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BeepeHue

B macTosiImee BpeMst KOCMUIeCKas pagUaIiys
SIBJIIETCSI ONHUM U3 BaYKHEHIIINX 9KCILTyaTa-
I[HOHHBIX (PAKTOPOB, BIUSIOIINX Ha PabOTO-
CIOCOOHOCTD PAIOIEKTPOHHON aIllIapaTypbl
KOCMUYECKOTO IPUMEHEHNSI, a TAKKe KOMILIEK-
TYIOIIUX ee [OTyIPOBOIHUKOBBIX IIPHOOPOB
U MHTETPaIbHBIX MUKPOCXeM. DTO BO MHOTOM
OIpefessieT AKTYaIbHOCTD TEMATHKH Paj{Hallil-
OHHBIX 9 PeKTOB B MaTepHaIax 3JIeKTPOHHOM
TeXHUKH, PafUalliOHHO-UHYyIUPOBAHHOM
Ierpajialiuy MOayIPOBOIHUKOBBIX IPUOOPOB
U MHTerPaIbHBIX MUKPOCXeM U OIpeleIeHus
[I0Ka3aTeJell HaIeKHOCTH U PafUallMOHHOU
CTOMKOCTU PaJHOdIeKTPOHHON AlIapaTyphl
B YCJIOBHSIX BO3[EHCTBHUS HOHUUPYIOLIETO U3~
JIy9eHUsT KOCMITIECKOTO IIPOCTPAHCTBA.

Honusupyioiee usnytenne (M) npuso-
IUT K Pas3InYHbIM HeXenarenbHbIM 3 dexram
B uHTerpasbHbIX cxemax (MC), Hanbornee cyrire-
CTBEHHBIMH U3 KOTOPBIX CIUTAIOTCS:
® mapaMeTpUUecKue OTKa3bl BCIENCTBHUE Aerpa-

JAIUy JJIEKTPUIECKUX XapaKTePUCTUK JJIe-

menToB MC no mepe Hakorutenus no3et M

(Total Ionizing Doze, TID);

e onuHOYHBIE 0OpaTUMble 3P HEKTHI, OCHOB-
HBIMU U3 KOTOPBIX CIMTAIOTCS U3MEHEHUS
JOTUYECKUX cocTossHu# a1ementos MC
U sT9eeK MaMSITA MIKPOCXeM 3aIIOMUHAIOIINX
ycrporicts (Single Event Upset, SEU), ac-
¢exTol epexoxHoro mporecca (Single Event
Transients, SET), acddexrst dyHximonans-
Horo mpepsiBanus (Single Event Functional
Interrupts, SEFI);

® OJUHOYHBIE OTKA3bl, OCHOBHO! NPUINHON
KOTOPBIX cIUTaeTCst 9 eKT TUPUCTOPHOM
samenxu (Single Event Latch-up, SEL).
[TprauHaMU ferpagaluy JIEKTPHIECKHX Xa-

PaKTEePUCTUK HHTEIPAIbHBIX CXeM IIPU BO3IEl-

CTBUHU HAKOILUIEHHOM 03Bl CTAHOBUTCS 06pa3o-

BaHUe PAUALIMOHHO-NHIYIXPOBAHHOTO 3apsa

B IUAJIEKTPHIECKUX CTPYKTYpax (IIOBEPXHOCT-

Hble pafuaruoHHbie 3 deKTh) U pagranuoH-

HbIX 1epeKTOB BHYTPH KPUCTAUIIIECKOM CTPYK-

TypbI (0ObEeMHbIe CTPYKTYpHbIe TIOBPEKICHIS),

4TO IIPUBOMUT K BO3PACTAHHUIO TOKOB yTEUKY,

paAraUMOHHO-CTOMKHE

PaguaLlMOHHO-CTOUKHE

MUKPOCXEMbI

oT KoMnaHun «Munangp»

B cTatbe npepcTaBneHbl OCHOBHbIE pe3y/ibTaTbl, NOJiyueHHble KoMnaHue 3A0
«MKK Munangp» B o6nactu paspaboTku pagHaLMOHHO-CTOMKUX MUKPOCXEM,
a TaK>Xe pacCMOTpeHbl OCHOBHbIe MOAXOAbI K UX CO3AAHMIO.

CIIBUT'Y IIOPOTOBOTO HAIIPSDKEHUS U CHIDKEHUIO
yaenbHOU KpyTH3HE! MOII-Tpan3ucropos.

Onunounsie o6patumMble 9 deKThI BOSHHUKA-
10T OT BO3IEUCTBUS OT/EIbHBIX BLICOKOIHEpTe-
THYECKUX SA/IEPHBIX YaCTULI, NOHOB C JIMHEHHBI-
MU noTepsiMu 9Hepruu 6oiee 0,5 MaB-cm?/Mr
U IIPOTOHOB ¢ 3Hepruert 6osee 10 MaB.

PajnanmoHHO-UHIYIIUPOBAHHBIE YTEYKU
B KMOIT, BeimonneHHbIX 110 TexHogorun KHN
(«KpeMHUIT Ha U30JIATOPE»), BOSHUKAIOT B I1apa-
3UTHBIX CTPYKTypax BOM3M ci1ost u3ossinun STI
(Shallow Trench Isolation).

Xapakrep U3MeHeH!s IOPOTOBBIX HAIIPSDKEHUI
OT JJ03bI CWUIBHO 3aBHCUT OT TUIIA TPAH3UCTOPOB
u MoItHocTH no3sl M. Hakomnenue momosxu-
TEJILHOTO 3apsia B OA3aTBOPHOM OKHUCIIE ITPU-
BOJUT K OTPHIIATEJILHOMY C/IBUT'Y IIOPOTOBBIX Ha-
NPSDKEHUH 11- U P-KaHaJIbHBIX TPAaH3UCTOPOB.

YnenvHas kpyrusHa MOII-Tpan3ucropos 3a-
BHUCHT OT IIOIBIKHOCTU HOCUTEJIEH B KaHAJIAX.
Bospeiicteue MM npuBoguT K yMeHbIIEHUIO
9 deKTUBHOM HOABIKHOCTH HOCUTENEH KaK
#1-KaHAJIBHBIX, TAK U p-KaHAJIbHBIX TPAH3UCTO-
POB. DKCIIEPUMEHTAILHO YCTAHOBJIEHO, YTO TI0f-
BIDKHOCTD 3aBHCHT OT IUIOTHOCTH IIOBEPXHOCT-
HBIX COCTOSIHUI, 3aBUCHMOCTD IJIOTHOCTH 110~
BEPXHOCTHBIX COCTOSIHHII OT 03Bl OIIPE/IeIIseTCs
UHTEHCHBHOCTBIO U3JTyYeHUIL.

MeTozpl ycTpaHeHUS WM yMEHbIICHUS BIIU-
SIHUSL paIHANUOHHEIX 9()(PeKTOB, B KOHETHOM
cYyeTe NPHUBOIAIIUX K OBBIIIEHUIO PaJUaIi-
onHoli croikoctu VIC, 1OCTaTOYHO XOPOLIO U3~
BECTHBI U Pa3HOOOPA3HBL. Pa3nuIaoTcst TeXHO-
Joruaeckue, GyHKIUOHAIbHbIE, CXeMOTEXHIIe-
CKHe U TOIIOJIOTMYECKUEe METOJbL.

TexHoJIOrHYeCKHE METOBI TIOPA3yMEBAIOT
UCIIOJIb30BAHNUE CIICI[HAIbHBIX TeXHOJIOTMYECKUX
MapipyTos, HanipuMep KH; BBenenne B Tex-
HOJIOTUYECKUII MapILPYT TOIOJTHATEIbHBIX CJIO-
eB, B 9acTHOCTH ri1y6okoro N-kapmana (DNW)
WM SIUTAKCUAIBHBIX c10eB. Kpome Toro, mis
YBEJIMYeHNUsI CTOMKOCTH K HAKOIUIEHHOI J103€ Iie-
71€CO00PA3HO IPUMEHSTh TeXHOJIOTHHU C MEHb-
LTMMH IPOEKTHBIMI HOPMaMU, TaK KaK IpH
YMEHBIIIEHIY MHHUMAJIBHOTO padMepa aJie-
MEHTOB COKPAIIIAETCs! TOJIIMHA [I0[I3aTBOPHOTO
IU3JIEKTPUKA U COOTBETCTBEHHO YBEIMIMBACTCS

cToitKocTh Tpanaucropos k TID. Mcnonb3oBanue
texxosoruun KMOIT KHU siBsiercst apdexrus-
HBIM CPeCcTBOM 60pb0bI ¢ apdexramu SEL. Dto
HO3BOJISET 3IeKTPUYECKH U30JIMPOBATH MEXKILY
co601i1 71- 1 p-KaHAJIbHbIE TPAH3UCTOPBI, TEM Ca-
MBIM YCTPaHUTb BO3SMOXKHOCTb OOPa30BaHMs A~
PasUTHOM TUPUCTOPHOM CTPYKTYPBIL.

Tononorudeckue MeTonpl — 3TO HIPUMEHEHUE
PpasIHbIX (GOPM 3aTBOPOB TPAHIUCTOPOB (KO-
teBble, H-Tuma, A-tuma u gpyrue), mpegoTBpa-
MIAIOIINX YTEYKHU 10 I'PAHHUIIE Pa3fea TOHKOTO
HOJI3aTBOPHOTO OKHCI/IA U CJIOS TUJIEKTPUYECKOI
U30JISLIUN, UCIOJIb30BaHNE OXPAHHBIX KOJIEIT IS
YCTPaHEHUS yTeYeK MeXly 3JIeMeHTaMU HHTe-
TPAIBHOI CXEMBbI U TOIIOJIOTIYECKOE Pa3MellieH e
6JI0KOB Ha BEpXHeM YPOBHE KPHCTAILTA.

Tononorudeckoe pasmertienre 610KOB 0COOeH-
HO CHJIBHO BJIMSIET Ha KOJITYeCTBO MHOXKECTBEH-
HbIX c00eB B MUKPOCXeMax MaMsTH. BoineneHne
sT9eeK [AMSTH, IPUHAIIEKAIINX OLHOMY 6UTy
(paspsiny) cioBa, B OTHENIbHBIE OJIOKU [IO3BOJISI-
€T He TOJIbKO YMEHBIIUTh BEPOSTHOCTh MHOKE-
CTBEHHBIX c60€B, HO U B Pe3y/bTare IPOBOLUTD
KOPPEKUHIO HH(DOPMAI[UI MEHBIIIMY aIlIapar-
HBIMHU cpenctBamu. OXpaHHBIE KOJIbIIA, KPOME
YCTPaHEHUSI MEKIJIEMEHTHBIX YTe4eK, BBIIOJIHS-
10T (DYHKIIMIO KOHTAKTA K OUIOKKE, IITyHTUPYIOT
ee COIIPOTUBJIEHNE 1 TeM CAMBIM IIPEISTCTBYIOT
BKJIIOYEHUIO TUPUCTOPHOM CTPYKTYPBIL.

JlJist IpOTUBOAECTBUS ONUHOIHBIM COOSIM
IPeNyCMOTPEHBI CXeMOTEXHIIeCKHe U PyHK-
IIUOHAJIbHBIE METOJIbI, CPelu KOTOPBIX HaH-
GoIblIee pacIIpOCTPaHEHNUE IOy IO Pe3epBI-
poBaHue Ha ypoBHe (DyHKIIMOHAILHBIX 6I0KOB,
HAIlpEMep METOI TPOMHOTO pe3epBUPOBAHUS
(Triple Modular Redundancy, TMR); uctionb3o-
BaHMe CO0CYCTOMYNBBIX JIOTHYECKUX JIEMEHTOB
U s19eek mamATH, B ToM yncie DICE-tpurrepos;
IPUMeHeHUe IPOBEPOK OUTOB Y€THOCTH U Pas-
JIMYHBIX KOPPEKTHPYIOLIHUX KOJIOB, B YaCTHOCTH
Koma XOMMUHTa, U T. 11

TexHonorusa u 6u6NUOTEKH
B kagecTBe 6a30BBIX TEXHOJIOIUI OBUINA BbI-

6parbt KMOIT TexHOMIOrUs ¢ MUHIUMATbHBIME
IPOEKTHbIMU HOpMaMu 0,35 MKM M TEXHOJIO-
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AND2X1
Bubnuoreka DCELLS_RH

AND2X1
Bubnuoreka DCELLS_RT
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Tabnuua 2. Onucarve paspaboTaHHbIX aHAOrOBbIX
IP-610K0B

IP-6n0k Onucatue
Habop BcriomoraresnbHbix 3/1eMeHToB
PMK 18 yNpaBAeHus NuTaHWeM, Npeobpasosateny yposHs,
M30/MpPYIOLLME AYEHKU M T. M.
10 Ha6op nnowagok Beoaa,/BbloAa W NNOWAAOK NUTaHKS
RAM Ha6op pasnnutbix 6nokos namsati ot 64x40 o 8 k6uTx40
ROM Bnok macoutoro M3Y 2 k6urx40
. Brok oaHokpatHo nporpammupyemoit 3Y
TNuneiiHbie otP THNa aHTHEDbIO3 pamepom 8 KOHTx40
p-KaHanbHblE LDO BcrpoenHbiti LDO-perynstop Ha 1,8 B
TPaH3UCTOpSI C Harpy3o4Ho# cnocobHocTbio Ao 200 MA
= —_— BctpoehHbii LDO-perynstop Ha 1,8 B
Capless LDO C Harpy3ouHo# cnocobHocTbio o 100 MA,
He TpeBYIOLLMI BHELUIHMX KOHEHCATOPOB
PLL B10K yMHOKEHHSI TaKTOBOM YacTOTbI
RCOSC BcrpoehHbiii RC-reHepatop
TeHepatop A/1st NOAKMIOYEHNs
Quartz 0SC BHELIHErO KBapLieBOro pesoHaTopa
12-paspsigHbid ALLM
ADC 12 co ckopocTbio npeobpasosanus 500 Kebib /¢
10-paspsiaHbii AL
ADC 10 o ckopocTbio npeobpasosanms 50 kebi6 /¢
o DAC 12 12+ nLAN
JInHeiHble . 5 paspagbli L = -
SpaceWire | Ananorosbiit npuemonepearuk uxTepderica SpaceWire
N-kaHanbHbIe PHY o ckopocTbio nepeaayr ao 100 M6uT /c
TpaH3MCTOPbI Anaroroblit npuemMonepeaaTuk MHTepceiica Ethernet
Ethernet PHY co ckopocTbio nepegaum go 10 Méut /c
USB PHY Ananorosbii npuemonepegarymk Htepderica USB
€O cKopocTblo nepegaum go 12 Méur /c
M3onauusa DTI
Ans npefoTspalleqns Tab6nuua 3. OcHoBHble XapaKTePUCTHKM
TUPNCTOPHOTO 3dbdpekTa MUKpOKOHTponnepa 1886BESY
Mapamerp 3HaueHue
KonbLesble MpoueccopHoe sapo 8 61t RISC cepuu 1886
n-KaHarnbHble TakTosas yacToTa 35Mry
TpaH3nUCcTopbI MNamsaTb nporpamm 4 6ux 16 M3Y Macoutoro Tvna c ECC
MamsaTb AaHHbIX 902x8 c ECC
AUn 10 pa3psgos, 8 kaHanos, ao 50 kebi6/c
Puc. 1. Tononorus anemexta AND B 61banotekax DCELLS_RH w DCELLS_RT USART/LIN 1
CAN 1
Taitmep 16 paspsgos
LM 10 paspsigos
Tabnuua 1. CpasHeHre pe3ybTaToB peanm3auni NpoLECCOPHOTO AAPA B Pa3/IMUHbIX TEXHONOMMAX
Boisogos 10 26
MutaHure 45-55B
Bubnuoreka DCELLS_RH DCELLS_RT MK180RT HCMOS8D S01_025_6M CEO18
BcrpoenHbii LDO-perynsitop Ectb
Mpoussogutens Munanap Munaxpp neuc MukpoH Mukpon Mukpon TSMC Temneparypa —60...+125°C
T 180 Hm 180 Hm 180 Hm 180 Hm 250 Hm 180 Hm Kopnyc H14.42-1B
KHM KMON KHXU KMON KMon KMon KHXU KMON KMon HaxonnesHas gosa 100 kpa
Mnowanp sppa ARM CORTEX-M4F 13,8 mm? 9,2 mm? 5,8 mm? 12,1 mm? 25 mm? 4,1 mm? CroiikocTb K BoaaeiicTanio T34 MpoBogsTcs UcnbiTaHKs

rusg KMOIT KHHM ¢ MUHMMaNbHBIME TPOEKT-
ubeimMu HopMamu 0,18 mxm. Ha 6ase texaonmornn
KMOIT KHU 6b11u paspaborabl ase 616i-
oTexkH NU(PPOBBIX AU€EK CTAHAAPTHON JIOTH-
xu u tpurrepos DCELLS_RH u DCELLS_RT.
bu6nnoreka DCELLS_RH ocHoBaHa Ha KOJIb-
L[EBBIX 71-KaHAJIbHbBIX TPAH3UCTOPAX ¥ TO3BOJIS-
et o6ecriednTs paboTOCIIOCOOHOCTD CXEMBI ISt
no3bl 6onee 500 kpan. bubmorexa DCELLS_RT
OCHOBAHA Ha JINHEIHbIX -KaHAIbHBIX TPAH3H-
CTOpax ¥ MOMIePKUBaET paboTOCIIOCOOHOCTD
CXeMbl I 103bI cBbllIe 100 Kpam, HO IpU ITOM
umeer 6oJiee KOMITAKTHbIE Pa3Mepsbl siaeek. Bun
TOIIOJIOTUH ST9eeK IBYXBXomoBoro W mist obenx
Ou6IHOTeK IIpHBefeH Ha puC. 1.

Kax BuziHO Ha puc. 1, mprMeHeHNe KOJIbIle-
BBIX TPAH3HCTOPOB IIPUBOIUT K YBEIUYEHUIO
pasmepa SYEKH, 9TO B KOHEIHOM UTOTe CKa3bl-
BAeTCsl Ha pasMepe BCero Kpucrauta. CpaBHeHue
Pe3yJIbTaTOB Pean3aluy IPOLECCOPHOTO sApa
ARM Cortex-M4F B pasnudnbIx 6u6mnorekax
npuBesieHo B Tabue 1.

Kpome riudpossix 6ub1uoTek, paspaboran
6osb1I0it HabOp aHaIoroBsIx IP-6;10K0B 1 pas-
JTUIHBIX 070KOB ImaMsTH. Bce paspaboranHble
aHAJIOrOBble GJIOKH BBIIOJHEHBI C HCIIOJIb30-
BaHUEM KOJIBLIEBBIX N-TPAaH3UCTOPOB, YTO I10-
3BOJIsIeT 00€eCIIeYnTh UX KOPPEKTHYIO paboTy
Ha 3HAYUTEJIIbHBIX YPOBHAX HaKOIUIEHHOM JOO3BbI.
O61iee onucanue a1eMeHTOB 6ubanoTexu IP-
6JI0KOB IIpefCTaBIeHO B TabuIle 2.

ITpuMmeHeHye TaHHBIX 6UOIHOTEK U Hapabo-
TOK II03BOJIMJIO CO31ATh MUKPOCXeMbI MUKPO-
koHTpostepoB 1886BE8Y u 1986BE8T, muxpo-
cxembl mamaT 1645PT2Y, 5576PT1Y, 1645PY5Y,
1645PT3Y, obnaparoniiye MOBBIIIEHHON CTOMKO-
CTBIO K BO3MIENICTBUIO paguanuu. B Hacrosiee
BpeMst BeIeTCs Pa3paboTKa psijia APYTHX CIIElH-
A/IM3UPOBAHHBIX CTOMKIX MUKPOCXEM.

MukpokoHTponnep 1886BESY

MuxpoxonTpotep 1886BE8Y sBsercs croii-
KO¥ Bepcuell paHee pa3pabOTaHHOTO 8-paspsifi-

HOTO MUKpOKOHTposiepa 1886BE5Y. Bmecro
EEPROM-namsATH TpOrpaMM HCIOJIb3YeTCs Ma-
counoe [13Y, nporpammupyemoe Ipy POM3BOJI-
cTBe KpUCTa/LI0B. OCHOBHBIE XapPaKTePUCTUKH
MUKPOCXEMBI IIPefICTaB/IeHbI B TAOIHIIE 3.

Orajika IpOrpaMMHOTO obecIIedeHns 1is
MHUKpPOKOHTpostepos 1886BESY npoussonut-
cs Ha aHaznore 1886BE5Y u 3arem nepeHocuTcs
B 3aKa3HYI0 MUKPOCXEMY.

MukpokoHTponnep 1986BEST

Muxkpocxema 1986BE8T siBnsteTcss croitkum
32-paspsHbIM MEKPOKOHTPOJLIEPOM Ha 6ase IIpo-
reccoproro sigpa ARM Cortex-M4F. Mukpocxema
uMeeT GOJIBIIION HAOOP aHAIOTOBOM U 1{I(POBOLL
nepucepun. OCHOBHbIE XapaKTEPHCTHKY MUKPO-
KOHTpOJUIepa IPENCTABIeHbI B TabyIuIle 4.

7151 Bcex MUKPOKOHTPOJLIEPOB Pa3paboTaHb
[eMOHCTPAI[OHHO-0T/IAN0IHbIe HAOOPBI U [IPU-
mepst [T10. Otrajgka mporpaMMHOro obecrede-
HHS 1711 MUKPOKOHTpoIuiepoB 1986BEST moxer
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paAraUMOHHO-CTOMKHE

Ta6nuua 4. OcHoBHble XapaKTepPUCTHKH
MuKpoKoHTponnepa 1986BEST

Mapamerp 3HaueHuHe
MpoveccopHoe sapo ARM Cortex-M4F
Yucno apep 1

TakToBas yactora 100 My

OpHokpatHo nporpammupyemoe M3Y
THna aHTUdhbio3 128 kbait ¢ ECC

Mamstb nporpamm

Mamstb O3Y 32 k6aitt ¢ ECC
Mutanue 3-55B
Kopnyc 4244.256-3
BcrpoehHbii LDO-peryastop Ectb
BcrpoenHblit RC-reHeparop 8 My u 40 Ky

BHeluHuit renepatop 2wr.,or 1 0030 My
BHelLuHwi yacoBol reHepartop 1wr., 32,768 kly

AU 2 wr., 12 pa3psigos, 500 kebib /c,
16 BHewWHNX KaHanoB

AN 2 wr., 12 paspsgos
Ethernet MAC 10,/100 M6ut 1
Ethernet PHY 10 M6ut 1
SpaceWire MAC 100 M6ut /c 1
SpaceWire PHY 100 M6ut/c 1

rOCT P 52070-2003 2
rOCT 18977-79 8 npuemHuKoB 1 4 nepeparumka
CAN 1
UART 1
SPI 1
DMA 1
BHeluHss cucTeMHas WiHa Ectb
Boisogos IO 160

HakonnexHas gosa 500 kpag

n POBOAATCA UCMbITAHWUA

Cro¥ikocTb K Bo3aewcTauio T34

mpousBoauthest B cpene Keil. [TporpaMmupoBarue BHyTPEHHEE OHOKPAT-
HO IIPOrPaMMUPYeMOU aMSATH OCYIIECTBIISETCS CTAHIAPTHBIMU CPEJICTBa-
MU OT/IA[IKU IPIJIOXKEHIUI U He TpebyeT KaKUX-JIN00 CHIeI[HaTH3HPOBAHHBIX
TTPOrPaMMaTopPOB.

Mukpocxema ogHoKpaTHO nporpammupyemoro MN3Y
1645PT2y

Muxpocxembr 1645PT2Y mpencraBisioT co60¥t OHOKPATHO HPOrpam-
mupyembie [13Y ¢ mapautensHbiM HHTEpdEiicoM ¢ nHGOPMAIOHHOM
€MKOCTBIO 256 KOUT U opraHusamueil 32 KOuTx8. MUKPOCXeMBI U3r0-
ToBjieHsl o cTaHaapTHOH KMOII-Texnonm0rnn ¢ MUHIMaIbHBIMU TTPO-
exTHbIMU HopMami 0,35 MkM. CTOMKOCTD K HAKOIIJIEHHOH /103€ ¥ TIOJTHOE
OTCYTCTBHE THPUCTOPHOTO 3¢hheKTa 06ecIednBaeTcs: C OMOIIBIO KOJIb-
LE€BBIX TPAH3UCTOPOB U OXPAHHBIX KOJIEIL. B kxauecTBe sTueiiKy maMATH
UCIIOIb3YeTCs: dlIeMeHT «auTr(db03» (antifuse), ocHOBaHHBII Ha TIPobOe
II0A3aTBOPHOTO IUIJIEKTPUKA. TOHOHOFI/IH STYeUKU TTaMSITA IIpencraBieHa
Ha puc. 2. [IpuMeHeHHe Takoil TYEHKN TO3BOJIAET UCKIIOUUTD ITOTEPIO
3anucaHHOM HHGOPMAIUY IIPY TOCTATOYHO BHICOKUX YPOBHSIX BO3IEN-
CTBUA palyaniun. ,HHF{ 3aIIUTBI OT MHOXECTBEHHBIX C6OCB pa3pAnbl nH-
(bOPMAI[HOHHOTO CI0BA PACIIPEIe/IeHBI TI0 Pa3HbIM GI0KAM MATPHUIIBL.

Mukpocxema ogHoKpaTHO nporpammupyemoro MN3Y
5576PT1Y

[To aHaIOTUYHOV TEXHOJIOTHH U C UCIIOJIH30BaHUEM TeX JKe IIOaX010B
paspaboTaHa ¥ CepUITHO BBIITyCKaeTcst Mukpocxema 5576PT1Y, pencrasiis-
1otrast o601t 0nHOKpaTHO mporpammupyemoe I13Y pis kordurypuposa-
must IUIVC ¢ urdopMarinonHoit eMKocTbio 1 M6uT. B mpomecce ucrbita-
HUI YCTAHOBJIEHO, YTO PAIHAIIMOHHbIe COOM IPOUCXOIAT B IepHbepUiTHbIX
6J10KaX MEKPOCXeM; cO0eB U ITOTepy HH(POPMAILUH B MATPHIIAX dIEMEHTOB
IaMsITH B MEKpocxeMax 1645PT2Y u 5576PT1Y He Habmonanocs.

Mukpocxema cratvueckoro O3Y 1645PY5Y
Mukpocxema 1645PY5Y npencrasiser co60il aCHHXPOHHOE CTATH-

TeCKOe OIlePAaTUBHOE 3aIIOMUHAIOIIIee YCTPOICTBO ¢ MHPOPMALUOHHOM
eMKOCTBI0 4 MOuT 1 oprarusanueit 512 Kcios o 8 6ur, u3rorosiena

Puc. 2. Tononorus suerku namati mukpocxem 1645PT2Y u 5576PT1Y

nio Texnosnorur KMOIT KHH ¢ MuHIManbHBIME IPOEKTHBIMU HOPMaM#
0,18 MmxM. Mcronb3oBaHue JaHHOM TEXHOJOTUH ITIOMOTJIO IIOJHOCTHIO
HCKITIOYUTDH BO3HUKHOBEHIE THPUCTOPHOTO dppexTa, a COBMECTHO C TO-
TIOJIOTMYECKUMU PEIIeHNAMHI — KOJIbIIEBBIMU KOHCTPYKIMAME TPaH3U-
CTOPOB 1 BBeJIeHHEM OXPaHHBIX KOJIEI] 71 yCTPAaHEHUs MeK3JIeMEHTHBIX
yT€4eK — IO3BOJIMJIO ITOJYIUTh BBICOKUI YPOBEHb CTOMKOCTH K BO3IE-
CTBHIO MOHU3HMPYIOIIETo U3TydeHNs.

B xagecTBe A4efiKy MaMATH 7151 MUKpocxeMbl 1645PY5Y ncnonb3o-
BaJIach MIECTUTPAH3UCTOPHAS sUeliKa C p-KaHAJbHBIMU TPAH3UCTOPAMHU
BBIOOPKU U KOJIBIIEBBIME #1-KaHAJIbHBIMI TPAH3UCTOPAMHU, II03BOJISIOIIIAs

Puc. 3. Tononorus sueikn namat Mukpocxembl 1645PY5Y
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MAaKCHMAaJIbHO COKPATUTh YTEYKH 1 00ECIeYNTH [OBBIIIIEHNE YPOBHS CO-
xpanHoctu uHpoOpManun npu Bosnerictsun UU. Tomonorus saeitku
MaMATH MEKpOcxeMbl 1645PY5Y mpencrasiiena Ha puc. 3.

Mukpocxema ogHoKpaTHO nporpammupyemoro MN3Y
1645PT3Y

Muxkpocxema 1645PT3Y — onrOoxpaTHO nporpammupyemoro [13Y
C POU3BOJIBHOM BBIOOPKOIL, HHPOPMALMOHHON eMKOCThI0 2 MOuT
¢ nepecTpauBaeMoit opranusarueit 128 Kcnos no 16 6ut nm 256 Kenos
1o 8 6ut, — u3rorosiieHa 1o toi xe KMOIT KHU-rexnom0ruu ¢ Mu-
HUMAJIbHBIMU IIPOEKTHBEIMU HOpMamu 0,18 MKM, 4TO U MUKpOCXeMa
1645PY5Y, ¢ ucnonp3oBaHUEeM aHAJIOTUYHBIX TOIOJIOTUYECKUX PeIlIeHUH.
B pamKax cTaHZapTHBIX TeXHOJOTMIECKUX IPOLECCOB ObLIA paspaboTanHa
S4eHKa MaMATH C 9JIEMEHTOM IIPOTPAMMUPOBAHHS C HCIIOJIb30BAaHUEM
cTpykTypsl anTH(dbI03 (antifuse), OCHOBaHHOTO Ha IPo6OE IOA3ATBOP-
HOTO JIU9JIeKTpUKaA. Tomosorus siaefiku naMsaT MUKpocxembl 1645PT3Y
IIpeJCTaB/IeHa Ha pUC. 4.

Kax u B Mmukpocxemax 1645PT2Y u 5576PT1Y, s 3amuTsl OT MHO-
JKeCTBEHHBIX c60eB pa3psiabl HHGOPMALIKOHHOTO CI0BAa B MEKPOCXeMaxX
1645PT3Y u 1645PY5Y pacrpeniesieHbl 110 Pa3HBIM 6JI0KaM MaTPHIbL.

XapaKTepUCTHKY PaJHaI[IOHHOU CTOMKOCTH MHKPOCXeM ITAMSATH Ipef-
CTaBJIeHBI B TaOuIe 5.

DIleKTpUUeCcKUe U SKCIUTYyaTAlHOHHBIE TapaMeTpPhl paiuallIOHHO-
CTOMKHX MUKPOCXeM IamsTy, padpaboTanusix B 3A0 «IIKK Mumaunp»,
[pUBefIeHbI B TabuuIIe 6.

Taxum o6pasom, B HacTosmee BpeMs kommanus 3AO «IIKK
Muannp» MOXKeT IPeUIOKUTD ITOTPeOUTENSIM BhIIIIeYKa3aHHBLI IIepe-
4YeHb PAJMAIMOHHO-CTOMKUX MUKPOCXEM. HmMeromuiics 3amea B BUIE
pa3pabOTaHHBIX MOJeIell CTOUKUX TPAH3UCTOPOB, XapAKTEPU30BAH-
HBIX 6ubnnoTeK, [10, 0becrnednBaIero MPOBEpPKy TOMOJIOTHH C yde-
TOM TpeOOBaHUI U MPABII Pa3pabOTKH MEKPOCXeM C MOBBIIIEHHO

Tabnuua 5. XapaktepucTHk1 CTOMKOCTH MUKPOCXEM NaMSATH

Mapamerp 1645PY5Y 1645PT2Y 5576PT1Y 1645PT3Y
CyMMapHas Hakon/ieHHas fo3a, pag (Si) >1,3x10° >10° >5x10°
CroiikocTb Kk BosaeicTamio T34 no otkaszam
10 TUPUCTOPHOMY 3chcpeKTy:
noporossle JIN3: Ly, 13 ko, MaB-cM? /M >61 >66 >68
ceueHue Hacbilwenus KO, cm?/6ut <8x1078 <1,5x10~" <3x10°®
MpoBoasTcs

CroikocTb K BosaencTauio T3Y:
noporosbie JIN3: L, oc, MaB-cm? /mr 1 1 >40

MUCMbITaHUA

cedenne Hacbiwenmsa OC: oy o, CM?/OUT <5x107® <5,7x107" <10,6x10°®
CroliKocTb K BO3/1eHCTBHIO NPOTOHOB:

noporosas aHeprusi: Exy oc, MaB 15 20 He onpep.

CeueHHe HaCbILLEHHS: Ggp o, CM2/6HT <3x107" <3,1x10°"® He onpeg.
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Puc. 4. Tononorus suenku naMat Mukpocxembl 1645PT3Y

CTOMKOCTBIO K BO3JIEMCTBUIO pafyalliy, U IOJYIEHHBINA OIBIT I103BO-
JIAI0T KOMIIAHUU PacUIUPSATh HOMEHKJIATYPY pajUualiiOHHO-CTOUKUAX
MHKpPOCXeM, a TAK)Ke pa3pabaThiBaTh MUKPOCXeMBI ¢ 60Jiee BBICOKHU-
MU YPOBHSIMH CTOUKOCTU K BO3/I€UICTBUIO PA3IUYHBIX PANUAMOHHBIX
dakropos. 3a 6osee monpobHOI HHPOPMALIKENT IO TIPeICTABIEHHBIM
B HACTOSIIIE CTaThe MEUKPOCXeMaM, MOXKHO 00paIaThcst B OTEN TeX-
Hudecko# nopuepskku unu otaes Mapkerusra 3AO «IIKK Munangp»
(www.milandr.ru).

Tabnuua 6. InekTprueckre napamMeTpbl MUKPOCXEM NaMSATH

Mapametp 1645PY5Y | 1645PT2Y | 5576PT1Y 1645PT3Y
onnay
LN KOHU-
Tun MUKpOCXeMbl Co3y onnzy rypHpoBaHAS onnay
nnmc
2 M6ut
4 M6ut 256 k6uT
WHdhopMaLmoHHas eMKoCTb 1 M6éut (128 k6uTX 16
(512 k61Tx8) | (32 K6HTXB) W 256 KEHTXB)
HanpsxeHue nutanus, B 3-5,5 3-3,6 3-3,6 3-5,5
Bpems ebiGopku agpeca, U, = muH, CL = 30 n®, _
HC, He Gonee 20 100 100
Tok noTpebeHHs B pexuMe XpaHeHus, 5 5 5 5
MA, He 6onee
[JuHamuueckuii Tok notpebnenus, MA, He Gonee 120 50 40 100
Pabounii TemnepartypHbit auanasoH,”C —60...+125 | —60...+125 | —60...+125 —60...+125
Kopnyc 5134.64-6 | 5134.64-6 | 5134.64-6 5134.64-6
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