201816640

‘ﬂb (1) F#REFEMER
F (12)3ARNAZ AMA  AD2H%HR : TW 201816640 A

Property 43)~rB : PEREH 107 (2018) 05 A 01 A

(1) F 3 F 3% 106123433 (22)F %8 : FERE 106(2017) 407 A 13 B
(51)Int. CI. : GO6F17/50 (2006.01) HO1L21/02  (2006.01)
(30)& At : 2016/10/27 i 5% 10-2016-0140943
(TH®EA - Z 2T FHAy A B8 (di%) SAMSUNG ELECTRONICS CO., LTD.  (KR)
) §%

(T2 A - Bk &issE MONGA, UDIT (IN) ; 24248 JEON, JONG WOOK (KR) ; #T W 3&
MACHIDA, KEN (JP) ; # % E KWON, UI HUI (KR)

(THREAN  EBFE S BEX EFH

PHEEREL £ PHIMEHBEH20E BAH 1 £457

54 & #

RS

PARTICLE STRIKE SIMULATION METHOD
CWEE

SPT RsHAR B 40 PR 43R BT AN TR L R T ek ot Aa B WE a0 B R TR - AT ILER
B AN FORAT RGO E AR A A BB BN TSR PUTR TR ERE U A A
THAEE M URK AL BRI ER BT HE - T A EN A T E A
BRERXTFEZDVHBATVEM - o RATETAR KM R RMAEH L PIEME - BT R BE4
P AR B o o SR L FRR] SRR A 3R BAE N PIARAE 0 BT AR AT B R B EF TR TR -

A soft error rate (SER) associated with a design of a semiconductor circuit may be predicted based on
implementing a simulation associated with the design. The simulation may include generating a simulation
environment based on information indicating the design, performing a particle strike simulation based on
the simulation environment to generate charge deposition information, and calculating a collected charge
quantity from the charge deposition information. A determination may be made whether the SER predicted
based on the collected charge quantity at least meets a threshold. The design may be modified, and the
simulation repeated, if the predicted SER value meets a threshold value. A semiconductor circuit may be

manufactured based on the design if the predicted SER value is less than the threshold value.
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[ 328418 ] SIMULATION METHODS AND SYSTEMS FOR

PREDICTING SER
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[ 332 ] A soft error rate (SER) associated with a design of a

semiconductor circuit may be predicted based on implementing a
simulation associated with the design. The simulation may include
generating a simulation environment based on information indicating
the design, performing a particle strike simulation based on the
simulation environment to generate charge deposition information,
and calculating a collected charge quantity from the charge
deposition information. A determination may be made whether the
SER predicted based on the collected charge quantity at least meets a

threshold. The design may be modified, and the simulation
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repeated, if the predicted SER value meets a threshold value. A
semiconductor circuit may be manufactured based on the design if

the predicted SER value is less than the threshold value.
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[0008] fRIZ—ERGIMERE] » —FfE AN ERE © PRI RS B
T HHREARREY R 5 I RS AR T 5+ BT PT i 5 R RS i AR = E 5K
FEABREIRE  BRNATIUERERIR S T TR B > DA A BRIl
e BB FRAV PTG S T AH R IREY E EIREE A BNl E ) (R E G TR
BRI B RS B R P T AR Y UL R BB T & ¢ DA AT TE Y
Pl B 8 ] ok Bl i il " B gE BB K o ATl B RS rg v EFE =4 (3D )
PERGAEE o FTIUEEERIR o] SRR E Pl 1 B RS SRR B P S S T Y BT
PERBEIIFRE R o
[0009] MRIBE—EREIMEEHH] - —FE AT EfERN TR EAE B
RETHVERN - BN ETIUENEABREHRE  BRNATIUE RIS T T
B > DA & BRI B RS B R AT 55 S R B R B 14§ 55 % ( SER ) 5
DUR B Pt 1 $E 5 Rr 2 N P IR B RV HIE » AR ATl P B ie BB RS Y P
AEEET AR ELE AT BAG EERS o PP EREErS nBiE =4 (3D) &
SEE o FTUEREEERIR 0] @R CE R ERIR R o
[0010] #RIB—EREIMEEHH] - —FE AT EfERN T R EAE B

B2 H 25 HEEHRASE)
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Aca THYEER © BT sl A RER T B A R R R s T h 1
RS AE R > DURE T B T A0 - L BG BRI A RS 5 A B R Y B 1 g R R
(SER) : EFCATatar sl 2/ Vg e P ERVHIE - [BiFri-- B8 E
FRRYFT LR ST DU LA B ET - AL RN I B IR TV E
Al E ORI TR RS TR AT A& S K B e P i 7 A AR R 58 K P
AR TR TR AR i > DARE S BT A S B E A R s A B s M g ao
LUK 7 BT B €8 8 DALY R A BRI B BT A g e s 2R N PR AR Y 1
> MARIR AT S S TR T A RS AT - B RS B RG © AT B RS K |
BE=4E (3D) V- ERAEE - AT SRR i G R pT - ERS EEREY RN
oz o

QEEGEEYED |

(0011] 2 BE b i e A AU A3 IR S Y R B M B B - A3
b EY LA B R e T R R ER B S AR 2 A - LRI E =
[0012] & 1 EARE A ARG — Eom DI B I BV R 2 e T SR -
[0013] [& 2 ZeRAFRIE A AR S — Eon B B B 2 Y TR
HIEAHAT BRI -

[0014] [& 3 2 RIRERIE A IARE S — Eon B B BH IR 2 R+
TEEEEHEARAY T BEIE -

[0015] [ 4 ZRAI R A S IS — SR B B (AT RS ot 2 e At
R HAIRFR YR E]

[0016] [& 5 /2 RIFERIE A AR S — Eon B B BH IR 2SR+

53 H > 325 HEHRHAD)
71488pifl_4& &4



201816640

TR AR FAYE -

[0017] & 6 /2R IATRIE A DANE & — Lo om i M B e (U RS A Y B T
W R R AT T SR E -

[0018] 7 ZREEDIE 6 FrnEm R AR ST R R R EAVE -

[0019] [E 8 ‘ZER AR A AL & — Lo m B M B e IS B 2 Sy DATE
BRI BB BEAVIEEIFZZC ( Simulation Program Integrated Circuit Emphasis >
SPICE ) fH&HAY /7 BR[H] -

[0020] [E 9 ZRIFERIE AR AL S — ton B B BRI 2 400 S e
W R R AR R S — R E] -

[0021] 10A [ 10D 2RI A IS — Lo M EHE BIHY R
HE AR SHVIR B IR A IE]

[0022] 11 2RI — SR I E FE IRV E TR ERVE

[ &5 =1

[0023] ASZFErAARE “E7T (unit) " 3¢ “BE4H (module) " FIEHEAR
PRS0 T F AR VR L RS Tk - Bl v A2 =CRFEE %] (field
programmable gate array » FPGA ) BURHNEFI FEA4E % (application specific
integrated circuit » ASIC) - BE T EEAR A] A F A HC B B B AL Rl E I
A (P - FREFRF MRS P RS ) TP ACE AT — (B =
HEEE BT - RIL » (ERER]  BEceiEaE v afEoik (Ha - el
YR e eEEg o ~ BT~ KRB ICH) ~ BAE - ThEE ~ B - AR
KE =\ (subroutine ) ~ F2CHEES ~ BEENET - RS ~ (0 - ERE A48 - BF
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BN ~ BRIERE - A8 - B3 - BB o {EPTILTT (A R BE T B A AR
HEAYDIRE BT AR SR B/ DAY O B BT R - B AT 2 R &
AL B BE U B4R -
[0024] [& 1| EAREA SIS — Son G M B B B B R 2 4Ry T BRI -
[0025] 8[| FRIBASEM S — L rpIEEROIVER 24 | 85
TERRFRHEAE 100 ~ K TP BfHHEAE 200 - R BT 300  fEA
FAR S — R PIMEEIEG T - SRR | TE P RREDIERER RE
PERVRESAEZ 2 ( Simulation Program Integrated Circuit Emphasis » SPICE ) &
4H 400 -
[0026] Fr—EEor@IMEEREG+ - BEHt R4 | J 2 VE ot EFEES
o Pt FEEAEE 11 s AL N 2RE 11 iy EFEEE 1100 1£
A o BBBIARER - IREEART | nAEHMETAEE 1100 HYERERES 1130 S TE
FALETHEENRER 1120 FAVIESEARMETAEE 1100 Hi -
[0027] FHERFRHLH 100 o H-F RS ERERY (B BRGErRAERANAY )
ffife R S AR R ER - TR AR 100 ERAFTILN S RARS g RE
SHAIERIEEERIT - FTCE B8 EESEE =4 (3D) FEBICE - BMEHEE
PRI O FEEE A PSR [ RS TG R/ B = 4 [ RS HE B VIR R - IR
SRR P RS BSR4 B RS AR B AR T AR B A R R/
SHEPERREEE - Hodr il St o] R R R A i R A kR
o PRItL - AT v B A B R R/ A PR S BRI
2 (BEHTP =) » HP iR U B B Ae s /s = 4 R E
AEET -
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[0028] ELAGZRER - Eh /e R faps e &R - FHERERMEAE 100 A AL
BRC RIS /B = M RS B ARG T TP U SRR R B R R I B LA
BBEME - AT TR R ATR RN = SR BRI - Bl T8
A B R AR UL EN B BB RR Y [ B RS B R R/ B = 41 AR S
W/ b—8& oy FRYK TR -
[0029] FEHKHRIFEIEAEELGATELTE (front-end-of-line - FEOL) [&&
o AEEG T TE (middle-of-line » MOL) | ~ Kk B4R 1A L T 25
( back-end-of-line » BEOL ) JE&E NI HYZE/D—([E - H AT AIFRKE R LA T ReE
Y SRR 2R F R i ( Monte-Carlo simulation technique ) °
[0030] FEA3Ile—tomBIMEEEA+ - =4 ERREE EiEnS
W& mAe (FInFET) G E ~ 7RoR4R (nanowire) “FERGECE - 7OKE
Fi (nanosheet) “FERGICET - (ARSI IFERRIL -
[0031] T it 4R 200 vl E I THAR FREAH 100 BIEEAYIERERER
AT B e - DAEE AR BT IRE AR
[0032] EfSskaR -t T B fREsian 200 fetsfersin i dE A S+ (4l
20 > oL TR P TORVEREE > SOE R THIIIA L B KR - HAARIT
TR LA T AR BRR IR TP Lo RAVIR B — 4 EAS A E. - AASGER -
RS PR AR 200 AT I THEZEEAE 100 ISRV S EAG B K/
B = 4P RS A B Y BURL BB BRI B Tk TR B AL
[0033] feASRARI S —SorpIMEEREEF -t B el 200 (24
SRR BEERIT A TR T B AT (EAIAR SR EIR AN IE -
[0034] it BAEE SRR 4R 200 B] A Ak B ARV 45 R AG T Rk 1
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b 2 RAVEEE 0 > B AT ATIAE B o i (E BB IR B e B BT
FARHHELH 300 -

[0035] eI fEIEAR 300 R T fvkr+fe SEAEBEEAH 200 2 A=AV EE 7
DIFEERGTEBERERE - ASskar - B CRIEEHAE 300 AI5HEMTE
FaBRIEAH 100 (EHEHYBURE B U ERY R BT E -

[0036] EAGZk:ER - BRI REHEL 300 o I AN =4 F ERssE
AR B EAE 2R AR B T R s iR AL - B AR A GG R AR S

o

il

a7

[0037] DITERSEERS HEEEMAVIE R0 (SPICE) f#4H 400 WIHEUN R K
A R A DR R BERIE - H AT DA RS SR R S REAY IR AR =0

(SPICE) f5ifst » DAfH 5t BLHE BRI i IR (R - SRS B & J /B =41
BRI BN 2/ — B MHERAREHY S0 (failure-in-time » FIT) < {1 SPICE
el 400 A AVE ] EFEME SRR TS IRAE - Horh e i SR T4
FE oL RS S R/ B = 4 P R B TR TR B [
RO SRR (BIA0 - A RS [SRavR i faaR ) AERRBREY R (a0 > Fon
SOV SERRRAY(E ) BTl AR R /B = 4 B R A B T B AR e
7y (40 - BRBERY ) R B EEEERR T T o et 12
— RO B RGN - #ol 3 ERRE H] Ry s i (FIT) B R/ET9565%
HfEFEIR ( Mean Time Between Failures » MTBF) & o

[0038] frAZEIARE S —Eom B E i+ - SPICE f54H 400 w2 {tiE
BRI 2 SR LB ORI (B0 - TR s B I FR ( MTBF ) )

#4{T SPICE tAEEMIEFRYE M s R HIGE A -

B7H 25 HEEHRAESE)
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[0039] MRIBAZEERME S —EoREIME BRG] - e m i =4 Eiais s
AELTHYER M P R A TEOHIRY B R M - T PR B ER] F e B 4R R R B A 38 B s
A HER MRS R T B B RHE S

[0040] FE—Eor@IMEEREG]F > B MEE R R TENAE R (Flan - sk
PR R TEHIGE FUE ) » T B ERE RS M/ B =4 P B RS AE B YR T M /3K
PERSEIE /B = Y B A B FTC Y E FAEERVRGT o BBHIPKER - EHX
MsE R R HISE R R 4 P BB TR GTIFE B 5 2 BN i B [0
WM AR AV 2 (0 RMESERRR(E - RREFEE  R/ECTIR RS
MR EZ Do m e P E ) - (o =4 PERREEERET » HiHK
EOEET BT TR 247 | fR LA S e M S s R TR 4S SR A
12 o [EHFERPIMEEROIF - Bt Ass | 8B EREIE - fERTIUS
BEERIE PG TR - AR R AR TGS S ~ BAHE &L
el B ERGE T ETE R BRI =4 P B S B R TR MRS
RIS R R = 4 P BB ARG T IR F i B 5 [ S8 AUE M sh R
(D > B ERA(E ~ AT REE ~ /BT eI R E 2 /043 kY
we I E ) Ak o

[0041] FE—EorBIMEEREGIF - RIBAPEESERRTFMAE R (Fila -
e SV S il ER A B LSS | Eba g AN Rl ED)
MiEERET (FI0 - =4 P EREERET - T ERERNE - ETFEEK
1) PR GUR P [SEnUEcshR o iIIRIBATGETEESL ( "8
T ) 24 PEREE R/ECEERRERS - NIt > B A& | nT2/b

HR ok AR PR E Y - B RS BB RS K/ B = M ERS R B R S 2 PRk M shaReY
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OB - 1ETT (R Ae AL E A2 B M SR Y 52 B NPRITT W SR R/ Bk
RETR SRV SRR RS R/ B =4 P R E - DURAE— R E ]
FERTIL EAS B /B A P RSB E TR - 5 AN
R B RE R /B = 4 RS HE B VR T 2V E R R 241 - o] 2/ D805y 4% fiF
PERGER PR S SRV E ML RAT R -

[0042] [E 2 ‘2R IARIE A AL & — Lem B M B e BRI IS B 2 S TH R
FRIEARAY T BRIE o (£ — RGN EREEI S - B 2 FrRTHERESLE 100 71
& 1 FREEERSE | RELF

[0043] 2HE0E 2 RIS —EorGIM:EhE GIF TEREREAE 100
EFEERE Y HTIEAE 110 - SUERENEEECAEAR 120 - SUENEEUHIIEAR 130 R fH
BERIR A AR 154 140 -

[0044] EER&ATIEAH 110 Bl f5 R RS MR 2R, 10 NETAM R R
PR A 10 RO EFE 4 P AR R BNV P AR ERE o 15 R AR
AREER 10 WS P RS R R/ B S M P RS B HIRLG T o AEA S
PTG ST AT Ry BRIV RN P SR B = 4 P B R B AR
:T:Qo

[0045] E2{skzi » BER SATIEAR 110 B 5342 BB TR R Ky /o = 4 - 12
SEE ATEIERVER T (B0 - FERS RS AL T - BT - &
TRALERTRE - RPAANES ) DU FTILE R TR (% -

[0046] EER&IIARIEAH 110 thu] Sy Al RS ER PR FHRAN AT S EER - &
I #EET (shared diffusion ) ~ = ERGICERVIEAY « B = 4GS RETHRR

SHVEER ~ TRV ES -
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[0047] BRGERHERIEAE 120 WITEM ) R AR AR A A 10 (L
BRSEES /B EHEEREEN ORI T (f40 > "BERERG R K/
MR BN RS ) By H AR R SRR LU
BEME -

[0048] SURNENEL IR ERG BRI E - BOIKER - B EISEmE
FE AT RERE T F L EAS (Static Random Access Memory » SRAM ) B » &)
RUERSEHITEAE 120 ] A EA BRI 7 B Rt Y - B AG BRI R/ B =418
s BRI P HY SRR E R BURVENES -

[0049] fE RS —80 > BV ERERHIER £/ CERRBIER S

( master/slave flip-flop ) B » SRIETRLEMITHE 120 ]R8 2 A BT - BF
# ~ BT - NEREIES FHY S ABIARE 2 IR SAERA (cross-correlation )
AHERE - ARG BRIS /B = 4 B EE E RV I 2 T B BURREES -

(00501 k& —8H  &-FEREEEIERRFER (sequential circuit )
RF - SURNEITREHITRAAE 120 W] B g A RE el REst Y - BERG BR RS Ko /B =
MRS IS BRI U HY TR 2 Ry BRGNS - B nDRAAL OB THRRER
& (clocking path ) _HY &G E B RNERRE -

(00511 247 » ASEHRRESHYEE NG IHERY SR TR - B SURETE R
HAR 120 APEER i 5 R s iR A ER 10 ~ fRIR - EBG ERrR AR Bl HE
23 I hE E B AG B K/ BN = MBS BRI 2 P HY BURLE AL -
[0052] SRS EHIIELE 130 {1 R Rt e &R 10 I EASE
& /B = B RS R B R ORI 2 AP HY B AR T A B R DU B B T
e,
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[0053] ER(IAKER » (05 R/ B0 E [ ERS Els F/B = e [ RS A B A
RSB Re- R ER - MR REIEME G U IR & FAYE
{7 > RIFEEURREE (HHIEAAE 130 Al ERe ik f/B =41 B E (M
BlanfE R Zo R FEILE ) BRI U B e K18 = o i -
e e -FERS B /AN = M ERR A BN A2 T RIS - e

B R/ S B B TR R T - BB RS AT O,
S o

[0054] BRI £ (4 140 T4 FIH BT R SR SUUB 1A T T
R AR A = 4 BTN 20 « BRI T 3 BRI 1 A e R/ = 4
BRI SR TR R/ = G B B = R
L o

(00551 HUEEREE 20 T (08 RSO A EMATER TEB A - EES T
B TEBEN - RAEEGEE TBBERT 2D -

(00561  #BfAcen » 4 e S T BN Mo L A 4R 0 T 7 2
ERREEBERR/ N =P RS ESNEN N BE (interlayer
dielectrics » ILD ) ~ /B4 ~ HE(, - BERAIOSHAPIAL « ETFA - IS0 ~ TP -
(B ST (B4 SRR ER I

(0057) [GIW > BRI - A A 4RI T ESE 3R O (0B 1 B R
R/ =4 (- B EAIIRA @ - FORRE - 7OKER & - SORMEATN
(B0 Tk - TR ~ WRES) AR (AR R
[0058] 2L o FHHEFH b THARIALASE - B BR L i

(0059]  FUSHEEIBITEE 4R 140 FEAEATISHERIRIE 20 FTHHBALE IR T4
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[0060] [&] 3 ERIFEIRIBE A IR & — teom B E T I 24T T
BN T BEE - B 4 SRR AR IR S — SEor I E  HY
TR RSV T BAE BHEAR AR E YR ARE - B S5 SRIERIEAE TN

S SR M B i IR 2 TR T i R AR R A A S — A IE] - [ 3
2[&E 5 A H 20808 3 2[5 FrEtry s o EFEEE 1 FTnvEEE 241 1

e

[0061] 2:52[E 3 - B AZIHRL S — SR fIMEE BRI 24 1 69T
FHEEAEHERAE 200 ISR FEARH 210 - K FREgEfHEal 220 - REEES
Hf5E&H 230 -

[0062] firFZE4EE4H 210 W] EE 4 A H TR B ey is ek 7 (B0 -
R AR 210 nERBERE ok ) - BRSHGH - R FE AR 210

e E bl ECHFHVAL B R RRE - M BT At ookis B R AR BEER IR TP Y
PIGALE -

(00631 ER{HI=kaR - hr FEEE A 210 AT EEBRE R FEREI K
[ =4 BRI EN ORIV R RAVAsTE (Bl fL 3 iefE ) B
FEFR BRI P AR BA BRI i (i B R RS [ EHY 2 (LT

[0064] Z2{IsER » nIEIanEE AT IR (1) KEEH A E ZEh T 5
ERVIEEER FHYE R ¢
Ae™

Kl D)

fk;A) =
Horb & B TR T -
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[0065] TEASEIERERHY—SmBIEERAI > Lol FRVER F - 5
HyokL T AT ERGBTEMLE (x~y) REBEEE (0 ~ ¢ ) B EEE
ffii o SN AEARSIARESHY — R pIMEE G - £ FEER S o Rk
1 (Fla0 > Mg ~ Al ~ He ) AT #ECE R AR O MiI EREEZRE (x~y >
z~ 6 -~ ) ) o

[0066] ZAif » WA ERTH AR TR AT R v B P AR R
[ =4 FERREERTONER » 550 BT RS R/B = HE RS S
1= E ) 7= : DY A R R DR N e AR Ko = o ) 7= W R Gt U =T S e g
ZAMERRTTE -

[0067] RIBZAZIAME S —LLom M B HEAIRVIEREE 1 7A R S8 T2 RE
HYEAE EURLETER DRI 120 sUBURNEEDRITRGE 130 M HYBURLETRNEL
BBk - B AT BRI R/ B = M RS IR B RV RO P SR T o A
B RZHVRE R a T R 230 Al{ESTH B EAREEi Toka T HiE 8 2 1R HYRE
skl

[0068] Z:HElE 5 - fR4R - ERSEEES R/B = 4 B B NI TR R
S PR B RG ERRS S /B = MRS A B MR AR 700 LUK S (HEE A
F21 %2 F23 & F31 % F33 » H{rfiE/ F21 £ F23 k& F31 % F33 20l PRk
A= ERE[ERE( shallow trench isolation > STT) o [H]H<F » A JEEGHEE R PRk ( deep
trench isolation » DTI) ZK¥EEIFERE S F21 & F23 By ERa R RE /e =42
BRI EPIRRERER F31 £ F33 Y ERS RS /B =4 PRSI E 5 -

[0069] RAfEEL BT ERTERIEMBURE v #e3E BRI Al HEFREL
AR BRI A2 ZIRHVIEIE o 555N - AT RN W] HEE e Ryt &
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i, Bl PEbrEUSBEIREEE ey & B2 LRSI R R A AV &, B3
&RV & o

[0070] {EASSERME A —EemBIMEE HEGF » fir 72 AR RBE4H 210 o] 4
EEIETA T (Poisson distribution ) HYIRE R » (HAZEIARERLIFERR
FALE -

[0071] ki FEEME4AH 220 O {5 bz T2 AR RE4H 210 24 AU ot FE¢
PR P ERS RS /B P BRI BN =N E R

[0072] [EES0EIE 4> EEEERR AR SRS B /s =4
BEAEE T AL FELIES 600 -~ 4B4EHE 610 ~ R (RfER F11 -~ F12~ R FI13 ¢

[0073) fEfrFEEfEmasE 210 FEERYEEF P #ola b BRI E

(x~y~z) RKEERE (0 ~ ¢ ) HA[pHEEEEGEERE Y E
BB RS M/ =P EREBIR NP RHIEER FI3 iy =4forniP=l - O
g F13 gyfEgehr+ P oA %L S mZFiaiE R FI13 -

[0074] HfAZEME T EASERE /B = 4 P BRI E I RN R Ry
K1 TR > TIE 40 GEANT4 (https:/geantd.web.cern.ch ) 5 T B4,
TTiREE - (B ARSEIARERI FERN I

[0075] 1% > seEaTEEAHE 230 STEACEEEREE PEEIITof T3 F
HE B EER /A =P EREENR NS L BHIREE o 0 AT
BAEFAEREADIIEE N 30 IR E Y EEEHELE 300 < &) A
PREt R PP RS EERE /B = e ERR E B AR T HERA B Y TR M 5
B (A g e MEsE R TERISE SRAE ) -

[0076] wIfif4t:AE B8 (Linear Energy Transfer » LET ) fRAKGHE
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P4 FEARR B T2 PR SRR ML e B AR AL AR FE SR AT E: T84 g A
FEE - AeEETHEMAM 230 (ERBILL T AR (2) Fr EMHBAGIEERR
# (position-dependent LET ) 1244 » Firaft{ir EAH BRI e BRI X fd
AL B RHE A RV 28 -

HHIIH

jLET(E) =l )

[0077] wy{s A A A 4R 15 Fr T 888 IR R AV ML-Rs B AKET B AR A 4 AT
Ex TR PRIOHAREE - MR T AV B R R = e Ra o ey - (Rt
SRR FE AR AR TR RN T AE B S REtR o iRy -

[0078] [& 6 ZeRAFRIE A AR & — Eom B B BH I B 2 SRR BB 1o
WERTABERAHAY S 5ilE - [ 7 EREMIE 6 B R A s Y
EERVE - B 6 £E 7 frr H2MEE 6 Z£I[E 7 Fria ey o] (L E 1
FIREVIRSE 280 1 -

[0079] 2 6 HiRALEETTIIFEEER 30 AYBE U SR REEELE 300 mTfH
R BB 40 < ARBASZIHE S — LB EHESIRIR R 20 1 /Y
ETUCERIEEHEE 300 EAIIRERETREEAGE 310 ~ k&R RS
320 ~ RUTERERTETEASAH 330 -

[0080] JifEEET AR 310 ARABTE K+ fa SIEHEEAH 200 $RALAVEE T
JIFEEER 30 TR ERER M/ A B BRI U R BRI
wh ORAGETE) BYSE—)IfEEEE Qdep

[0081] wrz@Ll T 5fE= (3) KEtEE—IIHEERE Qdep
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Quep = é_(:-‘-ozo LET (z)dz j IR(X, y)dxdy )

FIN L ()

Hr 4 ZFEHULEE - Ep Z4ERET-E IR (electron-hole pair -
e-h pair) FTREHVAERE (B4 > 3.6 eV) > q ZEAEE T (elementary charge )
LET 243 MEAE B - zo AL FEfE R & Th1TiErVEERE - H Rxy)Z&ET-
BRI A5 o O] {5E FEFI40 GEANT4 (https://geantd.web.cern.ch) 2 T
BAEARAT PUdET R(x.y) ©

[0082] ZE—IfEETT & Qup B EiEH & ~ ZORGIE - BERER EHFAT
JIRBHVETAVAEE - 0 FRTit - RS IR o — S B M E e A e
TERRGEERERE - 7ORGE - BFRER BNVERE » AR
Bl IR R R R S R E &

[0083] ##T2k - Rt EE (s T EHAE 320 A 1 BB T4 200 F2 LAY
BREFIIFEEN 30 sHEEBEE R/ = 4 B BTN 2 P AR
tEEIRAAYEE I FEE AT E Qsource ©

[0084] w[iEBLAT 72 (4) KGR IIEERE Quoure

Qe = A4 L)Z LET (z)dz I I R(x, y)dxdy

E P TSD LSD

[0085] #%% - EREELS

=412

TEAELH 330 mELL T e (5) B —Iifa

%?DP% Qdep &%:”_’L$§§€?DP§ Qsourceg %gqﬁ/ﬁt—h‘ﬁﬁ?ﬁ% Qcoll :

Qcoll — Qdep o Qsource
[0086] [FIE2:HE 7 > SE—IIEEHE Quep BIEFHE 7 -REF:AS 840
FoETHERE - BFE IEERE Quouce HIEREIFEAS 840 F1HYHR
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810 A TR AR « MBLL st (5) BRETHAIL AT B Quo BHER:
SFofE 830 P T
(0087) BB SR F BB BT TR AR BT Qu 3T
IR - BREAGR - EBEURIIEA A 140 BEFIEH T B -
Tk ~ G - IS B R RORAGEVELRE - FREEE (D0 SRR
ERIREES ) 5T A TR TR - TR AR R
Quon 3T BTN

(0088 (6 8 SR RS A U L2 — R B DA S0 T DL T
BB 2 s TR SIS SR T BEIE - (B 8 LSRR 8 FTMIis
ST ELEAEIE | ARG | o

(00891 20E[H 8 - fRISAS IS L RPILE IS RL | Y

SPICE 154 400 f1f% SPICE gL E 154 410 ~ EBEEE (A

il

420 ~ Kz SPICE f5#e54H 430 o

[0090] SPICE @it dian e £ fH4H 410 Rl /& R AErsE SR AR 10
LU SRS 20 - Wi SPICE $Eps e % -
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[ =738 4418 ] PARTICLE STRIKE SIMULATION METHOD
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[ 232 ] A particle strike simulation method is provided, in which a

soft error rate (SER) associated with a design of a semiconductor
circuit may be predicted based on implementing a simulation
associated with the design. The simulation may include generating
a simulation environment based on information indicating the design,
performing a particle strike simulation based on the simulation
environment to generate charge deposition information, and
calculating a collected charge quantity from the charge deposition
information. = A determination may be made whether the SER
predicted based on the collected charge quantity at least meets a
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threshold. The design may be modified, and the simulation
repeated, if the predicted SER value meets a threshold value. A
semiconductor circuit may be manufactured based on the design if

the predicted SER value is less than the threshold value.
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