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TCAD SIMULATION OF SELBOX AND DSOI CMOS SRAM FAILURE

Dmitry Alexandrovich Popov, Seniour Lecture MIEM NRU HSE,
Moscow, da.popov@hse.ru, +7 (926) 532-02-46

Abstract: A mixed TCAD-SPICE simulation of the heavy ion
impact into a SRAM on SOI CMOS transistors was carried out. The
dependence of the threshold LET on temperature was investigated
for three configurations of 0.24 pm SOI MOSFET: traditional SOI,
Selective BOX and Double SOI. The radiation hardness of SRAM on
Double SOI MOSFETs is significantly improved by applying a
negative bias to the additional silicone layer has been shown.

Key words: SEU, TCAD-SPICE simulation, DSOI, SELBOX, high
temperature.
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SPICE MOAEJ/IU CYBMHUKPOHHBIX KMOII TPAH3UCTOPOB B
JAUAINIA30HE KPUOTEHHOU TEMIIEPATYPBI
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1HHUY BIII3, 2. Mockea

AnHortauusi: B pabote npeacrtasseHbl SPICE Low-T Moaenu
cy6MuKpoHHbIXx KMOII TpaH3uCTOpOB, Npe/iHa3HAYEeHHbIE JJIs
pacyeTa 3JIEKTPOHHBIX CXeM B JlMala30He KPUOTEHHOU
TeMmiepatypbl (o 4 K). PaspaboraHa npouegypa 3KCTpakLUH
SPICE-napametpoB Low-T Mopeseli Ha OCHOBe pe3yJbTaTOB
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usMepeHuit uiu TCAD-MoieMpoBaHus CTaHapTHOTo Habopa BAX
u BOX B KproreHHOM JManasoHe TeMIlepaTyphl.

KiroyeBble c/10Ba: KpHUOreHHass TeMIlepaTypa, KOMIIAKTHbIE
SPICE-mopenu, KMOII Tpan3suctopsl, SPICE-MoaenupoBaHue.

BBeaenue

[IpyMeHeHHe WHTErpajbHbIX CXeM B YCJIOBUAX KpPHUOTEHHOU
TeMIepaTyphl, CTajla NpeJMeTOM MOBLIIIEHHOTO UHTEPECA, B CBA3U
C OBICTPBIMU TeMIMaMU PA3BUTHUS CIOYTHUKOBOW WHAYCTPHUH,
KOCMHY€ECKOU 0Tpacjy, KBAaHTOBBIX BBIYMCJIUTENbHBIX CUCTEM U AP.
[IlpoekTpoBaHWe TakKUX cxeM TpebyeT Hanuuue SPICE-Momenei
3JIEMEHTOB CXeMbl, KOTOpble IO3BOJIAIOT OLEHUTb YPOBEHb MX
CTOMKOCTH K BO3J,eICTBUIO KDUOTE€HHOW TeMIIepaTyphl.

MeTtoguka nocrpoeHusi SPICE Low-T moaenei

B paboTe npeACcTaBJIeHbI SPICE-mopenu MOIIT,
usrotosneHHble 1o KHHW, KHC wu nHanometrposout KMOII
TEeXHOJIOTUSM, TEMIePATYPHbIN JUaNa30H KOTOPbIX pacliupeH 0 4
K. B kauecTBe 6a30BOW MOJieJIM UCIOJb30BAJIUCh CTaHJAAPTHbIE
SPICE-mogzenun MOIIT: BSIM6 u PSP pgaa 28-am  KMOII
Tpan3uctopos, BSIMSOI pna 0,18-mxkm KHU MOIIT u BSIM4 pasa
0,25-mxm KHC MOIIT. 3ateM Kakgasa 6as3oBasg MoOJeJjb Obljia
JIONIOJIHEHA AMNPOKCUMUPYIOIIUMU BbIPAQKEHUSMHU [IJIs1 OCHOBHBIX
TeMIlepaTypHO-3aBUCUMbIX mnapameTpoB: VTH, po, SS, RD. s
BbIOPAHHBIX TApPaMeTPOB HCIO0JIb30BaJaCh MOJWHOMUAJNbHASA U
runepbosinieckass QYHKIUM 3aBUCUMOCTH OT TeMIlepaTyphl.
H3mepsiinch cemeiictBa craHgapTHbIX BAX MOIIT ¢ pasauyHbIMU
W/L xaHasa B pauanazoHe Ttemneparyp ot 4K po 300K
OmnpejgesieHne TeMIlepaTypPHO-3aBUCHMbIX ITapaMeTpPOB 6a30BOH
SPICE-Mozenu U AONOJTHUTENBbHBIX KO3QPUIIMEHTOB MPOBOAUIACH
c noMoubo npombliiieHHoro CAIIP IC-CAP.

Pe3ysbTaThl

Ha pucynkel nmnpexacraB/ieHO CpaBHEHHE pe3yJibTaTOB
usMepenuss [1-3] u pacuétra no paspaboraHHbiM Low-T SPICE-
MozensaM BbIxofHbIX BAX MOIIT, wu3rotoB/jieHHBIX 10 TpeEM
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Pa3/IMYHBIM  TEXHOJIOTHYEeCKMM IpolleccaM B  JMala3oHe
Temnepatypbl Jo 4 K. IlorpemHocTh pacyéta BAX g5 Bcex
paspaboTaHHBIX Mojesel He mnpeBblmiaeT 12% B JuamnasoHe
TeMmepaTypsl 0 4 K.

250 0

E Do JkcnepumeHT [1] ~-oo3ken. [2] r oO3KenepumeHT [3]
[ —Mopens ﬁ r

_—NMopens . [ —Moaens e
[W/L=3 pmy30 nm
0.5 T=300, 210, 160, 110

WA =10/0.25 pm r‘_,ﬁ-xf"
5 V.,’I," 2 .
; JIRA o
. 5 s
e .
TN 80, 140, 100,
| | | 70. 40, 20’(
ool il P A0y \ \

77,36,20,42K
0
0.0 0.3 086 0.9 1.2 0.0 06 1.2 18 0.0 0.5 1.0 1.5 20
Drain-source voltage Vig, V Drain-source voltage Vgs, V Drain-source voltage Vo, V

a) 6) B)
PucyHok 1 - BeixogHbeie BAX MOII-TpaH3ucTopoB: a) 28-HM n-

MOIIT; 6) 0,18-mxm KHU n-MOIIT; B) 0,25-mkM KHC n-MOIIT

S

N
o

Vo =11 s

IS

o
w

Drain current [, mA
~

Drain current /5, mA
Drain current /5, MA

5
T

A

5

BbIBOABI

Paspa6oranbl Low-T Bepcuu crangaptHbix SPICE Mognenei
BSIM4, BSIM6, BSIMSOl wu PSP jag CyOMUKPOHHBIX U
Ha"HoMeTpoBblXx MOII TpaH3UCTOpPOB, NpeJHa3HAaYeHHble JJIA
pacdyeTa 3JIEKTPOHHBIX CXeM B JiUala30He KPUOTEeHHOU
TeMnepaTypsl 10 4 K.

Paboma ebwinosHena npu ¢uHaHcosoli noddepicke POOU
(epaum Ne 18-07-00898 A) u coemecmHo20 pocculicko-Kumaticko2o
epaHma (epanm Ne 20-57-53004).

CnMCOK MCI0JIb30BAaHHBIX HCTOYHUKOB

1. F. Jazaeri, et al, Proc. 26th Int. Conf. Mixed Des. Integr.
Circuits Syst. (MIXDES), Jun. 2019, pp. 15-25.

2. B. Xie, et al, Chinese Physics B, vol. 25, no. 7, p. 078501,
2016.

3. S. R. Ekanayake, et al,, IEEE Trans Electron Devices, 57(2),
2010, pp. 539-547.

231



SPICE MODELS OF SUB-MICRON CMOS MOSFETS IN THE
CRYOGENIC TEMPERATURE RANGE

Mamed R. Ismail-Zade, Assistant of the Department of Electronic
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Lev M. Sambursky, Candidate of Sc. (engineering), Associate
Professorl, Isambursky@hse.ru, +7 (495) 772-95-90*15206
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Abstract: This paper presents Low-T SPICE models of sub-
micron MOSFETs, designed to calculate electronic circuits in the
cryogenic temperature range (down to 4 K). The procedure for
extracting the Low-T SPICE model parameters based on the
measurement results or TCAD simulation of a standard set of I-V
and C-V characteristics in the cryogenic temperature range has been
developed.

Key words: cryogenic temperature, compact SPICE models,
CMOS transistors, SPICE modeling.
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