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This paper presents the results of fault resistance researches performed for memory cells designed by 0.25um SOI CMOS technology.

Possible faults caused by hitting memory cell by fast neutrons are considered. The main approaches to memory cells hardening are also

examined. Recommendations for memory cells hardening are provided.
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IIpu Bo3aeiicTBUM OBICTPBIX HEHTPOHOB HA MUKPOCXEMBI CTaTHYe-
CKOT'0 OMepaTUBHOTO 3allOMUHaUIEro yctpoiictea (naiee — CO3Y)
HauboJiee ySI3BUMbIM K COOIO SIBJISIETCS MACCUB 3alTOM MHAIOILIUX 2JIe-
MEHTOB, cocTOsIui U3 siueek namsatu (manee — SAIT). [Mpu B3au-
MOIEeHCTBUY HEUTPOHA C KPEMHUEM 00pa3yioTCs MMEePBUUHO BHIOU-
ThI€ aTOMBI, DHEPIUsI KOTOPBIX gocturaet 960 koB [1]. JIuHeiiHbIE
notepu 3Hepruu (JITID) aToMOB KpeMHUS TOCTUTAIOT BEJIUYUHBI
~6 MaB - mr/cm?. s mukpocxeM CO3Y, U3rOTOBJICHHBIX 110 TEXHOJIO-
ruu KHU, HauGonbline BO3eiCTBUS BO3HUKAKOT MPU MPOJIETE aTOMa
KPEeMHUs 4yepe3 Teslo TpaH3ucTopa [2].
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Tlpu Bo3aeiicTBUY MOTOKA OBICTPBIX HEUTPOHOB KOJMYECTBO COOEB
3aBUCUT OT KOJIMUECTBA YacTUIl, Bo3aeiicTBytomux Ha CO3Y, nmpuuem
HabJIIoJaeTCst XapaKTepHBII OPOT, TP KOTOPOM HAYMHAIOTCST COOMU.
WccnenoBaHust OMMHOYHBIX cOOEB, BBI3BAHHBIX BO3ICUCTBUEM 3apsi-
JKEHHBIX YaCTUII, TOAPOOHO omucaHbl B padboTax [2—4]. [TockonbKy
B 9TUX paboTax aKIEeHT CIeJIaH Ha BO3JECTBUST ONMHOYHBIX YaCTHII,
B HacTosillell paboTe BBIMOJHEHO McciaeqoBaHue Kak cbost ATl
OT OJTHOM MOPOXKIEHHON YacTHIIbl, Tak U c6os ATl oT AByX yacTuIL.
Takxe BbimoaHeHa onTuMu3sauus AIl Mo KpuTepu TOCTUXKEHU S
CTOMKOCTH K YyacTHUllaM OrpaHUYEHHOro cnekrtpa sHepruii (JIND
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Puc. 1. Dnexmpuueckas cxema u monoaoeus 11, evibpannoii dns uccaedosanus

Fig. 1. Electrical diagram and MC layout selected for investigation
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Puc. 2. Mecma nopooicdenus coos 11
Fig. 2. Locations of faults arising in MC

He 6osee 7 MaB - Mr/cM?) MpU MUHUMAalbHO BO3MOXKHOM yBEINYEHUU
pa3mepos STI1. Bei6op uacTuil ¢ 3Heprueii 7 MaB - Mr/cm’ 115 ONTUME-
3aLM U ONpaBIaH JIJIsI TOCTUKEHMSI TapaHTUPOBAHHOTO YPOBHSI YCTOM-
YUBOCTH CXEMbl MU OOecrieueH sl 3amaca napamMeTpoB U3Jeausl pu
usrotoiaeHuu. [Ipu ontumusauuu pasmepa AI1 ouenuBanuce mnio-
1aab, BpeMst YTeHUS 1 3armrcu B coctaBe 6jioka CO3Y 1 cTaTudecKu it
3anac nomexoycroitunBoctu (Static Noise Margin, SNM) ATI1.

st uccrienoBaHus BeiOpaHa 6-tpansuctopHas ST kak Hanbosee
pacmpocTpaHeHHas. DieKTpuieckas cxema u tonoiorus SAI1 mpen-
craBJieHbl Ha puc. 1. UcxonHas ATl cnipoekTupoBaHa TakuM 00pa3om,
YTOOBI UMETh MUHUMAJTBHO BO3MOXHYIO TJIOMIAb AJIST JOCTUKEHU ST
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BBICOKOI MJIOTHOCTU KOMTIOHOBKM MaccKBa 3allOMMHAIOIINX JIEMEeH-
TOB. MccaenoBanue mpoBOaUIOCh HA OCHOBE MOAEIMPOBAHUST DK~
Tpuyeckoii cxeMbl ATl ¢ mpuMeHeHnEM MOAEIH 2JIEKTPUIECKOT0 BO3-
MYILEHU S, BBI3BAHHOTO 3apsixKeHHO yactuueii [5].

OcHOBHBIE pexXuMbl pyHKLIIMOHUpOoBaHUs ATl — 310 3anuck, xpa-
HEHHWe W YTeHHe AaHHBIX. Hanboabum 1Mo nNpoaoKUTEeJIbHOCTH,
eCJIM paccMaTpUBATh KaXIYIo STUCHKY ITaMsITH, SIBJISIETCS PEXUM Xpa-
HEHUSI, TTO3TOMY cOOil B peskMe XpaHEeHU I sIBIIsIeTCSl HauboJiee Bepo-
SITHBIM.

MonenupoBaHue mokasasjio, YTo cO0ii Mpu BO3AEUCTBUU OAHOMN
YaCcTUILIBI BO3MOXEH IpU clienyoinux Bo3aeiictpusx Ha SAT1 (puc. 2a,6):

Memory cell array (MC) is the most vul-
nerable to fault element in static random-
access memory (SRAM) microcircuits when
irradiated by fast neutrons. In the course
of interaction between neutron and sili-
con primary knocked-on atoms are formed
with energy attaining 960keV [1]. Linear
energy transfer (LET) exhibited by silicon
atoms reaches ~6MeV-mg/cm? values. In case
of SRAM microcircuits manufactured using
SOI technology maximal impact is observed
during silicon atom fly-over transistor’s body
[2].

The faults number in the course of SRAM
irradiation by fast neutrons depends on the
amount of particles impacting on SRAM, with
a characteristic threshold causing faults. Sin-
gle faults caused by charged particles impact

are described in detail in [2—4]. Since the

indicated above works were focused on sin-
gle particles impact, the present work inves-
tigates MC faults caused both by single parti-
cles and by two particles. In addition, memory
cells were optimized by the criterion of resis-
tance to the impact of particles in restricted
energy spectrum (LET being not more than
7MeV - mg/cm?) at a minimal possible mem-
ory cell size increase. The selection of particles
with 7MeV- mg/cm? energy used for optimiza-
tion is fully justified for providing guaranteed
level of circuit stability and the device param-
eters margin in the course of its production.
The area, time required for reading and writ-
ing operations within SRAM module as well
as static noise margin (SNM) were estimated
in the course of MC size optimization.

To perform the research we have selected
six-transistor memory cell as most commonly

used. Fig. 1 shows electrical diagram and
memory cell topology. The original cell was
designed in such a way as to occupy minimal
area for achieving high density arrangement
of memory cell array. The research was per-
formed basing on MC electric circuit mod-
elling using a model of electric perturbation
caused by a charged particle impact [5].

The main modes of memory cell operation
are data read, storage and write modes. Storage
mode is most prolonged, if one considers each
memory cell, and that is why a fault in storage
mode is most probable.

The results of modelling indicate that the
fault caused by a single particle impact is possi-
ble in the following kinds of impacts on mem-
ory cell (Fig. 2a, b):

+ hitting n-channel transistor of memory cell
inverter (Fig. 2a);
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Fig. 3. Timing diagram of fault in memory cell arising in storage mode L
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MopenupoBaHue TTOKa3aJio, YTO cOOil TpU BO3AEHCTBUU IBYX
YacTUIl BO3MOXEH TPpU ClIeAYyIoIInX Bo3aeicTBusix Ha AT (puc. 2,6—0):
* OIHOBPEMEHHOM TOMaJaHUU B p-KaHaJbHBI TPaH3UCTOD
U n-KaHaJbHBI TPAH3UCTOD, IPUHAJIEXKAl1e PA3HBIM UHBEPTO-
pawm AI1, (puc. 26));

* OJHOBPEMEHHOM MOMNaJAaHUU B n-KaHAJbHBII MPOXOIHON TPaH3M-
ctop ATl u n-kaHalbHbI TpaH3UCTOP MHBEpTOpaA AT (puc. 22));

* OJIHOBPEMEHHOM MNOMNaJdaHWM B n-KaHAJbHBII MPOXOIHON TpaH3MU-
ctop ST u n-kaHanbHBINM TpaH3ucTOp MHBepTOpa SI1 (puc. 20)).
CrienyetT OTMETUTh, UTO, KaK IMOKa3aJu pacuyeThl, TPU OMUHOYU-

HEIX BO3eCTBUSAX yacTHll (puc. 2a,6)) ¢ JITID 7 MaB - mr/cM? c6ost

HE MPOUCXOAUT. YCTAHOBJIEHO, YTO COOIf MPOUCXOIUT NMPU BO3AEH-

ctBun yactuusl ¢ JINID 16 MaB - Mr/cm”. BpemeHHas nuarpamma c6os

Puc. 4. Bpemennvie duaepammol c60s npu 00HO8PEMEHHOM 8030elicmeuu
deyx uacmuy

Fig. 4. Timing diagrams of fault caused by simultaneous impact produced
by two particles

B pexXMMe XpaHEeH U TTpU BosjaeilcTBUM yacTu1bl ¢ JITID 16 MaB- mr/cm?
Ha TPaH3UCTOPBI MpUBEAEHA Ha puc. 3. B ciiyyae olHOBPEMEHHOTO
BO3IEMCTBUS IBYX YacTull (puc. 28,2, d)) cooit mpoucxoaut npu JIID
JacTu, paBHoOit 7 MaB - Mr/cM’. OnHAKO c60M MOTYT BO3HUKATD U TIPU
paznuuyHbX 3HaYeHus1x JITID wactuu. [Tpumep c60s1 mpu OMTHOBpEeMeEH-
HOM BO3IEICTBUY ABYX YACTUII TOKA3aH Ha puC. 4.

» hitting n-channel pass transistor of mem-
ory cell inverter (Fig. 2b));

The results of modelling show that the fault
caused by the impact of two particles is pos-
sible in the following impacts on memory cell
(Figs. 2¢,d, e):

« simultaneously hitting p-channel transistor
and n-channel transistor belonging to dif-
ferent MC inverters (Fig. 2¢);

» simultaneously hitting n-channel MC pass-
transistor and n-channel transistor of MC
inverter (Fig. 2d);

» simultaneously hitting n-channel MC pass-
transistor and n-channel transistor of MC
inverter (Fig. 2e).

It should be noted that, according to the
results of calculations, in case of a single
particle impact (Fig. 2a, b) with LET equal
to 7MeV-mg/cm” no fault arises. It was found

that a fault takes place at the impact of a par-
ticle with LET equal to 16MeV-mg/cm’. Fig. 3
presents the fault timing diagram in stor-
age mode in case of impact with LET equal
to 16MeV-mg/cm” produced by a particle
in transistor. In case of simultaneous impact
produced by two particles (Figs. 2¢, d,e)
the fault is caused by a particle with LET
equal to 7MeV-mg/cm’. Nevertheless, faults
may arise at various values of particle LET.
An example of fault caused by simultaneous
impact produced by two particles is presented
in Fig. 4.

Faults due to simultaneous impact pro-
duced by three particles have not been con-
sidered in this paper, because their prob-
ability is several orders of magnitude lower
than in case of simultaneous impact of two
particles [3].

There are several approaches that can
be used for reducing faults: an approach using
redundant information and an approach based
on electric diagram optimization in memory
cells [6].

The approach using redundant infor-
mation consists in correcting codes utiliza-
tion, for example, Hamming code or major-
ity voters requiring additional storage bits,
as well as error-correcting schemes. Besides,
an increase in digits per word, stored in mem-
ory, and in time of information storage results
in double errors probability in the stored word.
It should also be noted that in case of increas-
ing logical elements number used for bits
restoration, the usage rate of SRAM also
increases.

The approach based on electric diagram

optimization consists in the optimization
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Puc. 5. Moodugpuxkayus A1 c npumenenuem pezucmopa
Fig. 5. Memory cell modification with application of additional resistor
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Fig. 6. Memory cell modification with application of additional capacitor
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Fig. 7. Modification of memory cell by means of resistor and capacitor




C6OI/I, CBsA3aHHBIC C OTHOBPEMEHHbBIM BO3JIeHiICTBUEM Tpe€X 4yaCTHU1,

HE PacCMaTPUBAJTHUCH, TAK KaK UX BEPOSITHOCTh HAa HECKOJIBKO TIOPSII-
KOB HUXe, YeM MTPU OJHOBPEMEHHOM BO3ACMCTBUU IBYX YacTuIl [3].

Cy1ecTByeT HeCKOJIbKO MOAX0A0B K 60pbOe cO COOSIMU: TOAXO
C UCTOJb30BaHMEM U30BITOUHOCTU UH(OPMALIMU U TTOAXOMA, OCHOBAH-
HBIIl Ha OMTUMU3AINK 2JeKTpudeckux cxem SIT [6].

Tlonxon ¢ ucrob30BaHMEM U30BITOYHOCTU MHGpOPMALIMU 3aKJIIO-
yaeTcsl B UCMOJb30BAHUM KOPPEKTUPYIOLIMXCSI KOLOB, Hallpumep,
Koma XeMMHWHTa WJIM MaXkOPUTAPHBIX CXeM, TPEOYIOIIMX TOMOTHU-
TEJIbHBIX Pa3psiIOB MaMSITH, a TAKKe CXeM JIJIsI KOpPeKTUPOBKU. [Tpu-
YeM C yBEJMUYECHUEM Pa3psIIHOCTH CJIOBa, XPAHSIIErocs B MaMsTH,
¥ BpEeMEHM XpaHEeHU ST MHGOOPMAIIMU BEPOSITHOCTh BO3SHUKHOBEHU S
NIBOMHOI OMIMOKY B CJIOBE yBeJIMUYUBaeTCs. TakxkKe CTOUT OTMETUTD,
YTO TIPU YBEIUUYEHU U YUCTIA TOTUIECKUX DJIEMEHTOB, UCTIOJb3YeMBbIX
IS BOCCTAHOBJICHUSI OUTOB, yBennuuBaeTcst mnotpediaeHue CO3Y.

IMoaxon, OCHOBAHHBIN Ha OMTUMU3ALUY DIEKTPUUECKUX CXEM,
3aKJII0YaeTcss B ONTUMU3ALUU PAa3MEPOB aKTUBHBIX 2JIEMEHTOB
1 1006aBJIeHU U TTacCUBHBIX 2J1eMeHTOB B SI 11 [4]. CyluecTBYIOT U Apyrue
MOAXO0IbI K 3alIUTe OT cOosi, HanpuMep, ucnosibzopanue AT DICE,

I/I3AEAI/IH MHUKPOSAEKTPOHUKH OBIIEIO N
CIIEIIMAAN3NPOBAHHOI'O HASHAYEHWSA

Tabauya 1. Cpasnenue naowadu sueek namsamu

Table 1. Comparison of memory cells area

Pa3uuna
Ilnomann OT HMCXOIHOM
Tun syeiku AT, Mxm” AIl1, %
Cell type Memory cell Difference
area, micron’ from original
MC, %
Wcxonnas STI1
Original MC 22,67 g
AT ¢ pesuctopom
MC with resistor Sl 2
ST c KoHAEHCATOPOM
MC with capacitor e 2
ATI ¢ pe3aucTopoM U KOHIEHCATOPOM 37.02 39
MC with resistor and capacitor >

Tabauya 2. Cpasnerue sueek namsamu N0 8peMeHU 3anuc

Table 2. Comparison of memory cells by read time

Tun aueiku

3anmucse «1», HC

Pasunna or ucxonnoit A1, %

3anuch «0», HC

Pasuumna or ucxoxnoi AT, %

Cell type Write of “1”,ns  Difference from original MC, %  Write of “0”,ns  Difference from original MC, %
g;’;‘;ﬁ;"‘f/l’éﬂ 1,996 0 1,992 0
MC with restor 1950 0 1575 L
MCowithsapacttor L 9 2,089 :
MCowih rector and eapacior | 081 : 24 2

of active elements size and in the addition
of some passive elements into memory cells
[4]. There exist other approaches towards
fault protection, based, for example,
on using memory cell DICE, but the area
of such memory cell is approximately twice
as large as the area of convenient 6-tran-
sistor MC, and for this reason is excessive
for fault reflecting in case of impact pro-
duced by particles with restricted energy
spectrum.

For attaining MC stability under the
impact of silicon atom with LTE less than
7MeV-mg/cm’ and for minimizing the area
occupied by MC the following passive elements
were added:

1. Additional resistance in transistors circuit

of MC inverters (Fig. 5).

2. Capacitor between feedback circuits

of memory cell inverters (Fig. 6).

An additional resistor reduces the
value of current impulse arising in transis-
tors, and results in an increase in MC area

approximately by 30 % if compared with the
original memory cell. An additional capaci-
tor smoothes current impulse and results in an
increase in MC area approximately by 50 %
if compared with the original memory cell.

It is also worth considering the use of two
presented above modifications (Fig. 7).

In this case, an increase in memory cell size
does not exceed 40 %.

The rating of passive elements was selected
so as to attain resistance to impact of particles
with LET equal to 7MeV-mg/cm? and to pro-
vide minimal area. For comparison of all mod-
ifications we will use the following categories:
area, operation speed, switching threshold and
static noise margin (SNM).

Comparison of memory cells area is given
in Table 1.

As can be seen in Table 1, memory cell with
resistor occupies less area. Memory cell with
resistor and capacitor has average area value.
The highest area is occupied by memory cell
with capacitor.

Time of read and write operations will
be estimated within SRAM module with
1Kx32 architecture. Tables 2 and 3 contain the
results of comparison of memory cells charac-
teristics.

As is seen from Table 2, memory cell
with resistor time to write “1” is 1 % less than
required for original MC; as well as time for
reading “I” and “0” does not differ from origi-
nal MC. In case of memory cells with capac-
itor, time to write “1” and “0” is 9% and 5%
greater than in case of original MC. Time
to read “1” and “0” also does not differ. In case
of memory cells with resistor and capacitor
time for writing “1” and “0” increases by 4 %
and 2 %, while time for reading does not alter.
On the basis of comparison using time char-
acteristics it is possible to single out memory
cells with resistor, because their time parame-
ters to write and to read are closest to the origi-
nal memory cell.

For the purpose of analyzing the sta-

bility of writing operation, let us examine
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Tabauya 3. Cpasnenue ssueek namamu HoO @peMeHU YMeHU s
Table 3. Comparison of memory cells by read time

Tun syeiku Yrenne «1», HC Pasunna or ucxonnoii A1, % Yrenue «0», HC Pasuuna or ucxoxnoi AIl, %

Cell type Read of “1”,ns  Difference from original MC, %  Read of “0”,ns  Difference from original MC, %
Originai MC 2759 0 2484 0
MCwh resor 2761 0 2489 0
MCowith cepacior 2751 0 2482 0
MCowith restor and capacttor | 278 0 2484 0

Tabauya 4. Cpasnenus SNM sueex namamu

Table 4. Comparison of memory cells SNM

Tun sueiku ITopor nepekaouennsi, B Pa3uumna or ucxoxnoi AIl, % SNM, B Pasuuna ot ucxoxnoii AI1, %
Cell type Switching threshold, V Difference from original MC, % SNM,V  Difference from original MC, %
WUcxonnasa AI1
Original MC s v DS !
AT1 ¢ peauctopom 0.877 —5 0763 3

MC with resistor

ATl ¢ KoHIeHCaTOPOM
MC with capacitor 0,918 0 0,788 0

Allc PE3NCTOPOM M KOHIEHCATOPOM 0.895 -3 0,774 )
MC with resistor and capacitor

1] 03 1 1= d .3
V.8 v.B

Puc. 8. I[lepedamounas xapaxmepucmuka ucxoonoi 411 Puc. 9. llepedamounas xapaxmepucmuia 511 ¢ pezucmopom
Fig. 8. Transfer characteristics of original memory cells Fig. 9. Transfer characteristics of memory cells with resistor
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Puc. 10. Ilepedamounas xapaxkmepucmuxa A1I ¢ kondencamopom

Fig. 10. Transfer characteristics of memory cells with capacitor

Ho momanb Takoii A1 mpumepHo B ABa pa3a OoJbllle TJIOMIAAN KJlac-
cuueckoii 6-TpansucropHoii SI1 1 mo3TOMY U3GBITOUHA JJISI TAPUPO-
BaHUS cOOS MPY BO3ACHCTBUYM YACTUILL C OTPAHUYEHHBIM CIIEKTPOM
SHEPTUid.

[nst noctuxeHus ycroituuBoctu SAIl npu Bo3aeiicTBUM aToma
kpemHus ¢ JITID He Gonee 7 MaB - Mr/cM? M 1191 MUHUMM3ALUY 3aHU-
maemoit ATT mromanu 66111 106aBACHBI CAENYIOLINE TACCUBHBIE dJe-
MEHTBI:

1. JlomoHUTEIbHOE COMMPOTUBIICHNUE B IIETTh TPAH3UCTOPOB MHBEPTO-

pos AII (puc. 5).

2. KoHneHcaTop MeXIy MM 00paTHOU cBsI3u WHBepTOpoB ST1

(puc. 6).

Jo6GaBieHue pe3ncTopa yMeHbBbIIAaeT BEJIMYUHY TOKOBOTO
UMIYJIbCa, BOZHUKAIOIIETO B TPAH3UCTOPAaX, U IPUBOAUT K YBEIU-
yeHuto romanu SI1 npumepHo Ha 30 % 1o cpaBHEHU IO C UCXOTHOMN
ATl. Job6aBaeHUe KOHAEHCATOPA «CraXUBaeT» TOKOBBI UMITYJIbC

Puc. 11. I[lepedamounas xapaxmepucmura 411 ¢ peaucmopom u Konden-
camopom
Fig. 11. Transfer characteristics of memory cells with resistor and capacitor

¥ TIPUBOAUT K yBenudeHuto 1tornanu SI1 npumepro Ha 50 % o cpaB-
HeHUIo ¢ ucxomHoi AT1.

Tak>ke CTOUT pacCMOTPETh COBMECTHOE UCIIOIb30BaH e MPUBEACH-
HBIX BbILIE MOoAUbUKaLIUii (pUc. 7).

B arom ciyuae pasmep SI1 yBennunBaeTcs He 6osee yem Ha 40 %.

HomuHan nmaccuBHBIX 3JIEMEHTOB BbIOMpAJCs TAKUM 00pasom,
4TOOHI JOCTGUYDB CTOMKOCTH K yacTuuaM ¢ JITID 7 MaB-Mr/cM” 1 o6e-
CMEeYNTh MUHUMAJBbHYIO TUTomanb. st cpaBHeHUs BceX Moauduka-
i OyIeM MCTIOIb30BaTh CJIECAYIOIINEe KPUTEPUU: TLIOIIA b, OBICTPO-
NEHCTBUE, TOPOT TIEPEKJIIOUSHMST M CTATUYECKHI 3a1ac TOMeX0yCTOM-
qyuBocTU (SNM).

CpaBHeHue romaneii ST npuseneHo B Taour. 1.

Kaxk BugHo u3 Tabiu. 1, ucnionbzoBanue Al ¢ pesauctopom nmeer
MeHbIIyIo romanb. CpenHee 3HaueHue naomanu umeet 11 ¢ pesu-
CTOPOM U KOHJIeHcaTopoM. HauGonbiyto miomniaab umeet SAI1 ¢ KoH-
JIEHCATOPOM.

transfer characteristics of MC inverters.
Using transfer characteristics, it is pos-
sible to determine MC switching thresh-
old and SNM value. The switching thresh-
old is defined as minimal voltage on inter-
nal MC node necessary for switching a cell
into opposite state. SNM value is deter-
mined on the basis of transfer character-
istics by maximum inscribed square and
stands for maximum voltage value on inter-
nal node, at which MC does not flip into
opposite state [6]. Transfer inverters charac-
teristics of examined memory cells are pre-
sented on Fig. §—11.

Table 4 contains values of switching thresh-
old and SNM.

According to the obtained results of com-
parison (Table 4), memory cell with capaci-
tor possesses the best characteristics, its val-
ues completely matching those of the origi-
nal memory cell. Next goes memory cell with
resistor and capacitor, which differs from
original MC by 3% in the switching thresh-
old value and by 2% in SNM value. The great-
est difference from original MC is typical
for memory cell with resistor: by 5% in the
switching threshold value and by 3% in SNM
value.

To summarize, we have researched
the impact of charged particles with
restricted energy spectrum (LET less than

7MeV-mg/cm?) on memory cell. A new method

of memory cell research in case of simultane-
ous impact of two charged particles has been
offered. Comparison of memory cells fault pro-
tection by means of different passive elements
application has been conducted. For all inves-
tigated cases time to read and time to write,
switching thresholds, as well as SNM values
altered insignificantly (less than by 9 %). Mem-
ory cells with additional resistor provide the
smallest difference in area as compared with
original MC, and MC with capacitor occupies
the largest area.

The proposed method can also be used for
solving similar tasks with particles of another
energy spectrum, as well as for analyzing neu-
trons impact.




AOKAAABI KOH®EPEHIIUU

O1leHKY BpeMeHM 3aluCU U YTEeHUs OydeM paccMaTpuBaTh
B coctaBe 6j0ka CO3Y c apxurtektypoit 1IKx32. B rabnuiax 2 u 3 npu-
BEJEHO CPaBHEHNE BPEMEHHBIX XapakTepucTuk SI1.

Kak BuaHo u3 tab6ia. 2, y Il ¢ pesuctopom BpeMs 3anucu «I»
MeHblle, yeM y ucxomHoit AT, Ha 1%, Bpems 3anucu «0», a TakxkKe
BpeMs uTeHus «I» u «0» He oTanyarTcs ot ucxonHout AIT. YV ATl
MmaMsTH ¢ KOHAeHcaTopoM Bpemsi 3anucu «I» u «0» Ha 9% u 5%
Oosblie, yeM y ucxonHoit ATI1. I[Tpu aToM Bpemst uTeHUs «I» 1 «0» TaKKe
He ominyatores. Y ATl ¢ pe3ucTopoM U KOHIIEHCATOPOM BPeM sl 3aITUCU
«I» 1 «0» yBenuumioch Ha 4 % u 2 %, Ipu 3TOM BpeMsI UTEHU I HE U3Me-
HUJ0Ch. Ha ocHOBaHWYM cpaBHEHU I TIO BPEMEHHBIM XapaKTePUCTUKAM
MOXHO BeIIeqUTH ST ¢ pe3aucTopoM, Tak Kak mapamMeTpbl BpeMeHU
3aMUCU U BpEMEHU UTCHUS ABISIIOTCS HanboJiee OJIM3KUMU K UCXOJI-
Hoit ATl.

[nsg aHanu3a yCTOMYMBOCTHU Mpoliecca 3alMCH PaCcCMOTPUM
nepenaToyHble xapakTepucTuku nHeeptopoB AIl. [To nepenarou-
HBIM XapakKTepPUCTHUKaM MOXHO OMpPeAeJUTh MOPOT MePeKIIOUEeHHU ST
ATl u SNM. TTopor nepekJYeHus onpeaeaseTcss Kak MUHUMab-
HOe Hanpsi>keHue Ha BHYyTpeHHeM y3ie SAT1, Heooxonumoe aJjisi nepe-
KJIIOYEHHU ST STYEHKM B TPOTUBOMOJIOXHOE cocTosiHUe. Bennunna SNM
onpeeNseTcss Ha OCHOBE MepeaaTOYHbIX XapaKTePUCTUK MO MAKCH-
MaJlbHOMY BITUCAHHOMY KBaJpaTy ¥ O3HayaeT MaKCMMaJbHOE 3Ha-
YeHWe HaTPSIKEHW ST Ha BHYTPEHHeM y3Jie, mpu KotopoMm S 11 He mepe-
OpaceiBaeTCs B MPOTHBOIOIOXHOE cocTosiHue [6]. [lepenaTouHbie
XapaKTepUCTUKHU UHBEPTOPOB, paccMaTtpuBaembix SI1, mpuBeneHbl
Ha puc. 8—I11.

B 1ab1. 4 npuBeneHbl 3HaYCHK I TTOpoTa NepeKaoueHust 1 SNM.

Ilo pesyabraTam cpaBHeHUS (Tabii. 4) Ty4IIMMHU MMOKa3aTEaAIMKU
o6nanaet ATl ¢ KOHAEHCATOPOM, MTOJTHOCTHIO COBMAAasl MO 3HAYCHUSIM
¢ ucxonHoii AT, Janee unet Al ¢ pe3UCTOPOM M KOHJIEHCATOPOM,
KoTopast oTiauyaercst ot ucxonHoit I Ha 3% no 3HaueHUIO Mopora
nepekJroYeHus U Ha 2 % 1o 3HadyeHuio SNM. HaubGosbliee oTaname
umeet AI1 ¢ peaucropom, oTandatomasicst ot ucxogHoi ATl Ha 5%
10 MOpoTry nepekoyeHus u Ha 3 % 1o 3HayeHuto SNM.

Takum obpasom, ipoBeneHo uccienoBanue AT npu Bo3aeiicTBUN
3apsIKEHHBIX YaCTUI] C OTPAaHUUYEHHBIM cIieKTpoM aHepruu (JITID
He 6osee 7 MaB- mr/cm?). TIpemioxena Metonnka uccaenosanus 11
TpY ONTHOBPEMEHHOM BO3MIEHCTBUY IBYX 3apsiKeHHBIX yacTuil. [IpoBe-
JIEHO CpaBHEHUE STUYeeK MaMSITH C Pa3IMYHBIMU BapUAHTAMU 3aIIUThI
OT COOEB C TOMOIIIbIO TACCUBHBIX 2JIEMEHTOB. 17151 BCeX ciy4yaeB BpeMst

YTEHUS U 3aMUCU, TIOPOTU TEePEKIIIOUEH NS, a TakXe 3HaueHust SNM
M3MEHWJIUCh HeCcyllecTBeHHO (He Gosiee yem Ha 9 %). SII1 ¢ pesucto-
pPOM MMeeT MeHbIllee pa3Iniue o MJIONIaAU M0 CPABHEHUIO C UCXOI-
Hoii AT1, A1 ¢ KoHaeHCaTOPOM 3aHUMAeT HauOOIbIIY IO TIIOIIAb.

IIpensioxeHHast METOAMKA MOXET ObITh MPUMEHEHA U [IJ151 pELICH U ST
aHaAJIOTMYHBIX 32714 C YaCTUIIAMHU JPYTOro 9HEPreTUYeCcKOro CrekTpa,
a Tak:Ke 151 aHaJau3a BO31eHCTBU S HEHTPOHOB.
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