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BeepeHue

HeobxofnMoCTb CHUXeHUS NoTpebneHnsa sHeprv 1 BenYMHbl BbIDPOCOB yraekmncaoro rasa crana
MPUYMHON yBENIMYEHUS KONMYeCTBa BbIMyCKAaeMblX CUNOBbIX YCTPOWCTB 1 Npeobpa3oBaTeneil.

K pocTy apdekTnuBHOCTM Npeobpa3oBaHmii, a Takxe boNbluei HafeXXHOCTU Co3/LaBaeMblxX
cunoBbix Npeobpa3soBaTeneit NpMBOAAT Ba OCHOBHbIX Noka3aTens. B obnacTu npupogooxpaHHoi
B030OHOBNAEMON IHEPTUM, HAaNpUMep, CONTHEYHOW 3HEPrU W, OCHOBHLIM NoKa3aTteneM
sdpdexkTnBHOCTH BbIbOpa NpeobpazoBaTeneit CONHEYHOM 3HEPrUM ABAAETCA HOPMKPOBaHHan
cTonmocTb 3Heprum (LCOE). [1Byma BaxHbIMU nepeMeHHbiMU Npu pacyeTe LCOE, Bennuuna
KoToporo nokasbiBaeT, byAyT v Ballu MHBEpPTEpbl NpoAaBaTbCs, ABASI0TCS 3G HEKTUBHOCTb

W HafeXHOCTb. A HafleXHOCTb rnbpuaHbix anekTpudeckux (HEV] u anektpnyeckunx astomobunei
(EV] HanpsaMyio cBA3aHa ¢ penyTaumei Npon3soanTeNs, a Takke C BbICOKMMU MoKasaTensMu
Be30nacHOCTW 1 CoOXpaHEeHUSA XU3HN.

TpeboBaHnus, cToAl Ve Nepes MHOMMMW COBpeMeHHbIMY Mpeobpa3oBaTenaMu MOLIHOCTW BMJIOTHYIO
NPMBAN3NANCH K BO3MOXHOCTAM YCTPOWCTB Ha 0CHOBe KpeMHua. Ho noseneHne cuioBbix
KOMMOHEHTOB C LWMPOKON 3anpeuleHHoi 3oHoi (WBG) Ha ocHose kapbuaa kpemuus (SiC) u HuTtpuaa
rannvs (GaN) rapanTupyeT yBenuueHue aToro npefena. Takue CBONCTBA, Kak BO3MOXHOCTb 6bICTPO
nepeklo4aThes, CNoCcoBHOCTb BbIAEPXMUBATL BbICOKME 3HAYEHUA HANPAXKEHUSA, PACLlVpPeHHble
TemnepaTypHble Arana3oHbl NPUBOAAT K YBEANYEHWI0 3GPeKTUBHOCTM U HAafeXHOCTH YCTPONCTB,

a Takxe K yMeHblieHWo Gpranyeckrx pasmepos. Ho nepen Tem kak cuiosbie npeobpasosaTeny

C MCMONTb30BaHUEM KOMMOHEHTOB C LUMPOKOW 3aNpeL,eHHO’ 30HOM CTaHyT OCHOBHbIMMY,
NPOM3BOANTENN CTONKHYTCA C npobnemamy pa3paboTku v TECTUPOBAHUA, pelleHme KoTopbIX
MOMOXET PaCKpPbiTb MOTEHLMaAN 3TUX YCTPOWCTE B MOJIHOM Mepe.

3T0 NepBas 13 YeTblpex YacTel, oNUChIBaOLLMX 3Tanbl pa3paboTku cunosoro npeobpasoBaTens.
Mbi paccMoTpuM NpobnemMbl, KOTopble BO3HWKAIOT Npu pa3paboTke M TECTMPOBaHUN Ha KaXX0M 13
YyeTblpex 3Tanos, M NpeAN0XkMUM BaM BapuaHThl pelleHns 3Tux npobneM c noMoLbio annapaTHbIX
M NpOrpaMMHbIx cpefcTB. Hanbonbliee BHUMaHWe byneT yaeneHo ynyYweHnto YyNOMaHY ThiX Bbllle
KOHCTPYKTUBHbIX NOKa3aTenen: yBennyeHnio 3GpGeKTUBHOCTU, NOBLILLIEHWNIO HALEXHOCTH

M CHUXEHWIO MOMEX, a TakxXe yMeHbleHMo dopM-dakTopa.

Kpome Toro, byayT 3aTpoHyThbl NnpobnieMbl pa3paboTku 1 TeCTUPOBAHWS, BO3HMUKAIOLLME NP
MCMONb30BaHUM LWMPOKO30HHbIX MOJYNPOBOLHMKOBBIX YCTPONCTB.

Kaxpaa n3 yeTblpex YacTel JaHHOW Cepun 0CBELLaeT OANH U3 NEPeYNCIEHHbIX HUXe LMKI0B
npou3BoACTBa:

1. OueHKa CMNOBLIX YCTPOMCTB Y KOMMOHEHTOB

2. MopgennpoBaHue yCTPOMCTB C UCNONb30BaHWEM NMPOTrPaMMHbIX CPECTB
3. lpoekTupoBaHwue 1 oTNagKa ycTponcTB

4. [poBepka 1 cepTudmKaumsa nsgenni
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OLLeHKa CNJIOBbIX yCTpOVICTB N KOMITOHEHTOB

Ha naHHOM 3Tane Npon3BOACTBA Y MHXeHEePOB BO3HMKaeT He0bX04MMOCTb OLLeHKM
CO3JaHHbIX B MOC/eHee BpeMs CUoBbIX ycTpoicTe (MOM-TpaH3ncTopos 1 bunonspHbix
TPaH3WCTOPOB C M30IMPOBaHHbIM 3aTBopoM (IGBT) ana nansHewero Mx NCNoNb30BaHNs

B NPOV3BOACTBE KOHKYpeHTOoCnocobHbIX Nnpeobpa3oBaTteneit. C BO3HNKHOBEHMEM Npubopos
C LUMPOKON 3anpelleHHo’ 30H0M Ha ocHoBe Kapbuaa kpemuua (SiC) u HuTpuaa ranavs (GaN]
oUeHKa CUI0BbLIX YyCTPOMCTB cTana bonee cnoxHolt. Vicnons3oBaHue npubopos

C LUMPOKOWN 3anpeLLeHHO 30HOM pacwupaeT BO3MOXHOCTU YCTPOMUCTB U N0 CPaBHEHUIO

C KpeMHMeM No3BonseT bricTpee Nepek/1toyaTbCA NOCPeACTBOM YBENYEHUA MAKCUMalbHO
CKOPOCTU U3MEHEHWS BXOAHOIO CUIHaNa, BbIAEPXMBATb BbICOKME 3HAYEHUSA HAaNPSXKeHNs

V pacliMpeHue TemnepaTypHOro AnanasoHa. bnarogaps aToMy co3faBaeMble CUNOBbIE
npeobpa3oBaTteny obnafaT TakMMK NperMyLLecTBaMu,

kKak bonee Bbicokas 3¢bGeKTUBHOCTb M MeHbWWI dopM-dakTop. Ho c Apyrol cTopoHsl

3TN NPenMyLecTBa YCII0XHAIOT OLEeHKY M MCNoNib30BaHMe 1x B Dyaywmnx paspaboTkax.
[MoHUMaHMe TeXHUYECKMX XapaKTePUCTHK 1 BOMPOCOB HafeXHOCTY NOYNPOBOLHMNKOBbIX
CUJI0BbLIX YCTPOMCTB BaXHO A9 UX MPOU3BOACTBA, Tak KAk UMEHHO OHM 3HAYNTENbHO BANSIOT
Ha 9o deKTUBHOCTb M HAAEXHOCTb BCEI CxeMbl NpeobpasoBaTenst MOLHOCTY.

K coxaneHuto, npefoctaBngemMolnt NponM3BognTeneM TexHuyeckon nHGopmaLmmn 3a4acTyio
HeA0CTaTOYHO AN MOJSIHOTO MOHWMAaHUA. YCN0BUSA, NepeyncieHHble NPOM3BOgMTeNEM

B TEXHMYECKOM OMUCaHMWM, YacTo OTANYAIOTCA OT AeNCTBUTENbHbIX YCIOBUI UCNONb30BaHNS,
M MO3TOMY NoflyYeHHas MHPopMaLns He faeT NOAHOro npefcTasferns ob ycTpolicTse.

3T0 NPMBOAMUT K TOMY, UTO CO34aTb HALEXHYI0 1 3ODEKTUBHYIO CXeMy Ha OCHOBE MOJTYHeHHOM
OT NPOU3BOANTENS KOMMIOHEHTOB MHOOPMALMM OYeHb CIOXHO. 3To KacaeTcs 1 nprubopos

C WMPOKOW 3anpeLLeHHon 30HON, Tak Kak NPpOU3BOANTENN BbIBUPAIOT, Kakne TeXHUYeckne
XapakTepucTUKN HeEOBXOAMMO BKIIOUYNTL B cneunduKaLmnio, a Kakme HeT.

Kpome Toro, yBenmyeHne MakcuMManbHOM CKOPOCTU U3MEHEHWS BXOLHOIO CUTHaNa CU0BbIX
KOMMOHEHTOB C WWPOKO 3anpeLieHHoN 30H0M NPUBOAWT K MOABEHWIO CUTHAT0B/NoMeX

C BbICOKOW 4aCcTOTON, KOTOPble MOrYyT Bbl3BaTb PE30HAHC B MCMOJIb3YEMbIX B yCTPONCTBAX
cxemax, Mo3TOMY 3a4acTylo UHXXEeHEepPbI, 3aH1MatoLWMecs CUNoBbIMM Npubopamn, HaunHatoT
LyMaTb Kak MHXEeHepbl-pajno4acToTHUKK. To eCTb MHXeHepy He0DXOAMMO He TOIbKO
NpoOBeCTW OLEHKY camoro cunosoro npubopa, Ho 1 ybeanTbes, 4To BolbpaHHbie 1
MCNONb3yeMble KOMMOHEHTbl M KOHCTPYKL MM NeYaTHbIX NaaT MOryT BblfepXaTb nojayyaemoe
OT KOMMOHEHTOB C LUMPOKOW 3anpeLLeHHON 30H0M yBeMYeHrie NPOU3BOANTENBHOCTU U
HajexXxHocTw. [locne NpoBeAeHNs OLEHKN BaXHO MMeTb cneundunkalnmio ¢ napamMeTpamu,
KOTOpble NpUroAaTcs ANd CO34aHUA TOYHOM MaTeMaTUYeCKOM MOAENN, MCMONb3YeMON Npu
cuMmynaumu,

B cnenyownx pasgenax byayT onucaHbl TeCTbl, HE0DX0AMMbIe 4151 OLLEHKW CUI0BbIX
Np1BopOB C WKNPOKOI 3anpeLLeHHon 30H01. [Ind ynpoweHnsa AaHHble TecTsl byayT
pa3jeseHbl Ha ABe KaTeropuu: cTaTu4yeckoe TeCTUPOBaHMe U IMHaMUYecKoe TeCTUpoBaHmne
(TecTbl ¢ ABOWHBIM MMNYAbCOM). B TpeTbeM pasgene onuckiBaTcs cnocobbl oLeHKH
BbIOMpPaeMbIX CUAOBLIX YCTPOMCTB, OCHOBAHHbIX Ha Np1bopax ¢ LUMPOKOA 3anpeLleHHoN
30HOMN.
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CTtaTudyeckoe TecTnpoBaHuMe:

CTaTuyeckoe TECTMPOBAHME CUOBbIX YCTPOWCTB NPOBOANTCS A5 NPOBEPKM UX paboTel,
npuv 3TOM paccMaTpvBaloTCa Creaytolive napaMeTphl:

- napameTpbl TOKa U HanpsaxeHusa (conpoTuenerue BkodeHna Ron, HanpsaxeHue npobos
BV, Tok yTeuku, noporosoe HanpaxeHue Vth, HanpaxeHue Hacbiwernua Vsat u ap.)

~ BEJIMYMHbI BXOAHOM, BIXOAHOM eMKocTu, emkocTu 3atsop-cTok (Ciss, Coss, Crss, Cies,
Coes, Cres) u conpoTuenerune 3atsopa (Rgl.

Ona nsamepervsa gaHHbix NapamMeTpoB 06bIYHO MCMONBL3YIOTCA Pa3NuyHble MHCTPYMEHTHI,
HanpuMmep, xapakTepuorpad u M3aMepuTens MMMUTaHca. Ho faxe nmes Bce
HeobXoaMMble MHCTPYMEHTbI, TOYHOCTb M3MepeHUin byaeT Xye naeanbHoM n3-3a
BO3HMKalOWMX NpobaeM c TeCTOBLIMU NPUCNOCODAEHNAMY, M HACTO 3TW NapameTpsl
CNTOXKHO OLEHUTbL B pexxnme paboumrx Harpy3ok no Toky U Hanps>xeHunio. 3T npobnemsl
MOTYT CTaTb eLle CN0XHee, eCc/iv He0bX0AMMO OLeHUTL paboTy ycTpolicTBa B yCNIOBUAX
BO3/1eMCTBMA paclUMPeHHOro aManasoHa TemnepaTyp.

. . o S IV Measurement.
B Teyenune nonroro BpemeHn komnanusa Keysight Technologies, Inc., ocHoBHOW Capacitance Measurement

Gate Charge. Measurement;

NoCTaBLLMK pelleHnid Mo oLeHKe TOYHOCTM CUOBLIX YCTPOMCTB, NOSBASIOWMXCS Ha
PbIHKE MOJYNPOBOLHMNKOBbIX TEXHONOT WA, Npefnarana KOHeYHOMY Noab30BaTesto

VAN NPOV3BOAUTENAM CU0BBLIX NPUOOPOB pa3nnyHble cnocobbl ouerku. Mpu 3ToMm
JaHHble cnocobbl yA0BNETBOPSNN YCIOBUSM TECTUPOBaHMS KOMMOHEHTOB C WMPOKOW
3anpelleHHon 30Hoi. OCHOBHOE pelleHWe — aHann3aTop cunosbix ycTpoincTe B1506A.
[laHHbI aHanM3aTop OCHAaLLLeH BbICOKOTOYHbIM XapakTepuorpadgom, Mo3BOASIOLLINM
NPOBOANTL N3MEPEHUA BXOLHOW, BbIXOAHOW eMKOCTH, eMKoCTH 3aTBop-cTok (Ciss, Coss,
Crss, Cies, Coes, Cres). Kpome Toro, npoBefeHune namMepeHunii BO3MOXHO B yCI0BUAX
peasibHbiXx paboynx Harpy3oK C10BOro yCTPOMCTBA, BKJIKOYAs TeCTUPOBaHME

B Mana3oHe HanpsxeHuit go 3 kB n Toka o 1500 A.

PucyHok 1. AHanu3aTop cunoBbIX
ycTpoicTe B1506A

Bonee Toro, NOMMMO CTaTUYeCKOro TeCcTa M OLEHKM BO3MOXHOCTEN aHann3aTop MoXeT
M3MepATb 3apsAf 3aTBOPa, @ Tak>Xe BbIYMCASATb M MOAENMPOBaTb NOTEPU MOLLHOCTH,
BO3HMKalOLWVe 13-3a Mepekiodermns 4yacToT (cM. puc 2).

Power Loss vs. Switching Frequency

100 W
ving Loss

decade Hz/div

Switching Frequency

PucyHok 2. MogenupoBanue aHanusaTtopom B1506A noTepun Mo HocTH,
npu nepexkaoyYeHunn

AnanunzaTtop B1506A Tak>xe no3BonseT NpoBOANTL TeCTMpPOBaHuMe Nprubopa B LUIMPOKOM
OWana3oHe TemnepaTyp. Bce 3T BO3MOXHOCTU 06beinHEHbI B OHOM peLleHnn ¢
MONHOCTbI0 aBTOMATU3MPOBAHHbBIMI N0J1b30BaTeNbCKUM MHTEPHENCOM U 0CHACTKOMN.
Ecnny Bac yxe ecTb xapakTepuorpad v BaM Heobxo4WMO TONbKO LOMONHNTL ero
M3MepuTeNeM eMKOCTH Hapsaay C BO3MOXHOCTbLIO OLEHKM BEAUYMHbBI TOKa yTeYKM 1
npobosa nsonaumnmn, To 415 3TOro KoMnaHuewn boin paspaboTaH aHanMsaTop eMKOCTH
cunosbix ycTpoiicTe B1507A. Bonee noapobHas nHdopMaL s No aHaan3aTopy CUA0BbLIX
yCTPOWCTB NpefcTasieHa Ha canTe: http://www.keysight.com/find/B1506A
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I,J:LI/IHaMI/ILIeCKoe TeCTpOBaHMe:

[vHamnyeckoe TecTUpoBaHUe, UV TECTUPOBaHME ABOMHBIM UMMYAbCOM, CUI0BOI0 YCTPOMNCTBA COCTOUT

B CleflylolleM: crcTeMa nocbinaeT MMNYAbChl C BbICOKUM 3Ha4YeHMUeM Toka Ha O UH WU HECKONTbKO MpubopoBs
1 n3MepseT pe3ynbTupyioLlee HanpsxXeHune 1 GopMy Toka Npu NepekSOYeHUK, a Takke TeMnepaTypHble
napameTpbl TECTVPYEMOro yCcTpoicTBa. [1na reHepupoBaHua MMNYAbCOB MOXET UCMOJIb30BATHCH Kak
reHepaTop MMMYAbCOB C BLICOKMM 3Ha4YeHWeM Toka, Tak 1 cxema A8 TeCTUPOBAHUS C MOMOLLbIO IBOMHOTO
nMnynbca. Kaxabli nofxon viMeeT cBoW npenmMyliecTsa v HegocTaTku. Boibop yacTo 3aBucut ot
npefnoyYTeHNI HXeHepa, NPOBOAALLEro UCNbITaHWsA. Ha prcyHKe HUXe NpUBeAEeHO onncaHne KOMNOHOBKY
1 pasMelleHns npubopos A8 NpoBeAeHUSA AMHAaMUYeCcKoro TecTa ¢ UCnosib3oBaHneM obopyaoBaHus
koMmnaHun Keysight.

WCTOYHMKI NUTaHNA ANA cXem
LBOWHOro mMmnynbca:

Ocuunnorpadbl, noaxoasLe

- Cepua N8700 ¢ HanpsxeHnem ao 600 B [N AUHAMUYECKUX MZMEpEHVIA:

- Cepua N8900 c HanpsxeHnem ao 1500 B

-Ocuunnorpadbl cepun InfiniiVision
cTOYHNK -Ocuunnorpadbl cepum S
TOKOBOIo

mmnynbca nnn

TecTtoBas CXema
NBOVHOrO

MNyNbca

(recTpyemoe
YCTPOWICTBO)

[eHepaTop cUrHanos AnA ynpasneHna

CXeMOoW ABOMHOrO MMMy nbca M13MepeHue TemMneparypbi:

- Tennoswu3opbl U585/6/7A TruelR

- Cnctembl cbopa/perncrpaumm
aHHbIX 34970/2A

- TeHepatopsbl curHanos Trueform

cepuin 33500 1 33600

- CeMeliCTBO reHepaToOpPOB CUrHaNoB
NPOU3BOJIbHON GOPMBbI
v wyma 81150A n 81160A

PI/ICyHOK 3. 0nuncaHmne KOMNOHOBKM 1 pasMelleHnqa I'\pVI60pOB ANA OUHaMU4YeCcKoro tectmpoBaHund
NN TeCTNpoBaHNA C UCMNOJIb30BaHMEM ,[I,BOIZHOI'O nMmnynbca

Mpv npoBefeHNn AMHAMUYECKOr0 TECTUPOBAHMSA OLHMM M3 CaMblX CIOXHbIX BOMPOCOB, C KOTOPbLIM
CTaNKMBaKTCA MHXEHEPbI CErofiHd, 3TO ToUHasa xapakTepn3aumnsa GopMbl CUTHANa Npu NepekioyYeHnn
(HanpsXeHWUs 1 ToKa) CUNOBLIX KOMMOHEHTOB C WWPOKOM 3anpeLleHHo 30H0i. Ecnv B mepByto ouepesb
paccMaTpuBaTb n3MepeHune GopMbl CUTHANAE HanpsXXeHWs, To 0OAHOW U3 NpobneM TecTMpoBaHus byaeT 3axsaT
1 3HAYEeHWE NMUK-NNK HAaNpPsaXXeHNs NepeksIloYeHns, KOTOpoe MOXeT U3MEeHATLCA B Mana3oHe 0T COTeH

L0, MOXET BbIThb, ThICAY BOJIBT, MAKCHMabHas CKOPOCTb M3MEHEHMS BXOAHOMO CUIHANa npv 3ToM MOXeT
npesbiwath nHorga 100 B/1 He. B ycnosuax Takmnx 6bICTPbIX U3MEHEHWI BXOAHOTO CUTHANa, He0BXOANMO
paccMaTpmMBaTb NO0CY NPONycKaHns n3mMepuTensHoro npubopa, kak v noboro npeobpasosatens.
PacyeTHas popMyna nonockl NponyckaHus Npu HapacTaHuu 1 cnage:

LlnpuHa nonocel nponyckanus = 0.5/ spems Hapactanua (10% no 90%).

Mcnonb3ya dopmyny, npuBeaeHHyi0 Bbile, opMa CrrHana npu nepekioYeHnn ¢ BeUYNHOW BpeMeH!
HapacTaHusa 10 Hc byneT nMeTb nostocy nponyckaHus okosno 100 MIy. Tak kak paccumnTaHHas nosoca
NPOMNYyCKaHUs Kax[oro n3mMepuTesnbHoro npubopa obbluHoO onpegenseTca ANa ypoHs — 3B, To ans

Bonee TOUHbIX M3MEPEHUI TaKUX MakKCVMalbHbIX CKOPOCTEN M3MEHEHMSI BXOLHOM0 3apsifia XoTenoch Obl
MCMoAb30BaTb NPMBOP, KOTOPbIA MMEET pacCUMTaHHYI0 MON0CY NponyckaHns B 2—3 pasa Bbllle, YeM nosoca
NponycKaHusa curHana npu nepeknodeHnn. Ins npueaeHHOro Bbille NpYMepa, KOrha nosoca nponyckaHms
coctasnset 100 My, nyywe, 4tobbl paccunMTaHHas nonoca nponyckaHusa npubopa coctasnana 200 My

n bonblue.

[dvHaMnyeckunin Lnana3oH 1 pa3pelatolias cCnocobHOCTb MCNOb3YEMOro N3MepuTenbHoro npubopa Takxe
o4eHb BaxHbl. K nprMepy, LOCTUTHYTb BbICOKOW TOYHOCTM M3MEPEHWI YPOBHEN HAaNPAXKEHNSA HACbILeHUS
yCTPOICTBA, KOTOPbLIe MOTYT COCTaBAATL OT AeCATKOB 40 COTEH MUMIMBONBLT MPU BENMNYMHE NEPEKT0YeH s
8 100 BOSILT, MOXKET CTaTb CNOXHOM 3aga4yel.
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[na n3mepeHns BeNMUYMHbI TOKa NepekioyYeHnsa yCTPOMNCTBA MOXKET UCMOb30BaTbCA TPALNLMOHHBIN
TOKOBbIV NpobHUK Ha adpdekTe Xonna. Ho bonee noagxoaswmmm bynyT cnyayolive MeToAbl: MeTO[,
KoakCuanbHbIX PE3VCTUBHbIX LUYHTOB U METOA M3MEPEHNMS C MOMOLLbI0 TpaHchopMaTopa Toka, Tak Kak B 3TUX
M3MepeHnsx Heobxoaumbl bonee HU3Kaa MHAYKTMBHOCTb U Bonblias nofoca NponyckaHns.

ObblYHO AN5 TOUHOrO 3axBaTa GopMbl CUrHana NepekNloYeHs Hanps>kKeHUs 1 Toka YCTPOMCTB C LUMPOKON
3anpeLleHHo 30H0M ncnonb3yTca ocuunnorpadsl. Ocumnnorpadbl XopoLlo NOAXOAAT A5 U3MEPEHWUA
napaMeTpoOB MepeksItoYEHNS CUI0BLIX YCTPONCTB, Tak Kak OHU MMetoT oMby MNoNocy NPonycKaHus,
HeCKOJIbKO KaHanoB (719 Toka n HanpsaXeHua), a Takxe OHW MOTYT BblfiepxaTh 6oMbline 3HaYeHUs
HanpPs>XeHWsa 1 TOKa NpY HOPMasbHbIX BEIMYMHAX HANPAXeHUS 1 Toka NpobHuka u/wnn npeobpasosaTens.
B cnepytowmnx pasgenax byayT onvcaHsl Heckonbko ocumnnorpados komnaHun Keysight, npegnaratoLmx
BO3MOXHOCTW NPOBeAEHNA AMHAMUYECKOro TECTUPOBaHMS YCTPOMUCTB C LUMPOKOW 3anpeLLeHHON 30H0 M.

Ocumnnorpadsl cepun X: InfiniiVision 3000, 4000 n 6000

Ocumnnorpadsl cepun InfiniiVision He MMeT aHaNoroB ¢ CBOEM KJlacce, CHabXeHbl MPOCTHIM B
MCNOJIb30BaHMM N0JIb30BaTENbCKUM UHTEpPPECOM, CEHCOPHbLIM 3KPaHOM A1 NPpOCMOTpa U aHanu3a
bopmbl cvrHana nepekntoyerus. JononuutensHo ocumnnorpadsl InfiniiVision MMetoT onumnio BCTPOEHHOrO
reHepaTopa CUrHas 0B CTaHA4APTHON/MPOU3BONLHON GopMbl. [aHHbLIA reHepaTop No3sonsgeT Nofb30B8aTesnio
ynpaBaAaTb CXeMOW TECTUPOBAHUA C UCNONb30BaHMEM LBOMHOI0O MMMNYyAbCa U NPOBOANTL N3MepeHune
pe3ynbTvpytoLlein GopMbl crrHana nepeknwyvernsa ogHum npubopom. Ocumnnnorpad v reHepatop B 04HOM
Kopnyce MOryT ynpocTuTe cxemy TecTuposanua. Ocumnnnorpadsl InfiniiVision cepum X nmeioT yayyweHHble
TexHMYyeckre BO3MOXHOCTM HacTpoKK 3anycka ocumnnnorpada, NpoABMHYTYI0 MaTeMaTudeckyto obpaboTky
CUrHana, aBToMaTuyeckue n3MepeHuns. Takxxe LOCTYNHO LONOAHUTENbHOE NPUAOXKEHWE N3MEPEeHUS
MOLLHOCTM A5 OLLeHKM 1 aHann3a MCTOYHUKOB MUTaHUA C aBTOMaTUYECKOW HaCTPOMKON N3MePeHNA,
BKJIIOUAIOLLMX MOTEPYK Ha NepeksIloYeHMe 1 pacyeT CONPOTUBAEHUA BKIOYeHNs. [lanee B TpeTbel YyacTy
BypeT 0bcyxaatbCs, Kak 3TV ONUMM MOTYT MOMOYb NOJIb30BaTEI0 ONTUMU3MPOBATL NPOM3BOACTBO
npeobpa3oBaTenei MOWHOCTH, a TakXe yBENUYNTb CKOPOCTL NpoLiecca paspaboTku.

Ocunnnorpadsl S-cepuu: Infinilum

Ocuunnorpadbl cepun S komnaHun Keysight npeactaBnsioT AMANPYIOLLME Ha PbIHKE TEXHONOTUN N3MEpPEeHHUs,
VIMEIOT BbICOKYIO pa3peLuatoLlyio cnocobHoCTb 1 JUHAMUYEeCKWIA Ananas3oH ANd n3MepeHus GopMsl

CUrHana nepekloYeHns Ans oLeHKN cunosbix ycTpoicTs. Ocumnnorpadsl S-cepumn UMetoT paspeLlaioliyio
cnocobHocTe AL 10 6uT, rnybokyto namMaTh ¢ BeICTPLIM OTKAMKOM, a Take nojocy nponyckanus o 8 [T,
Onsa Toro, 4Tobbl MONYUYNTL NYYLLYIO MPOU3BOANUTENBHOCTL OCUMANOrpadbl S-CepUn He TONbKO UCMOMb3YI0T
BblcokonpounseofuTenbHble AL, HO 1 MMeloT HU3KoWyMsLW e BXOAHbIe TpakThl a Takke MoALepXMUBatoT
BbICOKYI 4acToTy auckpeTnsauum co ckopocTbio 20 [MraBbibopok B cekyHAY, BCe 3T BO3MOXHOCTH
No3BONAIOT N0 MakcuMyMy ncnonsb3oBaTh 10-6uTHble AUT. Ocunnnorpadsl S-cepun nMetoT caMoe BbICOKOE
3HaveHve apdekTusHbix 6T (ENOB) B cBOEM KNacce, bonee Bbicokoe, YeM ocUMaIorpadbl ¢ 3as9BIeHHON
12-6b1THOI pa3pelwalowien cnocobHOCThIO.

Ocumnnorpadunyeckre npobHMKN

B nuamepeHuax ¢opm curHanos nepeksoyeHns ocumanorpad ABASeTCa TONbKO OLHUM U3 3/1EMEHTOB
cxeMmbl. Ipyras BaxHas yacTb M3MepeHuii —npobHuku. Komnanus Keysight npegnaraeT WWMpokuid cnekTp
anddepeHUManbHbIX U HECUMMETPUYHBIX MPOBHUKOB C pa3fMyHbIMK ana3oHaMm Mo HanpsaxXeHuo

M nofocamu nponyckaHus. Hanpumep, HecuMmmeTpuyHblin npobruk 10076C, KoTopbIl XOpoLo NOAXOAUT
O U3MEePEeHUI MOLLHbBIX YCTPOUCTB C LUMPOKOW 3anpeLleHHOo 30HOW, MOXET BblAep>XMBaTb HanpsxXeHne
[0 4 kB nnumeet nonocy nponyckanua 500 My, JanHeln npobHKK MMeeT HeboNbLYO CTOMMOCTb

v npepnaraeT WYPOKME BOZMOXHOCTU MO HaNpsaXXeHUsaM 1 nosioce nponyckanua. [lna nsmepernii Toka
MHOrMe NPOU3BOANTENN OBBIYHO CMONBL3YIOT KOaKCHabHble Pe3UCTUBHbIE LIYHTbI, KOTOpble MOTYyT

OblITb M3MepPeHbl C MOMOLLbIO HECUMMETPUYHBIX MPOBHUKOB € HONbLION NONOCOM NPONYCKaHUA, @ Takxe
anddepeHumnanbHbix NPOBHNKOB COBMECTHO C ocLuanorpadaMm co BCTPOEHHbIMU MaTeMaTUyYeCKUMY
byHkumamu. Komnanus Keysight Takxe npegnaraet bonblwon psaj akceccyapos A NpobHMKOB As
XOpOLero NoACoeANHEHNS, YMEeHbLIEHNA KONMYeCTBa NOMEX 1 Napa3nTHbIX COCTaBAAOWMX, YTO
yBeNMYMBaeT TOYHOCTb N3MepeHuit. bonee nogpobHada nHdopmauma o npobHrkax komnaHun Keysight Ha
cTpaHunue www.keysight.com/find/scopes-power 8 pasgene «View measurement options and probing
solutions».
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TennoBble xapakTepPUCTUKK CUITOBbLIX YCTPOWCTB

OnpepeneHue TemnepaTypHoro npoduna Bo BpeMs TeCTVPOBAHWSA CUI0BbIX YyCTPONCTB

C WMPOKOW 3anpeLieHHO 30H0M Takxke O4eHb BaXHO A% fanbHelilero npoM3BoACTBa,

a Takxe onsa obecneyeHuns xopoluei pabotel 1 HagexHocTn. KomnaHus Keysight
pa3paboTana MHOXeCTBO OMUMIA, KOTOPble MOTYT UCMOMb30BaTLCS 415 PA3IMUYHbIX 3a4au.
[ns npoBeeHUs 1 3anncy NPsIMbIX MHOTOKAHabHbLIX M3MepPEeHUt TeMnepaTypbl XOPOLLO
noaxoaaT uameputensHele npubopsl 34970A n 34972A. NaHHble npnbopbl UMeT MOAYAbHbIN
NOAXOJ K MPOBEAEHNI0 MHOTOKAHabHbLIX M3MEPEHUA TeMnepaTyphl, a Takke MoryT
NpoBOANTL APYyrue obLine n3MepeHus, HanpuMep, M3MepeHns ToKa 1 Hanps>XeHns. Takxe
JOCTyrnHo becnnaTHoe NporpaMMHoe obecneyeHre Ans 3anucu pe3ynbTaToB U3MEpeHUit.
Bonee nogpobHo 06 3ToM B 4eTBEpTOM HYacTu cepuu.

Komnanwua Keysight Takxxe npeanaraet tennosusopsl cemeinctea U5855/6/7A ana aHanvsa
M3MeHEeHWI B peasibHOM BPeMeHU, a Takke aHann3a u3MeHeHus npoduis temnepatyp
CUA0BOro ycTpoiicTBa. [lporpaMMHoe obecneyerune BKItOYAET CO3AaHMe OTHETHOCTH,
cofepxallelt aHann3 KpUBbLIX M ToUeYHbI aHanm3, rpaduyeckoe n3obpaxeHue namepeHui

1 BO3MOXHOCTb M3MEHEHWUA LLBeTa BbIBOAA Pe3yNbTaToB. ITOT MHCTPYMEHT AOMOSHAET U
yBeNMYMBaAET CKOPOCTb NOSyYeHUs TeMnepaTypHoro npoduna cunosbix ycTpoincts. Kpome
TOro, 45 YBENNYEHNSA MOLLHOCTU U YJIyYLIEHWNS KOHTPONS CXEM C UCMOMb30BaHWEM [BOMHOTO
nMmnynbca komnanums Keysight paspaboTtana Wypokuit CnekTp MCTOYHUKOB NOCTOSHHOTO
TOKa W reHepaTopoB CUrHAN0B CTaHAAPTHOM/MPOM3BOLHOM GOpPMbI, MpeaHa3HaYeHHbIX 419
MCMOAb30BaHNA B CUITOBbIX 31EKTPOHHbLIX NpecbpasoBaTensax u cuoBLIX NpecbpasoBaTensx.
B TpeTbei yacTu obcyxfaetcs bonee nogpobHas uHPopMaL M 0 HUX, Ha pUcyHke 3
nepeyncieHbl peKoMeHAyeMble MOLENH.

G Keysight TruelR Analysis and Reporting Tool o —
wHNE [
HAQQ A WA T

PucyHok 4: TepMorpamMma nevaTHOM Naatsl, NosyYeHHas ANd aHanu3a M3MeHeHNn TemnepaTyp BaxHOro
KOMMOHEHTa C nomoLlbio nporpaMmmHoro obecnedvenns Keysight U5855/6/7A. Tpaduk BHWU3Y prcyHka
noka3sblBaeT U3MEHEHWe TeMMNePaTyp B iBYX BblDpaHHbIX TOUYKax Ha n30bpaxeHnn
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OLLeHKa OOMONTHUTEJIbHBIX KOMIMOHEHTOB:

KpoMe oLeHKM caMux CUNOBbIX yCTPOMCTB, HEOOXOAMMO Tak e OLEHNTb U ONKCaTb UCNONb3yeMble LOMONHUTENbHbIE KOMMOHEHTHI,
Hanpumep, KOHHEKTOPbI, MHOYKTOPbI, ANOAbLI M Aaxe KOHCTPYKLMYM neYyaTHbix nnaT. OueHb BaXHO NpoBepuTh nx paboTy B
3a9BNIEHHbIX TEXHUYECKUX YCNOoBUAX, YDeaNTHCA B X HALLeXHOCTU, MPOBECTU TOYHOE MOAENMPOBAHME C MOMOLLbIO MPOrpaMMHOT0
obecneyeHuns. 3To He0BXOAUMO ANA YMEHbLUIEHWS CTOMMOCTU U BPEMEHM, KOTOPOE 3aTpaynBaeTCsd Ha M3roToBEHWE NpoToTHNa
obopynoBaHua. AHanuzaTop cunosbix yctponcTs B1506A, o koTopom nogpobHo obcyxpanock B pa3fene o cTaTUYeckmx TecTax,
ABNAETCA MAeaNbHbIM UHCTPYMEHTOM AN NepeyuncierHblx 3a4ay, a Takxke gAs:

- ToyHoro aHanM3a ToKa 1 HANPSXXeHUs Mo BCEMY AMana3oHy UX 3HaYeHuN

- VI3MepeHus eMKOCTU 1151 CaMbIX BbICOKMX YPOBHEN HaNpsaXXeHns

- MiaMepeHusa conpoTrBIeHUS NOCTOSHHOIO TOKa M MHAYKTUBHOCTU B YC0BUAX DONbLWOro TOKOBOr0 CMeLeHUs

- [MpoBepku paboTbl LpyrMx NCNONb3YOLWMXCH NPpUBOPOB B LUIMPOKOM AMana3oHe TemMnepaTyp

Komnanus Keysight Takxxe npegnaraet bonbwoe cemeincteo nameputeneit LCR, npegHasHayeHHbIX 419 NPOBeLEHMS TOUHbIX
M3MEepEeHMt UMMNefaHca NCNoNb3yeMblXx KOMNOHEHTOB. MiamepuTenu LCR aBnst0TCA CTaHAAPTHBIM MHCTPYMEHTOM, UCMOb3YeMblX
B laHHOW 0bnacTu, Tak Kak obnafatoT NyylrM nokasaTesieM TOYHOCTU ¥ BOCMPOU3BOLMMOCTHM B LUMpOYalLlIeM franasoHe
3HaYeHWN MMMNeaHca.

OueHka BAMAHNSA HaxoadaLmxcs psnomM BY-crucTeM Ha ycTpolicTBa C WUMPOKOW 3anpelleHHoM 30H0M

B HacToslee BpeMa HeobxogMMbl 6onee CNOXHbIE yCTPOCTBa aHanmn3a nMnefaHca, Tak kak NponM3BoACTBO CUITOBbIX
npeobpa3oBaTtenei cTaHoBMUTCHA BCe bonee TpyAHbIM: He0bX0AMMO yunThiBaTL Bonee cTporve cucTeMbl ynpasnexus, bonblwmve
CKOPOCTU NMepeksioyeHns, a TakxKe UCMNoNb30BaTb NPUOOPLI C WMPOKON 3anpeLleHHON 30H0M, KOTOPble FeHEepPUPYIOT BbICOKME
4acToThl BO3/EMCTBMSA Ha CXeMbl 1 UMEIOT DbICTpble Nepenabl BXo4HOro curHana. Cvnosble 31eKTPOHHbIE CXeMbl bonblie He
MOTYT CO3[aBaTbCH C UCMOJIb30BAHWUEM NMPOCTHIX CXEM C COCPE0TOYEHHbBIMM NapamMmeTpaMu. HecMoTps Ha To, YTO CXEMbI C
cocpefoToYeHHbIMU NapaMeTpaMum MOTYT MPUMEHATLCS B JI0ObIX YCIOBUAX, CUTOBbIE CXeMbl HEOOXOAMMO KOHCTPYMpPOBaTh Tak,
4T0bbI BbINO ACHO, Kak MX MMMefaHC MeHsaeTcs B bosee LWMpoKoM Anana3oHe yacToT. Komnanusa Keysight BeinyckaeT npogyKThl,
CTaBLVe NULepaMn Ha pbiHKe, KOTOpbIe YA0BAETBOPSIOT MEPEUNCAEHHbIM BhILE YCNOBUAM:

AHannsaTtop umnepaHca E4990A:
- Owanason yacToT: 0T 20 Iy go 10/20/30/50/120 Ml
- [nanasoH usMepeHnsa umnenarca (ocHosHas norpewHocts 0,08; 0,045 (tun.)): ot 25 MOM o 40 MOMm

AHanunsatop nmneparca E4991B:
- Jwuana3son yacToT: o1 1 My go 500 MTu/1 Mu/3 My,
- OunanasoH namepeHnsa umneganca (ocHosHad norpewHocTsb 0,65%): o1 120 MOM g0 52 kOM

PucyHok 5. AHanvsaTopbl nMnepanca komnaHumn Keysight

[ns namepenns nmnenaHca aHanusatopsl cepun E4990A ncnonb3yoT MOCTOBOM MeTO/ C aBTO-banaHCMpPOBKOW, a aHann3aTopsl
E4991B ncnonb3yloT MeTOA BbICOKOYACTHBIX NpeobpasoBaHuii Toka B HanpsxeHue [RF 1-V). [laHHble MeToabl ocHoBbIBaloTCH (no
3akoHy OMa) Ha IMHENHOM COOTHOLWEHMM BEANYMHBI HAMPSXKEHUA-TOKA K BEAIMYMHE MMMeaHca. TakuM 06pas3om, JOCTOBEPHOCTb
TEeopeTM4ecKoro U3MepeHnUs nMNesaHca NoCTOAHHA U MMeeT BbICOKYI0 TOYHOCTb M0 BCeMY AMana3oHy U3MeHeHWI MNefaHca,

B OT/IM4MeE OT METO[0B, UCMONb3YyeMbIX B aHann3aTopax Lenel. [pesocxogHasa cTabuabHOCTb M3MeEpeHUIA aHanM3aTopos
nmnepaHca E4990A/E4991B B cBoto 04epeb 4OCTUIaeTcsa NCMNob30BaHMEM NPUEMHMKE A1 MUHUMU3ALUMN OLIMBOK, CBA3AHHbIX
C YX040M NapamMeTpoB 3a rpaHuLLbl LOMYCTUMOrO fMana3oHa. 3To N03BONAET MPOBOANTL TOUHYIO XapakTepu3aLuio B TeyeHe
Bonblworo BpeMerHoro nepunofa. Keysight Takxxe npegnaraet aHanusatopsl Lenet E5061B cepumn ENA, ocHallleHHbIX onuymen
3L5/005 ananuza uenen, aHanm3a UMnNefaHca, a Takxe aMnanTyaHo-Ga30Boro aHanumsa.
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XoTs AaHHble aHanM3aTopbl He UMeloT Takux nokasaTene TO4HOCTH U cTabunbHocTy,

kak aHanusatopbl E4990A n E4991B, oHn npeacTasnstoT cobolt bonee yHMBepcanbHbIN
WHCTPYMeHT aHanu3a. Huxxe nprBeaeH rpaduk, Ha KOTOPOM CPaBHMBAKTCSA TOYHOCTb

n3mepenuii npnbopos E4990A, E4991B, n ES061B B 3aBMCUMMOCTM OT 4acToThI:

100M
10M .

Aﬂ‘amj,sam‘phu{eri‘ey -
= 100 f] ‘f{EEl}E‘IB}

"

:: ,\ [S‘Qau'a ro)

10 - e
.3‘1, A 4
1> =
. b -._.- ..:: g :
100m . ' : !
iin%faccmy ra‘.:nae oA
o) " o gl
10m < KK ,\ _n:,\

RS A VL e DAAA
10 100 1k 10k 100k 1M 10M 100M 1G3G
YacroTa (Ty)

PucyHok 6. 10% cTeneHb TOYHOCTU 3MepeHUsa uMnegaHca npubopos E4990A, E4991B 1 ES061B

Bonee nogpobras nHpopmauma 06 LCR-nameputenax komnarnum Keysight
v 06 aHanmn3saTopax UMNefaHca NpefAcTaBaeHa Ha cTpaHuLe:
http://www.keysight.com/find/impedance

AHHOTaUMA

B AaHHbIX peKoMeHAauMsaX N0 MPYMEHEHMI0 ONMUCHIBAOTCA NPOBAEMbI, C KOTOPbIMU
CTanKMBalTCA MHXEHEPbI M0 CUITOBOW 3N1EKTPOHMKE MPU OLEHKE, ONMUCAHWUM 1
KOHCTPYMPOBaAHWUM YCTPOWCTB C LUMPOKOM 3anpeLLeHHON 30H0W ANA UX UCMONTb30BaHUs

B HOBbIX C1I0BbIX Npeobpa3oBaTenax. O6cyXAaloTCH MHCTPYMEHThI, peLUeHUs U 3HaHNS
koMnaHuu Keysight 4ns co3gaHns n TeCTMPOBaHMS CUI0BbIX yCTpoMcTB. HanpuMmep,
aHanusaTop cunoBbix ycTporcTB B1506A pa3paboTaH And nonyyeHns Takmx XxapakTepUCTmK
CVNOBBLIX YCTPOMCTB, Kak BENUYMHBI TOKA M HANpAXEeHUs, eMKOCTU, a TakXe 3apsaja 3aTsopa.
Jinpep oTpacnu, CeMelcTBO aHanM3aTopoB UMnefarca komnaHumn Keysight nozsongaer
OLEHMBaTb 3/IeMEHTbI CXEMbI, KOTOPbIe MCMOJb3YI0TCA BMecTe ¢ npubopamu ¢ LUMPOKOW
3anpeLLeHHor 30H0I, Mo BCEMY AMana3oHy YacToT, 4TO yNpoLlaeT y4eT BO3LeNCTBUA
BbICOKMX YaCTOT OT AAaHHbIX Nprbopos.
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