COBPEMEHHAS 2JIEMEHTHAS BA3A

BPEMA UCNMOJIb3OBATb FRAM

Bnagumup TemueHko, pykosoautens HanpasneHns OOO «Ksazap-Mukpo. KOMNOHEHTbI 1 crcTeMbI»

«CerHeTtoaneKkTpu4yeckmii ag-
¢eKkT — BO3MOXHOCTbL MaTepua-
J1a COXpPaHSTb 3/1EKTPUYECKYIO Mo-
nspu3aymio B OTCYTCTBUE BHeELl-
Hero a/1eKTPU4YeCcKoro rnoJsis»

u3 yyebHuka «Kypc obwel pusuku»

Jlnpgepom B paspaboTke n npoms-
Boactee FRAM saBnsetca dupma
RAMTRON International Corporation
(nanee — RAMTRON). 3T1a komnaHus
MMeeT NapTHEPCKME OTHOLUEHUSI C MU-
pOBbIMW NMAEPaMU NonynpoBOLHMKO-
BOW MPOMBbIWIIEHHOCTU — pupMamm
Hitachi, ROHM, Toshiba, Fujitsu n
Samsung.

OCHOBHbIE BEXU UCTOPUU
PA3PABOTKM FRAM ®UPMOM
RAMTRON U EE NAPTHEPAMU

1984 200 — cpupma RAMTRON npucmynuna
K pa3pabomke mexHosnozauu rpouzgodcmea
3anomMuHawux ycmpoticme murna FRAM.

1989 200 — esedeHa 8 Kcrnnyamauu
nepeasi pabpuka 05151 npouseodcmea FRAM.

1993 200 — nepebili Kommep4ecKkuli npo-
dykm — mukpocxema FRAM c obbemom 3Y
4 Kbum 3anyujeHa 8 cepuliHoe rpou3godcmee.

1996 200 — HanaxeHO npou3sodcmeo
mukpocxembl 16 Kbum FRAM.

1998 200 — maccosoe npou3zeodcmeo
FRAM ro mexHonoauu ¢ moronoauyeckol
Hopmol 1,0 MKm.

1999 200 — maccogoe npou3zeodcmeo
FRAM no 0,5 MKM mexHonoauu, MUKpocxe-
Mbl FRAM ¢ obbemom namsimu 64 Kéum u
256 Kbum — e npoussodcmee.

2000 200 — npousgodcmeo 1 M6um
FRAM c sivelikol muna 1T1C, Havano npo-
uzsodcmea Mmukpocxem FRAM c Hanpsixe-
HueMm numaHus 3 B.

2001 200 — 88edeHUEe mexHOo2uuU nMpous-
eodcmea ¢ monoroaudeckoli Hopmot 0,35 MKm.

BBEOEHUE

C Takumun cokpaueHusmu, kak 3Y,
03y, COo3y, A03y, N3y, nnay, yeor-
n3y, RAM, SRAM, DRAM, ROM,
EPROM, EEPROM, ®naw MN3Y unu npo-

cto FLASH 3HakoM, npakTuiecku, nto-
0ol YyenoBek, UMELLNA OTHOLLIEHME K
BbIYNCIIMTENbBHBIM MalUMHaM Unu ycT-
porictBam o6paboTkmn LndpoBor HGOp-
Maumm. Cneumanuct MoXeT rpamMoTHO U
[0X0A4YNBO OGBSACHUTL, B YEM MPUHLM-
nuanbHas pasHuua mexay STMU CoKpa-
weHnamun. Hanpumep, Tak: «Bce aTtn co-
KpaLleHus npeaHasHayeHbl Ans obo3Ha-
YeHUs1 ABYX KaTeropui 3anoMuHaoLmnx
yctpoicts (3Y), ucnonb3yembix B Lud-
POBOW TEXHUKEY.

MepBas kateropuss — 3TO 3Hepeo-
He3aeucuMble 10CMOSHHbIE 3aroMUHa-
wue ycmpoticmea (M3Y wnu, no-aHr-
nwuiickn, ROM — Read Only Memory),
TpagMLUMOHHO NpefHa3HayYeHHble Ans
XpaHeHus nporpamm. OCHOBHOW 0cobeH-
HOCTblO 3TOW KaTeropum 3Y gABnsdeTcs
COXpaHeHue 3anMcaHHoOW B HUX WMHGOP-
MaLuuu NpU OTKITHYEHUN HanpsikeHus
nutaHus. B cuctemax obpaboTkm UH-
dopmMaLmn  OHU NPUMEHSKOTCS TONBKO
ONS YTEHWSA, UMW NPEUMYLLIECTBEHHO AN
YTEHMWS, NOCKONbKY MPOLECC 3anuncu B
HUX TPYOOEMKWUIA U OONTOBPEMEHHBIN.

Btopass kateropus — 3710 aHepzo-
3asucuMbie oriepamueHble 3arnoMuHa-
wue ycmpotcmea (O3Y vnu, no-aHr-
nuiickn, RAM — Random Access
Memory), TpagMUMOHHO NpeaHa3HayeH-
Hble ANA XpaHeHus AaHHbIX. OCHOBHOMN
HefocTaTok aTow kateropum 3Y — npo-
nazaHve 3anucaHHbIX B HAX JaHHbIX Npu
OTKITKOYEHMU UIU NpoNaaaHny Hanpsxe-
HUS nuTaHuda. Ty kateropuo 3Y wuc-
Nonb3yT ANA XPaHEeHUS OaHHbIX, KOTO-
pble NoABeprawTCca YacTblM U3MEHEHU-
am. [Mpouecc 3anucu 1 YTeHns AaHHbIX
B O3Y [oBONBLHO NPOCTOW U BbICTPLIN.
OpHako, coxpaHeHue OaHHbIX B Takon
namsTU Npu OTKIMIOYEHUN HanpsikeHus
NUTaHWS SBNSIETCS CIOXHOW TexXHu4ec-
KOW 3agaden.

Cneuwmanuctbl MoryT fobasutsb K ne-
peyncneHHomy, 4To Bcerga CyLecTBo-
Baro (M CyLlecTBYeT) CTPEMIIEHNE YCO-
BEPLLEHCTBOBATbL KaXayto kateroputo 3Y
Tak, YToObI PYHKLIMIO NOCTOSAHHOM 1 one-

paTUBHOW NaMsATN BbINOMHAMO OJHO YCT-
poiicTBo. BcnomHAT o nannuatueax —
cxemax ctatndeckoro O3Y ¢ Gartapei-
Kor B ogHOM kopnyce. K Takum ycTpou-
ctBam oTHocatca BBSRAM (Battery
Backed Static RAM — craTtnyeckue O3Y
c GaTapeliHbIM NUTaHWeM), Bbinyckae-
mble dpupmamn Dallas Semiconductor,
STMicroelectronics n Benchmarq. Moryt
Takke NpMBECTU B NPUMEP CXEMbI C ABY-
Msa Tunamm namatm SRAM 1 EEPROM
(Electronic Erasure Programmable ROM
— M3Y ¢ anekTpuyeckum nepenporpam-
MWPOBaHMEM) Ha OOHOM KpucTanne.
Takne mukpocxembl pupmbl ZMD nosso-
NUAM YaCTUYHO pelunTb 3adady peanu-
3auun 3Y, coBmellarolen OGbicTpoaen-
ctBue ctatudeckoro O3Y npu 3anncm nH-
dopmauum ¢ BO3MOXHOCTbIO [13Y
COXpaHATb MHOPMAaLMIO NPY OTKNOYE-
HUM HanpsPKEHUS NMUTaHUS.

CEMHETO3NEKTPUYECKAA
NAMATb C NMPOU3BOJIbHbIM
OOCTYNOM

MckyweHHble npodeccnoHanbl
LM pPOBON TEXHUKM 0Bs3aTeNbHO Ha-
NOMHSAT O TAKOM TUMNe YCTPOMCTB Namsi-
1, kak FRAM ( Ferroelectric Random
Access Memory). B cooTtBeTcTBUM C
aHrmno-pycckMm crnosapem no 3MneKTpo-
HUKE 1 CNPaBOYHMKOM No hU3unke, Cro-
Bo ferroelectric nepeBoguTca kak cer-
HETO3NeKTPUK, a He kak cheppoanek-
Tpuk. Takum obpasom, FRAM — 370
cerHetoanekrtpuyeckoe 0O3Y. YcT1-
pPOMCTBO NamsATW Ha OCHOBE CETrHETOd3-
nekTpuyeckoro apdekra uMeeT xa-
paKTEpPUCTUKM, KOTOpble MO3BONSAT B
HacTosillee BpeMs paccmaTpuBaTb
€ro, Kak ngeanbHoe peLleHue ans npu-
MEHEHWSI B Ka4eCTBE 3HEeProHe3aBUCHU-
moro O3Y.

YTO TAKOE FRAM?

FRAM — aTo 3anomuHatoLlee ycT-
porictBo Tuna O3Y, KoTopoe ucnonb-
3yeT CerHeToanekTpu4yecknini adpdekT
ONs peann3aunn MexaHm3ma XpaHeHust
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OaHHbIX. OTOT MexaHW3M CyLLeCTBEH-
HO OTnMYyaeTcsa OT UCNOMb3yeMOW B
Apyrux Tunax sHeproHe3aBMCUMON na-
MSATW TEXHONOrMn nnasaroLLero 3aTBo-
pa. CerHeToanekTpmyecknin acpPekT
— 9TO BO3MOXHOCTb Matepuana co-
XPpaHATb 3MEeKTPUYECKYHO NONApmU3aLmio
B OTCYTCTBUE BHELUHEro 3reKkTpuyec-
koro nong. CerHeToanekrpuyeckme
mMaTepuarnbl HeYyBCTBUTENMbHbI K Mar-
HUTHBIM NOonAM Uu X-U3NyyeHuto.
KoHcTpykTuBHOE ncnonHeHne FRAM-
YCTPOWCTB AenaeT ux HevYyBCTBUTENb-
HbIMW K peanbHbIM BHELUHUM 311eKTpU-
YECKUM MOnAM.

Averika namatn FRAM cosgaeTtcs
pa3smeLLeHneM CBEPXTOHKOW MIeHKN cer-
HETO3NEKTPUYECKOro MaTepumana B Kpuc-
Tannuyeckom Buae mexay AByMs nnoc-
KUMU MeTanfmnyeckumMmn arnekTpoaamu,
06pasyrLmumMn KoHgeHcaTop. OTOT KOH-
JeHCaTop KOHCTPYKTMBHO OY€Hb MOXOX
Ha KOHAEHCAaTop, UCNONb3yeMblidi Npu
NOCTPOEHUN AYENKN OUHAMUYECKOTO
onepaTMBHOIO 3anoMyHaloLLEero yCTpomn-
ctBa (Dynamic RAM — DRAM). OgHa-
KO, BMECTO TOro, YTOObl XpaHWUTb AaHHble
Kak 3apsig B KoHOeHcatope, nogobHo
DRAM, cerHeToanekTpuyeckas siyenka
namATV XpaHUT OaHHbIe BHYTPU KpUc-
Tannu4yeckon cTpyktypbl. CerHeToa-
NeKTpuyeckme Kpuctannbl COXpaHsaoT
OBa CTabUNbHbIX COCTOAHUA — «1» 1
Bnaropapsa atomy peanusayus
6asoBon a4verikn O3Y npocTa, Kak u
CXeMbl YCUNUTENS CYNTBIBAHUSA U 3anu-
cn. lMockonbky B Avyenke FRAM oTcyT-
CTBYeT adppeKT yTeukun 3apsaa, NnpuBo-
ASALWMA K noTepe uHopmaLmmn, HeT He-
obxogumocTMn B NepuoanmvecKkon
pereHepauun AaHHbIX, Kak B AWHaAMK-
yeckon namaTu. bonee Toro, npu oT-
KNIOYEHUN HaNpPsSXXeHNsa NuTaHus AaH-
Hble COXpPaHATCA.

«0».

KAK PABOTAET AYEWKA FRAM?

MpocTenwan mogenb CerHeToanek-
TPUYECKOro Kpuctasnna npuBedeHa Ha
puc.1.

CerHeToaneKkTprMyeckuii kpuctann
MMeeT MOABUXHBIN aTOM B LeHTpe
kpucTtanna. lNMpunoxeHne BHELHEro
3MEeKTPUYECKOro Nons K Kpucranny 3a-
CTaBnsieT 9TOT aTOM OBUraTbCs B Ha-
npaBfneHun NPUNoXeHHoro nons. Na-

Mpunaraemoe
3AneKTpru4ecKoe
none

Puc. 1. Mogenb cerHeTo3sIeKTPUYECKOro Kpucranna

MEHEeHWEe HanpaBneHUs 3M1eKTPUYECKO-
ro nong 3acrtaBnsieT aToM ABUraTbCs B
obpaTHOM HanpaBneHuu. MonoxeHue
atoMa B BEPXHEN U HWXHEN 4yacTtu
Kpuctanna ctabunsHoe. [1o3ToMy CHS-
TWe 3MNEKTPUYECKOro nonsd ocraesngaet
aToM B CTabMNbHOM MONOXEHUM, AaXe
npu OTCYTCTBUM HaNPSKEHUs NMUTaHUS.
Kak anemMeHT mamsaTu, CerHeToanek-
TPUYECKMIA KpUcTanmn ngeansHo noa-
XoOuUT AndA peanus3auun yCTPOWCTB
umdpoBol (auckpeTHon) namaTn. OH
MMeeT [Ba YCTOWYMBbLIX COCTOSHUSA U
ABNAETCA OYeHb CTabWnbHbIM BO
BpemMeHu. MNpu aTom TpebyeTcs o4YeHb
Mano BPEMEHU W 3HEPruun Ans uame-
HEHUS1 ero COCTOSAHMA.

XOoTs 3NeMeHT NaMsTU COAEPXMUT
KOHOEeHcaTop, AaHHblE HE XPaHATCH B
HeMm B BuAe 3apsga. YTobbl BbINONHUTL
onepayuio 4TeHUs sHYerkn namsaTu
FRAM, Heob6xoanmo onpegenuTb nomo-
XEHNe aTOMOB BHYTPUW CErHETOIEKTPU-
Yyeckoro kpuctanna. [ns atoro anekTpu-
Yyeckoe Mosne NpuknagpiBaeTcs K Kpuc-
Tanny 4yepes obknagku KoHAeHcaTopa.
CeobogHble aTtombl ByayT nepemeLyartb-
Cs1 Yepes KpucTans B HanpaBreHuun npu-
NOXXEHHOro MOnsl, eCN OHU YXe He B
COOTBETCTBYIOLEM NnonoxeHnn. KoHaex-
caTtop C atoMamu, KOTopble U3MEHUNKn
CBOE nepBOHavanbHOE MONOXeHne B
KpucTtanne (1, COOTBETCTBEHHO, NPE0ao-
nenun sHepreTudeckmin bapbep), Oyaet
reHepvpoBatb 0onbLUWI 3apsas, YEM KOH-
[eHcaTop ¢ atoMamu, KOTOpblE He U3-
MEHSINM cBoero nonoxexus. «Henepe-
KMIOYMBLUMACA» KOoHAeHcaTop 6yner

mMeTb 06blYHBIN 3apsg DRAM, a «nepe-
KnoumBLLNKica» — ByaeT nmeTb KoMbu-
Haumto 3apsiga koHgeHcatopa DRAM un
CerHeToanekTpuyeckoro 3apsiga. Berpo-
€HHbIN BbICOKOYYBCTBUTENbHbIA YCUNN-
Ternb CYATbIBAHUA CpPaBHUBAET BENUYU-
HY 3apsifa Ha KOHAEeHcaTope C ONMOPHbIM
3Ha4YeHneMm n opmMmnpyeT COOTBETCTBY-
towwmn curHan («0» unm «1») Ha Bbixoae
cxeMbl. [epeknioyeHne CocTosiHMA aTo-
MOB MPOMCXOAUT 3a MPOMEXYTOK BpeEMe-
HU meHee 100 Hcek.

MockonbKy onepauus YTeHUs nams-
TV BbI3biBAET U3MEHEHNE COCTOSHUSA
AYenkn, cxema aBTOMaTUYeCKU BOCCTa-
HaBnMBaeT (nepes3anuncbiBaeT) KOPPeKT-
Hble AaHHble B ayelike. Bpems BoccTa-
HOBIEHUSA COCTOSHUSA AYENKU NamATU
cocraensieT meHee 100 Hcek.

Onepauusa 3anMcy o4eHb Noxoxa Ha
onepaumio 4yteHus. No cpaBHEHMIO C TEX-
HOMOrMsIMK MpoLecca 3anucu gpyrux
TUNOB 3HEProHe3aBUCHMOWN NaMsaTH,
onepauus 3anucu JaHHbIX B SYEWKY
FRAM oueHb npocTta. Cxema npocTo
NPOU3BOAMWT 3anncCb AaHHbIX B CETHETOo-
anekTpuyeckue KoHgeHcatopbl. Ecnu
Heo6XxoaMMO, TO HOBble JaHHbIE NPOCTO
NepeknioYvaloT COCTOSIHUE CErHeToanek-
Tpudeckux kpuctannos. Kak u npu ure-
HUN, N3MEHEHMNE COCTOSIHWUSI MPOUCXOANT
meHee, 4em 3a 100 Hcek.

APXUTEKTYPA AYEWKU
NAMATU FRAM

Mukpocxembl FRAM, Haxogsawmecs
B NPOM3BOACTBE, UCMOMb3YT CTPYKTY-
py SYeiKu, peanu3oBaHHYH Ha ABYX

TenedoH pegakuun (095) 925-6047
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PaspsagHas
NUHNUA
OCHOBHas!

CnoBapHas
TMHUS

PaspsagHas
NUHNUA
[ONONHUTENbHas
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T

OHeproHesaBUCUMBbIA
CeFHeTOSJ'IeKTpVI‘-IeCKVIVI KOHOEeHcaTop

a

Puc. 2. fluenka namaru Tuna 2T2C

CnoBapHas
nnHUS
PaspsgHas
NNHUS
OHeproHe3aBNCUMBbI
CEerHeToaneKTPUYeCKnin
KoHAeHcaTop
ALK
T

Puc. 3. luenka namaru Tuna 1T1C

TpaH3ucTopax M ABYX KOHOeHcaTopax
(averika namatu Tnna 2T2C).Takas
AiYeiika KOHCTPYKTUBHO uMmeeT bonbluve
reoMeTpuyeckme pasmepbl, HO Ha aTane
CEpPUNHOro ocBoeHns TexHonormm FRAM
nossonuna obecnevynTb BbICOKYI Ha-
OEXHOCTb U3roTOBNEHUS MUKPOCXEM.
OKBMBarneHTHasa cxema siyenku Tuna
2T2C npuBegeHa Ha puc.2.

B HacTosee Bpemsa pa3spabaTbiBa-
€eTCs CTPYKTypa sf4enku, ANns KOTOpoWn
MCMNOnb3yeTCcs OAMH TPaH3UCTOp M OAWH
KoHAeHcaTop (s4verika namatn 1T1C).
OKBMBanNeHTHas cxeMa siyelikn Tuna
1T1C npuBegeHa Ha puc.3. Takon Tun
AYENKM NO3BONNT MPOU3BOAUTL MUKPO-
cxeMmbl FRAM ¢ o6bemom 1 MowuT.

OCOBEHHOCTHU

M JOCTOUHCTBA FRAM
TpagvunoHHasa cxema npoaBuxe-

HUSA HOBbIX TEXHOMOIMI MUKPOCXEM 3a-

nomMmuHarwWwmx yctporcts (3Y) Ha pbl-

HOK — 3TO BHeApeHue B OAHY U3 Cy-
LjecTByoLWMX obnacTteri NpuMeHeHus.
Ha nepBom aTane obnactb npvmMmeHe-
HMUA onpegensieT ocoObeHHOCTU MHTep-
delica n TexHuYeckne xapakTepuctu-
KM HoBOro usgenus. MoxHo npusecTtu
MHOrO MpUMEpPOB.

MpoussoguTeny NepBbIX CXem AuHa-
MUYECKON NamaTh NpoABUranu mMx Ha
PbIHOK, KaK caMylo AeLleBYyl0 3ameHy
CTaHOapTHbIX CXEM CTaTU4eckon nams-
Tn. MNoaTomy OHW BbINn BbIHY>XOEHbI UC-
nonb3oBaTb CXeMy MynbTUNEKCUpoBa-
HWs agpeca, 4Tobbl COOTBETCTBOBATL
CTaHJapTaMm Ha YMCro BbIBOAOB Kopryca
cxem O3Y 1 CTOUMOCTb CaMmX KOpPMyCoB.

[NepBble MuKpocxembl hnaLl-nams-
TV BbINM NpeAcTaBreHbl, Kak 3amMmeHa
MUKpOCXemaMm nepenporpaMmMmpyembix
M3Y co cTtupaHvem nocpeacTBoM ynb-
TpaduoneToBoro msnyyeHusa (YPrr-
3Y) ana moaepHusauun UCNonb3yto-
Wwmx mx yctponcts. No mepe dopmu-

poBaHusa cobCTBEHHbIX obnacTten npu-
MEHEHUS, HOBbIE MOKONMEHUA MUKPO-
cxem hnaw-naMmATK MCNonb3oBanu
HOBblE MHTEPMeENCbl U CTaHAapTbl NPo-
ToKonoB obmeHa.

MopoobHas cxema pas3BUTUA CBOW-
cTBeHHa u ans nsgenun FRAM. Ons yn-
pOLLEHUA BHEAPEHUS TEXHONOruu
FRAM Ha pbIHOK, NepBble MUKPOCXEMbI
FRAM paspabaTtbiBanucb ¢ Lenbto
YNYYWWTb CyLEeCTBYOLME 3anoOMUHa-
owmne yctponctea. C yyetom cyle-
CTBOBAaBLUUX MPaKTUYECKUX OrpaHuye-
HWIA Ha YPOBEHb MHTErpauuun nepsbixX
obpasuyos FRAM, nx paspabatbiBanu
B KayeCTBe 3aMeHbl UMELNXCA MUK-
pocxem Tuna EEPROM ¢ nyywumu xa-
paktepuctukamn. Hanpumep, FRAM ¢
eMKocTbio 16 Kbut ctanu npsimon 3a-
MmeHoi ana EEPROM c nocnepoBa-
TenbHbIM UHTepdericom. NUMeHHO
noatomy B nepsbix nsgenunax FRAM
ncnonb3oBarncsa Takoun Xe nocnegosa-
TenbHbIW WHTepdenc, kKak u y
EEPROM, paxe BONpekn MUx xapakTe-
puUcTUKam, CBOWCTBEHHbIM knaccy O3Y.

HesaBsncumo ot Tnna nHtepderica,
Mukpocxembl FRAM yHKLUWOHMPYIOT
Hanogobue anHamuyecknx O3Y. OHu
MMEIKT TaKyl Xe NMpon3BOAUTENb-
HOCTb, Kak MUKPOCXEMbl, BbIMOMTHEH-
Hble no TexHonorun DRAM npu onepa-
LKW YTeHUs 1 3anncu. 3anomuHaroLme
ycTtporictea FRAM obGnagatoT crnegyto-
LWMMWN XapaKTepUCTMKaMn, CBONCTBEH-
HbIMK knaccy O3Y:

¢ OOVHAKOBbIE ANTUTENBHOCTM LMKIOB
YTEHNSA 1 3anucuy;

¢ BO3MOXHOCTb BbINOIHEHUSA NPaKTU-
YECKN HEeOrpaHU4YEeHHOro YMcna LUKIoB
nepesanucu;

e OOWHaKOBblE 3HepreTnyeckue 3a-
TpaTbl MPU YTEHWUM K 3anuUcK;

* MPOCTOTa CUCTEMHOrO NMPOEKTUPO-
BaHuWs.

OcHoBHoe pasnuuune (MoMMMO 3Hep-
roHe3aBUCUMOCTN) Mexay YyCTponcTBa-
Mu knaccoB O3Y u IM3Y 3aknovaeTcs B
pa3HOoli CTeneHn TPyoHOCTU onepaluu
3anvncu. TpagMuUMOHHO, 3HEPTrOHE3aBU-
CUMblE TUMbI NAMATU UMEIOT B OCHOBE
YyCTpOWCTBA XpaHeHusa nHdopmauuu
3NeMeHT C nnaBalLuM 3aTBOPOM, KO-
TOpbIA, MO CBOEWN CyTW, NPOTUBOAENCTBY-
eT peanusayumn 3anucu. 3an1cb B a4en-
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Ky EEPROM npeanonaraeT TyHHENbHbIN
nepeHoc (Ckopee npoTanknuBaHue) anek-
TPOHOB Yepe3 TOHKUA OKUCEeN N UX Ha-
KOMneHne Ha nnasawlwem 3aTtBope. Ha
3To 3aTpaymBaeTca 6onblioe Konudye-
CTBO 3HEpPruu nNpu NpUoXeHHOM BbICO-
KOM HanpsbkeHun n TpebyeTcss OTHOCK-
TENbHO ANUTENbHBIN NPOMEXYTOK Bpe-
meHun. [ns 3anucn B siveniky EEPROM
TpebyloTca eauHNLbI MUITIMCEKYHA, a
BpeMms 3anucu B a4yeilky FRAM coctas-
nsaet meHee 150 Hcek.

Yctpowictea Tuna EEPROM Bbigep-
XWBAIOT OrpaHNYeHHoe 4Yucno onepa-
LU 3anncu, 4To ABNSETCH CrefCcTBu-
€M TSXenblX CTPEeCCOBbIX YCNOBUN,
CBfA3aHHbIX C 3anucblo. YCTpoONcTBa ¢
nnasawLlWumM 3aTBOPOM BbIXOAAT U3
cTpos (M3HawwmsatoTcsa) nocre 100 000
mnn 1 000 000 ymknos 3anucu. A aTo
CMULIKOM Marno ans npuMeHeHus B
obnacTsix, cBA3aHHbIX CO cOOpoM AaH-
HbIX. [Nepe3anvcek B Npubopbl NaMaTu
Tnna FRAM MoxeT ocyllecTBRAsaTbLCSA
cebiwe 10 munnuappoB pas. bonee
TOro, NnasawoLWmii 3aTBOp — 3TO Me-
XaHW3M, NOABEPXEHHbIN CUCTEMHbLIM
c6osiM, NoCcKomnbKy cron okucna (6apb-
ep) paspylwiaeTcs nocrne oTHOCUTENb-
HO HebOonbLWOro KonmMyecTsa LMKNOB
3anucu. Pabota auerikn FRAM B pe-
XUMe 3anvMcu He NpUBOAMUT K PaHHUM
BbIXOJ4aM M3 CTPOS, NMOCKOIbKY one-
pauuvsi 3anncu He Bbi3biBaeT CTPECCO-
BbIX YCITOBWUMN.

B oTnunuynMe oT ycTpomcTB namsaTw,
peanu3oBaHHbIX Ha OCHOBE NnaBalo-
wero 3aTteopa, ycrponctea FRAM He
TpebyloT NoAayn NOBbILLEHHOro Hanps-
XeHua ans 3anucu B aderiky. Kombu-
HauMsa OANUTENbHbIX LWMKNOB 3anncu u
BbICOKOIO HarnpsikKeHus siBnseTcs npu-
YMHOW TOro, 4YTO NamMATb Ha OCHOBe
nnasawolLLero 3aTsopa O4YeHb 3HEepro-
emka. Moageoas ntor, oco6eHHOCTU U
poctonHcTea FRAM moxHO oxapak-
TepusoBaTb Tak:

¢ GbiCcTpas 3anucob;

* BbICOKMM pecypc No KonuyecTBy
LMKITOB 3anucuy;

* HU3KaA noTpebnsemas moluy-
HOCTb.

Yxe cerogHsa umeetcsa pag obnac-
Tel NPUMEHEHNS, UCNONb3YHLWMNX
B MonHon mepe npeunmyiectsa FRAM

W, OYEeBUOHO, YTO MO Mepe MoBbllle-
HUa emkocTtun yctponcts FRAM 6yayt
NosiIBNATLCS HOBble 06nacTun nx npume-
HEHNS.

OBJIACTU NPUMEHEHUA

B HacToswee Bpems obnactu npu-
meHeHnsa 3Y tuna FRAM mory 6biTb
pasgeneHbl Ha [BE OCHOBHbIE KaTero-
pun. NepBas kateropus — 3TO cucTe-
Mbl cOopa faHHbIX. B aTom cnyyae mMuk-
pocxembl FRAM ucnonbayioTtcsa ans
cbopa u xpaHeHUs [aHHbIX O COCTOSI-
HUN CUCTEMBI.

BTopas kateropusa obbeamHsaeT Tex
nonb3oBaTenemn, KoTopble UCNONb3yIT
npemmyiectsa FRAM ana akoHoMum
3aTparT Ha uuknax paspaboTku 1 npous-
BoacTBa. KopoTkme uuknbl 3anucu no-
3BONAT GbICTpee nporpammMuMpoBaTh
YCTPOWCTBA, HaxoOdALUMECS YXe B COCTa-
BE CMCTEMbI U Ha COOPOYHBIX NUHMAX. Ha
YPOBHE CMCTEM 3TO NPUBOJMT K yrpoLLe-
HUO pa3paboTKM CUCTEMBI U Nporpam-
Horo obecne4veHunsi, 1, COOTBETCTBEHHO,
K COKpaLLleHMI0O CpoKa BBOAA HOBbIX U3-
Oenuin Ha pbliHOK. [nuTenbHoe BpeMs
HayanbHOro NPorpaMMmMpoBaHus (B Cry-
Yyae ncnonb3oBaHus EEPROM) npuBo-
OUT K AOMNOSTHUTENbHBLIM 3aTpaTam Ha fu-
HMAX cOopKu.

[Mpon3BoaNTENBHOCTL CUCTEMBI MO-
XeT ObITb NOBbILLEHA 3@ CYET YCKOPEH-
HoW 3anucu, cBolictBeHHo FRAM. C
OpYron CTOpPOHbI, CUCTEMa Ha OCHOBE
FRAM cnocobHa cobupatb 6onblue aaH-
HbIX M MOXET Yalle onpalumBaTb UCTOY-
HUK gaHHbiX. Kak npaBuno, oba atu
OOCTOVMHCTBA peanuayrloTcs B cuctemax
OLHOBPEMEHHO.

HekoTopble n3 npeumyuects 3Y
FRAM npmnBoaaT K oMeBUAHBIM CUCTEM-
HbIM NpeumyliecTBam. Hanpumep, Obi-
CTpbl€ UUKNbl 3annucu no3BOMsIOT CUC-
Teme cobupaTtb Gonblue AaHHbIX 3a
MeHbLlee BpeMs. HekoTopble cuctem-
Hble MpeumyLecTBa He CTOMb O4YEeBUA-
Hbl. PaccMoTpuM KpaTKo CUCTEMHbIE
npeumyuiectea ot npumeHeHns FRAM
B cuctemax cbopa faHHbIX.

CBOU B NMUTAHUMN

JTiobas sHeproHesaBucumasa namsaTb
MOXET MCMONb30BaTbCA ANS XpaHeHus
WHopMaL M 0 KoOHdUrypaumm cucte-

Mbl. Ho ecnv B MOMEHT M3MEHEHWST KOH-
durypaumm cucteMbl BO3MOXHO npona-
AaHne HanpsaXeHua nutaHua, 1o bonee
ObicTpas 3anuck B 3Y Tmna FRAM no-
3BONUT 3anucaTb 3Ty nHpopmaumio 6e3
noTeps.

YCNOBUA 3KCMNYATALUU
C BbICOKMM YPOBHEM NMOMEX
Mpu 3anucn B EEPROM B ycnoBu-
AX MOMeX MOryT BO3HMKaTb Oonblune
npobnembl. Korga nmetotca pasnuu-
Hble WYyMbl UNn prykTyaumm Hanpsixe-
HUS Ha LIMHEe MUTaHWA, ONUTENbHbINA
uukn 3anncu B EEPROM npepacrasns-
eT coboi BpeMeHHOe OKHO, B KOTOPOM
B Nt0o6ON MOMEHT MOXET BO3HWUKHYTb
cbow 3anucu. Liukn 3anucu B 3anomu-
Hatowee yctponcTteo Tuna FRAM ykna-
abiBaetcs B 100 Hcek. B 0BblYHbIX yC-
NOBUAX 3TOT MPOMEXYTOK BPEMEHU
CMAWLLKOM Marst, YToObl LWyMbl UK ykK-
Tyauun HanpsbkeHus NuTaHus ycnenm
NoBNUSATbL Ha MpPOLEecc 3anucu.

RF/ID YCTPOUCTBA

B obnactn ©ecKoOHTaKTHbIX paauo-
YaCTOTHBIX YCTPOWCTB MAeHTUduKa-
uun, rae nogada NnUTaloLero Hanpsxe-
HUSA, CYMTbIBAHME U 3anucCb AaHHbIX
OCYLLECTBNAIOTCA MO pagno4acToTHO-
My kaHany, FRAM, co cBonM KOpPOTKMM
BpeMeHeM nporpaMMmnpoBaHus wu
mManbiMy Tokamu notpebneHua npwu
nporpaMMUpPOBaHUN W XPaHeHun
MHdOPMaUnn aBnaeTcs naeanbHbIM
pelleHnemM.

OUATHOCTUKA U OTNAOKA

B cnoxHbIX cMcTemMax 3HaHue UCTO-
pun (PYHKLUOHMPOBAHUSA N COCTOSHUSA
CUCTEMbl B MOMEHT OTKa3a OYeHb BaX-
Hbl. OTnagka n obcnyxmBaHue cucrte-
Mbl BO3MOXHbI, €crnv 3Ta nHpopmayms
6bina 3anucaHa. 3a cYeT BbICOKOrO
pecypca no nepesanucu, FRAM — 310
naeanbHbIN «XKypHan oTka3oB». B pas-
HooBpasHbIX cucTtemax — OT pabounmx
CTaHUui A0 MPOMBbILSIEHHbIX CUCTEM
ynpaBneHns — nomnb3a oT 3TOro CBOW-
cTBa OYeBMAHa.

RAMTRON pa6oTaeT Hag ycoBep-
LUEHCTBOBAHMEM TEXHONOIMMM U yBENU-
yeHnem o0O0BbLEMOB Mpou3BOACTBA
FRAM.

TenedoH pegakuun (095) 925-6047
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COBPEMEHHAS 2JIEMEHTHAS BA3A

Tabrvua 1. Mukpocxembl ¢upmbi RAMTRON

Tun O6bemMm, |OpraHusauus, UHTepderic CocTosiHue
npubopa |Kout HanpsikeHue nutaHus

FM24C04 (4 512x8, 5B 12C, 400 kl'y MpounsBoacTeo
FM25040 (4 512x8, 5B SPI, 2,1 kl'y, MpounssogcTBo
FM24C16 |16 2 Kx8,5B 12C, 400 kl'y MpounsBoacTeo
FM25160 |16 2 Kx8,5B SPI, 2,1 kl'y, MpoussogcTBo
FM24C64 |64 8 Kx8, 5B 12C, 1,0 MI'y, MpounsBoacTeo
FM1608 |64 8 Kx8,5B napannenbHblli | OcBoeHMe
FM1808 |256 32 Kx8,5B napannenbHblli | OcBoeHMe

Tabnmuo 2. Mukpocxembl FRAM, Bbinyck koTtopbix HameudeH Ha 2000 rop

Twn OnucaHue O6pasubl MpousBoacTBO

npubopa

FM25640 64 Kout, 8 Kx8, SPI 1 kBapTan 2000 roga |2 keaptan 2000 roga

FM573/574 | 8-pa3psgHblil aHepro- 1 kBaptan 2000 roga | 2 keaptan 2000 roga
HE3aBUCUMbIA PErncTp

FM3808 Yackl peanbHoro Bpemenu | 2 keaptan 2000 roga | 3 keaptan 2000 roga
n O3Y 32 Kx8

FM24CL16 |2,7...5,5 B, 16 Kour, 12C |2 kaptan 2000 roga |3 keaptan 2000 roga

FM25CL160 |2,7...5,5 B, 16 Kéut, SPI |2 kBaptan 2000 roga |3 ksaptan 2000 roga

FM2008 1 Moéut, 128 Kx8, 2 keaptan 2000 roga | 3 kBapTtan 2000 roga
napannernbHbIi

Tabnmua 3. CpaBHUTENbHBbIE XAPAKTEP

UCTUKMU

MMKPOCXEM 3HEpProHe3aBUCUMON NAMSTH

YTO NPOU3BOAUTCA CEMYAC?

B HacToswee Bpema dupma
RAMTRON vmeeT B npon3BoAcTBe Tpu
cemerictBa FRAM:

¢ cemelictBo FM24Cxx ¢ nocnegosa-
TenbHbIM MHTepdericom ctaHaapTa I2C;

¢ cemencteo FM25xxx ¢ nocnegosa-
TenbHbIM MHTepdencom ctaHgapTta SPI;

« cemeiicTBo FM16/18xx c napannens-
HbIM MHTepdelicom craHgapta JEDEC.

B tabn.1 npuBeaeHbl BCe TUMbl MUK-
pocxem FRAM, nponssoanmMble B HAacCTo-
Auwee Bpemsi pmpmori RAMTRON.

MwukpocxeMbl, BbINyCK KOTOPbIX HAMe-
YeH Ha 2000 roa, npueeaeHsb! B Tabnvue 2.

B 1abn.3 npuBeaeHbl cpaBHUTErMb-
Hbl€ XapaKTepPUCTUKN MUKPOCXEMbI SHEP-
roHe3aBUCUMON NamaATU C OopraHusaum-
eri 2 Kx8 ¢ nocnegoBaTenbHbIM UHTEP-
ericom Tuna |2C, Bbinyckaemoi
dupmoin RAMTRON, n Mukpocxemamm
EEPROM yveTbipex BeayLux ovpm-npo-
n3soguTenen.

Kak BugHo n3 tabnuupl, Mnkpocxe-
Mbl FRAM namsitu npeBoCXogaT CXeMmbl
EEPROM no Bcem nokasatensm B ge-

®dupma |Tun lcc, MKA |lcc, MkA | K-Bo umknoB |Bpems 3a- | Bpems 3a- CATKN pas.
npubopa | Standby 3anucuy, nucu Ganra, | nMcK non- COOTBETCTBUE M0 BLIBOAAM 1 Opra-
MITH. pa3 Mcek Hoe, ceK
Ramtron |FM24C16 |10 0.1 10 000 0,072 0,047 Husauun Mukpocxem FRAM namsmi u
amtron 15 ’ ’ mmkpocxem EEPROM 1 BBSRAM we-
Atmel AT24C16 |18 3,0 1 10 1,3 CTV BeaylMx npousBoaMTeneil npea-
STM ST24C16 {300 2,0 1 10 1.3 cTaBneHsl B Tabn.4.
Microchip |24AA16 | 100 3,0 1 10 1,3 CTaTbsi MOArOTOBNEHA MO MaTepu-
Xicor X24C16 |150 3,0 1 10 1,3 anam dupmbl RAMTRON (http://
Tabrmvua 4. COOTBETCTBME MO BLIBOAOM M ApXuTekType mukpocxem FRAM www.ramiron.com).
Ramtron Atmel ST (SGS) Microchip Xicor Dallas Benchmarq
(EEPROM) (EEPROM/ (EEPROM) (EEPROM) (BBSRAM) (BBSRAM)
BBSRAM)
FM24C04 AT24C04 M24C04 24C04 X24C04 — —
ST24x04 24AA04
ST25x04 24L.C04
FM24C16 AT24C16 M24C16 24C16 X24C16 — —
ST26x16 24AA16
ST25x16 24L.C16
FM25040 AT25040 M95040 25C040 X25040 — —
ST95P04 25AA040 X25057
25LC040
FM25160 AT25160 M95160 25C160 X25160 — —
25AA160 X25170
25LC160
FM1608 AT28C64 M28C64 28C64 X28C64 DS1225 BQ4010
M48208 X28HC64
M48218
M4Z58
FM1808 AT28C256 M48Z35 — X28C256 DS1230 BQ4011
X28Xc256
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