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WieChob/6d78%® TO TEST TRANSM TTED S| GNAL | NTEGR TFCT/EVsﬁin%zﬂso
[0001] The subject matter disclosed herein generally
relates to techniques to test - transmtted signal -
integrity. Description of Rel ated Art 100021 Jitter -is:

t he gdRCHENIQUES TOESD TM‘BM’ETEDSQI&NALMEBHI‘W
variation of a signal fromits reference timng

position in a communications system In an ideal

system bits arrive at tine increnents that are -

integer multiples of a bit repetition tine. In an

operational system however, pulses typically arrive -
Faldti mes that deviate fromthese integer nmultiples. -

Thi s devi ation nmay cause errors in the recovery of -

data, particularly when data is transmitted at hig

090 eds. THE sybiertnptéar disclosed herein ganarally @éﬂ@&iﬂ%@mques to test

amplitude, tinme, frequency or phase of this data. -
tralisniitmdsiglylﬂnezgdtyused by a nunber of phenonena, S

including inter-synbol interference, frequency

di fferences between the transmitter and receiver

cl ock, noise, and the non-ideal behavior of the :
I)rec:e'.ver r‘hd transmtter clock generation ci rcwts :
—%@5@5%4@&@@% probl em of particular inport in -

ital communjcations systems_ for several reasons..

l°¢ﬂ2 st, | Hitieris theigenesal teral ysed & daseribg cgﬁamw&awdéwmane@n ofa

at a non-optimal sanpling point. This occurrence . -
signetfiore sts réferencetiraingt position Siea caminnniastidns systemeilv en ldmlzbystem

thus limts the information rate. Second, in -

bith htiveiabine SCPérfeTis tHABKB iKtBER IMAiplERLsTta tRHich@etion firfie: Inan
received sanpling clock fromt he i ncom ng data signal .

op#:h ng'i sﬁ?elﬁf%owa{'& {::ﬁﬁé% 195][ Arfigdh! tﬂnes'fﬁgt%egfaf%&ﬂltﬁese

_ ong di &tance sm ssi on systens
WLALER PR TH, RSPy BF B, peticularly
Whgl(l: 8al'1tglljsl t?;ngliltted%rt Illl(fgh sggesd%r ! Ea Idgxgat?ofn c}rr\]fgn?no?lwmg)g lsne in the
amplitude; t.ime, frequency or phase of this data. Jitter may be ca'used by a number’lof
phenomena, including inté'r-symbo] int’erf;érence,' frequency differences b‘étWeénl'the -
transmitter and receiver clock, n(_)'_ise,, and the non-ideal behavior of the ;Qcciver and .-
" transmitter clock genératioi_l circuits, "
[0003] ~  Jitter is a problem of particular import in digital communicatidnsl-Sygstélﬁé'
for several reasoﬁs. First, jitter causes th; received signal to be sampled ata norl-’Opﬁinai -
sampling point.: This occurrence reduces _ti:e signal-to;noise ratio at the féceiver'a;nd thus '
' iiiﬁits the information rate. S.ecd:id,_in_p_factical systems, each_'réceivér'must extract its - |
_received s‘ampling clock from the incdming data si_gnal; Ji&er. makes this task sig_r_iiﬁt:ént]y_ '
~ more difﬁcuit. , Third, in long disfénce transmission Systemé, where multiple‘rcpeafcfs |
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" [00041 The subject matter regarded as the i nvention |,‘s 6 DEC 2{}[]5'j
warbésadyass |l y pointed out and distinctly clai nﬁgr,hgzommﬂno

t he concl udi ng portion of the specification.

“invention, however, both as to organization and

ratlon best be understood by
e:;@%érf@lﬁg@kt-’ er?ﬁcémf‘%ga%vwng detai |l ed description when
read with the acconpanying drawings in which: [0005]
Bhief{Besctiption of theélDpiwingsyst ens that can utilize
enbodi rrents of the present invention; [00061 FIG 2
03 |ctsa jerrentatlon of asystemthat can _be used
[ cl ock eetamaﬁqré%w;ﬂs thenyentionds perdcwarly, paigted out and

enbodi ment of the present invention; and 100071 FI.G 3
digtinsily clainoerbingsbe sonsludingpsirdorcofi the specifisfation) Sbeinyention, however,

recei ver system in accordance with an enbodi nent of

~ bdthes foroegamiviation wediriethdd of Opto&tion¥akEbéshBE uhdeestodd bﬂﬂfbferenc_:e to

same reference nunbers. in different figures indicates

tht Rflc SR I | 4i ich:
G 1A %%Le:dc%égc ri’éﬁ?ﬁﬁh’i realPSif the Socdbfohl i b g%%“’h'
[w%stem 10 that can use enbodi nents of the present -

Vent i oFIGSyIgY tord Dl depietpystenss thatcamutilizeentbediments of the present
processor 12, clock and data recovery device _

in¢e@bed);, 14, and el ectrical -to- optl cal signal convert er

(O 16.- [0010] Interface 11 may provi de
12 and _othe

erco ti.on bet wee tocessor
l“d&g i ces S AR R gfﬂ%@fr%@ Eriyetegeiireedy, uS?fb@RélOCk and
gfocessor (not deplcted) m cropr.ocessor (not
POV eT din, acaerdniene witsan ersbpdimentiof therpresang piventéati and
Interface 11 may 2 6 DEC 2006 WD 2005/027399

[Ol}?ﬁr II Us2 Opf(é %23 é?cs%cgr?er@gﬁblgl&glgﬁ{egf&? toggﬁ ﬁz?ﬂ%f t@ﬁ? ?eccwer system,

oW ng Stan
| nt rface (XAUI%%CSdescrlbed i n | EEE,802. 3, |EEE
in geger ithep ebogimgnty MF%F’“"@?FQ%I Per i pheral
Interface (SPI), 12C, universal serial bus (USB), |EEE

0088194, G NakithatMRE bPeh t
[ ﬂ%escrl bed i nal EEE 8855%@%%%%8%%5%&%%%&%%&%Jn dic_ates

'the§glﬁglglaﬂgesg1 mg’ i pheral Conponent |nterconnect (PCl )

P Sce (TBI) and/or a

~ Detailed Description

[_0009] - FIG. 1A depicts an implementation of a transmitter system 10 that can use

, Vembodiments of the present inventio'p. SySterri_ 10 may include an interface 11, processor

12, clock and'data_r,ecovery device (CDR_)'.I4, and elec‘tfica_lntp-optical signal converter

(E/O) 16.

- [0010) Interface 11 may provide intercommunication between processor 12 and

- other devices Sueh, as a memory device (not depicted), packet processor (not depictcd), 3

microprocessor (net'depicted), and/or a switch fabric (not,depieted_). Interface 11 niay
_ . . _ _




. /-'

"vendor specific multi-source agreement (MSA) protocol. | 8 DEC 2!][]8

~ WoBbdsloMssecessor 12 nay perform medi a access Cﬂf‘l‘fﬁﬁﬂoaimz??so
-(MAC) encoding in conpliance for exarrpl e wth
Et hernet (as descri bed for exanple in | EEE 802. 3 and

* hSRh IR e f‘@ﬂ?@@gﬁ‘c‘i’aﬁ% o %ﬁ%ﬁ‘ﬁa%ﬁﬁ

correction ((FEC) encodl a} conpl i ance for exa

Inffrface (FALY) (desagibsd iGHREIS02ra JERE $8v &24, i2nd exlated wdarﬁS) Senal |

s nal s provided by processor 12. For exanple, CDR 14
nheral interfac <8RR, G hmivensahseriabbus AESH) mw%@mmtmma

FJO 16 may convert electrical signals into stable

Indppendent IteefBcd (GNIN) (descibed B EIRE802)3, dBEB[Z0R 3a¢, and related

network. In sonme inplenentations, E/0 16 is not used -

stﬁﬁﬁrd%? P%hgﬁégél' @&h%o?l'eﬂﬂﬂ{eréo%n&ft %P@gr geh %F 6%%el (E‘B'(i))r’]‘gﬁd?on a

(e.qg.; I't Et'hernet over copp
tter system 10

' vénHE’Js@”F? uggg%lfrg a onen ?}@AQ ﬁ@gf"m egrated circui t.

I n anot her inplenment atl on conponents of transmtter

[oeN$t em 1(Progegsdad 2intmyl perfent et dinmiesssoneslaMAO) @Rbaingdh

circuits that intercomunicate using, for exanple, a-

Fgrga@c!e 6P Hﬁ:‘]é Wt EaRAst gets désd%{aeatf&dexs g&%tmbe 3083 and

131 FI G B depicts an i nplenentati

lrel'éf%ﬁ §%?§rd%¥§%ﬁm§ﬁa%d§q§§péﬁ$g@6§;goya§ f&g layé%%é w?él III‘t]JeT G 709

presen
pti.cal -to-electrj.c converter
enflBt B id Grenposion LEGT eadbs s sumplinie Kesknal v gsITU-T
QO E 22 my convert optical signals froman optical = -
G.9%: PR 1danayt rebiowe fitterdfrom sighals prpvides by proesssns 12. For example,
inplenentations, OE 22 is not used and-an electrical.
CDR gahniayiusiliwmile/aﬂbddimmtﬁome\pﬁersbntan{z‘enﬁoﬁ £/Q206 faay\86hvert
2005/ 027399 PCT/ US2004/ 027730 (e.g., gigabit Ethernet

eleBiYiBAl SERRSH0 stdBle &3 Pdoiiy/fof BIRMSsdidd foearn J 19£Pnetwork In

recei ved signals "and provide electrical

sorfd Sk enERin G f TG 4R SBOTR efehit eﬁ;@i ﬁﬁg&n&a toa

TAVERt Ton.
rocessing in conpliance for

- access con MA
"e‘af?a?!%rge%% éf@‘rfé(f"‘pc@ﬁ?’fcal transport network (OTN)

de-fram ng and de-wapping in conpliance for exanple -

[OOW']:tEh | TUn biSifiPRmeaRE6R, rcofrf?»bﬁ@ftéj oﬁﬂrﬁﬁntt&%&ﬂ&ﬁtlb%& be

processing in conpliance for exanp

_1mp%n?gn§ed Arﬂ&f‘gr til@gzﬁng%tegrated circuit, In another 1mplementat10n components '
* of transmitter system 10 may be. implemented among scveral mtcgrated cn'cults that

- mterc_ommunicate using, for exampl_e, a bus or condu'cti_ve leads of a printed circuit board.

[0013] FIG. 1B depicts an implementation of a feceivcr'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 _

3




. may iy

" may provide interconmunication between processor 26 6 DFC 2008'
Wdoo@hlﬂﬁm devi ces such as a nenory device (nof’CTfUS2004/027730m :
- depicted), packet processor (not depicted),
m croprocessor (not .tom depicted) and/or. a swtch

[RE- SN T ——

|nterface 11, [0014] I n one inplenentation, conponents

 angprovigee cpéical {rsmahigmplsveR X DR 2fpnasiise sewte srbpdimants of the.

same integrated circuit. In anot her i npl enent ati on,

 presoiovestion Protesser2fi may pefstremedid aneess b@itt(ﬂ'@/[@l@rljre@bssmg in

anong several integrated circuits that

- complizice foraBinp Rt Bihethet;fcPlicA tRANED 0Py nc@w@ﬂks(ofﬂ\l) de-frammg and

conductive | eads of a printed circuit board 15]

de SrpRiAd OB R RocTo SR WAL 0T S TGaPa & ?f%ﬁ’f%?t 3

'°°%P§%99§®sgﬂs8ﬁr‘%ws'%°3%e}é%‘3 B eksmBR o U T8 T5. SY firface 28

-usi ngﬂ a network. 0016%6 exarrpl e, transceiver
§ Infescommyrnigationbetvgengyecessor 26 and other émswsw@ras 2

system 75-A may utilize transmitter system10) to

-'mempm@WQc (notrdepictesl),graskettpocessac (ood depiated); eiiveprotgssor (not

Second transceiver 72 may receive the signal- using

depicted)iavéfor 7 fwitch fabe€ ehot @Epiéiéd3 Mbrfadt D8 ke uiific@biviilar
system 20) and then transfer the received signal back

colifuibHeng Rikiftudhs 400 HARRETY! jter 75-B (transmtter

system 75-B be simlar to transmitter system

75-A): Receiver 77-A (receiver 77-A may be simlar to

" [00}4¢cei verlnone Byplewkntatiomsosiposenty of wegiveraystemeOtay be

transferred signal fromtransmtter 75-B. For exanple,

' implerdenfedAnion2R6 sananBRehéD AN [P el thSARPDVAATARR, components

processor used by receiver 77-A may receive the tes

of rédeﬂd&? kystm b6 rrﬁlgp bag[f:ﬁ%négdta%ctn a¥&?h%*eghgé§2‘!§%‘§§§ glgtn

during 1 ne

oS B0 W I oG B4 br o7 8 e G bour.

accordance W|th an enbodi nent of the present

[oo1snvent i dIG. T depion hisgstemitha %a@ﬁseﬁloﬁae dniboditfie€of e (ﬂres_ent

during system | oop back node (i.e., the test signal

- invenfioRl OThd g iatibs of Fﬁf: Q@ﬁaﬁ‘bé‘ﬁséﬁ% "*h&éMBB baSk fbGe.”

Internet) but throug

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

[0016] " For example, transceiver 70 may utilize a transmitter system 75-A

R (transnutter systern 75-A may unhze transnntter system 10) to transmit a test mgnal to
 second transceiver 72. Second transceiver 72 may receive the 31gna1 using receiver 77-B
o (rccelver 77—_B may utilize receiver system 20) and then transfer the received signal back

1o 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 tx'ansférred signal from transmitter 75-B. For example, a - .
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mg&&i fronptrensalitgeraysten @

: o . b DEC 2006
| ocal communi cations path directly to a receiver

P dobe7Hb- a transceiver or to a local (- recel!’(‘!‘ﬁflﬁz 04/027730
For exanple, the configuration of FIG 1D may Inc 3

conponents from both transmtter system 10 and
transceiver:

i npl d he |
.p@ggfg@gggq ot TR riydeeive fog ST Sl B ?em&rwe%wh the

| s enbodi nent may | ogp back .a transnmitted signal

tﬂﬁﬁ&ﬁ?ﬁk ysshdvng ke Igm bagk medeorthatithe progsssascan delermine whether

this exanple, processor 26 nmay receive or be

- compegeniestig aad/or ebworkipgthatestingsmssiur i ng | oop back so -

t hat- processor 26 can detern ne whether ceonponent -

ting / net th tes
1 51‘*'? or " ar 1101 B GRERY L BRGh bt aas%w@ﬁsa ey e%nr ?ft’é% presnt
.one, prior_art nt ati on "l'ine-1qop b
m]“?nflf”ér Thy configusstion of B TEhes henied @wrgwéwgtemsl%?ack mbde (ie,
provi ded., Such inplenmentation has the disadvantage .
the festisignabisjnot wansmitteshibrough emebreark (dwab as bg dutemiet) duf through a -
resulting in poor performance . and possibility for

locat cammonisativns phth ﬁirectigz to aﬂfeoéiha‘rpoﬁtidnwf aafahsceiver or to a local

i npl ementation of "line loop back" uses a bus of

redtel)l FoPe:tile, hd\@nfikBratib SPFIRAD RapingRidb coﬁH&tfbnts from both

i npl'enent ation requires excessive board space,

m{‘%‘b‘%{ Jy é\ fOZm gg%‘lieﬂ% 5{;2& Ie ntreé ﬁl%l (ﬂ;t% 'I%JHL ggﬁ)sgg vgr device.

perform cl ock and

Tt { 100 t ha
St MR e L —

present invention. %/st em 100 nay clean up jitter in
ingstly fapieedivaDRPA Ivthis exagiple, pravessor 26

BACK I NPUT) and provide the jitter-cleaned signal for -

- may reeiveios bt prograimedwith ERGig0 Gsed\A0ria Mop B33 ePthat processor 26

PCT/ US2004/ 027730 i npl enent ati on of system 100 nmay

can dR€drimilR wheer Ebﬁﬁ&fen@é@ﬂn%%ld’drMeﬁﬁk pafRtestingphgl | zer

160, Ioop back receiver cl ock and multiplication

unit("CMJ') 170, and retimer 180. 100201 System 100
00]{?&y oper$OIme Prier aet tragsesivearpronis depp-back eppabilisies. Emene prior art

"transm t" Loop back node nay be used in connection ‘

- imphinyémtatiompd ﬁhemat loblebnch’igjlmdﬂm-upeifmeﬁdsd sifpels 1smg>t

Loop back node may include "line" and "systent

prowdéd. "SR $mp 1errehﬁﬁoﬁ APt ATKAVINRIBE 116 Mie'j Rt ﬁfﬁﬁsﬂﬂttéébacll(c has

descri bed Wlt respect to FIG I'C. A system loop b

| -exgé%%.qs_];ttgﬂ@gdl% o8P pér?orﬂfaﬁgé &Eiep%syﬂaﬁﬁr fof %ng%oug goﬁl&;ons. |
~ Another p’ﬁor artrimplémentation 6f “line loop back” usés a bus of multiple data lines to |
l‘oo'p'bac:_k a signal. Such implementation requires éxpessive bdafd space, which 1s diﬁi'ctﬂt
: ;to 'in.lplemen‘t. in véry small modules. |
_ [00_1_9] FIG. 2 depicts an implemen_tét_ionofﬁ traﬁsmittcr system 100 th.'%\t can. .
L : | pérfonn. clock and data re_cévery in accqrdance with an er_hboc!imerit of the,preseht
| invention, ‘System 100 may cléan up'. jitter in an input signal (such as si_gnél D_ATA‘_or'

- signal LOOP BACK INPUT) and provide the jitter-cleaned signal for transmission. One
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"[0021] In one inplementation, conponents of system 100 8 DEC 2008 |

WY 200902758 enment ed  anong the sane integrated ﬁt’i‘%ﬁd{lmz??so
I n anot her inplenentation, conmponents of system 10

~ may be inplenented anong seve][al i nt egrlat ed ci rcwts '
i Rnchli6h SR B e o i P st BiepoLs3) soitier
R s YL o B B G2CHFh Theind fer 150

filter 106, and phase interpolator 107. Phase

[stRbect or 0% ABY0 %&Q}R braRAH Bt Rast ®fvo albdef P¥SopdRLR” and “transmlt”
SI gnal (signal LOOP"BACK I'NPUT) tined to clock LCLK

g Hﬁ’t%k thédefm Wﬂlx ?ﬁ%nﬂ%ﬁgﬁ%@?’l %’o% on rgnﬁ'tstgéno a%l%'i' nettwork path

previcously provi

Sl PR Bl Ay T KTAETSS s

ACK | NPUT Ie

| n{oggggfg' ligh is fegribed s ot n Aty eieas 008 )ba"lb’é"’de

pl ement ed as an Al exander ((}bang bang) type phase

igp is degerthepl vefteregpeciadpCatB- may output a signal

PH haVi ng a nmagnitude in proportion to the nagnitude

- [ogiyst gna'InQﬁETrﬁ;&)lehﬁmﬁﬁtsu‘éﬂ F?@Eoﬂe% dYs lrnf\h@}?;rﬁ%yhlgé)ﬁpﬁéﬂ&ﬁélted

t he signal uency |

ff‘?f[%% Tﬁﬁéﬁtﬁéﬁa‘fﬁd ™ P BB R B RS BPsystem 100

regue ter from nal ACK | NPUT. ] n one
b B frBbne P Pab B AR i TR BeieRls S, for
DEC 2006. WO. 2005/ 027399 PCT/ U32004/ 027730 I NPUT is :

| cxagppleo% PreAraopdudtivgicsdn et g printedieirquidwarhnd of 1.oop

filter 106. may have an upper frequency limt of
[0@3pr oxi mktoep pack reegjudrdi mayliogadeplasadeeitar £0% demulsiplexer
: 107 may provide a clock signal LCLK having a similar -
1087 dividentOy, elsmargdpdmp1 05 l@ppefiltel X0b, ind fphase iGddchol a0y 105U tPhase
potentially. phase shifted based on signal DELTA

defebis €02 MbP bRQUAIRIPIkOFf afMpuPaRtY sigfal(Gighal LOGRIBACKINPUT
ephase detgc?%r 632 and frélquenc%ﬁ?jls(viﬁger 104. [0025]. )

“ tinfed 86 ERBIE . K %glﬁal FOOFBACKEBPUE gl?agl . naYelr{;biK Kf ] fest signal

- Frequency 104 may provid

 prebRbty pRAaBEroP SIS AB B oyt 00, FHEDGKeSbY | 2R bl o

phase difference signal (showh 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

fhe_ 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 -




Lt

ir

“integer N, to nmultiplexer

W 0082027599 ement ation, variable N nmay be 16, ﬂi‘l‘fﬁﬁd@:‘hﬂno
ot her values may be used. [ 00261 Denul tipl exer 103 rray .

‘receive a serial input stream of sanpl es of signal

for m?égﬁ’%gg@g@%gﬁ%@ﬁpﬁ%é %8'??&?1105% @tgli ’Sﬁé{%‘ Fivean upper-.

J 103 ma d |l el
SerLiett ol dppra By A e plexer 155. 10027]

Mul ti pl exer 150 may receive clock signal DCLK (froma.

19924)i ce su%lwsogﬂermle@éé%mamsovm ¢ grsﬁlwllmw wmﬂar

(from | oop back receiver 101@ In | oop back node,
ﬁQHeP?)pFSeth@rOf sl B CEK AfremdeME] b} but mmnal_ly:pkasm shifted based
" PFD 110 whereas, in transmt node, nmultiplexer 150 :
omgignal DF e r Plasise unerpmlgnoallomay(pmylmrm OCLKHo the¢ phge detector
signal transferred by multiplexer 150 is referred to

- 1(@sanBd@laquerfcp@pdderRBR 110 may recei ve signals TXCLK/ K

and RCLK. PFD 110 may indicate a phase relationship

- [0025] ween  FHregnehsy dideKI 04 rﬁﬁbdreBﬁszs{gﬁalg.CLKeﬁquﬁéndy&Hwhder 104

(such phase relationship signal is shown as signal
m#Hprpvidebigh g CLRIN, hic Bai Petion of WKdﬁed&H@V\ﬂhvﬁﬁd byan-
CNTRLI') having a. rmagnitude in proportion to the

inteREN {10 dfult@flerftk 35Rhnd G%Hlum e 163 n%ue]iihﬂ;wmem&tfoﬁnﬁfrome N

portions of the signal RLI whose freqdency.is

filt 114. Th -
mal{ B afilieR e bay%lrgérﬁé}%hgg;’ beset to avord hi gh

bandw’ dt h

ML e Ol g it

LT Eﬁ%n@@%ﬁ@ﬁ%? 50 3P te % e iming o

B SRR PN B2 108 B0 ol Rl steam o annpu
ck source 116 may receive the transferred -
to%B&‘P?e&ﬁrCLﬁ% SI gnal CNTRL1. CI ock source 116 mey out put

clock si CLKI. Sign Iy _
“‘"g'ﬂpr oxi i e}iﬂh&%@ﬁi@f@?@a &walgag DEEK (Gpmsg dovige suchas

TXCLK/ K. - Cl ock source 1 16 adj ust the phase of

progessenl 2 padelocicrigpal Mc(ﬁf op batvi@remlmd Obr i lopp back

signal CNTRL 1
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

_51gnal transferred by mulnplexer 150 is referred to as RCLK.
[0028] 'PFD 110 may receive signals TXCLK/K and RCLK. PFD 110 may
“indicate a phasé relationship bétweei_l 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

s1gnal (shown as CNTRL1) havmg a magmtude in proportlon to the magmtude of sxgnal

PHl Loop fitter 114 may transfcr portlons of the 31gnal CNT RLI whose frequency 1s :

' w_1th1n the pass band of the loop ﬁlter 114. The bandwidth of loop'ﬁlt_er 114 'may ‘bo jset to

- avoid .high.ﬁeQucnoy.jitter transfer from RCLK to CLK]1. For exarnplc; in ooe o

7

150 and demul tipl exer 103. | & DEC 2006




" For exanpl e, based on signal

CNTRL 1, cl oék source 114 DEC 2008

wy0e@nge the phase of clock signal CLKI to peqy 2004,027730
approxi mately match that of. signal RCLK For exanple
cl.ock source 116 may be inplenmented as a vol tage

°ﬁﬁ§4@§“"pﬁ’ SR b5 Rnss of ot s @qu%m%?f&ﬁo%aaf%z the

pRR B PR B B i e Sreaumer R P r oAb 20

kl?cﬁ;;' gnal CNTRL1 to the clock source 116 when the

%ency of CNTRLI is within a pass band frequency
range. [0Q301 CMJ 170 may provide clock signals TXCLK
(08204 TXCL Kok egire bi§ maipceine fhedeanpiemed poriion fof signel Gy TRLI.
detector ("PFD') 118, frequency divider. 119, clock

Clooki saecel DI, mashoutpet qmloqk sig)] CRLKd. |Sigyal t]IJKtlena)iEaflve
Frequency divider 119 may receive clock signal TXCLK

- appraxgmstethél atheBequbAdy éﬁhatﬂif@l)%'n@'ﬂﬁCﬂKﬂt EXgekisotircahii 6 thay

~may -be a version of signal CLK frequency divided by ~

ad tthetpﬁ&%fofléloc SighRre LEP b?&g;&hﬁ% ffhsferéd (ﬁoﬂg%%;%gf@ggmm

e 16, al thoug

_ Fo} %)gamgﬁg ebag qg %1%1'1 ﬁcb %@Lg{: T nKé? §lﬂp§1|§gD ﬂﬁ_;%ape of clock

K/IK (e. | ead or |a and rovi de the phase

man@f GLKS i oporisaihumgon sonvo! Stel fsldl, aeeemple, clock source 116
relationship is shown as signal PH2). Based on signal
mapiie implemeytedms aproliage comgrobed @ystalossil ol VEXQ)h algeugine
phase of clock. signal TXCLK/K to match that of signal

chathdpurhp andloop der edtabigtion i§ gﬁdvxdea 28 afl ekarfipid Bfein, Wer devices
2005/ 027399 PCT/-US2004/ 027730 is | abel ed CNTRLZ) Loop

'maglbemsed b3l A 4GOI RbrdsE Ry Egefgggsml to

I f the phdse e signal

the?' ﬁf&g \g‘r %gi?@b @‘effg%lﬂtagﬁcyoo @ﬁf}%ﬁl 15 W,I V%Ag gfpg% I?%flltf%ﬁgency.
transfer fromsignal CLKL to TXCLK and TXCLK/ K.

rang$0321 d ock source 120 nay provide a clock signal
TXCLK. O ock source 120 may change the phase of

[0030] gnal - TULK] Hhmay pawvidernloghtsignalscPREEK i RCLIOKIRCMU 170

selectively transferred by loop filter 124. For

-mayeinahydk phaseland Ifrgqﬂ&ﬂc?@e_fbaﬁﬂml’FM) 118, frequency divider 119, clock

source 120, charge pump 122, and loop filter 124. Frequency divider 119 may recéive
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,

B _ifariable K may be 16 although other: values may be used.

[0031] PFD 118 maj 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
e provide the phase felationship to charge pump 122 (such phase reIaﬁOnship is shownas
' _s:gnal PHZ) Based on 31gnal PH2 charge pump 122 may output a signal to change the

| phase of clock. sxgnal T XCLK/K to match that of signal CLK 1 (such phase change 31gnal

8
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| .

"rr~ inplenented as a voltage controlled oscillator-

6 DEC 2006

WGHds/27d09 [00331 Mul tipl exer 155. may recei vq,cqi,@géﬂmzﬂw -
LB I NPUT from | oop back receiver 101 and signal DATA
froma source such as a processor 12 (not depict ed)

U el t%%’%a@g&i??& g2
i aed Gipent sopitin B2 G5y SRR f?ﬁlﬁ-oﬁmmdwﬁmh -
of signals fromnultiplexer 155 to serial format tined. . =
Ofdeﬁbﬁgq:rrié4 may bellreR teprsHER 2 TXCIRY itter transfentiom signgbgbKl to
jitter may be cleaned-up in si gnal DATA by use of I

TXCbKlandi THGIKMAKCLK 't 0 regenerate signal DATA. 100341
Retimer device 180 may request and output sanples from

fos32yi al i zaTlocdkbddudde 120 rhdyastoEas U clirk SighhIMEXChN. Cl6¢kksource 120

signal TXCLK." Reti ner device 180 provide one out put
) TR e ok A SR R GTIGio bR GRS s %ﬁﬁ'“?mm

d
sels G w%%n#eﬁfe??&#%?ﬂ Flfgg 2%, S A
. as SYSTEM LQOOP. BACK I) 100351 FIG 3 depi cts one -
‘mﬂ@g’@PﬁF‘é‘SFHﬁltﬁé’ﬁﬂE@mW%ﬂ apr(¥6P)back receiver system

200, in accordance with an embodi ment of the present

1L N5 SR LR o e

mul ti pl exer 2
w%zé‘aaal TR A SR
i cal 9 6 _DEC 200? WO 2005/ 027399 -
‘EléE’@é@F/ 15 maygrang egﬁlanaltlrﬁaﬁg%‘é?memhé@éﬁoévheg% f&m

200 may operate in at |least "loop back" and "receive" .
transibmodg, o0l lexan 165 enayrtrainefer sigae! DOATA ausqumhm@%ﬁenahzcr -
system 200 may be i nplemented anong the sane L

- 160 mbyp goraveft@ formatof bigndls fdnPinaRiplexeP] 556 Remdlifernat timed accordmg'_

components of system 200 may be inplenented armng

to CHUKigal TREERYRL ?ﬁu&ﬁé&:ﬁ Hinbae, jfok mi gb@ bfe émal DATA by

u3|ng, for exanple,. bus o con ctive le ds

rece

use PR gﬁ&*‘éf%fn%ﬁ?f“d@%\%‘g’% BA B a S gnal R

[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 QUT and can .

be used in line loop back mode) and may provide a copy to a local receiver in 'sfétem'lo‘o’p

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

[0035] - FIG.3 deplcts one p0551b]e 1mpiementatlon of a loop back receiver system
200 in accordance w1th an embodlmcnt of the present invention. Recelver system 200

may mcIude a multiplexer 202, phase detector 204, and receiver clock SIgnal‘soutce 206.

~ Receiver system 200 may be used in a communications receiver device such asan optical

9




' DATA. Si gnal LOOP BACK may be a si gnal provi ded duri ng DEC 2008
won@sop73sy st em | oop back nodes. In "l oop baclq»cmmeomzng,g
the nultiplexer 202 transfers si gnal LOOP BACK V\,hereas

in "recelve node, the mnultiplexer 204 -transfers

| ' .Si%tag [ exer %ﬁlvﬁﬁg%r r e@%@kﬁ@%@%&%ﬁﬁ%ﬁa “receive”

se det ector 204 may provide sanples of signal TR

R L timed according to the clock signal RX CLOCK

fromcl ock signal source 206. The sanples may be

_[0ea6i | abl dn ba¢ inylenessicty chyipened\uf ¢ fstela 06 nifee lfﬁmented

system 200 such as a processor to per f orm conmponent

atﬁd%%tth@&nféﬂﬂ{egfatéﬁfﬁﬁﬁkhp eﬁ‘ﬁﬁ H‘%’A"(“;ﬁ&&"?ﬂ%@h?ﬁ B@Stem 200

be ‘made avarlable as signa

 miy e R AR ARG R e 1°g59?%ﬁa€oﬂ‘e§§&%ﬁé?§tcwﬁés for

reJ nts ‘gqcher a.transition of the signal TR

?Sé%&gn tive lads ofa prisfted gt boardy nal RX CLOCK.

- Phase detector 204 may be inplenented as an Al exander

[0d3PRNT DR 1&3{@90@ Hﬁ%&w F&rai L@%ﬁ%@@gﬁégﬂg E@nalRX 7

206 may prOV|de clock S|gna

o Dﬁaﬁ%&%g%%@wgﬁx A S 5 e e

ased
« yred.in a ph se-| gcked | oop N
modpd; ?F Al mode, the riluplexgs 20%@@@5@.%@1 %D&?alﬁf\%gowhereas
6 DEC. 2006 WD 2005/ 027399 PCTNS2004/ 027730

. in ‘fopesive” seadeothe njudiipieyer PA¢ transions sigsaldRll DATBAS Gleguifteythie signal

description gave exanpl es of the present invention.

. trafSfieresdypmltiplexr0pientited (0¥eTRISIGNATQwevVer, is by no

means limted by these specific exanples. Numerous

. riati et explicitly given_ in the
100l Bl delgieor kmaYprokids sarpiples of dgpal d K $IGNAL timed

ecifi
structure, dinension, and use of rmaterial, are

-aéc%"s@ ithe cloglkesignsd B&Cbﬁ%ﬁfommmktﬂgml soareet 2060 e samples may

broad as given by the followng clains. 11 12 6

o be dveilabibfor pe&t@Esing 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.
s f0039] Phase detéctor 2.04 may output a phase difference signal (shown as DfFF) '
. that représents whether a transition of the signal TR SIGNAL leads or lags that of cloék.
_ _s’i_gnal RX CLOCK. Phase detectOr‘2:O4 may ﬁ_é imple'm.cnted. asan A]exaﬁder (bang-
| bang) type phase detector. Clock,sig'nal source 206 may provide clock signal RX
N CLOCK. Clock sigﬁai source 206 may adjust the phase of clock signal RX CLOCK based

on signal DIFF. Clock signal source 206 may b_é configured in a phase-locked loop

manner to transfer almost all jitter in the received signal.

.10
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“1. A systemconprising: a first transmtter to recei§e)EC 2006
WD J004X02b3081 gnal and to transmt ‘a test  signal pdyas®mosnarizo -
on the input signal to a network; a first receiver to -
receive a return signal fromthe network; a second

,'hﬁﬂgﬁgggr to receive the test signal fromthe network; -

_ econd transmtter to receive the test signal
fromthe second receiver using a seria

1O0ABPTIN C R @RSvihnd b £380ing BBRriBRROACICKARSIT: O£ e present -

is to reduce jitter in the test signal and provide the

inbbrkfoR THEREMRS thEeseht B Bhond o e IEbYbD nRa DBtk Poy these |

irst receiv and whereln the 'second transmtter .-

ok S o e b S s T Do Bon

_wher.ein.the second transmtter conprises a., ]

nofsuch As diffFresces it YrugBIreSimensioe apdiuserof spaterialaip pessibley The
on the plurality of clock signals. 2. The systemof

sceneaafihelinvangion kreat lershgsrtireaday givandyahe fllosdrgelaines.

- provide the input signal to the first transnmitter and

to receive the return signal fromthe 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 systemof Caim2, further conprising '
an interface to exchange signals wth the data
processor. 4. The systemof Claim 3, wherein the -
interface is conpatible with XAU. 5. The system of
‘Caim3, wherein the interface is conpatible with | EEE
1394. 6. The systemof Claim3, wherein the interface
is conpatible with PCl. 7. The system of C aim 3, o
further conprising a switch fabric coupled to the
interface. 8. The systemof Caim3, further '
conprising a packet processor coupled to the
interface. ' ' _

1n




9. The systemof Claim3, further conprising a nenory
device coupled to the interface. 13 6 Decenber 2006

10. The systemof Claim2, wherein the data processor

is to performnedia access control in conpliance with

| EEE 802.3. 11. The systemgf Claim2, wherein the

data processor is to performoptical transport

network de-framing in conpliance with ITU-T & Pegmbep2006
The system of Claim2, wherein the data processor is

to f . error correction processing in
1'corrp %)ésg%@c\%ﬁ{q\g@{r%UT G 975. 13. The systemof Caim

1, further, ¢ rising a data processor to. provide the
Chput s grfﬁ?ﬁf St fedeNCarh it BaRa A Riensm 4 st
fi rﬁgqaL 23%7ken the 1pputsignal iea PRWOTKest  signal from the
first transmtter using a serial comunications |ine
and wher aifiist regriven tp secaieg airetam signaldram thesnelworkie
test signal with substantially no additional jitter
correcti esecond rasedar to acotvedhe teshsignahfsoraithe hkvadlstamd
processor is to determne path integrity -
char act eaisstomd trhesritteoto rebeive disd test gigahl feord tiidsedamgut
signal. 14. The apparatus of Claim1, wherein the
net veydive? QBIPIG S&isiiah BorAfiunfoations MieMNHereid the 9&t®nd transmitter
appa Biregudd jittdran ReltestighA iandidrsviae tvdjitter rddicédesstaignal
COPRS thdRIUAdignalitd theFRBERESIVEY atPwhERIS el sedBAd transmitter
r eCRl 4Gedilicd Jﬁ?i'fltin BsigRp) tas%ﬁﬁn%ﬁﬁ?régi olided py a
\?\IA:C f ﬁ‘fgf &f& sbb %%%H:vg ain HHE sB¥SHEE M mittePedhrises a
ChEl 118y b Ao B SRS onné bR B bock
mul ilﬁllsca Fon-unit to provide da TiTst cl'ock™signal,
wheP@iR > the first clock si gnal is based on a phase
co ri son be en. a econd ¢l.ock signal and a .
2. 47 v AR AVRIBUONAPED §0UEPer HETPRYISY 3 A RroceSeaTtp proyide the
inou, signalfe;the firt thapsolies apre receivesthe datun gignalirgm the,irst
reGehslic Whergibihe fisstgeeriver ia te kangfecihedrtusn giganl wilhsplstantially
now@gditiopaliilter pEectionda e dajaprapsgsor and wherein the data processor
is to determine path integrity characteristics based on the input signal and retumn
signal.

3. The system of Claim 2, further comprising an interface to exchange signais
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 fo the

. interface.

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




on the first clock signal; a de-nultiplexer to convert
the sanples into parallel format based on a divided
down version of the third clock signal; and a second

cl ock source to provide the second cl ock signal,

wherein the second clock sjgnal is based on a phase
conpari son between the di Vidded down version of the
first clock signal and the divided down ver s Becegper 2006

the third clock signal. FT 14 6 Decenmber 2006 17. The

1osys g‘s%tegl gf &ailrﬁ 2 W&% %1% a{p'(sécge;ﬁérr % opﬁgorm media
acg%% r@\'o(f P"aé‘&ﬁm g 'r| al format sanples

bas on he gbVId own verS|on of the flrst cl ock

erein the date Eogessokis to gerfersn patical

tre@éaeﬂ Q@twqusﬁ*ﬁrfrﬁm@aﬂn ﬁpmﬁléﬁmc&sw'th H&&a#08i gnal based

on the first clock signal. 18. The systemof Caiml1,
12phedBesystem of Claim 2e gerﬁém tHfedath @rocssspr isde perfory farward
ernor gareetion precessing i compiiancewnith ISUBEG8M5.al |y no

additional jitter <correction. 19. The systemof Claim
131, Whesgstent bClago dnflirtheansmptising actui® praessordo protde the
inpitdigmal fol th ifiestttiapemittdrtant] vherreivitie fisst Fededler i ©Gkceive the
test signal fromhies Risbtraihdigittel fisihg alsefikl ®neRahichtforkdine an8@Whrein
thePftat RaceRP &Y fotRihsRe tME Rt §1gn§ﬂﬁfﬂ'ﬂ Quﬁt&rﬁi&ll? n@RRItRAL jter
coffbtiohed tﬂ@%tﬁ&bﬁéﬁbr%ﬁd%r |hrtﬁé d&t ces%og b de rmme

palthARSHfP &&f’é@l{gngﬂb s%@tdtn‘hﬁﬁrée gjﬁll? Sn(?ﬁ{%:l Sl\_s;\thsgéne

test “si'gna ased on
14 CThP b F g b, h%rke?@%ﬁ%%etv‘%? ‘%oﬁ%éﬁs%%‘apﬁoho%a'
secgnd cl ock signal, wherein

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:

aclock 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 signai;

a de-multiplexer to convert the sampies into paraliel 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.




t he second cl ock signal is based on a phase conpari son
between the divided down version of the first clock
signal and the divided down version of the third

clock signal, wherein the de-nmultiplexer is to

convert the sanples into parallel format based on a

di vi ded down version of t third clock signal. 20.

‘The system of Cl aim 19, wherein the second tr&aRsRbeef006
conprises: a serializer to convert the parallel format

a ' L al, f t. .sar b the .
arvieevabihot Ehfas: BheRi Rl FrgBies G Soasiess
re-timer to provide the serial format sanples fraomthe
seri al | 2@SCHEF .ConySi Boqaipla gmel igplop o sprsh format
clock si gaBPlesPpsedRp tag divigadgoven yersion of ffinst Hogkgignal;
second réB@iver is to transfer the test signal with
substantially no additional jitter correction to the
second t A&adimerte provide beBetiehfosnabgmaples fromahensetislizer as
conpr i si thy test signdlibased pndins Gesit cleck sigaeki vi ng an i nput
signal, and transmtting a test signal to a network,
18wheiTaesystieen vEeGlkaim 9| whatein thdifirsecoivet fuethengamhpridegnal ;
at a second transceiver: receiving the test signal

f rom t helogrt toQrdnsfed &id R SidgrRil GAtRsibStentidIg ossdditional jitter
Si OB&dreddnh substantially no additional jitter

correction as a first, reducing jitter in the first
si gk . ¢ I, : oo
195 T80 SRR & el MR IS sqcopd Bantitet EaPprises:, |
?.f " glt Ogika T Q%lna m@é@ﬂ%ﬁbﬁ Ukt bn)%idel 4 &l C[E)(e:lggi%%gf, wherein
! #23HrstEock s;gna? 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 the divided
down version of the third clock signal, wherein the de-multiplexer is
to convert the samples into parallel format based on a divided down
version of the third clock signali.

20.  The system of Claim 18, wherein the second transmitter 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 return signal based on the first clock signal.

21.  The system of Claim 1, wherein the second receiver is to transfer the test
signal with _substanti_ally no additional jitter correction to the second transmitter.




signal to a network; and at the first transceiver:

recei ving the second signal fromthe network. 23. The

nmet hod of Claim 22, further conprising: at the first

transcei ver, determning path integrity

characteristics based on the input signal and the

second signal. 24. The net hWod of C aim 22, wherein at

the first transceiver, transnmitting the test®Beqgrier 2006

to the network conprises: reducing jitter in the input

signal; and providing the jitter reduced input signal
95AS t.he Ee t sitgnal . 25. The nmethod of C aim 22,

% ur PHOPMOGASMIISIG: at the first transceiver:

determining _path integrity characteristics based on a

conpar i sﬁhgﬁﬁ\ﬁié@ﬁcqwﬁf i nput signal and the test

signal . 26. An apBae¥tg@andiBRwrsignakgnda cl ock and

mul tiplication unitransgnitiing test signidl ke a netvewrk, wherell the test

wherei n the $ignaltis basgrkos thgnaputiggelised on a phase

conpar i seta betansrarsceyecond cl ock signal and a

di vi ded down ver sireceivihgtthe tdst sighalcram khe aétgvosk,; 16 6

Decenmber 2006 a plenially ttetsfeiriog thetexbigaal with Sutistantialle no

sanpl es of anaddifiral fttgtdrrechasasiadipsta third cl ock

signal , wherein t hedidihg ftiérin e fisBSiBhall whBawethe rRBucing

the first cl ‘}ﬁt‘érﬁicﬁjb%%;deaséﬂigpﬂgé tHeH eG4l 93§@d‘b’ﬁéi)(ljuraiity

the sanpl es it dpad | f based on a divid
down version of thzsqs?rﬁ'%d cl ock signal; a second clock

source to provide tEatPlg ?tﬁﬁ% ﬁ{eQ?gdch’cieQQ%t’si L& ia\rgecoarld
tk)th\N:g(r:}ond Cls?é:nkal%c') grﬁ%‘twc'w ;ﬂgia'(?ed on a phasedﬁc]aorrparl son
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 trénsceiver, 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.

25. 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.

26.  An apparatus comprising:

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; ' o :




t he di vided down version of the first clock signal and
the divided down version of the third clock signal; a
serializer to convert the parallel format sanples into
serial format sanples based on the divided down

version of the first clock signal; and a re-tinmer to
provide the serial format s les fromthe serializer
based on the first clock signal. 27. The appa? Ressgbss 2006

G g A IS T e song
S r

o s G

g% o1t Berein P (g K 3fiahin Besed
%5 6%”3&3 of Claim 26, further
conprising; a

d,a[a Processor to determ ne path
i nt egrit § deraHitiplexel torGopyeR thaspraples e paraiatfogngfihased on
and a si gityidecdeawyvarsionoeh the Hrtdwesk sigBalhased on  the

serial format sanpl es. _ _ _
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;

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
based on the first clock signal.

27.  The apparatus of Claim 26, further comprising:

28.

a data processor to determine path integrity characteristics based on
the input signal and a signal based on the serial format samples.

The apparatus of Claim 26, further comprising:
a data processor to determine path infegrity characteristics based on

the input signal and a signal received from a network and based on
the serial format samples.




