TECHNI QUES TO TEST TRANSM TTED SI GNAL | NTEGRI TY Fi el d
[ 0001] The subject matter disclosed herein generally

w0 edoates9e 0 t echniques to test transnmitted si gral/us2004/027730
integrity. Description . of Related Art [0002] Jitter is
the general termused to describe distortion caused by

variation of a signal fromits reference timn

bosi TEGHNIQUES ST ST-TRANSMYETER SN AL, INJEGRITY
system bits arrive at tinme increnents that are
integer multiples of a bit repetition tine. In an
operational system however, pulses typically arrive
at tines that deviate fromthese integer nultiples.
Thi s deviation may cause errors in the recovery of

Fieldat a, particularly when data is transmtted at high
speeds. The deviation or variation may be in the

o) i RS BBl e o e

including inter-synbol interference, frequency
trangmitfedisigpabintegaityeen the transnitter and recei ver

cl ock, noise, and the non-ideal behavior of the

receiver and transmtter clock generation circuits.

[0003] Jitter is a problemof particular inport in

Da@bﬁhbﬂbfﬁ@ﬂﬁthfﬁtions systens for several reasons.

) ses the received signal to be sanpled

a non-optimal samlin Y R Na] o
1008} cos A8 TR ssieRei e ShicnbliR s EAERERY vapipgon ofa
~thus limts the information rate. .Second, in racIiﬁaI
signg), Ep@rts, reaRIC FBHRE PRNTION 812 CORITUHEAoPS SYsiioy; g 1deal system,
sanpling clock fromthe incom ng data signal. Jitter

bitsramticessat timesinerggientsithgiiatd intaget sultiples of a bit repetition time. In an

operational system, however, pulses typically arrive at times that deviate from these
integer multiples. This deviation may cause errors in the recovery of data, particularly
when data is transmitted at high speeds. The deviation or variation may be in the
amplitude, time, frequency or phase of this data. Jitter may be caused by a number of
phenomena, including inter-symbol interference, frequency differences between the
transmitter and receiver clock, noise, and the non-ideal behavior of the receiver and

transmitter clock generation circuits.

[0003] Jitter is a problem of particular import in digital communications systems
for several reasons. First, jitter causes the received signal to be sampled at a non-optimal
sampling point. This occurrence 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 significantly
more difficult. Third, in long distance transmission systems, where multiple repeaters
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nore difficult. Third, in long distance transm ssion
systens, where nultiple repeatersreside in the |ink,

W paosee73accunul ates. Brief Description of the BXBWS109§027730
[0004] The subject matter regarded as the invention is
particularly pointed out and distinctly clained in the

resifBO AP ARG iROLLLARAL | N speci T catfon.  The
I nventi on owever oth as to organi zation and net hod
of operat| on may best be understood by reference to

%, onjoh thelBrawings| descri pti on when read with the
accorrpany| ng dravvl ngs in which: [0005] FIGs. Ato D

[00(9I:fp| ct Sf(hset s% EH%T%%%?&H él‘;ée El%gxtﬁ)oql' ?gglttl%uﬁﬁytplaﬁlted out and

esent 1 nve I on

n of t can b f or
distHy G b 6 EPRFIIging BuBEh AhfesPei g e Renton gpever,
t he present invention; and EOOO?] FI G 3 de |cts one
botlpasten aspanization ané Aregiddg operation Biep besde undersiopd by reference to
system in accordance with an enbodi nent of the
the folkswng détaehddscmptign0a@8]readwish theatccompanying drewsgsen which:
reference nunbers in different fi gures i ndi cates the

B S £LS TR S R PE R bR e ppen

that can use enbodi nents of the present invention.
mV@&F@Pem may i nclude an interface 11, processor 12,
cl ock and data recovery device (CDR) 14, and

[OO(F%eCt ri cgg, QQTC@EES' 4 ?én%'ﬁ?ﬂtloﬁ%@‘é%%t@rﬁ tﬁzﬁjcg bd Bsed for clock and

010] Interface may I‘OVI de I nterconmuni cati on

databr%tcg\\@e?’}r), LGraat wakﬂdan embodiment of the present invention; and

[0007] FIG. 3 depicts 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 invention. System 10 may include an interface 11, processor
12, clock and data recovery device (CDR) 14, and electrical-to-optical signal converter

(E/O) 16.

[0010] Interface 11 may provide intercommunication between processor 12 and
other devices such as a memory device (not depicted), packet processor (not depicted),

microprocessor (not depicted), and/or a switch fabric (not depicted). Interface 11 may
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ot her devices such as a nenory device (not depicted),
packet processor (not depicted), mcroprocessor (not
waolepsorBe) , and/or a switch fabric (not depi cted)/US2004/027730
Interface mayconply with one or nore of the foll ow ng
standards: Ten G gabit Attachnment Unit Interface

con(w% é)(’lg t%g ﬁ{é)g?gf;shb %éi §9Rdapds: TERGiSA% ARhnRAMUNIt

_ , Seria Perlpheral nterface (SPI),
o QORGSR LR | el LR ok SF b e S B
e B R S TS Tl e i

interface (TBI), and/or a vendor specific nulti-source
Indengndestranter RUELME) Gieerried i BEHE BOTHIEEESR- 309, areyclated
perform nmedi a access control (MAC) encoding in
stanclardg), iPariplerilaCorepanept tantdnine&t(AED NN bitastediase (TBIgdnfler a
exanple in | EEE 802.3 and rel ated standards); fram ng
ven@&paEifi Riulg-sbiirc€ apiebman M IOrprétsastpl € with 1 TU-T
G 709; and/or forward error correction (FEC) encoding
in conpliance for example with ITUT G 975. CDR 14 nay
[00¥1gnpve jBreeespor2gnaspy prHd9scgeTraroptM ALY spgoding in
For exanple, CDR 14 may utilize sonme enbodi nents of
coniphiengsr fos exeample wetht Etbernetfaslesaybasbliov exammdé sciEER$02.3 and
signals into stable optical signals for transm ssion
related stahdefls); Gaming hvbwiapping if oomplianek éomsxamipleonih ITEIQT GS709;
not used and an electrical signal is transnmtted to a

andMB 8K ERoiorreBli RIEEC) EhbSliNeh RYPliahQPRE ExamplO RAAIITU-T

n one | rrpl ement at1 on, "component s of transmtter

I
S may_ be i.npl ni. n i nte
G927 EBR PP ilF orRFosc P ROFLHER SRR el BE pRiRRef B2 CPLA ot
transmtter syste 0 na i npl enent ed sever al
CDM@é@%‘Ya%‘tFeéPWG&mrg@?i%y?ﬁﬁ%wgg?ﬂw}ﬁe%%%]ﬂ@{nw gpnvert
exanpl e, a bus or conductive |eads of a printed
eleatiieat gignalp dnge gtable optical signals for transmission to an optical network. In

some implementations, E/O 16 is not used and an electrical signal is transmitted to a

network (e.g., gigabit Ethernet over copper).

[0012] In one implementation, components of transmitter system 10 may be
implemented among the same integrated circuit. In another implementation, components
of transmitter system 10 may be implemented among several integrated circuits that

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

[0013] FIG. 1B depicts an implementation of a receiver system 20 that can use
embodiments of the present invention. System 20 may include an optical-to-electrical
signal converter (O/E) 22, receiver (RX) CDR 24, processor 26, and interface 28. O/E 22
may convert optical signals 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
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[0013] FIG B depicts an inplenentation of a receiver
system 20 that can use enbodi nents of the present

WO pasorizen. System 20 may include an PCT/US2004/027730
optical -to-electrical signal converter (O E) 22,
recei ver (RX) CDR 24, processor 26, and interface 28.

(e.g.h égﬁglr%gﬂt@éne‘f 80%‘?0&)})%?9 R&AEDRIANGA eHoQE’?]ﬁ@r R8I rE&ived signals

sta ectrical si g Somne

and ig@'ﬁ%lm:f?cin?al g errr(%%l grflal% n%{k":%lgﬁt%u a(eydus% %gm% %m%b S{fﬁe{ntsc(ﬁj the

Et her net over cop rennve
PreseRtdpysnEes; ¥ @&esospgﬁifr@y ggéow H\?ﬁ@@ce sg coRtel éM#QRF&fessmg n
signals. RX CDR 24 may use sone enbodi nents of the
compliansedor ¢xamplte Wish Etlreamml@al tegspary ngieptko(QT Nide-framing and
access control (MAC) processing in conpliance for
de-veripypipg & sdnpliaktdrfor eedmple mithcldIU-Tr@ Ah antl/on édrwarkerf TN
de-fram ng and de-w apping in conpliance for exanple

corr!%tfolﬂ (FE@) pro’eséitg; in 3B RENCE F6MVEXathpRS WK ITOIT €04750 Mnterface 28
processing in conpliance for exanple with ITUT

maygB ?\7156 1&t&£&5&%ﬁﬁa§(§%ﬂa&88{ bEGSor fbtzﬁfdco‘?ﬁ@iﬂfﬁbﬁ@g éalﬁﬁ asa

eén processor er evi ces Ssuc

e R 9 5581 55 R B FSAr  co

switch fabric (not de |cteﬁ%~) Interface 28 may .utilize
depigted) angl/or, [ é‘%ﬂq @ﬁ depact &%Efa%?szgt THBY% B“]éﬁe similar

interface . [0014] In one inplenmentation, conponents
comofunicatienstechnsguss estidde ofiptentace bl enent ed anong t he
same integrated circuit. In another inplenentation,

nponents of receiver s . i n
013 ohg "o 8% B FEEH i U EPFER O TRkAyES o T B e
i nt er conmuni cate using, far ex
lmp@&?aﬁé@%glt@a%edﬂtegr%‘?‘{ GHcay- ifen?%’iletr lwﬁﬁﬂ&nwf*@ea‘éamponems
FIG 1C depicts a systemthat can use sone enbodi nents
of resiveheystenes@may ibavmplemsnted Bmong @eu\fqrﬁuntagﬁatﬂd aiticufty Bat
may be used in "line | oop back node.
intercommunicate using, for example, a bus or conductive leads of a printed circuit board.

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

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

[0016] For example, transceiver 70 may utilize a transmitter system 75-A
(transmitter system 75-A may utilize transmitter system 10) to transmit a test signal to
second transceiver 72. Second transceiver 72 may receive the signal using receiver 77-B
(receiver 77-B may utilize receiver system 20) and then transfer the received signal back
to transceiver 70 using transmitter 75-B (transmitter system 75-B may be similar to
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 transmitter 75-B. For example, a
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Transcei ver 70 and second transceiver 72 may exchange
signals using a network. [0016] For exanpl e,

wo cassespyer 70 may utilize a transmitter systeor/vS2004/027730
(transmitter system 75-A may utilize transmtter
systen110) to transmt a test signal to second

prodel AP Slecelder 7964 AV EQNSHE 'téé?glglqzﬁ o BY¥ pf@g‘fz?rhfﬁ@d Wh the

signa ing receiver "77-B (receiver -B may utilize

ve st.em,2
o ST TR AR M R
compgReTaHBE )0/ PN St o L“e'r YAy be
simlar to receiver 77-B) of transceiver 70 may

[001"‘;}9 ceive FtIGeIE) lapiets @ oy 8emSih @Bedrddnce Withr ANsB ddiBént 68 tHS present
or exanple, aprocessor used by receiver 77- nay

1nve'ilﬁ&?' ffc LM g&?ﬁ)n%'f f@.ll rp&b g%ﬁﬁ?@ LJ?)P tEkefn%ﬂE (ie.,

USG urin I ne

@%&%@% eSS ST Wovongh

depicts a _system.in accor dance with an enbodi nent of
local pemypppisatiqrsipatieditacty to TFReCVERPQrEoR af 3 BANSSFIVEY @5 to lega)
be used during system | oop back node (i.e., the test
recegvegn dior iesample, the aosfrgurateen afflGu b neayriaclude fonipanehtsfom both
the Internet) but through a | ocal comuni cations path

tran§thitR€ kysyent 00 and REEivEI0 PYPléheniedin the tandBaBCH@Er dBvideo
a local receiver). For exanple, the configuration of

Instgald%f tlQn%Mtlﬁé]é: LiUAQ 16 AMBARER. ttﬁls fehbURRND ?m&k%ﬁransmltted

system 1 recei ver 20 i nplement ed sane

mgan £ ﬁr%{nﬁltﬁgld %Eshe%? 10 %gﬁﬁratg ?geu;err st fﬂ {hgs' &%mgles 'p%?:%gsor 26

transmtted si gnal omtran ter. s mdlr tl

may, ieesdy S, @ besosTpag %lthsggs FUS§5 SiERR Ik 801%8/%? brbpgsor 26
or be programed wth the si gnal used durlng | oop back

can defermhiae wheterewapornzat f@amgcﬁélﬁgﬁ weierkhathiesting pagonent
testing and/or network path testing pass.

[0018] Some prior art transceivers provide loop-back capabilities. In one prior art

implementation of “line loop back”, jitter clean-up of re-transmitted signals is not
provided. Such implementation has the disadvantage that the jitter 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.

[0019] FIG. 2 depicts an implementation of a transmitter system 100 that can
perform clock and data recovery in accordance with an embodiment of the present
invention. System 100 may clean up jitter in an input signal (such as signal DATA or
signal LOOP BACK INPUT) and provide the jitter-cleaned signal for transmission. One
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[0018] Sone prior art transceivers provide | oop-back
capabilities. In one prior art inplenmentation of "line
wo omp/obaek”, jitter clean-up of re-transm ttedper/gsmbe027730

is not provided. Such inplenentation has the
di sadvantage that the jitter transmtted back has

lmp?e&ﬁ&ﬁﬁidﬁeoﬂ siy§tEB10098dY ihé108e hidltR&Xer PSU, in1{BIeLE 1835Tserializer
possibility for erroneous concl usi ons. Anot her prl or

16Oaf(1tolp bqplk?eg@f?/&af 4198102k an h‘lﬂﬁldblg%tﬁ)rglﬂ'gl “Ca S) @Obéiﬁi ffimer 180.

Ines to
i npl ementation requires excessi ve board space, V\,hl ch '
(00208 di ffiSyskem 100 imaploperetatin ianlees tyo svales: “‘hanghbagk’ and “transmit”.
[0019] FIG 2 depicts an inplenentation of a

Lodp' 0B Mdde ehiayshesisednnléddntdivn widhcqepdneniestingcindan ceghairia path
recovery in accordance with an enbodi nent of the

testRigE IRNop bhblY #IBHE Ry indSdee Mind DS d1BY stehe 3b-Afddes.t Aineilfop back
an |nput signal (Such as signal DATA or signal LOOP

fighRHEL 1?@0%&%ﬂ?r&§%t id Fience! ety Kbk bRide

trans ssion. Onel nplenentation of system 100 may

I hpl exer 155, serlallzer
conﬁgﬁ%ﬁ?ob%&éb tﬁedﬁ:&éggrle%éegt ?B%iik}é ock and multiplication
unit ("CMJ') 170, and retinmer 180. [0020] System 100
002}y operlataneiimpmentation, componente of systeno p0bmek be amplemented
“"transmt". Loop back node nay be used in connection
amWd the sanPinteiited eisduindnancther inipdémaititigpatdmp@shisng.system 100
Loop back node may include "line" and "systent

may?’ H@Irﬁ@%@nted\a}nbﬂg severd ilegktedeHBuitaRAt iftefRdhirhitaie using, for
descr’i bed th réespect to FIG system | oop back node

exafrg%'ef2 ]a_q}d GF &&Rlubt?ve%gdgrdfgﬁ)gmwdtct}c{lgggglgt to FIG |ID.

n one I npl enentation, conponents of system 100

[oofiﬁy be 'f@gpsﬂﬁ%Pgecglv%p?@me{}?nc? hh tfeg{c%rel% CH rﬁlghblexer

anot héer enmentation,” conponents of Sys

IO%nﬁZ}'ﬂgqrAb@rggg%fet%a@goﬁgp ﬁgter @44 alndn %3 E:?rtltgxdpof t(grcltf)l’ﬁ Phase

detector 102 may output samples of an input data signal (signal LOOP BACK INPUT)
timed to clock LCLK. Signal LOOP BACK INPUT may be a version of a test signal
previously provided for transmission by system 100. Phase detector 102 may output a
phase difference signal (shown as DELTA) that represents whether a transition of the
signal LOOP BACK INPUT leads or lags that of signal LCLK. Phase detector 102 may
be implemented as an Alexander (bang-bang) type phase detector.

[0023] Charge pump 105 may output a signal PH having a magnitude in
proportion to the magnitude of 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 frequency jitter from signal

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



exanpl e, a bus or conductive |eads of a printed
circuit board. [0022] Loop back receiver 101 may
w0 nimsoeBIphase detector 102, demnul tipl exer 103pCTUS100€027730
104, charge punp 105, loop filter 106, and phase
i nterpol ator 107. Phase detector 102 may out put

et
IR ) O 0 Snd ILCTD BBt s e

fre rgn 1Y,ﬁ{t§,!fgﬁ, g;‘(mgatglf %g&@phprew ously provided for

ansm ssi ase detector 102 may

00 pF ese haSZ?fﬁ"él.fa BT R o F‘%?%)%‘f%@}r@%@ﬁﬁéh%}mﬂar
freo&gw&s?ﬁ ety TR G KRB A7 P RO s i e Fifed based
o ST B b T e

proportion o the magnitude of signal DELTA. Loop
102fqnﬂtf@|quﬂ%¢|’ﬂ9ﬂt]r0§nsfer portions of the signal PH
whose frequency is within the pass band of the | oo
[0035]| t er 1Myequengi divides 184y seceivsoperal LEAK. dgsaveagy Bénder 104
set to transfer medium and high fre uency jitter from
mayprgrade sighaPL ENEKRN | WisCHT may be grvsrseprboldi Gektrequpray divided by an
frequency of signal LOOP BACKINPUT is approximtely 10
integergihtomdfipleher 158swd ldamdltiplexien bB. f linlane imp@éentayionaiasiable N
an upper frequency limt of approximtely 8 megahertz.
may B P4 ]altRbnagheothertvahyes Instydre us@¥. may provi de a cl ock
signal LCLK having a simlar frequency as that of
[00Zs] gnal  TDX&hidtipTexerm 03N hhylié0¢ive b serid tirgnit siadany ofdaagdes of signal
shifted based on signal DELTA. Phase interpolator 107
LOORB ACRVNG® TsardinidhvérCthé shdpled & piralie foei at@idih@2o tediming of
frequency divider 104. [0025] Frequency divider 104

clodiB{ga® € €T KENS ITstmal1tiplekdt- 108 negURoEde 8 ipitaller saddpe stream as an input

to multiplexer 155.

[0027] Multiplexer 150 may receive clock signal DCLK (from a device such as
processor 12) and clock signal LCLK/N (from loop back receiver 101). In loop back
mode, multiplexer 150 may transfer clock signal LCLK/N to PFD 110 whereas, in
transmit mode, multiplexer 150 may transfer clock signal DCLK to PFD 110. The clock
signal transferred by multiplexer 150 is referred to as RCLK.

[0028] PFD 110 may receive signals TXCLK/K and RCLK. PFD 110 may
indicate a phase relationship between signals TXCLK/K and RCLK (e.g., lead or lag)
(such phase relationship signal is shown as signal PH1). Charge pump 112 may output a
signal (shown as CNTRL1) having a magnitude in proportion to the magnitude of signal
PH1. Loop filter 114 may transfer portions of the signal CNTRL1 whose frequency is
within the pass band of the loop filter 114. The bandwidth of loop filter 114 may be set to

avoid high frequency jitter transfer from RCLK to CLK1. For example, in one
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may provide signal LCLK/'N, which nmay be a version of

LCLK frequency divided by an integer N, to nultiplexer
wda@sarmodenul ti pl exer 103. In one inpl enent at PONUS2004/027730

vari able N may be , although other val ues may be used.

[ 0026] Denul tipl exer 103 may receive a serial input

embodifail \Qﬁ%rﬁaﬁﬂpéllﬁflgyggft‘ %b%g? nat %I(Bé%{)}o%)rhgieg{‘lﬁ)ggi§%hertz, the

convert the sanp ['1Tel format accor

pasgrrlghsldtdf TPkt 154 (r&gﬂ%,l héi\f@ gxgh%l%e%%nc it bf dﬂp‘?&&ﬁla%gle 20

provide a pa e stream as an I nput
kiloﬁ}‘ﬂtii pl exer 155. [0027] Multi pl exer 150 may receive
cl'ock signal DCLK (from a device such as processor 12)

dclo I gnal N._(f.0 I eicver
[OOZI%E I oopccggglﬁg)rlrlg%eeb%rrﬁi/’ % rley%%é'geERC t%glgf e?r%;&/ 59 {tg’%soffgl%n%@@{u'
si gnal K/Nto PF 10 wh S,.In_t smit . node,
Clogksqures tl%éﬁabooww Adladlorer HLdx S S Ry biVeprD
10. The clock signal transferred by nultiplexer 150 is
appreximatelydhe samassiregniercy athate)f siempl T LKB eiGleckssoyrrgl 1 6 may
TXCLK/ K and RCLK. PFD nmay indi cate a phase

adjusethatphasesdficppchasigne EELEKI dasddsoniKEtrn HermetpdrbiKof @gmpl CNTRL1.
| ead or lag) (such phase relationship signal is shown

For @RarfipleWisedbh B;iEm@'ENDIjQL PWidtkdoliR¥ 198hidytchangd #@8hase of clock
(shown as CNTRLI) having a nagnitude in proportion to

; [ : [ - it lock
siane] SIS S pP R o PRt P clocisqupe 16
t he

mas S e 50 S0 e e sy G5 on (G0 A liGpen o

frequency jitter transfer from RCLK to CLKI . For )
charge phypipand;lpopfilies coBginaEAR is RIpBACG Y 3B hesping phgtdevices
signal LCLK is approximately 10 gigahertz, the pass
mayblzenased o sedentivelyl ttapsfed a phase rele@onshipuepresentedpusigaal CNTRLI to
limt of approximtely 120
the clock source 116 when the frequency of CNTRL1 is within a pass band frequency
range.
[0030] CMU 170 may provide clock signals TXCLK and TXCLK/K. CMU 170
may include phase and frequency detector (“PFD”) 118, frequency divider 119, clock
source 120, charge pump 122, and loop filter 124. Frequency divider 119 may receive
clock signal TXCLK. Frequency divider 119 may provide signal TXCLK/K which may
be a version of signal TXCLK frequency divided by an integer K. In one implementation,
variable K may be 16, although other values may be used.
[0031] PFD 118 may receive signals CLK1 and TXCLK/K. PFD 118 may
indicate a phase relationship between signals CLK1 and TXCLK/K (e.g., lead or lag) and
provide the phase relationship to charge pump 122 (such phase relationship is shown as

signal PH2). Based on signal PH2, charge pump 122 may output a signal to change the

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



kil ohertz. [0029] C ock source may receive the
transferred portion of signal CNTRL . Cl ock source 6
worgosoeput a cl ock signal CLKI. Signal CLK neg1/i1s2084/027730
approxi mately the sanme frequency as that of signa
TXCLK/ K. O ock source 6 may adj ust the phase of clock

is 1§de&aaiNﬁu§iz) basepdilRp 124 tal transtedigag mnpﬁomfcha@rﬁhqp 122
For" exanpl e, based on signal CNTRLI, clock

lfm%g&ﬁageech@n o §ﬁzh ﬁ‘&ﬁhﬂﬁﬁe Py %End%ildfh' ggﬁgﬁg&aﬂzzt%'e bhRdwidth

oxi mat t hat si gna exanpl e

of iogh ey R4 S PERe BEaATATOET oGS ol i e CLi1 o

har ge and loop filter conblnatlon is provided as
'TXQHKé¥Qﬁ§$€f -ein, other devices may be used to
sel ectively transf er a phase relationship represented
[0033) si gnallock@Ewirte 129 mheprivisisie degkr dgnahl&§ LikheClock source 120
frequency of CNTRLI is within a pass band frequency
may éln@ge tHeGh3sy ofCiddal TR A&y bgsedvn tde phascshaap@sigha OXTRK2
and TXCLK/ K. CMJ 170 may i ncl ude phase and frequency

seledB QG tahsterr é)cﬁg/ doop Sltef lﬁgbﬁﬁ(é)(alﬂbw é8ék QCQbrceciﬂﬁrKay be
source 120, charge punp 122, and loop filter .

\ ock si gnal TXCLK.
imp re u‘gdwn%ya ‘gille\é%%gérm%ﬂl%&&g%\gﬁ ggcg*gnal Tg<CLK/ K whi ch
may be a version of si gnal TXCLK frequency divided by
[00330 i nt egdultiflexen] Shmay ngeersignak LB ANPUAT frah leopkback yedeever
16, al though other values may be used. [0031] PFD 8
1011 sigpaEDUE ASframal soufdelshictaaith probdskérd2 (RbRiepidt@d). In loop back

i ndicate a phase relationship between signals CLKI and

mode uffiffe£ed 195 mdyQBAsRF sibAQLERMPUT to serializer 160 whereas in

transmit mode, multiplexer 155 may transfer signal DATA to serializer 160. Serializer

160 may convert a format of signals from multiplexer 155 to serial format timed according
to clock signal TXCLK/K. In transmit mode, jitter may be cleaned-up in signal DATA by

use of clock signal RCLK to regenerate signal DATA.

[0034] Retimer device 180 may request and output samples from serializer 160 at
a frequency determined by clock signal TXCLK. Retimer device 180 provide one output
stream for transmission to a network (such output stream is shown as DATA OUT and can
be used in line loop back mode) and may provide a copy to a local receiver in system loop

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

[0035] FIG. 3 depicts one possible implementation of a loop back receiver system
200, in accordance with an embodiment of the present invention. Receiver system 200
may include a multiplexer 202, phase detector 204, and receiver clock signal source 206.
Receiver system 200 may be used in a communications receiver device such as an optical

9



provi de the phase rel ationship to charge punp 122

(such phase relationship is shown as signal PH2).
w®amed2sm si gnal PH2, charge punp 122 may out pRtT/8S2004/027730

signal to change the phase of clock signal TXCLK/K to

mat ch that of signal CLKI (such phase change signalis

agda@g%lls%glvgmﬂc%)ver L0k 20d ﬁﬁff o%@r?heqﬁkit feh @R RJoPIbadlk It “receive”
CNTRL2 from charg€e punp 12 he phase change si gnal

mo%s wi thin the pass bandmndth of loop filter 124. The

andwi dth of |loop filter 124 may be large to ensure a
very low jitter transfer fromsignal CLKI to TXCLK and

[0036XCLK/ K. In[oDe 3Rplefieotakios,amompendif ofigygtepr 200 uley he chpleinented
signal TXCLK. O ock source 120 may change the phase of

amdtigdR@banledakdgriresd cigcudt Th AotBBEiIRH]heHi@ NS teiFdneslIRs¥stem 200

sel ectively transferred by loop filter 124. For
e P ALe R CBL AR Syl ot vin, o
| NPUT f I
exawiekafﬂggéﬁrp u‘itbv%ﬁgq’f% °§?‘£¥1‘§ %ﬂ\ltp?‘gﬂﬁ a sour::gmsuggp

as a processor 12 (not depicted). In lLoop back node,

[oo3m! ti pl eManipldxer 26ymhy asesivera sidnghBOOPEB ASRUE Wéll as a signal RX
serializer 160 whereas in transmt node, nultiplexer

DAT2D al oS BACKS i ak alfhAT é@vﬁ@ﬂ WalihZBhe 3{659/stem loop back
Serl I zer 160 nmay convert a format of Signal$ from

ﬁrp J‘lg gﬁ’i cjrc&ac% %@ %ﬂlglg%ﬁg@n& tltah&gg ?%%ﬁﬁdg@’l"?rl%aéegewhereas
n ?%E%ESEWBM%@&RW TRt M A S BERelaer Rl Sina
request and output sanples fromserializer 160 at

tranafemeééwémdwlaéqr@@ﬁqlm@w telapdR JCOHHEL. TXCLK. Reti ner

devi ce 180 provide one output streamfor transm ssion

[00%8:]: dac gﬁtIyiﬁrsé(dét@éf&hdﬁ%%“f)roﬁd'e%%bié of Bgﬁ‘ﬁ TBESINAL Alled
according to the clock signal RX CLOCK from clock signal source 206. The samples may
be available for processing by a device downstream from system 200 such as a processor
to perform component testing 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 output a phase difference signal (shown as DIFF)
that represents whether a transition of the signal TR SIGNAL leads or lags that of clock
signal RX CLOCK. Phase detector 204 may be implemented as an Alexander (bang-
bang) type phase detector. Clock signal source 206 may provide clock signal RX
CLOCK. Clock signal source 206 may adjust the phase of clock signal RX CLOCK based
on signal DIFF. Clock signal source 206 may be configured in a phase-locked loop

manner to transfer almost all jitter in the received signal.

10



be used in line | oop back node) and may provide a copy

to a local receiver in system | oop back node (such
w@o@g/orBIshown as SYSTEM LOOP BACK OUTPUT) . [ 0PGBDSH0h42027730

3 depicts one possible inplenmentation of a | oop back

recei ver system 200, in accordance wi th an enbodi nent
Ddoﬁﬁc$ngspresent i nvention. Receiver system 200 may

I nc a multiplexer 202, phase detector 204, and

recei ver clock signal source 206. Receiver system 200
[004fhy be Uhedriwings askthe firgaing dns:rm@@'gwexaw{%@f ghegnesent

as an optical signal transceiver. Receiver system 200
invelitiyn. Opiersade dfMh@prebamptvehtian hotvacds, isdiycho ' memelivéted by these

nodes. [0036] In one inplenentation, conmponents of

speciiS & RMpAQ0 NBMerbEs varatienE WiRthe BRIty B v&PRRhe specification or
integrated circuit. In another inplenentation,

not, %8&?&’1{%&?%{1% it ¥t§ﬁdp?ﬁpe 280, H8Y¥n B& aEPb £EREED at%gg?%ble. The

severa egra citcurts t’hat 1 ntercommun

usi . for.exanple bus or. copductive | eads of a

scops,qf AR VBB F At 5L pgbroRd i SRy el esiEmtn,
receive a signal LOOP BACK as well as a signal RX
DATA. Signal LOOP BACK may be a signal provided during
line or system | oop back nodes. In "l oop back" node,
the nmul tiplexer 202 transfers signal LOOP BACK whereas
in "receive" node, the nmultiplexer 204 transfers
signal RX DATA. Hereafter the signal transferred by
mul ti plexer 202 is referred to as TR SI GNAL. [ 0038]
Phase detector 204 may provi de sanples of signal TR
SIGNAL tinmed according to the clock signal RX CLOCK
fromclock signal source 206. The sanples may be
avai l abl e for processing by a device downstream from
system 200 such as a processor to perform conponent
testing and/or network path testing. The sanpl es may
be made

11



avai |l abl e as signal LOOP BACK QUTPUT for use in line

| oop back nobde. [0039] Phase detector 204 nmay output a
w@base2vd f erence signal (shown as D FF) that PCT/US2004/027730

represents whether a transition of the signal TR

SIGNAL | eads or lags that of clock signal RX CLOCK

Phase detector 204 may be inplenented as an Al exander
QL@Q¥§gbang) type phase detector. C ock signal source

206 may provide clock signal RX CLOCK. C ock signa
WhaPlIctamedh: may adj ust the phase of clock signal RX

CLOCK based on signal DI FF. O ock signal source 206

may be configured in a phase-locked | oop manner to
L. t ransf er Agystetcomiprisingt t er in the recei ved

signal . Modi fications [0040] The draw ngs and the

forgoi ng i al esent

nvent | i pahheRo IR LIRS BRIt arR By

however, is by no neans limted by these specific

exanpl esa fitdtimeevestovacdiv 3 Hrsé signdldidme thegrephorki t | y

given in the specification or not, such as differences

in structure, .di nensi |aI a

posai bl Sefad SeBRPlH e M e P Bl TRl BBl

broad as given by the follomnng clalns.CLAINS VMat S

cl ai med a sécond Hasnsittemnto ceutprel the tegt signdl ififoat the Kesumidirédedver

to transmt a test signal to a network; a first

r eCliYes 1168 doRfifid&tRné [ihs twkﬁk@ﬁ‘ #He steé&m thﬁl@m‘i’t&tr\{@lrol%leaﬂup
secon receiver to recei ve the test si gnal fromthe

net {rlﬁ? itfe t§$ %gﬂgl Jr{d?fggﬂhé {h% 1tlte9 ﬁlg?lﬁeg'-%)etfgt&%nta?ést the first

seco reca
connunlcatlons i ne, wherein the second transmitter is

to E%nup

2. The system of Claim 1, further comprising a data processor to provide the
test signal to the first transmitter and to receive the first signal from the first receiver,
wherein the first receiver is to transfer the first signal with substantially no jitter correction
to the data processor as a second signal and wherein the data processor is to determine

path integrity characteristics based on the test signal and second signal.
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jitter in the test signal and provide the jitter
cl eaned-up test signal as the first signal. 2. The
weywserized Claim 1, further conprising a data peDUSES0027730
to provide the test signal to the first transmtter
and to receive the first signal fromthe first
receiver, wherein the first receiver is to transfer
3. the firstheivgieat offlam duy %rswttﬁ%ﬁ%trﬁ%mjnrt?ft qomprises:
correction to the data processor as a second signa

and wherei n tharsdafosk RIRELHIREVIHS a Figst SRICRSIENAELARE bn a
integrity characteristics based on the test signal and

second s&%@%&??’)ﬂ bethEersY SdcBHA &foc%igig%p a(]:'lfi g\gﬁﬁﬁ &0k Eilgﬁal;

first tra er conprises: a source-to
provide a first clock signal based on a conparison

bet ween a secosedond dokk siugeeatb provddetheecandclavklsignal based on a
signal; a second clock source to provide the second

cl ock si@naaridsBelwesn the CIFDEbLISSipndl@hdeier talfBuitiitlotk signal
clock signal and either a fourth clock signal or an

i nput da&aan%&?t‘ﬂaﬁidg{%'sﬁgrél-t hird clock source to

provi de the fourt ck”si‘gnal ; a phase detector to
sel ectively provide sanples of an input signal in
response to ththindehask seuga & promifletthe tapthslock spgmake of

the fourth clock signal based on phase m snatches

bet ween the i %1&;% ¢ a%tgp@}o to Eﬂfﬁ{ﬂfﬁ% Egogl%hsggp?e%ltﬁg% IR signal in

and a deseria
parallel format based on the fourth clock sjgpal, 4. .
The syst@&RWFeH fg? Pyt sigpal aad fo adjustaiphase af e prthycligek signal
further conprises: . i

based on phase mismatches between the input signal and the fourth clock

signal; and

a deserializer to convert the samples into parallel format based on

the fourth clock signal.

4, The system of Claim 3, wherein the first transmitter further comprises:

a selector to selectively transfer the parallel format samples in
response to loop back mode and to selectively transfer a second parallel

input signal in response to transmit mode;

a de-serializer to convert the parallel format signal from the selector

to serial format based on the third clock signal; and

a re-timer to provide the serial format samples from the de-serializer

as the test signal based on the first clock signal.

13



6.

a selector to selectively transfer the parallel format
sanples in response to | oop back node and to

waeedosorizvel y transfer a second parall el input BCDOS1004/027730

response to transmt node; a de-serializer to convert
the parallel format signal fromthe selector to serial
format PReg@teanof Olirh 4| wherelnathk fisst gevalver eordpmsese- t i mer
to provide the serial format sanples fromthe

de-serializer as the test signal based on.,th i .

cl ock signal ?Bhas?ﬁéteﬁﬂ%f‘b’???%gv%?'gf‘?ﬁ‘% SW&?SeefﬁL? E@SE signal as
first receiver conprises: a phase detector to

sel ect | wetopng signalds respapteds ther firshiignal pad taadjwsip phasepf a fifth
second signal in response to the first signal and to

adj ust elophsigaaldhsal dri ke misowitchss etaneen declirsbyigph andthe

m smat ches between the first signal and the fifth

cl ock sfgR@lockashal afid ock source to provide the fifth

cl ock signal, wherein a | oop bandw dth of the clock
source is to transfer substanti all jitter from

the first si@slckseuesto %r@&lgﬁ&l%atﬂl'%%%?k %‘J.gna#h%([‘%r;‘?g’tae’n%”

of Caim2, further conprising an interface to .
exchangbarsivgdthl of th ¢lock $paregds to fransas substantiplly 3 ditter from the
systemof Claim®6, wherein the interface is conpatible

W t h XAGkst signalltbehesyesomisigialCl ai m 6, wherein the
interface is conpatible with | EEE 1394. 9. The system

of aim6, wherein the interface is conpatible with
PCl .

The system of Claim 2, further comprising an interface to exchange signals

with the data processor.

7. The system of Claim 6, wherein the interface is compatible with XAUL
8. The system of Claim 6, wherein the interface is compatible with IEEE
1394.

9. The system of Claim 6, wherein the interface is compatible with PCIL.

10. The system of Claim 6, further comprising a switch fabric coupled to the
interface.
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10. The systemof Caim®6, further conprising a switch

fabric coupled to the interface.. The systemof Caim
wW®2006023%r conprising a packet processor coupP@€mUs®04/027730

the interface. 12. The systemof Caim6, further

conprising a nenory device coupled to the interface.
11.13. The $Ns$RMBPEf Safth B) Rartheh@nriidd epsbRtBprBERSaSHApled to

is to perform nedia access control in conpliance wt
thegﬁ;%&pz. 3. 14. _ The system of C _ai m 2, wherein the

ata processor is to performoptical transport network

de-framng in conpliance with ITUT G 709. 15. The
systemof Claim 2, wherein the data processor is to
performforward error correction processing in

conpl i an with | T 75. . The.system of ,Cl.ai m
1200 ey L a9sIe Rl g, BB o G R a5 Rabled tothe
. first receiver is to receive the test signal fromthe
intgrfacgt transmitter using a 1-bit communications |ine

and wherein the first receiver is to transfer the test

signal with substantially no jitter correction to the

data processor and wherein the data processor is to

determ ne path integrity characteristics based on the
13.t est si ghlg system gifelagy 3t wheren tie dataprocesdee isdp perfpn media

second transmtter conprises: a first clock source to
accpssaonttel ia cbmphianeel vaitdkIBEER)8G2.3.based on a conpari son

bet ween a second cl ock signal and a third clock

signal; a second clock source to provide the second

cl ock signal based on a conparison between the third

14.C1 ock si ﬁﬁ@ys@:ﬂgoie(iiltanﬁ 2, Andotirthd asth ‘ﬁ?&egog b perform optical

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

15. The system of Claim 2, wherein the data processor is to perform forward

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

16. The system of Claim 1, further comprising a data processor and wherein the
first receiver is to receive the test signal from the first transmitter using a 1-bit
communications line and wherein the first receiver is to transfer the test signal with
substantially no jitter correction to the data processor and wherein the data processor is to

determine path integrity characteristics based on the test signal.
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or an input data clock signal; a third clock source to
provide the fourth clock signal; a phase detector to

wGeedosnridyel y provi de sanpl es of an input si gnabCT/I1S2004/027730

17.

18.

response to the input signal and to adjust a phase of
the fourth clock signal based on phase m smatches

bet ween .t he i nput. si.gnal and the fourth clock signal;
and a dé@’érSVﬁF?’féd?lg“ ﬁthFé‘?“[‘ thersge nsautigr.cgmprises:

paral l el format based on the fourth clock signal. 18.

The system ofy tgstaél&klsﬁurdéh@bﬁivﬁﬁéd“ﬁrsﬁ&%&@ﬁﬁﬁél%@m drier
further conprises: a selector to selectively transfer

t he par gl for ' )
mde. andopBeiefERk ARG (B SERPRAS i G, SR
I nput signal in response to transmt node; a

de- seri al i zera secoclorhackrsoutckdo penvalel tb¢ sdcondratock signall based on a
fromthe selector to serial format based on the third

cl ock sicgnphiisonrtdtieen@héd thifdrcléck sgmay antbeitheea $Qurttadlock signal
format sanples fromthe de-serializer as the test

Signa'_Qﬁ%ﬁﬂuﬁﬁdgggkkkg%baglock signal . 19. The system

of Claim 18, 'wherein the second receiver conprises: a
phase detector to selectively provide sanples of the
first signal adbirdcleksouicsiogmayide therfewrtloploek signalhe
first signal and to adjust a phase of a fifth cl ock

signal based ﬁgﬁ??ep@eﬁeect#pgg ga%&ﬂ%g ng% ShnbaE of b fbut signal in

signal and t C sign

response to the input signal and to adjust a phase of the fourth clock signal
based on phase mismatches between the input signal and the fourth clock

signal; and

a deserializer to convert the samples into parallel format based on

the fourth clock signal.

The system of Claim 17, wherein the second transmitter further comprises:

a selector to selectively transfer the parallel format samples in
response to loop back mode and to selectively transfer a second parallel

input signal in response to transmit mode;

a de-serializer to convert the parallel format signal from the selector

to serial format based on the third clock signal; and

a re-timer to provide the serial format samples from the de-serializer

as the test signal based on the first clock signal.
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a clock source to provide the fifth clock signal,
wherein a | oop bandwi dth of the clock source is to

wo e@s®tBp9 substantially all jitter fromthe fiP&L/US2004/027730

19.

signal to the second signal. 20. The apparatus of

Caim1, wherein the network conprises an opti cal

net wor k. the JARMAONCHA 48, WherbindhdRecolRLEVEr dddprises:

networ k 1 ncl'udes a gigabit Ethernet over copper

network. 22. A nethod conprising: transmtting a test
signal to a nephaseKeteetor ta sglagyvely eravads sagipdgsaat the Best signal as
the network; transferring the test signal with

subst ant a sdcbyd pignaliih tespomserto éetfirstrsigm] and forasljuss & ghase of a fifth
using a 1-bit communications |line; substantially

cl eani ngclygk $ijzidl Bhsddrontphasd infssiatchied Bethwieed hé fREQYEMA AigH the
the jitter cleaned-up first signal as a second signal

to a netﬁ‘ﬁﬁglo%ﬁsi Ihe.qget hod of Caim22, further

conpri si ng eterr% ning path integrity characteristics
based on the test signal and the second signal. 24.

The net hod of a Gogk s towmevide thetfifth dlocknsgnal twiegeinladoop
test signal to the network conprises: substantially

cl eani ngbdndwjidth o€ thel dlockisourtpud totapsal sutatmitipil oyl flitérdrom the
the jitter cleaned-up input signal as the test signal.

25. The Rt §06h196 e sBEdRdS%enaf ur ther conpri si ng:

20. The apparatus of Claim 1, wherein the network comprises an optical
network.
21. The apparatus of Claim 1, wherein the network includes a gigabit Ethernet

over copper network.

22.

A method comprising:
transmitting a test signal to a network;
receiving the test signal from the network;

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

signal using a 1-bit communications line;
substantially cleaning-up jitter in the first signal; and
providing the jitter cleaned-up first signal as a second signal to a network.
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receiving the test signal using a 1-bit conmunications

line; transferring the test signal wth substantially
Wmeoosir13ey correction; and determ ning path i nt@QUS1094/027730

characteristics based on the test signal transferred

with substantially no jitter correction.

23. The method of Claim 22, further comprising determining path integrity

characteristics based on the test signal and the second signal.

24, The method of Claim 22, wherein the transmitting the test signal to the

network comprises:
substantially cleaning-up jitter in an input signal; and

providing the jitter cleaned-up input signal as the test signal.

25. The method of Claim 22, further comprising:
receiving the test signal using a 1-bit communications line;
transferring the test signal with substantially no jitter correction; and

determining path integrity characteristics based on the test signal

transferred with substantially no jitter correction.
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