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Co3panTe CBOI Ny4LY0 pa3paboTKy

Ka)xpas cMeHa NoKoNeHuit LMdpoBbIX CTaH-
[apToB NopoxaaeT HoBble pucku. Cospasas
cBOM Npubopbl M paboTas ¢ 3aKazunkamu,
Mbl NEPBbIMU CTAJSIKMBAEMCS C 3TUMU NpPo6-
nemamu. Pewenus komnanum Keysight
Technologies ans TeCTPOBAHUSA BbICOKO-
CKOPOCTHbIX LUPPOBbIX YyCTPOWCTB Npes-
CTaBnsAT c060/ KOMBMHALIMIO NPOrPaMMHO-
ro obecneyeHus, U3MepuUTeNbHbIX NPUbopoB
1 06LIMPHOMO OMbITa, HAKOMJIEHHOTO B pe-
3ynbTaTe NOCTOSAHHOIO COTPYAHNYECTBA C
BEAYLLMMMN OTPAC/IEBbIMU CNIELUANTUCTAMM.

LLnHa PCI Express® lUuMpoKO NnpuMeHs-
eTCs B CUCTEMAX, TPEBYIOLWUX BbICOKOM
CKOPOCTU Nepenayv AaHHbIX, TaKUX Kak
cucTeMbl BUAE006paboTku 1 rpaduyeckme
afanTepbl. M ecnu B caMoM Havane cBoero
CYLLECTBOBaHUSA 3Ta TEXHOOMUSA NPUMEHS-
nach TONbKO B BbICOKOMPOU3BOAUTENbHBIX
HaCTONbHbLIX KOMMbIOTEPAX UM CEpPBEPAX,

TO Tenepb OHa LUKMPOKO UCNOJNIb3YeTCs BO
BCTPaMBaeMbIX CUCTEMAX. TeXHUYecKne
XapaKTEPUCTUKM U TECTbI HA COOTBETCTBUE
CTaHAAPTY AN 3TOW WMHbI ONpeAeseHbl He-
KoMMepuyeckoit opranusauuei PCl Special
Interest Group (PCI-SIG®) (cM. TaBauuy Ha
puc. 1).

Ocobyto 03ab04eHHOCTb pa3paboTynKoB
BbI3bIBaOT NP06EMbI QYHKLMOHANBHOW
COBMECTUMOCTM M 0OPATHOM COBMECTUMOCTM.
Bes cneumnanbHbiX UHCTPYMEHTOB HEBO3MOXK-
HO NPOBEPUTL BCE HEOBX0AMMbIE NapaMeTpbl
1 NPOTOKOJIbI paboTbl pa3pabaTbiBaeMoro
YCTPOMCTBA, YT06bI y6eAMTLCS, HACKOSIbKO
TOYHO OHO COOTBETCTBYET creunduKaLmaM.

C pocToM cKOpOCTeN nepeaaun faHHbIx

3aMeTHeil CTaHOBATCA Takue GaKTopbl Ha-
PYLEHMSA LeNOCTHOCTM CUTHaa, KaK oTpa-
JKEHUS N NEePEeKPECTHbIE NOMEXM, KOTOpble

BbI3bIBAOT [lerpajaLvio CUrHana v Nopox-
[,a10T NPo6ieMbl CUHXPOHMU3aLMK. Manbii
nepuop TaKTOBOW YacTOTbl 03HAYaeT MeHb-
LK BroaXKeT BXKUTTEpa, No3ToMy 6opbba

C AXKUTTEPOM CYLLECTBEHHO YCNOXHSETCS.
Kpome Toro, ¢ paclwmnpeHmem coepbl npume-
HeHust wnHbl PCl Express pacTyT 1 BO3MOX-
HOCTM YPOBHS NPOTOKOA.

Ecnu Bbl cymeeTe rny6ixe npoaHanuaupo-
BaTb paboTy CBOEro yCTPOMCTBA HA4YMHasA C
CaMbIX PaHHMX 3TanoB NPOEKTUPOBAHUA, TO
cMOXeTe BbICTpee UCMPaBUTb BO3HUKLINE
ownbKkM 1 ybeanTbes, Y4TO Balle U3fenume
COOTBETCTBYET HE0OXOAMMOMY YPOBHIO Ka-
4ecTBa, NOJSIHOCTLH COBMECTUMO U CBOEBpE-
MEHHO OyAeT BbINyLLEHO Ha pbIHOK. [ensicb
CBOWM GOraTbIM OMbITOM, Mbl TOMOXEM BaM
B CO34aHUU U3LENINiA, KOTOPLIMU MOXKHO BY-
netropputbcs. Pabotante ¢ Keysight n cos-
[laiiTe CBO YUY KOHCTPYKLMUIO.

Bepcum PCI Express 1.0a 1.1 2.0 3.0 4.0
CKopocTb nepefaun 251T/c 251T/c 25u50T0T/c 2,550n80T0T/c 2,5,50,80n16,0T0T/c
LaHHbIX
TakToBas yacTtoTa 1,25 Ty 1,25 Ty 2,5 Ty 4,0 Ty 8,0 My
KonupoBaHue faHHbix  Ckpembaumpo- CkpeMbnupoBaHue CkpeMbnupoBaHue 25u5,0TT/c: ckpembnn- 2,51 5,0 [T/c: ckpeMban-
BaHue PRBS16 PRBS16 u kogupoBa- PRBS16 u kognpoBaHue poBaHue PRBS16 n kogu- posaHue PRBS16 u koau-
1 KoMpoBaHue Hue 8b/10b 8b/10b poBaHue 8b/10b poBaHue 8b/10b
8b/10b
8,0 I'T/c: ckpembnuposa- 8,0 m 16,0 'T/c: ckpem-
Hue PRBS23 n kogupoBa-  6nupoBaHue PRBS23 un
Hue 128b/130b koaupoBaHue 128b/130b
CymmapHas nponyck-  ~6,4B/c ~6,4TB/c ~12,8Tb/c ~25,6Tb/c ~36b/c

Has cnocoBHOCTb ANa
x16 nuHuin

OcHoBHble 3MeHeHNs  McxopHas Bepcus

Bonee xécTkue Tpe-
60BaHUs K U3MepeHwio
LXKWUTTepa 1 TaKToBOM
4acToThl

CKopocCTb, cneuundmkaumm
Kabens, TeCT nNosock!
®AlMY, 6onee xecTkne
TpeboBaHMs K U3MepeHuto
IDKWTTepa 1 TaKToBOM
4acToTbl, HOBbIE YPOBHM
NPeAbICKaXXEeHMA.

CKOpOCTb, pacliMpeHHas
nonoca ®AMMY, 6onee
CNIOXHble NpefAblCKaxe-
HUSI, CKpeMbimpoBaHue
PRBS23

CkopocTb, Gonee KopoT-
KUiA KaHas, OfMH Pa3beM,
60nbLLUe COCTOAHUN Npe-
[bICKaXKeHUi nepepaBa-
eMOoro curHana, 6onblue
3BeHbeB DFE, 3Hauun-
TeNbHO MeHbLUAs BbiCOTa
rnaska npuHMMaemoro
curHana

PucyHok 1. Bepcuu v ocHoBHble xapakTepucTuku PCl Express

OcHoBHag 3apaya

ApxutekTtypa PCl Express BkfitoyaeT ¢pu-
3UYECKUMN YPOBEHb, KaHANbHbI YPOBEHb U
YPOBEHb TPaH3aKuuit. [ns aneKkTpoMexaHu-
yeckux cneundukauui nnat (CEM) PCI-SIG
npennaraet basosyto nnaTy AN NPOBEPKU
cootseTcTeus (CBB), MnaTy Harpy3ok ans
nposepku cooteetcTeus (CLB) n nporpamm-
Hoe obecneyenue SigTest pns ynpowenus
MPOBEPKMN COOTBETCTBUS 3NIEKTPUYECKNX
napaMeTpos.

MpoBepKa Ha COOTBETCTBWE NPOTOKOJY Tpe-
6yeT uHoro nopxopa. Ecnu nabopaTopHble
TecTbl PCI-SIG npepgnonaratot npoBepky
dopmaTa Ans BaLIEro U3[enuns, To BaM HYX-
HO BbIMOJIHUTH MPOBEPKY HA COOTBETCTBUE
[,0 ero 0TnpaBku B nabopaTtoputo.

Komnanus Keysight npepgnaraet pewweHus,
yLOBNETBOPSOLME NOTPEOHOCTH TECTUPO-
BaHMs GU3NYECKOr0 YPOBHS, YPOBHSA Npo-
TOKOMa U GYHKLMOHANbHOr0 TECTUPOBAHMA
(cM. pucyHok 2).
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®usnyecknit ypoBeHs:
COeANHUTENbHBIE INHNN

DU3NYECKNIl YPOBEHD:
TecT nepepaTymKa

DU3nyecKuin ypoBeHb:
TECT NPUEMHMKA

KaHanbHbli/TpaH3aKLMOHHbIN
YPOBEeHb

- Bbicokonpoussogu-
TenbHbIi TecTep J-BERT - Ananusatop PCle U4301B
M8020A - U4305A/B - otnapguuk npoto-
- Bbicokonpon3BoauTesb- kona PCle n PCle LTSSM
HbIW TecTep nocneno- - AHanusatop npoTokona
BaTenbHbIX WinH J-BERT N5306A ans PCle 1.01 2.0

- CAIP ADS c ucnbitatenb- - Ocumnnnorpadsl Infiniilum
HbIM cTeHpoM W2352 PCle cepun V
- [0 npoBepKu 3neKkTpu-
YeCKoW COBMECTUMOCTH

PCl Express N5393D N4903B ¢ KoMneHcaTo- - Ananusarop PCle (analyzer)

- NOEZJIT Plus n MO aHa- POM MPEAbICKAKEHNI - Otnapuuk npotokona PCle
1132 BLICOKOCKOPOCT- N4916B (exerciser)
HbIX MOCNef0BaTeNIbHbIX - 10 aBTOMaTM3MpOBaH- - TeHepatop nomex PCle
WWH HOil IPOBEPKM COOT- (jammer)

- 86100D DCA-X c 110 BETCTBMSA U U3MepeHus - Kapra ans TectupoBaHus

— 84100D DCA-X/TDR Ans nsmepenns GAMY napameTpos N5990A Ha COOTBETCTBME NPOTOKONY

86100DU-400 (PTC)

- AHanuszatop uenen
E5071C-TDR ENA

PucyHok 2. PeweHuns komnaHum Keysight ans npoektupoBaHus v tectupoBanus PCl Express

[MpuMeHeHune onbiTa

Komnanus Keysight o6napgaet MHOroneTHum
OMbITOM NPOEKTUPOBAHUS LUDPOBLIX U Bbl-
COKOYaCTOTHbIX CXeM, @ TaKxKe pa3paboTku
NPOTOKON0B. Mbl XOPOLLO 3HAKOMbI C TAKUMU
baKkTOpaMm, Kak 0TPaXKEHUs, BHOCUMblE

1 obpaTHble NOTepw, BIOLXKET OXNUTTEpP],
3anac norpeLwHoCcT! N0 CUHXPOHKU3ALNK,

a TaKXXe CO MHOMMMUW ApYyruMu npobnemamu,
C KOTOPbIMU CTANKMBAKOTCS NPOEKTUPOB-
LWMKK, pa3pabaTbiBas BbICOKOCKOPOCTHbIE
CUCTEMbI Mepefayn faHHbIX. Haw onbiT
paboTbl C NPOTOKONAMM NepeAaYun faHHbIX
NPOUCTEKAET U3 Hallel [ONrOBPEMEHHO
nopaepxku ctaHgaptos PCl. fiBnsisich ak-
TUBHbIM YneHoMm rpynnbl PCI-SIG v nocTosiH-
HO NpMHUMas y4yacTus B paboTte no nogro-
TOBKE W BbINYCKY cneundukaumiti, Komnanus
Keysight npno6pena orpoMHbIN ONbIT U YeT-
Koe npeAcTaBfieHne o paboTe pusnyeckoro,
KaHanbHOro 1 TPaH3aKLWOHHOI0 YPOBHEN,
ucnonb3yembix npotokosiom PCl Express.

PucyHok 3. Tectep J-BERT M8020A ynpoLiaeT CoXHble CXeMbl TECTUPOBAHMS NPUEMHUKOB. 3Aech NoKa3aHa
cxeMma TecTupoBaHusa npuémHuka PCle 3 (8 ['T/c) Ha MaTepuHcKoi nnaTe (cneundukauun CEM), B KoTopo#n
J-BERT M8020A noakntoueH yepes niaTy Harpy3oK 4s nposepku cooteetcTsus (CLB). Tectep J-BERT M8020A
COLEPXKMUT BCTPOEHHYI0 QYHKLMIO GOPMUPOBAHMA NPEAbICKAXEHWUN, UCTOUHUKM LXKUTTEPa, FeHepaTop CUHPas-
HbIX 1 AnddepeHumnanbHbix nomex (CMI, DMI), yMHOXUTeNb TaKTOBOW YaCTOThI, CXeMy BOCCTAHOBJIEHNSA TakK-
TOBOW YaCTOTbl U UHTETPUPYIOLLWIA JINHEHbIN akBanan3sep (CTLE) - Bce, YTO HYXKHO, BCTPOEHO ¥ 0TKaNUBPOBaHO.

KomnaHus Keysight nmeet gonryo nctopuio BcecTopoHHee 1 0,0CTOBEPHOE TECTUPOBAHME

NA0A0TBOPHOrO COTPYAHUYECTBA C BEAy-
LWMMW KOMMaHUSIMW B OTpacau. 3To npefo-
CTaBNSIET e/l 3HaUUTe IbHble MPenMyLLecTBa
npw paspaboTke npuboOpPoOB M NPOrpaMMHOro
obecneyeHus, KOTopble 0TBEYAlOT PU3n-
4ecKuM TpeboBaHMAM, COOTBETCTBYIOT
noTpebHOCTAM CTaHAAPTOB U yA06HbI ANs
pa3paboTunKos.

MpuBnekaTenbHocTh pelweHunn Keysight
[151 3aKa34YMKOB 3aKJ04AETCs B TOM, YTO
BCE COCTaBMSAIOLNE 3TUX PELUEHMUI NOHO-
CTblo 0TBeYatoT cneunduyecknm TpeboBa-
HUAIM LieSIeBbIX MPUITOXKEHUN. 3TN peLleHuns
BKJIIO4AIOT ocuuorpadsl AN NpoBepKU
LLeIOCTHOCTU CUTHAIOB U OLLEHKM JXKUT-
Tepa, TecTepbl KO3hPuLMEHTa BUTOBbIX
OWMBOK M reHepaTopbl KOJOBbIX NOC/EA0-
BATeNIbHOCTEN ANA CO3AaHUS CNOXHbIX UC-
NblTaTesIbHbIX CUTHaN0B, NOAABAEMbIX HA
NPUEMHMUKY (pUCYHOK 3), 0TNaaumKn/aHa-
NIU3aTOPbl MPOTOKOJIOB, pebIIEKTOMETPbI
B0 BpeMeHHol o6nactu (TDR) u BekTopHble
aHanusatopsl uenen (VNA) ans usmepeHus
MMMeAaHca, a TakXKe NporpaMMHbie Cpep-

CTBa aBTOMAaTM3MPOBAHHOO MPOEKTUPOBa-
HUSI, UHTErPUPOBAHHBIE C MPUIIOKEHUSIMU
AJ15 TECTUPOBAHUS Ha COOTBETCTBUE NPO-
TOKOJTY, KOTOPbIE MO3BOJISAT BbINOJHATH
O[HV ¥ T€ XKe TecTbl Ha 3Tarne MOAENpo-
BaHMUS W Ha 3Tane NpoOM3BOACTBA.

MiIMeHHO KayecTBO pewweHuit Keysight sB-
NISETCH KN0YOM K YNPOLLEHWIO, YCKOPEHUIO
1 MOBbILIEHUIO LOCTOBEPHOCTM TECTUPO-
BaHus KoHCTpyKumin PCl Express. TouHble
pe3ynbTaThl COKPALLAOT YMCI0 UTEPALMUN
pa3paboTKu, yCKOPSAIOT BbIXOA U3LBENNNA HA
PbIHOK M NO3BOJISIOT CO34aBaTb HALEXKHbIE
KOHCTPYKLMK, cnocobCTBYOLLME COXpaHe-
HWI0 KOHKYPEHTHbIX MPEUMYLLECTB.
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®Pun3nyecKnn ypoBeHb: TECTUPOBAHME NepeaaTHMKoB

MpoBepka nponssoguTenbHocTy PCI
Express BKJIO4aeT n3MepeHue xapak-
TEPUCTUK OMOPHOM TAKTOBOM YacTOTbI

W CUTHANOB AaHHbIX. M3aenve DOMXKHO
yCMeLwHo nponTn «30510Ton Habop» Tec-
TOB — pacliMpeHHbIn Habop Tectos PCI-SIG
SigTest - B nabopatopum PCI-SIG Ha cneuu-
anbHoOW TeCTOBOM ocHacTKe. KnioueBbiMU
napamMeTpamu 34ecb ABAAIOTCA ANANTENb-
HOCTb GPOHTA, aMNAUTYAA, WMPUHA
rnaska, BXXuTTep, Noaoca NponycKaHus u
BY-koppekumns $pa3oBoi aBTONOLCTPONKM
yacTtoTbl (QAMY).

boicTpen u yBepeHHew

YeM Obl Bbl HM 3aHUMANUCh — AUATHOCTUKOW
HEeWCnpaBHOCTEN, 3aXBaTOM HENPEPbIBHbIX
CUrHanoB, GyHKLMNOHaNbHOW NPOBEPKOM
WM TECTUPOBAHMEM Ha COOTBETCTBUE
CTaHAAPTY, O4EHb BaXXHYH PONb A8 Bbl-
MOJIHEHUS TOYHbIX U3MEPEHUI UTpaeT oc-
umnnorpad c HU3KMM YPOBHEM LUYMa, Ma-
NbIM OXXUTTEPOM U BbICOKOKAYeCTBEHHBIMM
npo6HuKamu. Mo rnaskoBow guarpamme
onpenensieTcs MUHUManbHOE OTKPbITUE
rnaska, LocTaTo4YHOe A5 NOJIHOLEHHOM
paboTbl. AHANU3 IXKUTTEPa ONOPHOW TakK-
TOBOW 4aCTOTbI MOMOraeT JOCTUYb HE06X0-
OMMOro 3Ha4YeHNs KoadduumneHTa UTOBLIX
owmnbok (BER).

Ocuunnorpadsl Keysight Infiniilum cepun V
06/1a4at0T CaMbIM HU3KWUM YPOBHEM LLYMOB,
LKUTTepa CUrHana v SXXutTepa 3anycka
ANs ocuunnorpadoB peasbHOro BPEMEHMU.
B03MOXHOCTb 3anycKa no caMomn gJIMHHOW
B oTpacnu 160-pa3psipHon kogoBow nocne-
noBaTenbHOCTM 0becneynBaeT apdeKkTus-
HO€ BbISIBIEHWE W YCTPAHEHWE BOMbLUNH-
CTBa C0XKHbIX NP06ieM (CM. PUCYHOK 4).
M0 usmepenus pxuttepa NS400A EZJIT
Plus copepuT anroput™ BOCCTaHOBJIEHUS
TaKTOBOM YacToThl SigTest, no3sonsiowum
nony4YnTb TOYHbIEe pe3ynbTaThl. Cnepyet
ynoMsiHyTb ewweé M0 namMepeHus anekTpu-
YECKMX XapaKTepUCTUK 1 NPOBEPKU COOT-
BeTcTBUs PCl Express — Keysight N5393D,
KOTOPOE YMNpoLLaeT CXeMy U3MepPeHus, Bbl-
MONHSET TECTUPOBAHME HAa COOTBETCTBUE
CTaHLAPTYy U reHepupyeT oTYETHI B dpop-
maTe HTML co cHUMKaMu 3KkpaHa, No3Bo-
nss nerko 06MeHWBaTHCS pe3ynbTaTamu
(cM. pucyHoK 5).

ToyHbIM aHanu3 nonockl GAMY

[Onsa obecneyeHnss COBMECTUMOCTHU 060-
pyLOBaHUS HE06X0AMMO KOHTPOIMPOBATh
nosiocy nponyckanus ®AMY npoektupye-
MOro ycTponcTBa. [115 TO4HOro U3MepeHus
nonocsl nponyckanus u BY-koppekuum
DATY Hy>KeH NPMEMHUK, HaNnpUMep, o0CLM-
norpad, cnocoBHbIN TOYHO U3MEPSTL BHO-
CUMBI CUHYCOMAaNbHbIN BXXuTTEp. [pyron
NOAXOA 3aK/04AeTCs B NPUMEHEHUN aHa-
nu3aTopa CNeKkTpa 1 reHepaTopa CUrHanoB
ONa oTcnexuBaHua otknnka QAMY.

LLinpokononocHbin ocumunnorpad Keysight
86100D Infiniium DCA-X c Mmogynem npe-
LIM3MOHHOr0 aHanM3aTopa CMrHanoB
86108B npepnaraeT cambit Manbii B 0T-
pacnu ypoBeHb COGCTBEHHOMO AXXNUTTEPA
<50 ¢c. AnnapaTHas cxeMa BoccTaHOBIe-
HWs TakTOBOW YacToTbl 86108B copepxut
onddepeHumanbHbin Ga3oBbI AeTeKTop,
LeMOLYNVPYOLWMNA BXOLHON AXUTTEP, KO-
TOpbIV 3aTeM 06pabaTbiBaETCSA NPOrpaMMm-
HbIM 06ecneYeHneM U3MepeHus CnekTpa
®ANY n pxuttepa 86100DU-400, koTopoe
HenocpeACTBEHHO u3MepsieT Ga3oBbIN
WyM ¥ NepefaTouHyto GYHKLMI0 OXUTTepa
(cM. pucyHOK 6). 3TOT NOAXOA UCMONb3yeTCs
B «30/10TOM Habope» TectoB PCI-SIG gns
MoJSIHOro n3MepeHus napametpos GAMY.

Ocumnnorpadsl Keysight Infiniium ce-
puun V obecneynBaioT NyyLLyLo B CBOEM
Knacce LenocTHOCTb CUrHana, uMeloT
pacLIMpeHHY cMcTeMy NPO6HUKOB,
annapaTHbIN 3anycK No CaMbIM AJINH-
HbIM KOJL0BbIM MOCNeA0BaTENIbHOCTSAM
1 CaMbIV LUMPOKUI B 0TPAcau BbI6Op
nporpaMMHoro obecneyexus.

PucyHok 4. AnnapaTHas cuctema 3anycka no
nocsiefoBaTesbHbIM CUTHanam ocuuanorpados
cepuu V HaxoouT nocnenoBaTenbHbIN Habop
cumeonoB PCl Express Gen 3 gnnmHon 130 6ut
(PCle Gen 3 ucnonb3yet cxeMy KOGMPOBaHHUS
128b/130b).

[ T e L L]

AN KEYSIGHT et ]
PCI Express Test Report

Coveral ovautt 7T | 1 <1 16 Ticits P
Tem Cowtgars fou Drts

PucyHok 5. M0 n3MepeHns aneKkTpuyecKknx
napametpoB PCl Express N5393D 6bicTpo reHe-
pUpyeT CBOAHBIN OTYET C OCLMANOrpPaMMaMu 1
[0MyCKaMM pe3ynbTaToB, YTO NO3BONISET rNy6xe
MOHATb UMeloLLMecs Npobiemsl.
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PucyHok 6. U3meperune nonockl DAMY ¢ nomoLbto
ocumnnorpacda 86100D DCA-X u npeun3snoHHoro
aHanu3aTopa curHanos 86108B.
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®Pun3nyecKnn ypoBeHb: TECTUPOBAHME NPUEMHUNKOB

[MpUEMHMK UMdPOBOM CUCTEMBI NEPELAYM
LaHHbIX LOJIKEH U3BEKaTb MHPOpPMaLMI0
3 BXOQHOTO CUTHANa C 04YeHb MasbiM K03~
dnLMeHTOM BMTOBbIX OWMOOK. OBbIYHO Ha
Hero NocTynaeT CUrHasn, CUSIbHO Aerpagu-
POBaBLUMII N3-33 BbICOKOYACTOTHLIX MOTEPb
B KaHane. XOpoLWmni NPUEMHUK AOJIXKEH
CNPaBASATLCS C TAKUMU UCKAKEHHBIMMU
CWUTHANaMM W BbIAENATb U3 HUX NPaBUb-
Hble 6uTbl. PCl Express ucnosib3yeT TecTbl
LOMYCTUMOTO IXKMTTEPA, OCHOBAHHbIE HA
“3MepeHUu rnaska B HebnaronpusaTHbIX
YCJIOBUSIX, KOTOPbIE MO3BONSIOT OLEHNUTD
KayecTBO NPUEMHUKA.

EbICprIe N TOYHbIE N3MEpPeHUd
40oNyCTUMOro AXXUTTepa

[ns nonHOro M3MepeHuns LOonycTUMoro
LXKUTTepa NpuéMHMKa BaM noTpebyeTcs
reHepaTop KOJO0BbIX MOCNEA0BATENIbHOC-
TeWN, KOTOpbIN NoAaBan 6bl CUrHabI HA
TecTupyemoe yCTpOMCTBO, paboTakoLlee

B LMKJIMYECKOM PEXUMe, FeHepmpoBan bbl
OMOPHYI TaKTOBYI 4acTOTY C pacnpefe-
NEHHbIM CMEeKTPOM ¥ CO34aBan Kannbpo-
BaHHbIV BXXWUTTEP U NPELbICKAXEHUs LNs
UMUTaL MK paboTbl NpUEMHMKA B HeBNaro-
MPUATHBIX YCN0BUAX. TOYHOCTb M3MEpPEHUiA
OyneT onpenensaTbCs CNOCOOHOCTbIO BalLen
CUCTEMbI KOHTPOSIMPOBATL 3TU NapaMeTpbl.
YeM ToYHee UCTOYHMK, TEM NlyyLle Bbl OLe-
HUTE KOHCTPYKLMIO NPUEMHUKA.

TecTepbl kKoadduuMeHTa BUTOBbIX OWINBOK
Keysight J-BERT M8020A n J-BERT N4903B
npeanaralT NOSHOCTbI UHTErPUPOBAHHbIE
1 KanubpoBaHHbIe NPELN3NOHHbIE UCTOYHU-
K mxuTTepa. OHM CO34al0T LOCTOBEPHbIE
CUrHanbI AXWTTEPa HaUXyALero ciyyas,
BKJ1t04as CNy4alHbIN, CUHYCOMAANbHBIN
NepuoanNYECcKnUi IXKNTTEP, @ TAKIKE MEX-
cumBosbHble nomexy (ISI) ans umutaumm
yCnoBuit paboTbl MaTEPUHCKON NNaThI.
BcTpoeHHble npouenypbl U3MepeHns fo-
nycTUMOro BXXUTTepa No3BONST BbICTPO
NPOTECTUPOBATb NMPUEMHUK (CM. PUCYHOK
7). Bbl MOXKeTe UMUTUPOBATL NepefaTUuK C
curHanamu PCl Express nocnie KoppekTopa
NpeAbICKAXXeHUt ANsi NOSHOro U3MepeHus
napameTpoB NpUEMHMKa (CM. pUCYHOK 8).
Tectep J-BERT M8020A vMeeT BCTPOEHHY0O
CUCTEMY KOPPEKLMM NPeLblCKaXEHNN,
KOTOpas ynpoLLaeT CXeMy U3MEPEHUSs.

[ns paboTbl c TecTepom J-BERT N4903B
HY)XeH npeobpa3oBatesib NPeabICKaXeHU
N4916B.

yl'lpOLLl,EHVIe C/TI0XKHbIX TECTOB

YuuBepcanbHocTb cTaHpapTa PCl Express
NPOSIBNISETCS NPU CO3LAHUU KOHCTPYKLUN
C HECKOJIbKUMM NOCNIef0BaTENbHbIMY
NUHUSMUA. JloNoAHUTENbHbIE IMHWUU NOBbI-
LIQKT NMPOMYCKHYI0 CMOCOBHOCTb, HO YCI10XK-
HSKOT KOHCTPYKLMIO M 0TNAAKY NPUEMHMKA.

MosxeTe N Bbl UMWTUPOBATb MHOTOKaHas b-
Hble curHanbl? MpuaeTcs N BaM TeCTUPO-
BaTb KXY JIMHUIO B OTAEBHOCTH, UK
CyLecTByeT cnocob aBToMaTU3aLum 3Toro
npouecca?

Tectep Keysight M8020A J-BERT npea-
cTaBnseT cobon MoAynbHYI0 NnaTpopmy
LNS n3MepeHus KoagduumeHTa 6UTOBbIX
OLINBOK, KOTOPYH MOXHO HAaCTPOUTb Ha pa-
60Ty C HECKONIbKMMW reHepaTopaMu 1 aHa-
NN3aToOpPaMu LaHHbIX A1 MHOFOKaHaNbHOro
TECTUPOBAHMS.

C noMoLubto NporpaMMHOro obecneyexus
N5990A MOXXHO aBTOMaTU3MPOBATb TECTHU-
pOBaHME NPUEMHMKOB UM CO34aTb NONHbIN
TECT NPUEMHMKa/NnepeAaTynKa Ha CooT-
BETCTBMe CTaHAAPTY (CM. pucyHok 9). 310
M0 ynpaensiet Tectepamun J-BERT M8020A u
J-BERT N4903B, ocuunnorpadamm Infiniium
u apyrumu npubopamu Keysight.

TecTtepbl Keysight J-BERT M8020A u
J-BERT M4903B ocHalleHbl MOHOCTbIO
VHTErpUPOBaHHLIMU U KaNIMBPOBaHHbI-
MW UCTOYHMKAMU BKUTTEPA AN aBTO-
MaTMYEeCKOro TeCTUPOBAHUSA AOMNYCTU-
MOro AXKUTTepa.

CxeMbl TeCTUPOBAHNA NPUEMHU-
ko PCl Express Ha 6a3e J-BERT
M8020A

BoNbWMHCTBO peweHnit 4Ns TeCTUPOBaHMUS
NPUEMHUKOB, BKJIO4ash CXeMbl Ha 6ase Tec-
Tepa J-BERT N4903B, TpebytoT npuMeHeHust
LLONOJNIHUTENIbHBIX NPMBOPOB AN CO34aHNS
6onee NoMHOro KoMnekca HebnaronpusT-
HbIX YCNOBU.

Tectep J-BERT M8020A ocHalleH BCTpOeH-
HbIM F€eHEepPaToOPOM CUHPA3HbIX U AudpepeH-
LiManbHbIX NOMEX 1 No3BonseT 060MTHUCL 6e3
LOMONHUTENbHbIX CPeACTB CO3AaHNs Hebna-
ronpusTHelx ycnosuit. J-BERT M8020A ume-
€T BCTPOEHHbI YMHOXMUTENb ONOPHON TakK-
TOBOM YacToThbl, coBMecTuMbIn ¢ PCl Express,
KOTOPbI MOXET reHepupoBaTh TAKTOBYIO
yactoTy ans BERT u3 cuctemMHom onopHom
yacToTbl 100 MIy. @AY yMHOXUTENS UMeeT
LOCTAaTOYHO LUMPOKYIO MONOCY MPOMYCKaHus,
4yToObl NepenaTh pacnpefeneHHbln CNeKTp
(SSC), uto No3BONSAET TECTUPOBATL CUCTEMBI
C BKJIto4eHHbIM SSC.

LLInpoknit Habop NCTOYHMKOB UCKAXKEHHOTO
CUrHana, BCTPOEHHbIN B KaXXbl KaHan re-
HepaTopa KOA0BbLIX MoCeA0BaTeNlbHOCTEN
KOMMNeHCaTop NpeabICKaXKeHuUi, a Takxe
bYHKLMM KOPPEKLMM Ha KaXLOM BXoLe
LLeTeKTopa OWMNBOK U UHTErPUPOBAHHbIN

YMHOXUTENb OI'IOpHOVI 4acCTOTbl 3HAYNTENBHO

YNpoLLatoT CXeMbl U3MEPEHUS MPUEMHNKOB
PCI Express no cpaBHeHMIo C NpefLwecTBy-
towewn mopensto J-BERT N4903B. Mogynb

M8041A BERT cuctemsl J-BERT M8020A
BERT nopnep»unBaeT CKOpOCTb nepefayu
LaHHbIX 8o 8,5 nnn 16,2 Fomt/c. Bepcus
16,2 F6UT/c Nno3BONSET TECTUPOBATbL NPU-
E€MHWKW Ha BCeX YeTbIPEX CKOPOCTAX Nepe-
nauun. J-BERT M8020A nomoraeT JocTuub
HaWBbICLUMX PE3yNbTaTOB B MPOEKTMPOBA-
Hun npuémHukos PCl Express.
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PucyHok 7. U3mepeHue fonycTuMoro pxutrepa
¢ nomowibto J-BERT N4903B ¢ cuHycompanbHbim
mxutTepom ot 1 kly o 300 MIu,.

PucyHok 8. CxemMa n3mepeHuUs [onycTuMoro
IKuTTepa c nomoubo J-BERT M8020A.

PucyHok 9. ABTOMaTuyeckoe TecTUpoBaHue npu-
éMHuka PCl Express ¢ nomoubto M0 N5990A.
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®Pun3nyecKnn ypoBeHb: NPOEKTUPOBAHME COEAMHUTENbHBIX TUHUIA

C poCcTOM CKOpOCTeN Nnepefaymn faHHbIX
NPUX0AMUTCA yaeNATb 0C060e BHUMaHNe
NPOEKTMPOBAHMIO NAAT ANS MUHUMU3ALNM
npo6sieM, CBA3aHHbIX C LLEJIOCTHOCTHI0 CUT-
HanoB. [/IMHHbIE NeYaTHble NPOBOAHUKM
BbI3bIBAOT 3aTyXaHWe CUrHana, 3ataru-
BaHMe GPOHTOB M yBENINYEHUE AKUTTEPA.
HeoaHOpOLHOCTY MMNEZaHCa NPYU HaNYUK
NepexoAHbIX OTBEPCTUIA MOTYT BbI3BaTb
OTPaKEHWA U NepeKPECTHbLIE MOMEXMU.

B pesynbTate Npuxo4MTCS MCMONb30BaTb
MHCTPYMEHTbI U3 apCeHasna pagnouHxe-
HEpoB — pedIeKTOMETPbI BO BPEMEHHOM
o6nactu (TDR), BeKTOpHbIE aHanM3aTopsl
uenen (VNA) n N0 BY mopenvposaHus.

TouHble Nn3MepeHna nMnenaHca

MepekpE&cTHble MOMeXH, 3aTyxaHue, umne-
naHc n A4X - BOT camble pacnpoCcTpaHéH-
Hble U3MEPEHMS, BbIMOJIHSIEMbIE C MOMOLLbIO
pebieKTOMEeTPOB BO BPEMEHHOM 061acTu
WNIM BEKTOPHbIX aHaNW3aTopoB uenen. Ans
LOCTUXKEHUS MaKCUMaibHON TOYHOCTM

3TW Npubopbl UCMONb3YIOT NpoLeAypy Ka-
NNBPOBKM, KOTOPas YCTPaHSET BAUSHNE
Kabenewn nnm TeCTOBOM OCHACTKM, NOAKII0-
yawwmnx pednekToMeTp UK aHann3aTop

K TECTUPYEMOMY YCTPOMCTBY.

Keysight 86100D DCA-X ¢ Mopynem 54754A
ona onddepeHumanbHbiX U3MepeHnit
TDR/TDT paét 6bICTPOE U MUHTYUTUBHO
MOHATHOE NpeACcTaBAeHNe 0 HEOAHOPOA-
HOCTM uMnNegaHca. NepeknoynBLWKCh B
YaCTOTHbIN PEXMWM, Bbl MOXKETE U3MEPUTH
KanubpoBaHHble S-napaMeTpbl nepefayn
1 XapaKTepuUCTUKM UMNeAaHCa KaHasoB,
kabenen n pasbeémos (cM. pucyHok 10). Ons
noBblweHuns To4HocTM 86100C TDR ucnonb-
3yeT YHWUKaNbHbIA KaNMGpOBOYHbIA NPo-
Llecc, yCTpaHsLWMUi BNusiHe Kabenemn u
No3BONAIOLWMA U30NUPOBATL TECTUPYEMOE
YCTPOMCTBO OT U3MEPUTENbHOM CUCTEMBI.

Ananuzatop uenen Keysight E5071C ENA ¢

OI'ILI,VIEVI pacClWMpPeHHOro aHanan3a B0 BpeMeH-

How obnacTu npepnaraeTt ogHonpubopHoe
pelleHne LNs aHaIM3a XapaKTEPUCTUK Co-
eAVHUTENbHBIX IMHWIA. Npubop MoXxeT 13-
MepsTb UMMNEeLaHC BO BPEMEHHOM 06/1acTH

1 S-napameTpbl B 4aCTOTHOW 0651acTh, a
TaK)Ke BbIMOJIHATb aHaNN3 [N1a3KOBbIX ANA-
rpaMM. BeKTopHbI aHanu3aTop Lenen nme-
eT 6oJsiee BbICOKYI0 TOYHOCTb, YeM pediek-
TOMeTp BO BPEMeHHoI o6nacTu, 6naroaaps
6osee LWHMPOKOMY LMHAMUYECKOMY iManaso-
Hy 1 Bonee NoNHON KannbpoBKe, YTO OYEHb
BAXXHO NMPY U3MEPEHUM MasblIX BHOCUMBIX
noTepb U MasibiX YPOBHEN OTPAXKEHWS.

KpoMe Toro, paccumTaHHbI Ha pa3paboT-
YMKOB LUPOBLIX CXEM NPOCTON U UHTYM-
TWUBHO NOHATHBIN MHTepdeNnc nonb3oBaTens
¥ BbICOKAsi CTOMKOCTb BEKTOPHOr0 aHa-
NU3aTopa Lenei K 3NeKTpoCcTaTUYecKoMy
pa3psay No3BONISKT CO34aTh YHUKaIbHOE
peLeHune Ans CNOXHbIX U3MEPEHUNA.

MporHo3upoBaHMe NapaMeTpoB
COEAMHUTENbHbIX TMHUN NYTEM
MOZEeNPOBaHUS

PanuonHXeHepbl WMPOKO NPUMEHSIOT
cpenctea BY MmogenupoBaHus pns npo-
THO3WPOBaHWS BANSHUA HEOQHOPOAHOCTEN
“MnepaHca, pasbEMOB U NeYaTHbLIX Npo-
BOAHMKOB. Pa3paboTumkm xe Lndposbix
CXEM UCNONb3YHT A5 y4ETa aHaNoroBbIx
addekToB cuMynsTopbl Ha ocHoBe SPICE.
HekoTopble Takne CUMyNSTOPbI MOTYT 06-
pabaTbiBaTb BbICOKOYACTOTHbIE AaHHbIE
S-napameTpoB, HO PeKO CMOCOBHbI KOHKY-
pupoBaTh ¢ BY cumynsTopamu no To4HOCTH
onpefesneHns BbICOKOYACTOTHOrO BANSHUA
KaXX[,0ro 3IEMEHTA CXEMBbI.

Cuctema aBTOMaATU3MPOBAHHOIO NMPOEKTM-
poBaHus ADS komnaHuu Keysight o6napaet
HECKOIbKMMU 0COBEHHOCTAMM, ONTUMU3N-
POBaHHbIMW A5t pa3paboTKM BbICOKOCKO-
POCTHbIX LMPPOBLIX cxeM. CneunanbHblii
nononHuTenbHbin Mogynb ans CAMNP ADS
(cTeHn W2352 ons npoBepKu Ha COOTBETCT-
Bue ctaHgapty PCl Express) nossonser
ObICTPO MPUCTYNUTL K NPOEKTUPOBAHMIO
ycTponcTe ¢ nHTepdencom PCl Express.

Bbl MoXXeTe aHanM3npoBaTb BCe NOC/efo-
BaTesbHble IMHWUM uHTepdeiica, BbINOMHAS
COBMECTHOEe MOJEeNIMpoBaHNe OTAESIbHbIX
KOMMOHEHTOB, NPU4EM Ha Hanbonee nog-
X04sLLEeM yPoBHE abCTpaKLMU: Ha YPOBHE
KaHana, CXxeMbl UJIM Ha GU3NYECKOM YPOBHE
(cM. pucyHok 11). YTo6bl NOBLICUTL TOY-
HOCTb, MOXXHO UMNOPTUPOBATb U3MEPEHHbIe
S-napaMeTpbl B BUAE 3/IEMEHTOB CXEMBI.
[lnsi ycKOpeHus BbINOSIHEHWS aHanM3a
MOXHO NMOAKMOYNTLCA K NPUNOXKEHNSAM A8
npoBepku coemecTnMocTm Infiniium Ha 6aze
ocumnnorpados Keysight, 4tobbl ncnonb3o-
BaTb Te )Xe CaMble TeCTbl HAa COOTBETCTBUE

B NPOrpaMMHO MOAENNPYEMbIX CXEMAX,

a 3aTeM B U3rOTOBJIEHHbIX U3LENUSIX.
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PucyHok 10. S-napameTpbl MOXHO reHepupoBaThb
aBTOMAaTMYeCKM C NOMOLL b0 3MepuTenbHoro M0
86100D DCA-X TDR
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PucyHok 11. CAMP ADS mozenupyet kaHan PCl

Express 3.0 v BoinonHsieT auddepeHymansHoe
M3MEepeHue rnaska.

PucyHok 12. Onumus TDR gns aHanu3atopa ENA
NO3BO/IAET BbIMOJHATb aHANN3 BO BPEMEHHON

M 4acTOTHOM 06nacTaX, a TaKKe aHaNu3 rnasKkoBbiX
Auarpamm.
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KaHaﬂbeIPI/TpE\H38KLl,I/IOHHbII?I YPOBEHbL: MPOBEPKA NPOTOKOJ1a U TECTUPOBaAHUE
B He6ﬂaFOI'IpM$ITHbIX ycnoBusax

[poBepKa NPOTOKONA BbINOSHAETCS Ha
bu3n4ECKOM yPOBHE, KaHANIbHOM YPOBHE

W YPOBHE TPAH3aKLNUA, NPUYEM KaXK bl

13 HUX XapaKTepu3yeTcs CBOUMM COBCTBEH-
HbIMU CNOXHOCTAMM. [1151 NPOBEPKU HYKHO
€037aTb COOTBETCTBYHOLLME UCABITATENb-
Hbl€ CUFHANbI — UMUTUPYIOLLME KOPHEBbIE
YCTPOMCTBA NPU TECTUPOBAHUM NMAAT pac-
LIMPEHUS UM KOHEYHbIE YCTPONCTBA NPy
TECTUPOBAHUM KOPHEBbIX YCTPOWCTB. [pyn-
na PCI-SIG npepnycmatpvBaeT npuMeHeHue
B 06s13aTenbHbIX TecTax «KapTbl Ans Tec-
TUPOBAHWS HA COOTBETCTBME NPOTOKONY»
(PTC), Ho, BeposATHO, Bbl 3ax0TuTe Gonee
TWaTeNbHO NPOBEPUTL CBOE YCTPONCTBO,
4TO6bI YCTPAHUTH BO3MOXHbIE NPo6aeMbl
bYHKLMOHANbHOW COBMECTUMOCTHU.

BbicTpas u npocTas npoBepkKa
npoToKoNa

KpoMe 0653aTenbHbIX TECTOB Ha COOTBET-
cteue npotokony, PCI-SIG pekomeHayeT
6osiee COTHM AOMONHUTESIbHLIX TECTOB AN1S
M3MepeHns napaMeTpoB pa3pabaTbiBae-
Moro ycTponcTea. OCHOBHOW Liefblo TecTa
anseTca «MalwnHa obyyeHus kaHana

n cocTosiHn» (LTSSM). OHa oTBeuaerT 3a
YCTaHOB/IEHUE COBAMHEHUS MEXAY LBYMS
KOMMOHEHTaMM; rapaHTUPYeT, 4To coeauHe-
HWE YCTaHOBJIEHO, ¥ YTO KOMMOHEHTbI JOro-
BOPW/NCH O COOTBETCTBYHLLMX 3HAYEHUSX
napameTpoB. [pn HanUymMm 6oNbLLIOrO YuC-
J1a OCHOBHbIX 1 BCMOMOraTeslbHbIX COCTOS-
HWIA BaXXHO NPOTECTUPOBATL BCE MEPEXOAb
MeX Yy BO3MOXHbIMU COCTOSAHUSIMU.

Otnagumk npotokona Keysight LTSSM no-
3BONISIET ObICTPO NPOBEPAThL CNOXHbIE AN
TecTupoBaHus nepexofbl LTSSM pa3paba-
TbIBAEMOr0 YCTPOMCTBA, BKOYas AUHAMM-
YecKoe M3MeHeHMe WMPKHbI KaHana (cM.
pucyHok 12). To e 060pyA0BaHNe MOXKHO
1Cnosib30BaTh B KaYecTBE OTIaA4YMKa Npo-
Tokona ans PCle. OTnapgumk npoTokona
PCle komnaHuu Keysight moxeT umntu-
poBaTb pPaboTy KOPHEBOrO UK KOHEYHOr 0
YCTPOWCTBA, YTO NO3BOSISIET TECTUPOBATH
nobble Tunbl yctpoiicts ans PCle 3.0, PCle
2.0 nnn PCle 1.0. icnonb3ys ynpasnsemyio
reHepaLuio NakeToB 1 BCTABKY OWMUOOK,
0TNaAYMK NPOTOKO1A MOXKET MOJIHOCTbI0
NpOBEpPUTb KOPPEKTHOCTb paboThbl pa3paba-
ThbIBAEMOro ycTpOMcTBa (CM. pucyHok 13).

HackonbKko HagéxHo pa3pabaTbl-
BaeMoe yCTPOoMCTBO?

Ha nepBbiit B3rnag Bala cucteMa pabortaer,
HO Bbl HE MOXXeTe BOCNPOM3BECTU CllyYai-
HbIVl MepeMeXakLLMNCs 0TKA3. ITO HYXKHO
caenaTb, YTobbl 06ecneynThb NOBbILLEHHY O
HaLEXHOCTb M CNOCOBHOCTL KOPPEKTHOMO
ncnpasfieHUs BCex oWmnboK. Takas npo-
61eMa 4OCTAaTOYHO CJI0XKHA, YYMTbIBAA
HeobXx0AMMOCTb COKPALLEHUS BPEMEHM Te-
CTUPOBAHMSA U CNOXHOCTb MOAENNPOBAHUS
peanucTUYHbIX ycnosui paboTel. B nae-
ane HY)XXHO BBOAWTb OLUMOKM B peasbHblii
TpaduK, CMOTPETb, KaK pearnpyeT Ha HUX
YCTPOWCTBO, 4 [1eN1aTb COOTBETCTBYHOLLYHO
NPOrpamMMHYI0 KOppPeKLMio.

Otnapumk npotokona PCl Express Keysight
U4305A MOXKHO UCNoNb30BaTh AN NogMe-
Hbl NOLKJIYEHHOIO0 K KaHasy yCTpoiCcTBa.
BcTaBbTe ero B paboTatoLLy CUCTEMY U
HaYyHWUTe TeCTUpOBaHMe. [leTasbHbI OTUET
MoMoraeT YETKO ONpPEeLEeNUTb UCTOUHUKM
npo6sieM 1 yCKOPSIeT OTNAAKY, @ MHTerpa-
umMs ¢ aHanusatopom npoTokona U4301B
no3BoNseT rny6oKo aHanu3upoBaTh Npu-
YMHbI BO3HUKHOBEHMS 0TKA30B.

KapTa ons TecTMpoBaHMs Ha COOTBETCT-
Bue npotokosy (PTC) BbINONHAET TECThI
KaHana v Tpan3akuun PCle B cooTBeTCT-
BuU ¢ TpedoBaHuamu PCI-SIG n Bbinon-
HAET NPOCTYI AN NOHMMaHMSA pa3bpa-
KOBKY «FOLEH/HE rofeH».

NmunTtaumsa npotokona NVMe

lpoBepKa ycTPOMCTB MU CUCTEM, UCMOSb-
3ytowmx npotokon NVMe, ynpolyaeTcs 3a
CYET NnpuMeHeHnsa nHcTpymentos NVMe,
BXOASLLMX B COCTAB OTIAAYMKA NPOTOKONA
U4305A. MpoeepbTe, Kak koHTponnep NVMe
06pabaTbiBaeT yNpaBAsoLLME 3aMpoChI,
TaKMe KaK KOMaHAbl yNpaBieHuUs odepesbro
WA KOMaHZbl MHULMANW3aLUMmn KOHTpone-
pa. Komnanus Keysight peannsosana tectsl
coBmecTumoct NVMe B cooTBeTCTBUU

c onpegeneHueM Jlabopatopuu coBMec-
TmocT (I0L) Hblo-XanMLwmpcKoro yHu-
sepcuteta (UNH). 371 TecTsl BoINOAHAT
pa3bpakoBKy «rofileH/He rogeH» v npepoc-
TaBNAOT fETaNbHY0 AUArHOCTUYECKYIO NH-
dopmaumio, ynyywatuwyto nposepky NVMe
(cM. pucyHok 14).
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PucyHok 13. OTnapguuk npoToKona nosgonser
6bICTPO ¥ NPOCTO HACTPOUTb TeCTbl LTSSM
nns PCle 3.0 u PCle 2.0.

PucyHok 14. BcecTopoHHAs npoBepka pa3paba-
ThIBAE@MOT0 YCTPOWNCTBA Ha OTIAAYMKE NPOTOKONA
Keysight.

5 Venytotacompieion queve eny s posied o Admin Completn Queve:
SuaaT LogPage

PucyHok 15. MakeT ons npoBepKu cOOTBETCTBUSA
NVMe Bepcum 1.1 peannsoBaH B BuAe NpocToi
B 06paLLEHNN UHTErPUPOBAHHOMN CPeabI.
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KaHanbHbIN/TPaH3aKLMOHHbIA YPOBEHb: 0T/NIaAKa NPOTOKOa

Mpun 06Hapy)eHUN oWwKNBOK NPOTOKONA
HY)XHO MOHSTb, NOYEMY OHW NPOU30LLN,

a 3aTeM WX UCNPaBUTb. 15 3TOr0 HYXHO
MONy4nTb AOCTYN K CUrHaNaM, UMETb BO3-
MOXHOCTb 3aMyCKa N0 KOHKPETHbIM CO-
BbITUSIM, HaBEXHO 3aXBaTbIBaTb TPAPUK U
npocMaTpuUBaTh pe3ynbTathl ANs 6bICTPON
MHTepnpeTauuu. BHyTpucucteMHoe TecTu-
pOBaHWe Npu BbICOKMX CKOPOCTSX Nepefa-
UM faHHbIX TpebyeT NPUMEHEHUS BbICOKO-
3 dEKTUBHBIX NPOOHUKOB B COMETAHUN C
YHUBEPCabHbIM aHaNM3aToOPOM NPOTOKOA.

BbICTpBIN MOUCK 1 YCTpPaHeHME
ownboK npoTokona

Otnapka npotokona PCl Express npegnona-
raeT 3axBat TpaduKa Ha BbICOKON CKOpOC-
TV ¥ BO BpeMsi OnepaLnii no ynpasnieHuo
nuTaHueM. AHanM3aTop NPOTOKONA LOMIKEH
BbICTPO CUHXPOHWU3UPOBATLCS C TPAaPUKOM
1 3aTeM 3anyCTUTLCS N0 YHUKaNbHOM Mo-
cnepoBatenbHOCTU NpoTokona. OTnagka
npobIeM HUKHEFO YPOBHS, TAKUX Kak Npo-
6nembl ynpaBneHus nutaHmem, Tpedyet
VNCKNHOUNUTESIbHO BbICTPOM CUHXPOHM3ALMMN.
Mocne 3axBaTta TpadmKa Bbl 3aX0TUTE U3Y-
YMTb NOJIyYEHHbIE JaHHble HA Pa3HbIX YPOB-
HAX abCTPaKLMM U NOHSATD, YTO MPOUCXOAMUT.

Ananusatop npotokona PCl Express kom-
naHuu Keysight npenctaenset cobon Mowy-
HbI UHCTPYMEHT 0Tnagku. OH paboTaeT

c ycTtponictBamum ot x1 po x16 n obnagaet
pacLIMPEHHbIMW BO3MOXHOCTSAMM 3aNycKa,
COKpaLLaloLLMMM BPEMS MOMCKA TPYLHO 06-
HapyXu1MbIx owmn6oK (cM. pucyHok 15). Ona
0TOOpPaXeHMS AAHHbIX U MOWUCKA OWMNBOK,
CBSI3aHHbIX C BXOLOM W BbIXOLOM M3 COCTO-
SIHUN MOHWUXXEHHOr 0 3HepronoTpebneHus,
MOJHO MCMO/Ib30BaTh NPeACTaBEHUS
KaHafioB Uan naketos (cM. pucyHok 16). Ona
peleHuns npobieM 6onee BLICOKOFO YPOBHS,
TaKWX Kak Nnpobnembl LeNOCTHOCTH JaHHbIX,
CPeACTBO NPOCMOTPA TPaH3aKLMA NO3BONS-
€T 0LHOBPEMEHHO HabnaaTh BCE faHHble
HEeCKOJIbKMX NPOLLECCOB B OAHOM MeCTe,

4TO CYLLECTBEHHO YNpoLLaeT aHanus.

JlocTyn K curHanam gns oTnagkm
B MaclwTabe peanbHOro BpEMEHM

OcHOBHoW Npo6neMoit 0TNagKu NpoToKoNa
PCI Express siBnsieTcs nonyyeHue goctyna K
curHanam 6e3 BHeceHUs UcKaxeHun. Mecto
1 cnocob noaKNYeHNns NpobHUKa 3aBUCHT
OT KOHCTPYKLMK BaLlen cuctembl. MpobHUKK
C NPOMEXYTOYHOW LNHOM 0becneynBatoT
LOCTYN K TpPaduKy, HO He LOMKHbI BAUATb Ha
KayecTBO cuMrHana. ns naccueHow nepe-
[la4M CUrHaNoB Mo ANIMHHBLIM [OPOXKaM UC-
Mo/b3YTCS COTOBbIE NEPEXOLHUKY, U OHU
He BOKHBI KaKMM-N60 06pa3oM nckaxaTtb
CUTHanbl.

Ananusatop npotokona PCl Express koM-
nanuu Keysight npepgnaraet wupokumn
BbIOOP peLleHni Ans focTyna K CUrHanam.
B komnnekT aHanusatopa Keysight U4301B
PCle Gen3 BxoasT nepexofHukm SFF-8639,
M.2 1 cnoToBble NEPEXOLHUKM, @ TaKXkKe
NPOBHUKM C MPOMEXYTOYHOW LLUMHOW U
NPOGHMKM C NPOBOJIOYHBIMU BbIBOAAMMU.

Mpo6Hukn Keysight Gen3 ncnonb3yoT yHu-
KasibHyto TexHonoruio ESP (npo6GHuk ¢ kop-
peKuyMeil UCKaXKeHui), KoTopas No3BoNseT
HacTpauBaTb UCMONb3YEMbIA aNrOPUTM KOP-
peKLMM B COOTBETCTBUM C TUMOM UCCNeaye-
MOro KaHana. 3To rapaHTUpYeT, 4TO AaHHble,
3axBa4eHHble aHaNN3aToOPOM, B TOYHOCTU
COOTBETCTBYIOT JaHHbIM, NepelaBaeMbIM

no nuHuK. bes aTon GyHKLUMM Ha CKOPOCTH

8 'T/c BO3HWMKaeT BbICOKas BEPOSITHOCTb
HEeMpaBUbHOW MHTEPNPeTaLun AaHHbIX
LUMHBI, YTO MOXET NPUBECTY K YacaMm, ecnu
He OHSM, 3psi NOTPAYeHHOro BpeMeHu. ns
n3MepeHun Gen3 nmetoTCA NPOBHUKM C
NPOMEXYTOYHOA LUNHOW W CNOTOBbIE Nepe-
XOAHUKH.

Ananusatop Keysight U4301B PCle
SBNISIETCA CaMbIM NOJIHbIM B OTPAC/y pe-
WweHueM ans aHanusa LTSSM, ynpasne-
HUS MOTOKOM M aHaNN3a XxapaKTepPUCTUK
yctpowcTs PCle.

PucyHok 16. AHann3 LTSSM cunbHo ynpoliaeTtcs
3a CYET AeTaNIbHOr0 OTCNEXUBAHUS KaX Ao
CMEHbl COCTOSIHUSI, KOTOpas oTobpaxaeTcs B
npencTaBAeHUN TMHENHbIX COCTOSIHUI, B BUAE
TabNULbl CMEHbI COCTOSHWUI U B BUAE NY3bIPbKO-
BOW AMarpaMmbl COCTOSHUN.

PucyHok 17. Undopmauus o Tpan3zakuuax NVMe
npeaniaraeT NnpocTble NPeACcTaBAEHUS NONE3HbIX
Harpy3ok NVMe u coo6eHuin PRP. 0630p Bcex
TpaH3aKUMI [aéT MrHOBEHHbIN LOCTYN KO BCeM
COO0OLLEHMSAM UCCNenyeMon Lenu.

PucyHok 18. lTpo6HUKM C npoMexy-
TOYHOM WKHon cepumn N4240 ncnonb-
3ytoT TexHonoruio Soft Touch gns
CHUXKEHUSA BINSHUS Ha Uccneayemble
CUTHanNbI.
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Pewenuns Keysight ona PCl Express

CANP ADS (Advanced Design System)

[pepnnaras pacwmpeHHbIM HAbop TEXHONOrU MOLENMPOBAHUS — OT MOLEMPOBAHUS

B YaCTOTHOW, BPEMEHHO, LMPPOBON U GU3NYECKON 06NaCTSX A0 31EKTPOMArHUTHOrO
monenvpoBanus, — CAMP ADS no3sonsieT MU3MepsaTh BCE XapaKTEPUCTUKM YCTPONCTB U
ONTUMM3NPOBATb UX KOHCTPYKLMIO. EQMHAs, MHTEerpupoBaHHas cpefia NpoeKTUPOBaHMUA
npepniaraet CUCTEMHbIE, CXEMOTEXHUYECKUE W 3/IeKTPOMArHUTHbIE CUMYSTOPSI, a TaK-
*e GYHKLUM MMIOPTa ANEKTPUYECKMX MPUHLMMUATIBHBIX CXEM Y TOMOJIOTUW U UX MPO-
BEPKMU, 4TO UCKIIOYAET 33[iePXKKM, CBS3aHHbIE CO CMEHOI CPEACTB NMPOEKTUPOBAHNUS.

LLinpokononocHbin ocumnnorpad 86100D Infiniium DCA-X ¢ pyHKUMsIMM pedriekTOMETPA
BO BpeMeHHoW obnacTtu un aHanusa GAMNY

Ocuunnorpad Keysight 86100D DCA-X 06beanHsaeT GYHKLUM TOYHOI0 aHam3a cur-
HanoB, U3MEPeHUs AXUTTepa, pedieKToOMeTpa BO BPEMEHHON 061acTh U U3MepeHus
S-napaMeTpoB € NPOCTOTON OAHOKHOMOYHOTO ynpaBaeHus. [peLn3noHHbIn aHanusaTop
curHanos Keysight 86108B no3BonsieT M3aMepsiTh CBEPXManbIi XUTTEP C NOMOLLbIO
BCTPOEHHOI annapaTHoO CXeMbl BOCCTaHOBEHMS TAKTOBOW YaCTOThl, NO3BOISOLLEN
TOYHO aHanu3uposatb cucteMbl PAMY. AnddepeHumanscHole TDR/TDT-monynu Keysight
54754A n N1055A BbINONHSAOT U3MEPEHUS UMMNEAaHCa U NEPEKPECTHLIX MOMEX B PEXKM-
M€ peasibHoro BPEMEHW.

Onuwnsa TDR gnsa aHanm3artopa uenen E5071C ENA

Onums TDR (pednexkTomeTp Bo BpeMeHHOI o6nacTu) ons aHanu3sartopa uenen Keysight
ENA sBnsieTcst 0o4HONPUBOPHBIM PELLEHWEM A aHaNN3a BbICOKOCKOPOCTHBIX Mo-
CNef0BaTeNIbHbIX JIVHWI: aHaNU3 BO BPEMEHHOW M 4aCcTOTHOM 0611acTsX U aHanu3
rNa3KoBbIX AMarpamMm. [1ns npoeKTMpoBaHMUS W MPOBEPKM LENIOCTHOCTH CUTHAMO0B OHa
npeAnaraeT TPW PEBOTIOLMOHHBIX PELUEHUs: NPOCTOE U UHTYUTUBHO NOHSTHOE ynpaB-
NeHue, BbICTPbIE Y TOYHbIE U3MEPEHUS U BbICOKYIO CTOMKOCTb K 3/IEKTPOCTAaTUYECKOMY

paspszy.

Ocumnnorpadsl Infiniium cepun V

B ocunnnorpadax Infiniium cepuun V ncnonb3yotcs MHHOBALMOHHbIE TEXHONOMUW, pac-
CYMTAHHBIE HA BbINOJIHEHME BbICOKOKAYeCTBEHHbIX M3MepeHnin. HoBas cucTema 3anycka,
cnocobHas paboTaTb € caMbiMU ANUHHbIMK 160-pa3psAHEIMY NOCNEL0BATENILHOCTSIMM
Ha ckopocTu 12,5 6uT/c, 1 camas BbICOKas B MUPE 4acToTa AUCKPETMU3aLMK No Lndpo-
BbIM KaHanaM 20 'Bbi6/c obecneynBaoT CBOEBPEMEHHYH NPOBEPKY U 0TNaaKy. Mano-
WYMSLLMIA BXOAHON UHTEpdENC 3TUX ocumnnorpadoB, yayylleHHble NPo6HUKM cepum
InfiniiMax l1/1ll+ n peBontOLMOHHLIA cornacyoLwmnii agantep 06ecneyYnBaT YacTOTHbIN
AvanasoH go 33 [Ty 1 nyywyto B 0TPaCcAu LENOCTHOCTb CUMHANa.
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PeweHuns Keysight ons PCl Express (npononxenue)

M0 N5393D pns anekTpuyeckux TectoB Ha cooTeeTcTBUe PCl Express

MporpammHoe obecneyeHne Keysight N5393D nns npoBepKu afneKTpuYecKux napameT-
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BbicokonpoussoautenscHas cuctema J-BERT M8020A pns nsmepenuns koapduumneHTa 6UToBbIX OWIMOOK

BbicokonponssoanTenbHas cucteMa Keysight J-BERT M8020A no3BonsieT BbINOAHATb
ObICTPbIE M TOYHbIE U3MEPEHUS MPUEMHWUKOB OAHO- M MHOTOKaHasIbHbIX YCTPOMCTB,
paboTatLmx Ha ckopocTn 16 unu 32 Feut/c. M8020A obneryaeT HaCTPOMKY CXEMbl U3-
MEpeHU COBPEMEHHOMO BbICOKOMHTErPMPOBaHHOr0 060pyaoBaHus. KpoMe Toro, aBTo-
MaTuyeckas KannbpoBKa CMrHana no MecTy yCTaHOBKM Npubopa rapaHTMpyeT TOYHOCTb
1 BOCMPOM3BOAMMOCTb M3MEPEHMI. A C NOMOLLbI MHTEPAKTUMBHOr0 00y4YeHNs kKaHana
€r0 MOXXHO HacTPOUTb Tak, 4T0ObI OH BEN cebs Nofo6HO NapTHEPY Mo KaHany Ballero
uccnepyemoro yctponcTea. B utore J-BERT M8020A cyLiecTBEHHO yCKopsieT aHanu3
paboTbl Ballero ycTponcTea.

Bbicokonpon3BoguTenbHbI TecTep KoadduumneHTa GUTOBLIX OWNBOK 418 NOCNEA0BaTENbHbIX LWH
J-BERT N4903B

Tectep J-BERT N4903B npeactaBnseT cobom pelleHve 418 NPOEKTUPOBAHNUS U TECTU-
POBaHMS LMPPOBbLIX KOMNOHEHTOB, YCTPOUCTB M NOACUCTEM Ha CKOPOCTSX Nepefayn

00 12,5 T6ut/c. OH copepKnUT KannbpoBaHHbIE UCTOUHUKY LXKUTTEpa A/1S TECTUPOBAHMS
rna3ka NPMEMHUKOB B HEBNAronpusaTHbLIX yCNOBUAX. ABTOMATUYECKUIA TECT LOMYCTUMO-
ro AXUTTEpa no3BoaseT 6bICTPO M TOYHO M3MepsTb NapaMeTpbl U BbINOHATL NPOBEPKY
Ha COOTBETCTBME CTaHAapTy. [1ns aHanu3a nepefaTUNKOB UMEETCS LUMPOKUNA CNEKTP
BCTPOEHHbIX MHCTPYMEHTOB [ aHann3a oWwunboK, rNaska u LXKUTTepa, KoTopble No3Bo-
NAHOT rNy6Ke NOHATb NPUYMHBI BOSHUKHOBEHUS BUTOBbIX OLUMGOK.

Ananuzartop npotokona PCl Express U4301B

BbicokockopocTHoM Mofynb aHanusatopa npotokona PCl Express 3.0 U4301B komnaHuu
Keysight Technologies nopaepxusaeTt sce npunoxenus PCl Express o1 Gen 1 go Gen 3,
ckopoctu 2,5 T/c (Gen1), 5,0 F'T/c (Gen2) u 8 ['T/c (Gen3) u wupuHy kaHana ot x1 go x16.
Ananusatop U4301B MoxeT 3axBaTbiBaTh U feKoanpoBaTh AaHHble PCl Express u oTo-
BpaxkaTb UX B OKHE MPOCMOTPa NaKeToB.

Otnapuuk npotokona PCle n PCle LTSSM U4305A/B

Otnapumk npotokona PCle 3.0 U4305A/B ¢ roToBbIMUM cLeHapusiMu TecTupoBanus LTSSM
No3BO/SET NPOBEPSATH COXKHbLIE Nepexoabl Mexay coctosHuamu LTSSM tectupyemoro
ycTponcTea. bnarogaps BO3MOXHOCTM UMUTALUM OLHOW U TOW XKe KapToM KOPHEBbIX UJN
KOHEYHbIX YyCTPONCTB, 0TNaguunk npotokona PCle 3.0 U4305A/B noMoxKeT NpoBepUTh Nto-
6oe ycTpolicTeo, 6yab TO CEpBEP UMM NNaTa paclunpeHuns. MoLiHble cpeaCcTBa NPOBEPKY
BktoyatoT amynatop NVMe ¢ tectamu cootsetcTBusi ona PCl Express u NVMe.
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PeweHns Keysight ons npoektuposanusa n tectupoanusa PCl Express

MopnepxxmBaemas Bepcus PCl Express
Mpoaykr Onucanue 1.X 2.0 3.0

®u3nyeckuit ypoBeHb

Ocuwmnnorpadesl Infiniium cepumn V X X X
N5393D M0 ons npoBepKu 3NeKTPUYECKMX NapaMeTpoB Ha cooTBeTcTBMe cTaHaapTy PCl Express X X X
86100D, 86108B  Lllaccu DCA-X ¢ Mozynem NpeLn3noHHOro aHann3aTopa CUrHanos X X X
N4903B BbicokonponssoauTensHbin Tectep J-BERT, 12,5 T6uT/c, 1 kaHan X X X
M8020A BuicokonpoussogutenbHbin Tectep J-BERT, 16 nnun 32 I'éut/c, 1-4 kaHana X X X
N4880A YMHOXWTENb ONOPHOM YaCTOThI X X X
N4916B peo6pasoBatenb cUrHana KOppPeKLUM NpeabiCKaXKeHn i X X X
N5990A M0 aBTOMaTM3VMPOBAHHOW NPOBEPKYM COOTBETCTBUS U U3MEPEHUS NapaMeTpoB X X X
86100D, 54754A  Llaccu DCA-X ¢ mogynem TDR X X X
E5071C-TDR AHanu3satop ueneit ENA c onuuelt paclumpeHHOro aHanu3sa Bo BPEMEHHOMN 061acTy X X X
W2212B CANNP ADS (ADS Core, Transient Convolution, Layout, Momentum G2, EMDS, Ptolemy) X X X
W2352 Creng ans npoeepku Ha cootBetcTBue PCl Express X X X

KaHanbHbIi/TpaH3aKUMOHHbI YPOBEHb

U4301B Ananusatop PCle Gen3

U4305A/B OTnaguuk npotokona PCle

N5323A lenepatop nomex PCle X
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Pa3sBuBaemca c 1939 roga
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HaWNX NHXXeHepoB MNOMOXET BaM BOMIOTUTb B XXM3Hb HOBbIE UAEN. Mbi OTKpbIBaeM AiBepun B MUp
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