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BeepeHue

Ecnv BaM Heo6xoaMMo BbINOAHWUTD TOYHbIE M3MEPEeHNs NapaMeTPOB BbICOKOCKO-
POCTHbIX CUrHANOB C UCMOJIb30BaHMEM ocuunnorpada, KpanHe BaXKHO BHUMATENbHO
NoaovTH K BbIGOPY NPOBGHMKOB M UCMONb30BaTh UX [OJIXKHbLIM 06pa3oMm. MpobHUK
SIBNISIETCS OCHOBHbIM GaKTOPOM, ONPEefensoLWMM YPOBEHb COOCTBEHHBIX WYMOB U
aMMANTYAHO-4aCTOTHYI0 XapakTepucTuky (A4YX) usmepurenbHoit cuctemsl. BansHue
Harpysku, KoTopyt NpobHUK NpeAcTaBAseT OS89 TECTUPYEMOIN CXeMbI, TaKXXe AOKHO
CTaTb NPeAMETOM CEPbE3HOr0 aHannsa.

B maHHbIX peKoMeHAaLMaxX No NPUMEHEHUI0 Mbl 06CYIUM aKTUBHbIE
NPoBHMKK € NonocaMu NponycKkaHus, npesbliwatowmmm 1 My,

Mpw Bbi6ope NpobHMKA BaM HY>KHO OLLEHUTL YeTbIpe acneKTa, KoTopble NepeyncrieHs
HUXe.

- XapaKkTtepucTuku npobHukos, Vout/Vin

- Harpyska ans tectupyemoro yctpoiictsa (TY) Ha HU3KMX M BBICOKMX YacToTax

- Lym

- ApanTupyeMmocCTb ¥ NPOCTOTa MCMNONb30BaHUSA NPU NOAKIIOYEHNIN K Pa3/INYHbIM
TECTUPYEMbIM YCTPOWCTBAM
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PekomeHpaumu no NPUMEHEeHUNK

ApxutekTypa cuctembl npobHMKoB InfiniiMax

ApxuTeKTypa cucTeMbl NPO6GHMKOB
InfiniiMax, paspaboTaHHas KoMnaHuewn
Keysight Technologies, yuntbiBaeT Bce
3Tn acnektbl. Knoyeson ocobeHHo-
cTblo apxuTekTypbl InfiniiMax sBnsietca
OTAENEHUNE FONIOBKU NPOBHUKA OT
ycunutens npobHMKa. 3Ta apxXUTEKTY-
pa Mo3BoJieT peann3oBaThb rosI0BKM
NPo6HMKOB HEGOJbLIOrO pasMepa

ANA [OCTYNa K TOYKaM TeCTUPOBaHUS,
KOTOpble HaxoAATCS B OFPaHUYEHHOM
NPOCTPaHCTBE, OAHOBPEMEHHO ONTH-
Musnpysa AYX 1 Harpysky, KoTopyto
npo6HWK NnpeAcTaBnseT Ans TecTupye-
MOro YCTPOMCTBA.

Mpeo6bnagatuwee BAusHe Ha A4X n
HarpysKky npobHMKa OKa3bIBalOT pas-
Mepbl COeANHEHUs C TECTUPYEMON CXe-
MOI. YeM MeHbLUe 3T pa3Mepsbl, TeM
MeHbLUe EMKOCTb M UHAYKTUBHOCTb

B 3TOM YacTu cxeMbl. KOHCTpyKums
ronoBok Npo6HuMKoB InfiniiMax ymeHb-
LIAEeT 3TN pa3Mepbl A0 NPaAKTUYECKOrO
npegena.

[na nepepgayun curHana Mexay
BbIXOZLOM rO/I0BKM NPOBHMKA U BXOAOM
ycunutens npobH1Ka ucnonb3yeTcs
50-oMHbIN TpaKT. Mpu Hapgnexalwem
50-oMHOM cornacoBaHuUu aaunHa Kabe-
/1 OKa3blBAaeT MUHMMAaJIbHOE BIUSHME
Ha AYX. Ecnu HeobxoauMo yoanuTb
ronoBKy NpoBHMKa OT ycunuTens
npobHMKa Ha Bonbluee paccTosiHue,
MOXXHO fa)ke f06aBUTb MeXay HUMKU
YAUHUTENbHbIe Kabenu, U 3To OKaxeT
MWHUMasbHOE BAUSHME Ha paboyne
xapakTtepuctuku. MogpobHee cM.
pekoMeHgauum no npumeHenmto 1601
“Extending the Range of Keysight
InfiniiMax Probes” (Pacwupexue aua-
na3oHa paboTbl NnpobHUKoB InfiniiMax
koMmnanun Keysight) no cceinke: http://
cp.literature.keysight.com/litweb/
pdf/5989-7587EN.pdf.

ApXUTEKTYpa CUCTEMbI NPOOHUKOB
InfiniiMax B cBOEM OCHOBE ABNAETCS
ondoepeHumanbHon. [laxe ecnv npo-
BOAMTCS M3MEpPEHNe HECUMMETPUY-
HOro curHana, guddepeHumanbHbIN
npo6HuK Bceraa obecneymBaeT
NPEeBOCXOAHbIE Pe3y/bTaThl, 0CO6GEHHO
C yBENIMYEHMEM MOJIOChHl YacToT
curHana. HanoMHuM, 4To BCe CUrHanbI
asnsTcs gudpdepeHLumManbHbIMK,
“3emnsa” — 370 yoobHoe npeano-
noxenue. InpopepeHumanbHbin
npo6HuK byneT npeacTaBasTh cobom
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PucyHok 1. ApxutekTypa cucTeMbl Npo6HUKOB

PasMepbl aTo¥ o6nactu

InfiniiMax

TCA 6 n

onpepensLuM ¢aKTOp0M AN XapaKTepUcTuk ﬂPOGHMKa
Ha BbICOKUX YacToTax.

PucyHok 2. YBenuyeHHoe n3obpakeHne BnavBaemown ronosku npobHuka InfiniiMax

MEeHbLUYI0 Harpy3sKy (3a cuér 6onee
BbICOKOIO MMMefaHca) ANs BbICOKO-
YaCTOTHbIX CUrHANOB B [ONOJIHEHME
K 6osiee BbICOKOMY KO3hOULMNEHTY
ocnabneHus cuHdasHoro curHana
(CMRR). Moapo6Hee o npenMyLLecTBax
anddepeHumanbHbiX NPoOHMKOB
Npu U3MEPEHNN HECUMMETPUYHbBIX
CUrHaNoB CM. PeKOMeHZaLun no
npumeHenuto 1419-03 “Performance
Comparison of Differential and
Single-Ended Active Voltage Probes”
(CpaBHeHue xapaktepucTuk andde-
PEeHLUMANbHbIX U HECUMMETPUYHBIX
aKTUBHbIX MPOBHMKOB HAMNPsIXKeHUs)
no ccoinke: http://cp.literature.
keysight.com/litweb/pdf/5988-
8006EN.

[ononHuTenbHbIA gUanasoH
CMeLLEeHMS, OOCTYMHbIN B @aKTUBHbIX
Npo6HUKax, ABNAETCSA NpenuMyLle-
CTBOM MCNOJIb30BaHMSA NPO6GHUKA,
KOTOpPOE YacTo He 3aMeyatoT. 3ToT

LOMONHUTENbHbIN ANanasoH cMelle-
HWSI MO3BONISIET U3MEPSTb C XOPOLLIUM
paspeLleHneM CUrHasbl NepeMeHHOro
TOKa HU3KOro YPOBHS C 6osbLion
BEJINYUHOW CMELLEHUSI MOCTOSIHHOMO
ToKa. MNogpobHee cM. pekoMeHZauum
no npumeHeHuto 1451 “Understanding
and Using Offset in InfiniiMax Active
Probes” (MoHnMMaHne 1 ncnonb3o-
BaHWe CMeLleHuWsl B aKTUBHbIX Npo6-
Hukax InfiniiMax) no ccoinke: http://
cp.literature.keysight.com/litweb/
pdf/5988-9264EN.pdf.

| Kabenb npobHuka
|
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XapaKTepucTukn npobHnKoB

Hanbonee apdeKTUBHbLIM cnocobom
MoJTlyYEeHUS XapaKTepUCTUK NpobHMKa
BO BPEMEHHOW M 4acTOTHOM 06nacTsXx,
ABNSIETCS ONpefeNeHne BbIXOJHOIo
CUrHana Kak GyHKLUM OT BXOAHOrO
CUrHana Ha HaKOHEYHMKaXxX NPoBHUKa.
OnpeneneHue xapakTepuUCTUK TakUM
cnoco60oM No3BONSIET OLEHUTb
TOYHOCTb NPOGHMKA NpK BOCNPOM3BE-
OeHUN GaKTUYecKoro curHana, npu-
CYTCTBYIOLLEFO B TECTUPYEMON CUCTEME
C NPUCOEANHEHHBIM NPOGHNKOM.
HekoTopble npon3BoanTenu onpege-
NS0T XapaKTepUCTUKM NPOBHMKA Kak
OTHOLLEHUWE HANPSXXEHUS BbIXOLHOIO
CUrHana npobHUKa K HanpsiXXeHuto
curHana uctouHuka (Vout/Vsource),
OpYyrumu croBamu, “4to byneT 34ech,
ecnu 6bl NnpobHMKa He 6bino”. Opyrue
npou3BoauTeNny pa3pabaTbiBalOT CBOU
nNpoBHMKKU 1 NporpaMMHoe obecneye-
HWe KOPPEKLMUU C UCMONb30BaHUEM
undposoi o6paboTku curHanos (LLOC),
YTOObI NOKa3aTb, KAKUM CUrHaN “Bbln
6bl1" B OTCYTCTBME NPOBHUKA.

Mpv onpefneneHnmn xapakTepucTuk
TakuM crnocoboM HeobxoanMo caenatb
PS4 NPeanosioXeHUn o CBOMCTBAxX
TECTUPYEMON cucTeMbl. B pesynbTaTte
XapaKTepUCTUKN MOryT BbITb onpe-
OeneHbl TONbKO AJ1S KOHKPETHOMN
KOHUrypaLmm TeCTUPYEMOW CUCTEMBI.
3TO MOXET NPMBECTU K OLINBOYHBIM
npeanosoXKeHNsaM 0 TOM, KaK XxapakK-
TEPUCTUKM NPOOHMKA NOBANSIOT HA
pe3ynbTaTbhl U3MEPEHUS TECTUPYEMOM
cucTeMbl. Kpome Toro, ecnv Harpyska
NPOBHMKA CNYXUT NPUYNHON HEKO-
TOPOW NOTEPU BENIMYMHBI AONYCKa
no BpEMEHW 1 aMNAnNTyAe, Npu npo-
BeLEeHUN namepeHui Bol HaBepHsIKa
3axoTuTe 06 3TOM 3HaTh. KoMneHcauus
Vout/Vsource 6yneT ckpblBaTb 3TH
addekTbl 0T Bac.

XapaKTepUCTUKMN BCEX COYETaHUM
roN0BOK NPOBGHUKOB U ycunutenemn
NPO6HNKOB 3a,0KYMEHTUPOBAHbI

B PYKOBOZACTBAX Mo 3KcnayaTauum
npo6Hukos (User’'s Guides), koTopbie
LOCTYMNHbI Ha CanTe KOMNaHUK
Keysight. Hanpumep, paccmoTpum
ycunutenb npobHuka 1169A un
BMNavBaeMyio rof0BKy NpobHuKa
N5381A c nonocamu nponyckaHus 12
IMy. B pykoBoacTBe no akcnsyatauuu
1169A, http://cp.literature.keysight.
com/litweb/pdf/01169-97007.pdf,
nepexonHas XxapakTepucTuka Bo
BpPEMEHHON 061acTH NMoKasaHa Ha
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paduK nepexofHON XxapaKTepUCTUKM C KoppeKumen n 6e3 koppekuun dasbl. HopMnpoBaH K ngeanbHoMy
CTyneH4YaToMy CUrHany Ha exoge.

PucyHok 3. XapakTepucTuka BnanBaemMon rosiosku npobHunka N5381A n ycunutens npobHuka
1169A Bo BpeMeHHoW obnactu

Vout/Vin

Vout

YposeHb (aB)

I Monoca nponyckanus (-3 aB) = 13 My

10° 10’ 10

Yacrora (u)

paduKun aMNAUTYAHO-4aCTOTHLIX XapakTepucTuk Vin u Vout + 10,8 b npo6HuMKa ¢ nctouHnkom 25 BT n
Vout/Vin + 10,8 ab npo6Huka.

PucyHok 4. A4X BnanBaemow ronoBku npo6bHuka N5381A u ycunutens npobHuka 1169A.

pucyHke 2-18 (cTpaHnua 2-24) n Boc-
Npov3BeAeHa B 3TUX peKoMeHZaumax
Mo NPMMEHEHUIO Ha pUCyHKe 3.

3aMeTuM, YTO ec/in NPOOHUK
ncnonb3yeTcs ¢ ocumnnorpadamm
DS0O/DSA80000 n DSO/DSA90000
koMnaHuu Keysight, metopbl LIOC
Mcnonb3yloTcs B ocuunanorpade ons
LOMOJIHUTENIbHOW KOPPEKLMM XapaKTe-
PUCTUK NPOBHMKA KaK Mo aMnanTyge,
Tak 1 no ¢ase. Ha rpaduke nokasaHsl
XapaKTepUCTUKM KaK C KoppeKumen
LIOC, Tak v 6e3 Heé.
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Harpyska ana TecTupyeMomn CUCTEMbI

Harpyska, koTopyto NpobHUK npea-
CTaBNseT AN TeCTUPYEMOW CUCTEMBI,
ABNSETCS BTOPbIM Ba>KHENLUMM acnek-
TOM CUCTEeMbI NPOBOHMKOB. Ype3amepHas
Harpyska B AvMana3oHax HU3KKX

W CpegHuX YyacToT ByAeT CHUXKaATb
aMNaUTyay TeCTUPYEMbIX CUFHANOB,
TEM CaMbIM yMeHbLUasi BEIMYNHY
LOMycKa Npyu TeCTUPOBaHWUM aMMn-
TYOHbIX NapaMeTpoB, UM B HEKOTOPbIX
cny4yasx npuBeaET K TOMY, 4To
“xopowasn” cuctema bynet dakTmyecku
npu3HaHa HencnpasHow. MpobHMKK
HEeKOTOPbIX MPOU3BOAMUTENEN UMET
uMmnepaHc nopsigka 450 Om B gnana-
30HaX CPeAHUX YacToT, YTO MPUBOANUT K
YMEHbLUEHWIO aMNANTYAbl CUTHANa Ha
5% npu N3MepeHnn NMHUK nepegaym
¢ umnepaHcoM 50 OM. YpesmepHas
Harpyska B AvMana3oHax BbICOKUX
4acToT NPMBERET K YBESIMYEHNID Bpe-
MEHW HapacTaHWs 1 cnafa CUrHanoB
TECTUPYEMOMN CUCTEMbI, LOMOSTHUTESb-
HbIM 3a4EPXXKaM U MEXCUMBObHON
untepsdeperuunm (ISI).

XapaKTepuCTUKM HArpy3KuM Ans BCEX
npo6HukoB cepuu InfiniiMax komna-
Hun Keysight 3agoKyMeHTUpPOBaHbI

B PYKOBOZACTBAXx Mo 3KcnayaTauuu.
Hanpumep, paccMoTpuM Bnansa-
eMyto ronoBky npobHuka N5381A

c nosiocon nponyckauus 12 I'uy. B
PYKOBOACTBE MO 3KCNayaTauuu,
http://cp.literature.keysight.com/
litweb/pdf/01169-97007.pdf, xapak-
TEPUCTUKU Harpy3Ku BO BPEMEHHOW
061acTn nokasaHbl Ha pucyHke 2-19
(cTpaHuua 2-24) n Bocnpon3BedeHsbl
B 3TUX PEKOMEHAaLMnsax no npuMeHe-
HUIO Ha pUcyHKe 5.

Ha cvHeM rpaduke nokasaH cTyneHya-
Tbi/l CUFHAM CO BpeMeHeM HapacTaHus
58 nc, nepepaBaeMbii Mo MHKK Nepe-
nauuv c umnegaHcom 50 Om, 6e3 npu-
CoeaNHEHHOro nNpobHMKa. Ha kpacHoM
rpaduke nokasaHo, Kak 3ToT CUrHan

B JIMHUW Nepefayn u3MeHseTcs,

KOrZa K HeMy NoAK/4aeTcs rosoBKa
npobHuKa.

XapaKTepuCTUKM Harpy3Ku B 4acToT-
HOM 06,1aCTM NOKa3aHbl Ha PUCYHKE
2-23 (cTpaHuua 2-26) pyKoBOACTBa MO
3KCMayaTauum u BOCNPOM3BEAEHbI B
3TVX PEKOMEHZALMSAX MO MPUMEHEHNIO
Ha pUCYyHKe 6.

Ha pucyHke 6 MOXHO YBUAETD, YTO
BXOAHOM MMnepaHc B aubdepeHun-

Vsource
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lpaduk cTyneHyaToro curHana co BpeMeHeM HapacTaHus 58 nc, NofiaBaeMoro T UCTOYHMKA C BbIXOAHBIM
wMnegaHcom 25 OM, ania cnyyaes, KOraa NpobHUK NOAKIOYEH U KOTAA HET.

PucyHok 5. XapaKTepucTuky Harpy3ku Bo BpEMEHHOW 061acTy As BNauBaeMou royloBKu
npo6Hmka N5381A
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,
10
Yacrora (I'u)
padmk 3aBUCUMOCTN MOAYIS BXOLHOIMO MMNEeAaHca NPpobHMKaA OT 4acToThl.

PucyHok 6. XapakTepucTUKM Harpy3Kku B 4aCTOTHOM 061acTy A1S BNauBaeMow royloBKu
npo6Huka N5381A

aJibHOM peXXuMe Bcerga Bbllle, 4eM B
HECMMMETPUYHOM pexnme.

[1nsa Bcex BbICOKOMMMNEAAHCHbIX
ronoBok npobHukos cepuu InfiniiMax
0OCTYMHbl Mogenu Spice. Bl MoxeTe
ncnonb3oBaTb Mogenu Spice ans
C03[aHusa NPOTOTUMA, YTOBbI MOHATD,
KaK Harpy3ska npobHuKa noBnaumsieT Ha
paboTy TecTupyemon cxembl. Mogenu
Spice npepcTaBfieHbl B PyKOBOACTBAX
0 3KcnyaTaumu. B pykosoacTee no
akcnnyaTaumm 1169A mopenn Spice
npuBeAeHbl, HAYMHAs CO CTPAHULLbI
3-1.
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PeKOMeH,D,aLWII/I no NpUMEeHeHU
LLym

LLlym npo6HMKOB 06bI4HO GosbLUE,

4yeM ypoBeHb COBCTBEHHbIX LUIYMOB
ocumnnorpada, NoaToMy Bbibop npob-
HWKa C HU3KWUM YpPOBHEM COBCTBEHHbIX
LLIYMOB O4eHb BaXKEH A5l TOYHbIX U3Me-
penui. LLyM TpaHcnvpyeTcs B BXUTTEP
Ha nepenajge cuUrHana v Takum o6pasom
OKa3bIBaET B/IUSIHWE U HA U3MEPEHUS
napaMeTpoB AxuUTTepa. YeM MeaneHHee
CKOPOCTb HapacTaHUs CUrHana, TemM
60s1ee 3aMeTHbIM CTAHOBUTCS LUYM.
Yennutenu npo6Hukos 1168A n 1169A
cepum InfiniiMax komnaHun Keysight
VMEIOT UCKJTIUYUTENIBHO HU3KUI YPOBEHb
cob6CcTBEHHbIX WymoB 2,6 MB CK3, oTHe-
CEHHbIV KO BXoZy NpobHuMKa.

ApanTtupyemocTb

ApxuTeKTypa cucTeMbl NPOBHUKOB
InfiniiMax o6ecneynBaeT rmbKocTb,
HeobxoAnMYyo NS U3MepeHuns LWnpo-
KOro pasHoo6pasunsa KoHburypauumn
TECTUpYeMbIX cucTeM. Mbl npepnaraem
cnepytoLive ronoBKu NPOOGHNKOB:

- BnavBaeMble ronoBKu NpobHUKOB C
nosiocamu nponyckanus 7 n 12 Iy,

- [0NnoOBKW M HAKOHEYHUKM NPOBHMKOB
C HYNEBbLIM YCUJIMEM COYJIEHEHMS

(ZIF) n nonocamu nponyckaHua 12 My

- TlonoBku-bpaysepbl gns puddeper-
LManbHbIX CUTHANOB C MoJI0CaMu
nponyckanma 6 n 12 MMy

- lonoBka-6bpaysep onsi HeCUMMeETPUY-
HbIX CUFHANOB C MOJIOCOM NPOMycKa-
Hus 5y,

- lonoBka npobHuKa gns
onddepeHumanbHbiX CUTHAN0B
C HAKOHEYHVKaMU B BUAE PO3ETOK U
nonocomn nponyckanus 12 Iy,

- lonoBKku Npo6HUKOB CO
CABOEHHbIMY COEAUHUTENSMU
SMA nns onddepeHumanbHbix
CUTHanNoB C nosiocamu
nponyckanma 7mn 12 My

Bce ronoBky NnpobHMKOB ABNAKOTCS
ondodepeHunanbHbIMK, 3@ UCKIIOYEHNEM

ronoBkuM-6paysepa o HECUMMETPUYHbIX

curHanos E2676A.
[nvHa npoBoAHMKOB

[lBe TOUKM, K KOTOPbIM TpebyeTcsa noa-
KJIIOUYUTb NPOBHUK, HE BCerna MoryT ObiTb
pacnonoxXeHbl yoobHo 1 613K Apyr K
opyry. BnamBaemas rosoBka npobHuKa

E2677A, HakoHeuHuKK ZIF ¢ yonnHuTeNb-

HbIMU npoBoaHuKkamu N5451A v ronos-
Ka Npo6HMKa C HAKOHEYHUKAMM B BUIe
po3eTok E2678A MoryT npucoeanHsTb
NPOBOAHWUKMN Pa3fIUYHON ONUHBI ANs
HaACTPOMKM NOAKIIYEHUS K TOYKAM,
PacnoJIoXeHHbIM Ha pa3HbIX pac-
CTOAHUAX.

[Onsa 6onee OJIMHHbIX MPOBOAHbIX
COeANHEHUN C TEeCTUPYEMOM CUCTEMON
Heo6xo0aMMO HaX0AUTb KOMNPO-
MUCCHbIE pelleHns. YeM anvHHee
NpoBOAHUKM, TeM bonblie byneT
Harpyska, a nepeasi pe3oHaHCHas
yacToTa byneT MeHblle Kak ans A4X,
TaK M XapaKTepucTuK Harpysku. Ons
TEXHUYECKOro pelleHus c 6onee
OJIVHHBIMY NPOBOAHUKAMU cneayeT
BbIGUpaTh AemMndupytoLme pe3ncto-
pbl, 4TO6bI 06ECMEYNTL ONTUMaNbHOE
crnaxkueaHue Kak ana A4X, Tak u

L1191 XapaKTEPUCTUK Harpysku. 31o
BbI3bIBAET CYXKEHWE MOSOCHI NPO-
MyCKaHus, HO NOAABASET PE30HAHCHI,
BblpaBHMBas Kak AYX, Tak u xapakTe-
PUCTUKM Harpy3ku. B pykoeoacTee no
3Kcnyauny npobHMKa copepKaTtcs
AYX 1 XapaKTepUCTUKM HArpy3Ku ons
KaXX[,0ro TeXHUYECKOro peLleHus.
Hanpumep, B pyKOBOACTBE M0 3KCMY-
aTauuu ycunutens npobHuka 1169A,
CTp. 2-24, pa3MeLLeHo onucaHune
HaKOHe4YHUKoB ZIF ¢ yanmHuTeNnbHbIMK
npoBogHukamm N5451A. A4X 1
XapaKTepUCTUKK Harpysku nwoboro
TEXHUYECKOro pelleHmns ¢ AJNHHbIMU
COedVHEHMSAMM TaKXKe 3aBUCAT OT yrna
MexZy NpoBogHUKamu. MoatoMmy gns
HaKOHe4YHUKoB ZIF ¢ ypnmHuUTENbHbIMYK
NPOBOAHUKAMU B PyKOBOACTBE
copepxxatcs AYX n xapaKkTepucTunkm
Harpysku ons 3HauyeHun yria Mexay
Pe3UCTUBHbLIMU NPOBOAHUKAMMU, paB-
Hbix 0 1 60 rpagycam.

CnepyeT Takxe UMeTb B BUAY, 4TO
CUTHanbl, Pa3HECEeHHbIe B NPOCTPaH-
CTBE HA 3HAYMTEIbHOM PacCTOSHWMY,
He SBASIOTCS B MOJIHOM CMbIC/1€ C/I0BA
“ondpdepeHuUnanbHbIMK”, NOCKOSIbKY
MX NONS He CBA3aHbl. [103TOMyY B faH-
HOM CJly4ae MOXHO roBOPUTb TOJIbKO O
OBYX HECUMMETPUYHBIX PEXUMaX, a He
06 UCTUHHOM “guddepeHuransHom”
pexumMe.

AYX 1 XapaKTepUCTUKM HArpy3Ku ons
onoddepeHumanbHon BnanBaemMom
ronoBkun npobHuka E2677A ¢ pemnou-
pylOLWUMK pe3ncTopamMu aNis cpegHen

LUMPUHBI MOJIOCHI MPOMYCKaHMUSA MOXKHO
HalTW B PYKOBOACTBE MO 3KCnya-
Tauum ycunutens npobHuka 1134A,
http://cp.literature.keysight.com/
litweb/pdf/01134-97009.pdf,

cTp. 1-34.
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lonoBka npo6Huka ZIF N5425A, npuc g KH y ZIF

F0I0BKU 1 HAKOHEUYHMKMN MPOBHUKOB C
HyNeBbIM ycunueM couneHenus (ZIF)

lonoBka npo6HuKa ZIF N5425A n
HakoHe4YHuku ZIF N5426A skoHoMAT
CpencTBa v 04eHb YA06HbI, Koraa Heob-
X0OMMO nepeMeLlaTb NPOBHUKN MeXxay
MHOXECTBOM TOYEK U3MEPEHUS B TECTU-
pyemMoin cucteMe. CToMMOCTb HaKOHEYHU-
koB ZIF HaMHOro HW>Ke CTOMMOCTM rono-
BOK Npo6HuKa. [Ins 3aKkasa ucnonb3yercs |
HOMEpP MOAENY, BKTHOYAKOLWMUA KOMMNIEKT
13 0ecsATV HakoHeuyHuKoB ZIF. Ans
NOAKIIIOYEHUS K TOYKAM U3MepeHus, pac-
MOJIOXKEHHbIM Ha 60JIbLUEM PaCcCTOSHUN
Opyr OT Apyra, OOCTYNHbI HAKOHEYHUKHU
ZIF c yanvHWUTeNbHbIMWU NPOBOAHNKAMY
(KOMMNEKT M3 AeCATUN TaKNX HAKOHEYHM-
KOB [OCTYMNeH 4S9 3aKa3a Noj HOMepoMm H 2IF. san .
mogenn N5451A). 8 TecTUpyeMyI0 cHCTeMy

lonoeka npo6Huka ZIF N5425A

HakoHeuHuku ZIF
N5426A

PucyHok 7. TonoBka npo6HuKoB ZIF N5425A 1 HakoHeuHUku ZIF N5426A
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[0N10BKM NPOBHMKOB CO COBOEHHBIMU
coegnHuTenamm SMA

Keysight npegnaraet ronoeky
NPO6GHMKOB CO CABOEHHbIMU COeaun-
HuTenamm SMA — N5380A (12 Mu).
Ecnu TecTupyembin curHan BbiBegeH
Ha KoakcuanbHble BY-coepgnuutenu,
3a4eM 1Ucnosb3oBaTh AuddepeHun-
aNbHbIN NPOBHUK C COEANHUTENAMMN
SMA BMecTO TOro, 4YT0ObI NPOCTO
noAK/to4aTb ABa CUrHana K AByM
KaHanam ocumnnorpada ¢ noMoLbto
KOaKcUanbHbIX Kabenen n ncnosb-
30BaTb MaTeMaTUYECKYIO QYHKLMIO
L9 BbIYMTAHUSA OBYX KOMNOHEHTOB
onddepeHumansHoro curHana?

PaccmoTpum npenmyuecTsa
MCnonb30BaHUs NpobHuKa c andde-
peHuUnanbHOM ronoBKoN NpobHUKa ¢
coepmHutensmm SMA. Mpu ncnonb-
30BaHUK Kabenen Ansa nogkIoYeHms
anddepeHUManbHbIX CUTHAMOB K ABYM
KaHanam ocuunnorpada pesynbrathl

B 3HAUYMTESIbHOW CTEMNEeHN 3aBUCAT OT
TOro, HAaCKOJIbKO TOYHO HACTpOeHa
BPEMEHHas 3afepXKKa Mexay aTUMu
nBymsi kaHanamu. KoadduumeHTt ocna-
6/1eHNa CMHPA3HOro CUrHana 3aBucuT
OT Nt0ObIX HE3HAYUTENbHbIX OTAINYUIA B
KannbpoBKe 3TUX ABYX KaHanos. Mpu
ncnosib3oBaHum anddepeHLManbLHoOro
NpoBHMKa He HY>XHO 6ecrnoKouTbCs

0 HAaCTPOVKe BPEMEHHOW 3aJepPXKKK
OLHOr0 KaHana 0THOCUTENIbHO ApYyroro
UM KannmbpoBKe Ko3ahdULMEHTOB
YCWUIEHWNS OTAENbHbIX KaHas0B.

Mpu ncnonb3oBaHUM KOaKCUaNbHbIX
Kabenen ons NoOoKMYEHUS OBYX
cocTaBnsowmx aubdepeHunanbHoro
curHana (MM HeCUMMETPUYHBIX CUT-
Hanos) kK ocuunnorpady, S-napamerpsbl
KOaKcuanbHoro kabens BAvsaw0T

Ha TOYHOCTb M3MepeHUit (KOHeuHo,
MOXHO UCKITOYUTb BNUSHNE Kabenen
13 pe3yNbTaToB U3MEepeHus, ecnm
MMeeTCsl XopoLlas MoAeNb Afs 3TUX
Kabeneit). C apyroit CTOPOHbI, MPOBHMK
obecneynBaeT KOMMNeHcauuo, npegHa-
3HaYeHHyIo 15 yYEéTa XapaKTepUCTUK
Kabens, cCoeAMHAOLLEro ycunuTenb
npo6HuMKa ¢ ocunnnorpadoM, n ero
BHYTPEHHUX cXeM. Ecnun npoBHMKM
1168A unn 1169A ncnonb3ytoTcs

¢ ocumnnorpadamu cepuinn DSO/
DSA80000B nnn DSO/DSA90000A,
ocunnnorpad aBToMaTUYeCKu nNpumMe-
HsieT undpoBble GpunbTPbl 06paboTkm
CUrHanoB ans obecneyeHus ewwe
6onbluero BoipaBHUBaHMs AYX.

PucyHok 8. OuddepeHumnanbHas ronoska npobHUKA CO CABOEHHbIMU

coepguHutensamm SMA N5380B.

Mpyn NCNONb30BaHUM KOAKCUaASIbHBIX
Kabenen n MaTeMaTUYECKUX GYHKLMUN
ONS N3MepeHuns Kaxaoro andoepeH-
uManbHoro curHana tpebyetcsa aBa
KaHana ocumnnorpacda, 4to nossonseT
OLHOBPEMEHHO U3MepsATb C MOMOLLbIO
4-kaHanbHoro ocuusnorpada TonbKO
nBa onodepeHumnanbHbIX CUrHana.
Ncnonb3ya anddepeHumancHble
NMPOBHMKU, MOXKHO U3MEPSATb YeTbipe
CUrHana ogHOBPEMEHHO. ITO NO3BO-
NSeT, Hanp1MMep, OQHOBPEMEHHO
npocMaTpMBaTh ABE JINHUK, TOe
Ka)kpas IMHUS COCTOUT U3 OLHOWM
anddepeHumanbHom napsbl, obecne-
YyuBaloLen nepefady AaHHbIX B 060ux
HanpaBneHusaXx.

MpuHUMNMANbHBIM HEA0CTAaTKOM
“cnosnb30BaHUs NPo6HUKa BMECTO
HenocpeACTBEHHOrO NOAKIIYEHNS

C MCNONb30BAHMEM KOAKCUANbHbIX
Kabenen sBNSETCA BHOCMMbINA NPOBHM-
KOM LUYM.
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Mcnonb3oBaHue yoMHUTENbHbIX
kabenew ¢ ronoBKamMu NpobHUKOB

B kaMepe ans npoBefeHns TeMnepa-
TYPHbIX UCNbITAaHUI Bam MoxkeT noTtpe-
60BaTbCA KOHTPOIMPOBATL COCTOSIHME
CMCTEMbI C MOMOLLbI ocumiorpadu-
yeckoro npo6HuKa. 3To HeobxoaUMO
L9 CHATUA XapaKTepUCTUK TecTu-
PYEMOro yCTPOWCTBa MM CUCTEMBI B
LUIMPOKOM JmanasoHe paboynx Temne-
paTtyp, 1nbo Ansg onpeaeneHus Nnpuymn-
Hbl OTKA30B MPU BbICOKUX USTN HU3KUX
TeMnepaTtypax. Yeunutenu npobHMKoB
InfiniiMax komnaHun Keysight nmetot
HOPMWPOBAaHHbLIN paboynii gruanasoH
TeMnepaTyp

ot 5 no 40°C. OgHaKo ronoBKM Npob-
HWKOB MOryT paboTaTb B 3HAYUTENbHO
6onee LWWMPOKOM AnanasoHe. MoxHO
MCMoJIb30BaTb HABOP YATMHUTENbHbBIX
kabenen N5450B komnaHuu Keysight
(prcyHOK 9), uTOBbI DU3NUECKN
OTOENINTb FOSI0BKU NPOGHUKOB OT
ycunutenen npobHMKoB. 3a CYET 3Toro
obecneynBaeTcs BOIMOXKHOCTb PaboThbl
roN0BOK NPOBGHUKOB BHYTPU KaMepbl
L7191 NpoBefeHNs TeMNepaTypHbIX
MCNbITaHUI, @ ycunutenen — 3a
npegenamu kamepsbl. MogpobHee cM.
pekoMeHAaLmMu no npumeHeHuto 1601
“Extending the Range of Keysight
InfiniiMax Probes” (Pacwupexue
OmnanasoHa paboTbl NpobHMKOB
InfiniiMax komnanuu Keysight), http://
cp.literature.keysight.com/litweb/
pdf/5989-7587EN.pdf.

PaclumpeHune onHaMmnyeckoro
OuanasoHa NpobHUKoB

OnHaMnyeckuin guanasoH ycunurenen
npo6Hukos cepun 1130 paseH 5 B
(pa3max), a BMHAMUYECKMIA AManasoH
cepun 1160 — 3,3 B (pasmax). Ecnin
BaM Hy>KHO M3MepsiTb CUrHa bl

B Gonee WMPOKOM fuanasoHe,
apxuTeKkTypa npobHukoB InfiniiMax
no3ssosisieT 406aBNATb KOAKCUasbHbIE
BY-aTtTeHtoaTopbl MeXAy rofIoBKow
Npo6HMKa M ycunutenem npobHMKa
[Nsi paclUMPEHUs AMHAMUYECKOro
AnanasoHa. ATTeHlaTopbl N03Bo-
NAI0T TaKXKe YyBENUYUTb AManasoH
cMelleHnsa npobHuKa. MogpobHee

CM. peKOMeHZaLuu Nno NpMMeHEeHUo
1601 “Extending the Range of Keysight
InfiniiMax Probes” (Paclunperue ana-
nasoHa paboTtbl NnpobHMKoB InfiniiMax
koMmnaHwuu Keysight), ccbinka Ha
KOTOpblE YKa3aHa BblLLE.

PucyHok 9. TonoBka npo6Huka InfiniiMax n yanuiutensHele kabenu N5450B,
NOAKIIOYEHHbIE K yCUNUTeNo NpobHuKa
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KoMnnekcHoe onpeneneHmne xapakTepucTuk
anddepeHUnanbHbIX CUFHANOB

[lna nonHoro onpepeneHuns xapakre-
pucTuk guddepeHumanbHbIX CUTHaNoB
Heo6xo0aMMO U3MEPUTb:

- cocTaBnswowyto auddepeHumanb-
HOro curHana B guéddepeHumanb-
HoMm pexxume (Vp-Vm)

- cocTaBnswowyto auddepeHumanb-
HOro CUrHana B CMHGbA3HOM pexume
(Vemsig)

YT106bI BEINONIHUTL 3TV U3MEPEHUS

C MOMOLLbI0 HECUMMETPUYHBIX MPOBHU-
KOB, OAMH MPOOHUK, MOAKIHOYEHHDbIN K
nepBoMy KaHany ocuunnorpada, Heob-
XOAMMO COEAUHUTL MEXAY TOYKaMU

Vp 1 Vgd (cMm. pucyHok 10), a apyron
NPOBHUK, NOAKIIIOYEHHBIN KO BTOPOMY
kaHany ocuunnorpada, — mMexay
Toukamu Vm u Vgd. 3atem cnepyet
MCnoJsib30BaTb MaTeMaTuyeckne GyHk-
unm ocumnnorpada, 4tobbl BEIMUCIUTD
CUMH}a3HbIN U anddepeHLManbHbIN
curHansl. CuHdasHbIn curHan, Vemsig,
paseH (Vp + Vm)/2.

MN3-3a MHAYKTUBHOCTW COEQUHEHMS

C 3a3eMJIeHUEM HECMMMETPUYHbIE
NPOBHMKMN HEAOCTAaTOYHO XOPOLLO
nopaBnsoT cocTaBnstowyto Vemdut,
0cobeHHO Ha bosee BbICOKMX YacToTax.
3T0 MOXET MPUBECTU K UCKAXKEHUIO
pe3ynbTaTa U3MepeHus CMHpasHoro
curHana, Vemsig, NocKosibKy 3T0 U3Me-
peHne He O0MXKHO BKoYaTb B cebs
cocTasnstowyto Vemdut.

MNHOYKTMBHOCTb COeauHEHUS

C 3a3eMJIeHVeM TaKXXe No3BonsieT
napasuTHbIM CUrHanaM NPoHUKaTb

Ha 9KpaH KoaKCcMasnbHOro Kabens
npobHMKa. MapwpyT cnefoBaHus u
NoJiIoXKeHne KoakcuanbHoro Kabens
npo6HMKa byayT onpenensaTb, B KAKOM
cTeneHu

3TV cUrHanbl ByayT oTpa)kaTbcsa ob6paT-
HO K TOYKe NOAKJIYEHUS HAaKOHEYHU-
Ka NpobHMKa K CUrHanbHOW 3emie. 3Tn
OTPaXKEHHbIe CUTHaJbl BO34ENCTBYIOT
Ha U3MEpPSIEMbIV CUTHAM U CRyXaT
NPUYMHON NpobsieM NoBTOPSEMOCTH
pe3ynbTaToB M3MEpPeHUi, ecnin Kabenb
npobHMKa nepemMeLlaeTcs.

Bce curHanbl MoryT 6biTb NOyYeHbl
nyTEM Ucnosib3oBaHma anddepen-
UManbHbIX NPOGHUKOB M MaTeMa-

TUYecknx pyHKUUn ocumnnorpacda.

MopcoepnHute oguH puddepeHumn-
anbHbIN NPOOHUK, MOAKTHYEHHbIN

K OLHOMY KaHany ocumnnorpada,
Mexay Toukamu Vp u Vgd (cM. pucyHok
10), a ppyroit anddepeHUManbHbIN
NPOBHMK, NOAKIIIOYEHHBLIN KO BTOPOMY
KaHany ocuunnorpada, — Mexay Tou-
kamu Vm un Vgd. nddepeHumanbHbin
N CUH)A3HbIN CUTHAMbI MOTYT ObITb
noJsly4yeHbl MOCPEACTBOM MUCMOMb30-
BaHWS MaTeMaTUYeCKnX GyHKLUMI
ocumnnorpacda. AnbTepHaTUBHbIV CMo-
cob 3aKoyaeTcs B TOM, YTO U3MEPUTL
Hanps)XeHue Mexnay Toukamm Vp-Vm
MOXXHO HEMNOCPEeACTBEHHO C MOMOLLbIO
oaHoro guddepeHumanbHoOro npo6-
HuKa. MpenMyLLecTBO UCMONIb30BaHMS
OBYX NPOBHMKOB, NOAKIIOYAEMbIX K
ToukaM Vp 1 Vm, 3aKnto4aeTcs B TOM,
4TO Kak gnddepeHumanbHbIN, Tak U
CMH®bA3HbBIN CUTHAN MOXHO U3MEpUThb,
MCMoJb3ys OAHO NOAKOYEHNE U
TONbKO ABa Npo6HMKa. TakkKe MOXHO
HabnogaTh MHAMBUAYaNbHbIE
curHansl Vp 1 Vm. 310 BaXKHO B Xof4e
npoBeAeHUs AMarHOCTUKM, Hanpu-
Mep, eCNM TOJIbKO Ha OAHON CTOPOHEe
o6Hapy»KMBaTCA BbIGPOCHI UK nepe-
KPECTHbIE MOMEXM.

OunddepeHumnanbHbIi NPOOHUK C
XOpoLwuM ocnabneHnem cuHdasHoro
curHana byaer cywecTBeHHo noja-
BNATb cocTaBnstoLyto Vemdut npu
namepenum Vp-Vgd n Vm-Vgd.

3a cyéTt ocnabneHns cuHdasHbIX cur-
HasloB ByayT TaKXKe B 3HAUYUTESIbHON
cTeneHv nNofaBnsATbCs Nobble cur-
Hasbl, KOTOpble MPOHWUKAIT Ha 3KpaH
KOaKcuanbHoro Kabesns

npobHMKa 1 oTpa)katoTcst 06paTHO K
TOYKe NOAKJIYEHNS HAKOHEYHUKA
NPo6HMKa K CUTHANbHOW 3eMJie.

OnddepeHumanbHbIN NPOGHUK MOXKET
HenocpeacTBeHHo namepsts Vp-Vm.
3710 no3BonseT ybeanThca B TOM,

YTO KOCBEHHOE U3MepeHue (To ecTb,
onpenensieMoe Kak pa3HoCTb U3Me-
PeHWi ABYX CUTHaNoB) cornacyercs

C pe3ynbTaToM NPAMOro U3MepeHus

M TaKUM 06pa3oM rapaHTUpyeT, 4To
o6a npobHMKa Hagexawmnm obpasom
BbIPOBHEHbI.

TecTupyemoe
ycrpoicteo (TY)

Vm
CurHan, aensowmncs
o6wum gns Vp uVm
Vgd
CurHanbHas 3emns
TecTupyemoro ycrtpoiictea (TY)
L — - & - | - = —
Vemdut

CurHan, ssnsowwmiica o6wum
ANA CUTHANBHOW 3eMNU

Vp, Vm u TY, oTHocuTenbHO
3aseMneHuns

Vge
3asemnenune

PucyHok 10. U3Mepsiemas cuctema
onobdepeHUManbHON Nnepefayn CUrHanos



11 | Keysight | icnonb3oBaHue ocuunnorpaduyecknx npobHUKOB ANsi U3MEPEHUs BbICOKOCKOPOCTHbLIX CUFHAN0B —

PekomeHpaumu no NPUMEHEeHUNK

KpaTxme BblBOblI

Cuctema npobHukoB InfiniiMax
komnaHuu Keysight npeanaraet ontu-
MaslbHOe coYeTaHMe TOYHOCTU BOC-
npou3BeAeHNsa CUrHana, Harpysku ons
TECTUPYEMOW CXEMbI, HU3KOrO YPOBHS
LUYMOB U NPOCTOTbI MCMOJIb30BaHNA
4N pelieHmns npo6aeM NogKIYEHUs
K Pa3/IM4yHbIM TECTUPYEMbIM YCTPON-
cTBaMm. [ToHMMaHWe NpenMyLLEecTB 1
He[0CTaTKOB AOCTYMHbIX yCcunutenen
NPoBHMKOB, roJIOBOK NPOGHMKOB 1
NPUHaAIEXHOCTEN MOMOKET NOJTYYNUTb
HauyyLllne pesynbTaThl USMEPEHUN
napaMeTpoB TECTUPYEMOro YCTPOM-
cTBa.

Cnucok nutepatypbl

OunddepeHunanbHble n HecuMMeTpUYHble NpobHukK 1134A cepum InfiniiMax
¢ nosiocon nponyckauus 7 INMuy. PykoBoAcTBO No aKcnyaTaumm
http://literature.cdn.keysight.com/litweb/pdf/01134-97009.pdf

OnddepeHumanbHbie 1 HeCUMMeTpUYHbIE NPo6HUKKM 1168A 1 1169A cepun
InfiniiMax. PykoBoAcTBO NoO 3aKcnyaTauum
http://literature.cdn.keysight.com/litweb/pdf/01169-97007.pdf

CpaBHeHMWe XxapaKTepucTuK AnddepeHLnanbHbIX U HECUMMETPUYHBIX aKTUBHbIX
NPOBGHMKOB HaNPsXXeHWs!, PeKOMEHAALMN No npuMeHeHuto 1419-03,
http://literature.cdn.keysight.com/litweb/pdf/5988-8006EN.pdf

MoBbiWweHMe yao6CTBa MCNONb30BAHUS Y XapaKTEPUCTUK LUMPOKOMOMOCHbIX
ocumnnorpapmyeckmx NnpobHUKOB, peKoMeHOaunn no npuMeHeHuto 1419-02,
http://literature.cdn.keysight.com/litweb/pdf/5988-8005EN.pdf

MoHWMaHMe 1 UCToNb30BaHNE CMELLEHUS B aKTUBHbIX Npo6HMKax InfiniiMax,
pekoMeHpauuu no npuMmeHeHuwo 1451,
http://literature.cdn.keysight.com/litweb/pdf/5988-9264EN.pdf
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