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M T, VAZITEICHOFEEFEL, 22 HEICRBITD BT, FEATRERL L ETRHREDI R HRRFT 52
LIZHVET,

LA HEX, BT 7V —ar  BEEROME ik AR — 2 EERE DD F ISV TERSINE T, T2z
X, DG OBUGIIEER 1 EEE KT T TR DO H DM P AEL TR | AP B ZIAENT 6 | A
EHIF L LR T AU EEZ DAL T ATREMER DY £77, ZOBNCHIT L2 HIEIX, B HH O DR ESI
FREEN C AR IS N DT T A AF 1L ST 52 LT AEEE ~DEEEZ L T22L T, VAT A AT T —
HINZDLEAEAIEEZEDINCEEL PR — T 0E L e BT RO E T, B2 — R OE IEIERSNS
— i g NIE—7 MVY A7 (STO) EFEEIL, ZOFI D% 4 B AR — 572010 FEEFTHZLRT
TET, GEICOWTIL, % 8-1 OB —7 M7 A7 0a v 7B LUGHEIL R—FS R TIZEN,)

2 EIRS M E) RO

BEAEEEZETDHIZODRAIIDAT T X, VAT I AT 7L —HZXDERRIIHT EVAZ G (HARA) O i ¢
7, HARA IE, AT A THAED AR H LT X COBTEMNRERZ R E T MBI EVET, KIT, ZTHDOME
BRITFRANCE RSN RIS THESI, FERICHL TE—T7T 41— AT 7 VT 4 LoL (SIL) Eioid i
T—=TT 14— AT TVT 4 LoUL (ASIL) H3FIV Y THIET, FI Y Thiv/ SIL £721L ASIL LUz E-> T, &6
MO KAFRFEERENERSNET, Ft\ T, BREZRIL ., T DRAZ BIZEO SIL F721% ASIL L~ UIZHIR T 572
DO BEL A I ERSNET,

2-1 12, HARA BL UL a7 MO KBS E R L ET,

[ HARA: Hazard Analysis and Risk Assessment \ ( Safety Concept Assessment \

4 4 ] ) ] 2\
Identify all SII‘_l| ASIL Define Safety Goals Define how to Identify cpmponents Dgflne safety
classification of o support the need to implement requirements at the
hazards to mitigate hazards
hazards L Safety Goals Safety Concept component level )
SIL hazard classification is based on Consequence, Frequency,

ﬁ p N
Possibility of failing to avoid, and probability of unWanted occurrence
ASIL hazard classification is based on Severity, Exposure, & Controllability SIL | ASIL requirements must be met at the system level which allows
system integrator flexibility in defining component level requirements

Ve

Safety Goals can mitigate multiple hazards; the highest

rated SIL | ASIL hazard defines the Safety Goal ratin
S —— 2/ S ~/
2-1. HARA B&UR £t 70 Il BB
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3SIL LAJLE ASIL LRV

HARA 2547 Tl FrEEHu7=fEMiE 4 S0 SIL | ASIL L~b DWW TS ILET, SIL | ASIL LU 3G
E SEEOUAINELIR | AT EL<eDET, SIL LU, FEEM T AV —ar w8 Te < o558 7]

REZRHERE 22 2K THD IEC 61508 TEFHESN TWET, ASIL LT ISO 26262 Hitk CEHRSNTRY, H#H

AT, EEESELES (IEC) 61508 & 1SO 26262 D&KL, HANIEITWETR, 45 Ew0L AR
VAN ET,

IEC 61508 Tl & faliidft £ (Consequence) (4 Ex[), 4/ L ##Z 17 (Frequency and exposure time) (2 B¢
W), [ElEECE7Z2\ AT REME (Possibility of failing to avoid) (2 Bxf), E L7 & EDHER (Probability of unWanted
occurrence) (3 Bf) 2SN CWET, ZONICHSE LD ¥ 3-1 DUARY < w7 2% HL T, & fakE
SIL 1275 SIL 4 IZRHlL £ 7 (SIL 1 1T HEbIERWEFEYRY),

W, W, W;
No
Ca . . No No
» | Special Safety Safety
Safety Re Re
Req. q- q-
No
5 > SIL1 Special S:fce)ty
A Safety Req
Starting point for = b Reg. No
risk reduction Cs ;B_)_> Special
estimation SiL2 SiL1 SF;fety
Fe Pa Req
Fr P
Cc —>| siL3 SIL2 SIL 1
Pa
Fg
E P
c A }—» SIL 4 SIL 3 SIL2
D
Pa
Fa Single
Pg ~ Safety
> | System not SIL 4 SIL3
sufficient
C = Consequence risk parameter (Cabeing the least Consequence)
F = Frequency and exposure time risk parameter (F being the least Frequency and Time Risk)
P = Possibility of failing to avoid risk parameter (P, being the most possibility to avoid)
W = Probability of the unwanted occurrence (W, being the most probable)

3-1.IEC 61508 DYRY 57, BRHEIIVR

1ISO 26262 O7 7V/r—ar Tl filk% S, E, C (AR, #& L, HIfH rraet:) THBELTWET, fiEOEKRE
1% 3 BLBECRHME AV E T, IETEMIC R I C B S DM RIS, 4 Be My CRMIS AV E T, W FTREME (falR4 (a1
TELHLUL) I, 3 BB CRIHITSALE T, ZORHTICEEDE, M 3-2 (TR 8912, Bz B A B (QM) LUl
5 ASIL D FCHMLE7. QM FHlini® 58, FEROVAZIZITH A O 4 BAENLECIIH £t A, EFERIE (IC)
DAL, QM FHliZ VAR — M D113, FRERZR 8 R O B E PG | E T e e A TG TEET,
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C1 C2 C3
E1 Qm Qm Qm
E2 Qm Qm Qm
S E3 Qm Qm ASIL-A
E4 QM ASIL-A ASIL-B
E1 Qm Qm Qm
E2 Qm Qm ASIL-A
52 E3 QM ASIL-A ASIL-B
E4 ASIL-A ASIL-B ASIL-C
E1 Qm Qm ASIL-A
E2 QM ASIL-A ASIL-B
53 E3 ASIL-A ASIL-B ASIL-C
E4 ASIL-B ASIL-C ASIL-D
S = Severity: How severe is the injury due to the hazard (S1 being the least severe)
E = Exposure: How likely is the hazard to occur (E1 being the least likely)
C = Controllability: How much can the driver do to prevent injury (C1 being the least controllable)

3-2.1S0 26262 DEEFATFIVA

faRiiZ SIL | ASIL L~V 804 T2 SIL | ASIL AN Z AL TERSNIZHAL VL ETREREIRR T 2% 4
HIEDNERSILET, IEC 61508 & 1SO 26262 (T T b, FRIVAY LNV EERTHIODETE R TI7(T
A ARIZAD 1 DELTFIT R i LW ET, FIT &, 109 B OEMERFE (Eh/ERERT 10 &) TolbrEnk
(Failures In Time) EL CEFRINET,

T AN TOHIENEAERIZREEF LV R TR THOLITRO DR | elF L, e RO, it h -2 47
BB, AR STV 7R RISV BRI ISRV ERRR iR L | SESE W TIVICHMHESh

£, ROEERED T2V, I AHREEH O HSHRWERZR R T, holdah 73V, Za oGz
HIZHERND N =T BV TR =7 RN Lo TR NS, IBTER R fE FE A2 PER T 572D TE £ T,

% 3-1 & 4 3-2 IZ IEC 61508 SIL & ISO 26262 ASIL D& AR 7 2% = LE T,
% 3-1. IEC 61508 SIL D AR)HR

HFT =0 HFT =1
SIL L~V (ZAF B VAT L) PFH SFF PFH SFF
SIL 1 <1000 FIT 260% <1000 FIT 60% ATt
SIL 2 <100 FIT 2 90% <100 FIT 260%
SIL 3 <10 FIT 99% LA E <10 FIT 2 90%
SIL4 SRR AN A RE <1FIT 99% ULk
5 3-2.1S0 26262 ASIL DA HZR

ASIL LX) PMHF SPFM LFM
ASIL A <1000 FIT BERL BERL
ASIL B <100 FIT 2 90% 2 60%
ASIL C <100 FIT 97% Ll E 2> 80%
ASILD <10 FIT 99% LIk 2 90%
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IEC 61508 Hik& CTi% PFH Zffi L T\ E4, PFH 1%, 1 B & 720 O fEORE=R (Probability of Failure per Hour)
DOWET, 1 KRBT OBRHEINRWMERRAREEOREN /2 E9, SFF XL 2726 %% (Safe Failure Fraction) T,
B HESRWE RSN R TO#EZ A 7 DEIEZRLUET,

PFH AR Z ZL[RERIZ, 1ISO 26262 Tit PMHF 2L CUWET, PMHF (X707 A7 —RD = 7 S ORER AN 7
Z (Probabilistic Metric for random Hardware Failures) O, B H &R MERZREEOR K Z RLET, Lo/ L
RALMEFEEARN) 7 A (SPFM, Single Point Fault Metric) i%, IEC ® 61508 SFF {Z¥A{LIL T\ &£, IEC 61508 &
ISO 26262 D E/RHENDIBHD 1 D%, 1ISO 26262 k& ICIEIERYE AR 7 A (LFM, Latent Fault Metric) 23BINE
NTNDHZETT, LEM [ Z2 Wi — Ry = 7 IZBI 2l TV | il E BIE I3 T oo | 1 rTRe el
PRS2 GEICOBALINIIRVES, TOT0  IERREIEE RS ET, LFM AN 7 22 83# 51213,
B8 AR W% NI T AN CTEDLININ— Ry = T B Wia kit T 20BN HVET,

4 S LRRES KU R TE b 5 E i

AT DREMEOH DI, T2 AR ERE TR ED 2 FERHVE T, T4 DFEOF AL, BifE
ML | FEWRA s, BYERRIE ., HME T SRR 8 ZLOERORBAEZITET, DT TV H Lig/N—RTu =T
HEBE 2 X AL DRET NI, T A LETHITE AR L, AIRECTHIUIBSIEL . AT A& 2/RREICTHZ LR
EXNET, PERME RS, 225, PR, BE 7 o 2O RMICER L @ E TR T2 AOF v I B4
FT, VI ANTUE, BT O FHRGER M TR CTE A7 IRE iR IR FE T,

PR oY E R IR L, B R B LI OMLE o 2 S IO L ST ALk T TN TEE
7, SIL | ASIL OREFHIIEIMIL, T2 2D LT FIT RAE YL THNHO Tl P iR A e 2 1k
T A OITHESE LT HUE B W RIER 2t AD L~ LB F N FENEZRL TOVET, IEC 61508 & 1SO 26262 Difij
JFOPEFRBIRE ) DB A 1= T 7D T A AL AL A TN D224 IC BISIEHEAR S E L ST L7
= H RSB TH D TUV SUD OifiEa =1 T\ ET, B/ — R =7 BLOY 7 =7 ORRRICET 5754
A A LRI JVAY DRBAT DN T, R—b R—V DR 22 SR TTE3,

RE PR RS E L TR0 T F DA EIT P T 58T TEEE AN, RIBICHD SELZLITFRETY, VAT
I LAV ORRFHEAN, AR BEOEE TR FIT Eov Uz 7rea T IC Z%EH 5280k, #itiEhis
VMERRIRT B I N—R 7 = T EDO R 295 L, SIL BB L O ASIL B2 R —haZenTaEd,

JAJA765 — DECEMBER 2023 Arm® N—XD~ I fa—FE T s P OREREL YA — 5
BHHT T8 74— (DS BR O 5b) #2405
English Document: SPRADF6
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/technologies/functional-safety.html?keyMatch=FUNCTIONAL%20SAFETY
https://www.ti.com/ja-jp
https://www.ti.com/ja-jp/lit/pdf/JAJA765
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJA765&partnum=AM6442
https://www.ti.com/lit/pdf/SPRADF6

13 TEXAS
INSTRUMENTS

AM243x, AM64x : 24215 DN www.ti.com/ja-jp

5 AM243x. AM64x: 22 e LU

TXY R AL AV VALY D AM243x v A 7aaba—T7 BN AM64x 7 aty YD) —X %, Talso<7 L aly
7 avba—7 (PLC), E—#—Hilffl, PEEMMEES — = A OmRy Mol MR IANT 77N A —hA—vay 770
—al THREL 2 Z TR —N T 2IDRFRNIER G SN T RAADO B TT, AM243x 1L AMB4X DY —R|ZI
TRAAFT a0, SIL-2 DT LT (S 100 FIT OB H S22V ERRZREERE) 3L SIL-3 DR E i
IRE T HERL T A2 % BAEL L COVET, VAT A LoUL T, AM243x 35T AMBAX 4t —7 71— T aty
LB DEDLILET, VAT A AT 7L —48 SIL-3 BEOHFT =1 FCER CEIOLEcEEd, ~—Fu=
THBEIE (HFT) =1 1%, 2270 IRA D AN—RU =T HENEAE LG A T, VAT ANE a7 N4
HEREA HEFRF CEDILEEIRLET,

SIL-2 DFH LHIFEAR 7 AIZJEE T, AM243x 35 KT AM64X [ XL 22 Wi INEITIE L COVET, 73 A Lb
DEEZWIL, K 5-1 [TRTIOIZ, 3 DB T IVIHHSNET,

§

Safety Diagnostics

Hardware Diagnostics Software Diagnostics Hardware + Software Diagnostics

Diagnostics supported in hardware.
Software may or may not be needed
for initial configuration, but not

Diagnostics supported by software.
Require CPU support and often need
to meet critical timing requirements.

Diagnostics require hardware and
software support. Minimal CPU
support requirements.

required after configuration.

H 51. RELZEHDE14T

AM243x LT AMB4X TIAFEICTE SV TWADAN—RT =T 2B o fE LT, AM243x 3L T AMB4X DX TDOA
F 7 AEVTHEHIL TV 5 SECDED (Single-Error Correcting Double-Error Detecting) =7 —&T IER®HN ET, Z

PWTHRREIIA BIAVR T LBV 1 BV D AEY =T —ZFTEL, 2 BV SHITT—HD 3 Y DOAEY =7 —% 4
HABENIE DT, T R_RTON—RY =7 B, AMB4AX, AM243X D5 — L7 FUL 7 £V a—/L (ESM)
IZEo TS, FREFROIFEE IS LOME AT LA FEBIL CWET, ESM Va2 — /WIEREIC LT
F—H L B TT =~ DINEIIL AT A AT T =R Lo TT Ry TLTEE T, =7 —RWEDOF T ailid,
=77 4— 27— ' (X 6-3) DT H—hF, CPU ~D @B B FI AR S EE DFIDIA B DR, FIITZ O
WHVET,

AT EM A (CRC, Cyclic Reduction Check) i%, Y7 =7 #ZWrd—4FT3, CRC 1%, 7 VX/VilfE Rv kT —2
TF —Hnhk o7 —& M50k SN E T, CRC EIT, BaERTICT —4% /Wy NSV TH RSN, %
FEUCTHEFEINET, F3HEMEN—BLRWGE L BEFICT — 2B HEL COET, EHLOFERELY 7R =7 T
Thh, FOBELIL AT AT I —RZHVET,

EB512, AM243x BEL AM6B4AX 1%, N—RT7 =72k eV 7 by = 7 2 OREREZ i 2 CUWVET, ZDOXA T DB KoL
LT, NEBT AT R T ZA<BHNET, Uy T Ryl ZA<iTVar CEESNZ AT 2T 9IHEN NS EeE T
TN UET, BRI BROTar L, BT AT RS YA~ w2y T AT 0 T LB FEITL, XA E
ZRBRNESINCLE T, Uy F Ry By hEn Tl Erico - 8a . Fukyhnny L, Uy U TELR
REICT DM ENHHEHERI SN ET,

EEOBNL, T 8AAD SIL & ASIL OB IHERLL TUODDERER T DT2DIT, THRH R AL RV ALY HIREL
TWABELDZBO—EITTE FH A, AM243x B AM64X N R —RL TWAAN—Ro =72 7y =7 2
D—RIZHONTIE, IEL B~ =2 T VEZ MU TITZEN, VAT A AT 7V fHREND Y 7 by = T 2 Wie K
HEFTDZMENRHY, FIEIN TRV E ., T A AT HIED SIL | ASIL §Hliz 2R TEEE A,
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AM243x, AM64x DF>F 7" —77 1 — v 2rzha—Z 5L N FFl i —]

6 AM243x. AM64x DA > FvT —I0F74— 74 0ar 00— KU FFI YR—k

AM243x 3L AMB4xX 12 B5 DA LRV T 2T V% if 2 T4 F v 7 Haia Arm® Cortex®-M4F 7'tz
PEEHLTCOVET, B—T7T 14— v (/uar e —IBL 0 —T7T 01— TR ELTHER LGS, 2O~ /a2
Yha—FEH LT, VAT AOREZR 2 BEEL BFE SIL 3HliZ VAR — N D720 IZ A AR A U AR CE T,
WD —T7T 4— ~vAruarba—J52FEHTHOTIHRL, B—T7 74— v Af/na e —IJ5 R ETHILT, VA
T AANE IR FE AN ZHZENTEET,

AM243x, AM64x % 2 FEH DB —T7 71— v Arnarte—J2 Ll GbELE, VAT A AT 7L —4E SIL-3 &
O HFT =1 OFHliZ 2 72 AT LETHR—M HIENTEET, 2 FEHO =TT 14— v Arrarte—J%E0
FTHILT, VAT AZHDORRE D N—R Y =7 IR EAB NSV ET, 2 DDt —T7 T 4— vA/uarbe—F3FRT
BEREZFATL, BV DR RE /AT =y 7 LET, B—T T 4— T RNDOILO—FNIELIZGE | 70AF =75
FRER) HI)—HDOTNRE—7 T4 — Fr PR HL T AT W Z 20 REBICBATLET,

6-1 1%, 2 >OANEE—TT 4— ~A7varbe—J2fi LT SIL-3 BELOHFT =1 215, 76T 7 a—
FERLET, [ 6-2 1ZFUV AT 2E2RLTWETR, E—T77 14— v rrarha—730550 1 55 AM243x,
AMBAX DFE—H — a ’a—F A SN TVET,

Motor current, speed, and position feedback

AM243x, AM64x Power Stage > Motor and
i«

Motor

Controller

(FETS or IGBT)

Encoders

! Safety Cross Stop Motor

Safety MCU Check | Safety MCU Channel B
Channel A Channel B

Stop Motor

Channel A

6-1. 2 DONEE—IT14— Y4/ BaVFA—5ZEHL SIL-3 BXU HFT =1 DV RTL

Motor current, speed, and position feedback

y

K 6-2. i t—7T71— Ao 0arbA—S¢NEtE—TT4— 40U rA—5%EEH LT SIL-3 BLU HFT =

1 DIATL

AM243x,AM64x
Controller
s Power Stage z{ Motor Motor and
Safety MCU . (FETS or |GBT) » Encoders
Channel A
Safety Cross Stop Motor
Check Safety MCU Channel B
Channel B
Stop Motor
Channel A
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N —TT 44— ~vAraarta—J0845 ZDO—77 1— v Araarha—JXERM RO T oy b Y EE )
W BERB LIRS W ET, B—T7 74— v A 7aahe—J70HKE 12, WO O T (Freedom From
Interference. FFI) HiffizfE L C, v —7 74— ~A/na ba—F% AL ALEER A B IEREST DB N HD F9,
FFI &1, A7 LND 2 DL EOE TN A — R0 A — R KAEBIFR DO AT REMEA 722 & T FFI IXRRED
—JEREL7RVE T,

AM243x L AMBAX 1 X7 7 A T I+ — N EEHL ThoF o B—TF 41— ~Aruaa ha—5%FHEL . AL KA
AL TRAELTARV NN =TT 4— A 7aar ha—F OB LWL TCWET, 7747 74—/ DA,
(2, B—=T T 4— ~wAnaarba—J A RAL D OWET v RN EARET DIDIHEA LT TN Ay M efii
LTWEY, B—TT 14— A3 ba—INA(L AL DTV I a it DL AR IESNET, b
TLW I ar NE T T HRNAA~ BN IGE (A RACNTORBENEROEE), NADRTFrva i3
FBAEI, BT T — RAA N T Ty T EIIuy I T TEOEIELET, A2 RAL D IEFITHEEE
TVt =77 — v Afraarha—I03 Wi LI-56 . ~A/aarha—J137 7747 DEFAL RAL %V &
RN CEES,

6-3 2. AT AM243x. AMB4x Dt —7F 1— <A raarba—F  BEOBETAA( KA DOV
S e—T74— 27— I57 %R LET, BRI —DBRELTEGA, 20T — I3 EHL TUAT LAO/RNT—
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