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Annomayun — HoBblii Bapuant syeek mamsiti DICE ma
OCHOBe [BYX TIpynm TpPaH3HCTOPOB, Ppa3HeCEHHBIX Ha
kpucrajie (Spaced Transistor Groups DICE — STG DICE),
HCIOJIB30BaH B cOoeycroiiuuBblix  65-am  KMOII
cratnyeckux O3Y. Bbuoku x3m u MHoromoproBbix O3Y
H3rOTOBJIEHBI B  COCTaBe CHCTeMbl Ha  KpHCTalle,
HCCJIeIOBAHBI C HCMOJIb30BAHHEM JIOKAJIBLHOIO JIa3epHOro
00/1y4eHHUs ¥ MOKA3aJIM BBICOKYIO c00eyCTOHYHBOCTD.

Kniouesvie cnosa — siueiika namsiTi, NOMexX0yCTOHYHBOCTD,
0O3Y, TomoJiorusi, OIMHOYHASI siAepPHAs 4YAaCTHLA, Ja3epHoe
H3JIy4YeHHe.

|.  BBEJEHUE

OcHoBoit  cratnyeckux O3Y Cc  NOBBHILICHHOH
YCTOHYMBOCTBIO K OJMHOYHBIM 3(deKTaM SABISCTCS
staeiika mamsitu DICE (Dual Interlocked Storage Cell) [1].
XapakTepHOe I HaHO-Pa3MEPHBIX IPOEKTHBIX HOPM
CHIDKCHHE PACCTOSHUI MEXTy YyBCTBUTEIBHBIMU ITapaMu
y3JI0B B TPaJHUIMOHHOM BapHaHTE IIPU MaclITaOMpOBaHUU
tononorun sueliku DICE compoBokgaercs motepei ee
IPEeNMYIIECTB 1O  cOOCYCTOWYMBOCTH  OTHOCHTEIHHO
6-Tpan3uctopHbix stueek [2], [3]. DkcrnepuMeHTanbHbIE
uccnenoanus [4] 28-um KMOII tpurrepos DICE c
TPAaH3UCTOPAaMH, PACIOIOKESHHBIMU B JIMHHUIO, IOKa3ald
BBICOKYIO COOCYCTOMUMBOCTh MNpPH BCEX HaINPaBICHHIX

TpeKa SIepHBIX YaCTHI, KpOME COBIQJAIOINX C
HallpaBJIeHUEM pPACHOJIOKEHHUS TpaH3UCTOpoB. OHaKO
CIIOCOOBI YBEINYEHUS paccTostHAI MEXKITy

YYBCTBUTCIIbHBIMU y3JIaMU 0e3 CYHICCTBCHHBIX H3JICPIKEK
[0 TUIoMAA B JIUTEPATYPC HC NPCACTABIICHEI.

Llens pmaHHON paboTBI — IPOAEMOHCTPHPOBATH
BapuaHThl siueek namsaTd DICE ¢ npuHUMNManbsHO HOBOM
TOTIOJIOTHEH, KOTopass O00OeclednBaeT IOBBIIICHHYIO
cboeycToiiuMBOCTh, HO HE 3a CYET M30BITOYHOTO
yBEIWYEHHs IUIOIAAN, 3aHUMAEeMOH Ha KpHUCTALIE.

Il.  TPUITEP HOBOI'O BAPUAHTA SYEUKU STG DICE

Ha puc. 1 mnpusenena cxema tpurrepa DICE,
HasBanHoro kak Spaced Transistor Groups DICE (STG
DICE), cocrosiiias u3 ABYX TPYII TPaH3HCTOPOB, Kaxas
U3 KOTOpPBIX B PpEXUME XpaHEHHs JaHHBIX HMEeT
TIOCJIC/IOBATEIbHO PACIIONI0KEHHBIE TAapbl OTKPHITBIX U
3akpeIThix N- 1 PMOII tpansuctopos [5], [6].

B craumonaproMm coctosHuu Tpurrepa DICE
JIOTHYEeCKHe YPOBHH BHYTpeHHHX y310B (A m C) obemx
TPYNIl OHPEAESAI0T JIOTMYEeCKOE COCTOSHHE TpUIrepa.
Jlornueckuii  ypoBEHb BHYTPEHHErO y3ja IPYIIbI
nojnepxxuBaercs mnapoil  orkpeithix N- uw  PMOII
tpau3uctopoB (Np u P 1ist y3na A B coctostauu “17).

N N
Pc Po
Np Nc
A B C D
Puc. 1. Cxema tpurrepa STG DICE B Buae aAByx rpynn N- u
PMOII Tpan3ucTopoB

Cooii tpurrepa STG DICE B0o3MOXEH TOJBKO MpHU
OJITHOBPEMCHHOM BO3ZCIHCTBHM YacTHLBI Ha 00¢ TPYIIIEI
TPaH3UCTOPOB. Bo3zelicTBUE YacTUlbl HA OJHY U3 IPYII
tpurrepa STG DICE ne BoibiBaet cbost (Single Event
Upset — SEU), a mepeBoAWT TpUITEP BO BPEMEHHOE
HECTAIIMOHAPHOE COCTOSIHME BCJICACTBHE MEPEXOIHOTO
nporiecca (Single Event Transient — SET), B kotopom c6oit
TpUrTepa NPOHMCXOAUT, €CIH BO3JICHCTBHE Ha JAPYTYHO
TPYNILy IPEBBILAET I[IOPOTrOBbI ypoBEeHb. JIBE IpymIIbl
TPaH3UCTOPOB COCNMHEHBI JIMIIb JBYMS IIMHAMH, YTO
CHIDKAET M3JEP)KKU IO IUIOIIAAU TPHU PA3HECEHUU TPYIIII
TPAH3UCTOPOB HA KPHCTAILIE MHKPOCXEMBL.

I1l.  CBOW TPUITEPA B HECTALITMIOHAPHOM COCTOSIHUU

Mopens mnoBenenust tpurrepa  STG  DICE B
HECTAl[HOHAPHOM  COCTOSIHHW,  BO3HHUKAIOIIEM  MpHU
BO3ACHCTBUM YaCTHIBl, OCHOBaHa Ha Yy4€Te pa3JelIeHHs
3apsfa ¢ TpeKa YacTHIBI MEXIy JABYMS TpyIIaMu
TPaH3UCTOPOB. Cooit TpuUrrepa 3aBUCHT oT
MPOAOJDKUTEIIFHOCTH cOopa 3apsja MepBoil  Ipymmoi
tCOLL.GRl U OAHOBPEMCHHO OT 3aJCPKKH ICPECKIIOUYCHUA
BTOpO#t Tpymmbl tpg swere Tpurrepa STG DICE [7].
[Ipennonaraercst (I0CTATOYHO OOMIMIA CITy4aid), 4TO OJHA
u3 rpymn (mepBasi) Oimke K TPEKy YacTHIBI U Cpasy
MMOJIBEPTraeTcsl BO3JCHCTBUIO 3apsia, 4YTO IPHBOAUT K
M3MEHEHHIO JIOTHYECKOTO COCTOSIHHSI €€ Y3/I0B, a Ha

M3C-2016. Poccusa, MockBa, okTsa6pb 2016. © UMMM PAH


mailto:stenin@mephi.ru

BTOPYIO IPYIITY 3apsii COOMpAeTCsi B BUC UMITYJIbCa TOKa,
00pa30BaHHOTO 3apsaamu HocuteneH, quddyHIupyrommmx
C Tpeka. 3Ha4ueHne 3apsAaa, COOPAHHOTO IMEPBOI TPYIIIIONH,
Kak u y uaBepropa [8], ue 6omnee 1 nKu, a Bpems ero cbopa
tcoLL.gr1 He mpeBbrmaet 0.4—1 He.

IToporoBoe  3HaYeHWEe 3aNEPKKHA  HEPEKIIOUCHHUS
BTOPO# TPYIIIILI ONPEIEIISIETCS BEIpakeHueM [7]:

toeL sw.erzThr = 0.01(100 MKA /) %G9 (wc),

rae ly — ammmuTyma uMITylbca TOKa, OOpa30BaHHOTO
muddysaupyommM 3apsiioM (B MKA). DTo BbIpakeHHE
cupaBemmuBo s tpurrepa DICE ¢ Tpamsumcropamun
MUHMMAIBHOW MHpUHBL. Ecim Bpems cOopa 3apsinma
nepBoi rpynnoi tcop gri MEHBLIE OPOTOBOIO 3HAUEHUS
3aJIep’KKH  MIEPEKITIOUeHNsT BTOPOM Tpymmsl tcoLgri <
tpELSw.GR2THR, TO COOM HEBO3MOKEH, a HpH lcoLLgri =
toeLsw.er2(QcoLrz, Imn TcoLrz) cboit mpomsoiimer. Ilpu
MPOXOKACHHH TPEeKa 4YacTUIBl BOMM3M 00enx Trpymmn
3aJiepKKa MEepeKIIIOUeHUsT CHIDKaeTcs. BeposTHOCTh cOost
HaJacT ¢ yBEIMYCHHUEM PACCTOSHUS MEXIY IPYIIaMH.

IV. BA3OBBIE SJIEMEHTBI IAMSITU STG DICE 7151 65-
HM KMOII k311 O3Y 1 MHOTOIIOPTOBOI'O O3Y

Ha puc. 2 mnpuBeseH 3CKHM3 TOINOJOTMH dIIeMEHTA
mamsTu cTatuaeckoro k3m O3Y Ha ocHoBe Tpurrepa STG
DICE. /lns noBbllIeHHS YCTOMYMBOCTH K BO3JEHCTBHIO
OJMHOYHOW YaCTHIBI TPUITEP BBHINOJIHEH HA KPHUCTAIC B
BUIC IOByX rpymm Tpansuctopos [5], [6], [9], mpuuem
MaTpHIa U3 BOCBMH YEPEAYIOLINXCS TPYIIT TPAH3HCTOPOB
o0pa3zyeT 0a30BbIii 3JIEMEHT U3 YETHIPEX SUCCK MaMsITH.
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Puc. 2. DcKH3 TOMOJIOrHH 0230BOr0 3JIeMEHTA MAMSITH K1
O3Y u3 yerbipex sueek namatu STG DICE

JBe rpynmbl TpPaH3UCTOPOB OJIHOM sAYEHKH NaMATH
COCIMHEHBI ABYMsI MIMHAMU (cM. puc. 1). YeTslpe suelikn
6azoBoro snemenrta namsitu STG DICE umeror B cymme
BCEro 8 coeiuMHEeHUi. I'pynmbl TpaH3UCTOPOB Ha puC. 2
0003HAa4YeHBI ABYMsS LH(paMH. TepBas COOTBETCTBYET
HOMEpY S4YeHKM NaMsTH, a BTOpas — HOMEpY TIpyIIbI
TPaH3UCTOPOB B sueiike. Ha puc. 2 0603HaueHbI BBICOTA U
MUpUHA Tpynnsl TpaH3ucTopoB Heg U Wgr ¥ mmpuna
6asoBoro oanementa Wgg. B 0a3oBoM assemente u3
yerelpex syeek STG DICE oGecneunBaercs Gosbinoe

pasHeceHWe [ABYX TpyNIl Ha KpHUCTaule 0e3 OOoJbIINX
U3JIEPIKEK M0 TIoMIaau. Pa3menieHue rpyin TpaH3ucTopoB
B 28-uM sueiikax mamstn STG DICE paccmorpeno B
pab6ore [9].

Ha puc. 2 o6o3nauensr paccrostaus Dac, Dap, Dgp,
Dgc 1 Dag MeXIy nmapamu 4yBCTBHTEIBHBIX PN IIEPEX0JI0B
CTOK-TIOZJIOXKKA 3aKPBITBIX TPAH3UCTOPOB B OIHOM U3
JIOTHYECKUX COCTOSIHMI stueiiku. B apyrom Jsormueckom
COCTOSIHUH STICHKH HAOOP PacCTOSHHUN OyIeT TaKuM XKe, HO
MEXIYy JAPYTMM COCTaBOM 3aKPBITBIX TPaH3HCTOPOB.
Pacctossane Dpg (cM. puc. 2) — 3TO pacCTOSHHE MEXIY
3akpeiTbiMd NMOIT u PMOII TpaH3ucTOpamMu OJHOU
TPYIIIBEL, BO3IEHCTBHE HA KOTOPHIE HE MMPUBOIUT K COOIO0.

Ha puc. 3 npuBeneH 3cKHU3-TOMOJIOTHS STUSHKH TaMsITH
STG DICE gns muoromoproBoro O3Y (peructpoBoro
¢aiina — P®) c BoceMbl0 MOpPTaMM YTEHUS M YETHIPHMS
mopramu  3anmcu  [10]. [IBe Tpymmel  TpaH3WCTOPOB
TpUrrepa sMedKd NaMsATH COCAMHEHBI IBYMs IIMHaMH. B
norudeckoM coctossann ABCD = 0101 Tpamsucropras
napa NpPa j1eBoii rpynmsl (cM. pucyHku 1 u 3) Haxoqutces
B 3aKpBITOM COCTOSIHWH, a apyras mapa NaPg Toit sxe
Ipynnbl — B OTKPBITOM. B mpaBoil rpymnmne B 3aKpbITOM
COCTOSIHUM HaxoJuTcst mapa TpaH3uctopoB NgPc, a B
OTKpBITOM — napa TpaH3ucTopoB NcPp. Ilpu BoznelcTBum
YaCTHLBI HAa TPAH3UCTOPbI TOJBKO OJHOW U3 TPyl
TPUITEpP NEPEXOAWUT B HECTAIIMOHAPHOE COCTOSIHHE C
BO3BpalICHHEM B UCXO/HOE cocTosiHue 0e3 cOos [7]. Cooi
TpUITEpa BO3MOXKEH TOJBKO TIPH  OJZHOBPEMEHHOM
BO3JCHCTBUM U HA JPYLYI0 IpyIIy TPaH3UCTOPOB C
yYpOBHEM OO0JIbIIIE TOPOTOBOTO.
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Puc. 3. Ickn3 Tononornu 65-HM MHOTONOPTOBOH sSTUeliKH
namsaTu STG DICE ¢ yeTbipbMs HOpTaMU 3alMCH U
BOCEMbIO MOPTAMHU YTeHHUsI; 0003HauYeHus1 4Ny OTHOCATCH K
mopTaMm 3amucu, a o6o3navyenuss R1-R8 — k mopram urenust

Ha puc. 3 o06o3Ha4yeHBI BBICOTa W IIUPWUHA SYCHKH
Heere w1 Weg. UTpuxoBkodi Ha puc. 3 OTMEYEHBI
oOmacTi 0OpaTHO CMEUICHHBIX PN MEPEeX00B 3aKPHITHIX
TPaH3HCTOPOB TPHUITEpa, IOPTOB 3aliCH, IBYX(a3HBIX
HWHBEPTOPOB: OJHOCTOPOHHEH IITPUXOBKOM — B COCTOSIHUU
ABCD = 0101, nByxcropoHnseii — B cocrosauu 1010.



V.ITAPAMETPbBI 65-HM KMOII STG DICE 1 6T SIYEEK

Broku x3m O3Y 128x32 6ur u mHOronoprosoro O3Y
(peructpoBoro ¢aitna — PD) 32x64 6UT Ha OCHOBE sSTYCEK
STG DICE, a taxxe ux aHanord Ha 6T sueiikax mamsTH
M3TOTOBJICHBI B COCTaBE MUKPOIIPOIIECCOPa MO TEXHOIOTHH
oobemubplii KMOIT 65-uM. B Tabn. 1 mnpuBeneHs
mapameTpsl staeek mamste, rae Wy m Wp — mmpuHb!
NMOII nu PMOII tpansucropoB; Wgr — MIUpUHA TPYIIIBI
TPAaH3UCTOPOB; Scg | — Mwromanp sueikn; Hgr, Wge o

Ncele — BBICOTa, mMpHHA 0a30BOTO  3JCMEHTa W
KOJIMYECTBO SYCEK B HEM.
Tabmuma 1
Hapamempor 65-nm KMOII aueex STG DICE u 6T
[TapameTpsbl Kom PO Kom PD
sIIeeK MaMsTH 6T 6T STG STG
DICE DICE
Wy, HM 140 150 600 150
Wp, HM 80 150 180 150
Neewr 1 1 4 1
Wgr, MKM - - 0.62 -
SceLL, MKM’ 0.5 11.52 5.24 48.0
Wg e X Hgg, 0475%x | 24x | 504x%x | 7.27x
MKM® 105 | 480 | 4.23 6.60

B Ttabnm. 2 mpuBeACHBI PAacCTOSHUS MEXKIY IapamMu
YYBCTBHUTENBHBIX TpaH3UCTOPOB sueek mamsatu STG DICE
wm O3Y 128x32 6ur u sueek mamstu STG DICE
mHOoronoproBoro O3V 32x64 Owmr. Paccrosaume Dy
SBJIAETCS MUHHMMAIBHBIM PpAcCTOSIHUEM MEXIY JBYMs
3aKPBITHIMU TPAH3HCTOPAMH Pa3HBIX rpynn Tpurrepa STG
DICE.

Tabuuna 2

Paccmosanus mesicdy uyecmeumenvrvimu napamu
mpanzucmopos ¢ suevxax STG DICE xow O3Y u PD

[Mapst Paccrosinue B ka1 | Paccrosinue B PO
tparsuctopoB | STG DICE, Mxm STG DICE, mxMm
Dac 341 3.09
Dap 2.64 3.44
Dgp 2.32 3.09
Dgc 2.76 3.44
Dmin 2.32 3.09

V. TECTHPOBAHUME O3V C UCHOJIb30BAHUEM
METO/IUKU JIOKAJIBHOT'O JIASEPHOI'O OBJIYUEHHS

TectupoBaHne TPOBOAWIOCH C  HMCHOJIB30BAHHEM
METOJIMKH JIOKAJIBHOTO JIa3epHOr0 OOJIYyYEeHHUSI CO CTOPOHBI
no/nokku  kpucramia [11]. B Ttabn. 3 mpuBemeHsl
napaMeTphbl JIa3epHOr0 MMHUTAIMOHHOTO KoMIulekca. Ha
puc. 4 u 5 npuBeEHBI 3aBUCUMOCTH KOJIMYECTBA COOBITHIA
c6oeB B Omokax O3Y 0T »HEpPruu Ja3epHOrO H3ITydSHHUS
[11]. CobGbitnem cumtaercsi (GakT cOOS HE3aBHCHMO OT
KpaTtHoCTH  c0osi.  MMIynbC — Jla3epHOr0  M3JIy4eHUs
NPUBOANT K TEHEpaluH >JIEKTPOHHO-ABIPOYHBIX Map, U
“axTWBHAS~ 00JACTh ISITHA, B KOTOPOH HPOUCXOAAT cOow,
uMeeT OOJBLIYIO IUIOIAIb, YE€M OMNTHYECKas MPOCKIHS
JIa3epHOr0 ISITHA. ODTO TOATBEPIKAAIOT pacrpeiesieHus

KOOPJIMHAT OTKJIOHSHUH IIeHTpa cOUTHIX 6T siueek maMsaTu
B K311 U MHOronopToBelx O3V 0T 1ieHTpa msITHa 1a3epa AX
u Ay, npuBeIeHHBIE Ha pHUC. 6 1 7.

Tab6muma 3

Hapamempul naseprozo komnaexca ITHKO-3

[Tapamerp, pa3MepHOCTb 3HaueHue
JlmMHa BOJIHBI, MKM 1.064
JUTMTEThHOCTh UMITYJIbCA, TIC 70

Oueprus umnynbca, Bk 0.1-5.0
[orpemHocTs sHEprun, HIXK 0.05
JmamMeTp a3epHOTO MATHA, MKM 3.5
[lar nepemMeneHns NATHA, MKM 3.0
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OHeprusi nasepHoro umnynbca, Hox

Puc. 4. KotnuecTBOo cOOBITHII c00€eB siueek mamMaTu K3m O3Y
B 32aBHCUMOCTH OT JHEPIruH UMIYJIbCa Ja3ePHOro
maydenus: 1) xom O3Y STG DICE 128x32 ouT; 2) kom
03Y 6T 128%32 6uT; 3) ko O3Y 6T 256%x64 out
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OHeprusa nasepHoro umnynsca, HIx

Puc. 5. KotndecTBo co0bITHIi c00€eB siueeKk MAMATH
MHOronoptosBebix O3Y (P®) B 3aBHCHMOCTH OT dJHEPIruu
uMIyJibca JazepHoro usiaydyenusi: 1) P@ STG DICE O3Y

32x64 out; 2) PO 6T O3Y 32x64 our

B Tabnm. 4 mnpuBeneHbl 3HAYEHHS MAaKCHMaJIbHOM
KpaTHOCTH CcOOEB AJIi DHEPTHH HMMITyJIBCOB JIa3epHOTO
mnydenus 1; 2; 3 u 5 a/x. B x3m ¥ MHOTOMOPTOBEIX
O3V wHa sueilkax STG DICE kpaTHbIX cOOEB HET.
Pa3mepsr obnacteil pa3dpoca KOOpIUHAT IEHTPa COMTHIX
STG DICE s4eek OTHOCHTENILHO LIEHTA JIa3epHOT'o IMSATHA
py 3Hepruu 5 HJK MpakTHUECKH OAMHAKOBBIE (pHC. 6 U
7) ms nByx BapuaHToB stucek STG DICE. Tlpu sHeprusix
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ABSTRACT

The basis of static RAM with high immunity to single-
event upsets is the DICE (Dual Interlocked Storage Cell)
cell [1]. In bulk CMOS technologies, the node proximities
of DICE with traditional layout design led to loss
advantages with respect to 6-T cells [2]-[4]. Increasing the
spacing between sensitive nodes requires non-traditional
methods of the topology design. The experimental studies
of 28-nm CMOS DICE triggers with transistors situated
along the straight line [4] demonstrated quite a low single
event rate (SER) in all directions of the nuclear particle
tracks except of the line layout position of cell transistors.
The purpose of our work is to design new DICE layout.

The new specific DICE cell layout design bases on the
spacing the two transistor groups of the DICE cell each of
them consists of the two transistors column — the one
opened pair N-PMOS transistors and the one closed pair
N-PMOS transistors [5], [6]. We named the layout of this
cell as Spaced Transistor Groups DICE - STG DICE.

The result of the single nuclear particle strike only on
the one transistor group of the STG DICE is a single event
transient (SET) but not a single-event upset (SEU). The
single-event upset results from the strike on the both
transistor groups. The second group may fail status of the
STG DICE cell, if the impact on the second group of
transistors exceeded a threshold value. The single-event
upset depends upon the charge collection time of the first
group tcorr gr1 and the upset delay or switching time delay
of the second group of STG DICE tpg, sw.er2 [7]-

It is believed that one group (first) gets its part of a
charge instantly (correspondingly of the vicinity this group
of transistors to a track of a particle), and the second group
obtains a charge during the diffusion of charge carriers
arising on this track. The real values of the collected
charge do not exceed 1 pC and the charge collection time
of the first group tcor gra IS less than 1 ns [8].

The threshold switching delay of the second group
toeLsw.areTHR described by the function [7]

toeLsw.erztHr = 0.01(100 pA/Ty) *25C*1% (ng),

Iy is the amplitude of the node diffusion current pulse in
pA. This formula is fit for DICE with the smallest
transistor channel widths for the design rule. If the charge
collection time of the first group tcoLLcr: iS less than the
threshold delay switching time of the second group
teorLerr < toeL.sw.erz2THR, UPSet does not occurs. The upset

oceurs if teoreri > toeLswore = f(QcoLizs Iy TcoLr2). If
the particle track is on the vicinity of both groups, the
delay switching time is small so far as the critical charge
amount is collected simultaneously at nodes of both
groups. The more spacing the two transistor groups — the
less a cell upset probability.

For increasing of the immunity to impact of a single
nuclear particle, DICE cells was designed in the form of
two Spaced Transistor Groups [5], [6], and [9]. DICE cells,
in turn, connected in basic memory elements by alternating
its transistor groups. The two groups are connected by two
wires. Four cells of a STG DICE basic 65-nm memory
element have only 8 connection wires. We have four STG
DICE memory cells with the so large spacing of transistor
groups and the small area which are impossible for the
traditional layout of DICE cells.

The distances between sensitive pairs of reverse biased
pn drain-substrate junctions of transistors, which are
situated in one of two logical states of a cell, are denoted as
Dac, Dap, Dgp, Dgc, and Dag. Dag is the distance between
the NMOS and PMOS transistors of the one group whose
joint fault does not result in a cell upset.

The STG DICE layout used in the static cache RAM
[9] and multiport RAM [10] (the register file - RF). In the
logic state of nodes ABCD = 0101, the first pair N- and
PMOS transistors, namely, NpP,4 is in a closed state, and
the both transistors of the second pair NaPg are open. In
the same logic state of nodes ABCD = 0101, in the second
group the pair of NgP¢ is in the closed state and the pair
NcPp is open. After impact a single nuclear particle only to
transistors of the one group, STG DICE trigger passes to a
transient state from which the trigger returns to its original
steady state without a failure after finishing of the charge
collection time tcoLcrt [7]- About design 28-nm STG
DICE-in[9].

The layout of 65-nm CMOS multiport STG DICE
memory cell contained the DICE trigger with two
transistor groups, four write ports and eight read ports.
Regions n+ and p+ around the PMOS and NMOS
transistors are the regions of the ohm contacts at the
boundaries of the P-substrate and N-well. The two-phase
inverters [10] replaced the traditional CMOS inverters,
used in multiport memory cells for the galvanic isolation of
the trigger nodes from the nodes of read ports.

The cache RAM of 128%32 bits and the multiport
RAM (the register file - RF) of 32x64 bit on STG DICE
cells, the cache RAM of 128x32 bits, and the multiport
RAM of 32x64 bit on 6-transistor (6-T) cells fabricated on
the common crystal of the microprocessor system.



The minimum space between the closed transistors of
two transistor groups of one memory cell Dyn = 2.32 um
for the cache RAM of 128%32 bits and Dyyy = 3.09 um for
the multiport RAM (the register file - RF) of 32x64 bit on
the basis of STG DICE cells. The spacing of sensitive pairs
of the transistors for each of the three two-phase inverters
in multiport (RF) STG DICE is equal 3.09 um so as the
minimum node spacing of the DICE trigger for the
multiport STG DICE cell.

The STG DICE cell upset by laser tests performed
using backside crystal irradiation of the microcircuit. The
parameters of the laser test system [11] are the next.
Wavelength is 1.064 um; laser pulse duration is 70 ps;
laser energy is 0.1-5.0 nJ; energy resolution is 0.05 nJ;
laser spot size is 3.5 um; step of a spot displacement is 3.0
um. The noise immunity was characterized using pulse
laser verification.

The maximum multiplicity of cache 6-T RAM (MCU)
is 21. The multiport STG DICE RAM has no multiple cell
upsets. The maximum multiplicity of multiport 6-T RAM
(MCU) is 3. The multiport STG DICE RAM has no
multiple cell upsets. Testing shows the dependence of
maximum multiplicity of multi-cell upsets (MCU) versus
the pulse laser energy. The laser spot pulse results in the
“active” region with induced electron-hole pairs where cell
upsets take place. The diameter of the “active” upset region
is the function of the laser energy.

Using maps of deviations of upset cell centers relative
to the laser spot centers for STG DICE RAM and
deviations of upset cell centers relative to the laser spot
centers for 6T RAM it is possible to compare the “active”
regions with induced electron-hole pairs where cell upsets
take place, and compare the noise immunity of variants of
RAM’s. The upset cell areas for STG DICE RAM and 6-T
RAM are much the same for 5nJ laser pulse energy. It
proves the reliable result that we have not upsets of STG
DICE RAM to the threshold energy 3.6-4nJ when
corresponding diameters of “active” laser pulse areas are
less 8.5 um. The upset of STG DICE memory cell takes
place only if the critical charges are collected
simultaneously at all STG DICE cell nodes of both
transistor groups with spacing 3-3.5 um.

The new noise immune memory STG DICE layout
design used in reliable static cache RAM and multiport
RAM (the register file). The new layout design hardened
cell can be implemented in nanoscale CMOS.

This work was supported in part by the Russian
Foundation for Basic Research under Project no. 14-29-
09284.
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