fabritc (not “depicte I'nterface 28 may util i ze

oA PO SRRSO R B0, e

|nte

@i ?%'P%‘S i SRV Ao FBt1A o PRBIRPY ok el In

conponents _ of receiver system 2Q may be inpl ement ed

soRRdglesmentatigns, EAP 4§ isnat ¢s¢d 6 A eletTioel signal 16 transmitted to & |

i nterconmuni cate using, for exanple, a bus or

| netyonrk e gi; gigabie Ethemef oer poppered circuit board. [00151

‘FIG 1C depicts a systemthat can use sone enbodi nents .
oy e DOFRE e R PR afht ShhliChfipe

70 and second transceiver, 72 may exchange signals

implemigted amopgidhesame ansegrated Sirowf thet aple@entation, mmponems

may utilize a transmitter system 75-A (transmtter

" of Hgdmtterwsbemﬂéynm bd impdernerdetbamongseverpbintapraed cumn;s that

transmt a test si gnal to second transceiver 72.

) intéieomnminicaRNBER| e exatdplBRYiisee ebiductiielead 0o pritfid@rcuit board.

receiver 77-B (receiver 77-B may utilize receiver -
stem 20} and then transfer the received signal_ back
FIG. 1B depicts an 1mp1ementat10n of a receiver system 20 that can use-

[0013]

| ‘emBodim‘ents of the present invention. System 20 may include an Optical-to-electrical

s’igria! converter (O/E) 22, ‘receive'r (RX_):' CDR 24, processor 26, and intérface'28. O/E _22'

may convert optical si'gnals from an optical network to stable electrical signals. In some

~ implementations, O/E 22 is not used and an electrical signal is received from a network

3




“to transceiver 70 using transmtter 75-B (transmtter ' -
@é&k Zgég"B may be simlar to transmtter system 6 DEC 2006
S T5- %78 Qeiver 77-A (receiver 77-A may be si nPCEAUSRP4/027730
- receiver 77-B) of transceiver 70 rmay receive the
transferred signal fromtransnmtter 75-B. For exanple,

{eg..4imbDEh@0G6 verOPREISRX2UDB24R0TY HBRE@4it@P FéAreceived signals

processor used by receiver 77-A may receive the test

andipghdde electtieal foraat signalsdl RXODR D hephseSofREmBodRHents of the
‘during line | oop back node so that the processor can -

Pr&%ﬁﬁh%d?ﬁnmc@?éerf%?%?ﬂmhﬁﬁgd&g%s???é@%l (@%%&F%ssing in -

path testing pass.

*coBORIRE Bl IR FBRRE. R ek BRI 0 g gaing

during.system | oop back node (i.e., - the test signal
 deueRiE 1) SoraRNAPO T SRTERIgVIt 1TB-ss R0%; nelor farvendorror

- Internet) but through a |ocal “communi cations path :
cogeetivat(FEC) progessingéin vemnphance farexample witlh FBG& G750 Inteddace 28

. -a local " receiver). For exanple, the configuration of

. mdyl peovidDimayommuhisaordspengitbsest i@ ddoher dewbe duch 86 a

system 10 and receiver 20 inplenented in the sane

- ménidp B6ALY @lot Q@ﬁ(ﬂﬁl ; pdcRet 188 sd?g%étr cﬁ@%&)@d@%ﬂgﬁ%ﬁo&%%}%m

" to a network, 't enmbodl nent -

e RBE b h B GORbISAT, R eh b s 26

recei ve or be programmed with the signal used

may .
.C,OIB‘ nicgtions derhpiques asthosent ipferfacesdor 26 - can det er i ne.

whet her conponent testing and/ or network path testing

“joopdyss. [ Ofil&le iR@naRkdtioh, éHrﬁpo‘hExﬁQ%?FédﬁElfS}@feﬂ'}’i@ﬁ;ay be

-1.oop-back capabilities: In‘one prior ar

OB S ) b B BB L 05 6 s
[ | ement atj . the di d t fhat the jitt
o LSRR B0 e Btk o

.. poor performance and possibility for erroneous
mtgeprEmyBicag SIsing Ao exasuplera tows oneconduntiveleads oftai printast circuit board.
"line | oop back" uses a bus of nmultiple data lines to ‘

10l D2 8 s DUy ERLATRETH SRRSO e st
 imbRpe ot b SR 1T el O Eb b

performclock and data recovery in accordance wth an

Trapsastigr ne Aed sscondisanseaiveni2 maynershangersignglsatsing algoworky

cleanup jitter in an input signal (such as signal DATA

10088, &y TR SRR R P O A BE 8 Einigi s 23t

1,02739

200. us2004/ OZZg)B

(tfgnsmlléter‘ syg\}ls)té_zmog 55-A may ut?liz%ﬁlsmlttcr system t_g transmit a test signal to
h :-second‘tranSCéiver 72. Secdﬁd'tranSceiver 72 rﬁay receive the s_igﬁai using ré-ceiver 77-B
s (reéeivef 77-B may utilize receiver system ;20) and then transfer the received signal back
. ' to transceiver 70 using transmitter 75-B (transmitter éystem 75-B 'Vmay be siinilar to

7. transmitter system 75-A): Receiver 77-A (receiver 77-A inay'be similar to receiver 77-B) |

‘of transceiver 70 may 'rf.-ceive the transférred signal from transmitter 75-B. For example, a
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B DEC 2006
pl exer 155, serializer 160, l-oop back '
gxﬁgelﬂg‘gh%f clock and nultiplication unit(" CKET’}ISZOM’"””“ e
170, . and ret| mer 180. [0020] System 100 may operate .
in at least two nodes: "loop back"”™ and "transmt"

“inplementation of system 100 may i nclude mul ti pI exer

. progessomiseH byrteeivani-Banaysesdeive the dest sighal on bavptdgrammed with the |

conponent testing and/or network path testing. Loop

tebiasignairoste disiyg lincloup®ack mbée scohst thepdtesdr it lerthding. whsther

l'ine | oop back node configuration is described with

 cosehl tedtigBh@or Adrwork FaxiS Ee@ﬂé 1%%9 back node

conf | guratl on is described w respect to FIG 1D.. y

i mhﬂ(j)le I'n_one inplenmentation, conponents of system 100

be i nfIGe#Bepigts asystem inaecardange with@g reatbedingint ofithe present
I n anot her inplenentation, conponents of system 100
inventione Theporfigardtien o FIGIL [ eatcbealsed dintigy sytteeh I0bp BadK ode (z €.,
that intercomunicate using, for exanple, a bus or

the wa@lsi%ﬁau Yehot BagkeniRdd ﬁrcﬁfgh'htrﬁi’w&k é&i&h bs Beah@rnet C)JIRQ a%é%gh a

Loop ck receiver 101 may I nclude phase detector 1

log# ley.lgy%gef&fs pyibee @de ggrc%,gg; G vt Orroa AR

det 102 ma out an, | t data
‘-'e%ﬁl For grghlf. dhegss ﬁ%ﬁ % mai cfile compRAgrs from bots
naI Lw:’ BACK I NPUT may be a versi on of atest _
tra§$f§ﬁ@r systanp 1 angdyedeives rwm&memtﬂd in thersam $ransseiviey device.
system 100. Phase detector 102 may output a phase

Insteddf ofitransrmittiniggreignal &honetwark, BE dmbodihait mmypioep basksa transmitted
whet her a transition of the signal LOOP BACK | NPUT

sighelflem MandrAiBier ybRin 1 difdclDad reobikd 20PNA RS é;dnﬁﬂé HrockRsor 26

may be inplenented as an Al exander (bang-bang) type.

sﬁéﬁﬁdﬁﬁ@ﬁ’*%“a&’gg il e "9‘*&%%%‘82? oacRh Bl prboessar 26
gn

g
et

'car{]& S: "? WB%#I?Y CBE’QOB‘?H Lﬁ@g gﬁlfgﬁfgﬂ ik @é tF’ﬁéJ\éﬁféncy i's

Wi thin the pass band of the loop filter 106. The pass

[oopsind of Bewppfiod drﬁﬁ‘ali‘s@ﬁvéfﬁ?ird@ﬁleﬂﬁép b&ktcﬁﬁdbilﬂt@ds 'Hfdhélﬁihorart
and high frequency jitter tromsignal LOOP .

A R gt ot

e SRR el SR D e B aF b s

' fre u,ency I t of approximately 8 negahertz. [0024] .
1&'63 & pror porforpancep aed pessibility fQi@RfOQ?% gpn¢lagipns.
having a. simlar frequency as that of signal TXCLK :

| .Anqtheramocm impBynehlatiop of Yinei lodp hackhases 2dhs bf maltiphadatal lines to

,on signal DELTA. Phase interpolator 107 may provide

- loop banied sifEl KSich 1mmmmndeqm§ excessl%oawsﬁae@ GHISGIE S difficult

di vi der 104.

~-to implement in very small modules.

[00_19] FIG. 2 depicts an implementaﬁon of a transmitter system 100 that can -

- perform clock and data recovery in accordance with an embodimént of the present

invention. ‘System 100 may clean up jitter in an input signal (such as sigrialDATA‘ or

 signal _LOOP BACK INPUT) and provide the jitter-cleaned signal for transmission. One
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S5 sREY
vari abl e N

10025] Frequéncy divider 104 nay receive si gnal

7}-

I_'CL'K. . 6 DEC 2006
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di vider 104 nmay provi-de, signal
be a version of LCLK frequency di VI d%‘a
“integer N, to nultiplexer 150 and demnul ti pl exer 103.
Jn._one.| npl ement at i on,
PISTRRRIAUOD of Peny, MLy el minlexcr | b 2Bsliplexer 155, seralizer
Dermul ti pl exer 103 may receive a seri-al input stream of
- Kfinjoop backireerigand D1, claCRnBAGKIHINRISH it “CHAYSrit70t el retimer 180..
sanpl es to parallel fornmat accor di ng to the timng of
k sigra r,ovj ge .
I8R5 ) Sl ol by sRPE i aPlei v Mg ok S ransmit.
155 002 1 Multiplexer 150 my rece| ve cl ock signal
lisepieak ggk may e peed in gRmpection yai ntltzs,tmgﬁad{ﬂr defwork path
Si. gnal LCLK/ N (fromlo back receiver 101). In loop
- teshiag. Laenteack mﬁﬂetrmqyllmlmﬂ “Yi5e” and,*system? seh-modes kAslmgmp back
LCLK/' N to PFD 110 whereas, in transmt node,
mdetcopfigizationis ﬂemnbedthﬂmeﬁ;mct © FIGK 1€i gnsystelﬁﬂdéptbaclpﬁade
signal transferred by mul tipl exer 150
i ndi cate a

110. The cl ock.

comﬁgmﬁtmnnsdbstﬁbalswﬂﬁleb@ewﬁﬁi} BBD 110 may receive

signal s TXCLK/ K and RCLK. PFD 110 may

se-rel |onsh bet.ween signal s TXCL K an

T T e pleeniaich cABRSE b SET NG b G
mn as signa . Charge punmp 112 may out put a
> sprge yitperated emﬁhy ammrn@pgmm@ﬂpnmmnents of system 100

Loop .

is's

proportion to the magni tude of signal

Ry be émplemanted gmongsetmat inprgratedeisoudts thabintercomatunieateRising, for
within the pass band of the | oop

pmented

PHI .

AgPRM,
whose frequency is
exanplega bird ér cobidaectb@riehds of hipihted ciguif bdard:r 114 may be
set to  avoid high frequency jitter transfer from RCLK
IOUDZ]CLKl st R aRk®er 100 n@luﬁe@?&eﬁ@l@@tm‘m demultiplexer
2005/ 027399 PCT/ UsS2004/ 027730 odi nent, when a
1 GRMRR
dgsr gaher ? g4 %ﬁ‘%g gqgggga ?@rﬁob E%ﬁff@ﬁ&ﬁ%r Jrﬁi.vl;hase
df%ﬂat 02y B et bl B8R 8 fé@*ﬁﬁ’%@%ﬂﬁg INPUT)

0 RLI .. C ock squrce ., -
kARG I A0 Sl e B DR et ﬁfé?mgnai
have roximately, the sane frequency .as that of

preyigysly p ?;@Eﬁf% transigision by, syster 160.nBRasC detector 1% B2y eyt a

_ of clock si.gnal. CLKI based on the transferred portion

N phage diffgrenee mna#z(ahown RoPEbTAbhas repescei@ whether g izansicur et the

RN _ 1, clock -source 116 may change the phase of clock

'  sigoabh@DP@ACKINPAHeaisionidge khat vhsighal TCIK oPhask gotbtor 102 may

RCLK. For exanple, clock source 116 nay be
beiimplearenriod an A lexand -Haag) fypé 1@& ae&s&foal oscillator
(n\ﬂ)gXO) Al t hough a r‘(@eﬂ@ ng ©
Charge pump 105 may output a 51gna1 PH havmg amagnitudein

- [0023] :
proportion to the magmtude'cf signal DELTA. Loop filter 106 may transfer portions of

the signal PH whose frequency is within the pass band of the loop filter 106, The pass
band of loop filter 106 may be set to transfer medium and high .ﬁ'equency-jitter from signal

LOOP BACK INPUT. In one embodiment, when a frequency of signal LOOP BACK




e

 to gultiplexer 18

charge punp and loop filter conbination is provided as g DEC 2006
may be used

herei n, other devices
W'q ecti vefgy transfer a phase rel ationship repr%@%?%“&mzwso

by signal CNTRLI to the clock source 116 when. the -
s.W thin a pass_band uenc

enc fre ' '
I&?ﬁgﬁs a swwéw!PPL &lzeh%yﬂlﬁpésﬁ byad of logp fi %%H% wayrhayean upper |
and TXCLK/ K. CMJ 170 may i ncl ude phase and frequency =

frequency dimit ofapproximately Simegghemay di vi der 119, clock

"source 120, charge punp 122, and loop filter 124.

| v2éhuency Phasalmtenpolhm lﬁﬁmay@u:e\ndea clobloagnai g hE@@KSlmﬂar -
Frequency divider 119 may provide signal TXCLK/K which - . .

fregyencias thavef sigrah THCLKI (Goal CVXCLRO) buepotensar Qih}tsdmﬂ’té@%ased
~an integer K. In one inplementation, - varlagle K may

obeighti, DBLTAO Phkse ditbpblatordDp ﬁﬁy@dwb@s:%ﬁeﬁ LCIEORI R pRAsP. detector

118 may receive signals CLKI .and TXCL PFD 118 may

- lmmmd:ﬂé@eac)maﬁ@r 10al ati onshi p between signals CLKI and

TXCLK/ K (e.'g., lead or lag) and provide the phase

[oogdjat i onshieRudnRy 8RAdeR F0PHIEY réc%?ve(sﬁﬂglégﬁ deqcl)lencg' d1v1d|er 104._‘

relat|onsh| I s“shown as Signal

R

se of

.i“%ﬁ-, B a0gPRERSRIRT A DB 165, T v%oﬂ?ﬂ%m Vefighle N

4y sf er CNTRL2 from charge pu
mji}zéé %’faﬁﬁﬂ'@h‘ﬁ% glg'ﬁsa’ﬂ@%g%ﬁﬁal is within the pgssp n‘p
dwi dt h. of ter 124. The pbandw dth |.oop
00 o bﬂ%b&ﬁ%rﬂg e TR fmlesf 5 signal
TXCLK and TXCLK/ K

L@@g@i& @“ﬁ@f? gfgflsﬂ%ﬁﬁewwﬂél foan@ase%d@ggﬂﬂpe tlmmg of

TXCLK. . d.ock source 120. may change the phase of
clogk signal FREKAN » Remultiplexenl03ymae Brovidg agaralic walplmmngas an mput
selectlvelg transferred by loop filter 124. For . -
ock source 120 may be |nplenented as a
vol tage control | ed oscillator (VCO. j [00331 -

(0041 t i pl edMultinleger 150 nay eccsiweeledkonigtial DBL[(I\{Fﬁtdﬁ §device amhas

back receiver 101 and signal DATA from a source such

pragsssar p2loandshmk siphal(IHCEK A (ra fonbp. batlnrdesiop 1H3.KIn kop back .

mul ti pl exer 155 may transfer signal LB INPUT to seri
modkj mektiplk&er 1ifangaganisfer clockBignatLCLKI to'RED § 10 ekéeasl 5P
may transfer signal DATA to serializer 160. -Serializér

trafsufit fe, Qﬁlﬂt&?léiera 50 eiafRfansfer SlbaSESal DCIR BPED- Fl'lﬁx?'he clock -
155 to serial format timed according to clock signal

sighal @alfé#rred By hufipi¥Xet limg?efehédfoedsmbe cl eaned-up in

signal DATA by ‘use of clock signal RCLK to regenerate -
[pozgjonal Wﬂ 110 may recéive SIgnals TXCLK/K and RCLK. PFD 110 may

'indu_:ate a phase relationship between mgnals TXCLK/K and RCLK (e.g., lead o_r lag)

- (such phase relationship signal is shown as signal PH1), Charge pump 112 may dutput a

signal (shown as CNTRLI) having a magnitude in proportlon to the magmtude of 31gnal

PH I Loop filter 114 may transfer poraons of the mgnal CNTRLI whose frequency 1s

within the pass band of the loop ﬁlter 114. The bandwidth of loop'ﬁlt_er 114 may be set to

: -avoidhigh_frc'quenqy‘jiner transfer from RCLK to CLK1. For examplc; in one

7




100341 Retiner device 180 may request and out put & DEC 2(]33
ed

Wﬂgﬁ E omserializer 160 at 'a frequency determ

¥ 59 i gnal . TXCLK. Retimer device 180 proypa'@s&?f]émz""m
output streamfor transmission to a network (such

out put .streamis shown as DATA OUT and can be used in
embadinest pitsaeiremensy ofetbckaignal VLK és approyimately 10 pigabertz, the
receiver in systeml|oop back nobde (such copy is

P33$chmd aflosyy SlEM 14068y BAGKNAPPRUTRquehdydahit oFdprosimately 120
"depi cts one possible i npl enentation of a |oop back

“kilelpizv er system 200, in accordance w th an enbodi ment

of the present.invention. Receiver system 200 nay

[o0as) ude aCroskisbitcex 8 naf ZeceRRabenatR el PortARrof sl CNTRLI.

recei ver clock signal source 206. -Receiver system 200

CIBX sBrct 3 86 n1a§ ogtp%f_’ggféﬁlﬁ gxggél%( e%gi/ug %nggkﬁ%? fave!ch

as an Optl ca

.%-#éﬁe%gé/g%%é%?ﬂ“ PEinat o ﬁ’?%%ﬁwa?ﬁo ki B ay

des.. [ 003 Ln.on I ement atl on, onent s _of
G s atbtiootrlor ﬁsﬁ 6 ARSeTERS ROtign of signal CNTRLL:

[ nt egrated circuit. In anot her [ npl enment at'i on,

. Foygrepwnlsnbased on signaldNTRDI, aleck source 16 evayrehangecthe phpse of clock

several integrated circuits that intercommunicate

| sigrel QLK If to rapproxinmgpélg matctbhst affsigh@l RIOLK| \Ror keasisle Aflock source 116

printed circuit board. [0037] Miltiplexer 202 may
m%zﬁ@hﬂ;ﬁexﬁcxﬁw&ad voi cﬁﬁﬂﬁea%ryéﬁ'l bscitfatét (Vc90a). d%?ulgrl]l a

Si gnal be "a signal provide

S AL ST B o ST s

re de, | ti Iexer 204 tra ers .
may' %ﬁeﬁ %@%&?ﬁgbwﬁma asg fga alrcpr?%eawgﬁa&ﬁ%al GYTRLLto.
mul tiplexer 202 is referredto as TR SI GNAL. [0038]
theplaglesansaccthborhenadhe freguepenof GNTBAAS withinra pasghand frgquency
SIGNAL tined according to the clock signal RX CLOCK .
rarigeom. cl ock signal source 206. The sanples may be
avai l abl e for processing by a device downstream from

[0039Ft em 2QMBUTY n@y RoVHOERER Signalé TXETK &{dTTXGEIR?Ke @MU 170
testing and/or network path testing. The sanples may

a fllﬁ%’:p oop i@&ﬁd&éf?%]&#ﬁﬁp&% %%f tor 1&2821#%?%1(

ol el SRR RS R it

eads or lags that of clock S|gnal RX CLOCK.
Cloﬂﬁ aiss@ald%’i%lio Freayany:djvider | Honanpravide sienaliiX ALK/ ehieh may

(bang bang) type phase detector. C ock signal source

be 2 versrmyofsignel TECEK dedqushayndilvidetkby & infiger Kl dalons nxgp\lainentatxon

source 206 nmay adj ust the phase of. clock signal RX

- varfab@K rhh}&%i] 6, although other values may be used.

[0031}] PFD 118 may receive mgnals CLK1 and TXCLK/K. PED 118 inay

indicate a phase relationship between signals CLK1 and TXCLKK (e.g., lead or lag) and
' provide the phase reIationship to charge pump 122 (such phase relationship is shown as

_mgnal PH2) Bascd on signal PH2 charge pump 122 may output a signal to change the -

phasc of clock signal TXCLK/K to match that of signal CLK1 (such phase change signal
8. .




7
Modae

‘on signal DI FF. dock signal source 206 may be - 5 DEC 23[]3

m%ﬁt’ﬁ? in a phase-locked | oop manner to transfe
almost all jitter in the received signal 10 6%@5&04’027730

' V\D 2005/ 027399 PCT/ US2004/ 027730 Modi fi Catl ons [0040] .

éﬁ"fg?j and the forgoing descri pt| on _Qave

ﬁwﬁ ) a0 s 24 T etEbwEnat oigfchange pump 122
resent invention, however, is by no neans linited by
theplase chrage Snguaie& withinetbe pags bendovidtneg Hoapt filtand 24:ibe baxdwidth

epr|C|tIy given in the specification or not, suchas =

offiobp GiltenIZsmaybekargr! to eBsurelh MW fitteiRths s Erofif si al CLK1 to’

material, are possible. The scope of the inventionis

TRCLI@@?&TX@LKH@,W as given by the follow ng clains. 11
6 DEc 2006 1 1. A system conprising: "a first

T Gt AT PR LK S o

est si gn

rs ve [ec |veareturn nal fromthe
(W&ER thezp &er b basgd %@elpbeetog geaignal CHTRL2

fromthe network; and a second transnmitter to Teceive

selaetivels Srnsferadcby lopp filteh 24 divo axample, slacksourse 130 may be

seri al conmuni cations |ine,. wherein'the second

lm;ﬂmaectetservottagdconneﬂa@esmltdtéxﬁ(VOO) the test signal 'and
provide the jitter reduced test signal as the return E

: nal t the fir recei ver .an the s g
l"ﬁJ nsni t EHIPLExergl SapRCRECTive sigha AL R som Tepp i recéwcr

ased on clock signals provided by a Q plurality of
10& 984 RiEBUAEA fepmai2 apreree Suehtan @ praseisnm 12 (nobdepicted). In loop back
conprises a de-multiplexer to de-serialize the test
medegmaltipbaeett Somay trensftnsigial LB INPUT! to sérisizenbd0swhéteas the
systemof claim1, further conprising a data processor

trah&mid e Ctﬁuﬁtbléxbﬁmﬁtm@ idter slgﬁaltlﬂﬁ'l‘ﬁ'té §éna‘li"zétnﬁdﬂ tﬂeﬁﬁhzer |
and to'receive the return signal fromthe first- :

160 ‘?1919' obfibert SREME! & s:ilé}{% r@trtultmi trcla'oégél o %&f according

the“return signa

to gt %gtai%@iléé@&# ot %@ﬁm‘?r °C§§%F?@#ﬂ@¥qh§$;t%m by

tics based on the ut signal and return

- char acteri in
uS&Q ?‘Sl@af&ﬁeKst?ﬁ&quP@Fe %Efﬁ’ﬂm‘“@p A-further conprising

an interface to exchange signals with the data

[00B4)0C eSS ORetimerdeviddd 8@%%%%5&?’ san{f1&¢ bR sEHﬁlzer 160 at

interface 1's conpati bl
a frequency determined by clock signal TXCLK, Retimer device 180 provide one output o

stream for transmission to a network (such output stream is shown as DATA'QUT andcan .

be used in line loop back mode)‘ahd_ may provide a copy to a ‘l'ocailréceiver in sjstem ‘1obp

back mode (such copy is shown as SYSTEM LOOP BACK OUTPUT).

[0035] FIG. 3 depicts one possible implementation of a loop back 'receivet' system'-

200 in accordance w1th an embodtment of the present invention. Recelver system 200

may mclude a multiplexer 202, phase detector 204, and recelver clock signal source 206
Receiver system 200 may be used in a communications receiver device such'as an optical f o

9




- S‘Sﬁfiﬁtt??é‘ﬁceb"& PEEIYEG SYSIGTA
interface. 12 DEC .2 DOG | 9. The system of claim 3,
. Mogdes-her conprising a menory device coupled to the -

7 wag&a pr ocﬁlso\?ﬁ%rlwbﬁw

“be SPTRBLC fﬁpﬁ}o&%& B9 adehiE ap&én&

‘5. The systemof claim3, wherein the interface is 8 DEC 2005

O Maddbles With I EEE 1394, 6. The systemof c
Mergn tﬁe interface is conpatible with PCl. {J&’W%?‘?Q‘WMBO

systemof claim3, further conprising a swtch fabric

pled to the interfac 8. The system of claim 3,
3?%!“%%%@%?* leasti plasg baek't ang “receive”

interface. 10. The systemof claim2, wherein the

b5l S LSRG b s

r 0Cessor | s to perform opti cal

| o

| i ance

vvher n the data R
aff‘?%@ﬁé?‘? © MRErEd RIIQHE 1R 2RQtHE iMBlesRtioR  RAEIRNER(S pfsyster_n 200

G 709. 12. The systemof claim2, wherein the data -

- mpy be émplementsd awopg:sevorahintegrated dircanits that intercomotunivate using, for
~ processing in conpliance with. ITUT G 975. 13. The

- _':e:smpl@mbuﬁ oxtamiduetive 1éads bhe prinedpiréi @ard dat a processor

‘to provide the input signal to the first transmtter
is. to receive the test

wh .
ol blRGor 42 3hay Feaine hpenat Clof RAGR Sebelles s Sgnal RX

communi cations line and wherein the first receiver is

- DEZA, Signed LOGRBACKGeY be gighsl rovideddvsing i af bystem loop back

additional .jitter correction.to the data processor. and

madeer elnflodpHemckatadg themakiplexes202araefesy sipmed LOOPBACK whereas-

integrity characteristics based on the test 'signal and

_ intReeivernibde; i akitiplder iﬂl@rﬁ?ﬁ%@éﬂﬂ?ﬂbﬁﬁ‘ rHéreer(ﬁer Llie5s1gnal

wherein the networ k conprises an optical nétwo

et ity R S 1o e 1l

a copper cap
receive at least at a gigabit per second and in

[0038F or dan PhassidetectoE20 mag provid safiptes of sigaah TR SIGNAD timed
wherein the first transmtter conprises: a clock and -
acoveding I 1he aldck Bigdall RX 'CL TR ioetfelack él%:ﬁﬁ s&dr@@ﬂOf? ' ’Hﬂ'?éamples may -

wherein the flrst cl ock signal |s sed on a phase

%%m 354 ﬁ@chdels a pq'gc%ssor

versi on O II‘S Slg )

o B St 0 ?w?rznew AR S

B PRt Bt Rt

paral l el format based on a divided down version of

{00391 t NI rphSt AEKctS! S43hay Stfut a phase difference signal (shown as DIFF)
- that represents whether a transition of the signal TR SIGNAL leads or lags that of clodk-
‘_ signal RX CLOCK. Phase det;étbr 204 may Bé impleinented as an Alexander (bang-

‘bang) type phase detector. Clock signal source 206 may provide clock signal RX

CLOCK. Clock sighal source 206 may adjust the phase of clock signal RX CLOCK based

. on signal DIFF. Clock mgna] source 206 may be configured in a phase-locked Ioop

manner to transfer almost all jitter in the recelved sngnal




‘a second cl ock source to pr'ovi de the second cl ock B DEC 2[][]3

ari son between the divided down versl’%TfUWO‘Wz'fT?’O
the first clock signal and the divided down version.
of the third clock signal. 17. The system of cla|n116
tiong he first transmitter further conprises: a .
"serializer to convert the parall el fornat sanples |nto

§t ﬁgﬁreln the second clock signal is based on~a
280

BT TR R e kbR G S et

lE?rowd%{]the sefial format -sanples fromthe serializer.
£M97e 1he390pe i preser duention. tewerery i by aosesans ligitad by these -
18, The systemof claim1l, wherein the first receiver -
spegHic Wéﬁmbéﬁdﬂ wmeros vasigtions, ovhiethen efplicitlytgvendn ﬂlerspec@nalion or
with substantially no additional jitter correction.. -

- ndtgsuch ke diffsness inktraduaeilenyibs 2t isé &ﬁn@t@ﬁzﬂrﬁe possible. Tﬁe

transm tter conprises: a clock and nultlpllcatlon uni.t -

sd‘oFe of Y Erﬂa@ntﬁmflk ﬁfslteas‘? hO6Had hgg%n bMie rf@l'ld‘mﬁ% SlaL -

ock signal is based on a phase conparis meen a
second cl ock signal and a divided down version of the
first clock signal; a phase detector to selectively '

"~ pr.ovi de sanpl es of the test si gnal- based on a third
clock signal, wherein the third clock signal is based
on the first clock signal; and a second clock source -
to provide the second cl ock signal, wherein the second
clock signal is based on a phase conparison between
-t he divided down version of the first clock si.gna
and- a divided down version of the third clock signal,
wherein the de-nultiplexer is to convert the sanples
into parallel format based on the divided down version
of the third clock signal. 20. The system of claim
19, wherein the second transmtter conprises: a
serializer to convert the parallel format sanples into
serial format sanpl es. based on the divided down '
version of the first clock signal; and 14 DEC Zbo6 a
re-timer to provide the serial format sanples fromthe
serializer as the return signal based on the first
cl ock. signal. 21. The systemof claim 1, wherein the
~second receiver is to transfer the test signal with
substantially no additional jitter correction to the
second transmtter, 22. A nethod conprising: at a -
first transceiver: receiving an input signal, and

it
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transmtting a test signal to a network, wherein the 6 DPC 2006

test signal is based on the input signal; at a second
transceiver: receiving the test signal fromthe
network, serially transferring the test signal wth
substantially no additional jitter correction as a
first signal, reducing jitter in the first signal,
wherein the reducing jitter includes de- serializing
1. thésfstemicompgsiag: based on a plurality of clock
signals, transmtting the jitter reduced first si ?nal
as? Hrsé Fapstten tg qeqeren ipputriégnaband to tangmitta tesiesignal based on the
s ' “afeceiving the second signal fromthe
mputnsg Wog)ﬁdly c.)rk‘l'he met hod of claim 22, further
c onfst sceiger tatreckive afrétont signah fienethe eetwodet er m ni ng pat h
inteqgri characteristics based on the input signal
e SREU GO GRoBHYE e (5% SIERRITORB A CBITRATS: m 22
WhEERbiY Rhnshdierfth k&deive RO REELNAI fronf RSl Bkited Gis
test signal to the network conprises: reducing Jit
commuynications Hpetwherejm te; seeord tpansmiitkr gy ta teduge jitteg in thedustesinal and
d.nRput...si gnal t he test signal.. 5,6 C 2006 5. .
provigh Bt i S8R ot ol 5t S ATE e PG o ko oherein the
secoridl t&lsmitte IS ELtedde jitthe i@ tHY fRbNGid bhsell Mhe@bdkt Mgnals provided by a

characteristics based on a conparison between the
pluralityypft clagkgenrces gad whereinethe sseapddransmitter comprisss prE-pobiplexer to

de-seiliZe (e9t2s?§1%? bﬁg&-éyé\%%%aﬁt%%ﬁgcﬁggnﬁw ccD , Tn LL

ing a serial
t&r

2. The system of claim 1, further comprising a data processor to provide the input signal

' to the first transmitter and to receive the return si gnal from the first receiver, wherein the first

_receiver is to transfer the return signal with substantially no additional jitter correction to the

data processor and wherein the data processor is to determine path integrity characteristics

based on the input signal and return signal.

3. The system of claim 2, further comprising an interface to exchange signals with the

data processor.
4. The system of claim 3, wherein the interface is compatible with XAUL

5. The system of claim 3, wherein the interface is compatible with IEEE 1394.

6. The system of claim 3, wherein the interface is compatible with PCI.
7. The system of claim 3, further comprising a switch fabric coupled to the interface.
8. . The system of claim 3, further comprising a packet processor coupled to the interface.

12
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9. The system of claim 3, further comprising a memory device coupled to the interface.

10.  The system of claim 2, wherein the data processor is to perform media access control

in compliance with IEEE 802.3.

11.  The system of claim 2, wherein the data processor is to perform optical transport

network de-framing in compliance with ITU-T G.709.

12.  The system of claim 2, wherein the data processor is to perform forward error

correction processing in compliance with ITU-T G.975.

13.  The system of claim 1, further comprising a data processor to provide the input signal
to the first transmitter and wherein the first receiver is to receive the test signal from the first
transmitter using a serial communications line and wherein the first receiver is to transfer the
test signal with substantially no additional jitter correction to the data processor and wherein
the data processor is to determine path integrity characteristics based on the test signal and

the input signal.
14.  The apparatus of claim 1, wherein the network comprises an optical network.

15.  The apparatus of claim 1, wherein the network includes a copper network with
capability to transmit and receive at least at a gigabit per second and in accordance with

Ethernet.

16.  The system of claim 1, wherein the first transmitter comprises:

a clock and multiplication unit to provide a first clock signal, wherein the first clock
~signal is based on a phase comparison between a second clock signal and a divided down
version of the first clock signal;

a phase detector to selectively provide samples of the input signal based on a third

clock signal, wherein the third clock signal is based on the first clock signal;

13
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a de-multiplexer to convert the samples into parallel format based on a divided down
version of the third clock signal; and

a second clock source to provide the second clock signal, wherein the second clock
signal is based on a phase comparison between the divided down version of the first clock

signal and the divided down version of the third clock signal.

- 17.  The system of claim 16, wherein the first transmitter further comprises:

a serializer to convert the parallel format samples into serial format samples based on
the divided down version of the first clock signal; and
a re-timer to provide the serial format samples from the serializer as the test signal

based on the first clock signal.

18.  The system of claim 1, wherein the first receiver further comprises:

logic to transfer the return signal with substantially no additional jitter correction.

19.  The system of claim 1, wherein the second transmitter comprises:

a clock and multiplication unit to provide a first clock signal, wherein the first clock
signal is based on a phase comparison between a second clock signal and a divided down
version of the first clock signal;

a phase detector to selectively provide samples of the test signal based on a third
clock signal, wherein the third clock signal is based on the first clock signal; and

a second clock source to provide the second clock signal, wherein the second clock
signal is based on a phase comparison between the divided down version of the first clock
signal and a divided down version of the third clock signal, wherein the de-multiplexer is to
convert the samples into parallel format based on the divided down version of the third clock

signal,
20.  The system of claim 19, wherein the second transmifter comprises:

a serializer to convert the parallel format samples into serial format samples based on

the divided down version of the first clock signal; and

14
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a re-timer to provide the serial format samples from the serializer as the retumn signal

based on the first clock signal.

21.  The system of claim 1, wherein the second receiver is to transfer the test signal with

substantially no additional jitter correction to the second transmitter.

22. A method comprising:

at a first transceiver:

receiving an input signal, and

transmitting a test signal to a network, wherein the test signal is based on the
input signal;
at a second transceiver:

receiving the test signal from the network,

serially transferring the test signal with substantially no additional jitter
correction as a first signal,

reducing jitter in the first signal, wherein the reducing jitter includes de-
serializing the first signal based on a plurality of clock signals,

transmitting the jitter reduced first signal as a second signal to the network;
and _

at the first transceiver:

receiving the second signal from the network.

23.  The method of claim 22, further comprising: at the first transceiver, determining path

_integrity characteristics based on the input signal and the second signal.

24,  The method of claim 22, wherein at the first transceiver, transmitting the test signal to
the network comprises;
| reducing jitter in the input signal; and
providing the jitter reduced input signal as the test signal.

15
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The method of claim 22, further comprising:
at the first transceiver:
determining path integrity characteristics based on a comparison between the

input signal and the test signal.
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