COBPEMEHHbIE TEXHOJIOrM

OcHOBbI UMNYNbCHOrO pPeXnuMa TecTupoBsaHung
HOBbIX TUNOB JHEProHe3aBMCMMON NAMATU

Mutep . Xan6ept, Keithley Instruments, Inc.
Matepuan npegocrtasneH 000 «Yuusepcan Mpuéop»

B ctatbe onucbiBalOTCA OCHOBHbIE MPUHUUMNbI N3MepeHUusa napamMmeTpoB
pPa3nn4yHbIX BUAOB 3HepFOHe3aBMCMMOI7I namMsaTu U HEKOTopbie TpEﬁOBaHVIﬂ
K UameputesibHbIM npuéopaM, npegHasHa4YyeHHbIM Ang npoBefeHus

TaKnx usmepeHuﬁ. Moka3aHo, 4TO ucnonbL3oBaHue cneunanu3npoBaHHbIX
U3MepuTesibHbiX CUCTEM NO3BOJISeT C MEHbLUUMW 3aTpaTaMn NPOU3BOAUTL
TecTupoBaHue, nosy4yas Npu 3TOM pe3ynbTaThl, 6onee npurogHble ans
CpaBHEHUSs XapaKTepUCTUK Pa3JIn4HbIX TUMOB NaMATU.

@I31I-IAaMATh HA TPAH3UCTOPAX C IUIA-
BaIOIIUM 32TBOPOM BIIE€PBBIE IIOJIYYH/IA
IHPOKOE pacrpocrpanenue B 1990-x 1r.
U 1O HEAABHETI'O BPDEMECHHU BIIOJIHE OTBE-
qyajia TPEeOOBAHUAM, IIPEXbIBISIEMbIM
K 9HEPTOHE3aBUCUMOM NAMATH B TAKUX
YCTPOICTBAX, KaK IH(MPOBBIE KaMme-
pbl, MP3-1mteepsl u cMapT@dOHbL Tem
HE Me€Hee, OIpefenéHHbIE OI'PaHU-
4YE€HUs], CBA3AHHBIE C €€ CKOPOCTBHIO,
H3HOCOM, HOTPEOIIEMOII MOIIHOCTBIO
U 00bEMOM, 3aCTABJISIM UCCIETOBATE-
JIeHt O6pamaThCd K HOBBIM TEXHOJIOI'U-
SIM 9HEPrOHE3aBUCUMOM NIAMATH, TAKUM
Kak: IaMATb C (Pa30BBIM INEPEXOAOM
(PCM/PRAM); I31I-IaMATh C JIOBYII-
kamu 3apsiga (CTF/SONOS); pe3nucTus-
Hag 1amATb (ReRAM); cerHerosex-
Tpudyeckasg namarb (FeRAM); marHu-
TOpE3UCTUBHAA NaMATb (MRAM) u 1.1,
(cm. puc. 1). MexayHapOSHBIN KOMUTET
110 OIIPEJIEICHUIO HAIIPABICHUH Pa3BU-
THSA IIOJTYIIPOBOJHUKOBOM IIPOMBIILIEH-
Hoctu (ITRS) B 2010 r. peKOMEHIOBAI
YAEIUTb 0OCO60€ BHUMAHUE UCCIETOBA-
HHUAM U pa3dpaboTKaM enié IByX TEXHO-
JIOTHH: IIAMSATH C IIEPEAAYEI CIIMHOBOIO
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moMmeHTa (STT-MRAM) ¥ OKUCIUTEIBHO-
BOCCTAHOBUTENbHOM nTaMATH (RRAM) [1].

Kaxxaplil uccnenyemMeli B HACTOsIIEE
BpEMsA THUII NAMATH OTIUYACTCA YHH-
KaJbHBIMHU CBOMCTBAMHM M XaPaKTE€PHU-
crukamu. K cuacrslio, 1ipu o6me oleH-
K€ A4Y€EK dHEPrOHE3aBUCUMON MaMATH,
CO3JAHHBIX IIO PA3TUYHBIM TCXHOJIOTH-
SIM, HCITOJIB3YIOTCSI OJHH U T€ XK€ I1apame-
TPBI U METOAbI UX u3MepeHust. [Tonoonas
YHU(PUKALYA O3BOJIAET UCCAEA0OBATEIAM
U3MEPATb XAPAKTEPUCTUKH YCTPOKCTB
IIaMATH, U3IrOTOBJICHHBIX ITO HOBEUIIHUM
TEXHOJIOTUAM, C IIOMOIIBIO YK€ Cylle-
CTBYIOILIETO KOHTPOJIBHO-U3MEPUTEIBHO-
ro o60opyznoBaHud. He3aBUCHMO OT THIIA
HCCIETyEMON MaMATH OCHOBHAaA METO-
JHKA U3MEPEHMS 3aKII0YAETCA B IToJade
HMMITY/IbCHOI'O CUTHAJ/IA HA TYEHKY C OJHO-
BPEMCHHBIM U3MEPCHHUEM HAINIPAKCHUA
M TOKa (TO €CTb B IIOJIy4EHHH UMITYJIbC-
HOMU BOJIbT-AMIIEPHOM XadPAKTEPHUCTUKN).
IIpaBuIbHOE IIOHMMAHHUE CMBIC/IA IIApa-
METPOB 3SHEPrOHE3ABUCHUMOU IaMATH
U METOJOB €€ TECTUPOBAHUA TAPAHTHU-
PYeT IPOCTYIO U OBICTPYIO OLICHKY JaXKe
B CaAMBIX C/IOJKHBIX CITy4asaX.
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Puc. 1. HexoTtopble TUNbI 3HEProHe3aBUCUMOI NaMATH

HwXHuiA anekTpoa

MamsaAtb ¢ ha3oBbIM Nepexosom

3BOJ1IOL|MH METOAOB
TECTUPOBAHMSA
SHEPrOHE3ABUCUMOW NAMSATHU
H3MmepeHHEe 3JIEKTPUUYECKUX Xapak-
TEPUCTUK (ISMI-NAMATH C IUIABAIOIUM
3aTBOPOM TPATUITHMOHHO BBITIOJIHAJIOCH
C IIOMOIIBIO U3MEPUTEIBHBIX IIPUOOPOB
IIOCTOSIHHOI'O TOK4, TAKUX KaK HCTOYHHU-
Ku-uzMmepurenu (SMU), 1mocie Toro Kak
HMIIYJIbCHbIC TI'€HEPATOPhI 3aIIHCBHIBA-
JIX U/UJIN CTUPATIHA CONEPKUMOE AIEH-
KM IaMSTH. [I711 3TOro Tpe60BaICI KOM-
MYTaTOpP, HOIIEPEMEHHO IOAAIOMIUN HA
TECTUPYEMOE YCTPOHUCTBO NOCTOSIHHOE
HANIPAXKEHUEC HNIN I/IMHYJIbCHbeI CHT-
Hal1. MHOTa Jj19 KOHTPOJIA XapaKre-
PUCTUK HMIIYJIbCOB, IIOJAABACMBIX HA
TECTUPYEMOE YCTPOWCTBO (IJINTEIb-
HOCTb U AMIUIUTYZIA UMITYJIBCA, HAJTUYHE
BBIOPOCOB, BpEMSI HApaCTAHUSI/CIIa1a),
HCIIOJIB30BAIUCh OCHMLIOTpadbl. O4eHb
BA’KHO U3MEPEHHE NapaMeTPOB UMITYJ/Ib-
Ca, IOCKOJIbKY OHH CHJIBHO BJIHSIOT HA
COCTOAHUE IYEHKH (pdm-namaru. Tem
HE MEHEE, JaXKE€ B HAYYHBIX HCCIEIO-
BaHHUAX ocummorpaq)m IIPUMCHAIUCH
CPaBHUTEIBHO PEJKO, IOCKOIbKY OCLIUI-
JorpaduydecKas cxeMa U3MEPEHUH IJ10-
XO MOAXOSUT IJIsL TOYHOT'O U3MEPEHUSI
IIapaMETPOB UMITYJIbCOB U IOCTOSIHHOI'O
HanpspKeHus. Jlaxke B TeX C/Iy4aax, Kor-
Ja ocuunorpadpl BCE-TaKU UCIIOIb30-
BAJIUCh, IIPU ITOJAYEC UMITYIbCA MOXKHO
OBLIO U3MEPUTH TOJIBKO HAIIPAXKECHHEC
H3-32 CJIOKHOCTU U3MEPEHUI IIEPEXO-
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HccnepoBarenn HMCKAIU HUHTETPUPO-
BAHHBIN IIOAXOJ, NO3BOJIAIOIIUN IIPHU
IoAa4de HMITY/JIbCAa Ha 3aIIOMUHAIONIEE
YCTPOMCTBO MJIM UCCIENYEMBIA MaTEPH AT
OJHOBPEMEHHO U3MEPATD U TOK, U HAIIPSI-
sxkeHue. Takast BO3BMOXKHOCTh CyIIE€CTBO-
BaJIa U PaHbBIIE, HO IIPU 3TOM TPEOOBA-
JIOCh IIPUMEHEHHE HECKOJBKUX IIPHOO-
POB U IIPOIPAMMBI, KOOPAUHUPYIOMIEH
ux pab6ory. IIpu 3TOM BCeraa Npuxoau-
JIOCh UCKATh KOMIIPOMHUCC MEKIY CTOUMO-
CTBIO, IPOU3BOJUTEIBHOCTBIO U CJIOZKHO-
CTBIO U3MEPUTEIBHOH YCTAaHOBKU. OObIY-
HO TaKHE CIIELUATU3UPOBAHHBIE CUCTEMBI
CO3/JaBAIUCh U OOCITYKUBAJIUCh COOCTBEH-
HBIMH CIICIIHATHCTAMU, O0JIaIAIONMUMH
OGOJIBIIIMM OIIBITOM, BBICOKOI KBAIHU(PU-
Kallier U BPpEMEHEM 11 OO'bEIUHEHUS
Pa3IMYHBIX IPUOOPOB B PA6OTOCIIOCOO-
HYI0O U3MEPHUTENbHYIO cxeMmy. Kak mpa-
BIIO, TAKHE «TOMOPOILECHHBIC» CUCTEMbI
OBLIM PACCYUTAHBI HA PEIICHUE TOJIBKO
OJHOM 33/1a4H, OTIMYAIUCh OTPAHUYEH-
HBIMH BO3MOXXHOCTSIMH, CJIOXKHOCTBIO
B YIIPABJICHUHU U JVTUTCJIbHBIM BDEMCHEM
06pabOTKU PE3YIbTATOB U3MEPEHHUA [2].
)11 u3MepeHusa TOKa OOBIYHO UCIIOJIb30-
BaJIUCh OOPA3LI0BAsi HATPY3Ka WIH PE3U-
CTHUBHBIH JATYHK C OCHHWLIOrpadoM HiIn
AIITI. DTOT METOJ XOPOIIO IIPOBEPEH, HO
BJIMAHUEC HATPY3KHU HA HATIPSKECHUE, I1OJA-
BA€MOE€ Ha YCTPOMICTBO, OTPULIATEIBHO
CKa3BbIBAJIOCh HA TOYHOCTU U3MEPEHUI.
Kpome TOro, cornocraBuTb pe3y/IbTaThl,
IIOJIy4€HHbBIEC HA PA3HBIX CUCTEMAX, U 00€-
CIIEYUTD OTCJIEKMBAEMYIO KAIMOPOBKY HA
CHCTEMHOM YPOBHE OBLIO IIPAKTUYECKU
HEBO3MOKHO.

K c4acTplO, HEKOTOPBIE HOBBIE U3MeE-
pUTENIbHBIE MPUOOPBI 06JAAAIOT CIO-
COOGHOCTBIO T€HEPHUPOBATh UMITYIbCHBIE
CHUTHAJIbI C TOYHO 3aJaHHBIMH I1apamMe-
TPaMU U OJHOBPEMEHHO U3MEPATH TOK
U HanpspkeHue. Hanmpumep, mapaMeTpu-
yeckud ananusarop Keithley 4200-SCS,
B COYETAHUU C BBICOKOCKOPOCTHBIM MOJY-
JIEM U3MEPEHUS BOJIbT-AMIIEPHBIX XaPaK-
TEPUCTUK 4225-PMU, ynipojaer OLEHKY
IEKTPUYECKUX XAPAKTEPUCTUK pa3pa-
6aThIBAEMBIX YCTPOMCTB 9HEPIrOHE3aBU-
CHMOM ITAMATH 32 CYET OJHOBPEMEHHO-
TO USMECPECHUA TOKA U HAIIPSOKCHUA IIPU
mojave TOYHO KOHTPOJIHUPYEMBIX UMITY/Ib-
COB (CM. pHUC. 2).

Takye UHCTPYMEHTBI IIPEAOCTABIIAIOT
B PACHOPSDKEHUE UCCIEN0BaTeIeH 60/Ib-
AN O0BbEM JAHHBIX, ITO3BOJISISI C MEHb-
IIMMH 32TPATAMH BPEMEHH JIydIlIe IIOHATh
TOBEICHUE MAaTEPUAIOB WIHN 3aIIOMHHAIO-
IIMX YCTPOMCTB. POPMHUPOBAHUE UMITY/Ib-
COB IPU OJHOBPEMEHHOM HM3MEPEHUU
TOKA U HAIPSDKEHUSA C BBICOKOH 4acCTO-

TOH BBIOOPKH ITO3BOJIIET INTyO)KE€ HIPO-
AHATTU3UPOBATH IEKTPUIECKHE U (DU3U-
YEeCKHE SBJICHHS, ONPECISIONME IIOBE-
JIEHHE STYEEK MaMSTH. [JOIyCTHUMOCTB K€
HMICCIIEJOBATH HE TOJIBKO XaPaKTEPUCTUKHU
10 IIOCTOSTHHOMY TOKY, HO Y IIEPEXO/JHBIE
IIPOLIECCHI AAET BO3MOXKHOCTB ITOJTyYHUTD
(yHAAMEHTAJIIBHBIE CBEJEHUSI O CBOMH-
CTBAaX MaTepHaAIA U PEAKIIUH YCTPOCTBA
HA PA3/INYHBIC CUTHAJIBL.

H3MepeHne JIEKTPUUECKUX Xapak-
TEPUCTUK KpaMHE BAXKHO IS JIydIle-
ro MOHHUMAaHUSA (PU3UYECKUX ACIEKTOB
HICIIOJIB3yEMOM TEXHOJIOTHH. [IJIs1 n3yde-
HHA IIOBEACHHA AYECK ITaMATH JII0O0Tr0o
THIIA B IIPOLIECCE NIEPEKTIOUEHUA HEOO-
XOaArMa 1oJja4ya UMITY/JIbCHbIX CUT'HAJIOB,
KOTOpasA C OMTHOBPEMCHHBIMH U3MEPCHU -
SIMHM IAPAMETPOB IO3BOJISIET TINATEIBHO
HNU3YYUTb JUHAMHWYCCKHEC IIPOCCCHI ITPHU
CMEHE JIOTUYECKOI'O COCTOSIHUA SYEH-
KA. 11 MMUTAIUHA YCJIOBHUIT pPabOTBI
KOHEYHOT'O H3JE/IHS IPOUEAYPHI 3aIIH-
cHu I/IHCI)OpMaLH/II/I JOJDKHBI BBIITOJIHATDH-
Cd B MMITYJIbCHOM PEXHME CO CKOPO-
CTBIO, COOTBETCTBYIOIE HOMHHA/IbBHOMY
pexumy padoTsl namsaty. [Ipu 3agaHum
PE’XKHUMOB U3MEPEHMUS CJIEAYET YUUTHIBATD,
49TO OJI1 OIIMCAHHA CXOXHX onepaum?[
WX METOJOB B PA3ITMYHBIX TUIIAX ITAMS-
TH MOT'YT HCIIOJIb30BAThCSI HECOBNAAIO-
mue TepMUuHbL. Harnpumep, aisa onmca-
HUS 6a30BO OIIEPALIUU 3AITUCH €JUHULIB
Y HYJISI MOTYT HCIIOIb30BATHCS TEPMHUHBIL:
<IPOTPAMMHPOBAHHE/CTUPAHUE>, <yCTa-
HOBKA4/COPOC» WIH «3AITUCh/CTUPAHUE».

OBU.IME TPEBOBAHMUSA
K TECTUPOBAHUIO
SHEPFrOHE3ABUCUMOW NAMSITHU

Cy1ecTBYIOT 0611HE TPeOOBaHUS K 000-
PYAOBAHUIO /I TECTUPOBAHUS SHEPIO-
HE32BHCHUMOM ITAMSTH, HE 3aBUCSIIHE OT
€€ TuIa.

1. IIpyx TECTUPOBAHHH IIAMATH HOBBIX
THUIIOB — C (PAa30BBIM IIEPEXOJOM HJIHU
CETHETOJIEKTPUIECKOH — HEOOXOIUMO
OJHOBPEMEHHO U C BBICOKOU CKOPOCTBIO
HU3MEPATb TOK U HAIIPSOKCHHUC B JUHA-
MHUYECKOM PEXHME. DTO BBI3BAHO TEM,
4TO 3aIIOMUHAHHE UH(OPMALIMHU B HUX
OCHOBAaHO Ha JHUHAMHUYECKOM H3MEHeE-
HHHM COIIPOTHUBJIEHHA MaTepuana. Bos-
MO>KHOCTb TAKUX U3MEPEHHUI 06eCIIeyn-
BA€TCA HOBBIMHU TUIIAMH U3MEPUTCIIbHBIX
IpuOOPOB, OOECIIEYUBAIONIUX OJHOBPE-
MEHHOE U3MEPEHHE TOKA ¥ HATIPSDKEHUS
B [IPOIE€CCE IOJAYH IIPOIPAMMHUPYIONIE-
IO UMITYJIbCA.

2. Heo6x0quMO (pOPMUPOBAHUE HUM-
HIY/IBCOB C 33JJaHHOI aMIUIUTYIOH, Tpebye-
MO JJI1 3AITUCHU U CTUPAHUA COLEPKUMO-

COBPEMEHHBIE TEX Jsiormm

Puc. 2. MapameTpuyeckuii ananusarop
Keithley 4200-SCS ¢ BbICOKOCKOPOCTHbIM
MOAyNeM U3MEPEeHUs BOJIbT-aMNepHbIX
XapakrepucTuk 4225-PMU

I'o AYEUKHU ITaMATH. [IJ151 3111 CH B TYEUKY
MaMATH C IUVTABAIOIIUM 3aTBOPOM (TPaau-
IIUOHHAA (DI3UI-NTIAMATDL) MOXKET IOTpE-
060BaTHCA UMITY/IBC AMIUIATYAOI 15...20 B
U Jaxke 6oj1ee. BHOBb pa3pabaTbIBacMble
THUIIbI IIAMATH OOJDKHBI HMCIIO/Ib30BATDH
HaIIpspKEHHE 3...5 B, TOCKOIBbKY OJHOM U3
TJIABHBIX 321a4 IIPY COBEPHICHCTBOBAHU U
SHCpFOHC3aBI/ICI/IMOI7I IIaMATH SABJISACTCA
YMEHbIIEHHE YPOBHS I104ABAE€MbIX HA HEE
UMITYIbCOB. OHAKO JIJIsI ONIBITHBIX 00pa3-
LIOB, IIPEJIIECTBYIOIUX IIPOCTPAHCTBEH-
HOMY MaCHITA0MPOBAHUIO WIN OITHMH-
341U MaTepUaJIa /11 CEPUITHOT'O IIPOU3-
BO/ZICTBA, MOXET ITOTPEOOBATHCA 1OAAYA
HUMITY/IbCOB C aMIUTUTYOH 6...8 B. Kpo-
M€ TOrO, /I HEKOTOPBIX THUIIOB I1aMs-
TH MOTYT OTPEOOBATHCA ABYIOJIIPHBIE
HMMITY/IbCbl YKA3aHHBIX BBbIIIE€ YPOBHEH,
XOTsI OOJIBIIHHCTBO COBPEMECHHBIX U3ME-
PHUTEIBHBIX IPUOGOPOB I UMITYJIbCHBIX
uzMepenuii BAX ne paccuuransl Ha Hop-
MHPOBAHUE OBYIIOJIAPHBIX HMIIY/JIbCOB
60JIBIION AMILIUTY/IBL.

3.O4eHb BaXKHO OO€ECIIEUYEHHE TOY-
HOCTH IOJJEpPKaHUS 3aJaHHOH (dop-
MbI UMITYJIbCOB, IIOCKOJIbBKY ITIOB€COCHHC
IIaMATU IIPU HU3MCHCHUHU COCTOAHUA
HOCHT HEJIMHEUHBIHN XapaKrep. YCTpo-
CTBA IIAMATH OYCHDb YYBCTBHUTCJIbHBI
K aMIUTUTYAC HMITYJIbCA HAIIPAKCHUA.
Ha ¢opMy ummnynbca BIAMSIOT Or'PEI-
HOCTH 33JaHUA AMIUVINTYIbl 1 HAJTUYIHC
3BOHA, BHIOPOCOB U IIPOBAJIOB, MUHHUMH-
321114 KOTOPBIX OU€Hb BakHA. COBpEMEH-
HBbI€ IPUOOPBHI /11 U3MEPEHUSA UMITYJIbC-
HBIX BAX rapaHTHPYIOT yPOBEHb BBIOPO-
COB U 3BOHA He 60s1ee 3% OT aMILIUTYIbI
uMiyabca. ITomuMo (opMupoBaHUsa
NPAMOYI'OJbHBIX HMMITYJIbCOB C TOYHO
33ITaHHOH aMIUIMTYAOHU IS TECTUPOBA-
HHSA HOBBIX BUJOB 3HCpFOHC3aBI/ICI/IMOﬁ
MaMATH 3394CTYIO TPEOYIOTCA CUTHAJIBI
CJIOKHOX (POPMBI, 33/1aBA€MOI HCCIIe-
posaresneM. Hampumep, [ T€CTHPO-
BaHUsI ReRAM uacro Tpebyercs nojgayda
HUMITYJIBbCOB C IUIABHO HU3MCHAIOUTHUMCA
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Puc. 3. CnoXxHblii UMNYNbCHbIN CUrHaN, cOCTOAWMIA U3 16 CErMeHTOB IMHEIHO MEHAWErocs

HanpsXxeHnsa

YPOBHEM IIPHU OJHOBPEMEHHOM H3Me€-
peHuu Toka. g rectuposanus FeERAM
HEOOXOAMMAa IOCJIENOBATEIBHOCTD U3
4eTpIp€X UMIyJIbCOB PUND (11osoxu-
TEJIbHBIH, BBEPX, OTPHULIATEIbHDBIIN, BHU3).
11 TECTUPOBAHUA HOBBIX THIIOB 3HEP-
T'OHE3aBUCHMOM IIAMATH MOXKET I1OTPeE-
0OBaThCS MOAAYA CJIOKHBIX HMITYJIbC-
HBIX CUTHAJIOB, COCTOAIIUX U3 CETMEHTOB
IIPOU3BOJIBHOM (pOPMBI, C HEOOXOIUMO-
CTBIO BBIIIOJIHEHHS HECKOJIBKHX U3MeEpPe-
HHUU B IIpeJeax KaxKaoro cermeHra. Ha
PHUCYHKE 3 IOKAa3aH CJIOKHBIF UMITYJIbC-
HBIF CUT'HAJI, COCTOAIMI n3 16 cermen-
TOB JIMHEMHO MEHAIOILIETOCs HAIIPXKe-
HUA (cepple HUdpPoI). I3MepeHus BBIION-
HAIOTCA B YETBIPEX TOYKax (KpacHbIE
IIPSAMOYTI'OJIBHUKH ). HOBbIE reHepaTOpbL
HMIIYJIbCOB IIO3BOJIAIOT CO3/4aBATh MHO-
T'OCETMEHTHDBIE CUTHAJIBI, COCTOALINE U3
HECKOJIbKMX HMIIYJIbCOB, 4 TAKKE IIPOU3-
BOJUTb MTHOBEHHBIE HU3MEPEHHS TOKA
M HAIIPSDKEHUS.

BPEMEHHI;IE XAPAKTEPUCTUKMU

BpeMeHHb'Ie XAPAKTEPUCTUKH UMITYJIb-
Ca, IMOJABAE€MOI'0 U3MEPHUTEIbHBIM IIPH-
60OpOM, — BpeMs HAPACTAHUA U CHAJQ,
JUINTEJIBHOCTD — IO-IIPEKHEMY HUIPAIOT
O4Y€Hb BAXKHYIO POJIb, OCOOEHHO B CBETE
0O0MIe TEHAEHITHH ITOBBIIIEHUS Y4 CTOTBI
HMITYJIbCOB 1 COKPAIICHUA UX NIIUTC/Ib-
HocTH cO 100 HC 10 10 HC.

IIo mMepe TOro Kaxk pa3Mepnl AYEEK
3HEPrOHE3aBUCHUMON IIaMATU CTaHO-
BATCSI BCE MEHbBIIIE, BO3HUKAET NIOTPEOD-
HOCTb B UBMCPCHHUH MCHBIINX TOKOB IIPHU
II0AA4Y€ UMITYJIbCHOT'O HANIPAXKCHU S, 1A
4ero Heo6XoAUM ObICTPOAECHCTBYIOIUHT
YCUINTECIIb. ,HIISI MHWHHUMHU3AUN I1apa-
3UTHOI'O BJIUSHUSA EMKOCTU COCIHMU-
TEJIbHOI'O Ka0e/Isl U TOYHOI'O PETyIHPO-
BAHUA S9HCPIUU UMITY/IbCA IPUXOTUTCA
HCIIOJIb30BATh BBIHOCHOH MMITY/IbCHBIF
YCHUJIUTEJIb, YCTAHABJIUBAEMBIN B HEIIO-
CPEJCTBEHHOU OIM30CTH OT TECTHUpPYE-

MOTI'O YCTPOHCTBA, OCOOEHHO IIPU U3Me-
PEHUU NaMATHU C (PA30BBIM IIEPEXOIOM
(PCM) u ReRAM.

OrpaHuyeHUE WIH PEryJupOBaHUE
TOKa OYEHBb BAXKHO IIPU TECTUPOBAHUU
TaKUX TUIIOB SHEPIrOHE3aBUCUMOH ITaMsI-
TH, Kak ReRAM u PRAM. IIpomnie Bcero oHo
peanu3yercs B U3MEPUTEIbHBIX IIPUOO-
Pax MOCTOSHHOIO TOKA W 3HAYMUTE/Ib-
HO CJIOXKHEE (U peXXe) — B UMITYJIbCHBIX
YCTPOUCTBAX, TPEOYS IPHU 3TOM JOIIOJI-
HUTEIbHBIX CXEM yIIpaBjieHus. [Ipu aTom
32494CTYIO OIPAaHUYHTEIN TOKA B U3MEPU-
TEJIbHBIX IIPUOOPAX ITOCTOIHHOI'O TOKA
HE 06€CIIEYUBAIOT JOCTATOYHOM CKOPO-
CTH PEryJIMPOBAHUA, COOTBETCTBYIOIIECIH
TPEOGOBAHUAM, IPEIbABIACMBIM KOHKPET-
HBIM TUIIOM NaMATH. U1 pEryJIUpPOBAHUA
HMITYJIbCHOI'O TOKA JK€JIATEIbHO YCTAHO-
BUTb YCTPOUCTBO YIIPABIECHUA KaK MOXK-
HO OJIMDKE K TECTUPYEMOMY YCTPOHCTBY
C LEJbI0 IIPpeJOTBpAIlCHUsS BIUIHUA
apa3uTHON €MKOCTH COEIUHUTEIbHO-
ro xa6eJs.

OTpOMHYIO POJIb UT'PAET CIIOCOOHOCTD
CHCTEMBI OBICTPO MEPEKTIOYATHCI MEX-
Iy PEKMMOM H3MEPEHUSA HA MOCTOSH-
HOM TOKEC W HUMIIYJIbCHBIM PEXHUMOM.
ITepexIro4yeHuEe UCTOYHUKA-U3MEPUTE-
JISL B PEXKUM IIOCTOSIHHOTO TOKA II03BO-
JIIeT U3MEPSATh COOTBETCTBYIOIIME I1Apa-
METPBI 3aIIOMHHAIOIIEIO YCTPOMCTBA,
9TO BA’KHO IJIsA CI)JISIJ_I-HQ.MHTI/I H 1mamsi-
TH ApPyrux tunos. Kpome nepeximoye-
HUS U3 UMITYJIbCHOT'O PEKHMA B PEIKUM
IIOCTOSTHHOTO TOKA, VISl TECTUPOBAHUSA
q)]ISIII—HaMSITI/I JKeraTeJIbHA BOSMOXXHOCTD
MEPEKIIOYEHUS OHOTO WIN HECKOJIBKUX
KAaHAJIOB B BLICOKOUMIIETAHCHOE COCTO-
sSIHHE, KOTOPOE HUCIIOJIb3yeTCsl Ha dTalle
CTHPAHUS B XO/I€ IUKIA 3aIIUCH/CTUPA-
HUA IAMATHU IIPU UCHIBITAHUAX HA U3HOC.
DTO 3HAYUT, YTO NEPEKIIOYECHUE JOJIK-
HO BBIIIOJIHATBHCS JOCTATOYHO OBICTPO,
4TOOBI IIONAJATh B IIPOMEKYTOK MEXK-
Ay HUMIIYJIbCAMU 3AIIMCU W CTHPAHUS

COBPEMEHHbIE TEXHOJIOrM

U1 00€CIIEYUBATh OYEHDb GOJIBIIIOE YUCIIO
LMKJIOB 3aIIUCH/CTUPAHUA 32 KOPOTKHH
HHTEpPBa1 BpeMeHU. ITogoOHBIM Hepe-
KIIOUYEHUEM JOJDKEH YIPAaB/IATh HEIO-
CPEACTBEHHO HMIIYJbCHBIH I'€HEepaTop,
a CX€eMa, BBIIOJHAIOMAS 3TO EPEKIIO-
4eHHE, JOJ/DKHA HaXOAUTBhCI BHYTPU
HMIIYJIbCHOTO IpU6Opa. OOGBIYHO 3TO
IEPEKIIOYECHUE BBIIIOJHACTCA IIOJIYy-
IIPOBOJHUKOBBIM peJI€ B KAXKJOM KaHa-
JIe TeHEpalluK U U3MEPEHU IAaPaMETPOB
HMIIYJIbCOB.

CHUHXPOHU3AIHS KAHAJIOB HEOOXOIU-
Ma I TECTUPOBAHUA YCTPOUCTB dHEP-
TOHE3aBUCUMOI MaMATH, TPEOYIOIMUX
HECKOJIBKMX KAaHAJIOB IOJAa4yd U H3MeE-
PEHUs UMITY/IbCOB. TPaJUIIUOHHBIE UM-
ITyJIbCHBIE IIPUOOPHBI OBUIO TPYAHO CHH-
XPOHU3UPOBATH, HO COBPEMEHHA aIla-
partypa y1st U3MEPEHU UMITY/IbCHBIX BAX
MOAJEPKUBAET I10/1a9y CHHXPOCUTHAIOB
Ha BHEIIHUE YCTPOHCTBA WIU ABTOMATH-
YECKYI0 CUHXPOHM3AIIUIO C BHEIIHUMU
YCTPOUCTBAMH 110 MOJTYYA€MBIM OT HUX
CHUHXPOCUT'HAJIAM.

SAKNIOYEHUE
Pazpaborka
U TUIIOB YCTPOMCTB 9HEPrOHE3aBUCHUMOK

HOBBIX  MaTEPHUAJIOB
MaMATH TPEOYET U3MEPEHUS dJICKTPHUYE-
CKUX XAaPaKTEPHUCTUK, KOTOPBIE PaHb-
1II€ WIX BOOOIIE HE BBINOJIHAINUCDH, WA
BBIIIOJIHSUIMCh C TIOMONIBIO KOHTPOJIb-
HO-U3MEPUTEIbHBIX CUCTEM COOCTBEHHOU
Pa3paboTKH, 061aJaBUINX OIPAHUYEHHBI-
MM BO3MOKHOCTAMHU. CErOAHA NOABIUINCH
HOBBIE U3MEPHUTEIbHBIE IPUOOPDI, KOTO-
pbl€ IOAAIOT UMITYJIBCBI U OTHOBPEMEH-
HO BBIIIOJIHAIOT U3MepeHus1. OHH IIO3BO-
JIAIOT UCCIE0BATh IIOBEICHUE SHEPIOHE-
3aBUCHUMOM IIaMATH B MOMEHT U3MEHEHUSA
JIOTUYECKOTO COCTOSIHHA SYEUKH, 4TO
HMeEeT KII0YEBOE 3HAYECHHUE I ITOHU-
MaHU €€ XapaKTEPUCTHK.
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