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NPUMEHEHME HUPPOBOI'O OCHUIJIOTPADA JJIA
AMILUIATYAHBIX 1 BPEMEHHBIX U3MEPEHUM B SITEPHO-
OU3NYECKOM OKCIIEPUMEHTE

1. AHHOTAIMS HA PYCCKOM fI3BIKE.
2. Abstract — aHHOTAUUSA HA AHTJIMIICKOM.

3. Methods for digitizing pulse shapes and describing the capabilities of
modern digital oscilloscopes — Metoabl ouugpoBku (GopMbl HMIYJIbCOB H
ONMCAHUE BO3MOKHOCTEH COBpeMeHHOro uudposoro ocuuwuiorpaga -
onucaHue padoThl JAJs1 BBINOJHEHHs] ¢ HUPPOBBIM ocuHwiiorpagom — Ha

AHTJIMHACKOM.

4. Metoab! onu¢gpoBku (OpMbI UMITYJIbCOB H ONMHMCAHUE BO3MOKHOCTEH

COBPEeMEHHOIr0 HuGpoBoro ocuniorpaga — Ha pyccKkoMm si3bIKe.

5. PaGouee 3aaHue 1Jisl BHINIOJIHEHHUSI PA0OTHI HA YCTAHOBKE, CO3IaHHOM

HA OCHOBE COBPEMEHHOI0 HU(PPOBOro ocuuuIorpaga — Ha pycCKoOM si3bIKe.

6. NMMPUJIOKKEHHUE Nel. Tab6auma ¢ KpaTKuM ONHMCAHUEM OCHOBHBIX
U3MEpPEeHNi, KOTOPbIEe MOKHO NPOBOIUTH € MOMOIIBbIO coBpemenHoro IO.



AHHOTAIIUA

Jannast pa®oTa moOCBsIIEHA H3MEPEHUSM aMIUTUTYIHBIX M BPEMEHHBIX
napaMeTpOB MMITYJILCOB OT TeHepaTopa ¥ POTOIICKTPOHHOTO YMHOXKUTENS (DPDY)
Ha DJKCIIEPUMEHTAJbHON YCTAaHOBKE, CO3JaHHOM Ha OCHOBE COBPEMEHHOIO

nrdpoBoro ocumtorpada.

Ilep padoOTHI:

® [oJy4eHHE 0A30BBIX MPEJACTABICHUN O MPUHIIMIAX PadOThl IUPPOBOTO
ociuiorpada, reiepatopa UMMIyJibcoB 1 DIV

® MPUOOPETEHHE HABBIKOB pPadOThl ¢ HHUGPOBBIM ociuuiorpagoM u
TeHEePaTOPOM UMITYJIbCOB,

® U3MEpPEHHUSI aMILUIMUTYJHBIX U BPEMEHHBIX MMAPAMETPOB HMITYJIbCOB OT

reHepaTopa UMIYJIbCoB U PIY.

BBEJAEHUE

COBOKYITHOCTh 3JIEKTPOHHOM amnmapaTypbl M CpPEJICTB BBIYMCIUTEIBHOU
TEXHUKA OOpazyloT aBTOMATHU3HPOBAHHYIO CUCTEMY HAKOIUIEHHUS U 00pabOTKU
JAHHBIX, TTOJYy4YaeMbIX B XO/€ s/epHO-(pu3ndeckoro sxcnepumenTa. Padbora stux
CUCTEM OCHOBAaHA Ha 3JIEKTPOHHBIX METOAAX sIAEPHON (PU3UKU, MPUOOPAX U TEXHUKE
JUIST M3MEPEHMsI TIapaMeTpPOB HOHHM3UPYIOIMMX W3IyYEHUH, BKIOYas SACPHYIO
MeKTpoHUKY. [Ipu 3TOM maHHBIE 00 M3y4YaeMbIX WM KOHTPOJIHUPYEMBIX 00BEKTaX
WJTU TIPOIECCax ¢ MOMOIIBIO IETEKTOPOB (IATYUKOB) B TOAABIISIOIIEM OOJIHIITMHCTBE
cilly4aeB TMpeoOpasyercs B dJEKTpudeckue CurHaimbl. Jlms paboTel ¢ 3TUMHU
ANEKTPUUECKUMHU CUTHAJIAMHU TPUMEHSIIOTCS JJIEKTPOHHBIE YCTPOICTBA B BHJIE
MOAyIbHBIX 05109HBIX cucTeM B ctangapte CAMAC, VME, NIM. [{ns npoBenenus

JaKE€ HC O4YCHBb CJIOKHBIX HCCHGHOBaHHﬁ, HarpuMcep, UBMCPCHUC aMIUUIMTYAHBIX U
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BPEMEHHBIX XapaKTepUCTUK (OTOYMHOXHUTENEH, HEoO0XOoJuMa YCTaHOBKA U3
JECATU-TIATHAIATH MOTyJIe!, pacIloIOKEHHBIX B IBYX Kpeitax. [{onroe BpeMs 3To
OBLIO OCHOBHBIM CITIOCOOOM CO3JaHMSI UCCIIEI0BATENBCKIX YCTAHOBOK.

B Hacrosimiee BpeMs MOSBWIMCH HOBBIE YCTpoMcTBA — UU(DPOBBIC
ocrmuiorpadbl, KOTOPbIE MOTYT IS OOJBIIOW CEpUHM HW3MEPECHUN 3aMEHUTHh
CJIOXHBIE YCTAaHOBKH.

Hudposeim  ocummmiorpagom  (IIO) Oynmem Ha3piBaTh  yCTPOMCTBO,
CoJZieprKaIliee BXOJHOE YCTPOWMCTBO, aMIUIUTYIHO-IM(POBON MpeoOpa3oBaTelb,
3allOMMHAIOLIEE YCTPOMCTBO, KOMNBIOTEP, IUCILIEH JUIA NPEICTaBICHUSA
BU3yaibHOM HHpopmarnuu. [lepBeie 1udpoBbie ocumiorpadsl, Ha3bIBAIOIIKUECS
M (poBBIMU 3anioMUHaOIMMU ocuuiuiorpadgamu (L[30) oTanvaroTcst OTCyTCTBUEM
KOMIIBIOTEpPA, W TO3TOMY HUMEIOIMMHU  (pakTHuecku (YHKUUU  TOJBKO
ocuwiorpada, T.e. MpeACTaBICHUE TOJIBKO OCHUIIOTPAMM.

Hcnonb3oBanue qucIuiesi BMECTO OCHMIIIOrpaduyecKol TpyOKH OTKPBIBAET
BO3MOXXHOCTh JUISI OTOOpaKeHWsI JI000M JIOMOJIHUTEIBHOW HMHQOpMAUU U

yIpaBJieHHs] TPUOOPOM C TTOMOILIBIO MEHIO.

Puc.1. Hudposoii ocuumiorpad LeCroy WR640Zi

OCHOBHBIMHM  XapaKTepUCTUKaMu IUGpoBOro ocuuuiorpada sSBISIOTCS

nosoca nponyckanus, paspaaHocts AL, yactota 0TCYETOB (IUCKpETU3ALMHI) U
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00béM mamsaTH. OTMETHM, 4YTO TiepBas U3 OTHX YEThIPEX XapaKTEePUCTHUK
OIIpeNeNsieTCsl, B OCHOBHOM, aHaioroBod uacteio 11O, Haxopnsmielicss Ha BXoze
ocummiorpada, T1.e. go ALl Bropas u TpeThss — aHamoro-uu@poBBIM

npeoOpazoBaresieM; YeTBEPTAs — 3aIOMUHAIOIIUM YCTPOUCTBOM.

2. MeToanbl onu(ppoBKH (pOPMbI UMITYJIbCOB
2.1. IMapanaensusbiii AL

BoNbIIMHCTBO ~ BBICOKOCKOPOCTHBIX — OCHMIJIIOIpaoB U HEKOTOpPbIE
BBICOKOYACTOTHBIE U3MEPUTEIbHBIE TPUOOPHI UCTIOIB3YIOT Napasuienbubie AL n3-
3a MX BBICOKOH CKOpPOCTH IpeoOpa3oBaHMsi, KoTopas MoxeT gocturath SI' (5%10°)
OTCUETOB/CEK JUIsl CTAaHAAPTHBIX YCTPOUCTB U 201" 0TCUETOB/CEK I OpUTUHATBHBIX
paspaborok. O0bryHO mapasienbubie ALIL nmerot paspenienue 10 8 pa3psaoB, HO
BcTpeuarorcs Takxke 10-12-tu pa3psaHbie BEpCHH.

Ha puc.2 npeacrasnen npuniun padotsl L{O. BxoaHoii curnan noctymnaer Ha
napamensHbiii AL, koTopsiil cTpoOupyertcst ¢ Bbicokoi yacToToi u ko ¢ ALI

MOCTYIIAET B 3alIOMHHAIOIIEE YCTPONCTRO.
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s obecniedeHus: TpeOyeMoil 4YacTOThl MPeoOpa3oBaHMs MNPUMEHSETCS
napawienbHo 10 100 AIIII, xoTopeie obecrnedynBar TpeOyeMyr YacTOTy

AUCKPCTHU3aAlNU.

B Hacrosmee Bpems auaepoM cpead HQPPOBBIX  OCHUALIOTPadoB
obecneunBaet nojocy nponyckanus 30 I'Th, gacroty auckperuzauuu 80 I'BbIO/C,
mHa namsata 1o 512 mb. Takue mapamerpsl 00ecredrBaIOTCS ¢ MOHOJUTHBIM
onHokpuctagbHbiM Allll cnenuanbHONH pa3pabOTKH MO CHIMKOH-TEPMaHHEBOU

(SiGe) TexHoMOrHM.

Beicokasg croumocts 11O B mepByro ouepenp ONpeAesseTcss HUMEHHO
croumocthio ALIIl. Kak anprepHaruBa i co3manusi O00Jee JEIIEBbIX YCTPOMCTB
Ui oUM(POBKM HMMITYJIBCOB B HACTOsLIEE BpeMsl pa3pabOTaH U MPUMEHSETCS

JIPYyTO METOJ.
2.2. U3mepurtennb popmbl ummnyJibea. [punuun JJomuno.

Ha pwuc.3 npeacraBieHa ¢yHKIMOHAIbHAs CXeMa JIByXKaHaJIbHOTO
yCTpOMCTBa, pabOTAIOLIETO MO0 NPUHLHUITY OLU(PPOBKU «JIOMHUHOY», OCHOBAHHOM Ha
npuMeHeHun Mukpocxembl DRS4. BxopHoil curHanm mocTymaer Ha €MKOCTH
(06piuHO B KommuecTBe 1000), HA KOTOpBIX MOBTOpsETCS BXOAHOM curHai. C
MTOMOIIIBIO IIETTOYKH JIOTUYECKUX DJIEMEHTOB, ¢ 3ajepskkoii (Hanpumep) 200 mc, apyr
3a IPyroM €MKOCTH OTKIIFOUAIOTCS, M HAa HUX (PUKCUPYETCS] MTHOBEHHOE 3HAUCHUE,

COOTBCTCTBYIOIICC aMIIUTYAC BXOAHOT'O UMITYJIbCa HA MOMCHT OTKJIFOYCHUS.

[Tocne oxoHYaHMS IHMKJIAa AaHAJIOTOBOTO 3allOMUHAHUA (HOPMBI UMITYJIbCA
MOCJIEAOBATEIbHO K Ka)XXJ0M €MKOCTH MOAKIIOYAETCS TOCTATOYHO MEIJICHHBIM,
skoHomuuHbIi ALIII, B pe3ynbTaTe uero nonyyaercs cepus u3z 1000 kogoB, koTopas
ormuchiBaeT popmy ummyibcea ¢ marom 200 mic, ananoruuno [{O no npencraBnenus
Ha Aucruiee. Jta MHPOpMaIUs CUYMTHIBAETCS B KOMIBIOTEpP U 00pabaThiBacTCs B

3aBUCHUMOCTH OT 3a4a4H.



3TO yCcTpoMcTBO ycrymnaer no MHoruM napamerpam O, onnako 6maronaps
MEHbIIIEH CTOMMOCTH HCHOJB3yeTcs B psane pador. Ha puc.4 mnpencraBieHa

dotorpadus ycrpoiicTsa.
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Puc.3. Ilpunnun nevictBust ounpoBku Tna «JloMHUHOY.

Puc.4. 16-xananpHOE ycTpoiicTBO 1yt onrpoBku ummyiscoB CAEN DT5742.



3. BO3MOKHOCTH COBPeMEHHOT0 HM(PoBOro ocumiorpada.

L[O KpOME BO3MOXHOCTH IIPCACTABJICHUA OCHUILUIOIPpAaMM HaA 3KpaHC
IMO3BOJIAICT IMPOBOJAUTH MHOI'O BHIOB H3Mep€HHﬁ N MNpCaACTAaBJICHUA PC3YyJIbTATOB

I/ISMepeHI/Iﬁ KaK B YMCJIOBOM BHAC, TAK U B BUJIC THCTOTI'PAMM.

O MoeT mpeAcCTaBIsATh OCHMJJIOTPAMMY B BUJE TOYEK U 3TO OyIeT
€IMHCTBEHHBIM JOCTOBEPHBIM CHOCOO TPECTABICHUS CHUTHAJIOB, 3a(UKCHU-
POBAaHHBIX B BHUJE OTCYETOB. HO BHA TakoW OCHMIUIOTPAMMBI IUIOX JJISL pac-

CMaTpUBaHHA, 1a U APKOCTb OCHUJIJIOIPAMMBI OKAKCTC:A HU3KOU.

Uto6el Ha skpane [lO monyuuTh u300pa’keHuWe mpoliecca HE B BUJC
OTJICJIbHBIX TOUYEK, & B BUJIE HEMPEPBHIBHBIX JIMHUM, HYKHO HCIIOJIB30BATh TOT WM
MHOM BUJ wuHTepnoysinuu. (HamoMHMM, 4YTO MaTeMaTUYE€CKH WHTEPIOJISIIUS
SBJIIETCSI BBIYMCIICHUEM 3HAYEHUW HEKOTOpPOH (YHKIMH, 33JJaHHON OTIECIbHBIMU

y3JI0BBIMH TOYKaMH, B IPOMEXKYTKAX MEXKAY y3JIaMHu.)

[Ipocrelimen sBIIETCS JNWHENHAs HWHTEPIOSALNS, KOTOpas CBOIHUTCS K
COCIMHEHHIO Y3JIOBBIX TOYEK OTpe3Kamu MpsMbIX. OHa JErko peajusyercs
MaTeMaTHYECK M IOTOMY 4YacTO NPUMEHSETCS KaK B CUCTEMax KOMIIbIOTEPHOU
MaTE€MaTUKH, TaK U B MporpaMmax Ajid HU(POBBIX OCHMILIOrPadoB, «PUCYIOMIMX)»

OCIIJIJIOTpaMMBbI Ha dKpaHe ociutorpada.

B OGosbmimHcTBE ciydaeB (HO HE BCera) KelnaTelibHO MPUMEHSTh Oosee
CIIOXKHYK) HHTEPHOJISALHMIO, OOECIEeUMBAIONIYI0 IUIABHOCTh  OCLHHJIJIOTPaAMM.

Haubonee pacnpoctpanena unmepnonayus euoa sin(t)/t.

ITo pe3ynpraTraM, NOJTy4EHHBIM MTOCIIE CYUTHIBAHUS U HHTEPIIOJISALIMH, MOYKHO
ONPENENUTh NapaMeTpbl HMITYJIbCOB (AMIUIMTYAY, IUIOIIAAb, JUIMTEIBHOCTH
UMITyJIbca Ha pa3HOM YpPOBHE, JUIMTEILHOCTh (POHTA, CIana), BPEMCHHOEC
COOTHOULICHHE MEXAY ABYMS HMMIyJbCaMU Ha pa3HOM ypoBHe. B ocuummnorpade

3alIUThI ITPOrpaMMbl AJI ACCATKOB THUIIOB H3M€peHHﬁ.



Heob6xoauMo 0TMETHTB, UTO M3MepeHusi, mpoBoaumeie ¢ 1[0, dakTryecku
uayTt ¢ odpadotkoit off-line. Eciu peanpHO, Hampumep, BpEMEHHbBIC M3MEpPEHUS,
IIPOBOIUMBIE C TIOMOIIBIO SJIEKTPOHHBIX CUCTEM, OCYIIICCTBIISIOTCS [0 OJJHON TOYKE
(Touke mepecedyeHus mopora), To B 11O it onpenesieHuss BpeMEHU PerucTpaiun
UCIIOJIb3YIOTCS HECKOJIBKO TOUEK OITU(PPOBKU HA (DPOHTE U IPOBOIUTCS YCPETHEHUE
10 3THM TOYKaM, YMEHbIIIasi TAKUM 00pa30M BIUSHHUE ITyMOB. T.e., Ui H3MepeHuUs
KaKHX-TO (PU3UYECKUX IMPOIIECCOB JIydIlle MCHoib30oBath 1O, T.K. yMeHbIIAeTCS
BIMSHUAE OSJICKTPOHMKH. OJHAKO, €CIH HaJ0 OINPEACIUTh XapaKTePUCTUKH
JICTEKTOpa, KOTOPBIA JOKEH padoTaTh B PEKUME PErHCTPALUU  COOBITHIA
(HarmpuMep, KaK CTapTOBBIM MMITYJIbC JUIS BpEeMs-TIPOJICTHON cucTteMsl), To ¢ [O

MOYHO MOJIYYUTh ITApaMETPhI AETEKTOPA JIyUlIe, YEM B PEATBHOM IKCIIEPUMEHTE.

[{esbr0 MHOTHX MCCIEN0BAHNN SBIISIETCS IPEACTABIEHUE PE3YIBTATOB B BUJIE
rucrorpaMm. B MatemaTuueckod CTAaTUCTHKE THCTOrpaMMa — 3T0 (yHKUUsA
IJIOTHOCTH BEPOSTHOCTH PACHpPENENICHUsl CIy4ailHOro COOBITHUA WM CIy4alHON
BEJIMUMHBI, IOCTPOECHHAsI HA OCHOBE BBIOOPOK M3 3TOT0 pacmnpeseneHus. B ciyuae
nudpoBoro ocuuuiorpada MacCMBOM BBICTYIIA€T MAacCHUB JAHHBIX H3MEpPEHUs
BBIOPAaHHOTO mapaMeTpa. BO3MOXHOCTM MOCTpPOEHHUSA, aHAIW3a W HM3MEPEHUs

rUCTOrpaMMm mpeBpaiaet 1060w [{O B MOUTHBIN aHATTUTUYECKU MHCTPYMEHT.

PeanbHblii MaccuB wu3MepeHWii B TpaduyeckoM BHIE B HU(PPOBBIX

ocunﬂnorpaq)ax MOJKET OBITh MMPpCACTABJICH U TaK HA3BIBACMBIM «TPEHAOM).

Tpenng — 510 rpaduk, NPEACTaBISIOMUNA COO0M (YHKIHIO, B KOTOPOM
rOpU30HTaIbHAS OCh (OCh X) MpEACTaBIsieT OCh HOMepa u3Mepenus — 1,2,3.4,...n,
(3Ta OCh HE CBSI3aHA C BPEMEHHOIO OChIO pa3BepTKHu ocumiorpada), a mo ocu Y
(BEpTUKAJIHLHOM OCH) paCcIoJIaratoTcsi 3HaYSHUS pe3yJibTaTa U3MEPEHUS BHIOPAHHOTO

napamMerpa.

TpeHa COCTOMT TOJNBKO M3 pEaJbHbIX TOYEK 3HAYEHUM PE3YJIbTAaTOB
U3MEpPEeHU W TpeNCTaBisieT coOO0M pa3BEepHYTHIM MAacCUB JAHHBIX PE3YyJbTAaTOB

HSMepeHHfI. Yucio Touek TpCHOA 3a4aCTC:A ITOJb30BATCIICM U MOZKET COCTABJIATH OT
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1 [0 HECKONbKHX MWUIMOHOB (B 3aBUCHUMOCTM OT THMa ocuuwuiorpadga u
yCcTaHOBJICHHbIX omiuii). [lpu coxpanenuu Tpenja B ¢ailia, coxXpaHsSETCs BECh
BBIOpDAHHBI MACCHB PE3YyJIbTATOB M3MEPEHUN C YKa3aHHEM HOMeEpa H3MEpEHUS.

I[anee O9TH JAaHHBIC MOKHO HCIIOJb30BaTh AJIA 06pa6OTKI/I BHCHIHMMM CPCACTBAMMU.

Ha puc. 5 npeacrasnen 3kpan 1O ¢ npeacTaBieHHBIMUA JaHHBIMUA B BUJIC

ocHWJIorpaMm M ruCrorpaMm, 1 4YnMCJIOBBIX 3HAUCHUM.

202017 51217 Put

Puc.5. [Ipumep auctnes O ¢ pe3ynbTaTaMu U3MEPEHUN: OCHHIITIOTPAMMBI,

TUCTOTpaMMBbI aMINIMTYAHOT'O 1 BPDEMCHHOI'O paCIIpCACIICHMAA.

3. JIocTOMHCTBA M HEAOCTATKH U(PPOBBIX ocunII0rpadon

Hudporsie ocrumiorpadbl — 5TO HOBBIA KJIacC OCHWIIOTpapUUIecKux
YCTPONCTB, UMEIOIINX KaK CEPhE3HBIC IOCTOMHCTBA, TAK M HEKOTOPBIE HEIOCTATKHU.

OTMeTHM TOJILKO CaMbl€ Ba)KHBIC U3 HUX.

OcHoBHble noctouHcTBa IO BBITEKAlOT W3 BO3MOXKHOCTEW OOpabOTKHU
uHdopmaruu B UG POBOM BHUC: HEOTPAHUUCHHOE BPEMs XpaHEeHUs MH(HOPMAIIHH;
IIUPOKHUE JUATMA30Hbl CKOPOCTH €€ CUUTHIBAHWS, BO3MOXKHOCTH 3aMEIJIEHHOTO
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BOCIIPOU3BEAEHNUS OTAEIIbHBIX YYACTKOB 3aII0MHEHHOTO CUTHAJIA; TIOJIyYEHUE IPKUX
U YETKUX OCLMIIJIOTpamMM; BBIBOJ HH(OPMAIIMU HA IEPCOHATIbHBIN KOMITBIOTEP WU
Ha BHEIIHHE YCTpOilcTBa (NPUHTEp, MaMsATh W T.I.); MPUMEHEHUE CIIOXKHBIX
QIrOPUTMOB 00PaOOTKH JaHHBIX BHYTPHU OCHUILIOrpada ¢ MoMoIibio BCTPOEHHOTO
npoleccopa, BO3MOKHOCTh OTOOpa)KE€HWsI CUTHAJIa JO MOMEHTa 3amycka (mpu

"oTpHLIaTEIbHOM" BPEMEHH );

Hanuane B indpoBbeix ocrmiorpadax mporeccopoB MO3BOSET IS JTFOOO0TO
BUJa CHTHAJIA ONpPENESNIITh W OTOOpakaTh Ha OSKpaHE pa3IW4yHbIe 3HAYCHUS
HalpsDKCHUST CHWTHAjda, a TaKXKe pPe3ynbTaThl Pa3IMYHBIX MPeoO0pa3oBaHU

(Hanpumep — npeodbpazoBanusi ypwe).

[Ipaktuuecku mo6oi 1O MoxkeT MNOAKIIOYATHCA K TEPCOHATBLHOMY
KOMIIBIOTEPY  4Ye€pe3 CTaHJapTHble TMOpTel — mnapamwiensHbld  PRT wm

nocienoBatenbHbie COM u USB unu gaBHo u3BecTHbIN npubopHbiii nopt GPIB.

B kadecTBe wWUIIOCTpanMd  BO3MOXKHOCTEM  COBpMEHHBIBX [[O B
[MPUJIOXKEHMUN Nel npuBenena Tabauiia ¢ KpaTKUM OIKMCAHHEM OCHOBHBIX
U3MEPEHU, KOTOpPhIE MOKHO MPOBOAMTH C IMOMOIIbIO coBpemenHoro O (u3
onucanus ocipuuiorpada WaveRunner 6 Zi/HRO, cM. B crmucke aMTeparyphbl
ccouiky «[losmHoe pykoBoncTBo omeparopa WaveRunner 6 Zi/HRO Oscilloscopes
Operator's Manual.© 2017 Teledyne LeCroy, Inc. All rights reservedy,

http://cdn.teledynelecroy.com/files/manuals/waverunner-6zi-operators-

manual.pdf).

OcHoBuabIMH HegocTaTkamu L{O siBiisieTcst Gosiee BBICOKAsk CTOUMOCTD, 0oJjiee
CJIOKHO€ YTIpaBJieHWE, a TaK)Ke HEIOCTaTKH, BbI3BaHHbIE mpumeHeHueM AllIl u
[TAII. Ananoro-udpoBoe 1 mu(ppoaHaIoroBoe Mpeodpa3oBaHNe CUTHATIA B TPAKTE
Y Bcerzma BBITTONHACTCS C KOHEUHOH pPa3psSAHOCTBIO, YTO BEIET K IOSBICHHUIO
XapaKTEPHBIX IIyMOB KBAHTOBAaHUS, NPUHIMIHAIHHO OTCYTCTBYIOIIUX Y

aHajoroBbIx ociuuiorpados. [llym kBaHTOBaHUS BUEH HA OCIUJUIOrpaMMax psija
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M (POBBIX OCHHIIOrpadoB, 0COOEHHO — NEMIEBBIX, UMEIOIINX MAITYIO Pa3psAHOCTD

AIIIT 1 LTATL

Boobmie roBOpsi, »KpaH COBpeMEHHbIX IMGPOBBIX ociuuiorpados
nepeHachileH uHpoOpMalMei: Ha HEM HMEEeTCS MEHIO OIepaluid, 3HauyeHUs
pa3IMYHBIX LHHUQPPOBBIX YCTAHOBOK M PE3yJbTaTOB BbluMciieHud. [losTtomy s
MOJTHOLICHHOTO UCMOJIb30BaHUS 3TOM MH(GOPMAMU HY>KHO BHUMATEIbHO M3YUYUTh
UHCTPYKIMIO IO KOHKPETHOMY MPUOOPY U MPaBUIIBHO HCIIOIH30BaTh BOSMOXKHOCTH

npubdopa B 4aCTH NMPEAOCTaBICHUS] HHPOPMALIUU.

boabmmacTBo IO uHMewT KHONMKY Autoset sl aBTOMaTHYECKOU
YCTAaHOBKHU IapaMeTpoB, 0OECHeUnBaIOIMX MMPABWIbHOE (HO HE camoe jyuiee!)
HaOMIOZICHUE CHUTHaNA. OTy (YHKIIMI0O MOXHO HCIOJIB30BaTh MPU CIy4YaiHOM
WCMOJIb30BAaHUHA HE3HAKOMOI'O0 pPEXMMa, KOTJa HE 3HAeTe, KaK BEPHYTHCS B

3HAKOMBIU PEXK UM.

4. OnucaHue yCTAHOBKHU (BAPHAHT ¢ T€HEPATOPOM MMITYJIbLCOB U

BapuaHt ¢ ®IY).

Jlns 3HakoMcTBa ¢ pocteimmmu GyHkiusamu O ucnonas3yercst reHepaTop
nMitysabcoB AKHUIIT 3303 ¢ aByms BbIXOAamMu, KOTOPBIE MOJAKIIOYAIOTCS K BXOAaM
ocimuiorpada. Ha Puc.6 mpeacrtaBieHa ¢yHKIMOHANbHAS cXeMa J1TabOpaTOPHOM

YCTAHOBKH C TCHCPATOPOM HMITYJILCOB.
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MeHepaTop
HMAYABCOR
AKMM 33203

Ocumnnorpad
LeCroy WaveRunner 6407i

Puc.6. ®ynknuoHanpHas cxema J1abopaTopHOH YCTAaHOBKU C TEHEPATOPOM

nmiyibcoB AKUIT 3303.

OI[HaKO IS U3yUCHUA pa6OTBI OCI_II/IJIJIOI’pa(i)a IIpY HAJIMYKUK BPCMCHHOI'O U

aMIUTUTYJHOTO pa30poca UCIOJIb3YIOTCS UMITYJILCHI OT (POTOYMHOXKHUTENS, KOTOPBIN

34aCBCUYMUBACTCA HMMITYJIbCAMH OT ICHCPATOpa CBCTOBBIX HMITYJIBCOB (J'IaSCp N

ceeroanoyn). DyHKIMOHANBbHAS cxeMa JlabopaTopHOM ycTaHOBKH ¢ DY

npejcTaBiieHa Ha Puc. 7.

OnTtuyeckuid CUTHaN Jia3epa IMOCTYMAaeT Ha AaTTEHIATOp W Jaliee B

CBETOM30JIUPOBaHHBIN KOXKYyX K @IV, Jlanee curnan ¢ ®IY moctynaetr Ha BXOJ

JIMHEMHOT'O JIOTHYECKOTO Pa3BCTBUTCIIA WU ITOCJIC HCTO — HAa BXO/[ ocuHHnorpa(ba.

DJIEKTPUYECKHUM CUTHAJ OT JIa3epa, CHHXPOHU30BAHHBIN C ONTHYECKUM C BBICOKOM

TOYHOCTHIO (= 5 TIC), MOCTYMAaEeT Ha APYToi BXoa ociiruiiorpada (MMITyJIbC 3aIrycKa).
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Puc.7. ®yuknuonaneHas cxema jgadbopatopHoii yctaHOBKU ¢ DDV,

OCHOBHBIMH 3JIEMEHTAMH YCTaHOBKH siBystoTest (Puc. 7):

- CBETOM30JMPOBAHHBIN KOXKYX I pazmenieHus OOV

- (poTOyMHOKUTEIH C OJIOKOM MUTAHUS;

- UMITYJIbCHBIM UCTOYHHUK CBETA — MUKOCEKYHHBIN JIa3€p U CBETOAUOL;
- ONITUYECKUH aTTEHI0ATOD;

- JIOTUYECKUW JINHEWHBIA PA3BETBUTEID;

- CoBpeMeHHBIN UPpoBOM ocmuiorpad;



5. PaGouee 3aganue

1. BoicTaBUTh BBIXOJHBIE UMITYJIbCHI TeHepaTtopa 1 B, qautenbHocTh 1 MKC,
nepuoa 100 MKc, 3aepKKy MEKIy UMITylIbcaMd 3 MKC (cM. « AHCTPYKIHIO 10

pa6oTte ¢ reHeparopom ummyabcoB AKHUII 3303»).
2. [loaxarounTh BBIXOJBI T€HEpPATOPA K JBYM BXOJaM ocuuiuiorpada.

s Bxoaa ocumiiorpaga B pexxume S0 OM MakcMMaJIbHasA aMILIMTYAA

5 B.

3. Ha6JIIOI[aTI> HMITYJIBCBI Ha JBYX BXOJadX. 3anucaTth OoCIUIIOTpaMMBI B

naMATh ocHuiuIorpada Wiv Ha (QIIdII-NnaMaTh 1)1 MOCIEAYOIEH paciedaTky.

4. YCTaHOBUTH PEXUM U3MEPEHUS AMIUIMTY/IBI CUTHAJIA HA OTHOM U IPYTrOM
Bxoje. CpaBHUTH ¢ HaOmOAaeMbIM Ha ocuuiuiorpade. Crenarb uU3MepeHue Jyis
UMITYJIbCOB pa3zHoi amruuTyAbl U noisipHoctu (cM. «MHCTPYKIUS no padore

¢ mudposbiM ocuuiiorpadpom LeCroy WaveRunner 640Zi»).

5. YcTaHOBUTH peKUM M3MEpeHHs 3apsiaa (romaan ummnyisca). [Iposectu

U3MEpPEHUE, CPAaBHUTH PE3YJIbTAT C HAOIIOAAaEMBIM Ha ociiiuiorpade.

st 9TOro HEoOXOAMMO TMpoJeNaTh MYHKTH AHAJIOTMYHO 1.4, BBIOUpas
BMECTO U3MEpeHUs amIuTy bl u3mepenue miomanu (em. «<MHCTPYKIUSA no

padote ¢ uugpobiM ocuuLiorpadpom LeCroy WaveRunner 640Zi»).

6. BpicTaBUTH H3MEpEHHE BPEMEHHOTO MHTEpPBAJAa MEXKIYy TPUTTEPOM
(MMITyJIbCOM, IO KOTOPOMY OCYIIECTBIISIETCS 3aMyCK) U UMITYJILCOM IO BTOPOMY
BXOJy. YUHTHIBaTh MOJSAPHOCTH (poHTa. IlpoBecTn wu3mepeHwe s pa3HOUN
3a/Iep>KKU UMITYJIbCOB, YcTaHaBIuBaemMoil Ha reneparope. (cMm. «MHCTPYKIUA

no padore ¢ mudpposbiM ocumiorpagom LeCroy WaveRunner 640Zi»)

7. BMECTO UMITYJIbCOB OT F€HEPATOPA UMITYJIHLCOB MOJKIIOUATH UMITYJIbChI OT
reHepaTopa CBETOBBIX MMITYJIbCOB: Ha OJWH BXOJ (MMIIyJbC 3aIlycKa) IMOJaTh

CUHXPOUMITYJIbC, HAa BTOPOU BX0A — uMiyJisc oT @Y. HabmonaTe UMIyJIbChI. (CM.
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«AHCTPYKIIUS mno padore ¢ unumdpoBbiM ocuusuiorpagom LeCroy
WaveRunner 640Zi»)

8. IIpoBecTu u3mMepeHus aHajaoruyubie .4 u n.5 ¢ ummyiascamu ot DY (cm.
«AHCTPYKIHUA mno padore ¢ umppoBsiMm ocumwuiorpagom LeCroy
WaveRunner 640Zi»).

9. HpOBCCTI/I HU3MCPCHUC aMINNIMTYAHOTI'O PA3pPCIICHUA OT aMIINIMTY bl CUTHAJIA

DOYV:
- aMIUTUTY/1a CUTHaJa U3MEHSAETCSI HHTEHCUBHOCTBIO CBETOBOI0 UMITYJIbCA;
- AMIUIUTY1a U3MEHSIETCS HanpsKeHneM Ha POY.

10. ITpoBecTu BpeMeHHbIE N3MEPEHHSI B 3aBUCUMOMH OT aMILIUTY bl CHTHAIA

®DY, ananornyHeie 11.6.
10. YcTraHOBUTH pa3HbIi MOPOT MPUBS3KU K UMITyJibcaM ¢ POV

- noctostHHBIN 10 MB, mpoBecTH M3MeEpeHUE BPEMEHHOTO Pa3pelICHUs] OT

aMIUIMTYIbl B AUAINA30HE BXOIHBIX UMITYJIbCOB OT 20 MB 10 1000 MB;

- 50 MB, nmpoBecTH U3MEPEHUE BPEMEHHOTO PA3PELICHUS ISl AMILUIUTYIbI OT

100 mo 1000MB;

- caensmuii mopor — 20% OTHOCUTENIBHO aMIUIUTYAbI, IPOBECTH U3MEPEHUE

BPEMEHHOTO pa3pelieHus OT aMILTUTY bl B trana3zone ot 20 xo 1000 mB.

(em. puc. 18 «MHCTPYKIUSA mno padore ¢ nudgpoBbM ocumuiiorpagom
LeCroy WaveRunner 640Zi»).

10.2. Y6enutncs, uto Bo BKiianke «Gatey ycTaHOBICHBI ITpaBUIILHBIE BOPOTA
JUISl HAXOXkAeHUs1 umnyJibca curnana (cM. puc. 19 «<MHCTPYKIUSA no padore ¢

nugposbiM ociimiuiorpagom LeCroy WaveRunner 640Zi»)

10.3. Jo6aBUTH rucTOrpaMMy U HEOOXOIUMbIE TApaAMETPhI
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10.4. I TOro, 4T00BI TUCTOrpaMMbl HE HAKJIaJbIBAJIMCh IPYT HA JIpyra U Ha
CUTHAJbI, MO’KHO pPa3feliuTh OKHO OCLMJUIOIpaMM Ha 4 4acTH, U NEpEeKIoYaTh
KOHKpPETHBIC KaHabl/(QyHKIIMK Mex 1y okHaMu kHomkoi «Next Grid» (cm. puc. 20
«~AHCTPYKIUS mno padore ¢ unmdpoBbiM ocuuuiorpagom LeCroy
WaveRunner 640Zi»)

11. CpaBHUTB NOTy4YeHHBIE B 11.10 pe3yabTaThl.

6. IlpeacraBiieHne MOJY4eHHBIX Pe3y/IbTATOB.
1. OcuumiorpaMMbl UMITYJIBCOB.

2. 3aBUCHUMOCTb aMILTUTYTHOTO Pa3peIIeHHs OT aMIUIUTY bl UMITYJIbCA:

- aMIUTUTY/1a MEHSIETCS] U3AMEHEHHEM HMHTEHCUBHOCTH CBETOBOT'O UMITYJIbCA;
- AMIUIMTY1a U3MEHSIETCS HanpskeHueM Ha POY.

3. 3aBUCUMOCTb BPEMEHHOTO Pa3peIICHUs OT AMILUIATYIbl UMITYJIbCA!

- aMIUTATY1a MEHSIETCS] U3AMEHEHHEM MHTEHCUBHOCTH CBETOBOI'O UMITYJIbCA;
- AMIUIUTY1a U3MEHSIETCS HanpsKeHueM Ha POY

4. 3aBUCHMOCTH BpeMeHHOro paspeunieHuss @OV oT aMmiuTyasl UMITyJbca

JUISL pa3JIMYHOTO TUIIA BPEMEHHOM MPUBSI3KU: TTOCTOSHHBIN IOPOT, CIEISAIINN HOPOT.

Jlureparypa

I"aBpuiioB JI.E. OcHoBbl sinepHoit anmektpoHuku. Y.1: YueOHoe mocodue. M.

HUAY MUDU, 2010. — 164 c.

TepemkoB B.B., IlerkoB ®.A., JlaGwiaiieB A.B. IludpoBsie ocuui-
jorpadbl: TEOPETHUECKUE OCHOBBI MpuMeHeHus: YueoHoe nocodue / [Tox pen. B.B.

TepemikoBa. — Taranpor: U3a-so IODY, 2013. — 84 c.
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[Tonnoe pykoBoactBo omeparopa WaveRunner 6 Zi/HRO Oscilloscopes
Operator's Manual.© 2017 Teledyne LeCroy, Inc. All rights reserved.

http://cdn.teledynelecroy.com/files/manuals/waverunner-6zi-operators-manual.pdf

Tropun B.A. MeToa npsiMoro mugpoBOoro CMHTE3a B reHepaTopax CUTHAJIOB
cnenuanbHon Gopmbl SFG-2110 u AKUII-3410/3: yyeOHO-MeTOIMUECKOE
nocobue/ B.A. Tropun. - Kazans: Kazanckuii penepanpabiii yHuBepcuTeT, 2015. -
74 c.

https://kpfu.ru/staff files/F233095282/30.08.15 Tjurin__Metod pryamogo cifrovogo sinteza....pdf)

I'eneparopsl curnanoB ot A g0 f. Yyebnoe nmocobue. Copyright © 2008,

Tektronix (https://doc.platan.ru/docs/pdf/generatory-signalov.pdf).
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HPUJIOXKEHUE Nel

Omnucanrie OCHOBHBIX U3MEPEHUH, KOTOPHIE MOXHO IIPOBOJIUTH C TIOMOIIIBIO
coppemenHoro 11O Ha npumepe ocrmutorpada LeCroy WaveRunner 640Zi

http://cdn.teledynelecroy.com/files/manuals/waverunner-6zi-operators-

manual.pdf

Measures the difference between upper and lower levels in two-level signals. Differs from pkpk
Amplitude in that noise, owvershoot, undershoot, and ringing do not affect the measurement. Amplitude is
{ampl) calculated by using the formula Top — Base. On signals not having two major levels (such as tri-
angle or saw-tooth waves), the amplitude parameter returns the same value as peak-to-peak.

Integral of data. Computes area of the waveform relative to zero level. Values = zero contribute

Area = .
pasitively to the area; values < zero, negatively.
Lower of two most probable states (higheris top). Measures lower level in two-level signals. Dif-
Base fers from min in that noise, overshoot, undershoot, and ringing do not affect measurement. On
signals not having two major levels (such as triangle or saw-tooth waves), the amplitude para-
meter returns the same value as minimum.
Bit Rate Bit rate of serial data stream.
Cycles Determines number of cycles of a perodic waveform lying between cursors. First cycle begins
{cyclas) atfirst transition after the left cursor. Transition may be positive- or negative-going.

Time from trigger to transition: Measures time between trigger and first 50% crossing of spe-
Delay cifies signal. Delay can be used to measure the propagation delay between two signals by frig-
gering on one and determining delay of other.

Delta Delay Computes time between 50% level of two sources.
(ddelay)
Dperiod@level Adjacent cycle deviation (cycle-to-cycle jitter) of the period measurement for each cycle in a
(dpen@iv) waveform. The reference level for this measurement can be specified.
Dtime @ievel Computes the time between transitions of the selected sources atthe specified levels. Only pos-
{dt@iv) itive going transitions are counted.
Dirig Time Time from last tigger to this tigger
(dtrig)
For single sweep waveforms, dur is 0; for sequence waveforms: time from first to last segment's
Duration trigger; for single segments of sequence waveforms: ime from previous segment's to current
{dur) segment's trigger; for waveforms produced by a history function: ime from first to last accu-
mulated waveform's trigger.
Dty Cycle Percent of peried for which data are above or below the 50% lavel of the signal.
Dutyi@level Percent of peried for which data are above or below a specified level.
(dutyi@Iv)
Dwidthi@level Difference (delta) between adjacent widths above or below a specified level.
Edge@level Number of positive edges in waveform that cross the specified threshold level.
{edga@iv)
Edge to Edge Delta ime between some edge on the first source to some (other) edge on a second source.

Duraticn of pulse waveform's falling fransition from 80% to 20% of the amplitude averaged for
Fall 80-20% all falling transitions between the measurement gates. On signals not having two major levels
(fall2020}) (triangle or saw-tooth waves, for example), top and base can default to maximum and minimum,
giving less predictable results.
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Measurement Description

Duration of pulse waveform's falling fransition from 90% to 10% of the amplitude averaged for

Fall time all falling transitions between the measurament gates. On signals not having two major levels
{fall} (triangle or saw-tooth waves, for example), top and base can default to maximum and minimum,
giving less predictable results.
Fall atlevel: Duration of pulse waveform's falling edges between user-specified fransition
lewvels.
Thresh. [Remote |Lowe | Upper| Cefault
Limit | Limit
Fall@level Tower | o | 1% | %5 | 0%
[fall@lv) pper | Hgh | 35% | 30% | %0%
Threshold arguments specify two vertical values on each edge used to compute fall ime:
lower = lower thresh. x amp/100 + base
upper = upper thresh. x amp/100 + base
First Indicates value of horizontal axis atleft cursor.
Erequenc Period of cyclic signal measured as time between every other pair of 50% crossings. Starting
-:freq] ¥ with first ransiion after left measurement gate. The period is measured for each transition pair.
a The reciprocal of each period measurement is calculated as the frequency.
Period of cyclic signal measured as time between every other pair at the specified level. Star-
Freqifilevel ) . = " "
(req@iv) ing with first fransition after left measurement gate. The period is measured for each transition
pair. The reciprocal of each period measurement is calculated as the frequency.
EWHM Measures the width of the largest area histogram peak at half of the populationof the highest
peak.
EWaex Measures the width of the largest area histogram peak at xx% of the population of the highest
peak.
Half Pericd Half period of a waveform.
(hper)
Hist ampl Difference in value between the two most populated peaks in a histogram.
{(hampl}
Hist base Walue ofthe left-mostof the two mest populated histogram peaks.

Hist max pop

Peak with maximum population in a histogram.

Hist maximum

Walue ofthe highest (right-most) populated bin in a histogram.

Hist mean

Average or mean value of data in a histogram.

Hist median

Value ofthe 'x' axis of a histogram that divides the population into two equal halves.

Hist mimimum

Value of the lowest (left-most) populated bin in a histogram.

Hist mode Position of the highest histogram peak.

Hist pop@x Population atbin for specified horizental coordinate.

Hist range Calculates range (max-min) of a histogram.

Hist ms Root mean square of the values in a histogram.

Hist sdev Standard deviation of values in a histogram.

Hist top Value ofthe right-most of the two most populated histogram peaks.
Hist Xi@peak Value ofthe nth highest histogram peak. You supply the value of n.
Hold Time Time from the clock edge to the data edge.

Last Time from trigger to last (ightmost) cursor.
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Measurement

Level@Xx
(@)

Description
Gives the vertical value at the specified x position. If the x position is between two points, it

gives the interpolated value. When the Mearest point checkbaox is selected, it gives the vertical
value of the nearestdata point

MATLAB param

Custom MATLAB function that produces a measurement. Requires XDEV option to edit func-
tions through the oscilloscope GUIl using MATLAB Script.

Maximum Measures highest peintin waveform. Unlike top, does not assume waveform has two levels.
(max)
Maan Average of data for time demain waveform. Computed as centroid of distribution for a histogram
ofthe data values.
Median The average of base and top values.
Minimum Measures the lowest point in a waveform. Unlike base, does not assume waveform has two
{min} levels.
M-cycle Jitter Peak-o-peak jiter between edges spaced 0 Ul apart
NBFhase Provides measurement of the namow band phase at a specific frequency of the waveform.
HNBPower Provides measurement of the namow band power at a specific frequency of the waveform.
None Disables parameter calculation
Num Points Mumber of points in the waveform between the measurement gates.
{(npoints)
Amount of overshoot following a falling edge. This is represented as percentage of amplitude.
Owershoot- Cwershoot- is calculated using the formula (base - min fampl x 100. On signals not having two
major levels (triangle or saw-tooth waves, for example), may not give predictable results.
Amount of overshoot following a rising edge specified This is represented as a percentage of
Overshoot+ amplitude. Overshoott is calculated using the formula (max. - topVampl x 100. On signals not
having two major levels (inangle or saw-tooth waves, for example), may not give predictable
results.
Peak to Peak Difference between highest and lowest points in waveform. Unlike ampl, does not assume the
{pkpk} waveform has two levels. Peak to peak is calculated using the formula maximum — minimum,
Peaks Mumber of peaks in a histogram.
Percentile Horizontal data value thatdivides a histogram so the population to the leftis xx% of the otal.
(pct)
The time between every other pair of 50% crossings. Startimg with first ransition after left meas-
Period urement gate, period is measured for each ramsition pair, with values averaged to give final res-
ult
Period@level The time between every other pair of at the level specified. Starting with first transition after left
{per@iv) measurement gate, period is measured for each transition pair, with values averaged io give
final result.
Phase Phase difference between signal amalyzed and signal used as reference. Both signals are
measured from the 50% point of their rising edges.
Duration of pulse waveform's rising fransition from 20% to 80% of the amplitude averaged for
Rise 20-80% all rising transitions between the measurement gates. On signals not having two major levels
(rise2080) (triangle or saw-tooth waves, for example), top and base can default to maximum and minimum,

giving less predictable results.
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Measurement

Description
Dwraticn of pulse waveform's rising fransition from 10% to 30% of the amplitude averaged for
all rising transitions between the measurement gates. On signals not having two major levels

Riza Ti
'== Time (triangle or saw-tooth waves, for example ), iop and base can default to maximum and minimum,

giving less predictable results.
Dwuraticn of pulse waveform's nising edges between user-defined fransition levels. Threshaold

Riseflevel arguments specify two vertical values on each edge used to compute rise ime:

(rise@h) lower = lower thresh. x amp/100 + base
upper = upper thresh. x amp/100 + base
Root Meam Square of data (between gates) calculated using the formula:

RMS
Where: vi denotes measured sample values, and N = number of data points within the percds
found up to maximum of 100 periods.

Setup Time from the data edge o the clock edge.

Shew Time of Clock2 edge (nearestto Clock1) minus time of Clock1 edge. "Clock” refers to specified
edge and level of any two sources, data signals included.

Slew Rate Slew rate or lecal dVidt in a transifion zone

(slew)
Standard deviation of the data between the measure gates using the formula:

1 2

St Dev FE (v, — maan J

[sdev) [=1
Where: vi denotes measured sample values, and M = number of data points within the pereds
found up to maximum of 100 periods. This is equivalent to the rms for a zero-mean waveform.
Also referred to as AC RMS
Difference between the measured times of crossing a given slope and level and the ideal
expected time. For Slope you can choose positive, negative, or both. For output units you can

TIE@Ievel choose time or unit interval (L1, A unitinterval equals one clock pericd. The Virual Clock setup

{tie @iv) gives you a choice of Standard (1544 MHz) or Custom reference clocks. You can also use a
mathematically derived Gelden PLL to filter low frequency jitter. The cutcff frequency is user
selectable.

Time@level Time from trigger (=0) to crossing at a specified level.

{tirme@iv)l
Higher of bwo most probable states (base is lower). Measures higher level in two-level signals.

Top Differs from max in that noise, overshoot, undershoot, and ringing do not affect measurement
On signals not having two major levels (such as triangle or saw-tooth waves), the amplitude
parameter returns the same value as minimum.

Total Pop Total population of a histogram.

{toip)
Width of cyclic signal determined by examining 50% crossings in data input If first transition
after left cursor is a rising edge, waveform is considered to consist of positive pulses and width

Width the ime between adjacent rising and falling edges. Conversely, if falling edge, pulses are con-
sidered negative and width the ime between adjacent falling and rising edges. For both cases,
widths of all waveform pulses are averaged for the final result.

Width@level Width measured at a user-specified level.

(wid @lv)

WidthM Time of cyclic signal determined by examining 50% crossings in data input. The widthM is

(widn} measured from falling edge to rising edge.
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Determining Differential Time Measurements

The instrument enables accurate differential time measurements between two traces: for example,
propagation, setup and hold delays.

Parameters such as Skew require the transition polarity of the clock and data signals to be specified. A
hysteresis range may be specified toignore any spurious transition that does not exceed the boundaries of
the hysteresis interval. In the figure below, Skew measures the time interval separating the falling edge of
Source from the rising edge of Source2.

I Motsy spikes ignored due I
cK () 2./ w— i AN

mHysharessband
E A atmm

CLK (2) —{ \_{ L :

I ~— Skew—= |

|

| i i
LEFT CURSOR RIGHT CURSOR

Sounce 1 Clock = Megative Transition ~{_
Source 2 Clock = Posiive Transiion _f
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