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IpexncrapiaeH MeToa MepecyeTa YacToT cOOEB OT MOHOB K IMPOTOHAM M 0OpPaTHO C MCIOJIb30BAaHWEM KOMIIAKTHON MOJEIM pacueTa.

an/IBCZ[CHBI pE3yabpTaThl CPAaBHEHMA PACYCTHBIX 3HAYEHUI C OKCNEPUMEHTAJIbHBIMU JaHHBIMHU.

Karouesoie crosa: wacmomor c6oes; kommepueckue unmeepanvhvie mukpocxemvt (MMC) namsamu; msocenvie 3apsiceHHble 4ACMULbL;

NPOMOHDL.

The article presents a soft error rates calculation technique based on compact model. The method allows converting the proton cross-

section data to the heavy ion induced error rates and vice versa, as well as the verification of proposed technique.

Keywords: soft error rates; COTS memory devices; heavy ions; protons.

B cBSI3M ¢ pa3BUTHUEM MUKPO3JEKTPOHHBIX TEXHOJOTHUI MOSIBISI-
IOTCSI HOBbIE TPEOOBaHMS K MTPOM3BOAUTEIBHOCTU OOPTOBOIL anmapa-
Typbl KocMuueckux anmnaparoB (KA). OTeyecTBeHHas paalalluOHHO-
CTOlKasi KOMIIOHEHTHasl 6a3a MMeEeT BBICOKME MoKa3aTeu HaJeXHO-
CTH, OTHAKO 3a4acTyl0 HE COOTBETCTBYET TPEOOBAHUSIM IO OBICTPO-
neiictBuio. B CBSI3M ¢ 9TUM B 1ociieiHee BpeMsl MosIBUJIach TEHIEH-
LIMS UCIIOJIb30BAHUS B COCTaBe MpoleccopHbix cucteM KA 3apy-
OeXHBIX KOMITOHEHTOB KOMMepUuecKoro Ha3HaueHus1 (commercial

—a -
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]
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Puc. la. Muxkpocxema AT60142F: skxcnepumenmansholii napamemp
Kd=1,16-10"° me/M>3B. Pacuemusie 3nauenus Kd 01 3nepeuu npomoros:
20 MaB Kd = 1,4-10~° me/M>B,

40 M3B Kd = 1,2- 10~ me/M>B,

60 M>B Kd = 1,5-10~° me/M>B
Fig. la. Microcircuit AT60142F: Experimental parameter

Kd = 1.16- 10"°mg/MeV. Calculated Kd values for proton energy:
20MeV Kd = 1.4- 10°mg/MeV,
40MeV Kd = 1.2- 10"°’mg/MeV,
60MeV Kd = 1.5+ 10 mg/MeV

off-the-shelf, COTS). JlaHHbIE KOMITOHEHTbI UMEIOT JJOCTATOYHO BBICO-
KMUe MoKa3aTesu Mo ObICTPOIeiCTBIIO, OHAKO, KaK MOKA3bIBACT MPaK-
THKa, UMEIOT BBICOKYIO UYBCTBUTEIBHOCTh K OMHOUYHBIM COOSIM KakK
OT TsKeJbIX 3apsikeHHbIX yacTull (T3Y), Tak 1 OT BLICOKOOHEPreThy-
HbIX TpoToHOB (BBIT). B ¢BsI3U ¢ yclI0)KHEHUEM AOCTYyTa K KPUCTAJTY
MUKPOCXeMBl aKTyaJbHOU 3amadeil siBJsieTcs pa3paboTka MeTona
rnepecyeTa OT CeUeHUsT cO0eB, MOJYYSHHBIX Ha TPOTOHHBIX UCTTBITA-
HUSX, K cedyeHusIM cooeB oT T3Y.

= AD MY, - |

LET, Mev-cm®img

Puc. 16. Muxkpocxema KM6840003p3V: skcnepumenmanvHuiii napamemp
Kd =1,22-10"% me/M>B. Pacuemnuvie snauenus Kd 01 snepeuu npomoros:
20 MaB Kd = 1,7- 10~ me/M>B,

40 M3B Kd = 2,8+ 10~° ma/M>B,

60 M>B Kd = 3,7- 10~ mo/M>B
Fig. 1b. Microcircuit KM6840003p3V: Experimental parameter
Kd = 1.16- 10 "°mg/MeV. Calculated Kd values for proton energy values:

20MeV Kd = 1.7- 10 °mg/MeV,
40MeV Kd = 2.8- 10 °mg/MeV,
60MeV Kd = 3.7- 10 °mg/MeV



17151 penieHUsI TaHHOM 3a1auyl pa3paboTaH crielnaau3upOBaHHBIIMA

Geant4-cuMyJISITOp BTOPUYHBIX YACTHIIL, TOJYYEHHBIX B PE3YJIbTATE CTOJI-
KHOBEHUsI TPOTOHOB C BEIECTBOM MUKPOCXEMBbI. JlTaHHBII HHCTPYMEHT
¢ moMolibio Metona MonTte-Kapiio paccuntbiBaeT nuddepeHnanbHblit
JITID-crekTp BTOPUYHBIX YACTUIL IJIs 3aJaHHON HEPTUU MadalolIX

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

roe K, 1 A, — NMHeiiHble MapaMeTphl allIPOKCUMALUM SKCIIEPU-
MEHTaJbHBIX JaHHBIX. [Ipuem mapameTp A, OGBIYHO COCTABISIET
0,5~ 1 MsBcm?’/Mr. Mcxons 3 naHHOIT GOPMBI CEYEHUS 15 IPSIMOIA
MOHM3ALMY CTAHOBUTCS BOBMOXHBIM ONpeAenuTb napamerp K, cie-
NYIOIIUM 00pa3oM:

BOIT 05 (A | €,). Ucnonb3yst heHoMeHONOrMYECKU i TOAXOM K Onuca-

HUIO OAUHOYHBIX CO6]>IT14171, SKCIIEPUMEHTAJIBHO IMOJYYECHHOC KOJINYEC-

CTBO cOoeB 1pH sHepruu BOII €, MOXHO MPENCTABUT B CIEAYIOLIEM BHE:

N(e,) = [o52(A) 057 (A e, A, )

(sec)

TAC Oy

(A) — ceyeHue cOOEB OT BTOPMUHBIX YACTHUIL.

B COTS-Mukpocxemax maMsTU SKCIIEPUMEHTAJIbHAsI CUTYAIIUS

TaKOBa, YTO 3aBUCUMOCTDb CECUEHU A c60eB o1 JITID-10oHOB OKa3bIBaeTC

JINHEHOI B HaAIIoOpOTrOBOM y4YacCTKeE!:

6, =K (A=A,

Along with microelectronics technologies
development, new requirements for perfor-
mance of the spice-borne equipment appear.
The radiation-hardened components provide
high reliability marks, but often do not comply
with the requirements for performance. That
is why there is a tendency to use the commer-
cial off-the-shelf (COTS) components as a part
of space-born processor systems. These com-
ponents provide rather high performance,
but, in practice, they are very sensitive to sin-
gle event upset caused by heavy ions (HI) and
high energy protons (HEP). Due to the com-
plications in access to the chip die there is the
topical issue of developing the method of con-
verting the cross-section of upsets from HEP
to cross-section from HI.

In order to model the secondary parti-
cles spectra the physical simulator Geant-4
has been developed. This tool uses the

TERHONOrHA=

K, =

d

e (A), — cpennee JITTD

NE,) G)
((A)E —AC) [0 (A le,)dA
(A), =] A05 (A e,)dA @

PeByJ’ILTaTbI CpaBHCHM S PACYETHBIX U SKCIIEPUMEHTAJIbHBIX 3HAYC-

HUil K, mpencTaBieHsl Ha puc. 1.

Kak BuaHO u3 puc. I, mpeactaBJeHHbIN MOAXOI JOCTATOUHO

?2) XOPOIIO COTJIaCyeTCs C SKCIMEepUMEHTaIbHBIMU TaHHBIMU.

Monte-Carlo technique to score the differen-
tial LET-spectrum of secondary particles from
the HEP projectiles ¢<,‘,°,°)(A|sp). Using the
phenomenological approach to describe a sin-
gle event upset, the amount of experimentally
obtained upsets at HEP energy ¢, may be rep-

resented in the following form:
N(ep):_[c(;f,“)(A) %I (Ale ydA, (D)

where 647 (A) is cross-section of upsets caused
by secondary particles.

In case of COTS memory microcircuits
the results of performed experiments have
revealed that dependence of upsets cross-sec-
tion on HI’s LET is linear in the above-thresh-
old span:

6 =K (A=A, @

where K, and A, are linear parameters
of the experimental data approximation.
Besides, parameter A, usually constitutes
0.5 ~ IMeV-cm?/mg. Based on the given cross-
section form for direct ionization, it is possi-
ble to determine parameter K, in the following
form:

N(e,)

- s G
((a), = Ac)fosrare,yan
where average LET is (A),
(A), =[ 05 (ATe,)dA . @

Fig. 1 shows the results of comparison
between calculated and experimental values
of K.

Fig. 1 shows that the proposed approach
agrees rather satisfactorily with the experimen-
tal data.
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