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MNokasaHa BO3MOXHOCTb peanusauum 6JI0OKOB OJHOMOPTOBbIX U ABYXMOPTOBbIX OMEpPaTUBHbIX
3anoMuHalowmx yctpoicte (O3Y) MOBbILIEHHOW CTOMKOCTUM K BHeWHUM dakTopaM Ans 6asoBbix
kpuctannoe (BK) cepuit 5521 n 5529. PaccmoTpeHa siderika namstu O3Y. MpueepeHbl pesy/bTaTbl
MOA,Ee/IMPOBaHMNS U UCTIbITaHUA MUKpocxem O3Y Ha ocHoBe BK cepum 5521 1 5529.

The article shows the feasibility of single-port and dual-port blocks of random access memory
(RAM) on gate arrays (GA) of 5521 and 5529 families, which has an increased resistance to
external factors. RAM memory cell is considered. Results of modeling and testing the RAM
chips on the GA of the 5521 and 5529 families are given.

KTHBHOe pa3BHUTHe KOCMHUYeCKOHN OTpaciIu Tpe-

byeT co3maHUsI KaueCTBEHHO HOBOM 3JIeEKTPOHHOM

KOMIIOHeHTHOH 6a3pl (9KE), ymoBeTBopsoIIei
TpebOBaHHUSIM IIOBBIIIEHHOMN CTOMKOCTH K OCHOBHBIM
HecTabuanM3upyIUM $aKToOpaM KOCMHUYECKOT0 IIPo-
cTpaHCTBA. K TaKMM PpaKTOpaM OTHOCSTCS: MOHH3H-
pyolllee H3yUeHHe, IIMPOKHUH TeMIIePaTypPHBIH JHa-
nasoH oT -60 1o 125°C, Bo3henCTBHe TS Ke/IbIX 3apsiKeH-
HBIX YaCTHII.

IIpu co3maHuU 60PTOBOM aIlapaTypbl KOCMUYECKHX
CHCTEM MCIIO/Ib3yeTCs IKPOKass HOMeHK1aTypa 3Kb
061I1ero H CrelManbHOro HasHavueHHs (6oree 700 THIIOB).
OpHUMU U3 Haubosee BoCTpebOBaHHBIX M Hanboee ysi3-
BHMBIX I10 OTHOIIEHHIO K aKTOpaM KOCMHYECKOI0 IIpo-
CTPaHCTBa KOMIIOHEHTOB ABJISII0TCS O3Y. PagraliioHHO-
cTorikue O3V BHIIIONHSIOTCS B BHJe 3aKa3HbBIX UHTe-
rpanbHbIX cxeM (HC), cnokHO-PYHKIMOHAIBHBIX (CP)
6710K0B B cocTaBe cucTeM Ha kpuctauie (CHK) unu Ha
6a3e mporpaMMHUPYyeMBIX TOTUYECKUX HHTEI PaJbHBIX
cxeM (ITIUC). B coBpemeHHBIX CHK 06beM maMSITH
MOsKeT IpeBbIIIaTh 50% IIomanu KpucTawia UC [1-3].
B To ke BpeMs CIlellMaJM31UPOBAHHbBIE MUKPOCXeMBI
IIPH MaJIblX THPa’kaX BHIIYCKA ONTHMaJIbHO peasn3o-
BBIBATh Ha OCHOBe 6a30BbIX MATPHYHBIX UK Ha30BBIX
kpuctasioB (BMK unu BK). Hanuaume O3Y B coctaBe BK
I03BOJISIET CYILECTBEHHO PACIIPUTh 06/1aCTh UX ITPUMe-
HeHMUS, YIYUIIUTh GYHKIIMOHAIBHBIE U 9KCIITyaTallUOH-
Hble XapaKTePUCTHUKHU aIllaparypsl. OGHAKO pa3pelleH-
HBbIe /17151 IPUMeHeHHUs B KOCMHYeCKHUX ammnaparax BK ¢

WHTEIPUPOBAHHBIMU (BCTPOEHHBIMH) B HUX O/10KaMU
O3V moka He co3gaHbl. B HacToglee BpeMs B Poccuu
JOCTYIIHA JIMLIb OfHA CepHUs OTeuyecTBeHHbIX bBK ¢ Bo3-
MOSKHOCTBIO CO3aHHU S Mo,uyneﬁ maMsTu - 3To BMK
cepuu 1592 emkocTsio 10, 30, 60 1 100 ThIC. BeHTHIIEH.
MaxkcumanbHas eMKocTh O3Y cocTtaBisieT 256%x16 unu
128%32 6uT. laHHas cepusi BMK ycToMuMBa K MeXaHH-
YeCKHM U KIMMAaTHYeCKHUM BO3JEHCTBHUSIM, CTOMKOCTD
JKe K CIIellMa/IbHBIM paKTopaM He yKas3aHa.

HHTerpauusa cxeM maMsatu B BMK paccmaTtpuBa-
nack c 1980-x romoB B paboTtax aBTopos [1-3]. Torma Tex-
HOJIOTUYeCKHUI ypOBeHb He I03BOJSI co34aTh BMK
C LOCTAaTOYHBIM 06beMoM maMsTH. Cpefu coBpe-
MEHHBIX OTeUeCTBEHHBIX paboT 10 JaHHOU TeMa-
THKe C/iefyeT OTMeTUTh mpepjaoxkenue C.O. TiopyuHa
HcIonb30BaTh B BMK s4eriky MaMsTH C ydeTBepeHHeM
TpaH3uCTOpoB QSRAM [2]. [Ipenrionaraercs, 4To pac-
YyeTBepeHHe OTHe/IbHBIX TPAH3UCTOPOB JTOTHYECKHX
371IeMEeHTOB 06eCIIeUUT BRIMTPHILI B BEPOSITHOCTHU He3-
OTKa3HOH paboTEI [0 CPABHEHUIO C Pe3epBHPOBAHUEM.
B Poccuu BMK BrinyckaroT "AHrcrpem’, A1 "Coros",
®HIIL "HUUHUC um. 10.E.Cemakona”, "H3IIII ¢ OKB"
1 HIIK "TexHO/MIOrMYecKUH ueHTp". OnmHaKo Ha JaHHBIN
MOMEHT OTCYTCTBYIOT BMK KOCMHYeCKOT0 Ha3HauYeHH s
CO BCTPOEHHBIMH B HUX O/I0KaMHU ITaMSITH.

Co3maHue oTeyecTBeHHOr0 BK co BCTpoeHHBIMHU 6110~
KaMHu O3Y KOCMHUYECKOro Ha3HAUYeHU S [TI03BOJIUT OTKA-
3aThCS OT psifa 3apybeskHbIX MC, pacIIMpUTh HOMeH-
KJIATYPy CIIeliMaTu3UPOBAHHBIX MHKPOCXeM, yIyd-

HIMK " "TexHonormnyecknn LeHTp" / SMC "Technological Centre".
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IIMTh KX JUHAMKYeCKHe U QyHKIIMOHAIbHbIE XapaK-

TePUCTHKH.

Peanusanus monynst O3Y B coctaBe BK obecreunt
CJleAyIolIye IperMyIecTBa:

* IOJy4YeHHe CTOMKOCTH BCTpoeHHoro O3V, corocTaBuy-
MOF CO CTOMKOCTBIO BK;

* COKpallleHHe NMoTpebiisieMOol MOIIHOCTH KOHEUHOT0
YCTPOMCTBA U yBeTHYeHHe CUCTeMHOT0 OBbICTpOIe-
CTBU A 3a CUeT yMeHbIIeHHU [AJIMHBL K KOJIHYeCTBa
MeSKCOeTUHEeHHH;

* yMeHbIlIeHHe rabapuTOB aIlIIapaTypsl 3a CUeT CHU-
SKeHM S KOJTMYeCTBa MCIIOAb3yeMBIX MHKPOCXeM
Y YMeHBbIIeHH s pa3MepOoB [Te4aTHBIX IIaT [5].

B HIIK "TexHOnoru4yecKUM LeHTP' pa3paboTaHbl
cepuu BK 5521 1 5529 co cenyomuMy XapaKTepUCTH-
KaMHM: HaIlpsiKeHHe MUTaHus 3 B +10% unu 3,3 B £10%,
pacueTHoe BpeMs 3aLepXKH Ha BeHTH/Ib 110 Iic,
TaKTOBasg 4YacTtoTra D-TpUITepa B CUETHOM peXXHUMe
500 MI1 [4, 5, 9]. Cepus 5521 usroTaBiaHUBaeTCs II0
pamuanHoHHO-CTOMKOM KMOII-TeXHOMOTHH C HOP-
Mamu 0,18 MKM Ha 06peMHOM KpeMHHUH. CepHst 5529
HM3rOoTaBJIMBaeTCA 0 paAHallMOHHO-CToMKou KMOII-
TeXHOJIOTHH C HOpMaMH 0,25 MKM Ha CTPYKTYpax 'KpeM-
HHUU Ha HU301siTope”. OTIMUYUTENIBHON 0CO6€HHOCTHIO
yKa3aHHBIX CepHH SIB/ISIeTCSI BO3MOXKHOCTD Pear3allui
B HHX 6710KOB OTHOIIOPTOBBIX U ABYXIIOPTOBBIX O3Y.

[lomynsipHBIM pellleHHeM B cxeMax O3V aBisgeTcsa
KJIacCch4ecKkasl 6-TpaH3HUCTOpPHAs g4erKa C TPaH3U-
CTOpPaMHU CBA3U N-THIa (6Tn), yBeaHYeHHe 0 a A1
KOTOpOoH B 1,2-1,5 pa3a mo3Bo/sieT CylecTBeHHO
MOBBICUTh CTOMKOCTb KO BCeM PafHaLlMOHHBIM daK-
Topam [6].

I[ToBeILIeHHE cO0eYCTOMYUBOCTH 6-TPaH3KUCTOPHOIO
37leMeHTa IIaMSITH MOKeT OBITh BBIIIOTHEHO CXeMOTeX-
HHUYeCKHMH MeTomaMHu. Tak JI.PoketTT, [|.Yali3amMaH U
JI>K. BeMOPYKC ITPe/IIOKUTH YBeTUYHUBATh IOCTOSTHHYIO
BpeMeHH B ILlelId 0OpPaTHOM CBS3M TPUITepa. Mexay
MHBEPTOPAMHU B COCTaBe SIYeHKU MaMSITH HobaBIsIU
Pe3HuCTOphl, KOHIEHCATOPHI, [1033Ke JUOAbI K TPaH3KCTOPHI
[7]. OcHOBHBIMU He[JOCTaTKAMHU TaKHUX si4eeK SIBJISIOTCA
TeMIIepaTypHas YyBCTBUTE/NBHOCTD, YI3BUMOCTD IIPH
HU3KHX TeMIIepaTypax U Heo6X0qUMOCTb IOTIONTHUTE b
HOM MacKH 1,151 QOpMHUPOBAHUS Pe3UCTOPa.

I.Becco, P.Beja3ko U Apyrue HCC/Ie0BaTeIH UCIIONIb
30Ba/liM CxeMbl 0OpPaTHOI CBSI3K [JISI BOCCTaHOBJIE-
HMS UCXOOHBIX JaHHBIX. OCHOBHBIE ITPOOIeMBl IIPU
3TOM - pa3MellleHHe JOIIOJIHUTe/IbHBIX TPAH3HUCTOPOB
0OPaTHOM CBSI3U U IOSIBJIEHHE HOBBIX UyBCTBUTEIBHBIX
y3i10B [8]. [IpeuMyIecTBAMU 3TOTO0 MeTO/a SB/ISIOTCS
TeMIIepaTypPHBIH 3aI1ac, 3aIlac 10 HAIIPSKeHUIO M XOpOo-
IIast yCTOMYKUBOCTD K OMMHOUYHBIM CO0SIM, BbI3BAHHBIM
TSKeIBIMHU 3aPssKeHHBIMUY YaCTHIIAMHU.

ctive development of space
industry requires the creation
f qualitatively new electronic
component base (ECB), which would
satisty the requirements of increased
resistance to the main destabilizing
factors of outer space. These factors
include ionizing radiation, wide tem-
perature range from -60 to 125°C, the
influence of heavy charged particles.
For creation onboard equipment
of space systems the wide range
of electronic components for gen-
eral and special purposes (over
700 types) is used. One of the most
demanded and the most vulnerable
to the space factors components is
RAM. Radiation resistant RAM is
made in the form of custom inte-
grated circuits (IC), hard IP cores
in systems on chip (SOC) or on the
basis of programmable logic devices
(PLD). In up-to-date SOCs the mem-
ory size can exceed 50% of the area

of the chip [1-3]. At the same time,
it is optimum to create specialized
ICs in case of small production vol-
umes on the base of gate arrays
(GA). The inclusion of the RAM into
the GA can significantly expand
the scope of their application, to
improve the functional and opera-
tional characteristics of the equip-
ment. However, GA with integrated
(built-in) RAM blocks, which are
allowed for use in space vehicles,
has not yet been created. Currently
only one series of the domestic GA
with the ability to create memory
modules is available in Russia, it
is GA of 1592 family with a capac-
ity of 10, 30, 60 and 100 thousand
gates. Maximum RAM capacity is
256 x16 or 12827 x 32 bits. This GA
family is resistant to mechanical
and climatic influences, but the
resistance to special factors is not
specified.

Integration of memory circuits in
CA was investigated from 1980-ies
in the studies of the authors of [1-3].
At that time the technological level
didn't allow to create GA with suffi-
cient memory size. Among modern
Russian studies on this subject, it
should be noted the proposal of S.F.
Tyurin to use in the GA a memory cell
with quadrupling of QSRAM transis-
tors [2]. It is assumed that quadru-
pling of individual transistors of the
logic elements will ensure a win in
the survival probability compared
to redundancy. In Russia, GA are
manufactured by Angstrem, Design
Center "Soyuz", Sedakov Research
Institute of measurement systems,
Novosibirsk Factory and Design
Bureau of Semiconductor Devices and
SMC "Technological Centre". However
at the moment there are no GA for
space industry the built-in memory
blocks.
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O0Honopmosas siuetika O3Y
Single-port RAM cell

k. Yutakep, M.H.J[1o u J[’K.KaHapuc npume-
HUIU Ay6IHpoBaHUe KPUTHUYECKHUX Y3JI0B (HAIIpHU-
Mep, DICE-siueriku). OCHOBHBIE IPeUMYIIecTBa 3TOr0
MeTo/[a - 3aIac I10 TeMIIepaType U I10 HallpsikeHHIo,
YCTOMYHMBOCTD K BO3/IeHCTBHIO TSKE/BIX 3aPSAKeHHBIX
YaCTHIL ¥ BBICOKAS [IPOM3BOAUTEIBHOCTh. HalesxkHY 0
3amuTy ot cbos B clydae ogHOKpPATHOM Hombapau-
POBKH KOCMHUYEeCKHMH YacCTHUILIAMHU y3/1a CXeMBbl 06e-
CIIeYMBAIOT BpeMeHHOe pa3sHeceHHe TAKTOBbIX CUTHa-
7I0B 1 TPOKMHOe MOJY/IbHOe pe3epBHUpOBaHUe BHYTPHU
s4elKU MaMsTU. B Haubonee nmonynsipHeix DICE-

g49erKax MaMsTH U sSYelKax C TPOMHBIM pe3epBUPO-
BaHHEM H3MeHEeHHEe COCTOSHU I BO3SMOKHO TOJIBKO IIPH
MHOXeCTBeHHBIX [IOIIaJaHHUAX TSI Ke/IbIX 3apsSsKeHHBIX
yacTull. TakKe UM CBOMCTBEHHBI Ha/lIM4le COCTs3a-
TeJIbHOCTH CUTHAJIOB B IIpoLiecce 3aIlMCH / YTeHU,
HeoOXOOHMOCTb Ipef3apsafa IHH U BepOSITHOCTh
II0TE€PH JAHHBIX IIPU YTEHHH.

C60eyCTOMYHBOCTD 37IeMeHTa MaMSATH MOXKeT OBITh
[OBbIIIeHAa U KOHCTPYKTHUBHO-TOIOJOTHYECKHUMHU
MEeTOAAMM, HallPaBJIeHHbIMHU Ha YMeHbIIeHHe BepPOsT-
HOCTH IOSABJIEHHUSI TUPUCTOPHOTO 3¢ PpexTa B KMOII-

The creation of the domestic CA
with built-in RAM blocks for space
applications will allow to refuse
some foreign IC, to expand the range
of specialized chips and to improve
their dynamic and functional
characteristics.

Integration of the RAM into the GA
will provide the following benefits:

« resistance of built-in RAM will be
comparable to the resistance of GA;

+ reduction of power consumption
of the target device and increase
the system performance by reduc-
ing the length and number of
interconnections;

+ reduction of overall dimensions
of equipment by lowering the
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number of chips used and reduc-

tion of the size of printed circuit

boards [5].

SMC "Technological Centre" devel-
oped 5521 and 5529 families of CA
with the following characteristics:
power supply voltage is 3 V +10% or
3.3V £10%; calculated delay time for
the gate is 110 ps; clock frequency
of D-type flip flop in the counting
mode is 500 MHz [4, 5, 9]. 5521 family
is manufactured using a radiation-
resistant 0.18 pm CMOS technology
on bulk silicon. 5529 family is man-
ufactured using radiation-resistant
0.25 pm CMOS technology on silicon-
on-insulator structures. A distinc-
tive feature of these families is the

possibility to obtain single-port and
dual-port RAM blocks.

Common solution in RAM design
is the classic 6-transistor cell with
transistors of n-type (6Tn), increase
the area of which by 1.2-1.5 times
allows to increase the resistance to
all the radiation factors [6].

Increasing failure tolerance of the
6-transistor memory element can be
performed by means of schematic
design. For example, RockettL.,
Wiseman D. and VembruxJ. pro-
posed to increase the time constant
in the feedback circuit of the trigger.
The resistors, capacitors, and later
diodes and transistors were added
between inverters in the memory
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CTPYKTYPaxX K CHHKeHHe BIIHUSHUS J030BbIX 3PPEeKTOB.
[.AHemnnu u V.CHolec B CBOMX paboTax Mpe/ICTaBIsIOT
MeTOA bl CHUKeHU S BAUSHU S HaKOIIJIEHHOM O35l 33
CYeT MCIIOb30BAHUSA TPAH3UCTOPOB C KOAbLEBHIM
3aTBOpPOM. B paboTtax T.AOKHU ITOKa3aHa BO3MOKHOCTb
mofaBJieHUS TUPUCTOPHOro 3ddexTa braromaps
KCII0/Ib30BAHH IO KOHTAKTOB K II0ZIJIOKKe 1 II-KapMaHy,
a TaK>Ke OXPaHHBIX KoOJlel].

B ocHoBe sueiiku O3Y (mateHT PP Ha H3obpeTeHUe
Ne2507611), mpuMeHsieMok B BK cepuit 5521 11 5529, 1eskUT
TPHUITep, IIOCTPOEHHBIN Ha IByX HHBEPTOPaX, CO CXeMOL
MIOATBEPXKAEHHUS 3aIIMCAHHBIX JAHHBIX (CM. PUCYHOK). B
mpoliecce 3alMcH HHGOPMALIUU B BBIOPAaHHYIO STUEHKY
OTCYTCTBYeT COCTSA3aTe/IbHOCTh MeKJY HOBBIMH U CTa-
PBIMH JaHHBIMH, IIOCKOJIBKY CXeMa IOATBePKAeHM
Ppa3phIBaeT 06PaTHYIO CBSI3b B TPUITEPE.

ITpu 3anucu B O3Y ¢ IpuMeHeHHEM SUeek IaMATH
Ha OCHOBE 6-TpaH3MCTOpHOTO gapa u DICE-ga4yeek Ha
Ka’kKAYI0 3aMMUCBIBaeMYI0 STUeKy ITPUXOIUTCS 60IIb-
II10e KOJIMYeCcTBO 1060YHO CUUTBIBAEMBIX, IIOCKOJIBKY
BeI6HpaeTcs BCSI CTPOKA, 3a CUeT Yero CHHUXKAaeTcs
c6oeycTOMUYMBOCTE. B OIMCEHIBA@MO siUeHKe TaKas
CHUTYaLMs UCKIIOYATCs, TaK KaK JIs 3alIMCH JaHHBIX
KCII0/Ib3YeTCs IByXKOOpAMHATHAs BEIOOPKA IO CTPOKe
(curman WR/WRB) u ctonbuy (curuan CE/CEB).
JIByxKOOpAMHATHAas BbIOOPKA yBeTUUUBaeT Pa3Mephl
A4eUKHU MaMATH Ha TPU TPAaH3HUCTOpa, HO Cylle-
CTBEHHO IOBBIIIAET ee c60eyCTOMYHBOCTE.

3anoMHUHAIONIU K 37IeMEHT IIPeJIOKeHHOM STYeHKU
MaMSTH HU30IUPOBAH OT BIHUSHUS OUTOBBIX THHUM
61aromaps UCII0b30BAHUIO IOIIOTHUTEIBHOTO BBIXO/-
HOTro MHBepTopa. Heo6XoAMMOCTD I0MIOHHUTEIbHOTO

[OpTa IpY pasfe/leHUH paspsaIHbIX [IKMH Ha YTeHHe U
3aIIMCh yBeJIMUMBAeT IIJI0Mab TYeH KU, OIHAKO I103BO-
JISIeT OJTHOCTBI0 MCK/IIOYMUTh BIMSHHUE Ollepalluy uTe-
HHSI Ha COCTOSIHHe 3aIIOMHUHAIOIIET0 37IeMeHTa SYeHKH.
Slueriku O3Y uHTerpupoBaHsl B CAIIP "KoByer” u BBe-
JeHbI B COCTAB YHUQULIPOBAHHOM OHUOIHOTEKH.

Ha ocHoBe npefioskeHHOM OZHOIIOPTOBOL STUeNKHU
ObLIM pa3paboTaHbl, U3TOTOBJIEHBl U HCC/IeI0OBAHEL
MHKpocxeMbl O3Y pasan4YHOU eMKOCTH. Hanpumep,
610k O3Y eMKOCTBIO 4 K x 8 6UT, U3TOTOBJIEHHBIH I10
texHojoruu KHH 0,25 MKM, HMeeT ciefyouue IoKa-
3aTeJIM CTOMKOCTH:

» moporoBeie JIII9 OP3 0TKRa30B Lty 150y HE MeHee

64 M3B-cM2/MrT;
 ceueHue OP3 oTka3oB npu JIII3 64 M3B.cMm?/Mr He

6osee 4,8-1078 cm?;

* ceueHHe HachlmeHUs OP3 0TKA30B g 15ko) He 6onee

0,7 cm?;

» noporoBsie JIII9 OPD cboeB: Lyy oc He MeHee

64 M3B-cM2/MrT;

+ ceyeHue OP3 cboeB mpu JIIID 64 M3B-cm?/MT He
6onee 2,3:10712 cm?/6uT.

Ha ocHoBe 1ByxmopToBoli siueliku O3Y Ha BK cepur
5521 u 5529 pa3paboTaHbl MUKpOcxeMsl 5521TP054A-577
U 5529TP054A-677, IpefiCTaB/ISIOIIe coboit OTKa3oyCT0171-
YHMBOe CUHXPOHHOe/aCHHXPOHHOE [BYXIIOpTOBOe O3Y
eMKOCTBIO 32 KOuT ¢ opranusanuen 4 K cyos 1o 8 6UT
¢ GyHKIIMeH HCIpaBIeHHs OMMUO0K JaHHBIX 0 a/Iro-
pUTMy X3MMMHTA. B caydae oTKIIOYEHHS QYHKIIUH
WCIIPaBJIeHU S OMIMO0K JAHHBIX eMKOCTb O3Y yBelruuU-
BaeTcs 1o 64 KUt c opranusanuei 8 K cyios 1o 8 OUT.
MuKpocxeMbl KMeIOT Jary OmKboK, CYeTYMKHU OIIHO0K

cell [7]. The main disadvantages of
these cells are temperature sensitiv-
ity, vulnerability at low temperatures
and the need for additional mask for
forming the resistor.

Bessot D., Velazco R. and other
researchers have used feedback cir-
cuits to restore the initial data. The
main problems here are the place-
ment of additional feedback transis-
tors and the emergence of new sensi-
tive nodes [8]. The advantages of this
method are the temperature margin,
the voltage margin and good resis-
tance to single failures caused by
heavy charged particles.

Whitaker]., Liu M.N. and Canaris].
have applied the duplication of critical

units (e.g., DICE cells). The main advan-
tages of this method are the tempera-
ture and voltage margins, resistance
to influence of heavy charged particles
and high performance. Reliable protec-
tion of the node from a failure due to
the single cosmic particles bombard-
ment is provided by time separation of
clock signals and triple modular redun-
dancy in the memory cell. In the most
popular DICE memory cells and triple
redundant cells the change of a state is
possible only at multiple hits of heavy
charged particles. Also they are char-
acterized by the signal competitiveness
during read/write, need of a precharge
of buses and probability of data loss
during reading.

Failure tolerance of the memory
element can be enhanced using topo-
logical design to reduce the probabil-
ity of latch-up in CMOS structures
and the influence of dose effects.
Anelli G. and Snoyes W. in their
papers present methods to reduce
the influence of accumulated dose
through the use of annular-gate
transistors. Studies by T.Aoki show
a possibility of latch-up suppression
through the use of contacts to the
substrate and the n-pockets, as well
as guard rings.

A base for the RAM cell (Russian
patent for invention No. 2507611) used
in 5521 and 5529 CA families is the
trigger that is built on two inverters
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Mokazamenu cmolikocmu K 8030elicmauro cneuuaabHblx pakmopos no FOCT PB 20.39.414.2

Indicators of resistance to special factors according to GOST RV 20.39.414.2

Tun cneymnanbHoro ¢paktTopa no FOCT PB 20.39.414.2
Type of special factor according to GOST RV 20.39.414.2

NMpousBoauTenb, Texnpouecc

Manufacturer, process technology

7, wm, yA7 R ", A7 7.K,
CP-6nok O3Y 4 Kx 8 pns bK cepum 5529
Hard IP core of RAM 4Kx8 for 5529 GA 4Yc 6VYc 3,6x4Yc 2x2Yc 1,5x2 P 2x2P 0,9x2K | 0,9%x1K
family
1645PY1Y MKK "Mwunangp", KMOTI
0,35 MKM 1Yc 2Yc 2Yc = = = 330x1K | 0,2x1K
1645PY1Y Milandr, CMOS 0.35 pm
1645PY2T MKK "Mwunangp”, KHA 1 Mkm _ _ _
1645PY2T Milandr, SOI T um Sve 5Yc 4yc 5x1K | 0,2x1K
1657PY1Y HIMLL "3N1BNC", KMOTM 0,25 MKM _ _ _ _
1657PY1Y ELVEES, CMOS 0.25 pm 2x4Yc 2x4Yc 2x4Yc 0,0014 x4 Yc

Y CyIIepBU30PhI U TAHU A [J151 KaXKAO0r0 [IopTa. /151 [IOBbI-
meHUs c60eyCTOMYHMBOCTH MHUKpocxeM 5521TP054A-577
1 5529TP054A-677 B 6710Ke yIIpaBlIeHUS NPHUMEHSIOTCS
TPOHPOBaHHbBIE TPUTTEPHI CO CXeMOH Ma>KOPHPOBAHHUS,
BpeMsI BBIOOPKH C BRKITIOUeHHOM QyHKITHeH UCIIPaBIeHHU S
OITHOO0K JAHHBIX He ITPeBhIIIaeT 25 HC.

B Tabnule mpejcTaBAeHBl MTOKa3aTelu CTOMKO-
CTH K BO3JEHCTBHUIO CIelJMaJbHBIX $aKTOPOB IO
TOCT PB 20.39.414.2 muxkpocxem O3Y oTe4eCTBEHHOI0
IIPOM3BO/ICTBA.

TakuM obpasom, suerika O3V, paspaboTaHHasd
B HIIK "TexHonornveckun HeHTp', U CO-6110KH Ha ee
OCHOBe He YCTYIIaIOT I10 YCTOMYHUBOCTH K BO3/IeHICTBUIO
crelHanpHEIX PaKTOPOB MUKpocxeMaM O3Y gpyrux
OTe4yeCTBEHHBIX IIPOM3BOJUTeNeN. [/ MOBbIIIeHHU
cboeycroruuBocTu 6710K0B O3Y Ha BK cepuit 5521 u
5529 6pL1H IIPUMeHEeHBI CXeMOTeXHHUYeCKUe, TOII0JIO0-
ruyeckye M aJITOPUTMHUYeCKHe MeTobl. McIIBITaHUS
06pasL0B MUKPOCXeM CepUH 5529 oA TBEPAU/IH BbICO-
KUK ypoBeHb CTOMKOCTH O3Y K BO3[eHCTBHIO OfH-

with data confirmation (Fig.). During
data recording to the selected cell
there is no competitiveness between
new and old data, because the confir-
mation circuit breaks feedback in the
trigger.

If for record in the RAM mem-
ory cells on the basis of a 6-tran-
sistor core and DICE cells are used,
then there is a large number of side
reads for each recorded cell, because
the whole row is selected, and
thereby failure tolerance decreases.
In the described cell such situa-
tion is excluded, because for data
recording two-coordinate selec-
tion of row (WR/WRB signal) and
column (CE/CEB signal) is used.
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Two-coordinate selection increases
the size of the memory cell by
three transistors, but significantly
increases its fault tolerance. The stor-
age element of the proposed memory
cell is isolated from the influence of
bit lines by using an additional out-
put inverter. The need for additional
port to separate bit wires for read
and write increases the area of the
cell, but allows to completely elimi-
nate the effect of read operations on
the state of the storage element of
the cell. RAM cells are integrated in
Kovcheg CAD and included into the
unified libraries.

Based on the proposed single-
port cells the RAM chips of different

capacities have been designed, man-

ufactured and tested. For example,

the RAM module with capacity of

4 Xx8 bit, which is manufactured by

0.25 pm SOI technology, has the fol-

lowing resistance characteristics:

« threshold LET SEE for fail-
ures Ly 150 1S Dot less than
64 MeV-cm?/mg;

« cross-section of SEE failures at
LET of 64 MeV-cm?/mg is not
more than 4.8-1078 cm?;

« saturation cross-section of SEE
failures og 150y is not more
than 0.7 cm?;

« threshold LET SEE for errors
Lty oc 1is not less than
64 MeV-cm?/mg;
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HOYHBIX TSIKe/IbIX 3apsIKeHHBIX YacTHUIl: c6oeB U
0TKa30B He 06HApy>KeHO A0 YPoBHS 64 M3B-cM?/Mr.
Hcrmonb30BaHHe 0TKa30c60eyCcTOMYUBBIX 610K0B O3Y
B COBOKYIIHOCTH C IPHUMEHEHHEeM TPOMPOBAHHBEIX
TPUITepPOB M03BosAeT Ha BK cepuit 5521 u 5529 peanu-
30BaTh CHeLMaTU3UPOBAHHBIE MUKPOCXEMBI CJIOKHO-
CTbIo 6os1ee 1 MJIH. YCIIOBHBIX BEeHTHIIEH, YCTOMUUBBIX
K paKTOpaM KOCMHYeCKOro IPOCTpaHCTBa [9].

Cmamba nodeomosaeHa npu ¢uHancosoll noddepskke
Mutobprayku Poccuu. YHUuKaAbHblil udenmudukamop ITHU
REMEFI57814X0061.
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« cross-section of SEE errors at LET of
64 MeV-cm?/mg is not more than
2.3-1072 cm?/bit.

On the basis of dual-port RAM
cell on 5521 and 5529 GA families the
5521TP054A-577 and 5529TP054A-677
chips are developed, which are a fault-
tolerant synchronous/asynchro-
nous dual port RAM with a capac-
ity of 32 kbit (4 K words of 8 bits each)
and error correction according using
Hamming algorithm. If the error cor-
rection is disabled, the RAM capac-
ity increases to 64 kbit (8 K words of
8 bits each). The chips have the error
flags, error counters and power supply
supervisors for each port. To improve
the failure tolerance of 5521TP054A-577

and 5529TP054A-677 chips, the trig-
gers with triple modular redundancy
are used in the control unit, and the
access time with enabled error correc-
tion does not exceed 25 ns.

The table presents indicators of
resistance to special factors accord-
ing to GOST RV 20.39.414.2 for RAM of
domestic production.

Thus, the RAM cell, which is
designed in SMC "Technological
Centre”, and hard IP cores based on
it are not inferior in terms of spe-
cial resistance to the RAM mod-
ules of other domestic producers. To
improve the failure tolerance of the
RAM blocks on 5521 and 5529 CA fami-
lies the schematic design, topological

and algorithmic methods have been
applied. Tests of samples of 5529 chips
confirmed the high level of resis-
tance of RAM to the effects of sin-
gle heavy charged particles, and fail-
ures were not discovered until level of
64 MeV-cm?/mg. Use of fault-tolerant
RAM blocks in conjunction with the
use of tripled triggers allows to cre-
ate specialized chips on 5521 5529 GA
families with complexity more than
1 million conventional gates, which
are resistant to space conditions [9]. B
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