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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 tt errgCHNIQUISPOATEST TRANSPITTRDIQEIN 1 gnAF NTEC GRITY

di stortion caused by varlatlon of a mits
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
@Eive at tines that deviate fromthese integer
tiples. This deviation may cause errors in the
recovery of data, particularly when data.is

[0o0gNS M t Bk sibiebi MbBrt&RRMEed AbiSingRNérally flatey to‘tééﬂni’cide@fb test

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

‘I{"ﬁ may be caused by a nunber of -
gﬁ%ﬁ 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
several

inport in digital communications systens for

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

si ﬂ‘Bﬁn‘?&‘%@fe{fﬁ?ﬁﬁﬁﬁq @hqgg nfam@ ﬁlitr A 3 % ahial system

ecel ver I nfornma
Second ract| C st.ens, r ver
iR s R B Pl e m B ﬁ@snml
dat,aaz gnhal . Jitter pmakes, this task signifijcantly
opgitignal systsre howevam, pplges typicalbnayrive g&twgh%trdéﬁaﬁ@ %vgmdhr:se :

. systens, where mul tiple. repeaters 6 DEC 2006 ; '
infeger multlp]es This deviation miay Cause errors in the recovery of data, partlcularly
when data is transmitted at high speeds. The deviation or variation may be in the.
ampiitu_de,- time, frequency or pliaée of this data. Jitter may be caused b_y a num_belj‘ of
phenomena, including inté'r—symbol interference, frequency differences between the

transmitter and receiver clock, noise, and the non-ideal behavior of the receiver 5a1id .

transmitter clock generation circuits.

7 [0003] ~ Jitter is a problem 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 occui‘rence reduces the signal-to-noise ratio at-the receiver and thus

limits the information rate. Second, in practical systems, each receiver must extract its

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

, '_mo;c difficult. Third, in long distance transmission systems, where multiplg"repéatezs |

i




* WO 2005/ 027399 PCTI US2004/ 027736 reside in the |ink, 8 DEC 2095
Y t&é%ﬂz%%gunul ates. Brief Description of the Draw nqcl{’s )
WG) ' subj ect matter regarded as the i nveRETGIF2{04/027730
particularly pointed out and distinctly claimed in-
~the concludi ng portion of the specification. The .

- estfigdmthiedink, jidsmeeeumulatent h as t o or gani zati on and

met hod of operation may best be understood by
ekerence. 1o he follow ng detail ed description when
Bifet Befiifioncbr e ing drawings in which: [00051

- eald W

"FIGs. 1A to 1D depict systens.that can utilize _ o

j0@0djodi me nTlsc_'Sifofdchﬁlaﬂﬁﬁﬁgﬂﬂded dsiveivemtion i @Qﬂﬁﬁlaﬂ%@oin@ed out and
depicts an inplenentation of a systemthat can be used

- dFsﬁﬁctPéﬂ chfithed Hthe £86AudiRE PURDY of e sgér‘]c'?ﬁgaﬁ%ﬂf 36\\3"}15\;&&?@, hgwever,

enbodi nent of the present inventi

00158 § ApoBERP BT oF RGP B s S Bof B fetgpnceto

00081 Note that use of t

~ .the,present, inpyvention. J he ..~ .
tbggﬁédpw'gg ¢ eSERRSINSveR repdrvith b aceompanying dravings @swhich:

the sanme or like elenments. Detailed Description [-00091

[0bdsF 1A 0HOSCLA tAIDIdEREETRRMA AP EarPﬁtil}?zet %ﬂbﬁ%&ﬁt@ ?f the pre_sén‘t

'syStem 10 that can use énbodiments of ‘the presen
‘injvéh\ﬁ%ﬂli on. System 10 may include an interface 11,

processor 12, clock and data recovery devi ce (CDR)

14, and el ectrical -to-optical ‘'signal converter- (E.O .
[0a] [ 001FIG! 2depitran implementatioout dsystetit €ia¢ oambunised farefock and

between processor 12 and other devices such as a = - N

' dabEEr@BevEng @Y ABrdaned witk Bh 6hBslimeRRTHRS pREGR SSveRtiok;Hal

depi cted), mcroprocessor. (not depicted), and/or a -

sw tch fabric (not depicted). Interface 11 may 2 .
[0007] FIG.3 deplcts one possible implementation of a loop back receiver system,

'in_ accordance with an embodiment of the present invention.

[0008] - Note that use of the same reference numbers in different figures indicates

the same or like elements.

Detailed Description

[0009] FIG. 1A depicts an implementation of a transmitter system 10 that can use

‘embodiments of the present inyention, Sys'tem_ 10 may include an interface 11, processor

12, clock and dhta_recovery device (CDR_)'__M, and electrical-to~optical 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),

microproces‘so,r_ (noAt‘de'picted), and/or a switch fabric (not depicted). Interface 11 iﬁay
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g! %l[q?pe or nore of the foll ow ng standards:

I (g WPP27A achment Unit  Interface (XAU) (dengT@%"“‘”“”"?’“ =
in | EEE 802.3, |EEE 802.3ae, and related standards),
Seri al Peripheral Interface (SPl), 12C, universal-

. complyawith ose ¢UBE) of tHeHbBllA8Ing staGilaydli Tenl%gabzt Attachment Unit

| ndependent Interface (GM 1) (described in | EEE 802. 3,

Thieffc302A 3D €deseritsbdlie IR 802, S TER#R e, Adrélated sahdards), Senal
Conponent Interconnect (PCl), ten bit interface (TBI); a

PRAGKKI MrerifEnden) PoCahilésal Tidibug QUSSP TEBE 990% rolgéﬂvﬁ%dla_ '-

prot ocol rocessor may “pertorm nedi’a access

o s RO0PY (Bl i DER 05 R o R0 el

[ i an

'sr BRSSP IRoW CApGn e ect (B, B HopiggRer CRbandora

correction (FEC) encoding in conpliance for exanple -

 vondon spepificnulti-@use ageRnen (MSAYmsowvel. j i tter from

signal s provi ded by processor 12 For exanple, ' CDR 14

R B ReS AR et b %H%EE@%A%S@IH%%

tical_network.

e A R o i

electrical signal is transmtted to a network

- relpiteghgtandards) draming vievrappipgen pomplince foriexawple thh IT T . 709 ,

i mpl ement ati on, conponents of transmitter system 10

andéo;kferwardpﬂrmaobrﬁ(ﬁﬁﬁlg endaﬁu@momphma‘bzeQamplmith ITU-T
I n anot her inplenentation, conponents of transmtter

- G9Y5! ePRL M ﬂﬁ%/ Pandv@mt@ﬂﬁoﬁa@grawevﬁsa/w gdocega&em qt&@xample,

circuits tha I nt erconmuni cat € usi ng, or exanple, a

Cnggl fgfxaﬁg%%ﬂgg gmjb&ﬁﬁﬁngfof th r&&h??»v?ﬂt{oﬁu IE;/O q%‘}ﬁ% convert

epcsan
use enbodinents, o

dFES Kh R Y FrbR ooiE iR 6 Hpsival &%awtma{ nétwork. In

op tlcal-to el ectrlcal si gnal_ converter, (0/E)

Someé@rp {esentations, EAR AS not gl elontrica signalig @mfsao@eciz'o a
QE 22 :

| notwdrk (e.g.; gigabit Ethemet over copper).

[00121 : In one impi'ementation, components of transmitter system’ mmay..be‘ ‘

1mplemented among the same mtegrated circuit, In another 1mp1ementat1on components

* of transmiitter system 10 may be implemented among several mtegratcd cucults that

intercommunicate using, for example, a bus or conductive leads of a printed circuit board.

[0013] - FIG. 1B depicts an implelﬁentation of a receiver systérn 20 that can use- |

| ‘emBodiménts of the present invention. System 20 may include an optical-to-elcotrical

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




. de@f@?

- Of IgEGIVER BT am'?lf ermeme yagngReyiapuntograte

* may convert dpti cal signals froman opti cal network to 6 DFC- :2006' :

' ‘%E%B@Z% gct rical signals. In sone inplenentations,
¥ hot used and an el ectri.cal signal i s PCT/US2004/027730

- received froma network 3 6 WD 2005/027399 DEC 2006
PCT/ US2004/ 027730- (e.g., gigabit Ethernet over

{egogisabit Eﬂm@DRelzoopm RZnGDR 24 mierenfoveljittee freimmedeived signals

signals and provide electrical format signals. RX CDR

andprovge ¢lsetrisd) FEnRetighalSeRISCOR 24hfay ﬂge%%ﬁﬁtembodunents of the
invention. Processor 26 may perform nmedi a access

pr%ﬁithénthA‘fi}oo@Es@F%ﬁ1a9?>eﬁﬂnn GAR dc %?gﬁ%@{@@@?ﬁﬁwsmng in

w th Ethernet; optical trans ort ne

o S R A B O B

( FEC) grocessl ng i.n conpliance for exarrpl e wwth ITUT
Fhearplinee o8 exgrmple s TEETiGTE9; edion forward emor

betmeen processor 26 and other devices such as a

coxmtmn;(FE@W pm@eS(sm@tm desppliared for examiplet with BEE<BGO76n dﬁterface 28
- depi cted), microprocessor (not -depicted) and/or a

S mayvprovitie imdrcormmnichticeitet@rocdssire’ do RS dgﬁ}tesUédch hd £

simlar communications techniques as those. of

Rt e O
oD 0 e B A W el

&sever%elnte ated mrcwtsthat .
°,°Iiﬂm“8 AUPRTFFRIAuES ﬂij’(’fl@)‘ﬁ l'e, a bus or

conductive leads of a printed circuit board. [00151-

' [oolfllG 1C depheSinplemenytion e eﬁt@%f*b%@wﬁtoéﬁt &é{‘ﬂfﬂi&?é‘gt s

~af the present I nvent 1 on. € con guratl o

o S RS o

usi.ng a net OO 61 For exanpl e, transcgl ver,
ed circuits that

mterc‘on_lm‘umcate usmg, for example, a bus or conductive leads of a printed circuit board.

[0015] ' FIG. I1C depicts a system that can use some embodiments of the present
. invention. "The configuration of FIG 1C may be u_sed: in “line loop back mode.”

Transceiver 70 and second transceiver 72 may exchange signals using a network.

| [0016] o . For example, traﬁscei"\.rer 76 may utilize & ﬁansmittc_r system 75-A
(transmitter system 75-A may utilize t‘rahsmittc"f system 10) to 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 may be similar to receiver 77—B)

‘of transceiver 70 may receive the transferred signal from transrmtter 75-B. For example, a

4
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'Calg(gﬁu:ru

"(transrritter system 75-A may utilize transmtter- b DEC 2006,
og%z’gvg to transmt a test signal to second

fra 8r 72. Second transceiver 72 nay rece}’(;TE{U§$P@4/027730

signal using receiver 77-B (receiver 77-B may utilize

recei ver system 20) and then transfer the recei ved

. PEScepsel usod b receiver Tadgua seeeiva thedest signalonbe pragrammed with the |

(transmitter system 75-B nmay be similar to .

test sijmmairided eiriny Hhelooy badk) mofearthiahe. gr?)cdﬁs&ﬂ' a6 Deterhing Avtfbther

may be simlar to receiver 77-B) of transceiver 70

' nefGeltin fromtransmtter
e gah%rﬁ&%ﬁ{lﬂﬁ%gnﬁéz%ﬁ WD 2005/ 027399

B. For exanple _
PCT/ US2004/ 027730 processor used by receiver 77-A may"

[9PEBei ve tHE. i Bgiepisisgrrabteny intsecqsdange awitrad ewibotindng of thetpresent

-Si gnal used during |ine l'oop back node so that the.
inpertivas The cafiputiion OFFIE@. Vb edrhier used GO Slent 106 btk mode (z e.,
and/or network path testing pass. [0017] FIG ID

the et §iftal & rivY ShRMited %ﬁ@@%ﬁ%rw (§uh 291 TR Fhegﬁ%& ﬂ%%ugh a

the present " inventi he configuration of

Iof iR 8o B iU AT P08 354 A Ederop d et
refi Sy i B exhe SOMEUEA PRI BB MG e cameeasniiiom both
or 1o a local receiver). For exanple, the - .
traggiRitiog sistem Yhanskregaiver 20Tmpigmentedin the seopransasiver dedes.

both transmitter system 10 and receiver 20

Ingteadl ofthansreittingra digrmal teameetivory ﬂnsaembcsd:ﬂe:wm@ lobp badmltransmltted
of transmitting a signal to a network, this enbodi nment

sighBlfrorD MRndAEkr FstemPIBdTHdctS % redigaao. fIﬁ BT E}Ea%ﬂﬁénp%&%sor 26.

system 10 directly to receiver 20. In this exanple,

ST Wb GG 04 D HEOE AR o Bosror
L R T e

prOV|de | oop- back capabilities. In one prior art

[0018Ip| emenSerhe frort transtdiver® gfbvmclkop-bwctchﬁibmﬂlésamn uﬂe Pfior art
re-transmtted signals is not o

' 1mplementat10n of “line loop back”, jitter clean-up of rc-transnntted szgna]s is not

provided. Such implementation has the disadvantage that the glttcr transmitted back has

 excessive jitter resulting in poor performance and possibility for erroneous conclusions.
- Another prior art implementation of “line loop back” uses a bus of multiple data lines to
- loop back a signal. Such implementation requires excessive board space, which is difficult

~-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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' k

i

"pr-ovi ded. Such i npl ement ation has the di sadvant age - ]

B DEC 2008
excessi ve

Wk?l%m[j,{he, d tter transmtted back has
Pesul ting in poor performance and poss?‘E)Tmﬁ%‘ﬂ?”“zwm

for .erroneous concl usi ons, Another prior art .
| ementation of "line Ioop back"” uses a hus of
lmﬂ epfation of systanh L0 mey inplydp mydfimlexer £50, rﬂwltIPlSH@‘rﬂ 55, senahzcr
i npl ementation requires excessive board space, which.
- X69, Wop backureteiver d01,rofdck mad multiplieation wiitd(*CMIEFYLI765and rct1mer 180..
[0019] FIG 2 depi cts an |rrpl errentatlon of a

smtt S m 100 t “ | 0 « .
@6@ reco g§t§fﬂﬁhﬁm &Pa'aﬂ" aﬁfmt@ ﬁ:tacg’naqq,]émnsmlt

e [ nven ion.  System 100 may. cl eanup jitter

H&EO@ @ma e psed dncopgediogith eynpensht tes;mg@aﬂfoz @@work path
BACK | NPUT) and provide the J itter-cleaned signal for

- testiags hpapshask madaanay inclmlelinghand “agstemd sulpangss A line loop back
© P4CT/ US2004/ 027730 i npl enent ati on of system 100 may -

nadelconfagurationi ip Hescribed1ith respect to 16 €. %@stmtaoplbazle mode
160, | oop back receiver 101, clock and nultiplication
comﬁgs.(ré'tlﬁwh.t Jestilbed witgresici 0ERIGL 8D, [0020] System 100

nay operate in at |east two nodes: "l oop back" and
conpecti_on

ansmt Loop back node may  be, used j
el conpBHag tlmpﬁeﬁepﬁg%ﬁampn%& Rteﬁawﬁ Mg impjemented
Loop back pode may include "line" and "systenm
awmong the garge infegrated ciravitp %w&crmbH@MIprmm$ of system 100
described with respect to FIG 1C. A system1oop back
“map be implementgd amongseveral titepeatedeitbuits tHat méerpesmunicaté \Ging, for
1D. y [00211 In one inplenentation, conponents of

| exayrgile mbid Or comyluttéveilends ef® ptistdd cmnmgaat-d] e sane

Eel

integrated circuit. In another inplenentation,

[oozapponent Kodpfbask SdoeiverAN mdyEMclage pRaRk d5@E0E doz \RAtiplexer
. several integrated circuits that 1ntercomuni Cate

08 R0 ch5E R 105 0450 BTUASAANCI SRF0PAOT s

prlnted ci’rcuit - bo

de@ﬁ’or 108 ln&bgreou%lﬁzﬁnﬁgst (ﬁ%&l%pl& %gfa sijg%rarfjﬂs}gngi £58P BACK INPUT)
tl_med t_o clock LCLK. Slgnal LOOP BACK INPUT may be a version of a test signal

previously provided for transmission by system 100. Phase detector 102 may oﬁtput a

phase diﬁ‘erencc signal (showh as DELTA) that reprcsents whether a transition of the

signal LOOP BACK INPUT leads or lags that of sxgnal LCLK. Phase detector 102 may

be 1mplemented as an Alexander (bang-bang) type phase detector

- [0023] Charge pump 105 may output a 51gna1 PH havmg a magnitude in

proportion to the ‘magnitude'cf signal DELTA. Loopﬁlter 106 rﬁay 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

. mmﬁldﬁg@eﬁ@dl@mcﬂﬁﬁ The pass band of | oop fllter I

*103, divider 104, charge punp 105, loop fil ter 106, g DEC 2006
- WHadh nterpol ator 107. Phase detector
857509 (si gnal gg@mmmmno

out put sanpl es of an input data signal

"BACK INPUT) tinmed to clock LCLK. Signal LOOP BACK

sion of a test signal. _previously.

| b | |
: NPTl Soprpuateiv i ahear @ the poss hsnd af 09D filln iQéumay hive an upper

det ector 102 may output a phase difference signal

ﬁ(egh@m iyt ofppmKimately 8meqgaberiit s whet her a transiti on
of the signal LOOP BACK I NPUT | eads or |ags that of.

| {QﬁZQhaI L CPKase Miterpelatbe l 6F tmay ptéddermylochbsighahilCIkEhing aSHmIar -
an Al exander (bang-bang) type phase detector. [0023) -

fietyeengg ap thapoflsignal EYCDHE (frotn GV §70) bubbbiessall ?Q)hase shlfted based

- magnitude in proportion to the magni t ude of si gnal

oEigh#l DEUDA. Phise @iterpOfatoray?7 hfa?fiﬁéﬁde ﬁgﬁél LOIX fbfthe bﬂ%e detector

signal PH whose frequency is . within the pass of
106

may be-set to transfer medi um and hi gh frequency-

ooyt er 1 pLhSdrgh aiwde}Wm%%eL@P}&al ]'rélt&freg&algy 1gidér:1(‘}4. :

errbodl ment, "'wheh a frequenty of sigha

oA O S SR R s

approxi net ely

| ln{e'glalt R to ?ﬁﬁ %X@rlﬁg ‘ﬁ@?ﬂt@ﬁs{eﬁﬁ;@?q;ﬁ n%.;h(%n ¢ %fo& 8?nableN-

o6 TR BB R T8
I fted d | . .DELTA.
OS2 SRR s s S e e i

104. 10025]

SE, r ,102 and frequency divjder ‘
L@@%ﬁﬁ&ﬁﬁﬁ. a5d conys thesamnlesdp parall Pbﬂemmt@@«dmg to the tlmmg of

Freguency_ divider 104 8/ provi de gnal LCLK/N, .
clogsigp é LE&N.aDompliiplsrent BLWWEEW@}Iehsamﬂ@wmnw mput

. to nmultiplexer 150 and denul ti-pl exer 103

. Inttﬂﬁ N,
- to il gxqr dp¥-enent ati on, variable N

(6027} - . Multiplexer 150 may receive clock signal DCLK (from a device such as

processor 12) and b]pck signal LCLK/N (from loop back rcceivef 101). In loop back

mode ,-multiplexer 150 may transfer clock signal LCLK/N to PFD IIO whereas, in -

~ transmit mode, multiplexer 150 may transfer clock signal DCLK to PFD: 110 The clock

signal- transferred by multlplexer 150 is referred to asRCLK,
[0028} o PF]_)_ 110 may recéive SIgnals TXCLK/K and RCLK. .PFD 110 may |

"indic_:ate a phasé relationship bétweeﬁ signals TXCLK/K and RCLK (e.g., lead b_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




‘may be 16; al though. other values may be used. [0026] g DEC 2[]1]3

mqﬂ‘%ﬁ xer 103 may receive a serial input stre

a 3F signal LOOP BACK I NPUT and convert FH'@ISZ"“‘“OZTBO
sanples to parallel format according to the timng of

cl ock si gnal LCLK/ N. Demui tipl exer 103 may provide a
epbodineat, vhenpl feequencyaficlock aignallpChK is apprerimatel e k@ gigahertz, the
155. 100271 Multiplexer 150 may receive clock signal

paxsibiknd Of toop diltde Vidcmay boke asipppr foermemayrlinii2 pf apystoxiimmedty 120
signal LCLK/N (from | oop back receiver 101). In | oop ‘

‘kBeldctz. mode, . nul ti pl exer 150 may transfer clock signal

LCLK/ N to PFD 110 whereas, in transmt node,

[osad i pl ex€tocks6uroRy16 mysé&tveqh@ﬁé&asﬁdraa@lont?éﬁtdfsi@a?&mul
110. The cl ock S|gnal transferred by nultlplexer 150

e e

si gna

ol e ?'8593%%% i phde ?&ﬁiﬁ?ﬁn@ﬁ} gqugqﬁls may.

s sho! Charge purrp 112 out put a
o o e o elo B emal HLASL o] AR CrgAFe s of Sgmal CNTRLL

proportion to the nmagni tude of signal PHI. Loop

L -qu axemple; baseday signal{SNERL p.orledkosenrcefl 16 ey shemgel theplidse of clock

whose frequency is wthin the pass band of the loop .

‘sigal LK 11d 4pprbRimaeln aivitett thatost sigp@RELK! For &inpTByclSek source 116

set to avoid high frequency jitter transfer from RCLK
oS e s B BERMBT ), Adtongha
N T
e fo SRS Ptk Pl BTSSP R esebist oV BB CNTRLT to

transferred portion of signal CNTRLI.
thc clock source 116 when the frequency of CNTRLI is. within a pass band frequency

range. _
[0030] o CMU 170 _may prolv‘idc clock signals TXCLK and TXCLK/K. CMU 170

may include phase and frequency detector (“PFD™) 118, frequency divider 1 19, clock

 source 120, charge pump 122, and loop filter 124. Frequency divider 119 may rcc'cive

clock signal TXCLK. Frcqucncy divider 119 may provide signal TXCLK/K which niay

be a version of signal TXCLK frequency d1v1ded by an mtegcr K. In one amplcmentatlon,

- variable K may be 16 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 phasc change signal
8. .
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o

"G ock source 116 nay output a clock signal CLKI.. - g DEC 2008

Ol l may have approximately the sane frequentc
?gg%ﬁﬁgé?z%gg si gnal TXCLK/ K. O ock source 116 rraTg’FﬂUSﬂ’dfﬂﬂ.?SO

“adj ust the phase of clock signal. CLKI based on the -

.trans red _portion of signal CNTRLI. For exanple, -
/366l GNTE] gholocoier 123 nihy demsibongns CNIRL Ao iAige pump 122
_the phase of clock signal CLKI to approximately match =
ifitheiphas¢ ckange sign#tds withinothe passbphdsyidthl af déopsfter d@4.1 The bandwidth
may be inplenented as a voltage controlled crystal =
obkop ifiltet 194 MM JargeAb ehangh very 16W fittectraisfip fidfdsibMQICLK ] to
filter conbination is provided-as an exanple herein,.”. =
TROIN affEVXCER/K My be used to selectively transfer a -
phase rel ationship represented by signal CNTRLI to o
- cloc ce 1 when. the frequen RLI o

19038}, £hir SREREETRSTAD AL Reoxid MR Y ELK T ok soppe 120
nma rovi de clock sjgnals TXCLK and TXCLK/ K. -CMJ 170
g% hnge s pbash plignah AN L¥qwsra gh e phisechargeisime) CNIRL2
frequency divider 119, clock ,source 120, charge punp
seleptively transfesqs! by loop filten124. Moz gxammls; clickisdence 120 mappe
receive clock signal TXCLK.. Frequency divider 119 nmay "
implenéntial siagoithgelotnitdélikd véuiltlor®CO)be a version of -

si gnal TXCLK frequency divided by an integer K -In ane

i pl ement.at.i.o

: , iabl e K t hqugh other, .. -
b es migubBleedsd miostaveneta 1B BT bewioe Efcgr_r%?esvcr

CLKI and TXCLK/ K. PFD 118 may - indicate a phase o
101 and sigapiddh PASrame sourse spehias apracessani? (mocdepieted)e Ig lgop back

| ead or lag) and provide the phase relationship to
madeamybipbaxep] SPRay randfersipmeL BANRUT G0 sérigdizes] G0hehéreddn

signal PH2). Based on signal PH2, charge punp 122 nay.
trafsthid iods, mlEPRker 5 SGRANGSsER QgnBITORTARD s&idlickr 160, PeRblizer

TXCLK/ K to match that "of signal CLKI (such phase IR

%?%25%%%@%%%@1 éﬂ%ﬁfg&ﬂ 0954 stzﬁglgfonnat tlmed éc__coi*ding

to clock signal TXCLK/K. In t_ransmit mode, jitter may be cleaned-up in signal_DATA by

~ use of clock signal RCLK to regenerate signal DATA.

[0034}: Retimer dévice_ 180 may request and output samples from serializer 160 at
a frequency determined by clock signal TXCLK, Retimer device 180 provide one oufput
stream for transmission to a network (such output stream is shown as DATA'QUT andcan .

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

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

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

200, in accordance with an _enibodin_lent of the present invention. Receiver sysfem 200

may include 2 multiplexer 202, phase detector 204, and receiver clock signal‘sour_be 206.
Receiver system 200 may be used in a communications receiver device such as an optical f B

9




"is label ed CNTRL2). .Loop filter 124 may transfer BDEC ZUUB

WobdadGNERL2 from charge punp 122 if the ph _
change glg\%—nal is within the pass bandw dth of a?‘g’c‘!b’sz"““mﬂﬁﬂ

filter 124. The bandwidth of loop filter 124 may be
wijitter transfer from signal

large to _ensyre a ver I%c)) 1 |
- sigpaljtrangpeiver Reeeiyey s rlay operate in ef Igest “lombeeirany Teceive”
may provide. a clock signal TXCLK. C ock source 120.

medEs.change t he phase of signal TXCLK based on the

phase change signal CNTRL2 selectively transferred by

I s T ek e

00331 I\/UIt exer 155 may_ receive signal LB
o e SRR Bty d ol IplomeaoB: CPRRonERS Af system 200

froma source such as a processor 12 (hot depicted):

 maybe geplementrd amongsevaral mtggrmdamrcws thetintencamsfoeicate using, for
-~ signal LBINPUT to seri alizer 160 whereas in - _
 exampiis; aibus ansbnductivetiéads ek 8 prifeB ciienit boaadis er si gnal -

'DATA to serializer 160. Serializer 160 may convert a

B mat of. . s al s.-from nultiplexer. .155 to_seri al -
'"’? mat t.%fal%g?ée’foﬁ& TRYY TeEEive &snaslr A@@wllasﬁmgnamx .

sm't_node, jitter may be cl eaned- up i n signal DATA

: 'D@}‘A @@%LO@P&&C& mawbe Relgral providegatveing tiae or gystém loop back

DATA. 100341 Retiner device 180 may request and out put

madesp| ks léopdrackriods, ithemulkplexei 202ardnsfeesine) LODRBRACK $hereas-
by clock signal. TXCLK. Retinmer device 180 prow de one _

. in OrebEIE” mbdd, Gﬁ&ﬁlﬁblekéﬁ!ﬁ"&aﬁﬁe&% gﬁl gﬁgﬂw ‘T—ée use the signal

out put . str eam is shown as can

t I I
'Habééfgg?é/gfgﬁuﬁﬁ%}gtem ﬂ)s(gg%ﬂe %W%kﬂ?‘%%cﬁoggpyoi 2 ' oc_a‘

- shown. as SYSTEM LOOP BACK OUFPUT) [00351 FIG 3
[0038i ct s Bhasepiotesionl@4 map ipeovid satriples ofbigaall TR BIGHAL timed
‘receiver system 200, in accordance -w th an enbodi nent

aceoidihy €o e eRRR kignaVEX IULOCK RPN m%r}b% b&iFL965. ’f‘lﬁ'ysamples may
i nclude a nul tipl exer 202, phase detector 204, and

, ,bc E‘?fﬁfablé%r ﬁﬂge&hﬁng 'bg R3evR HB‘%ESH%QI% ﬁonﬁzgﬁsgérxﬂ ggg §%021t a% ? C;ﬁgc_essgr

ommuni catl onsS recel

to ]?B?fo% C%proﬁeé}lt test‘ingl and/or network path testing. The samples may be made

. available as signal LOOP BACK OUTPUT for use in line loop back mode.

{0039] Phase detector 204 may outp.ﬁt 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 be 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




'9 6 DEC 2006 WO 2005/ 027399 PCT/ US2004/ 027730 i gn3| DEC 2033 -

r. Receiver systen1200 may operate in at
ﬁ@gg@gﬁ#’%%p back" and "receive" nodes. [00361P¢T{U§W@4/027730

i mpl'enent ati on, conponents of system 200 rmay be

'_igglenented anong the sane integrated circuit. In
‘ 1 0y npl ement ati on, conmponents of system 200 may

be inplenented'annng sever al integrated circuits that

e O i‘&?%?ﬂ@%ﬁﬁ%ﬁ@& Pt efis-pramles o6 present

regei ve a S|gnal LOOP BACK :as wel I-
“‘3(5“‘50'@ 'll'g?]%ﬂwwfz thBAfFAeﬂt sRysatien; howpveAeky paynesas Hmited hx these

provided during |line or system|oop back nbdes. . In .

_ speptf@p‘xmks Nwderous vanamm, Nfrheﬁlce explioitiytgivensih dlesspem@nalien or

LOOP BACK whereas in "receive" node, the mul ti pl exer-

- n@pghch madiffertnsessh gradtuB)XdiRARdon, Had @8d 6f&hat&ﬁtﬂ &b %anle Tﬁe

transferred by mul tipl exer 202 is referred to as

ﬁ?%s ilvegRalis Bese aﬁﬁﬁoﬁ&h@%v&@ﬂ %Yolﬁvﬁﬁggﬁfﬁ?nm es

signal TR SIGNAL tine cor |ng to t ock
si'gnal RX CLOCK.from cl ock signal - source 206. The
sanples may be avail able for processing by a device

“-downstream from system 200 such as a processor to

“perform conponent testing and/or. network. path _
testing. The sanples may be nmade available as signal
LOOP BACK OQUTPUT for use in line |oop back node.

[ 0039] Phase detector 204 may .out put a phase

-di fference signal- (shown as DI FF) that represents
whet her a transition of the signal TR SI GNAL | eads or
| ags that of clock - signal RX CLOCK. Phase detector
204 may be inplenented as an Al exander (bang bang)
type phase detector. O ock signal source 206 may
provi de clock signal RX. CLOCK. O ock signal:source
206 may adjust the- phase of clock signal RX CLOCK
based :

it
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on signal DI FF. C ock signal source 206 may be 6 DPC 2006

configured in a phase-|ocked |oop manner to transfer

almost all jitter in the received signal 10 6DEC2006

WD 2005/ 027399 PCT/ US2004/ 027730 Modifications [0040]

The draw ngs and the forgoing description gave

exanpl es of the present invention. The scope of the

present invention, however, is by no neans limted by
1. thésgsters pembfisiag:exanpl es. Nunerous vari ati ons, whet her

ex Iicitly.given in the specification or  not, such as

di § fist BAREETeTHo Jeserte Ancnpy signal pushto tememifctegifsignal based on the
: j . possi ble. The scope of the invention is
mput;g?éq%{:?am@%road as given by the followi ng clains. 11

6 st 20686er td réeivA asytatnesipead frpm the negfwoek;f i r st

transmtter to receive an jnput signal and to transmt

a T ¥ERNSTegHET t‘b‘a@%‘aeg}?tﬁélgn ﬂ%‘i‘ﬁ’ﬁ‘&q’rkt%lda net wor k;

a f doiild frRGRIING 0 tQelvEIRE ¥t Sl D i B0 rteéémrtu@ﬁalg a serial

network; a second receiver to receive the test signa
comnhyrieatiohe ling twisrdin thersdcendsteansmdktdr iatrswiltdegitter dn thedest\ségnal and

. test siagnal fromthe second receiver using a .
provig e i sl lesc A e er i e\ 3eg nd wherein the
secorld' ettt 8¢ td fedbe® jitesl e ehd febil $fnal Baded Ont @Sk ShiAprodMd by a

rovide the jitter reduced test signal as the return
Pluraﬁtyqrfaﬂloqkowm@s ¢ whereicbe\segongriepngmitics cpmptiges asdecipnliplexer to

eals ] - %ii" ter,i test signal
de Se{)lgl?e% oﬁgﬁ%{gﬁb%?%élg g%pr 0\1/13ty e&l%’g S%H%s'pl urality of
cl ock sources and wherein the second transnmtter

c rises - tjiplexer. to ) ) .
2. Oﬂ;% system 0? cﬁl?m rP,J rthgr compnsgng 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




10.

de-serialize the test signal based on the plurality of

clock signals. 2. The systemof claim1l1, further 6 DEC 2006
conprising a data processor to provide the input

signal to the first transmtter and to receive the

return signal fromthe first receiver, wherein the

first receiver is to transfer the return signal wth
substantially no additional jitter correction to the

dafiR R5emEFPimas) GuMheBhpritiRg adAlRory 1%RE SQipléPtol e interface.
determ ne path integrity Characteristics based on the

i nput signal and return signal. 3. The system of claim

o T DHER ofaR e trlaf o leGprofiioral e BFRAR Hindit R e

in coMipBERe WilhNEBEYoers ace is conpatible with XAUl. 5. The

11.

systemof claim3, wherein the interface is conpatible
with I EEE 1394. 6. The systemof claim 3, wherein the

[ ' Mol ' . . -Th f
'Cr'lth%r J)%I%ﬁsr h]fs f:ﬁ.g?n%t&}gr&n W HatzFi) groc{ecs:%)r flér 0§ pedSiE ) @c&ﬂ t1:1(r:)a:nsport

arm conprising a sw abr ¢ coup

netwérkeleHftngng Ac@mplfincelhgh FPSTM709. cl ai m 3, furt her

12.

conprising a packet processor coupled to the
interface. 12 DEC .2 DOG | 9. The system of claim 3,
F UHeN St TR di st , YnERIP e QM']ﬁ'Gce%%Hpilsetg Igé}fomeforward error

dl
intertace. 10. The systemof clarm wherel n the

correciaingprprestieg sovommiance with I0+H GP@5.a access control in

13.

conpliance with | EEE 802.3. 11. The system of claim 2,
wherein the data processor is to performoptical

t rRRspaEh of BRINAY KurBiRr ESrAPHME d dats BFRIREJsBNGS HriNilidk Thput signal
G 709.9 12.0 The syst err{ ofrﬁisc':f?dgi%m 2, g,hergi n t%ﬁe dat a hpul sign

 to thepfirstsansanitterand gvhsesin thefirstoeorivey istorreeeivabe test sigeal from the first

' J i e wth.l T .13, Th
wansiBlF G55 Ao BRI ARG el whéieln e St apdier 3t Butmagster the
test sighalpwialy bwtstantisily Apeddisér@hfitter 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.

15.

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

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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to the first transmtter and wherein the first 6 DEC 200¢

receiver is to receive the test signal fromthe first

transmtter using a serial comunications |ine 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 determne path integrity

c h@&@-ﬁﬁlﬁ{ﬁlé&k S cdiReR thePfindphS m@%afegmam% b8 divided down

i nput signal. 14. The apparatus of claim1l erein
VﬂmOMQfﬁ@ﬂmuiMOdUmpmﬂgmd an optical network. 15. The

ar at e, networ k includes
e o SsPie Bl o 1 roxiiSThY o Elgof sifaltof Bsefond clock

signal @CBAsK® odta PIRAS ko Ef;an%oﬂ ibgBRich tREfivRRE %@n&%ﬁ’slbrp of the first clock
accordance with hernet. 16. The systemof claim1l,

signahpvedt e dividesl dommseersiomeithe thirdrcledkrsignakes: a cl ock and
mul tiplication unit to provide a first clock signal,
wherein the first clock signal is based on a phase

17 COTMYBtSmmfhﬁﬁm/ﬁﬁﬂwﬁei@mGtB@ﬁrs@fr&fkhuﬁérgiiﬂher@ ﬁﬂséﬁll vi ded

down _version of the fjirst clock signal;

det ipliger t canger dhe paplel forgiat a@nﬁmce%eﬁélr ormal sapples based on
the dRAHowAAR AT % i (i Hiflt Eflck Geflifany) Nal . wherel n the

ased oh the flrst cl ock signal;
131 -filmemntol provile tier sdrial fomat sdmplésefrsmnthe earidliatoas the test signal
aral | el mat based on a divided down version of
bwwiﬁﬁﬁ%ﬁ?$&‘@k6@%ﬂ3|gnal and a second cl ock source to
provi de the second clock signal, wherein the second
cllock signal is based on a phase conpari son between

18, t Hehedysteed cliwr, whersinghe Gfst taveived fughersonpkisessi gnal

SRR T RN S—

transmtter further conprises: a serl alizer to convert
the parallel format snﬁgles into serial fornat sanpl es
19. palhesygeam of gleimly whergindbosecord SRusmilsar cpmgrisesi st cl ock

Si903dk a:félnlgultlphcatlon 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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Qa re-tiner to provide the serial format sanples from 6 DECfZODG
the serializer as the test signal based on the first
clock signal. 18. The systemof claim1l, wherein the
first receiver further conprises: logic to transfer
the return signal with substantially no additiona
jitter correction. 19. The systemof claim1, wherein
the second transmtter conprises: a clock and
my x‘é'tﬁﬁér‘%@gfd%'iheutﬁb Serhf? TR klfiplds Frbihhe §érﬁﬁ§ersd' gﬁ@lletum signal
wherein the first clock signal 1s based on hase
basedomntbe fir# olochsignaen a second cl ock si gnal and a d|V|ded
down version of the first clock signal; a phase
detector to selectively provide sanples of the test
21. SITRASEATEIRM B Withdif thdebnd L& is t0\RRis&irhd RSt signal with
third clock signal i's based on the first clock signal;
substamiallz ng eddifional jigekcostsgiierctotthe gacond Wansmiftersecond cl ock
signal, wherein the second clock signal is based on a
phase conparison bet ween the divided down version of
2. tbﬁnﬁﬂkﬂko&?ﬂﬁhg signal and a divided down version of
the third clock signal, wherein the de-nultiplexer is
t ¢t 2 S5 ansceivee sanples into parallel format based on
t he di f the third clock signal.
20. Thé&%ﬁﬂ? %f@?ﬂgﬁéya wherein the second
t r ans mittahemitth@nptesisagnal 2o sejeivsair]i:,zvelreréim tlootestedignat fsebased on the
parallel format sanples into serial format sanples
bd3sighals t he di vi ded down version of the first clock
S|agg§écon@ﬁgnsgélngC Zbo6 a re-timer to provide the
serial fornmat sanples fromthe serializer as the
returnmmqwng&maﬁeﬁgmﬂﬁwhmhﬁmﬁﬂmﬂglock si gnal . 21 The

system of .claim.l rein the.se re ver
¢ anor & BpicHiok o el e SRR RRFTAY o wdabiSnal jiter
aqghbaﬁmabaﬁﬁﬁggmaporrect|on to the second
transmtter.
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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25,

22. A nmethod conprising: at a first transceiver: 6L DEC 2004

receiving an input signal, and transmtting a test
signal to a network, wherein the test signal is based
on the 1input signal; at a second transceiver:
receiving the test signal fromthe network, serially
transferring the test signal with substantially no
additional jitter correction as a first signal,

r ' i | ' ﬁﬁhgr i . ssi.gnal , wherein the
rggtég#ér}go%éﬁlgﬁl%%c u ets:é)rg}z{mlzééri alizing the first
siafted filbttermdcadvera pl ural ity of clock signals,
transmjfting.the jitter reduced first signal as.a
second -_:egﬁgpng B H%tegfétpr\ﬁgﬁqggtengwa based qpea gomparison between the
t AR GRInYRInd thE RSt 51 the second signal fromthe
network. 23. The nethod of claim22, further
conprising: at the first transceiver, determ ning path
integrity characteristics based on the input signa

and the second signal. 24. The nmethod of claim 22,
wherein at the first transceiver, transmtting the
test signal to the network conprises: reducing jitter
in the input signal; and providing the jitter reduced
i nput signal as the test signal. 15 6 DEC 2006 25.
The method of claim 22, further conprising:

16




. +«at the fi rst transcei ver: determ ni ng'p‘ath'i ntegrity
' ‘%ﬁ%ﬁ‘?’?terl stics based on a conparison between the

6 DEC 2008

02°%hal and the test signal. J F 16 6 DRKI/G%0@4027730
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