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obopymoBaHumn Ans naMepeHus opkutrepa. Kpome Toro,
MPOAEMOHCTPMPOBaHbI NMPUMEPLI M3MEPEHUIt AXUTTEpPa
nepuona, MeXTakToBOro [KUTTepa 1 UCKaKEeHNs!
BPEMEHHOro VHTepBarna, a Takke obcyxaalTcs
npevMyLLECTBa PasnnYHbIX TUMOB NpeacTaBneHus
pe3ynbTaToB M3MEPEHMIt — IMCTOrPamMMbl, KPUBOM 1
cnekTpa.
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BBeneHune

BeegeHue

B oaHHbIX yKasaHUsX N0 NPUMEHEHMIO NPEeACTaBEHbl BO3MOXHOCTU OMLMK aHanns3a
mxutTepa R&SPRTO-K12 uudposoro ocumnnorpada R&S®RTO B oTHOLEHWUM aHanusa
¢as3oBOro gpoxaHus (OXXnTrepa) CUrHanoB AaHHbIX U TAaKTOBbIX CUrHanoB. [lanee B AaHHOM
[IOKyMEHTe [nsi NPOCTOThl YTeHus Lundposoi ocumnnorpad R&S®RTO Gynet o6o3HauaTLCs
kak RTO, a onumns aHanusa pxuttepa R&S®RTO-K12 kak RTO-K12.

C pocToM ncnonb3oBaHUs LMPOBbLIX KOMNBIOTEPOB M, COOTBETCTBEHHO, LIMAPOBON
06paboTkM cuMrHanos 1 LMPOBON NepefaYn CUrHanoB, LMgpoBbie MHTEPdENCHI
CTaHoBATCA npeobnagatowmnmm B obnactu pa3paboTku anNekTpoHuKKU. Tak kak undpoBbie
CWrHanbl B Lenom bonee ycTon4mBbl U MEHEE BOCMPUUMUMBEI K MOMEXaM, YEM aHanoroBble
CurHanbl, TO UMeeTCs TeHAEHLMS YBENMYEHUSA CKOPOCTM Nepeaayn AaHHbIX U TAKTOBOW
4YacTOThbl, NPU STOM YMEHbLLAIOTCA AOMYCTUMbIE BPEMEHHbIE UCKaXXeHUs1 curHanoB. B cnyyae
nosiBneHnst owumbok Takke Tpebyetca 6onee nogpobHbIM aHanNn3, CAOXHbIE UCMbITAHMSA U
BO3MOXHOCTU OTnagku. B kauyectse npumepa yBennyeHms TakTOBOM HYacTOTbl MOXHO
NPUBECTUN TaKne XopoLLO N3BeCcTHble undposkie ctaHaapThl kak PCle, SATA, USB nnn DDR.

AHanM3 JonycTUMbIX BPEMEHHBIX UCKaXEHUIN HE OrpaHMYeH aHan1M3oMm Nullb curHana
OaHHbIX, 8 MOXeT ObITb NPMMEHEH K TaKTOBOM 4acToTe, COAEPXKaLLENCsa B CUrHane AaHHbIX,
UM ONOpPHOK TaKTOBOW YacToTe. bonee Toro, HEKOTOPbIE M3MEPEHNUS DXKUTTEPA AOCTYMHbI
ONsi NPYMEHEHUS B pa3nuyHbIX HeundpoBbix 06nacTsx, Hanpumep, mogynaummn BY-
CUTHAaIoB MM BPEMEHHBIX XapakTepucTmkax aHanoro-undgposbix (ALIM) n undpo-
aHanorosbIx (LIAI) npeobpasoBaTenen.

B kombuHaumm c onumen RTO-K12 npnbop RTO sBnsieTcsa npekpacHomn nnatcgopmon gns
TOYHOro aHanu3a gxuTrtepa. KnoyeBbiMm ocobeHHocTsasmu RTO npu npoBeaeHUn TOUHbIX
N3MepeHun LenoCTHOCTM CUrHana ABnseTcs YyBCTBUTENbHOCTb, LUMPOKOMOMOCHOCTb, HU3KUI
YPOBEHb LUIYMOB aHaroroBoro BXo4HOro Kackaga, BblICOKasi TOMHOCTb, ogHosAepHbIn AL n
BbICOKME CKOpPOCTM 3axBaTta u obpaboTku aaHHbIX. RTO-K12 gobaenseT kK aToMy Cnmcky
aBTOMaTUYECKNE U3MEPEHUST XapaKTEPUCTUK [HKMTTEPA, NPOrpamMmmMHO-peann3oBaHHoe
BOCCTaHOBMEHWE TakTOBbIX CUrHanoB, rpadnyeckoe otobpaxeHne pesynbTaToB U3MepeHui
N MacTep HacTpOVkM Ans obrnerdyeHnss MCNonb3oBaHMs ONuUK aHanu3a gxutrepa. Onuus
BOCCTaHOBMNeHus TakToBbix curHanos (CDR) R&S®RTO-K13 obecneuvsaet
OOMNONHUTENBbHbIE BO3MOXHOCTU aHanns3a gXntrepa, Kotopble He obcyxaalTcs B JaHHOM
nokymeHTe. OHa no3BonsieT CKoHUrypmpoBaTth annapaTHyto dyHkuuio CDR ans 3anycka no
CVrHany AaHHbIX, CoOO4EepPXaLleMy TakTOBYH 4acToTy.

M3mepeHue oxmTTepa MOXHO BbIMONHATL BO BPEMEHHOMW UMW B YacTOTHOW o6nacTu.
M3HavanbHo ocuunnorpad paboTtaeT ¢ curHanaMmum BO BpeMeHHon obnacTtu. B kayectse
npumepa npubopa, cneumannanpoBaHHOro Ans U3MepeHuin [KuTtTepa B YacTOTHOW obnacTw,
MO>XHO NMPMBECTU aHANU3aToOpP UCTOYHWKOB CUIHamNoB Ansi paboTbl ¢ ha3oBbIMY LLyMaMU U
TECTUPOBaHWsA reHepaTopoB, ynpaensembix HanpsxeHnem, R&S®FSUP (1). ina cpaBHeHus
B Tabnuue 1-1 nokasaHo, 4TO AN N3MEPEHUI B YacTOTHOM 06racTi Ha annapaTHOW OCHOBE
TOYHOCTb BblILLE M3-3a LUMPOKOro (Kak NpaBuio) AMHaMU4eCcKoro guanasoHa, AnvTenbHoro
WHTepBana M3MepeHui 1 camMmoi KOHLENUMM N3MEPEHUI, NpeaHa3Ha4YeHHoW ans paboTbl C
dazoBbIM WyMoM. OgHaKo n3MepeHns AxuTTepa C NOMOLLLIO aHann3aTopoB hasoBbIX
LUYMOB M CNEKTPa OrpaHNYEeHbl TOMbKO CUTHANOM TaKTOBOM 4acToThl. I3amepeHns mxutrepa
BO BpeMeHHOW 0bracTu No3BoNSAT aHanuamMpoBaTb BOMYHbIE LUPOBbIE CUrHarbl aHHbIX
Unn oTcnexueaTtb asoBbIN LWYM CUrHana BO BpeMeHW.

B nepBoi rnaBe ykaszaHuii No NpUMEHEHWIO NpUBEAEHbI OCHOBHbIE cBeaeHus 06 addekTe
¢a3oBoro ApoxaHus (IxuTTepa), B TOM YUCIe O ero UCTOYHUKaX, MeTofax aHanusa u
WMHCTPYMeEHTarbHbIX OrpaHu4yeHmnsax ero aHanusa. [lanee npeacrasneHa Modenb curHana,
KoTopas ncnonb3yetcs Ans 00bACHEHNs NPOBEeAEeHNS N3MEePEHUN JKUTTepa U BMAHUSA Ha
mMeToAbl aHanu3a. B nocneaHer rnase AaHHOro JOKYMeEHTa Ans aHanusa umdpoBoro
curHana TakToBOM 4YacToThbl AeMOHCTpaumoHHon nnatel Rohde & Schwarz ncnonbsyetcs
onuusi RTO-K12.
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BBeneHune

Tpw WIMPOKO UCNONBb3YEMbIX USMEPEHUS AXKUTTEPA NPUMEHSAIOTCS K TAKTOBOMY CUrHany u
OEMOHCTPUPYIOTCS BO3MOXHOCTW aHanmaa gpxutrtepa ocuunnorpadgom RTO.

Ta6bnuua 1-1 — PaznnMumnsa pa6oTbl Npu6opoB BO BPEMEHHOW UIn 4YacTOTHOW obnactu

Pasnuuusa paboTbl npMbopoB BO BpeMEeHHOM Unm 4YacToTHOM obnactu

BpemeHHas obnacTb YacroTHasi obnacTtb

Pa3wmax pxuttepa CK3 dhasosoro pxkutrepa
BerpoehHeie MeXTaKTOBbIN SKUTTE das3oBbll WYM
n3MepeHms P y

[bxutTep nepmnopa WHpopmaLumsa o yactoTe pxutrepa

MoaxoauT Ans HU3KMX TaKTOBbIX YacToT [MpocToe feTekTMpoBaHue nomex no

CPaBHEHWIO CO CINyYalHbIM [KATTEPOM
MpeumylecTsa MoaxoauT Ans oxuTTepa, 3aBUCALLErO
OT AaHHbIX Hun3skuin nopor wyma

MoHUTOPUHI OXXUTTEpa BO BpEMEHU

MoapobHbI aHanM3 BMSAHMS anropyTMa BOCCTAHOBIIEHUSA TAKTOBOIO CUrHana, KoTophbiin
SIBNSAETCH YaCTbl0 U3MEPEHNS CKaXKEHUW BPEMEHHBIX MHTepBanos (Time Interval
Measurement, TIE), He paccMaTpmBaeTCs B JaHHbIX yKa3aHWSAX MO NPUMEHEHUIO, HO
nonb3oBaTeslb MOXeT Nonyy4nTe 6onee nogpobHyto nHdopmaumio 06 aTon Teme,
0o6paTMBLUNCE K CIUCKY NUTEpaTypsbl.
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OCHOBHbIe CBeAEHUA O AXKUTTepe

2 OCHOBHble CBEJIEHNS O [KUTTEPE

2.1

2.2

OnpepeneHne pxuTTepa

MexagyHapoaHbIn coto3 TenekoMmmMmyHukauun (International Telecommunication Union, ITU)
npeanaraeT LWMPOKO pacnpocTpaHeHHoe onpeaeneHune mkutrepa (dasoBoro gpoxarust) (2):
"KUTTEP — 3TO KPATKOBPEMEHHbIE U3MEHEHUNS 3HAYaLLUX MOMEHTOB Ae€BUaLIUN CUTHAMOB BO
BPEMEHM OTHOCUTENBHO X NAEaribHOrO MOJIOXEHUSA BO BPEMEHMW (rae NoHsTue
KpaTKOBPEMEHHOCTb 03HA4aeT, YTO 3TN N3MEHEHUS MMEIOT YaCTOTY BGONbLUYIO UNW paBHYHO
10 'w)". OxxnTTep namepseTcs no OTHOLLEHWUIO K naeanbHOMY MCTOYHUKY TakTOBOIO cMrHana
unun Kk camomy cebe.

M3-3a TOro, YTO AXUTTEP COAEPXUT CryYalHble KOMMNOHEHTbI, AN ero XapakTepUCTUKK
NCNOMnb3YTCA Takue cTaTUYeckue 3Ha4YeHus], kak cpeHeKBaapaTNUYeCcKoe OTKIOHEHNE UMK
MonHbIV pasmax. Mogo6GHO Bcem CTaTUCTUYECKUM U3MEPEHUSIM, ANS MONMyYeHns!
NOBTOPSAIOLLMXCSH U3MEPEHUI MONb30BaTENb AOMKEH yKa3aTb KONMYECTBEHHbIE
XapaKkTepUCTUKK, Hanpumep AoBEpUTESbHbI UHTEpBar.

ITU onpegenseT Takke pasnuunsa Mexay [KUTTepoM 1 gpendom dasbl. B gaHHOM
KOHTEKCTE OXKUTTEP UMEET KOMMOHEHTbI TONbKO ¢ YacTtoTon 6onee 10 Iy, Toraa kak gpend —
TonbKO ¢ YacTtoTo Huxke 10 Ny. Bonee nogpobHoe paccMoTpeHue NoHATUS aperida dasbl
BbIXOAMWT 3a paMKu JAHHOrO AOKyMeHTa.

UCTOYHUKMN OXKXnUTTEpa

OBbIYHO KUTTEP COAEPKUT pa3HOOOPa3Hble KOMMNOHEHTbI, KOTOPbIE Bbl3BaHbl PA3NNYHLIMU
NCTOYHMKaMK, CM. PUCYHOK 2-1. [N aHannsa mxutrepa BaXHO NOHMMATb, KakoBbl 3TK
WCTOYHVKW 1 KaKOB UX BKMag B cymmapHbi mkutTtep (Total Jitter, TJ). ina aHanusa yacto
ncnonb3yeTcst Mofens MKUTTepa ¢ pasbueHrem Ha ABa OCHOBHbIX TUMA — CryYanHbIA 1
onpeaeneHHbIi.

CymmapHsbIn
oxuttep (TJ)

/\

OnpenenexHHbIn AXnTTep CnyvaiiHbI SKUTTEP
(DJ) (orpannuen) (RJ) (He orpanmuen)
WckarkeHne koadpdmumeHTa [bxuTTep, 3aBUCALLMIA OT [Mepvoamnyeckuii
3anonHeHus (DCD) AaHHbIx (DDJ) oxutTep (PJ)

PucyHok 2-1 — UcTouHukn axutrepa

OnpegenenHbin pxuttep (Deterministic Jitter, DJ) Takke Ha3biBaeTCa cuctemaTUyeckum u, B
CBOIO ovyepepb, pa3busaetcsa Ha nepuoguydeckun pxuttep (Periodic Jitter, PJ), pxntTep,
3aBucAwmmn ot gaHHbix (Data-Dependent Jitter, DDJ) n nckaxeHus koacpduuymneHta
3anonHexus (Duty-Cycle Distortion, DCD). OnpeaeneHHbI OXUTTep orpaHuyeH 1
XapakTepusyeTcs 3Ha4yeHneM nonHoro pasmaxa. CrnyvyanHbli 4XXUTTEP HE OrpaHnyeH n
06bI4HO XapakTepuayeTcs cpegHeKBagpaTU4EeCKUM OTKITOHEHMEM O.
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OCHOBHbIe CBeAEHUA O AXKUTTepe

2.21

2.2.2

2.2.3

[ns nonb3oBaTtens BaXXHO MOHUMATb U pasnmMyaTb MCTOYHUKM JKUTTEPA U COOTBETCTBYIOLLNE
dyHKUMM NNOTHOCTU BepoATHOCTU (probability density function, PDF), Tak kak rucrorpamma
ABMNSIETCSA MOLLHbIM MHCTPYMEHTOM €ro aHanusa. OgHako UHTepnpeTauusi rMcTorpaMmm
MOXeT ObITb CNOXHa M TpeboBaTh XOPOLLEro MOHUMAaHUSA BHYTPEHHMX npoLieccos. B
crnepytoLwieM pasgerne obcyxaatTcs Mo OTAENbHOCTY PYHKLUMM MNOTHOCTU BEPOSITHOCTM
BCEX TUMOB NCTOMHUKOB JXWUTTEpPA, TaK Kak CYMMapHbIN JXKUTTEP BbIYUCMSIETCH Kak CBEpTKa
pacnpeaeneHnin Bcex UCTOYHUKOB mxuTTepa (3).

CnyyanHbIn XXUTTEP

W3-3a HeperynspHoro xapakrepa crny4anHoeii pxmuttep (RJ) He koppenupyeTcst HU C KakumMm
OpYrMMmn curHanamm u ero BpeMeHHoe nosefeHune Henpeackasdyemo. OHO onucbiBaeTcs BO
BPEMEHHON obnacTun n MeeT 3KBMBaNeHT (pa3oBoro Wyma B YacToTHOM obnacTtu (4).
Tennoson wym, gpodoson wym, 1/f wym (po3oBbil Wym) n apyrue dusndeckne apdekTbl
BHOCSIT CBOW BKIlag, B CIlydauHbIN J)KUTTEP, U €r0 MaTeMaTnyeckuM npeactaBneHnem
SABNAETCH CNyvanHbIi npouecc. PyHKUMSA NNOTHOCTM BEPOATHOCTU CRyYalHOro mpxutrepa
COOTBETCTBYET LUMPOKO M3BECTHOMY (HOpMarbHOMY) pacnpegenenuto [(aycca, cm.
BbIpaxeHuve (2-1) n pucyHok 2-2, rae cpegHee 3HaveHue [ — HOMUHarbHbIV Neprog
reHeparopa, a ¢ — cpeHeKBagpaTn4eckoe oTkroHeHue. C gaHHow yHKUMEN NNOTHOCTH
BEPOSATHOCTU CNyYarHbIA JXXUTTEP NOMNydYaeTcsi HEOrpaHNYEHHbIM U OBbIYHO
XapaKkTepusyeTcs cpegHeKkBaapaTMYECKUM OTKIIOHEeHeM G. ViHorga anst onvcaHust
Crny4anHoro AXXntrepa Ucnonb3yeTcs u3mepeHne NofiHOro pasmaxa B onpegenieHHoM
ONCKPETHOM MHTEpBare.

1 _&=p?
fiy@) = Gme 207 (2-1)

NmeeTcsa ABe NpUYnHbI SBHOMO HOPMAanbHOro pacrnpeaerneHns criyqyanHoro axutrepa. Bo-
nepBbIX, TEMMOBOW LWYM, BHOCSLUMIA BKNaZ B CIy4alHbIA IXKUTTEP, YXKe XapakTepuayeTcs
HOpMarbHbIM pacnpeneneHnem. Bo BTOpbIX, B COOTBETCTBUM C LieHTparbHON NpeaenbHoN
TEOpPEeMoN, ocTarbHble hrandeckne acpdekThl, BHOCALLME BKMaL B JKUTTEP C YETKO-
onpeaeneHHbIMK pacnpeaeneHnsm, B pesynbTaTte AaayT pacnpeneneHue 6rnmskoe K
HOPMaribHOMY.

Mepunogunyecknmn pxutrep

Mepuogunyecknin pxuTtTep (PJ) BbidbiBaeTCA NnepuogudeckumMmm nomexamum. XoTa 3ToT curHan
He 00653aTenbHO ABMSAETCA CUHYCOMAArnbHbIM, €ro YacTO Ha3bIBaT CUHYCOUAANbHbLIM
DKUTTEepoM. AMNAMTYAa Nepuoanyeckoro curHana npu 3STom orpaHM4MBaeT 3HavyeHune
okntTepa. CuHyconaansHoe BO3MYLLEHUE CUrHana UMeET apKCUHYCHYI0 (OYHKLMIO
NNOTHOCTM BEPOSITHOCTU, ONpeaensieMyto BbiIpaXKeHUEM (2-2) 1 NOKA3aHHYI Ha pUCYHKe 2-3.

et Az —x2)1 Ixl < A )
o = [T 22)

MoLLHbIV reTepoanH, UMMYNbCHBIN UCTOYHUK MUTaHUS, HeXenaTenbHble NepeKkpecTHbIe
nckaxxeHust unu HectabunoeHas GAMNY BbI3bIBAIOT NEPUOANYECKUIA IXKUTTEP N3-3a
CNy4anHoro BMSIHWUS Ha curHan.

OXxutTep, 3aBUCALLUNA OT AAHHbIX

MexcumeonbHasa nHtepdepeHuus (Inter Symbol Interference, ISI) npyBoguT k nosBREHMO
DKnTTepa, 3asucslero ot gaHHbix (DDJ). Korga nponcxoant mexcumBonbHas
NHTEpdEpPEHLMS, MOTYT UMETb MECTO BO3MYLLIEHUS CUrHana c ycurneHmem, BpeMeHHbIe
CABUIM C KONUPOBAHWEM CUrHana unu oTAenbHbIX ero YacTew.
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OCHOBHbIe CBeAEHUA O AXKUTTepe

fRJ(x)

fPJ(x)

HopmanbHoe pacnpegeneHue

0.35

0.3

0.25

0.2

015

0.1

0.05

PucyHok 2-2 — HopmanbHoe pacnpegeneHue (1 =0, ¢ = 1.5)

ApkcuHycHoe pacnpeaeneHue PJ

45 04 403 402 04 0 01 02 03 04 05
X

PucyHok 2-3 — ApkcuHycHoe pacnpegeneHue PJ (A = 0,5)
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OCHOBHbIe CBeAEHUA O AXKUTTepe

Bo BpemeHHoI 061acTn MeXCUMBOSbHAs UHTEPEPEHLINSA Bbi3BaHA MHOTOMyYeBbIM
pacnpocTpaHeH1eM BOSH Npu 6ecnpoBoAHON Nepedaye v OTpakeHUsSIMU NPU NPOBOAHOM
nepegade, KOTopble Co3aaloT 3aepXXaHHble BO BpeMeHW konuu curHana. OTpaxeHus unm
9X0-CUrHarnbl NOSIBMSAOTCA M3-3a pPacCorfiacoBaHnUs UMMNeOaHCOB Harpy3ku, a Takxe u3-3a
HEeOoOHOPOAHOCTEN (hU3NYECKON Cpeabl Ha MyTW PacrnpoCTpaHeH s, HanpuMep pasbemMoB Unu
KpaeBbIX 30H.

B yacToTHOWM 06nacTn MexcumBornbHas nHTepdepeHUns BbidBaHa gucnepcuen. ucnepcus
— 3TO YaCTOTHO-3aBMCUMas rpynnoBas CKOPOCTb NepeaaroLLen cpeabl, onpeaensemas
MaTepuanomM unn mogarnsHbIMU addekTamm Nyt pacnpocTpaHeHums. OrpaHMyeHus no
nonoce NponyckaHns cpefpbl nepeaayn SCHO NoKa3biBalT YacTOTHYIO 3aBUCUMOCTb
rpynmnoBoOW CKOPOCTU, HO MEXCUMBOIbHAA MHTEPdEPEHLIMA B YaCTOTHON obnacTtu He
orpaHuM4MBaeTCcs No Nonoce NPonyckaHus.

Haunbonee pacnpoctpaHeHHast MoAenb pyHKLMM NNOTHOCTU BepoaATHocTh ana DDJ
CTPOUTCS Ha OCHOBE ABYX OTAEMbHbIX aMMUTYAHbIX COCTaBSAOWMX, YTO ONUCbIBAETCA
OBOWNHON (pyHKLUMEN NIOTHOCTU BEPOATHOCTU [npaka, CM. pUCYHOK 2-4 1 BblpaxeHue (2-3).

fon; () = %(J(x—u) +60+w) (2-3)

Pacnpenenenue DDJ

0.5r A

031 A

fDDJ(x)

04F .

1

1 1 1
45 04 035 0.2 041 0 01 02 03 04 05

PucyHok 2-4 — Pacnpenenenue DDJ B Buae aBoiiHon dpyHkumu Aupaka (n = 0,5)

2.2.4 WckaxeHue KoadhpuLumeHTa 3anofiHEHUA

WckaxeHune koadbduumerTa 3anonHeHms (Duty-Cycle Distortion, DCD) aBnsasTcs
pesynbTaToM BNUAHUS ABYX BO3AeNCTBUiA. [epBoe BO3AeNCTBNE BbI3BAHO BMSHWMEM Nopora
KBaAHTOBaHWs1, U 0603Ha4YeHo BykBol A Ha pucyHke 2-5. Ecnv nopor kBaHTOBaHWSA curHana
N3MeHsieTcsa U He coBnagaeT C ONTUMarnbHbLIM YPOBHEM, TO pe3ynbTaTom 3Toro 6yaet
nosisneHne DCD. Ha pucyHke 2-5 nokasaHo yBenuyeHne ypoBHS nopora KBaHTOBaHUS, YTO
BCerga npuBoamT K 3agepkke nepegHero dopoHTa Ha Atar, a8 3agHUIA OPOHT, HANPOTUB,
HacTynaeT paHblue Ha BpeMs Ata. OBblMHO B CTaHAApTe MHTepdenca AaHHbIX YPOBEHb
nopora KBaHTOBaHWS onpeaeneH Ansa XxapakTepHbIX CUrHanoB, TOrAa Kak nepeceyeHune
nepeaHero Unu 3agHero ppoHTOB Ha rMaskoBOW Auarpamme onpeaensoT onTUMarnbHbIN
YPOBEHb Nopora KBaHTOBaHUS.
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OCHOBHbIe CBeAEHUA O AXKUTTepe

Mo ananorvn ¢ DDJ gyHKUMS NOTHOCTM BEPOSITHOCTU 3TOW MTMCTOrpaMMbl [pKUTTEpa
onucbiBaeTcs ABOVHON yHKUMen [lnpaka (CM. pUcyHok 2-4).

PasnunyHble BpeMeHa HapacTaHus 1 cnaga (pOHTOB CUrHana npuBoasT K NOSIBNEHMIO
BTOPOro BO3gencTsus, nsobpaxeHHoro Ha pucyHke 2-5 nog 6ykson B. MNMorpeluHocTb
koadbpmumeHTa 3anonHeHns nepexoaa BbICOKOro YPOBHSI ABOMYHOMO CUrHana B HU3KUA Atpr
OyaeT oTnn4aTbCs OT NOrPELLHOCTN NEPeXofa HU3KOro YPOBHS CUrHana B BbICOKUM
MPOMNOPLUMOHANBHO pasHuLEe MeXay BpeMeHamMn HapacTaHust U cnaga.

B o6wwem, DCD orpaHnyeHbl NnogobHO BCEM UCTOYHMKAM ONPedENEeHHOro [KUTTepa,
noaTomy cnoxHo guddepeHuupoate DCD 1 DDJ, BHOCUMbIE MEXCUMBOSBHON
NHTepdepeHumen. [1na namepeHms BKnaga Kaxaoro U3 HMUX no OTAeNbHOCTM UCMoNb3yeTcs
crneayoLwmi cnocob: namepeHne oxutrepa nonepemeHHoun nocrnegosartensHocTn '01', a no
CYLLIECTBY, ABONYHOIO TakTOBOro curHana. OH noMoraeT yCTpaHUTb MEXCUMBOSbHYHO
NHTEpPdEPEHLIMIO 3a CYET ee NEPUOANYHOCTH.

MI3MeHEHHbIN
YpOBEHb

KBAHTOBaHUA
YpOBEHb \
KBaHTOBaHWA
[aHHble \_ S _j \—
TakToBbIl
curHan —
—_— — — — —_— — —_— —

A tar A ta\f A tbr A tbf

PucyHok 2-5 — UckaxeHune koadcpuumeHTa 3anonHeHus (DCD)

2.3 WNHCTpyMeHTbI ANnA aHanuM3a pxuTrepa

Ocuunnorpacd RTO cogepXuT HECKONBbKO (OYHKLMIA aHanmu3a Anst OLEHKN LIeNOCTHOCTU
curHana. Onums RTO-K12, npegHasHavyeHHast 4Nst aHanusa gxmtrepa, paclumpseT aToT
Habop PyHKUMI OO aHanM3a HECKONbKNX TUMOB CUrHANOB, HaNnpPUMep, LMAPOBbLIX TAKTOBbLIX
CWUrHanoB M ABOMYHbIX CUrHANOB AaHHbIX, a Takke BY-curHanos.

[nsa undpoBOro TakTOBOro curHana ucnonb3yetca pasmepHocTtb Nepu ['U], B oTnin4dmne ot
OBOWYHOrO CcMrHana AaHHbIX, KOTOPbIA XapakTepuayeTcst KONIMYECTBOM BUTOB B CEKYHAY
[6uT/c]. LindpoBoit TakTOBLINA CUrHaN MOXeT paccMaTpUBaTbLCS Kak ABOWYHbIN CUrHan
AaHHbIX ¢ 6eckoHevHon nocnegoBaTenbHocTho '01', YacToTa nepefayn aHHbIX KOTOPOro
COOTBETCTBYET YABOEHHOM YacToTe. [lonb3oBaTenb MOXET aHanM3npoBaTh TAaKTOBbIE
CUrHanbl MPUMEHSA Te e caMble (PYHKLMN N3MEPEHMIN U BU3yanun3aLumm, Kak 1 gns
OBOMWYHbIX AaHHbIX. icnonb3ysa 3Ty aHanoruio, Bce MHCTPYMEHTbI ANs U3MEPEHUIA U aHanusa
MOryT ObITb NPUMEHEHbI K TAKTOBLIM CUrHaNoM. Ml HaobopoT, N3MepeHUst KMTTepa 4acToThl,
DKUTTEepa nepvoaa, MeXTaKToOBOro Axxntrepa unu gxutrepa N-ro Takta n gpyrme moryt
ObITb NPUMEHEHbBI TOMBLKO K NEPUOANYECKOMY TAaKTOBOMY curHany u BY-curHany.

2.3.1 CTtatucTtuka

PyHKLUMA aBTOMATUYECKMX M3MepeHui Nnpubopa RTO obecneyvmBaeT nonyveHne
CTaTUCTUYECKNX AaHHbIX AnS NobbiXx aBTOMaTUYeckmux namepeHuii. OBbIYHO NpY U3MEPEHUN
DKUTTEpa TpebyeTCcs OLUEHUTb CTAaTUCTUKY U3MEPEHUIA YACTOThbI, NEpUOAa UMK LUNPUHBI
nmnynbca. Tak Kak usMepeHHble JaHHble coaepXaT Cry4anHble KOMMOHEHTbI, ANS ONUMcaHus
XapakTepUCTUK CUrHana noaxoadTt ctatuctTudeckme napametpbl. Cpeou MaTemaTU4eckux
XapaKTepucTMK PYHKLMKN NIIOTHOCTU BEPOATHOCTU XOPOLLO U3BECTHbLI CPeHee 3HaYeHre U
cpefHekBagpaTUYeckoe OTKIOHEHME.
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OCHOBHble CBeE€HUA O AXUuTTepe

2.3.2

Kak 6b110 06bSICHEHO BblLLE, NOSIb30BaATENb MOXET MCMNOJb30BaTh CpeaHEKBaApPaTUYECKOE
OTKINOHEHWe, ecriv NPUCYTCTBYIOT ClyYanHble KOMMOHEHThI [kUTTepa. B cnyyvae
onpegeneHHoro Tuna 4xvTrepa nonb3oBaTenb MOXET BbIYUCIIUTD €ro NOMHbIN pasmax
MOMOLLLbIO 3HAYEHUI, U3mMepeHHbIX ocumnnorpadom RTO, Beiuntan '+Peak’ n3 '-Peak’.

KonnuecTBo namepeHuin ABNAeTCs BaXKHbIM NapaMeTpoM AJ151 OLEHKU YPOBHS
[OCTOBEPHOCTU pe3ynbTaToB u3MepeHuid. Boicokasi yactota c6opa aaHHbix RTO paet
NPenMyLLECTBO B NMOMyYeHUN BbICOKON AOCTOBEPHOCTU U3MEPEHUI B TEUEHNE KOPOTKOTO
BpeMeHW. [Ina faHHbIX C M3BECTHBLIM (DYHKLMSMU NIOTHOCTU BEPOSTHOCTM MONMb30BaTeNb
MOXET MPOKOHTPONMPOBAaTL AOCTOBEPHOCTb CTAaTUCTUYECKUX OLIEHOK (5).

CraTtucTtika MoxXeT ObITb BKItoYeHa Ha Bknagke meHio "Meas" > "Setup” npubopa RTO. lNo

ymonyanuio ocuunorpad RTO BbINOAHAET TOMBKO OAHO M3MEPEHME Ha OCLUIIIIOrpamMmmy.

Monb3oBaTenb MOXeT HAaCTPOUTL NPMBOP Ha BLINOSTHEHWE HECKONbKUX M3MEPEHWIA, 3a4aB

KONM4eCTBO U3MEPEHMWI B OOHOM LiMKIe cbopa AaHHbIX C MOMOLLLIO BKNagkn meHto "Meas" >

"Gate/Display", pucyHok 2-6.

[
Setup | Gate/Display Long Term/Track Event Actions Sensor Measurements@

Measurement gatin

[ Use gate  Gate definition Clear results
ﬁ [_|Zoom coupling

Show gate DCursor coupling

Mode _ Start
(T .
Absolute

. Stop

Evaluation of all events within one acquisition

‘ Multiple meas Limit 100000

Display result configuration
Display result lines
Display reference levels

(
\'

-
w
s
7}

=
o~

(0]
o
]
=
]
(7]
o
L]
=
<+
w
o
(]
=
n
0
o
]
=

Show result control panel

. \Iaa56

PucyHok 2-6 — Bbi6op MHOXecTBeHHbIX uamepeHun (“Multiple meas”) ocunnnorpammbi

MocnecBeyeHue

MpocTor cnocob namepnTb KUTTEP 3ako4aeTcs B UCMOMb30BaHUN pexmMMma
NOCNecBeYEeHNs 3KpaHa, Npy KOTOPOM UMUTUPYeETCst hochopecLMpoBaHmE SKpaHa
aHanorosoro ocuunnorpada ("Display" > "Signal Colors / Persistence"), pucyHok 2-7. Ecnn
YCTaHOBIEH "GeCKOHEYHbIN" pexum nocrnecseyeHus, To ocumnnorpad RTO 6yget
HakannueaTb OCUMNNOTPaMMbl Ha SKpaHe, 1 NoNb30BaTerlb CMOXET, HanpuMmep,
NCNonb30BaTh KypCcopbl Anst U3BMEPEHUS pa3HuLbl MeXay TOUYKaMy NepeceveHnst Ha
rnaskoBov gnarpamme, 4Tobbl onNpeaenvTb CyMMapHbIN JKUTTep Ans 3a4aHHOro MHTepeana
BpeMeHW unu pasmepa BbI6opku. Ha pucyHke 2-7 nokasaH npuMep UCNonb30BaHNst
rnocnecBeYeHns 1 LBETOBOW rpagaumm, a Takke U3MepeHns CyMMapHOro xutrepa c
MOMOLLIbIO KYPCOPOB.

1TD03_2e
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OCHOBHble CBeE€HUA O AXUuTTepe

2.3.3

Ecnu nonb3oBaTenb Takke BKMOYUT LIBETOBYIO rpagauuio, To 6yayT oTobpaxaTbcs oTivyms
(hYHKLMM NNOTHOCTM BEPOSITHOCTY ONPeAENeHHOro JXKUTTepa oT HOpMarbHOro pacnpegene-
Hus. Mpagauusa LBeTa BKMHOYAETCA Ha TOM e BKNaaKe MEeHIo, YTO U NnocrneceeyYeHme.

Signal Colors / Persistence  Color Tables Diagram Layout XY-Diagram Labels Play (%)
Persistence _ Signal style _ Color table assignment

™2 Enable persistence Intensity CRIWFMI  chiwfm2 Chi*.

30 % Use color table

Infinite persistence

Style . Assigned color table

P e \
\ectors Temperature |

‘ Dots Edit Color Table [»

i

PucyHok 2-7 — [lnanoroBoe okHO HacTpoek “Persistence” (nocnecseyenue) u “Color table”
(nanutpa uBeTOB)

MicTorpamma

MicTorpamma B 06LLeM criyyae siBNnsieTcs rpadmMyeckum oToGpaxeHneM pacnpeaeneHus
JaHHbIX. B KOHTEKCTe aHanusa JxkuTTepa Mcnonb3oBaHue rMcTorpamm noMoraeT
nosib30BaTeNto Nomy4YaTh AaHHbIe O JXKUTTepe (ropu3oHTanbHas rmcTorpamma no
ocuunnorpaMme), Wyme (BepTrKasibHas rmcTorpamma no ocuunsiorpamme) u oyHKLUm
MAOTHOCTM BEPOATHOCTU M3MEPEHHBIX 3HAYEHUIA (TMCTOrpaMmMa Mo U3MEPEHUsIM).

B cnyyae ncnonb3oBaHns ropM3oHTanbHOM MMCTOrpaMMbl MO OCUUIIIIorpamMmme, oHa
oToOpaxaeT NIIOTHOCTb AAHHbIX [KUTTEpPA U NO3BONAET OLEHUTb PYHKLMIO NAIOTHOCTH
BEPOSITHOCTM BasucHom nepeMeHHon oxuttepa. OHa oTobpaXkaeT COBOKYMHOCTb AaHHbIX
DKUTTEpa B rpynne QUCKPETHbIX MHTEPBAOB B 3aBMCMMOCTU OT YaCcTOTbl BO3HUKHOBEHWS.
OnckpeTHble MHTEpBanbl HasblBalOTCH 'OMHamun' (ctonbuamum). MMcTorpammMa AN OLEeHKU
okutTepa obbl4HO pacnonoXxeHa Ha nepegHux u/unmn 3agHux poHTax curHana. Ha pucyHke
2-8 npegcTtaBneH npumMep, nokasbliBaloLWmA 4XUTTEP (PPOHTOB TaKTOBOroO curHana c
nocnecBeYeHneM v BKNKOYEHHOW LBETOBOM rpagauneit. [Ing nonyyeHnst Takom rmctorpammebl
TOYKa 3anycka cABvHyTa Ha oauH nepuod. [Npy yBenMyYeHUn KoNMYecTBa AaHHbIX AXUTTepa
NAOTHOCTb AaHHbIX, 0TOOPaXXEHHbIX Ha TMCTorpaMMe, CTpeMUTCS K OYHKLUN MAOTHOCTU
BEPOSATHOCTM NEPEMEHHON KUTTEpPA.
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OCHOBHble CBeE€HUA O AXUuTTepe

Mornzontsl settings v L]
g SOt/ 4 TEAN
Rychon: 16 kSe

Mode:  Normal
Trpe-a: Edoe F Chy
Lavell 126V

| LD S | U

100 42 ma 10006 ns 1002 ne|

PucyHok 2-8 — MNctorpamma nepefHero opoHTa TaKTOBOro cUrHana

C nomouwsto ocumnnorpada RTO Takke BO3MOXHO oTobpaxaTtb ructorpaMmmy pyHKLMM
n3MepeHun ansg nogpobHOro aHanmaa yHKLUUM NIOTHOCTN BEPOATHOCTU. [onb3oBaTternb
MOXET BKIIOUUTb oToOpakeHne B MeHio "Meas" > Bknagka "Long Term/Track". Ha aton
BKIaKe Nornb3oBaTenb MOXET U3MEHUTb MacliTab ructorpammbl BPy4YHyt0, 3a4aBas CABUT U
mMacLutab, unm paspeLumTb BbINOMHATL 3Ty OYHKLMIO NpuBopy, yCTaHOBMB (hriaroByto KHOMKY
"Continuous auto scale" (HenpepbiBHOE aBTOMacLWTabmupoBaHme).

| Setup _Gate/Display -Long Term/Track _Event Actions. . Sensor Measurements|

Long term

- Z Enable
‘ Enable % statistics Horizontal scaling |*

Histogram

‘ k d Enable

‘Track

L]
Enable

'Meas scalin

I Continuous
auto scale

Meas scale Meas offset

200 ps/div 100.032 ns
— Reset histogram, long term and statistics

—
0
g
L]
=
n
[0}
s
[F]
=
m
[0}
4
(7}
b
<+
[T}

o
(5}

=1
n
[}
o4
Q
=
(o]

-

PucyHok 2-9 — Bbi6op ructorpammbl Unm oTobpaxxeHUsi KPUBOM ANsi OTOGpaXeHUs pe3ynbTaToB
M3MepeHun
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OCHOBHbIe CBeAEHUA O AXKUTTepe

2.3.4 KpuBas

KpuBasi usmepenuin pxutrepa (Track) otobpaxaeT Bo BpeMeHU pe3ynbTaTbl U3MepeHui ans
3axBayeHHbIX ocumnnorpaMm. B oTnmume oT ructorpammel OHa UMeeT TEHOEHUMIO K
N3MEHEHMIO B NpoLecce aHanusa u cCoxpaHsieT BpeMeHHbIE COOTHOLLEHWUSI Pe3ynbTaToB
N3MepeHun curHana. ATo NonesHo, Hanpuvep, Ans YaCTOTHO-MOAYMMPOBaHHBIX CUrHaNoB,
Korga KpuBas nepvoga M3MepeHuin OCLMNNorpaMMbl MOXET BbISIBUTb MOAYNALMIO CUrHana.
AHanornyHo, KkpuBas nepmoaa MOXeT nokasaTb CrydYanHble NOMeXU, MPUYUHON KOTOPbIX
ABMNSOTCHA NEPEKPECTHbIE MOMEXU N B3aUMHOE BINUSIHNE, KOTOPbIE, TOYHO Takxke, SABMSATCA
MOAYNMPYIOLLUMMU CUrHanamu. AHanormyHo ructorpaMme, Kpreasi BKIYaeTCs Ha BKIagke
meHto "Meas" > "Long Term/Track". MacwTab no BepTukanu HacTpanBaeTCs Tak Xe, Kak u
ANsi TMCTOrpamMMbil.

OTmeTMM, 4YTO B TOM e MeHto npubopa nmeetca cyHkumusa Long Term (aonrocpoyHslie
namepenms). PyHkummn Long term n Track otnmyatotes. Kpmeaga Track nokaseiBaeT
MHOrOKpaTHblE U3MEPEHUS AN 3aXBaYeHHbIX AaHHbIX U AN KaXaoro uukna cbopa gaHHbIX
oTobpaxkaeTcs HoBasi KpyBasi, Toraa Tak kpueas Long Term ucnonb3yeT 0gHO U3MepeHue Ha
OAMH umMKn cbopa AaHHbIX M 0TOBpaXaeTcs Nocrne MHOroKpaTHOro 3axsarta.

2.3.5 CnekTp

CnekTp oToOpa)kaeT 3axBaveHHbI CUrHan B YacToTHow obnactn. Ocuunnorpad RTO
dopmUupyeT CNeKTp ocuunnorpammbl curHana nocpegcteom bId-seiuncnennin. Yacrota
ONCKpeTM3aummn onpegensieT MakcumarbHYt YacTOTy CNekTpa, a COOTHOLLEHUE Mexay
YacToTOW AUCKPETU3aLUMM 1 KONMMYECTBOM OTHETOB OMNpeaensieT paspeLleHme cnekTpa.

Kpome TOro, npeacraeneHHas Bbilwe OyHKLUS KPMBOW NO3BOMSET NPOBOAUTL ObICTpble
npeobpasoBaHua dypee (BINP) kpuBorn Gnarogapsa HanMUMK BpeMEHHOW MHopMaumn. ITo
CyLLEeCTBEHHOE MPenMyLLEeCcTBO ocumunnorpadoB peanbHOro maclutaba BpeMeHu, Takux Kak
RTO, no cpaBHeHuto co cTpobockonuyeckummn ocuunnorpadgamn. TpaguumnoHHble
cTpobockonuyeckne ocuunnorpadbl UCNONb3YHTCA ANA aHanusa [KUTTepa, HO KX
BO3MOXHOCTW OrpaHM4MBaloTCs NOMyYeHNEM rMCTorpaMMbl AaHHbIX.

Ecnu curHan He nmeeT SIBHO-BbIpaXXEHHON MOAYNALMK, TO KpUBas SKUTTEpa Noxoxa Ha
LLIYMOBOW curHan. B Takom cryyae npenmMyLLecTBa UCMOMb30BaHWSA CrieKTpa KpMBOW curHana
yABamBaloTcs. Bo-nepBbix, Manble curHansl, HeonpeaensemMble U3-3a Lyma BO BpEMEHHON
obnacTtu, B cnekTpanbHOM NpeAcTaBneHn CTaHOBSTCS BUAMMbIMUW. Bo-BTOpbIX, CnekTp
KPVBOW curHana nokasbliBaeT MUHUMAIbHbIA YPOBEHb LYMa, YTO 9KBUBANIEHTHO MOLLHOCTU
curHana, a dopma cnekTpa AxuTTepa ykasbiBaeT Ha NCTOYHMKM WyMa (cm. rmasy 2.2.1).

2.3.6 [naskoBas guarpamma

"naskoBas guarpamma no3BonseT onpeaenvTb Ka4ecTBO LMAPOBLIX CUrHANOB AaHHbIX.
"ma3koBas Auarpamma co3faeTcsl HaNoXeHMEM MHOXECTBA OCLMMorpaMm LndpoBoro
curHana, pucyHok 2-10. O6bI4HO rnaskoBas AvarpaMmmMa otobpaxaeTcs B Buae
ropu3oHTanbHOM NpoeKkuun B AnanasoHe ot 1,5 8o 2 AnutenbHoOCTER aneMeHTapHoro
curHana (unit intervals, Ul) nnm 6utoBbix nepnogos undposoro curHana. [nsg nonyyeHus
rnaskoBow auarpaMmbl LMEPOBOro curHana nonb3oBaTtenb JOMmKeH 0bpaTuTe BHUMaHWe Ha
cnepyoLime 0CobeHHOCTU:

BpemeHHoe pacnpegeneHune npu HanoxeHM1 SOMKHO BbITb NPYBA3AHO K ONOPHOWN TaKTOBON
YacToTe, KOTOPOM MOXET ABMATLCHA TaKTOBbIV UMMYIbC COAEPXaLUNCS B CUrHane gaHHbIX
WNW BHELLHAS TaKToBas YacToTa. TakToBbIM UMMYIbC, COAEPXalUMNCa B CUrHane AaHHbIX,
OOIKeH OblTb U3BNEYEH annapaTHOWM UM NPOrpaMMHON DYHKLMENR BOCCTAHOBMNEHUSI
TakToBbIX curHanos (CDR).
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[ns BbINOMHEHNS! TOYHBIX U3MEPEHWI B MNA3KOBYIO AMarpammy OOSMKHbI ObITb BKIHOYEHbI BCE
3Ha4yMMble OBUTOBLIE NOCeAOBaTENBHOCTU curHana. AdgekTbl 3aNOMUHAHKSA, HaNpUMep,
MEXCMMBOSIbHas UHTepdepeHums (M. rmasy 2.2.3), onpegensioT KONMYeCTBO 3HaYaLLmnx
OMTOB B NOCNeAoBaTENbHOCTW, KOTOPAs onpeaenseT, HaCKONbKO OTAENbHbIN BUT LMdpPoBOro
curHana BnusieT Ha cocegHue 6utbl. Hanpumep, ctaHaapTHbIV 3anyck No poHTy ByaeT
NCKNIoYaTb NOCrneaoBaTeNlbHOCTU, KOTOPbIE CNEAYHOT TONbKO 3aaHeMy OPOHTY. [na
Nony4yeHns XopoLUNX pe3ynbTaToB 3anyck AOIMKEH ObITb yCTaHOBMNEH MO obonm ppoHTam —
nepegHeMy n 3agHemy. Hannydwmm cnocob nonyvyeHus rnaskoBor guarpammbl OCHOBAH Ha
byHKUMM BOoCCTaHOBMeHMs TakToBbix curHanos (CDR). Ecnun undpoBor curHan cogepxumT
TaKTOBbIA MMMYIbC, TO Npoueaypa CDR BoccTaHaBnNMBaeT 3Ty TAKTOBYO YacTOTYy HA OCHOBE
curHana, u oHa MoXeT BbITb MCnonb3oBaHa A1 3anycka u oTobpaxeHus ocuunnorpadom.
MpuBop RTO conepxut BcTpoeHHoe CDR petueHne (onuma R&S®RTO-K13) ans nonyyexus
rnaskoBOW Avarpammbl.

OkpaH 0
ocumnnorpada
"
2
3
4
5
g
T
8
]

PucyHok 2-10 — NMony4yeHune rnaskoBoi AvarpaMmmMbl
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OCHOBHbIe CBeAEHUA O AXKUTTepe

24

UHCTpyMeHTanbHble orpaHM4YeHUst aHanusa
LKUTTepa

Onsa nony4yeHna 3Ha4nMMbIX pe3yrnbTaToB aHann3a pHKUTTepa nojib3oBatesib A0JIKEeH
O6paTVITb BHMMaHMe Ha onpeaerieHHble acneKTbl BbIMNOJTHEHUA VI3MepeHVII7I.

MepBbIi 1 Hanbonee o4YeBMAHbIN acNekT — ATO Nonoca NpPonyckaHsa LMgpPoBoro
ocumnnorpada. Kputepuin Hakeucra gomkeH BbIMOSHATLCS MO YacToTe LUndpoBOro
TaKTOBOro CUrHana unu no nHTepsasny NnobMToBoW Nepedaym UMGPOBOro curHana gaHHbIX.
3710 obsi3aTensHOe, HO He JocTaTovHoe ycnosue. LindpoBblie curHanbl MOryT UMEeTb HU3KYHO
CKOPOCTb AaHHbIX U TAaKTOBYLO YacTOTY, HO NPV 3TOM Maroe BpeMs HapacTaHme unm
cnaga, YTo nNofpasymMeBaeT HanmymMe BblICOKOYACTOTHbIX CNEKTParbHbIX COCTaBMNSIOLLMX.
Monb3oBaTenb MOXET BbIYUCIUTL TPEOYEMY0 MONOCY NPONYCKaHNSA B COOTBETCTBUM CO
cneaytowmm MeToaoM fie = 0,35/¢+10-90). AHanoroeasi BXoAHasi nonoca nponyckaHus
ocuunnorpada gomkHa 6biTb 6onbLue Nonockl YacToT curHana. Ecnu ncnonbaytotcs
NpobHMKN, Nonb3oBaTernb AOMKEH YY4ECTb M UX NOSOCY NPOMNyCcKaHWs, KOTopas n3MeHsieTcs
NpMBNN3NTENBHO B COOTBETCTBUM C BblpaXXeHneM (2-4). [Ina nonHoro BbINOMHEHUS KpUTEPUS
HarikencTa yactoTa guckpeTunsaumm OmKHa ObiTb Kak MUHUMYM B ABa pa3a bonblue nonockl
nponyckaHusi curHana. bonbluee paspelueHne MoxXeT ObITb AOCTUTHYTO METOLOM
VHTEPMONSALMUM, HAaNpUMep, UHTepronsauueit Buaa sin x / x.

1

-2 - -2
Jfbw probe + fbw input

fi)w system =

(2-4)

[pyron BaxkHbIN acnekT — 3TO BNUsIHNE YPOBHSA CUrHana u BpeMeHu nepexoaa (HapactaHus
unu cnaga). Ecnu ypoBeHb curHana man nnu Bpems nepexoa Benuko, BXOAHON LLYM
aHanoroBoro BXOAHOro kackaga ocuunnorpada Vn MOXeT cTaTb AOMUHUPYIOLLEN
COCTaBrslOLLEN aHanNn3a 4XnTTepa, CM. pUcyHok 2-11. Ha pucyHke nokasaHo BnusiHme
BpemeHu nepexoaa At (bbicTporo nepexoaa Ats u meaneHHoro nepexoga At)) Ha TOMHOCTb
avckpeTusauun. Mpn yBenuueHnn amnnuTyabl OyaeT ymeHblLaTbCst BpeMs nepexoga. B
LenomM oTHOLIEeHUe MacliTaba no BepTMKany K COOTBETCTBYIOLLEMY CPeLHEKBaAPaTUYECKOMY
3Ha4veHmio (CK3) HanpsbkeHUs Wwyma yny4ylaeTcs ¢ yBenvyeHmeM Maclutaba no Beptmkanu.
Mpu aTOM, a Takke Npu oNTMMM3aumMn macluTaba No BepTUKaNK, MHTEPNoONsLus, KoTopas
ncnonb3yeTcst ANst onpefeneHust TOUKU NepeceyeHnst curHana ¢ NoporoBbIM 3HaYEHNEM W,
cnepoBaTenbHO, TOYHOCTK, ByaeT ynyywaTbes.

BpeMS

Va

—Vms | — —le i —

PucyHok 2-11 — BnusiHue wymMa Ha TOYHOCTb U3MEpPEHU BpeMeHMU

Ewe oanH acnekT — aTo cTabunusaumns no BpeMeHU, Kak A0NrocpoyHas, Tak u
KpaTkocpoyHas. N3ameHeHne BHyTpeHHEeN ONOPHON TakTOBOM YacToThl ocuunorpada
AobaBnseT WyMbl K 3axBaTbiBaeMOMy curHany. BHyTpeHHUI reHepaTop, UCNONb3yeMbli B
KayeCcTBe MCTOYHMKA OMOPHON TaKTOBOMW YaCTOThl, MPMBOAUT K NOSABEHUIO JONTOCPOYHbIX
nameHeHun. NeHepatop GAMNY, ynpaBnsieMblin HANPsSXKEHNEM, YBENMYNBAET OMOPHYHO
YacToTy A0 YacTOTbl ANCKPETU3aLMK, YTO CO3AaET KPaTKOCPOUYHbIE N3MEHEHUS.
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OCHOBHbIe CBeAEHUA O AXKUTTepe

W, HakoHeL, BNusiHWe WwWyma u ctabunusaumm no BpeMeHu onpeaensieT Co6CTBEHHBI
npegen ocumnnorpada B OTHOLLEHMN N3MEPEHUSA AXXUTTepa. DTOT Npeaen — ypoBeHb
cobcTBeHHoro wyma mpxutTepa (jitter noise floor, JNF), oH onuceiBaeT BepxHee npegensHoe
3HayeHue, KOTopoe MOXET OblTb U3MEPEHO ANA AXKUTTepa curHana npu onTMMarbHbIX
ycnoBusix. BelpaxeHue (2-5) onpefensieT ypoBeHb COGCTBEHHOrO LWyMma mxuTTepa (£nrF),
KOTOpbI YaCcTO Ha3bIBaeTCs cpeaHeKBagpaTuiecknm sHavyeHmem spemermn (CK3 unn RMS).

- Vx — BXOQ4HOW OTHOCUTENbHbIN YpOoBEHb LyMa [Bceka]
- V4 — amnnutyna curHana [B]

=  pps— NONHag WKana (guanasoH)

=  {.—Bpems HapacTaHusa 10-90% [c]

= {;— WHTepBan HeonpeaeneHHOCT [Coka]

2

twr = ( I -t,.) +t7 (2-5)

Vy *T3s

Be3 nogpobHOro 06bLACHEHUS NONyYeHNs BblpaxeHus (2-5), npyeeagem obLime coobpaxeHus.
Kak onucaHo, npuynHo COBCTBEHHOIO LyMa [DKUTTEPA SIBMSIETCS LYM U CKOPOCTb HapacTa-
HYS BbIXOOHOTO HanpshKeHWsi B MOPOroBOM TOUKE, @ TakKe KPaTKOBPEMEHHbIE U3MEHEHNS
TaKTOBOW YacToThl (CM. pucyHok 2-11). MNepBas BenvunHa npeacraensieT cobon COOTHOLLEHNE
LUYM / CKOPOCTb HapacCTaHWUsi BLIXOAHOIO HaMPsPKEHUS, BTOPas — KPaTKOBPEMEHHOE U3MEHEHNE
TakToBOM YacToTbl. O6e ABNSTCS CrnyyYarHbIMWU HE3aBUCMMbIMW BENUYMHAMU, MOITOMY
06LLMI ypoBEHb COBCTBEHHOTO LUYMa JKUTTEPA MOXET ObIThb BbIYMCIIEH Kak KBagpaTHbIN
KOpeHb U3 CyMMbl KBapaToB.

YpoBeHb COBCTBEHHOIO LWyMa MKMTTEpa Anst LMPOBLIX OCLMNNorpadoB pearnsHOro
macwtaba BpemeHn 0bObl4HO nexuT B AnanasoHe oT 1 go 5 nc (CK3). 31o akBMBaneHTHO
cpegHekBagpaTUYECKOMY OTKITOHEHWIO U3MEPEHNS MEPUOANYECKOrO [KUTTEpa,
MEXTAKTOBOIO [XUTTepa Ui N3MEPEHNIO NCKaXXeHUSA BpeMeHHoro nHTepeana (TIE).
PekomeHayeTcs nameperue TIE, Tak kak npn 3TOM UTHOPUPYETCa JONroBpeMeHHas
CTabunbHOCTL ONOPHOW TAaKTOBOW YaCTOThI M3-3a MAaeanbHON OLEeHKN TakTOBOW YacToThl (CM.
rnasy 3.3).

W HakoHeL, HeobX0AUMO OTMETUTb, YTO ocLunnorpadbl 06bIYHO UMEIKOT XapaKTEPUCTUKY
TOYHOCTU M3MeHeHus BpemeHu (DTA), koTopasi ABNSeTCs Mepor TOYHOCTU axkuTTepa. OHa
COOTBETCTBYET BPEMEHHOW NOrPELIHOCTM MeXay ABYMS (DPOHTaMy OAHOW BbIGOPKM AaHHbIX
W OHOro KaHana. OTOT NapameTp TECHO CBA3aH C COOCTBEHHLIM YPOBHEM LUyMa [XUTTEpPaA U
06bIYHO onpefensieTcs Kak NoMHbIA pa3Max HanpsiKeHWs ¢ AOMNONHUTENbHLIM NEPUOLAOM
OONrOBPEMEHHOTO U3MEHEHNSI.
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DYHKLUMN U3MEPEHUs XuTTepa

3 OYHKLMM M3MEPEHUSA MKUTTEPA

Ocumnnorpad RTO, ocHawweHHbIn onumen RTO-K12, nogaepxmBaeT LUMPOKUA AnanasoH
aBTOMaTUYECKMX DYHKLUIA M3MEPEHWUI [KUTTEPA, KOTOPbIE MOXHO BbIOpaTh B ANaNoroBom

OKHE N3MepeHun, pucyHok 3-1.

Setup = Gate/Display Long T¢

State Source _
& i
m Amp/Time W Jitte

Main measurement

-
(0]
]
[7]

=
o~
0
g
]
=

(]
0
[
]
=
<+
(7]
o
]
=

(Ts]
w

.

! Frequency
}Ij_?iSetup

HH Hold

1< setup/Hold Time
Y} setup/Hold Ratio
4 Cycle-cycle jitter
a4 N-cycle jitter

s Cycle-cycle width
i Cycle-cycle ::luty_“c:\-/_c!e__'r
L Time-interval error
1 Unit interval

fd Data rate

Result export |»

/" Skew delay
/7 Skew phase

Reference

Jitter ‘. iy |
evels

Wizard

|

Additional jitter measurements

PP Settings for "Period” measurement
Jitter measurement

N —

File | Edit | Horizontal | Trigger |Vertical |Math | Cursor | Meas | Masks Search | Analysis | Display

PucyHok 3-1 — lnanoroBoe okHO uamepeHuit RTO ¢ BbIGopoM hyHKLUUN U3MepeHus mxuTrepa

B naHHOM pasfene onucaHbl Havbonee BaxHble MYHKLUMN U3MEPEHWS [KUTTEPa, a8 UMEHHO:
[KUTTEp Neproda/vacToThl, MeXTaKTOBbIN [KUTTEP, UCKaXKEHNE BPEMEHHOTO HTepBana
(TIE) n eamHnyHbIn nHTepsan (Ul) / ckopocTb nepeaayun gaHHbIX. Ha pyucyHke 3-2 nokasaHo
rpadmyeckoe NpeacTaBrneHne aTux MYHKUUA U3MEPEHNI AXXUTTEpa Ha NpMMepe TakToBOro

CuUrHana.
MpeanbHoe nonoxexune 3axBaveHHas
pOHTOB ocuunnorpamma
—_— — —_—> — —_— [— —_—
TIE; TIE2 TIEs TIE,
C2= - Ca=Pa-
Trefy Tref, Tref, Trefs

PucyHok 3-2 — Onpeaenenuve mxutrepa nepuopa (P1), mexxtaktoBoro pxutrepa (Cz) n axurrepa
ucKaxeHusi BpeMeHHoro uHtepBana (TIE)
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DYHKLUMMN U3MEPEHUs [XKUTTEepa

3.1 [OxutTtep nepuopa

[xnTTepbl neproaa 1 4acToTbl B3anMO3aMeEHSIEMbI, TaK kKak OHM 0BpaTHO NPONOPLIMOHASbHBI
apyr apyry. MNockonbky ocumnnorpad siBnseTcs NpubopoMm, BbINOMHSIOWUM U3MEPEHUST BO
BPEMEHHOW 06nacTu, To aHanu3 pXUTTepa nepuoga NpeanoyTUTeNbHee aHanmsa mxurrepa
YacTOThbl, TAK KaK NMpU 3TOM YCTpPaHSETCH NOrPELIHOCTb BbIYUCIIEHNSI OOPATHON BEMNWUYMHBI.

[xntTep nepuoaa no3BonsieT NONb3oBaTeNo OLEHUTb CTabunbHOCTb TAKTOBOW YacToThl. C
NMOMOLLIbIO OTOBpaXKeHUs1 KPUBOW, MOAYMNMPYIOLMIA CUTHaN MoXeT 6bITb BU3yanuanpoBaH,
HEe3aBMCMMO OT TOro, CIy4anHbIN OH UNKN HET. OTO U3MEPEHNE HEMPUMEHUMO ANsi CUTHAmNoB
AaHHbIX. [KMTTEp nepnopa ucnonb3yeTcs Ans BbIYUCEHUS OMYCTUMbIX BPEMEHHbIX
NCKaXeHui B LNPOBBLIX CUCTEMAX, KOTOPblE OCHOBaHbI Ha (OMKCUPOBaAHHOM nepuoae,
YAOBNETBOPSAIOLLEM BPEMEHW YCTAHOBKM U yAepKaHUS BHYTPEHHUX TPUITEPOB.

Ocuunnorpad BbluMCASIET NEPUOL KaXAOro Takta no pasHuLe cneaylowmx Apyr 3a Apyrom
NOMOXEHWN (PPOHTOB ¢, B COOTBETCTBUU C BbipaxkeHuem (3-1) n pucyHkom 3-2. [hkuttep
nepuoaa — 370 OTKIMOHEHWe Nepunoaa OT CpedHero 3HavYeHns nepnoaa, BolpaxeHue (3-2).

Tn = tn_tn—l (3-1)
Jn) =T-T, (3-2)

3.2 MeXTaKTOBbIN OXUTTEp

MeXXTaKTOBbIV [KUTTEP OYEHb NOX0XK HA JXKUTTEp nepuoga. A1a hyHKUUS TakKe NpUMEHMMA
TOMbKO K Mepmognyeckmm curHanam u aenaetcs obobwexHnem ¢ 1-in o N-in pasHocTu.
Me)XTaKTOBbIV JXKUTTEP NO3BOMSET MNOMb30BATENO OLEHNTL CTAOMMBLHOCTL UCTOYHMKA U
cnocobHocTb oTcnexusaHuna GAMY.

Ocuunnorpad onpenenseT MeXTaKTOBbIN JXKATTEP NyTEM BblYUTaHWA nepuoaa us
nocneymrLlero nepnoaa B COOTBETCTBUM C BblpaeHneM (3-3) n pucyHkom 3-2.

]c(n) :(tn — - 1) - (tn—l - tn—Z) (3-3)

OT0 BblpaxeHue MoxeT bblTb 0006LeHo ans axuttepa N-ro Takta B COOTBETCTBUN C
onpegeneHneMm, 3agaHHbIM BbipaxeHuem (3-4).

jn :(Zn_tn—N)_(Zn—l_tn—N—l) (3-4)

3.3 xutTep nckaxeHMsi BpeMeHHOro uHtepsana

Onsa ocuunnorpadoB nckaxeHne BpeMeHHoro nHTepaana TIE BblumcnseTcsa Kak pasHuua
TeKyLlero nonoxeHuns poHTa f, 0THOCUTENBHO COOTBETCTBYIOLLEro N-ro naeasnbHOro
NonoXeHus PpoHTa frer (CM. BbipaxeHue (3-5) n pucyHok 3-2). CTporo roBopsi, aTa
BpeMeHHas NorpeLlHOCTb He SBMSETCS UCKaXXeHeM BpeMeHHOro MHTepBarna, kak ato
onpegeneHo ctaHgapTom ITU (2), HO 3TOT TEPMUH LUMPOKO MCNOSb3yeTcs AN OYHKLUIA
aHanuaa B ocumnnorpadax. [na ygobetea, B JaHHOM JOKyMeHTe TepMuH TIE 6yaet
MCNONb30BaTbCS B 3HAYEHUN BPEMEHHOW MOrpPeLLIHOCTU, @ He B CTPOrOM 3Ha4YeHuM
NCKa)XeHNs1 BpEMEHHOrO MHTepBana.

Jrie(n) =(tn — trern) (3-5)
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DYHKLUMMN U3MEPEHUs [XKUTTEepa

3.4

3HayeHune nckaxeHus TIE LLIMPOKO UCNOJIb3yeTCH B CUCTEMaX CBA3M O5d OUEeHKN nepenayun
NnoToKa LlM(prBbIX AaHHbIX, coaepXallnx TakTOBYHO HacCToTy. B yactHOCTK, OHO NOKa3biBaeT
HaKonreHne NCTOYHUKOB XXUTTEepa. XoTs OHO NPUMEHNMO K Ll,VI(prBbIM curHanam TakToBOW
YacCTOThbl, UCMOJIb30OBaHME ero And ABOUYHbIX CUTHANoB AaHHbIX npeanovYTuTeribHee.

[na 4BOMYHBIX CUIHaNOB AaHHbIX MOXET NONy4YNTbCS Tak, YTO CMeLLeHne naeanbHoro
nonoXxeHus ppoHTa frera OTCYTCTBYET. B Takom crnyyae ocumnnorpad ncnonb3yet
npeablaylee 3HaveHve ans mxuttepa TIE jre (n — 1). YTo KacaeTcs BoipaxeHus (3-5) ans
BbluucneHuna TIE, ocuunnorpad gosmkeH onpeaenntbe naeansHOe NONoXeHUe trer,. Ong
3TOro 06bLIYHO UCMONb3yeTCca ABa METOAA.

MepBbili 1 Hanbonee NPoOCTON NoAXod Ha3biBaeTCA METOLOM NOCTOAHHOW YacToThl. C ero
MoMOLLbH ocuuniorpad oueHnBaeT 3HauyeHue nHTepeana 1 Bcex £, MCNonb3ysi OLEeHKY No
MeToAdy HanmeHbLUMX KkBagpaTtoB (5), Takum ob6pa3om, ngeanbHoe NonoxeHue ppoHTa
trEFn = 1+ T 9KBMBANEHTHO N-KpaTHOW OLIEHKE U B BbipaXkeHuu (3-6) BbluncnseTcs
cooTBeTcTBYIOWMNIA axnTTep TIE.

g () = (&, = 1) =~ (3-6)
BTopoi meTtog — ucnonb3oBaHue casoBon aBTonoactporiku yactoTsl (PAMY nnn PLL) nnn
dyHKUNM BOCCTAHOBIMEHNS TakToBbIX curHanos CDR gns Beluncnexusa pxutrepa TIE. 310
Heo6xoauMO, Tak Kak onyLleHne NepBoro MeToaa, YTo TakToBas YactoTa, cogepxallascs B
CurHane, ABNsAETCs NOCTOSIHHOM, MOXET ObiTb HEBEPHBIM At HEKOTOPbIX CUrHAIOB.
TakToBasi HacToTa, coaepKallasicsl B CUrHane, MoXeT C TeYEHMEM BPEMEHU HECMYYaNHbIM
06pa3om N3MeHUTLCH 1U3-3a NCMONb30BaHNSA METOAOB Nepeaady CUrHanoB € pacLUMpeHHbIM
CMEKTPOM UK U3MEHUTBCS Cry4YanHo 13-3a TemnepaTypHoro gpenda n apyrnx addekTos.
MeToa nepeaayn CMrHanoB € pacLuMpeHHbIM CNEeKTPOM ncnonb3yeTcs, Hanpumep, B PCle n
OpYyrMx CTaHdapTHbIX MHTepdencax Anst yMEeHbLUEHNS 3MEeKTPOMarHuTHbIX nomex (AMI).

B nporpammHom o6ecneyveHmmn ocuunnorpadoB obbl4HO peanmsoBaHa dyHkums CDR. OHa
BblUMCIISeT ngeanbHoe nonoxeHne OPoHTa frer, ANSA OTAENbHON BbIGOPKM HA OCHOBaHUN

cepvu NpPeaLLEecTBYOLLMX NOMOXEHUM PpOHTOB . k € [1...n]. AN kaxgoi BoIGOpKM
TpebyeTcsa npoBegeHne HoBoro Hesasmcmmoro BeluncrieHna CDR. Kpome Toro, CDR
obnagaet adhpeKkTomM 3anomMuHaHust n TpedyeT onpeaeneHHoro KonnyecTsa Nepexonos,
NpeaLwecTBYOLNX TEKYLLIEMY NOMNOXEHNIO PPOHTA ¢, AN BbIMUCNEHNS AENCTBUTENBHOIO
naeanbHOro NONOXeHUst PPOHTA rEF,. TO KONMYECTBO 3aBUCUT OT TaKMX NapamMeTpoB
HacTpowiku, kak nonoca Yactot CDR mnnu nopsigok CDR. B pesynbTaTte ocumnnorpad ¢
nporpammHon peanunsaumen CDR He MOXeT BbIMMCIIUTL BEPHOE 3HaveHue pkuttepa TIE
Jrie (1) BNa HavanbHbIX NOMOXEHUN PPOHTA U, Kak criecTBUe, ANs Noapo6HOro aHanmsa
oxuttepa TIE noHagobutbes fomkHa ObITb 4OCTATOMHO Bonbluasi 3anuce.

Ocunnnorpad RTO nogaepxuBaeT Kak METOL, NOCTOSIHHOW 4acTOThbl, Tak U METOA
nporpammMHoro Belumncnernnss CDR. JononHutensHo ocumnnorpad RTO ocHalueH
BCTpOEHHOW annapatHon dyHkumern CDR — yHukanbHas dyHKUMs gns ocuunnorpados
AaHHoro knacca. AnnapaTtHas dyHkums CDR BbINONHAETCS NOCTOAHHO, JaXe ecnu
ocumnnorpag He BbINOMAHAET 3axBaTa OCUUIIOrpamMmm, NO3TOMY B OTAMYME OT NPOrPaMMHON
dyHkuumn CDR, annapaTtHasa dyHkuusa CDR cnocobHa BblMMCANUTL AENCTBUTENBHOE
naeanbHoe NosfoXeHne PpPoHTA frern C CAMOro Havana 3axsaTta AaHHbIX. AnnapaTHasi
dyHKuma CDR peanusosaHa ¢ nomotubio onuun R&SPRTO-K13.

EOAVWHNYHBLIN MHTEpPBan U CKOPOCTb Nepeaayu
AaHHbIX

Ons TakToBbIX curHanos ocumnnorpad RTO otobpaxaeT eauHUYHLIM MHTEpBan (unit
interval, Ul) kak BpEMEHHYI0 pa3HULy N3MEPEHHbIX COCEQHUX NEPEXOA0B HapacTaHWUs Unu
crnaga, B COOTBETCTBMM C BblpaxeHuem (3-1). Ecnu curHan aBnaeTcst ABOUYHbLIM CUTHANom
OaHHbIX U Nepexoabl He SKBMBANEHTHbI MO BPEMEHU, AN BblumcneHnsa Ul doyHKums
N3MepeHMIn NCNONb3YeT TaKTOBYHO HYacTOTY, COAEPXaLLyCs B CUrHane, BOCCTAHOBMEHHYHO C
nomoubio dyHkuun CDR.
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¢yHKL|MM U3MepeHUusa oxuTrtepa

3.5

CkopocTb Nepefaym gaHHbIX curHana obpatHo nponopuunoHansHa Ul. Ecnu nonb3oBaTenb
BblOMpaeT hyHKLMIO MU3MEPEHUSA CKOPOCTM Nepeaayn AaHHbIX, TO Npnubop B Nnepsyto ovepeb
onpegenseT Ul, a 3aTeM yxe BblYMCNSIeT CKOPOCTb Nepefaydun AaHHbIX. Tak Kak u3HayarnbHo
M3MepeHns NPonCxXoaaT BO BDEMEHHON 06nacTu 1 M3MepeHus CKOpPOCTU Nepeaayn AaHHbIX 1
Ul maTtemaTtunyeckn B3aMmo3ameHsieMbl, TO PyHKUMA namepenns Ul aensertca
npegnoyTuTensHee yHKUNN M3MEPEHNS YacToThl.

PackpbIB rnaskoBou gamarpamMmmbl / TecTupoBaHume
no macke

B gononHeHue Kk nsmMepeHusaM axuTTepa, obcyxaaembiM Bbilwe, ocuunnorpacg RTO
COOEPXKNUT HECKONBKO (PYHKLIMI MNAa3KOBbIX U3MEPEHUN 1 cneumnanbHyo yHKUMIO
TeCTMpPOBaHUS NO Macke, KOTopas NO3BOMSET BbINOMHATL TECTUPOBaHME N0 Macke ¢
MCNOMb30BaHMEM Ma3KoBbIX Auarpamm. ATU PyHKUMM MOTYT ObITb NONE3HbI NpK
BbIMOMHEHWW aHanNn3a [KUTTepa ABOMYHbLIX CUTHaNoB AaHHbIX. Ha BepxHeln YacTu pucyHka
3-3 oToGpaxeHa rnaskosas AnarpaMmma c LBETOBOM rpagjaumnert u TeCTUpoBaHMEM MO Macke.
HapyLweHna npegenos Macky nokasaHbl Ha rpacumke YepHbIM LIBETOM U 3anvcaHbl B
OMNarnoroBoM OKHe TECTUPOBAHMS MO Macke. B HWXHen yacTn oToGpaXkeHHON rnaskoBow
AvarpaMmbl NokasaHbl pe3ynbTaTbl U3MepPeHU. Tak Kak OHU yxe SABNSATCA
CTaTUCTUYECKNMU OaHHbIMU, NONA ANA CTaTUCTUYECKUX AaHHbIX OCTaKTCA NYyCTbIMU.

[Ons Toro 4Tobbl BOCNOMNL30BaTLCA 3TUMU BO3MOXHOCTSIMU, B 06513aTENbHOM NopsifKke
Heobxoaumo mcnonb3oBaHue annapaTHon dyHKumm CDR. O6bsicHeHne aToro dakta
BbIXOAUT 3@ PaMKu AaHHbIX YKasaHUii N0 NPUMEHEHMUIO.

1
hnﬂ'mjj,-,,“ ——
___Tmgger settings
Mede:
Trpt-A1 COR F Chi
Lavel: 1308V

12974

PucyHok 3-3 — U3amepeHus rmaskoBon AuarpamMmmbl u TectupoBaHue no macke TTL-curHana
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Mpumep npumeHeHus

4 [pumep NpuMeHeHNs

4.1

B paHHOM pasgene npvBeneH noLlaroBbIi IpUMep TUMMYHOrO aHannsa 4Xxntrepa c
ncnonb3oBaHnem onuum RTO-K12. icTouHmKk curHana — Bbixoq LMpPOBON TaKTOBOM
YacToTbl AeMOHcTpaunoHHor nnatel Rohde & Schwarz. TaktoBbii curdan TTL ¢
HOMWHaneHow YactoTon 10 MMy NOAKMOYEH K aKTUBHOMY HecummeTpudHomy 3 Tu-
npobHuKy R&S®PRT-ZS30 (prcyHok 4-1). ATOT UMEPOBOI TAKTOBbIN CUrHan No3sonseT
ChOKyCMpOBaTbCA Ha M3MepeHnsX axmntrepa. [aHHbIN curHan sBnsieTca npumMepom
pearnbHOro curHana 1 nokasbiBaeT BO3MYLLEHUS, Bbl3BaHHbIE KOHCTPYKLMEN NNnaThbl.

T h 1  Horzantal settings
Res: 100 pi / 10 GSaf
I . . 5 kS BT

Trigger seftings
. ki | . \ | . ki . : Made:  Mormal

" | " " " Tree-A: Edge §Chl
Lavwed v

INeev

13006V _]

603 6

13 &y

L

| p— [pppe————

100 i Shad Os 55 ad 100 na i50n

PucyHok 4-1 — TaktoBbIln curHan TTL ¢ aeMoHcTpauuoHHou nnaTtsl RTO

HacTpouka namepeHum ¢ noMoLb0 MacTtepa
Jitter Wizard

[ns ynobcTBa 1 B LeNsx 4eMOHCTPaUMKU ANs HACTPOWKN 3MEPEHUIA UCMIONb3YEeTCs MacTep
HacTpowiku Jitter Wizard onuun RTO-K12. OH 3anyckaetca B meHto "Meas" > "Wizard"> "Jitter
Wizard", nocne 4ero oTKpblBaeTCH HayanbHOEe MEHI0, NOKa3aHHOE Ha PUCYHKe 4-2.
MpenBaputensHO ke BblIOpaH NYHKT M3MEpPeHNst [xutTepa nepyoga u Yactotel "Period and
frequency", a nocne HaxaTtus knaemwm "Next" OTKpoeTcs Bknaaka KoHburypaumm
"Configuration”, cm. pucyHok 4-3. Ha Bknagke npegsaputenbHo BbibpaH kaHan 1, a nocne
cnepytowlero HaxaTus knasuwn "Next" oTkpoeTcs Bknagka aBToHacTponku "Autoset”, cm.
pUCYHOK 4-4. 1N TOro 4Tobbl OCTaBUTb NOAXOAALLMIA MacLTab no BepTukanu BblbpaHa
HacTponka "Retain current settings" (octaButb Tekywime HacTporiku). Mpu cnegytoLlem
HaxaTum Ha knasuwy "Next" oTkpoeTca nocnegHss Bknagka "Results plot" (rpadmyeckoe
OoTOOpaxeHWe pe3ynbTaToB), CM. PUCYHOK 4-5. Bce yeThbipe onuum aHannsa 6yayT BbiOpaHbl 1
HaxxaTue Ha knasuwy "Execute" npusegeT k oTobpaxeHno pe3ynbTaToB aHanmaa gxuttepa
nepvoaa.

OtpoenbHble pe3ynbTaThl U3mMepeHuit 6yayT pasobpaHsl B Crieaytowmx noapasaenax.
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Mpumep npuMeHeHus

Yitter Wizard Setup Wizard X

e

Welcome

ard will guide you through the setup of
comman jitter measuraments.
Notice that current settings may be overwritten.
, pleasa save the current settings before

elact your measurament:
-

Period and frequency

Time Interval Error (TIE)

Skew

ﬁ Cycle-to-cycle jltter
=i

P Next ™ cancel

PucyHok 4-2 — MacTep Jitter Wizard onuun RTO-K12: BbIGOp TMna nsmepenun

Jitter Wizard Setup Wizard !l:

Configuration

Setup summary Settings for "Perlod and (requency”

Mearurement fype

7 Channel source
Period and frequency .

™ cancel

PucyHok 4-3 — Mactep Jitter Wizard: Bbi6op kaHana
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Mpumep npuMeHeHus

Jitter Wizard Setup Wizard (X

Setup summary
Vertical scaling Horizontal scaling

Stexturement fype

Period and frequency ‘ A et based on signal ‘ Autoset based on signal

Steaturement tetgings ‘ - - = - - " -
Retain curment settings . Retaln current settings
Source 1 : Channel 1 = setting setiing

Reference level configuration

. Use automatic reference levels

‘ Retaln current settings

PucyHok 4-4 — Macrep Jitter Wizard: BbIGop (hyHKLMIA aBTOHAaCTPOWKHU

Jitter Wizard Setup Wizard '3§

Result plots

Setup summary

Result plot selection
Mg uremen bype

Period and frequency
Please select the plot types for
displaying the measurement results.

Meaturemes setiings
Source 1 Channel 1

Aubtoirtup tonfiguratian .
W . Source signals
Vertical L aubn =

Horizontal | auto ‘ Track of measurement

Ref. levels ; auto o : : Lo
Histogram of measurement

. FFT spectrum of track

Execute ™ cancel

PucyHok 4-5 — Macrep Jitter Wizard: Bbi6op BapuaHTOB rpacmyeckoro oroépaxeHus
pe3synbTaToB

4.2 WN3mepeHue mKuTTepa nepuoaa

M3mepeHue pxuttepa nepmuoda onucaHo B rnase 3.1. Ha pucyHke 4-6 nokasaHbl pe3ynbTathl
N3MepeHmns Nocne HaCcTPOKKK, BbINOMHEHHOW B rnaee 4.1. Ha BepxHewn gnarpaMmme MOXHO
yBuAeTb ocumnnorpammy TTL-curHana (CuHaS KpyBasi) U KpUBYIO [KUTTEpa nepuoaa
(3eneHas kpueasi). ATo yaobHO, TakK Kak Nonb3oBaTeflb MOXET HEMEOSIEHHO CPaBHUTb
JeBraumio nepmoa ¢ ocumnnorpaMmont. Ha ueHTpansHoi guarpamme oTobpaxkeH cnekTp
oKutTepa nepvoga. Ha HxHen guarpamme nokasaHa ructorpaMmma pxuttepa nepyuoga
Jp(n) + T, To ecTb pyHKUMS NNOTHOCTW BEPOSITHOCTM J)KUTTEPA Nepuoaa, KOTOpoe BbirnaauT
KaK TpexmogasnbHOe rayccoBckoe pacnpeaerneHune. Tabnuua BHM3y aKkpaHa oTobpaxaeT
pe3ynbTaTbl UISMEPEHUI MEPMOLA U YACTOTbI, BKMNOYASA CTAaTUCTUYECKNE AaHHbIE.
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Mpumep npumeHeHus

Horigantal s iings
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PucyHok 4-6 — MacTtep Jitter Wizard: otobpaxeHue pesynbTaTtoB Ansi Taktosoro TTL-curHana

B cnepytowem ware anst 6onee noagpobHOro aHanmaa yHKUMN NIIOTHOCTU BEPOATHOCTYU U
NONyYeHns NyyLlero paspeLleHns CneKkTpa AnNnHa 3anucy yBenuyeHa Ao 4 MiH. 0TCHETOB.
Ha pucyHke 4-7 nokasaH pesynbTaT yBenuyeHnst AnvHbl 3anucu. Kak nobo4uHbIn addekxT,
KONNYeCTBO N3MEPEHUI (KONNYECTBO CODObLITUI) CyLLEECTBEHHO YBENUYMBAETCS, U
rmcTorpaMmmMa BbImMSAMT ropasgo bonee rmagkon.

Kpuas mxuTTepa nepvoga BbiSBMseT ABa TUNa BO3MYLLEHUA. B OKpeCTHOCTSAX OCHOBHOM
nunHum ¢ nepuogom 100,00 HC metoTca Hebonblume Bo3myLLeHns nopsigka +40 nc. EcTb
TaKkKe BO3MYLLEHUS, BCTPEYaKOLLMECS BPEMSI OT BPDEMEHMU, KOTOPbIE NMEIOT BENTUYMHY OKOJIO
100 nc. Ha pucyHke 4-8 3T BO3MyLLEHMsI Noka3aHbl bonee nogpobHO ¢ NpUMeHeHNeMm
mMacwwTabrpoBaHusi. C 4pyrov CTOPOHbI, CTAHOBUTCS SICHO, YTO B MacLuTabax BCEro BpeMeHm
3axBaTa AaHHbIX 3TV BO3MYLLEHUS He SBNSalTCA npeobnagaowymn. 970 ykasbiBaeT Ha To,
YTO MPUYMHOW TaKMX BO3MYLLEHWIN SIBNSOTCA NEPEKPECTHBIE NMOMEXM, CBSA3aHHbIE C APYTMMU
UMEPOBLIMU CUTHANaMuU AaHHbIX.

[ns 3axBaTa Takmx pegkux cobblTUi O4eHb None3HO UCNOoMb30BaHNe Npeaenos
orpaHuyeHuin. Nonb3oBaTenb MOXET B MEHIO U3MEPEHUIA YCTaHOBUTL Npeaen uamepeHun
HEMHOrO Bbllle 3HayeHus -Peak nnn Hmxke 3HaveHust +Peak n BbibpaTb peakumto “Stop on
violation" (ocTaHaBnMBaTh Npu HapyLleHun). Ecnu ykasaHHoe cobbiTue NnponsongeT, To
3axBaT gaHHbIX 6yaeT octaHoBreH. Ha pucyHke 4-8 nokasaH npumep BblNonHeHns ob6omx
ycnoBuii. Ha Hem oTobpaxkeHne cnekTpanbHON AuarpaMmmbl BeIKMOYEHO, @ POKYC BBOAA
pacnonoxeH Ha MacwTabupoBaHHOW Auarpamme, KOTopas COAePXUT ocumniorpaMmmy
CurHana u kpueyto nepuoga. EguHcteeHHoe cobbiTue, nponsowweawee 3a 100 nc nHTepsan
HabnogeHusa okutTepa, otMedeHo oBanoM. OcTanbHble BO3MYLLEHUS BenudmMHon +40 mc
NosIBNATCS KBasunepuoanyecku. KpacHsiMu ctpenkaMmm ob603HayeH nepuog Mexay ABymsl
nocnegoBaTenbHbIMU BO3MYLLEHUSMW OANHAKOBOW NOMSPHOCTM C NepUoanyHocTblo 12 - 7.

1TD03_2e Rohde & Schwarz AHanus gpxutTepa ¢ NoMOLLbIO0 UM poBoro ocuunnorpada R&S®RTO 24



Mpumep npuMeHeHus

N . Herirantal settings
;_w - L 109 ps / 10 GEal
— 1k Ry bon 4 MLg L1}
v Sd: 40 g Sew

[

93
Trigger settings
Mode.
Troe-d: Edge § Ch1
Level: 148V

v _ _ T

TTL A: Plaasl 3

PucyHok 4-7 Mactep Jitter Wizard: pesynbtaT yBenuieHus AnuHbl 3anucu (CM. pUcyHok 4-6)

BoamyLueHne BenuumHon +40 nc NpUBOAMUT K MOMYYEHNIO TPEXMOAANbHOW (OYHKLUK
NNOTHOCTM BEPOSITHOCTM DKUTTEpa nepuogda. CurHan 6e3 Bo3myLLeHuiA gan ool
OAHOMOAArNbHYI0 rayCCOBCKYH (DYHKLMIO MOTHOCTM BEPOSTHOCTU. Bo3myLleHus, Bbl3aBaHHbIE
BHYTPEHHUMUW NEPEKPECTHBIMM MOMEXaMU, CO34AKT NEPUOSUYECKUI IKUTTEP, HO TOMBKO
peskui PPOHT HapacTaHWsa Uy cnaga curHana Bo3mylLlaeT curHan reHeparopa. Mpu
NCNonb30oBaHUM nepmvoguyHocTh 12 - 7' hyHKUUS NNIOTHOCTM BEPOSTHOCTM NEPUOANYECKOTO
oxutTepa umeet Tpu dyHKuMm dupaka: Ha -40 nc, 0 nc u +40 nc ¢ amnnNuTyaHbIM
cooTHoweHmem 1:10:1. CeepTKa C raycCoBCKOW (OYHKUMEN MIOTHOCTU BEPOATHOCTMU
Cny4anHoro AXuTTepa AaeT TpexMmogansHoe pacnpegeneHue. NamepeHHbin pasbpoc
Cny4YanHoro axuTrepa ¢ coctasnseT 16 nc.
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Mpumep npuMeHeHus

Horizontal seftings
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PucyHok 4-8 — MacTep Jitter Wizard: maclwurabupoBaHue pe3ynbTaToB [KUTTepa nepuoaa
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PucyHok 4-9 — MacTep Jitter Wizard: pe3ynbTupylowmin cnekTp gXxutrepa nepuoaa

Mpu ganbHenwem aHanuae cnekTpa, OCUMNorpaMmbl U KpMBble MUHUMU3UPYHOTCH 1
CTaHOBSAITCSt HEBUAVMBIMU HA CHUMKE 3KpaHa (pucyHok 4-9). KoHdumrypaums cnektpa
nepecTpoeHa Ha LieHTpanbHyto YactoTy 2,5 My ¢ nonocow o63opa yactot 5 My u
COOTHOLLUEHUEM nosoca ob3opa/nonoca paspeleHus pasHbiM 1000. [ns ymeHbLUEHMS LWyMa
oTobpakeHWs cnekTpa, BKINYEHO yCpeaHeHNe OCUUNNorpamMmmbl ¢ KOfIMYECTBOM yCpeaHeHnn
25. Mony4eHbl criegyroLme AaHHbIE: KPOME HECKONbKMX cybrapmoHmk 10 MMy TakToBOro
curHana Ha 2 n 4 MlNy Takke umeloTcs BuaMMble BO3MYLLLEHUS curHana Ha YactoTtax 0,833,
2,50, 4,17 MI'u.
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Mpumep npumeHeHus

OTW YacToTbl TOYHO COOTBETCTBYHOT 1-1, 3-11 1 5-11 rapMOHUKaM BbISBIIEHHOIO NEePEKPeCcTHOro
curHana. U cHosa 6bin oBHapyxeH curHan ¢ nepuogom 12 - T TakTOBOro curHana, Kotopbin
NoATBEPXKAAET U3MEPEHME KPUBOW JXKUTTEpPa BO BpeMeHHON obnactu. B gaHHOM npumepe
NPUMEHEHUS aHanM3 B YacTOTHOM 06nacTM MeeT NPeEMMYLLECTBO: Nepuognyeckme
BO3MYLLEHUS CUTHamMa nerye obHapyXuTb, faXe ecnv 3TOT CUrHan He akTUBEH BO BPEMS
NpoBeAEeHNs 3axBaTa AaHHbIX.

B kavecTBe npymepa Ha pucyHke 4-10 cpaBHMBaKOTCS CNEKTP AXUTTEpa nepmoaa co
CMEKTPOM MCXOOHOW OCUMNorpaMmbl B 0AMHaKoBOM mMacLuTtabe, HO C pas3HbiM CMELLEeHNEM.
CnekTp ocumnnorpaMmmMbl 306paxeH NypnypHbIM LBETOM, a CNEKTPp AXMTTepa nepmuoga —
Kopu4yHeBbIM. [1nsa Toro 4to6bl caenaTte CeKTpbl NPUrOAHBIMU 41151 CPaBHEHUS
MOnb30BaTENIO HY>XHO YYeCTb TOT (hakT, YTO SKUTTEp neproaa SABNSETCA NPOCTO NpaBom
YacTblo MCXOQHOrO crekTpa ocuumnnorpammel. Tak, yctaHoBneHa LeHTparnbHas YyactoTa
cnekTpa ocuunnorpammsl 12,5 MI'u, nonoca o63opa 5 MI'u, a cooTHoLLeHMe noroca
o63opa/nonoca paspeweHnsa 1000. CxoxecTb 060MX CNEKTPOB OYEHb BEMUKA U
nonb3oBaTenb MOXET pacno3HaTb KBagpaTUYHY CUHYCOMAanbHY0 nepeaaTtoqHyo
YHKUMIO JXXNTTEPa Nepuoaa.

o
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PucyHok 4-10 — MacTtep Jitter Wizard, cnekTpbl axutrepa nepuoaa u ocuunnorpaMmmvbl

4.3 WUsmepeHue pxuttepa N-ro takra

MeXXTaKToBbIN JKUTTEP, KOTOPLIN B 6onee obLiem cnydae ctaHoBUTCA axmntrepom N-ro
TakTa, BBeAeH B rmase 3.2. [ins nocneaytoulero aHanusa Bolbepem pxutrep N-ro TakTa,
Beab ocuunnorpad RTO obecneunBaeT ygobHbIn cnocob Beibopa nsmepeHus
MEXTaKTOBOIO AXKUTTEpa NyTeM YCTaHOBKM 3HadeHus N Ha 1.

Mpu ncnonb3oBaHUM KOHUrypaumm, ykasaHHOM B npeabiayLiem pasgene, nerko
NepeKnoYnMTLECA C U3MEPEHNs JXXUTTepa nepuoaa Ha namepenue axmtrepa N-ro Takta. Ha
BKragke meHto "Meas" > "Setup" nonb3oBaTtenb MOXeT BblOpaTh B pa3genie OCHOBHOMO
nsmepenus "Main measurement” nyHkT "N-cycle jitter". [1na 3anycka namepeHus
MEXTaKTOBOIO [XXUTTepa Nosib3oBaTelb AOJDKEH YCTaHOBUTL cMmeLlleHne TakTa "Cycle
offset" Ha 1, a Hayano TakTa "Cycle begin" B 3HaueHue "Positive".
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Mpumep npumeHeHus

KpviBasi M3amepeHusi MEXXTaAKTOBOIO [KUTTEPA HE COAEPXKUT HUKAKOW ApYro nHcopmauum
Kpome mxuTTepa nepuoga. [Noatomy cnegytolee obcyaeHne NOCBALLEHO rMCTorpaMme u
cnekTpy nsmepeHun pxutrepa N-ro Takta. Ha BepxHen gnarpamme pucyHka 4-11 otobpaxeHa
YHKUMSA NNOTHOCTU BEPOATHOCTN MEXTAKTOBOIO AXMTTEPa UMEPOBOro TakTOBOro curHana. B
OTNM4YME OT rMCTOrpaMMbl U3MEPEHUIA NepUoaa, TeNepb OHA LEHTPMPOBaHA OTHOCUTESTBHO
Havana oTcyeTa, NOTOMY YTO MEXTAKTOBbIA [KUTTEP NOKa3biBaET TOMbKO Bapuauuv nepuoga.
Bonee Toro, cpeaHekBagpaTUHECKOE OTKIIOHEHWE rayCCOBCKOrO pacrpeeneHuns yaBamBaeTcs
n3-3a pasHULbl AByX CTOXaCTUYECKMX NepeMeHHbIX (5).

MomnMo gxuTTepa nepvoaa, Ha BTOPOW AnarpaMmMe CPaBHUBAIKOTCH CNEKTPbl MEXTaKTOBOIO
DXKMUTTEpa (KOpUYHEBbIN) 1 LMAPOBOro TakTOBOro curHana (nypnypHein). BugHo, 4o, kak 1 B
npeablaywem pasgene, 3Tu CNekTpbl CXOXM B HEKOTOPbIX acnektax. OfHako No cpaBHEHWIO
C [KMTTEPOM nepuoaa, cnekTp mkutrepa N-ro Takta NoHMXKaeTCs CurnbHee Nno HanpasneHnto
K Hayarny oTtcyeTa.

— — Merizental settings
e Wt 108 pi 16 GEuTE
Eso ! R len: 4 M5a L]
| F Bl A0 gy
15 . Poalon: @ 8
| - c Trigger seftings
200 J- [ Hade hun-a}
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PucyHok 4-11 — CnekTpbl MEXTaKTOBOro [AXUTTepa U OCLUINIIOrpaMmbl

CpaBHeHue OByX CNEKTPOB AEMOHCTPMPYET NPEMMYLLECTBO CreKTpa oxuTTepa. Paccmotpum
cnekTp nogpobHee ¢ MOMOLLBI PYHKUMM MacliTabupoBaHusa npubopa RTO; 6nuke k Havany
MOXHO OBHapPYXXNTb NapasuTHLIA curHan Ha vyactote 194 k'Y cnekTpa mxutTepa. AToT
napasvTHbIN CUrHan HeBUAMM Ha CreKTpe OCUMMNIorpaMmbl.
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Haripantal setiings
L 100 ps J/ 10 GEafs

Rec len: 4 H3a Lid
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PucyHok 4-12 — MacwtabupoBaHue CNeKTPOB MEXTAKTOBOIo AXXUTTEepa U OCLUNNOrpamMmmbl

CyuiecTBOBaHMe napa3nMTHOro curHana Ha vyactote 194 kl'u nogTeBepxgaeTcs npm
ncnonb3oBaHuy aHanuaaTopa cnektpa R&S®FSV. HacTtponku nonockl 063opa u
LeHTpanbHOM YyacToThl Ans aHanuaatopa FSV aHanornyHel HacTponkam ocuunnorpada
RTO. N3amepeHHbI CNeKTp, MOKa3aHHbIA Ha pUCYHKe 4-13, noaTBepxaaeT CcyLecTBOBaHNe
3TOro napasmTtHoro curHana (M2) ¢ Takom ke TOYHOCTbIO, YTO M B ocuunnorpadge RTO.

Spectrum I @

Ref Level -10.00 d&m = RBW 200 Hz
Attt 10 @8 SWT 19 ms VBW 200 H: Mode Auto FFT
Couwnt 50/50
@154 View
M5[1]) 09,94 dBm
-20 dBm 14.164926 MHz
Mi[1] -74,21 dBm
-30 dém 1499640 MHz
~40 dBm
50 dBm
-60 dBm
-70 dBim — .
Mz ey 4
-aa-rar.-. b R
H,_g- M-«lﬂ}l‘\‘ Jr M3
0 dém ¥
. A A
,‘.,,.--w.»*-"J L.
-100 dém R ".TMA_L_L —— v
CF 12.5 MHz 691 pts Span 5.0 MHz
Marker
Type | Ref | Trc | stimulus | Response | Function | Function Result |
M1 1) 14.9964 MHz | -74.21 ddm |
M2 | 1 10.1918 MHz -80.90 dém |
M3| 1 10.82851 MHz | -77.45 dim |
M4 | 1] 12.49276 MHz | -§5.35 dim | |
ME 1 14 16425 MH2 -86.94 dim

PucyHok 4-13 — CnekTp unchpoBOro TakToBoro curHana, UamepeHHbI ¢ nomoulbto R&S FSV
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Mpumep npumeHeHus

CneKkTp MEeXTaKTOBOro JKUTTepa, NonyyYeHHbI ¢ noMoLbio ocuunnorpada RTO, umeet
onpeneneHHoe NpemMmMmyLLLEeCTBO NO CPABHEHMIO C COOTBETCTBYIOLLMM CNEKTPOM
ocuMnnorpaMmmbl, Takke NoNyyYeHHbIM ¢ NoMoLLblo ocumnnorpadga RTO. Ha nepsom
cnekTpe MoryT 6biTb BUAHBI NapasvuTHbIE CUrHarnbl, OM3kue K HecyLlen, KoTopble He
MOryT ObITb OTOBpaXKeHbl Ha crnekTpe ocumnnorpammbl. CnekTp mxuTTepa aaet
XOPOLLUUIN KaYeCTBEHHbIN pe3ynbTaT, XOTS AMs BbIMOMHEHUS KONMMYECTBEHHOIO aHanu3a
nonb3oBarternb JOMKEH UCNOMb30BaTb 3TW pe3yrbTaTbl C OCTOPOXHOCTbIO.

[nsa nonHOTBI NpeAcTaBneHns, Ha pucyHke 4-14 nokasaH npumep namepexms gxkmutrepa N-ro
TakTa. 13 TekyLlen koHdurypauum B MeHio "Meas" > Bknagka "Setup” nonb3oBaTtenb MOXeT
n3MeHuTb 3HaveHne napameTpa "Cycle offset” (cmeweHne TakTa) Ha 4. B pesynbrate yHKUMA
NMOTHOCTW BEPOATHOCTU U KPMBASA HE UBMEHSITCS, 1 cnekTp ByaeT BbIrMsaaeTb NOXOXKMM Ha
CNEKTP MEeXTaKTOBOro mkutrepa. OgHako B cnekTpe Npon3onayT BaXKHble M3MEHEHUS,
MPUYNHOW KOTOPbLIX SBNSIETCH nepegaTodHas XxapakrepucTuka pxutrepa N-ro Takra.

™= Moriaatsl setliage
= ™ e
Raclen: 4 M5s
g { ol 40 il
o0 £ Peadan: D 8
£ | Trigger setlimgs
1 5
. 3 * . Trea-A; Udgw § Ohl

X 1] | WERET) i P N'!. ol .A.Alm-" l.A..! wlo T L:-v'. 139V
[T Y

|

e remeet| O [+Peok [ea ooy s [otsdeny  [Euemt [Har

Freque: | 10001MHI  I0.011MHE S.0899MME 1OMHE  IOMHZ  2.5207KHz 9720000 2430
L -3sIs6ps | 11FA9ps c2009ps 274746 2569395 25605 ps 9710280 2430

PucyHok 4-14 — Nxxuttep N-ro takta (N=4)

4.4 WN3mepeHue pxuttepa TIE

B rnase 3.3 onucaH gxutTtep TIE n cOOTBETCTBYIOLMI anropnt™ ero M3mepeHus.
NamepeHune pxuttepa TIE TpebyeT HAaCTPOMKN N3MEPEHMIA, a Takke HAaCTPOMKN PyHKLMK
CDR. B cniegytolem pasgene 3Tn HacTPONKM pasobpaHbl nogpobHee.

HauuHas paboTy ¢ npegpblayLien koHdurypauum, nons3oBaTenb MOXeT HanTh namepeHue
TIE B meHto "Meas" > Bknagka "Setup” > "Main measurement”. Nocne Beibopa nsamepeHus
TIE, Ha BKnagke nosiBATCA ocTasibHble HACTPOMKK, CM. pUCYHOK 4-15. LincppoBow TakToBbIN
cvrHan obbl4HO CTpPObMpyeTCst No nepegHemMy OpoHTY, NoaTomy B none "Data slope”
ycTaHoBrneHo 3HadeHune "Positive". MNMockonbky ans nameperus TIE TpebyeTca TakToBbIN
curHarn, To B Ka4yecTBe TakTOBOro pexuma YCTaHOBIEH PeXnM NporpamMmmMHOro
BOCCTaHOBIIEHNA TakToBOro curHana "Software CDR". KoHdourypaumsa dpyHkumm CDR
BbI3biBaeTcs knasuwen “CDR setup" unu ns mento "Protocol" > "CDR Setup” > "SW".
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Mpumep npuMeHeHus

Measurements |

SeUp|  GatefDisplay Long Term/Track Event Actions Sensor

Statistics Limit check

A0 b now Result export |»

ﬁfampﬂume F-i Jitter i"'._EEE-,.-e ﬁ g Hist Eﬂ]

Main measurement Envelope
Jiter Referance
~ Time-interval error W / i wWizard Levels

Additional jitter measurements

Fpe— [ ' . ¥ "
m Settings for "Time=interval errar” measurement

f ] Data Data slope Threshold
Jitter measurement State ‘ e

| { Time-interval error |

& CDR setup

PucyHok 4-15 — Hactpowka nsmepenun gxutrepa TIE

Software “Hardware Clock data recovery (CDR)

'_General settings " Measurement

' Algorithm Data edges setup

Nominal bit rate Serial standard Math setup |*

PLL settings _ Sync. settings
" Order | | Initial phase sync. |

<0 <0
First sample

Bandwidth Selected results

11.998 kHz|[{ After initial sync.

Rel. bandwidth

3

PucyHok 4-16 — Hactpowka nporpammHon cpyHkuun CDR

HocTynHbl ABe KoHUrypaumm nporpammHon dpyHkumm CDR, pasgeneHHble Ha ABe BKNaaKu:
"SW1" n "SW2". B gaHHOM npumepe, Ha pucyHke 4-16, ucnonbayetcsa koHpurypaumsa "SW1".
Tak kak nsmepenue TIE ocHoBaHO Ha nepegHux (MONoOXUTENbHbIX) POHTaxX TakTOBOro
curHana, 1o B none "Data edges" yctaHoBneHo 3HaveHune "Positive". [insg ycTtaHOBKM
npaBunbHOro 3HayeHus B none "Nominal bit rate" nonb3oBaTens gomkeH obpaTnTb
BHMMaHWe Ha Tun curHana (rmasa 2.3). Micnonb3yemblii LM pOoBON TaKTOBBIN CUrHan nveet
TakToByto YacTtoTy 10 MMy n HOMMHanNbHYI CKOPOCTb Nepefaydn aaHHbix 20 MéuT/c, ecnn
WHTEPNpeTMpoBaTh ero kak 6uToByo nocnegoBaTtensHoOCTb '01'. 3HaueHnsa B ocTanbHbIX
nonsix, npegnoxeHHole npubopom RTO, ocTatoTcst 6€3 N3MeHeHUN.

Ha pucyHke 4-7 noka3aHbl pedynbTaTthl usmepeHus TIE. Ha BepxHen gnarpammve
oTobpaeHa 3axBaveHHas ocumnnorpamma u kpusas pxkuttepa TIE. Kpusasa pxuttepa TIE
BbIFMSAMT MNOXOXeW Ha LWyMOBOW curHan, Ho B npeaenax nepsbix 170 MKC npeacTasnseT
cobon npsAmyto nuHKUL. MpuyrHom aToro ansietcs nporpammHas GPAIMY, kotopas
3anyckaeTcs 3aHOBO NpUY KaxaoM uukne cbopa gaHHbIX, 1 4OPKEH NPONTK npoLecc
YCTaHOBIEHUs, npexae Yyem ByaeT JocTurHyTa ctabunmusauusi. Bo Bpemsi yctaHoBneHus

1TD03_2e

Rohde & Schwarz AHanua [pkutTepa ¢ NoMoLLbto Ldposoro ocumnnorpaga R&S®RTO 31



Mpumep npuMeHeHus

oxunTTep TIE nmeeT NOCTOSAHHOE 3HaYeHVe U MO3TOMY Ha AnarpaMmmMe MosiBNsieTcs npsiMast
nnHUA. OTO NoBeaeHUe MOXeT BbiTb N3MEHEHO B HacTporkax dyHkuun CDR, ecnu B none
"Selected results" namennTtb 3HayeHue c "After initial sync." Ha "All". Tenepb TIE He
oTobpaxkaeT HayanbHOe NOCTOSIHHOE 3HAYeHWe, HO YCTaHOBINEHME ONOPHOrO 3HAYEeHUs
nckaxkaeT 3Ty YyacTb kpuou. [pn ncnonb3oBaHum annapatHon dyHkumMm CDR Takoro
noBeaeHus HabnogaTbca He ByaeT, Tak kKak OHO He 3amnycKaeTCcs 3aHOBO KaXabl pas.

Ha BTOpoK gmMarpamme nokasaHa ructorpamma mpkuttepa TIE ¢ dyHKUMen nnoTHOCTH
BEPOSITHOCTM (pa30Boro Lyma, LLeHTpOBaHHas OTHOCUTENBHO Hayana otcyeTa. B otnuyme ot

DKUTTepa nepuoaa, pacnpeerneHne n3MeHsieTcst Ha bumopaarnsHoe ¢ ABYMS NUKaMK Ha
+20 nc.

B Tabnuue Ha HMXHEN YacTu pucyHKa 0TobpaXKeHbl CTaTUCTUYECKME AaHHbIE ANS U3MEPEHUN
yactoTbl pxutTepa TIE, uto obcyxaanock B rnase 2.3.1.

Horizental vettings
1_ TTLA » TIE jifter: Chi, Track 1 LTS 100/ n"c'w.
fpc w4 MLy L1}
sd 40 ot

Pesmon © ¢
Trigger settimgs
Meda:  Mermal

Troe-A: Edpe § Oni

PucyHok 4-17 — Dxxuttep TIE

[ns o6bAcHeHNs n3ameHeHn PopMbl YHKLIMU NAOTHOCTM BEPOSATHOCTU OXXUTTepa nepuoga
OTHOCUTENbHO AxuTTepa TIE, MMHUMU3MpYeM ocumMnnorpaMmel, a KpUBYH MacluTabmpyem,
CM. p1UCYHOK 4-18. CpaBHeHMEe 3TOM KPMBOWN C KPMBOW SKMTTEpa nepmuoda Ha pucyHke 4-18
nokasbIBaeT, YTO pacnpeaerneHne curHana cooTBeTCTBYET HU3KOYACTOTHOW hmnnbTpauum
curHana. bes yrny6neHusa B MaTeMaTU4eCKMIN aHanu3 MOXHO NpeanoxuTb crnegytollee
kpaTkoe obbscHeHue. NepeaaTouHas dyHKUMA namepeHus TIE ncnonbsyet dyHkumio CDR
1-ro nopsigka, obnagatowyto ceoncteamm HY-cbunbTpaumm, kotopas ocrnabnaeT NOCTOSAHHYHO
COCTaBnAoLLY0 curHana gasosoro wyma. Takum obpa3om, nocneaoBaTenbHOCTb
nmnynbcoB [upaka, BUoMMas Ha KpMBOW pucyHka 4-8, BxoauT B nocriegosatenbHocTb '01'
Ha pucyHke 4-18, koTopas Bce ewe cogepxut 40 NnC nameHeHns Ans nepeaHero n 3agHero
(PPOHTOB, HO yXe He OT ypoBHs 0 nc.
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Mpumep npuMeHeHus
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PucyHok 4-18 — MacwrabupoBaHue axutrepa TIE

CnekTtp onsa namepenuns TIE n 3axBa4eHHOM OCLMNNorpaMMbl KOHOUIYPUPYETCS TakUM e
obpa3som, kak Ha pucyHke 4-10. Ha BepxHen guarpamme pucyHka 4-19 otobpaxeHa
rmcTorpaMmma, a Ha BTOpOM guarpamme — cnektp axutrepa TIE (kopuyHeBbIN) 1
ocumnnorpammel (MypnypHbIN) B ognHakoBoMm maclutabe. Oba rpadmka o4eHb NOXOXM
mexgy cobon. MNpu cpaBHeHUN cnekTpoB mxutTepa TIE u gxntTepa nepnoga BUAHO, YTO
ocnabnexve pxuttepa TIE B Hayane rpadmka oTcyTCTBYET.

Horizantal settings

Res: 100 ps / 10 G5l
Bec bon: 4 MSa BT
Sl 40 e

vt @ &
Trigger settimgy

—— L e » T v iyt Joge A 5 f . it g
31 M=
-%02
113 @b
423 e

el ]

O s YO8 Mg 1 118 ey 12 g [FEC LREYET 1298 g 18 Uk VS Ny 17w

PucyHok 4-19 — CnekTp pxuttepa TIE
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3aknwyeHune

5 3aknoyeHune

lMpu nepenaye cMrHanoB AXUTTEP ABMAETCS CYLLECTBEHHBIM OrpaHU4YeHNEM, KOTopoe
TpebyeT aHanmnsa 1 OLeHKN NapameTpOoB; BbllLEeCKa3aHHOE NPUMEHUMO Ha YPOBHE CUCTEM,
neyatHbix nnat u mukpocxem. Ocumnnorpad RTO c onuuent RTO-K12 asnsetca
NpeKpacHbIM UHCTPYMEHTOM, NpeAiaraloLwyM LMPOKMIn Habop dyHKUMIA oNns aHanusa
DKnTTEepa npu paspaboTke, OTNagke U UCTbITaHUU Ha COOTBETCTBUE SNEKTPOHHbIX Lienew.

B oaHHOM JOKyMEHTE OMUCLIBAOTCA M3MEPEHUST [XKUTTEpa Nepuoaa, MEXTaKTOBOro
oxuttepa u pkuttepa TIE Ha ocHOBe NpMMEpPOB NPUMEHEHNST U CPABHMBAETCS UX BIUSIHUE
Ha oToGpakeHune KPUBOK, MMCcTorpaMmbl U cnekTpa. MoxHo caenaTth BbiBO, YTO U3MEPEHME
DKutTepa nepvoga bonbLlue NoaxoauT A5is reHepaTopoB, U3MEPEHNE MEXTAKTOBOTO
mxutTepa — ana ®AlNY, a namepexne pxutrtepa TIE — ons nepegaBaeMbixX JaHHbIX.

Huskunin ypoBeHb axuTTepa camoro ocuunnorpada ssnseTcs KnoyYeBbiM napameTpoMm npu
BbIMOSTHEHWWN BLICOKOTOYHBIX M3MepeHun axkuttepa. lNpekpacHas annapaTtHas 6asa npubopa
RTO u xapaktepuctuku onuun RTO-K12 obecneumBatloT BbICOKUIA YPOBEHb TOYHOCTH
aHanusa gxvtTepa u OTNNYHbIe BO3MOXHOCTU 0BHapyxeHus nomex. B kayecTse npumepa
oBHapyXeHUsi NMoMexmn UCMOoNnb3yeTCA NapasuTHBLIN CUrHan, pacnonaratowmmncs 6ImnsKko K
HecyLLen.

MacTtep namepenus gxuttepa Jitter Wizard 13 onumm RTO-K12 obnervaet paboty no
N3MEPEHMIO JXKUTTEpa AN nonb3oBaTenen Noboro ypoBHs.

Onums BOCCTaHOBIMNEHUs curHana TaktoBon YactoTel R&SPRTO-K13 aBnsaeTtca yHUKanbHbIM
1 MOLUHbIM peLleHneM assi aHanvaa rrnaskoBon Anarpammbl CUrHaNoB ABOUYHbLIX OAHHBIX C
NPUMEHEHNEM BCTPOEHHOIO TaKTOBOrO CUrHana, Yto AaeT JA0MNONMHUTENbHYI0 BO3MOXHOCTb
MOMyYeHUs TOYHbIX 3HAYEHUI PYHKUMIA aHanm3a JxuTTepa, oocyaaemblX B JaHHbIX
yKasaHusIX N0 NPUMEHEHMIO.
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UHdopmauua ans 3akasa

[ VIHpopmauusa ang 3akasa

HasBaHue Tun

LincdpoBbie ocuunnorpadbi

Kop 3akasa

600-MI'y, 2 kaHana
10 mnpga. otcyeToB/C,
20/40 MnH. oTcyeToB

R&S®RTO1002

1316.1000.02

600- MI'u, 4 kaHana
10 mnpga. otcyeToB/C,
20/40 MnH. oTcyeToB

R&S®RTO1004

1316.1000.04

1Tu, 2 kaHana
10 mnpa. otcyeToB/C,
20/40 MnH. oTcyeToB

R&S®RTO1012

1316.1000.12

1Ty, 4 kaHana
10 mnpg. oTtcyeToB/C,
20/80 MnH. oTcyeToB

R&S®RTO1014

1316.1000.14

2 Tu, 2 kaHana
10 mnpg. otcyeToB/C,
20/40 MnH. oTc4eTOB

R&S®RTO1022

1316.1000.22

2 ITu, 4 kaHana
10 mnpg. otcyeToB/C,
20/80 mMnH. oTc4eTOB

R&S®RTO1024

1316.1000.24

4 ITu, 4 kKaHana
20 mnpa. oTcyeToB/C,
20/80 mMnH. oTc4eTOoB

R&S®RTO1044

1316.1000.44

MporpaMmHbIe onumu

Onuus aHanusa AXUTTEepa

R&S®RTOK-12

1317.4690.02

Onuusa CDR

R&S®RTOK-13

1317.4703.02
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e JHeprocbeperatoLume msgenus
e [locTOSiHHOE yny4lleHUe 3KONorm4eckon
YCTONYMBOCTH
e CepTudmumpoBaHHasa cuctema
akonormyeckoro meHegxkmeHTa 1ISO 14001

Certified Quality System

1SO 9001

KoHTakTbl B permoHax

EBpona, Adpuka, BrnivkHnin Boctok

+49 89 4129 12345
customersupport@rohde-schwarz.com
CeBepHast AMepuka

1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com
JlatnHckas Amepuka

+1-410-910-7988
customersupport.la@rohde-schwarz.com
A3nsa/Tuxuii okeaH

+65 65 13 04 88
customersupport.asia@rohde-schwarz.com

Kntan
+86-800-810-8228 /+86-400-650-5896
customersupport.china@rohde-schwarz.com

[aHHbIN JOKYMEHT 1 NocTaBnsemble NporpaMmbl MOTyT
NMPUMEHATBLCS TONMBKO Npu cOBNAEHUN YCITOBUIA, U3M0-
YXeHHbIX B 0bnacTu 3arpy3ku Beb-canta Rohde & Schwarz.

R&S® aBnseTcs 3aperncTprMpoBaHHbIM TOBAPHbLIM 3HAKOM
koMnaHun Rohde & Schwarz GmbH & Co. KG. ToBapHble 3Haku u
TOProBblE MapKV NPUHaAJIexaT COOTBETCTBYIOLMM BriagesbLam.
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