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Ocuunnorpadnl AKUM-4133 u AKUN-4133/1
C noJsiocom nponyckaHma 16 I'ry,

HacTtb 1

—@ | 4.Poccockum?

YK 621.317 | BAK 05.11.08

Kommnanwug Eltesta (BubHIOC, JIUTBa) pa3paboTaia IIHPOKOIIOIOCHBIE LIUPPOBLIE
ocuumiorpadsr AKMII-4133 1 AKMII-4133/1. OHHU 3aHUMAIOT IIPOMEXXYTOYHOe
[I0JIOKeHU e MeXAY ABYMS TPALULIMOHHBIMU TUIIAMHU OCLIUIIIIOTPAdOB — peasIbHOIo
BpPeMeHH U CTPO60CKOIHUYeCKUMU. O6 0CO6eHHOCTSIX U XapPaKTePUCTHUKAX JAHHBIX

IIPHUOOPOB PACCKA3BIBAETCS B CTATHE.

HEMHOIO UCTOPUN

ABnaacL Hambonee pacnpoCTpaHeHHbIM paavonIMepu-
TenbHbLIM NpMBOPOM A5 pa3paboTHMKOB M MpOM3BOANTE-
Nen 31eKTPOHHOro 0bopyaoBaHmMs, ocumanorpad nosBo-
NSIET TOYHO U BLICTPO PernmcTprpoBaTh, 0TOOPAXKATL, U3Me-
PATL W aHANM3MPOBATL 3MEKTPUYEeCKMe CUrHabl. Mosb3a
ocumnnorpadoB OrpaHUYMBAETCS AANTIEKO HE TObKO MUPOM
31eKTPOHMKWM. B coYeTaHnm C COOTBETCTBYIOWMMM AaTHmMKa-
MU-NpeobpaszoBaTensamMm ocumanorpadsl MoryT UImMepsaTb
pasNnyHble GU3nYeckme BeUYUHLI — MexaHn4yeckme, aky-
CTUYeckme, onTuyeckre 1 MHorve apyrue.

CeroaHa BCe paspabaTtbiBaeMble ocumanorpadbl sB-
NAOTCH UMPPOBLIMU. OAHAKO, HECMOTPS Ha BONbLIYID HO-
MEHKNATYPY WX TeXHUYECKMX XapaKTepucTuK, TPYAHO He
COrNacuTLCA C TeM, YTO MoJioCa MPOMNyCKaHUS SABNSETCS
HaVBaXKHENLLEN.

Korpaa Bbl BbibrpaeTe ocumanorpad ang nsmepeHuns Cur-
HanoB B nosoce 4actoT A0 100 MT'L, Bbl onpeaeneHHo no-
HMMaeTe, 4TO 34eChb MOHAA0BUTCH ocumanorpad C Noa0Com
nNponycKkaHns, No KpanHen mepe, 150 MIu. ng 3Toro ama-
na3oHa 4acToT Bbl, NOXanym, obonaeTeck 3atpaTamMm MeHb-
wmmum 1 Teic. gonn. CLUA.

Ecnum e Bawm 3agaydm nexkat B gManasoHe vyactorgo 1y,
6e3 Hannums ocumanorpada c noIoCcon NponyckaHms 1,5 1Ty
Balla cuTyaums byaeT KpUTUHECKOW, 1 3TO NOTpebyeT 3aTpat
y>Ke cebiwwe 15 Thic. gonn. CLUA.

ELle cnoXHee okazbiBAeTCst MONOXKEHWe, KOrla BaM Heob-
XOOMMO UCCNef0BaThb MPoLEeCChl, Nexallye B AanasoHe vya-
cToT A0 10 T'TW »AM aHanM3npoBaTb UMMIYNbChl ANNTENbHO-
CTbto 100 Nc! U, XxoTa Takme 3aa41 y>ke CPaBHUTEbHO dBHO
He SIBNSTCSA YeM-TO 3K30TUHECKMM, CKOPOCTU CTaHAAPTHOM
NOrnKK nepewlarHyamn pybex 40 'y, a COBPEMEHHbIE KOM=-
MYHUKALMOHHbIe CTaHAAPTbI TPEBYIOT elle 6ONbLINX TaKTO-
BbIX 4ACTOT, BaM onpeaeneHHo noTpebyetcs broaxeT, 61m3-
K K180 Twic. gonn. CLUA.

' 3AO Eltesta, MCMONHUTENbHbIN AMPeKTOp, info@eltesta.com.

YTOBbI CYWECTBEHHO YBEUYMTL MOMOCY MPOMNYCKAHMS,
B Havane 1960-x rogoB Hbi1M CO34aHbI NepBble CTPOHOCKONU-
Yyeckme ocumnnorpadbl, N0O0Ca NPONYyCKaHUsA KOTOPbIX ke
K cepeanHe 1970-x ronos goctmrna 18 I'ruy. Mpur 3Tom Hambo-
Jiee WPOKOMOOCHbIe YHUBEPCa/bHbIE aHAN0TOBble OCL M-
norpadbl C NOA0COW NPONYCKAHWA 1T L NOABUANCH TOSTbKO
81979 rogy. C cepefnHbi 1980-X ro40B aHaI0roBble OCLMIN0-
rpadbl NOBCEMECTHO 3aMeHSNNCL Ha LLMGPOBbIe 3aNOMUHAK0-
Lme, B TO Bpems Kak Lndposble CTPOBOCKONMYeCcKkme Bbiny-
CKalTCS 40 CUX MOp.

Lndposble 3anoMmnHatoLmne ocumanorpadsl C Noaocon
nponyckaHma 15 Iy v Bbllwe NosBUANCL B KOHLE NepBoro
necatunetna 2000-x rofoB, TO eCTb Npnbam3nTensHo 10 net
Hasaj. B HacTosulee Bpems CTpOHOCKONMUYECKMe OCUMAN0-
rpadbl 4OCTUTIM NONOCkI nponyckanms 100 Ty, a undpo-
Bble ocumnnorpadsl — aaxe 110 I'TuU. Taknm 06pasom, ecnu
B Ha4yase 1980-x rogoB COOTHOLEHMe NON0Chl MPOonycKaHms
CTPOBOCKOMNYECKMX M aHANOMOBbIX OCLIMINOrPadOB COCTAB-
nano 18:1, To CerofHs NoA0Ckl NpONyCckaHMsa CTpoboCKonm-
YeCKUX U LdPOBbIX 3aMOMUHAIOLLMX OCUMAN0TPadOB Npak-
TUYECKM CPaBHSANCD.

Ko BTOpOW nonoBumHe 1990-x rofl0B BbIKPUCTANIMN30-
BasioCh MOHSATME LMOPOBOro ocumnnorpada peasbHoro
BpeMeHu, basupyrouleecss Ha kpnutepum Hamksucta. Co-
rnacHo Teopeme HamksmcTa (MPUMEHUTENLHO K OCUM-
norpadum) CUrHan nocne ero perucTpaunm MoxeT BbiTh
KOPPEKTHO PEKOHCTPYMPOBaH M 0TObBpaXkeH be3 mckaxe-
HWI, eCNV Nooca NPonNyCcKkaHus ocumnnorpada MeHblle
MOMIOBMHbI 4aCTOTbI AVCKPETU3ALNK, MPUYEM ANCKPETHbIE
3HaYeHUs AOMKHbLI BbITb MONYYeHbl Yepe3 paBHble MpoMe-
SKYTKU BpEMEHN.

Co34aHmMe HOBbLIX aHanoro-undposbIx npeocbpasosarte-
ner (ALLM) c 4acToToM ANMCKPEeTU3ALUMM AECATKU rurarepl
NpeacTaBnsio CObOM CepbE3HYIO TEXHNYECKYIO Npobaemy,
MO3TOMY CTpOHOCKONMMYECKMe ocLMAnorpadbl 4Oroe Bpe-
MSA SBAANINCL He3aMeHUMbIMW. [laxke CerofHsa y psaoBo-
ro noTpebuTens oTCyTCTBYET MpaKTUYeCKas BO3MOXHOCTb
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nprobpecti ALLT c HacToToW AMCKpeTM3aLmm Bbite 10 Iy
y Hambonee M3BECTHbLIX MPOU3BOAMUTENEN 31eKTPOHHbLIX
KOMMOHEHTOB.

C pacwmpeHmem nonocbl NponyckaHns 1 NoBblWeHUEM
4acTOTbl AMCKPETM3aLMN HA MepBble MO3VLUNK BblABUHY-
nacb npobnema CToMMOCTY NPUHBOPOB, CBSA3AHHAN HE TOSb-
KO C TPEBOBAHMAMM BbICOKMX TEXHUYECKMX XapaKTEPUCTHUK,
HO 1 C onpefeneHHOM MONNTUKOM OCHOBHbLIX MPOM3BOANTE-
nen. COOTHOLWEHKe CTOMMOCTen LdpoBOro ocumanorpada
peanbHOro BpemMeHm 1 CTpoboCckonmyeckoro ocumnnorpada,
MMEeLLMX OAMHAKOBbIE YAC/IO KAHAM0B M MOJI0CY MPOnyCKa-
HUMA, YOKe MpeBbIaeT Tpu pasa.

PbIHOK OCLIM/INOTPA®OB C NOJIOCOW
MPOMYCKAHUA BAU3KOWU K 16 'y

B HacTosLLee Bpems CepUIMHO CTPOHOCKONMYeCKme OCLMAN0-
rpadbl C NONOCOM NponyckaHms 15—30 T, BbINYCKAOT TONb-
KO Tpu KoMnaHum — Keysight Technologies, Tektronix 1 Pico
Technology, npuyem nocneaHsas NpoaaeT Npmbopsbl, paspa-
60TaHHble 1 NPOM3BOAMMbIE MpeanpuaTrem Eltesta. Kom-
naHunga Teledyne LeCroy C pblHKa CTpOBOCKONMYECKMX OC-
umanorpadoB ywna.

Cxodkas cMTyaumsa HabnaaeTcs Ha pbiHKe LMPPOBBLIX OC-
umnnorpadoB C NONOCOW NPONyCKaHMs, 6anskom K 16 Ty,
Tam npucyTcTBytoT Keysight Technologies, Teledyne LeCroy,
Tektronix n Rohde & Schwartz, a B HacTosulee BpeMs K HUM
npucoeanHuUIncL Pico Technology n AO «MpuCT», pacnpo-
CTpaHsLMe NpoayKLUMio kKoMnaHuu Eltesta.

OTLENbHO HEOHXOAMMO YNMOMSIHYTb KNAcC WMPOKOMNOI0C-
HbIX aHANIM3aTOPOB CUMHANOB, OPUEHTMPOBAHHbIX TONKO HA
KOMMYHUKAUMOHHbIE U3MEPEHUS. 30eCh NPUCYTCTBYIOT KOM=-
naHum Keysight Technologies, Anritsu 1 MultiLane. Mo Ha-
LUeMY MHEHWIO, Takme Npnbopbl He ABASIKOTCS OCLMAI0rpa-
damu yxke XxoTs Bbl MOTOMY, HTO MVHUMA bHas 4acToTa CUH-
XPOHM3aLMW Y HUX MpeBbiwaeT 500 MIy, T.e. 3TV NpubopbI
He MOryT CHUTATLCS YHUBEPCANbHBIMM.

CnepyeT OTMeTUTb, 4To ocumanorpad AKMM-4133 (puc.1)
noa0CoM NponyckaHmsa 16 T Noay4YmMa HazBaHme «LMPOKO=
NONOCHbIM ocumnnorpad» (wide-bandwidth oscilloscope).
B mpouecce ero pa3paboTkm paccMaTpUBanmCh Takxke Takme
Ha3BaHusa, kak Near real-time oscilloscope 1 SXRTO (Sampler-
extended real-time oscilloscope).

PEA/IbHOE BPEMS, SKBUBAJIEHTHOE BPEMS
W HE TOJIbKO
B HacTosillee BpeMs M3BECTHbLI Cnefytoline OCHOBHbIE Me-
TOAbI 3axBaTa LWMPOKOMONOCHLIX CUTHANMOB C MOMOLLbLIO
ocumnnorpados:
e pexuM AMCKPeTM3aLuUKM B peasbHOM BpemeHu (real-
time sampling);
° DEXUM AMCKPETU3ALMM CO CyHanHbIM CTPOBMPOBa-
HVEeM B 3KBMBaNEHTHOM BpemMeHu (random equivalent-
time sampling, random interleaved sampling);

° peXUM AMCKpeTM3aLmy C NocnefoBaTe/lbHbIM CTPO-
H61poBaHMEM B 3KBUBANIEHTHOM BpemeHn (sequential
equivalent-time sampling, TpaaAMUMOHHbIE CTPOBOCKO-
nuyeckune ocumnnorpacb);

* TEXHOMNOTMA C YepeLoBaHVEM MOAOC MPOMNyCcKkaHMs

(digital bandwidth interleave);
° DEXMM KOTepeHTHOW uYepenytollencs
(coherent interleaved sampling);

e PEXMM NPELM3NOHHON BpeMeHHO M 6a3bl (low jitter 1am

precision time base).

Ocumnnorpad AKINM-4133 ncnonbsyeT nepsble ABa BMAA
AMCKPeTM3aumMm — B peanbHOM BPEMEHM M CO CIYHaMHbLIM
CTPOBMPOBaHMEM B 3KBMBANIEHTHOM BpeMeH . CAenaHo 3T1o,
npexzae Bcero, NoToMy, 4T0 06a pexkimMa 0becnevrBaloT yHW-
BEpPCaNbHOCTD, a TakXKe BePTUKANbLHOE 1 FrOPM30oHTaNIbHOE
paspelleHus, TUMNYHbIE A5 BbICOKOMPON3BOANTENbLHbIX
LUMPOKOMOMOCHbIX YHUBEPCALHLIX OCUMAI0rpados, o4Ha-
KO, MO NPUHLMAMANLHO BoNee AOCTYMHOM LieHe.

YTOBbI NOHATL, KakMM 06pPa3oM 3TO AOCTUIrAETCS, HEOBXO-
LMMO 06paTUTBLCA K CTPYKTYPHbLIM CXemMam LdpoBOro 3ano-
MuHatoLlero ocumanorpada (LU30). B L3O aHanorosbIn cur-
Han AUCKPETM3MPYETCS M OLUMGPPOBLIBAETCSA C MOMOLLbLIO ALLM,
NpeBpaLLascCb B MFHOBEHHYIO BbIOGOPKY, KOTOPas B Ad/IbHEN-
LIeM 3anoMMHAeTCs B NaMsaTn ocumanorpada. Pa3psgHocTb
ALM onpenenseT paspellarLlyo CNOoCOBHOCTb MO Hanps-
SKEHUIO, UK pa3pelleHne Nno BepTnKkanu, B TO Bpems, Kak
KOMIMYEeCTBO BLIBOPOK, B3SATbIX 38 OAMH UM HECKOIbKO L=
KJI0B 3axBaTa BXOLHOrO CUrHana, onpefenser paspellaro-
LIyt CMOCOBHOCTL MO BPEMEHM, MK Pa3peLleHmne no ropm-
30HTaNN, YTO ONPeAeNSeT B UTOre MHTerpasbHyto TOYHOCTb

BLIBOPKM

Puc. 1. IudpoBble 3aII0MHUHAOI[He OCLIKII0IPadhl C I10J10-
cot mponycKaHus 16 I'Ti: AKUII-4133 (4eThpeXKaHaIbHBI)
U AKUII-4133/1 (AByXKaHAIbHBIH)
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HMITYJIBC

CTPO6-
HMITYJIBC

Puc. 2, IIUKI 3axBaTa CUTHaJ/Ia B peaJibHOM BpeMeHU

M3MepeHuit. ECv B mpouecce AMCKPETU3AUMM NOSIYYEHHOE
KONIMYeCTBO BbIGOPOK HEAOCTATOYHO, LIMbPOBAs PEKOHCTPYK-
LM GOpMbl CMTHANA He BYAET ABAATLCA TOYHbLIM NpeacTas-
NeHMEeM MCXO[HOT0 aHaNOrOBOroO CUIrHaNa, T. €. OHa He byaeT
BEpPHOM. DTO aKkTyasbHO AN AMCKPETU3aUMM KaK B peasb-
HOM, TaK 1 B 9KBMBAEHTHOM BPEMEHM.

AUCKPETU3ALINA B PEAJIbHOM BPEMEHWU

Mpy ANCKpeTn3aumMm B peanbHOM BpemMeHKn ocumnnorpad
NPOM3BOAMUT BLIBOPKY BCErO CMrHaNa 3a OAMH UMK, [103TO-
MYy TaKkoW pexxum AMCKPeTU3aumm naeanbHO NoaAXOANT ANS
3axeara O4HOKPATHbLIX WM pefKo MOBTOPSIOLMXCA CUMHA-
nos (puc. 2).

Ocumnnorpad AKM-4133 coaepxxnT YeTbipe 12-pa3psa-
HbIX AL, nMeowmx MakCuManbHyto 4acToTy ANCKpeTmn3a-
ukm 500 ML, DTO 03Ha4aeT, 4To Takom ocumnnorpad no-
3BO/ISET 3aPErnCTpMpoBaTh YeTbipe He3aBUCUMMbIX O4HOKPAT-
HbIX CMTHaNA, COAEP XKaLLMX BbICOKOYACTOTHbLIE KOMMOHEHTbI
00 250 MT .

HeobxoAMMO OTMETUTb, YTO MMEHHO BbICOKAs 4acToTa
AVCKpeTn3aumm B 60NbLIEN CTeNeHW, YeM BXOAHbIE aHaNo-
rOBble y3/1bl, BAMSIET HA CTOMMOCTbL Npubopa, HaknaabiBas
CyLLLeCTBEHHbIE OrpaHNYeHnsa npu ero paspabotke. Bo m3-
bexxaHune 37oro B ocumnnorpape AKMM-4133 6611 MCNONbL30-
BaH PeXK1MM ANCKPETM3ALMM CO C1y4anHbIM CTPOBVPOBaHVEM
B 3KBVBAJIEHTHOM BPEMEHW, OTANYAIOLLUMINCS YPE3BbLIHANHO
BbICOKMM BPEMEHHbIM pa3peLleHrem, pasHbiM 400 dc.

ANCKPETU3ALIMA CO CNYYAWHDBIM
CTPOBUPOBAHUEM B SKBUBANEHTHOM
BPEMEHU

HecKoNbKO HEeCNOXHbIX pac4eTOB MOKasblBaeT Heobxoam-
Mble TpebOBaHMS K BpEMEHHOMY paspeLleHo 0CLMANorpa-
da c nonocow nponyckanmsa 16 Iru,.

Takon ocumnnorpad npuroaeH ANg M3IMepeHus rnas-
KOBbIX AMArpaMm C TaKkTOBOW 4aCTOTOM NPUBAM3NTENbHO
B ABa pas3a MeHbLUer, YeM Moaoca NponyCckaHmus OCUMIN0-
rpada, To ecTb 8 I'TU. Mepmnod 3TOM NOCNeA0BATENLHOCTH

paBeH 125 NC 1 MOXKET HBbITb 0TOBPaXKEH Ha LLIECTU AeNTEHNAX
FOPM30HTaNIbHOM WKaNbl C NpubansnTensHo 20 nc/aene-
HuWe. N KQYeCTBEHHOrO M3MepeHus rnaskoBown Amarpam-
Mbl HEOBX0AMMO, MO KpamHer mepe, 300 To4ek, TO eCTb Bpe-
MeHHOe paspelleHume ocumnnorpada AomMKHO 6biTb 400 dc.
570 B 5000 pas Bbile, Yem 4acToTa CTPOBMPOBAHMS OCLM-
norpada B peasibHOM BPEMEHMW.

Apyron nprmMep NokasbiBaeT CKOJIbKO TOYEK MOTYT HbiTb
CNOJIb30BaHbI MPY OLEHKe COBCTBEHHOW NepexoaHOM Xapak-
TepPUCTVKM NpY NOAO0OHOM e paspelleHnm. Ocumnnorpad
C NONOCOM NpONycKaHms 16 'L MMeeT COBCTBEHHOE BpeMS
HapacTaHWs NepexoaHOV XapakTepucTnKK 0T ypoBHSA 10% A0
ypOBHSA 90% NpUBAN3NTENLHO 22 NC, YTO ByAeT COOTBETCTBO-
BaTh 55 TOYKaM OTCYeTa N0 rOp1U3OHTaNN.

be3yC/I0BHO, AMCKPeTM3auma Co CaydamHbiM CTPobU-
pPOBaHMEM B 3KBMBA/IEHTHOM BPEMEHU MOXEeT ObiTb 1C-
MoJIb30BaHa TOMLKO A1 MOBTOPAOLMXCA CUrHaNoB. Of-
HaKO MHOXEeCTBO ObICTPOAENCTBYIOLLMX CUTHANOB UMEH=-
HO TaKMMU 1 9BASIOTCA, UKW UX MOXHO CAeNaTb Taknumm
NpW BbLIMOSIHEHUM TECTOB, NMO3TOMY KPyr 3ajady, pellae-
MbIX C MPUMEHEHWEM AaHHOI0 MeTOLAa, MOXET BbITb Ypes-
Bbl4YAMHO WMPOKNM. B pesxmme CJly4amHOro Ctpobrposa-
HMA B 3KBMBANIEHTHOM BpeMeHu ALLT paboTaeT Ha BHYy-
TpeHHen 500-MIL TakTOBOM 4acToTe, aCMHXPOHHOM MO
OTHOLWEHMIO KaK KO BXOAHOMY CUFHany, Tak U K CUrHa-
Ny CUHXpOHM3aUMn (puc. 3). BbI6OpKM C1rHana aenaiTcs
He3aBMCMMO OT CUrHana CUHXpOHM3aLUMKM, O4HAKO B fasb-
HerLweM VX NoMoXeHne OTHOCUTENIbHO MOMEHTa CUHXPO-
HM3aUWK ONpeaenseTcs C NOMOLLbI0 BpPEMEHHOro UHTep-
NoNsSTOpa — BbICOKOTOYHOIO M3MeEpUTenst 04HOKPATHbIX
BPEMEHHbIX MHTEPBA/OB.

NHTepnonaTop M3mMepseT BpEMEHHOW UHTEePBan Mexay
CMHXPOVIMMYNLCOM M CNeayoLLMM 33 HUM CTPO6-UMMY1bCOM
C paspeweHviem 400 ¢C 1, XOTSA CTPOH-UMMY/bChl ABNSIOT-
€A NocnefoBaTeNbHbIMK, OHW CTyHanHbI MO OTHOLIEH MO KO

CTpPO6-UMITYIIBCHL

Puc. 3. LIUKJI 3aXBaTa CUTCHAJIA [IPU CIYYaHHOM CTPOGHUPO-
BaHHWU B SKBUBAJIEHTHOM BpeMEHH
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BXOOHOMY C1rHany. OTCo4a M TEPMUWH, KOTOPbLIV Noay4mMna
3Ta TEXHONIOT WS, — «C/ly4arHOoe CTpOHMpOBaHMen.

OTMeTMM elle ABa npemmyllectsa ocumanorpada
AKWT-4133 no cpaBHeHWO, Hanpumep, C TpaaULMOHHbI-
MU cTpobocKkonuyecknmMu ocumnnorpadamm. Bo-nepsblx,
Nprubop MMeeT BHYTPEHHIOW CUHXPOHM3ALMIO, @ BO-BTO-
PLIX — OH He TpebyeT onepexatlowero cMrHana CUHXPO-
HM3auMM 1 No3BoAsSeT paboTaTb C Mpeas3anmncbio. Bos-
MOXHOCTb C6opa M NpoCMOTpa MHGOpMaunu, npeaule-
CTBYIOLLEV 3amyCKy, ABNASETCS HEOLUEHWUMbIM CBOMCTBOM
Takoro npubopa Npm NOWCKe HeMCNPaBHOCTEN M MO3BO-
nseT pa3paboTumnky 3GPGEKTUBHO HAXOANTL UX MPUYKHLI,
4ero He obecneymBaeT TPAAMLMOHHLIM CTpobockonuye-
CK1M ocumnnorpad.

CPABHUTE/IbHbIE XAPAKTEPUCTUKHU

PA3JIMYHBIX TUMTOB OCLLUNNOTPA®OB

B Tabn.1nprBeaeHbl CPaBHUTENbHbLIE XapaKTEPUCTUKM TPeX
TUNOB YeTbipexkaHanbHbIX USB-ocumnnorpados — oCLMAN0-
rpada peanbHoro spemenn AKMIM-76404D, ocumnnorpada
peanbHOro BpeMeHM CO Cly4anHbIM CTPOBMPOBAHMEM B 3K-
BMBaNEHTHOM BpemeHu AKWNIM-4133 1 cTpobockonmuyecko-
ro ocumnnorpada c NocneaoBaTeNbHbLIM CTPOOMPOBAHKEM
B 3KBMBaNIEHTHOM BpemeHu AKINM-4132/9.

[ns cpaBHeHWS NpYBeLeM TexHUYeckne 1 LIeHOBbIe Xa-
PaKTEPUCTUKN HACTObHbLIX YeTblpexKaHabHbIX WWPOKO-
MONOCHbLIX OCUMINOrpadoB peasibHOro BpemMeHu, mocTas-
JISEMbIX BEAYLLMMM NPON3BOANTENSAMMN!

e Keysight Technologies, DSOVI64A: nonoca nponycka-
HMa 16 TTU; YeTblpe KaHana, MakcMmasibHas Yyacrtora
avckpeTnsaunmn 80 Mebi6. /¢ (oBa kaHana), 40 MBbI6. /C
(4eTblpe KaHana); MakcvMabHbI 06beM NamaTy
2BbIb.: LeHa 226500 gonn. CLWA;

e Tektronix, DPO71604C: nosioca nponyckanna 16 Iru,; ve-
Tbipe KaHana; YacToTta anckpetraunmn 100/50 'ebib. /C;
O/MHA 3anucK Ha KaHan 31,25-250 MaH Todek; ue-
Ha 256500 gonn. CLUA;

e Teledyne LeCroy, WaveMaster 816Zi-B: nonoca npo-
nyckaHma 16 Ty, 4eTbipe KaHana; 4acrota Anckpe-
Tnaumm 80/40 ITL; MaKCMManbHbIM 0bbemM NamMaTm
32-256 M6awnT; ueHa 204970 nonn. CLUA.

CTPYKTYPHASl CXEMA OCLIUNINOTPADA
AKWN-4133

Ob06LLEeHHAdA CTPYKTYpHAas cxema ocumnnorpada AKINM-4133
nokasaHa Ha puc. 4. OCHOBHbLIMW y31amMu Npnbopa ABASI0T-
s cncTemMa cbopa AaHHbLIX, MHOrOMYHKLUMOHaNbHas MNINC,
MUKPOKOHTponnep ¢ USB- n LAN-vHTepdencamm, a Tak-
e UCTOYHMK NuTaHus (Npnbop nutaeTcs oT 12-B ceTeBoro
aaanTtepa). YnpaeneHve paboToi OCyLeCcTBASETCA MO WH-
Tepdency USB. Cuctema cbopa OaHHbLIX COAEPXKNT YeTbipe
MOEHTUYHbIX KaHana, yCTPOMCTBO CMHXPOHM3AUNM U HTEP-
nonsTop. Mx paboTta onmcaHa Huxe.

KAHAN BEPTUKAZIbHOTO OTKNOHEHUA

LleHTpanbHbIM 3/1eMEHTOM KaXKA0rO M3 YeTbipex KaHanoB 0C-
umnnorpada SBageTcs WpoKOnoJI0CHOe YyCTPONCTBO BbIOOP-
KN 1 xpaHeHns (YBX), 3anoMunHatollee aHanorosoe Hanps-
SKEHME Ha BXOAe KaHana B MOMEHT BPEMEHW, OnpeaensieMbii
NpUX0AOM CTPOB-MMMNyNbca € YacToTton 500 MIu. Monoca
NPOMNyCKaHMA KaXKLoro 13 KaHanos coctaBnaet16 My, CTpyk-
TypHas cxema KaHana BepTUKaIbHOrO OTK/IOHEHWS NnpuBe-
[eHa Ha puc. 5.

BXOAHOW CUrHan pa3BeTBngeTCs Ha CUMMETPUYHOM MO-
JIOCKOBOM PEe3UCTUBHOM AennTtene HanpskeHus. OgHa no-
NI0BMHA CMrHana noctynaet Ha YBX, Apyras — Ha koMmnapa-
TOP CMHXPOHM3aTopa. BXO4HOE CONpOTMBEHME KAHaNa paB-
HO (50#1,5) OM. MpK MaKCUMaNbHO AOMYCTUMOM BXOAHOM

Kanganl YCTPOMCTBO
> BBIOODKHU — ALIll = IUIMC
Y XpaHeHud 1
I I
KaHai 2 YCTPOMCTBO
BBIGOPKU 1 ALIl2 ——
U XpaHeHUsd 2
I [
Kanai 3 YCTPOMCTBO
BBIGODKU 1 ALI3 ——
Y XpaHeHUd 3
I [
Kanan 4 YCTPOMCTBO
BBIGOPKU —  ALIl4 ——
U XpaHeHUs 4
I I
:, |, HHTepmo- ||
. JISITOD
YCTPOHCTBO
CUHXPOHU- T
Jenutenb 3aLUH
YaCTOThL T'eHepaTop
— TaKTOBOM —
YaCTOTHI
USB l
MHUKpO-
LAN KOHTpO/IEp |

Puc. 4. O60611eHHas CTPYKTYPHAs CXeMa ocLirIorpada
AKUII-4133
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Ta6nuna 1. CpaBHUTENIbHBIE XaPAKTePUCTUKU USB-ocuMIIorpadoB pa3IUYHbIX TUIIOB

ITapaMeTphL

Turm ocuuiorpada

AKMUII-76404D

PeanpsHOro BpeMeHU

AKHII-4133

Co clmy4arHBIM CTPOOUPO-
BaHIeM B 3KBUBAJIEHTHOM
BPEMEHU

AKWII-4132/9

CTpo60oCKOIYeCKU T

C [IOCIe0BATEIFHBIM
CTPOGUPOBAHUEM

B 5KBUBAJIEHTHOM BpPeMeHU

YMCIo KaHaJIoB

4

4

4

ITomoca IpoIyCKaHus

500 MI'1y

16 T

25T

CpenHeKBaApaATHUYECKUIL

0,32 IpH OTKIIOHEHHHU

2,4 1IpHu BCeX OTKIIOHEHUSIX

2,5 rIpHu BCceX OTKIIOHEHUSIX

YPOBEHDb COOCTBEHHBIX 5 MB/pen

LIyMOB, MB

ITorpemrHoCcTs +3% OT IIOJIHOM IIKAJIbI +2% OT IIOJIHOM IIKAJIbI +2% OT IIOJTHOM LIKAJIEI +2 MB
U3MepeHUs IIOCTOSTHHOTO

HAIPSDKeHUS

Ko3dpdUIIHeHTH 10 MB/men -4 B/gen (1 MOMm); 10-250 MB/zen (50 Om) 1-500 MB/ e (50 Om)
OTKJIOHEHU S 10 MB/men -1 B/men (50 Om)

Camas 6pIcTpas

PeasibHOe BpeMs: 1 HC/ e,

20 ric/pgen

5mc/pen

pa3BepTKa DKBHBaJIeHTHOE BpeMsi:

50 ic/men
ITorpemHoCThb +2 ppm-T,; +50 ppm-T,+0,1% T, +5 1ic +0,2% T,£12 ric uin
U3MEPEHUS +5% T;x511C
BpPeMeHHBIX UHTEPBAJIOB
IIpens3amnuce Ja Ja Het
YacroTa ctpobupoBaHus  1/2,5/5TIT1g 500 MI'Ly 1 MI'Lg
B peJIbHOM BpeMeHU
YacToTa CTpo6GUpPOBaAHUS 50 Ty 2,5 TT1 15TT1Lg
B 9KBUBAJIEHTHOM (cmygariHoe CTpPO6HUPOBAHUE) (mocnmemoBaTenbHOE
BpeMeHU CTpo6UpOBaHUE)
PaspspaHOCTh ALIIT, 6UT 8 12 16
JIITHMHA ITaMSATH Ilo 2 TBEIO 250 KBBIO 32 KBHIO
BHyTpeHHag J1o 500 MTI'1g Jo 5TIT1y J10 100 MTI'1g
CHUHXPOHM3ALIUs
BHelHgs Het Jo 16T Jo 16 I'TLg
CUHXPOHU3AL U
CHUHXPOHU3ALIUS Het Lo 8 T6urt/c Io 11,3 T6ur/c
C BOCCTAHOBJIEHUEM
TaKTOBOM YaCTOTHI
CpenHeKBagpaTUYeCcKoe HeT cneniupuKaLiU <2 <2
3HAYEHUe HeCTabUIbHOCTH
CHUHXPOHMU3ALUHU, IIC
LieHa (oxTs6ps 2019), 610830 1460560 2383200
pyo6.

HDMMQL{aHV]eI T[ — ANVHA N3MepseMoro BpeMeHHOro MHTepBana, TS— BpemMd, COOTBETCTBYIOW e WMPUHE IKPaHa.

106 2NEKTPOHUKA HAYKA | TEXHOJIOTH S | BUSHEC

Ne10 (00191) 2019



KOHTPOJIb U UBSMEPEHUA

www.electronics.ru

LAIL | .9 18-ITrm Ycunurenb 12-6uT
HaIIpSDKeHUS YCTPOKCTBO AL
L L >
KOMIIEHCALIUU BBIGOPKI
U XpaHeHUs
50 OM 500-MTI'LL CTPOG-MMITYJIEC
Bxopm kaHama — KanubpoBOUHOE HAIIPSIKEHE
| S
2KOMm
50 Om

Ha KOMIIapaTop CHHXPOHH3aTOPa

Puc. 5. CTPYKTypHas CXeMa KaHa/la BePTUKAJIBHOTO OTKIIOHEHU

HanpskeHUn +1,4 B AMHAMUYECKUIA AMAna3oH BXOAHbLIX CUM=
Hanos cocTtaBnseT +0,8 B.

Ocumnnorpad AKMM-4133 obecnednBaeT Tpu pexxmma no-
JI0Cbl MPOMNYCKaHWA. VIX nepexoaHblie xapakTepucTmkm npu-
BeAeHbl Ha puC. 6. B peXxume LWMpOKOW NOAOCLI MponycKa-
H1S NpMbOp MMeeT NOA0Cy NPONyCKaHns 16 TTL Npy TMNO-
BOM CpeHEKBaAPATUHECKOM 3HAYEHMM YPOBHS COBCTBEHHbIX
LWYMOB MeHee 2,2 MB. B 3ToM pexxume YBX paboTaeT B CBOEM
TPAAMLMNOHHOM pexxMe BbIBOPKM M XpaHeH s . B pexxmme
cpefiHer nonockl ocumnnorpad obnagaer moaocon npo-
nyckaHwmsa 450 MI'y npw yposHe wymos 0,65 MB. B pexxume
Y3KOW MONIOChI B TpaKTe MCMONLb3YeTCs AONONHUTENbHbIN

yeunuTenb, obecneymBaloLLMM NONO-
cy nponyckaHmsa 100 My, npu ypoBHe
wymoBs 0,45 mB.

Ha pwvc. 7 npuBefeHbl HaCTOTHbIe Xa-
pPaKTePUCTUKU, N3MEPEHHbIE B Pa3/iny-
HbLIX paboyKx KaHanax YeTbipex ocLUmI-
norpados. M3 rpadmkoB BUAHO, YTO
noJsioca NponyckaHunsa, onpepensemas
KaK AManasoH 4acToT, B npefenax Ko-
TOpOro ocabneHvie c1MrHana He npesbl-
waet =3 b OTHOCUTE/IbHO BESINYMNHDI
CMrHana Ha onopHom YyactoTte 10 MIw,
BO BCex KaHanax npesbiaert 16 My,

CKOpOCTb BOCMPOM3BEAEHNS WM-
MyNbCHOTO CUTHana B ocumnnorpage
XapakTepusyeTca BpeMeHemM HapacTa-
HWSI NEPEeXOAHOM XapaKTePUCTNKM, KO-

TOpOe ONpeaensioT Kak BpeMs HapacTaHus 130bpaxkeHuns
MMMNyAbca OT YpoBHA 10% [0 ypoBHA 90% amnanTyabl. Oc-
umnnorpad C Nonocom nponyckanma 16 Iy gomkeH obna-
[aTb pacyeTHLIM BpeMeHeM HapacTaHus, 6ar3KuM K 22 nc.
[lna npoBepky 3TOro napamerpa HeobxoAMMO UCMOMb-
30BaTh nepenaj HanpskeHus C ANUTEeNbHOCTLIO GpoHTa
7—8 MC, 4TO Ha NpaKTMKe OCYLLEeCTBNTb 4OCTATOYHO C/TOXKHO.
Ha puc. 8 npuBeseHa cymmapHas nepexogHas xapakrepu-
cTrKa ocumnnorpada AKINM-4133 n reHepaTopa MMMNyALCOB
AKWM-3308/3 c bopmumpoBaTenemM nepenaga HanpskeHums,
NMeLWUM AUTEeNbHOCTL GPOHTa NPpUBN3MUTENLHO 20 NC.
CyMMapHOoe BpeMs HapacTaHus napbl ocumnnorpad/reqe-

patop coctaenseT 30,31 nc.

[6nss ET  sample
400 GSals 20KS 49 Wim

cns 1 edge  mign
[Trigd  F-46.801079 ki

90%

KoadpduiyeHT

T 1500e T - |

{awtol{Max]

Current
3546ps 49
7198 ps 3
2873ns 1

Minimum
5752ps
7198 ps
2873ns

Maximum
#M.22ps
7198 ps
2873ns

Mean
2438ps 7.926ps
7198 ps 0s

2873ns

Rise Time (Ch1)
Rise Time (M2}
Rise Time (M1)

Puc. 6. Tpu GOpMBI IepeXOAHBIX XaPaKTePUCTUK OCLIUJLIO-
rpada AKHMII-4133 B 3aBUCHMOCTH OT I10JIOCHI IIPOITYCKAHUS .
CBepxy BHM3: IIIMPOKas, Y3Kasd U CpefHIsd

rnepemayu

Kak yCTpomMCTBO BbLIBOPKM U XPAHEHUS, TaK U yCUANTE-
NV, UICNONb3yemMble B ocumnnorpade, oTan4aTCsa BbICOKOM
NNHENHOCTbIO. 12-pa3psaaHbin ALM no3BonseT M3MeHaTb
; KO3DPUUMEHTLI OTKNOHEHNS OT 10 go 250 MB/gen, coxpa-
HSAS MPY 3TOM THUMOBOE 3HAYeH e NOrpeLlHOCTU M3MepeHns

— Kananl
— Kananl
— Kananl
— Kananl

6 8 10 12 14 16 18 20
Yacrora, I'T1g

— Kanan2 — Kawan3 — Kanan4
— Kanan2 — KaHan3 — Kanan4
— Kanan2 — KaHan3 — KaHané
— Kanan2 — Kaman3 --- -31B

Puc. 7. YaCTOTHBIE XapaKTEPUCTHUKHU, IIOTyIEHHbIE IIPU 16
M3MEPEeHHUIX B PA3IUYHBIX KAaHAIAX YeThIPeX OCLIUJIIOrpa-
doB AKMII-4133
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Cn1 1 Edge  mign

50 pss ET  sample
Trigd  F-93.695042 iy

25 Tsals  1.25KS 29 Wim

"

=y
s -
s e

{Auto}{Max]

Mean
3034ps
166%

Maximum
3291ps
1376%

Minimum
2599ps
2.65%

Current
29ps
189% 2

154ps

Total Wms
29
1219%

Rise Time (Ch1)
Pos Overshoot (Chi)

Puc. 8. CymMapHas IepexofHas XapaKTepUCTUKA OCLIUJIIIIO-
rpada AKVWII-4133 u reHepaTopa UMITyIbCcOB AKMII-3308/3

¢ dopmupoBaTeneM, UMEIOIIHUM AIHUTEIbHOCTb QPOH-

Ta 20 nmc. CymMapHoe BpeMs HapacTaHus 30,31 1ic

HanpsKeHna meHee +1,5% 0T MOIHOro HOMMHAaNa WKabl. Ha
puc. 9 npvseaeHa oCLMAN0OrpaMma aBTOMaTNYECKOr 0 n3me-
peHVsa aMmInNTYyAbl NMPAMOYTrOIbHOTO MMMyAbca. Mpu ycTa-
HOB/IEHHOW HA UCTOYHMKE CUrHANA aMNaUTyAe MMNYALbCa,
paBHOM 700 MB, M3MepeHHOe 3HaYeH e coctaBnseT 703,1mB,
4TO COOTBETCTBYET norpewwHocT 0,44%.
OnddepeHunansbHas CTpyKTypa YCTPOMCTBA BbIBOPKMK
N XpaHeHMa MNo3BOMMAA MPOCTO U 3ddekTUuBHO obecne-
YUTb NoAa4vy HanpsHKeHUs KoMneHcauum. OHO M3MeHseTCs
oT =140 +1 B ansa noboro kosdpduumeHTa OTKIOHEHUS C TU-
MOBOW MOrPELUHOCTLIO 1%, NP 3TOM YXO4 HY/1S HEe MpPeBbl-

waet1mB.

CUCTEMA BbICOKOYACTOTHOW
CUHXPOHU3ALKUKU
OAHOW 13 KNKYeBbIX Mpobaem Npy pa3paboTke CTONb WNpOo-
KOMOJIOCHOT O ocumnnorpada, kak AKINIM-4133, ctano cozgaHme
CMHXPOHM3aTOPa, 0bn1aaatoLero NpeaenbHO HU3KMM 3Haye-
HMeM HecTabunbHOCTN CUHXPOHM3ALMN. TPYAHOCTU, NPeX-
[le BCero, bbinn CBA3aHbI CO CNeayoWwmMmn NpuirHamm.
Bo-nepsbix, AKWNIM-4133 He aBnsetcs ocuuanorpadom
peanbHOro BpeMeHu, YAOBAETBOPSIOLMM KpuUTepuio Ham-
KBMCTA BO BCEW NOA0CE NPONyCKaHus. No3TOMY MCNOAb30-
BaHMe TaK Ha3blIBAEMOro MpOrpamMMHOro pexymMa ChUHXpO-
HM3aUMM He NPeLCTaBNSAN0Ch BO3MOXHbIM.
Bo-BTOpbLIX, He Mpefnonaranack pa3paboTka CMHXPOHKM3a-
TOpa, KaK 3akoH4YeHHOW bBC, YTO 3HAYMTENbHO YAOPOXIMI0
Bbl pa3paboTky. B UTOre CUHXPOHM3ATOP ObiN CO3A4aH Ha base

B o b
|5MSals  10KS 2455 KWim| |Trig'd F=1.0000001 kH:|
c T
i
Scales :" utof Max|
Current Total Wfms Minimum Maximum Mean Std Deviation
Amplitude (Ch1) 7034 mV 2454 7034 mV 7034 mV 7034 mV ov

Puc. 9. ABTOMaTHUYeCKHe U3MEPeHUs AMIUIUTYABI IIPs-
MOYTOJIPHOTO MMIIYJIbCA C IIOTPEIIHOCThI0O MeHee 0,5%

Havbonee ObICTPOAEMNCTBYIOLIMX MHTErPabHbIX MUKPOCXEM,
061a4a0WMX CKOPOCTAMM NepeksitodeHns 6-10 TTL v KpyTm3-
HOW BbIXOAHbLIX Mepenagos CBbiwe 4 B/ Hc.

CTpyKTypHasa Cxema CUHXPOHM3aTOpa npuBeLeHa Ha
pnc. 10. Ocumnnorpad obecrnevymBaeT BHYTPEHHIOKD CUH-
XPOHM3aUM0 B NO0Ce YacToT Ao 5 Ty, ans noboro ns ye-
Thipex KaHanos (puc. ). BxoaHble 6bICTPOAENCTBYOLIME
KOMMapaTopbl NO3BONISIOT PerynmpoBaTb YpOBeHb CUHXPO-
HM3aUMKM N TucTepesnc, obecneymsas 4yBCTBUTENbHOCTL
ny4quwe 50 MB.

B peXxrmMe NpsMOon BHYTPEHHEeN CUHXPOHM3aL MM BO3SMOXK-
HO BbIOPaTHL MOOYIO 13 MONSPHOCTEN CUHXPOHM3ALMM, A TaK-
>Ke MCMO0Nb30BaTb ABYXMOASPHLIN PEXVIM, KOTOPbLIN MO3BO-
JISeT perucTpMpoBaTth Tak HasbliBaeMble MCeBAOor/1a3koBble
Avarpammbl. TaKOW PexXM MOXET BbITb MCNOMb30BaH A/1S
4actot oo 2,51y,

And paclmpeHns AranasoHa BHYTPEHHeN CUHXPOHM3a-
uMm 0o 5 Ty B ocumnanorpacde npegycMOTPEH pPexKumM C ae-
NIUTENEM HACTOTbl. DTOT PEXMM OCOBEHHO akTyaneH npu 13-
MEPEeHMAX Ha TaKMUX MOMYyASPHbLIX TAKTOBbIX 4acToTax, Kak
2,51n325T1Tu.

OTANYNTENBHOM 0COBEHHOCTLIO ocuUmnnorpada AKINM-4133
ABNACTCH BO3MOXHOCTbL CMHXPOHM3aLMM NpefesibHO KOpOT-
KUMMW MMMYIbCaMn. DTO aKTyaslbHO Kak Mpu perncrpaumm
MPOCTbLIX MMMY/IbCHBLIX CUTHAN0B, TaK M MPW aHaNM3e BbICO-
KOYaCTOTHbLIX NOCNeA0BaTeNbHOCTEN. Ha puc. 12 npuBeaeH

NpUMep CUHXPOHM3ALMMN KOPOTKUM UMMYILCOM AJNTENLHO-
CTbio MeHee 81 MC. MNybCbl Takow ANUTENLHOCTU ABASHOT-
€S CAaMbIMK KOPOTKMMMW B MOC/IEL0BATENIbHOCTY, MMetoLLen

TAKTOBYIO HaCTOTY 12,5 F6UT/C.
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BHEIIHUI BXOA JeTUTENS YaCTOTh

K1

— Kommapatop
_.| 1-ro kaHa/Ia

K2

— Kommnapatop
|,/ 2-To KaHanma

K3

— | KommapaTtop
|| 3-ro KaHama

K4

— | KommapaTtop
|,/ 4-ro kaHama

KommyTaTtop
HCTOYHHKA
CHHXPOHH-
3aUH

Jlenutenb ™
YaCTOTHI
A0 16 IT1 TleTUTeNnb
YaCTOTHI
0o S5ITL
BoccTaHo- Ha 4
BUTEb
™ TaKTOBOM ]
YaCTOTHI
o 8 Téut/c
BHYTpeHHHUMN
2-MTI'11
Cxema TaKTOBBIH
L.l BBIGODA CHUTHAI
TOISPHOCTU

ITporpaMmu-
1Dy Ha BCTpOeHHBIi YacTOTOME]D
. JemuTens
YaCTOTHI
Ha 16
Kommy-
TaTop
! BY-THHUS
BBIGOpA 3aIeP>KKU 3amycK
crroco6a HHTepPIIOoNSITOpa
CHHXPO-
HU3ALUU
C C
D-Tpurrep 1 D-Tpurrep 2 Bsixoz,
CHHXDOHH3aTOPa
D o—{D o)
R

ITAIIBI yPOBHSI CHHXPOHH3ALIUKA

Puc. 10. CTpyKTypHasa cCxeMa CHUHXPOHH3aTopa

B pexkume BHYTPeHHer CUHXPOHM3aLMn CyLLeCcTByeT BO3-
MOMHOCTb BOCCTAHOBNIEHMS TAKTOBOW YaCTOTbI MCEBAOCY-
YyanHom nocnegosaTenbHocTM (MCM). Tako pexxnm Heob-
XOAUM A5 0TObpakeHms NOCNeA0BaTeNbLHOCTH B GOpMe
FNa3koBOM AnMarpammbl 1 ee ganbHenwero aHanmsa. Oc-
umnnorpa® AKMIM-4133 no3BosisieT BOCCTaHaBAMBaATb Tak-
TOBble 4aCTOTbLl NocsiegoBaTensHocTer ot 10 Méut/c Ao
8 [euT/C, Tem cambiM 0becnevmBast nepekpbITme Hanbo-
nee NonyasipHbIX TAKTOBbIX YaCTOT KOMMYHUKALMOHHbIX
CTaHOApTOB.

ov (26TSals 8005 29 Wfm | Trig'd F=4.9990972 GH;|
yd g 0%
Y A
J/ N 7 4 \ N
/ O 200 IV W
= Fi "\ / ; \ \\ T
\\ ‘\ / / \

H
i

Current
Undefined 0

5885 pe. 29

47.42ps 58

Minimum
HIA
5493 pe
-47.86ps

Maximum
NIA
58.96 pe.
4656 ps

Mean
HIA

5843 pe
-47.26ps

Std Deviation
HIA
72167
3421

Frequency (Ch1)
Rise Time (Ch1)

Delay 1R-IR Ch1-Ch2

Puc. 11. FTapMOHHYeCKHe CUTHAJIBL C YacTOTOoM 5 I'T1y IIpu
BHYTPeHHeN CUHXPOHHU3AIIUU

-

|

VIMITY/IbCBI 67I0KMPOBKH CHHXPOHM3ATOPA

Ha puc. 13 npmBeaeHa rnaskoeas anarpaMmma 8-remt/c
noc/1e0BaTeIbHOCTH, 3aPerucTpMpOBaHHAS B PEXKMME BHY-
TPEHHeN CUHXPOHM3aLUMKN C BOCCTAHOBNEHMEM TaKTOBOW
4acCTOoTbl.

Bo BCen nonoce nponyckanms 16 ML CMHXPOHM3aLNS
obecneymBaeTcs Npu MCNOMb30BAHUM AOMONHUTENLHOIO
BHELUHero Bxo4a AeNnnTens 4actoTbl. Mcnonb3yembit B 0C-
umnnorpade aenuTens 4acToTbl 061a4aeT nporpammMmmnpye-
MbIM KO3POULIMEHTOM AeneHns oT 14016, a Takoke MasbiM af-
AUTUBHbLIM GA30BbLIM LLYMOM, MOMOrakLwmm A0OUTLCS H3-
KOTO YPOBHS HECTAbUALHOCTN CMHXPOHM3aLMK. Ha puc. 14
nokasaHa oCuUMII0rpaMmma rapMoHU4YeCckoro cmrHana ¢ 4a-
CTOTOM 16 I'TL, CHATAs B peXKMIMe 3KPAHHOTO HAKOMIeHUS.

Obuwas HeCTabuIbHOCTL CUHXPOHM3ALMK OCUMIIOrpa-
da onpenenseTca CyMMapHOW HeCTabUIbHOCTLIO CUHXPO-
HM3aTOpa M WMHTepnonsTopa. AHanM3 0benx COCTaBNSA0-
LUMX MOKA3bIBAET, YTO KXKAbLIN M3 3TVX ABYX Y3/10B UMeeT

[200ps/ ETS  Sample | [Cht / Edge

High 1
1Tsas  2ks  1.002 k| (g

F=33.33333 MHz

ler

Totsl Wims.
1001
1001
1001

Minimurm
T422ps
3054ps.
3654ps
1.225ps

Maximum
#549ps
4375ps
503ps.
1972ps

Mean
80T4ps
3609 ps
456 ps
1585 ps.

Pos Width (Ch1)
Rise Time (Ch1)

Fall Time (C)

Pos Jitter RMS (Ch1)

Puc. 12, BHYTpeHHSIS CHHXPOHU3ALIUI UMITYJIbCOM JJIU-
TeJIBHOCTBIO 81 I11C
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2084psi ET  sample
25TSals 5215 195 Wim

Ext. Presc
Trig'd  F-7.98801962 GHj

‘

e
Current Total Meas Minimum Maximum
Bit Rate (Ch2) 7.975 GBit/s 33 7.968 GBit's 7.98 GBit/s
Jitter RMS (Ch2) 1.888 ps 33 1768 ps 1.896 ps
Crossing % (Ch2) 50.97 % 33 50.47 % 5124 %
S/N Ratio (Ch2) 2033 33 2048 20.38

Puc. 13, I';ma3koBasi fuarpaMmma 8-I'6UT/C IocIen0BaTeNlb-
HOCTHU, 3apPeruCcTPUPOBAHHAS B pesKMMe BHYTPeHHeM CUH-
XPOHHU3ALIMU C BOCCTAHOBJIEHHEM TaKTOBOM YaCTOTHL.
CpeIHEKBaZpaTUUYECKOe 3HAYEHHEe HeCTA6MIbHOCTYU CUH-
XpoHU3auuu 1,896 1ic

COBCTBEHHYIO CpefiHEeKBALPATUYECKYID BPEMEHHYIO HecTa-
BUNLHOCTL, 6AKM3KY0 K 11C, YTO B CyMMe AaeT okono 1,5 nc.
ANa MVHUMM3AUMM 3TOTO 3HAYEeHNS Npu pa3paboTke cepb-
e3HO0e BHMUMaHKe yaensnocs TonoNOrmy neyaTHoW nnathl,

CI\IlEdg: High

260 mv/ (250 mvi 20 ns) ET
ov ov 500 Gsais 100 ks 3| wnn Tnga F-100.00004 M|

1 \W{NIN |

Offset + Position Horizontal Scale
Channel 1 250 mVfdiv £25mV 20 nsidiv -100 ns
Channel 2 250 midiv 8875 mV 20 nsidiv -100 ne
Channel 1 (Zoom 1) 250 mVrdiv ov 2 nsidiv Sns
Channel 2 (Zoom 1) 2650 midiv ov 2 nsidiv $ns

Ext. Presc
Trig'd =F=16 OGHz

(50 mur 20 pss ET  sample
ov 25Tsals 5005 290 Wim

Puc. 14. OcuuaaorpaMmMa rapMOHUYECKOr0 CUTHajIa
C yacTtoTo¥ 16 I'T1g

0COBEHHO NCK/IOHEHWIO BAUSHNS LWYMOB 1 MOCTOPOHHMX Ha-
BOAOK. laxke Ha NpefeNbHbIX CKOPOCTAX (Hanpumep, 4 B/HC)
nepefiaBaemMble CUrHas bl BCE elle ABNSTCS BOCMPUMMYMBDI-
MW K LIyMaM. He3Ha4mTenbHas WymMoBas COCTaBASIOLAN MO-
XKET NPUBECTU K 3HAYNTENLHOM BeNNYMHE HEeCTabWbHOCTY
CYHXPOHM3aUMW. Hanpumep, aaanTUBHbIV LLYM BETUYNHON
1 MB MOXET NpUBECTU K AONONHUTENLHON HECTABUNLHOCTM

[chi 1 Edge  High

(250 mr zso mv) [20 ns! ET  Sample
ov ov 500 GSals 100KS 14 Wrm [Trigd  F-99.99904 Miz,

cwW T

o i
Vertical Scale Offset + Position Horizontal Scale Delay + Position
Channel 1 250 mVidiv 625 mV' 20 nsidiv -100 ns
et e e B =
Channel 1 (Zoom 1) 250 mVidiv ov 2 nsidiv 6ns

Channel 2 (Zoom 1) 250 mVidiv ov 2 nsigiv $ns

Puc. 15. [IpaBUIBHBIN BEIGOD BpeMeHU 6JI0KUPOBKHU I103BOJISET IIOYUUTh CTA6UIbHOE 0TO6paskeHue 50-M6UT/ C

I10C/IeA0BATEIIPHOCTHU
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Ha OAHOM Kackaze nopsaaka 0,25 ¢, YTo Ha AeCaTV Nocneno-
BaTe/bHO COAMHEHHbIX KackaLax y>ke AaeT AOMNONHUTeNb-
HOe 3Ha4yeHue, npesblwatowee 0,75 nc. Mo3ToMy BONLLNH-
CTBO MOJIOCKOBLIX IMHWUI NepeaaYyt CUrHanoB BbIMOHEHO
HN3KOOMHbLIMW U AN depeHuManbHbIMU.

B 3aKkt04eHme ynomsaHeM QyHKLMIO 610KMPOBKM CUHXPO-
HM3aumu. Npu M3MeHeHUN BpemMeHW 610KMPOBKM 3Ta GYHK-
Lms obecneymBaeT CTabuibHOe 0TOBpakeHme KOMMIEKCHbIX,
HO NOBTOPSAIOLLNXCA CUIHAN0B, TakKX, Hanpumep, Kak MNcri-
nnn TB-CUrHabl, MMEIOLLMX KaAPOBYIO U CTPOYHYIO CTPYK-
Typy (puc. 15). Ocumnnorpad AKWM-4133 no3sonseT usme-
HATbL BpeMs 610KMpoBKM OT 500 HC 40 15 C Wwarom 4 Hc.

U3MEPUTE/Ib BPEMEHHbBIX UHTEPBAJ1IOB

C CYBNMUKOCEKYHAHbIM PA3PELWIEHUEM

B ocumnnorpacdax, paboTatoLimx B peXKnMMax peanbHOro Bpe-
MEHMU 1 CIY4anHOro CTPOBMPOBaHMS B 3KBMBASIEHTHOM Bpe-
MEeHW, TakToBasd YacToTa ANCKPeTM3aLmMm aCMHXpOHHA No OT-
HOLLIEHMIO KO BXOAHOMY CUTHaNY CUHXPOHM3auUmu. Ans npa-
BW/IbHOr0 CH0pa AaHHbLIX O BPEMEHHOW KOOPAMHATE CUrHana
B 3TOM PEeXMME MCMOb3YeTCH N3MEPUTE/b BDEMEHHbLIX NH-
Tepeasos (MHTEPNONATOP).

CTpyKTypHas cxema noAobHOro MHTepnonaTopa noka-
3aHa Ha puC. 16. VIHTepnonaTop nimepseT nHTepsan Bpe-
MEHW MeXay CUHXPOUMMYNbCOM 1 BTOPLIM C1IeAyIOLLMM 33
HAM VMMYTbCOM TAKTOBOW 4aCTOTbl. TakoW MHTEPNONsTOp
nveeT ABe 0COBEeHHOCTU.

Bo-nepBbiX, 3T0 — M3MepuTesib OAHOKPATHbIX, @ TOYHEe He
MOBTOPSAOLLMXCA BPEMEHHbLIX MIHTEPBAOB, MOCKO/bKY aChH-
XPOHHOCTb NOSABEHWS CUTHAA CUHXPOHM3ALLMK 1 TAKTOBO-
rO CMTHanNa BapbMpyeTcs OT 3axBaTa K 3axBarTy.

BO-BTOPbIX, TAKOM MHTEPNONATOP 06/1aZ1aeT BbICOKMM Bpe-
MEHHbLIM pa3pelleHrem, paBHbIM 400 ¢C, 4TO COOTBETCTBYET
3KBMBANEHTHOW YacToTe CTpobmposaHms 2,5 Ty, CurHan,

500-MT'1] TaKTOBBIM CUTHAJT

< € 25-HC
D-Tpurrep 1 D-Tpurrep 2 TeHepaTop
—~ D Q—D Q 3a/IeP>KKUA
Cron
IHUI006Pa3HOTO
HaTIPSDKeHUS
CHHXPOUITYJIBC 2-HC 14-6uT
reHepaTo 7
CrapT an g ALl
IIH1006Pa3HOT0
HaIpsDKeHUS “

Puc. 16. CTPYKTypHast CXeMa HUHTEPIIOIATOPA OCLIMJLIOTPa-
da AKWII-4133

I I . I I I I

@D 1ovisiv 500 84.06 QG / 20mv 10.0ns/div 12.5GS/s  80.0pslpt
FastAcq Sample )
1454080 acqs RLA1.25k
Auto November 21, 2017 14:22:56

Puc. 17. OcuuinorpaMma paboThl CYOIIMKOCEKYHIHOTO
UHTEPIIONSITOPA

NOCTYNAOLLMIM CO CXEMbI CUHXPOHM3ATOPA M UMEIOLLMIA MaK-
CMManbHY0 YacToTy 2 ML, onpegensieMyto BpemeHem 610-
KVPOBKW pa3BepTKM, 3anyckaeT reHepaTop Nna1o0bpasHoro
Hanpsixerus (MH) ¢ paboynm xon40M NpUBAU3NTENBHO 5 HC.
DTO NWMN00BpPa3HOe HaMPsKeHVE OCTAHABANBAETCS BTOPbLIM
TAKTOBbLIM MMMYLCOM C YacToTom 500 MTu (pmc. 17).

Cxema CTpobupoBaHms (0CTaHOBKM) NpeacTaBnseT cobom
[1Ba BbICTPOAEVCTBYIOLLMX NOC/IEA0BATENLHO BK/IKOYEHHbIX
D-Tpurrepa, TaKk 4To UX BbIXOAHOW CUIHA OKa3biBAETCS 3a-
LEPXKAHHBIM Ha BEANYWHY OT OAHOI0 A0 ABYX 3HAYEHU ne-
profa TakTOBOro CUrHanaa, To ecTb 0T 2 40 4 HC. B MOMeHT
NosABNEHMA aCUHXPOHHOI 0 3a4epP>KaHHOI0 CMIrHaMa OCTaHOB-
KW pOCT NUN00BPA3HOIr0 HANPSHKEHWS NpekpaLllaeTcs, 1 ve-
pe3 25 HC OCTAHOB/IEHHOE 3HaYeHMe NMI00bpasHOro Hamnps-
KeHus nimepsaeTcd 14-paspsaHbiv ALLTT nochegosatensHoOro
npubnwkenns. Kanubpoeka MHTepnonaTopa obecneyvisaeT
5000 To4eK, NPUXOAALLMXCS HA BPEMEHHOM MHTepBan 2 HC,

pPico

Technology

peroacan i t Wi wse wae mse

Puc. 18. OcuuinorpaMmMa U3MepeHUs I1epUoAa YCpeaHeH-
Horo 10-IT1] rapMOHHUYECKOT0 CUTHAJIA C IIOTPELIHOCThI0
2,2 11C
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Puc. 19. OcumnmiorpaMmma packaIn6poOBaHHOIO UHTEP-
I10JIATOPa AeMOHCTPUPYeT 30-I1C pa3phlB BO BXOAHOM
curHae 2 [Ty, Topu30oHTaIbHAA MKana - 100 11c/ment.
BHM3Y - THCTOTPaMMa, HCIIONIb3yeMasi sl KATUGPOBKU

HHTEepIOoJsTOpa

N 400 G Ha TouKy. CpefiHeKBaApaTNYeCKoe 3Ha4eHme Bpe-
MEHHOW HeCcTabunbHOCTU MHTEPNONSTOpa COCTABASET He
6onee 1McC, a HENMHEMHOCTL He NpeBbIaeT 3 nc (puc. 18).
DaKTNYECKN PACCMOTPEHHbIN MHTEPNONATOP NpeacTaBs-
naet cobom npeobpasosaTesb MHTEPBANA BpeMeH B LUMdpo-
BOM KOA. Takomy npeobpasosaTesio CBOMCTBEHHA CUCTeMa-
Tryeckas owmnbka, CBsi3aHHas C HECOOTBETCTBMEM MOTHOTO
pasmaxa Kofa npeobpaszoBaHus 2-HC BpEMEeHHOMY MHTepBa-
Ny. Ee BHelLHee NposiB/eHne BbIMSANT, KAK pa3pbiBbl HA CUM-
Hane, NoBTOpALLMECs Kaxkable 2 HC (puc.19). [ing ee ycTpa-
HEeHMS NPYIMEHSEeTCs CneumanbHas npoueaypa Kanmbposky,
MCNONb3ytoWas rmcTorpaMmmy pacnpeaeneHms BbIXOLHOro KO-
na AUT nHTepnongTopa B 3aBUCUMOCTM OT 3Ha4YeHMsa BXo4-

HOrO Hanps>KeHn4.

PEXXUMbI 3AXBATA CUTHANOB
Hapsay ¢ peXxvMom CTpObMPOBaHNS B peasibHOM BPEMEHN
N PEXXVIMOM C/Ty4anHOr0 CTPOBMPOBAHMA B 3KBUBANIEHTHOM
BpeMeHu ocumanorpad obnagaet LenbiM psSaoM pexkuimMoB
3axBaTa, 3Ha4YUTENIbHO pacLUMPSAIOLWMX BOSMOXHOCTL €ero
NpUMeHeHus. B pexxnmMe camonmcua AanTenbHOCTbL pa3BepT-
KN MOXKET BbITb foBeaeHa A0 1000 ¢/ aen. Pexum ycpeaHe-
HNA 3ODEKTUBHO CHMKAET YPOBEHL LUYMOB 1 HECTABUbHO-
CTW CUHXPOHM3aLMM, NPUYEM YNCI0 YCPeaHEHWIA MOXKET M3-
MeHATLCS 40 4096 (puc. 20).

PeXWM BbIAENEeHNS OrmbatoLlen curHana no3BonseT ae-
TeKTMpPOBATb MakKCMMalbHOE, MUHMMalbHOE NN 06a 3Tux

Cn1 1 Edge  mign

50 pss ET Avg16
Trigd  F-93.68408 kiiz

25 Tsals 1.25KS 21 Wim

{Auto}{Max]

Mean
3209ps
198%

Maximum
3263ps
1262%

Minimum
364ps
MITH

Current Total Wms
75ps b2l
1.96% 2

25351
1852 m%

Rise Time (Ch1)

Pos Overshoot (Chi}

Puc. 20. OCLM/UIOTPaMMa YCPeIHEeHHOr0 ITMKOCeKYHHOT0
Ieperiajia HapsokeHus . [IMKOBas BeTUYMHA HeCTaGUIbHO-

CTU CHHXPOHHM3AIIH He IIPEBBIIIAET 2 11C

3HAYeHNSA CUrHaNoB. Ha puc. 21 nokasaH npumep Toro, Kak
3TOT PeXXMM M03BONAET AeTEKTUPOBATb OrMBAIOLLLYIO aMMIIN-
TYAHO-MOAYIMPOBAHHOIO CUTHaNA C A/IMTENbHOCTbIO GPOH-

Ta 8 HC.

Chd | Edge  High

[20ns! T Envéd
Trigd  F=99.998054 kHy

100 Gsals 20K 25 Wim

—

{2x){rad | 1ain
Std Deviation
Undefined

Mean
7807 ns

Maximum
7807 ns

Current Total Wms:
7807 ns

7807 ns 1

Scales
Rise Time (M2)

Puc. 21. PeskuM orubaroiieii (KpacHBIHN) II03BOJISIET EeTeK-
THUPOBATh AMIUIUTYLHO-MOAY/IHUPOBAHHBIN CUTHAJ C JJIH-
TeIbHOCTHIO GPOHTA 8 HC (CHHUI)
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B pexxnme peanbHOro BpeMeHu ocumanorpad no3sonser
OCYLLECTBNATL NNKOBOE AieTEKTNPOBaHME, 0becneynsaTh no-
BbILLUEHHYIO Pa3psAHOCTL COopa AaHHbIX, & TAKXKe NCMOMb30-
BaTb TaK Ha3biBAEMbIN CErMEHTUPOBAHHbIN peXXimM paboTbl
C NaMATbIO CUrHana.

B pexxmMmMe NnKoBOoro AeTekTUpoBaHusa ocumanorpad oto-
BparkaeT MakCMManbHOe N MUHNUMANbLHOE 3HAYEHWS 13 BCex
BbLIOGOPOK, COAEPIXKALLMXCS B ABYX MOCNEA0BATE/NbHbLIX MHTEP-
Basax cbopa AaHHbIX. DTOT PeXXUM MPUMEHSETCA 415 MOMCKa
KOPOTKMX MMMY/IbCOB Ha AJIMHHbLIX Pa3BepTKax.

B pexxMe NOBbILWEHHOW Pa3psaaHOCTM ocumnnorpad pac-
CYMTLIBAET CpeiHee 3Ha4YeHme BCex BbIOOPOK A5 KaKA0ro
MHTepBana permcTpaummn. B 3Tom pexxkme BbICOKOe paspe-
weHwue (8o 16 6UT) obecneynBaeTcs 3a CHET CHUKEHWS MO-
JOCbI MPOMNYCKaHNS.

CermMeHTNPOBAHHbIN PEXMM UCMOMb3YIOT NPK He0bXoam-
MOCTW CO60pa AAHHbIX O HECKONbKMX PeAKO MOBTOPSHOLLMXCS
COBLITMAX, N5 Yero NaMaTb ocumanorpada AensT Ha CermeH-
Tbl. DTO NO3BO/ISET UCMOMb30BATbL MAMSATL TOILKO A5 HYK-
HbIX YacTen CUrHana, UrHOPMPYS HeHYXKHbLIE, TO eCTb MPonC-
XOAUT 3KOHOMMSA NaMATH.

PACTAXXKA CUTHANTOB MO NAMATH

Gnarofapst AIMHHOM NAaMATI PEXUM PACTSXKKM NO3BONSET
NPOCMaTPVBaTh U CPABHMBATL A0 YETHIPEX YBENNYEHHBIX N0
BEPTUKAN W MO FOPU3OHTAIN YHACTKOB OCLMAIOrPAMMBI
OLHOBPEMEHHO. T1pY1 3TOM MMEETCA BO3MOXHOCTb CMELLaTh

Paano3neRTPOHHK|

laHcmop ko 1.

LleHa 1600 py6.

HACTOJIbHASl KHUTA UH)XXEHEPA
W3MEPEHWS NAPAMETPOB CBY-YCTPOWCTB
C UCMO/Ib3OBAHUEM NEPEAOBBIX METOAUK
BEKTOPHOIO AHA/IN3A LIENEN

10ns/ ET  Sample | [cnh3’ Edoe  Hian
1.25 TSals 126KS 37 Wim [Trig'd  F=195.31102 MH

{Auto}{Max]
Vertical Scale Offset + Position Horizontal Scale Delay + Position
Channel 1 150 muidiv 300 my 10 nsiciv S0ns
Channel 2 150 mVidiv 320 my 10 nsidiv S0ns
Channel 1 (Zoom 1) 150 muidiv 300 my 100 patciv 408ns
Channel 2 (Zoom 1) 150 mVidiv 320my 100 psidiv 403ns

Puc. 22, OfHOBpeMeHHOe 0TO6pasKeHUe ABYX HePaCTAHY-

TBIX X PACTSHYTHIX B 100 pa3 IICII-cMTHaIOB

PaCTAHYTbIE CUTHAsbI KaK MO BEPTUKAIN, TAK U MO FOPU30H-
Tanu (puc. 22). MakcnmanbHas pacTskKka no BepT1Kkanm co-
ctasnaet 100, a no ropmsoHTanuy — 2048 pas. °

M.: TEXHOC®OEPA,
2019.-736 .,
ISBN 978-5-94836-505-3

M3danue ocywecmeneHo npu noddepxke Keysight Technologies

B KHUre paccMOTpeH LMPOKMIA Kpyr M3MepUTENbHLIX 3aAa4 B CBY-AManasoHe. B LeHTpe BHUMAHWS ~

W3MEPEHMS AKTUBHDIX M NACCUBHBIX YCTPOWCTB C MCMONb30BAHNEM HOBEMLIMX METOAMK BEKTOPHOMO
aHanM3a Lenei, MeToANKI UX KAMBPOBKIA, NOAXOAbI K aHANN3Y NONYYEHHDIX pe3yNbTaTo. MpUBeEHbI
NpaKTUYecKk1e NpuMepbl U3MEPEHMIA NapaMeTpPOB TakmX YCTPOMCTB, Kak Kabeau 1 CoeMHUTENM, INHIMK
nepeAauy, GUaLTpbI, HanpaBneHHbIE OTBETBUTENN U AP.

KHMra cTaHeT npekpacHbIM NPaKTUYECKUM PYKOBOACTBOM ANSi MHXEHEPOB-METPONOroB

1 pa3pabotumko BY-/ CBY-ycTponcTs.

KAK 3AKA3ATb HALLUN KHUTWN?

= 125319, MockBa, a/a 91; \ +7 495 234-0110; & +7 495 956-3346; knigi@technosphera.ru, sales@technosphera.ru

Ne10 (00191) 2019

S/IEKTPOHUKA HAYKA | TEXHOnorus | susHec 113



