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FE 24 PO R JE I ER AU, T E RS (WBMS) IEIZHT A F T it 42 A 840 A

BERKIREBIAR . TI 2= K WBMS 248, B AL AR, iR ERE i dt 17—
AR, ZA. TR R E R . ACE LA RS2 WBMS S B 157,

TEAIAT 0 T SR B ORBE S ACRIAR G &, IR Jas 7 s ] Excel B 8L EAMIELICE S,

M HETHHC B AR RCR A

___________________________ Wireless BMS is a modular BMS architecture °
400V Battery, 96 cells, 8 nodes i + Each CSU is connected to a battery module comprised of up
- 8xBQ79616 +8x CC2662R-Q1 | to 24 cells
csu #1 H « Awireless protocol replaces the wire harnessing between

Cell Supervisor Urit

the battery modules and the battery control unit

Bre16 | CC20R ~—i.__ Hardware overview

« Up to 180 cells (96 typical today)

« CSU is physically connected to battery modules

« Each CSU can manages to 24 cells (16 cell typical today)

f@\ __:,_ﬁ * No communication between CSU’s

BCU
Battery Control Unit

CAN

Wireless overview
« High throughput, low latency, robust communication link

! specific to wireless BMS use case
CSU #8 E « Support for > 16 nodes
Cell Supervisor Unit ! « Timestamp needed

L —- + Dataevery 100ms
BQ79616 || CC2662R -1
! ! Wireless BMS solution must address:
L TT—— ] Safety, quality, reliability, network availability and security e

Figure 1. TIWBMS A

TI LB RS (WBMS) SDK &/t & kEsH

SimpleLink™ Jo4R I EE R4 (BMS) 34T K& (SDK)
SimpleLink™ JE£& Hijth & B (BMS) #4-H & B A+ (SDK) TSk BMS Al 45 5 4oy F #2437 4Tl it ik

4, IS T SimpleLink 2.4GHz CC2662R-Q1 Jok MCU 1 Tl LA 64k BMS #HX. Wil
fi4ls TUV SUD ASIL-D Jjfi % S g AT i SCRITEAG PR A5HELTE -

o CHETEIVGAMML L. &, n B ACH I E B R g () R A2

o 1R¥E 1SO26262 L. Black Channel JF Bz 47 KA HR M 1 a5 B e LA, DLV B R G 4R B
TE RS LT ASIL-D rifes

e Simple Link J££k BMS 77 &/} (CC2662RQ1-EVM-WBMS) 42 7 1 it & 1 o4k BMS Ji
AT GUI, At A G RERS IR Pl

o (M EAATYIRBE P HThRER) AES-128 INE HEAT 24zl f5 .

e 7¥F Code Composer Studio™ £E T &5 (IDE).

2 TI WBMS 24019 B ) i -5 EE 1L
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H R SIMPLELINK-WBMS-SDK Ti[f, &35 SDK:

PHETEZ=IE(30K) e
,[..SDK..I, _

SIMPLELINK-WBMS-SDK — SimpleLink™ F=£k BMS ST A EH (SDK)

N SRR
Figure 2. TI WBMS SDK £ Hii%
TI WBMS i =S4
RESHFE N

PAURJ2 TI Lk i B R G (WBMS) iR ELE WS a4, XU E 4 a5 7E SDK
TR ) user_config.h” 30 B,

el Generated Source
% Binaries
i Includes
= app
~ = config
(& user_config.h
= Debug
= ext_wdog_app
= flash_interface

Figure 3. WBMS SDK ¥t & 3t user_config.h”

1. & Hlt (Network Address) :

o USER_CFG_MAC_NETWORK_ADDR: iXj&—/ME—kriieF, BT X AR P WBMS K
%%, EAMUHTERSRAR, & Tk B LA AR . 2 MBI F, iR
RS20 P — (1) IR 28 bl 2 0 B2, DARE G e B SR IR 285 T4

2. HATEERRETEREE (Number of Uplink Slots) :

o USER_CFG_N_UL_SLOTS: X MZHuE X T Mzgdn] LA 2/ DA TEL & 5 (WD) .
A WD #RATE— N EATRERS IS B, R IXASSHB e T8 (SF) g5# A b AT 85 M B
8.

3. BATEEBRI BRI TE] (Uplink Slot Time)

o USER CFG T _SLOT UL _TIME: XANZH&E T8 AT HE I B A Rr SR 8] o I BR A [A]
AR, DA REHR AN RS s A B % E N 200 75, AT BE MR
iz B ) 75 A N B K

TI WBMS 241117 H 51 if H S E L1 3
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4. 1T858 BRETE] (Downlink Slot Time) :

o USER_CFG_T_SLOT_DL_TIME: ZEXNMZHEE | NMTEEEGIN BRI RRLLNT B . 5 EATHERE N
BRI 2R, N ATBERG I B [ iR K, DA AN B RS B N

5. BRERXE (Maximum Packet Retries) :

o USER_CFG_MAX_PKT_TX_RETRIES: XAZ4E L THEAREIRIN (ack) HIEHLT, T
T A (WM BRI RIS X2 T A5 RS nT SE AL 4

6. RIFEFIAE (Keep-Alive Interval) :

o USER_CFG_KEEP_ALIVE_INT: ERFHEINEAT, XNMSHEE 7 L& E T AMLLkik s
T B IEIRG o IX AR & LU MU AL, B R T 7 s TEAR DR 0 e Al k3%
BT B

7. B/PNTEEEET EEE (Minimum Number of Wireless Device Nodes) :

o USER_CFG_MIN_PNW_DEVICES: X/NZ%5E X T 1E ML Rt 72 vh A 250k B ) B /N &
T EEGE. IR IXAEE DLT 1WA A E R A B TR P g A B, U0 P9 2% T2 ol 2 UL o

8. FIf#ET (Scan Timeout) :

o USER_CFG_SCAN_TIMEOUT: XA E | WM EM S A2 rERE . R X
AN ] N A R B W BB T A, U X TR s B R I

9. 4RI (Key Refresh Interval) :

o USER_CFG_KEY_REFRESH_INTERVAL: XANZ¥5E T 154 i M4 3540 AT LIS (50
TR RAEE. BRXMEE, TRV B TGS HM R, DR EN L4
e

10. AR ERXKE (Maximum Key Refresh Retries)

o USER CFG_MAX_KEY REFRESH RETRIES: XAN&¥E X 7 BRI 05 i) e K B
UBL XN T W ORAE S R R B, REiRee A E ISR E .

11. 4 5|%E (Deny List) :

o USER_CFG_DENYLIST: XAZ#H T WA ZBAR R h # BR BRI P iie . it B 464
FIF, AL L TR, e eI AE B TR

12. PRBAEAKE (Test Packet Length) :

o USER _CFG_TEST_PKT _LEN: XMk E 1 WBMS JE &2 Bt B & 1A 2csiamr K
B MEHR B TR N AHEEIRARIEN T, KA MR EE R .

13. WD ¥1#53#%#88f (WD Scan Init Timeout) :

TI WBMS 24019 B ) i -5 EE 1L
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o USER_CFG_WD_SCAN_INIT_TIMEOUT X4 5E LT WD 7EFIUEIRA T HHE WM [ i
(Super frame) (& . VLG E]2 WD fEdE AAF R /T, B LS4 WM [
6] WU 3 B B AT LI WD $65] WM KL 2, (B EREEYIIAM B At E £
R

14. WD R #i{3#5E3B 8] (Periodic Scan Back off Time)

o USER_CFG_PERIODIC_SCAN_BACKOFF_TIME X/™&#5E X T WD fFEFE T, T4
R R OGP R I AT B, B WD £E PR IR < (BRI R B 1] o X AN B TRD 38 35 72 ATIRD Cus)
BT JE I X AN RN EIRE, AT LAY /> WD 1) RE

LA EZE B B T Ok WBMS N2 AR e M 2 e VER Rk 28R B2, TF R = AR BAR 1
82 FH 75 SR 25 1SR A ] B X L8 24

ail, B BRA_E AT OB K T T
AN RO BRI, FERPE 72 g # . I B 20 AL DR RS s A S A £ -

1. Downlink 1 Uplink: F47 245807 mM WM (ki%) #WD 0 , EATIE WD (ki%) 3
WM (10

2. Super Frame: ;2 WBMS W25 i (8] [FD SR A AL, BLE 1 AN FATEERG IS BRAT N AN AT 8RS
i (i USER_CFG_N_UL_SLOTS &) .

3. Slot: [ FEEE T AN EAE S TR B, AT DO BATBERR I SR N AT BERR I R RN B — M
JE RFS ],  USER_CFG_T_SLOT_UL_TIME #1 USER_CFG_T_SLOT_DL_TIME =& X

FHRARWTF:

o o FATEERRERETIA] (Total Uplink Slot Time) : t {UL} = (USER_CFG_T_SLOT_UL_TIME * 16) *
USER_CFG_N_UL_SLOTS 1 t_{ULBZELAMAS (us) AyHAr i) i EAT B 2 B BRI R o

o M TF/THEERI BRI (Total Downlink Slot Time) : t {DL}=(USER_CFG_T_SLOT DL_TIME *
16) Hir t {DL}R VAP (us) JAHA7 e N AT BE RS S B A 8] o

o HWiERKE (Total Super frame Time) : t {SF}=t {DL} + (USER_CFG_T_SLOT_UL_TIME * 16)
* USER_CFG_N_UL_SLOTS M1t {SFM2LAMED (us) B i i st a] .

R A 3 AT (USER_CFG_N_UL_SLOTS =3) R~

WMAIN
Down Link 47

@== USER_CFG_T_SLOT_DL_TIME x 16us  ms==p- €= USER CFG_T_SLOT UL TIMEX 16us msjp <= USER CFG_T SLOT UL TIMEx16us == <f= USER_CFG_T SLOT UL _TIME x 16us ==

4————————— SUPER FRAME - (USER_CFG_T_SLOT_DL_TIME + USER_CFG_T_SLOT_UL_TIME x USER_CFG_N_UL_SLOTS ) *16us ————

Figure 4. FiE¥E, #Wik L TATH

TI WBMS 241117 H 51 if H S E L1 5
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B, RAFESIERAR
76 TI BL B EH RS (WBMS) 1, iHzhiEs (Active Mode) . {REHGEIER (Keep-Alive

Mode,
:_Eto

fAIFR KA B0 FIf7ifiizt (Storage Mode) & Hifiid 2 Gt e FEFEE AT NI = FPA [H] TR

> ¥EEIER (Active Mode) :

[Downlink| Uplink - 0:n-1 DL
T—s

E S WA AR MG G IS RS, W RER MR RIS SMESEE, SUTHE
) M AN A 55

R ETEENEUT, BT R (WMD) MBI T m (WD) #fi2E A s Az i
B, DR ORI 28 R S M A ANz il RPN, T R SRR By, RO e R B it
BEAT I 5 AN AL B H 4

N5t I sl ol A T 5 2 M A PR i 2 ) LA, 5] IR S PR S BT L
WA R G ]

F O

l

SF1-8F71

Figure 5. #EIIE~EE

> BREEEEA (Keep-Alive Mode) :

B PRI B A MR DFERAERE, T AER T T e AR IR 4%, AR

R AERFHESIET, 2 IR AR DB B s R iE s 2, LS R e A1)
SRAELRIFATESS . XA, R AR IS SR, ATTREAR 1 ZhAe. AT EIE LI
PO T, R AT DUE K R A7 A

R DR S 2 T AR A T ZERF S A fan (B 5 ORRF 4 E 3R 37 5, B andE
BE A T AR MRS BAR A B T I R 5

RIS B B S RS A U AR

o USER_CFG_KEEP_ALIVE_INT: XS4 T ERFRE ST, B FTT 8
(Wireless Main Node, WM) F1TCZk 145715 55 (WD) Z [A[J@(E ARG, LAEMUA BT
TR, IRFEE SN E B SN T 300ms .

o USER_CFG_SKIPRX_INT: iXMZHuE T AERFHESNIKEA (Keep-Alive Mode) T, &
TR (WM AT UABE SR AR I MIRE (KAD B BIFESS E SR i mUs 1w,
WM A 2ROk B B4 %717 sl (WD) (%l S % i MRl

TI WBMS 24019 B ) i -5 EE 1L
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Idle DL UL - 0:n-1

Idle Idle Idle Idle DL
(UL - 0:n-1) H (UL - 0:n-1) H (UL - 0:n-1)

H g

B
] ] ] 1,
=

SF 18— > —SF 19 - SF 35— > ———8F 36— > —SF 37 - SF 53— X ——SF 54— X —8F 55 - SF "1 >——SF12——1>

Partially Partially Partially
Active Active Active

Figure 6. KIA =18, SKIP=3, FHEFEAREE

Dewnlink| Uplink - 0:n-1 Idle Idle DL

(——sFo——x—sF1-8F 17

> T (Storage Mode):

o EN: fHEAUE R RER I, WD A S WM iEH:., WD 2 € #5¢ M Jo 28 r A b DL
DRERETHFE. AEXFIMEICR, WD 2R B e B DL TE 2R 5 A (Wireless Main
Node, WM) [rjF3.

b fﬁ)iﬁ
1. ARTHE: I SCHITCL R, B3 FRK WD fIRE
2. JESIMERGRE: WD 4% IR E N A FRE S, T WM B 4
3. WEEMHMER: nTLhfd 2% USER_CFG_WD_SCAN_INIT_TIMEOUT fit & WD
TEMTARARAS T HIF A I
4. TPCE ARARET . W LU 2% USER_CFG_PERIODIC_SCAN_BACKOFF_TIME
Pie & WD £ 5 K41 4t 2 18] B ORI ] o

o NI AP GE R AR AR AL T E K B Kig s 5, S Sl
I A ) T A S B b i

USER_CFG_WD_SCAN_INIT_TIMEOUT
HIKEIWM

HNFHEE [EEAttRE
tatiE — Storage Mode USER_CFG_PERIODIC_SCAN_BACKOFF_TIME
WDZERSS)/ 1202 Scan for WM HENEAME ey
300ms"3 P Active Mode
- Network Formation SFAR
FEIWM Scan for WM
S43)Wh—— SuperFrameTime * 3
- o
Figure 7. FMBUREHE
Excel ZH I E TR

WBMS )2 H e B e 2 TH SR AR R &, Fah i SEAEC E S BRI 3O 5 th e, i
Excel AJ LB Hil5E ) sSUAIEZHR B3 i SAL A O AR, i (RS 50 B HERPE . 3X
T RGN E AR R R E

TI WBMS 241117 H 51 if H S E L1 7
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Excel TENMAKX TR

T HPFAGE ST T, S N R. BArCRRE S 80T E, DENYLIST AR & M a2 4 k.
25 “user_config.n” TR % 5 S, T EER UM P AT EN

BEAR, BHEL. SOFRUTRERTEER, MAOLRATE, FEFRE.

D

A B c
S8 (BB TN "user_config.h” i) value (HE-HAFREA, K&-HEERLEREY) unit
15
250
70
40
14 14.0
32767
32767
5000000 us
OXFF, OXFF, OXFF, OXFF, OXFF
11 |1 UNIT 16 us
12
13 | BF GRS MASETHEER
14 |tSUPERFRAME_US 21440 us
15 |tTOTAL_DL_SLOT_TIME_US 4000 us
16 |tTOTAL_UL_SLOT_TIME_US 16800 us
17 |tTOTAL_UL2DL_SLOT TIME_US 640 us
18 |keep-Alive Interval S T2 | s
19 |WM_SCAN_TIMEQUT 703 S(Fh)
20 |WD_SCAN_INIT_TIMEQUT 703 S(FD)
21
22 | S SEIRIE T B EMEE
23 |Payload Lengh 200 Bytes
24 | Down Link Time 896 us
25 | Up Link Time 872 us
26 | Convert to DL_TIME 56
27 | Convert to UL_TIME 55

#iFcommnets

HRIERIEWORTEIEIEX, FlaN15T5 mRIEBIEA 1S
HRIEMTAURSIEEK, BINEREIAE2S0

RIE HATAUREREER, EUERERiMET0
EINEFRERIAIE40

RERTEHIERE, EETEPETRA

WMISEERE (B , BedaEEam
WORIARITIIERERT(E (HBIEY) , BRI Storage mode
BEAStorage modefZ, MaERIEKATHAIERREE

AI{FHEBRIAE 5% BIT“WBMS_DENYLIST'FHTELE

AR

TTHERSET

iThERRRT

S TR TR A A

1EEFINT 300ms, T &AT, #E35“USER_CFG_KEEP_ALIVE_INT"H{E
WMAINSF RIS SR8

WOHHARITI RS SRE R

AT

header_len = 18B + ack_bytes (1B-4B), footer_len = 4B
header_len = 14B, footer_len =48

tpkt = (payload_len + header_len + footer_len)* 8+:2Mbps

WBMSE#ites [ WBMS DENVLIST | WBMSasSZERE | WBMSEAHOSTaR St |

@

Figure 8. EESHHHEAT

“

| c D E F G H i ) K L M N o
L RS LS (Mhz) s
2 a7 HHISR FF FF FF W FF
EN] 2404 1
4- 1 2406 1 3 001 2 3456 7 8 91038 MI21314 151617 18 1920 21 22 23 24 25 26 27 28 29 30 3132 33 34 35 3639
5| 2 2408 1
6 3 2410 1 ’
7] A a1z . - Configuration
8| s 2414 1 [ pata
a| 6 2416 1 s
10| 7 2418 1
11 8 2420 1
12’ 9 2422 1 2410 2470 2480
13| 10 2424 1
1438 2426
15| 11 2428 1
16 12 2430 1
17| 13 2432 1
18 | 14 2434 1
19 15 2436 1
20 16 2438 1
n| 17 2440 1 1
2| 18 2442 1
23 | 19 2444 1
| 20 2446 1
5| 2 2448 1
26 | 22 2450 1
1

A 7~
PLF 248 H 1% Excel TR

> BB 154 WD M, 52 100 MS FTTI A& — 8, WM AR [aE] 20 75,

[ | WBMSZ4{1+8 | WBMS DENYLIST | WBMS&x%%Enk | WBMSERHOST&SM | @
Figure 9. DENYLIST #/E5H

iR, IR ERRE R (Keep-Alive Mode) I THEERAL .

8 TI WBMS 24019 B ) i -5 EE 1L

ﬂ?ia

TR 8T R R SR 1]

5 FIE]RE£F
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7t Excel T.EK “WBMS S8 8”7 Ao o X I «

0N @ e WM

>

USER_CFG_N_UL_SLOTS : 15

USER_CFG_MAX_PKT_TX_RETRIES : 3

USER_CFG_KEEP_ALIVE_INT : 14
USER_CFG_SCAN_TIMEOUT : 950

USER_CFG_PERIODIC_SCAN_BACKOFF_TIME :
TUAE R T S48 SR IX T DL 3

5000000

tSUPERFRAME_US : 21440 us
Y= ~, NI ML fsh N,
tFTTI : 86 mms, Jii&/NT 100 ms FTTIZsK, AL T & 2R
N > - A N
KEEP ALIVE INTERVAL : 300.2ms, dF#42iT 300 ms, fECRFFIEFATIFES R
WM_SCAN_TIMEOUT: 20 S
A B C D
BH (EEE NN user_config.h” %) value (B -FAWA, K& - HHSEREEEEN) unit #HifCommnets
15 TRABRIESWOATEIRIEN, FIHN1ST mMLEIEEN15
70 16us TRIE HATHiRE S EE, EUEmEIAME
250 16us RIE MTEIEE K EEH, BEUEmEBiAEs0
40 16us BIVEREEIAME0
3 SAEERE
14 14.0 RERITEHETE, BEAEPBRTEHA
3 FABIAMES, TERMELT, WMBHTIREE KA FiftiTiEl
OxFF, OxE3, OxFF, OxFF, OxFF TR E 28 BT “WBMS_DENYLIST" i TELE
950 SF wMISFSERTE GEhE) | ERSEIERE
15 ERESERITERNRE NS MNIETSHE
16 SF WOTEH N\ EERSRTATR S 2 AEIEE
950 WOFIERIFIREAE (i) | AR storage mode
5000000 us i A\ Storage modefs, PRERIEMETEIEMERTIA
|1 UNIT 16 us
BEFEERTMASKIT SR
tSUPERFRAME_US 21440 us e g
_tTOTAL_DL_SLOT_TIME_US 4000 us TTHEREATR
tTOTAL_UL_SLOT_TIME_US 16800 us TR
_tTOTAL_UL2DL_SLOT_TIME_US 640 us 2R TR T TR IR ()
tFTTI 86 ms Fault-Tolerant Time Interval (tftti), SEIEREFEX
| KEEP ALIVE INTERVAL G - ETF/NF300ms, £TEAT, $EH"USER_CFG_KEEP_ALIVE_INT”HI{E
| WM_SCAN_TIMEOUT 20 S WMAINSFLESIZ SRR
_WD_SCAN_INIT_TIMEOUT 20 S WOHISE R RS EEATIA]

Figure 10. Z¥(ME 75 T A=A

HER, HIEA R, HHENATRMAXERE. WxF 15 MR e, 5
USER_CFG_KEEP_ALIVE_INT & &R 15 i, RIRLf, RRBAKNSHAGIE.

17 | BT EEHRHEASHATRIER

18 |tSUPERFRAME_US 21440
19 |tTOTAL_DL_SLOT_TIME_US 4000
20 |tTOTAL_UL_SLOT_TIME_US 16800
21 |tTOTAL_UL2DL_SLOT_TIME_US 640
22 |tFTT1 86

23 |KEEP ALIVE INTERVAL

24 |WM_SCAN_TIMEOUT 20

25 |WD_SCAN_INIT_TIMEQUT 20

us
us
us
us
ms

ms
S(FP)
S(FD)

FRITH

THTHERSATE

_ATHEREAT

PR TR TSR

Fault-Tolerant Time Interval (tftti), SEEREREE
ERH/NT300ms, (TEAT, {EH“USER_CFG_KEEP_ALIVE_INT"HJ{&E
WMAINS EIR B [ 35 FaRIRTIE]

WDRIEA RIS AR ERETE]

Figure 11. TIE4REHIEEREI

TI WBMS 241117 H 51 if H S E L1
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10

>

W ENCE USER_CFG_DENYLIST, i5#: %] Excel i “WBMS DENYLIST” %, ZRIMEZ
“OxFF, OxFF, OxFF, OxFF, OxFF” , Xonpry ffaidia b e, wiitik 10, 11, 12 @EAS
s, KexrRomE A 1”7 sl “0” , MR EERA “OxFF, 0XE3, OxFF, OxFF, OXFF”
2R HBFIPE] “WBMS 2057 Kb, nJEEHE 2] “user_config.h” w1, W FE
B

A B C D E F G H 1 ] K L M N
1| EERS E (Mhz)  EFEHER

2 37 2402 eSS FF

3 0 2404 1

a 1 2406 1 W01 2 34567 8 9103BMI21314151617T 1819202122 2324252627 28 29 30 3132 33 34 353639

5 2 2408 1

6 3 2410 1

7 1 2412 1 - Configuration
8 5 2414 1 D Data

9 6 2416 1 ¢
10 7 2418 1

1 8 2420 1

12 9 2422 1 2410 2430 2470 2480

13 10 2424 0

14 38 2426

[y
u
[y
[

2428
2430
2432
2434
2436
2438
2440
2442

[
(=]
[y
ra

ORI
B O W )~
R =Y
~N oo W

[ e S S N Y (= =]

]
5]
[y
0

Figure 12. WBMS DENYLIST %4 F =%

e, I Excel REIREMNSEIE )G, FMHRSES NI Z] “user_config.h” ST

O

CC2662R-Q1 SimpleLink™ ¢ BMS MCU #(#;7 (Rev. C)

BQ79616-Q1 H#i 7/}

SIMPLELINK-WBMS-SDK Document and User quide

M T A ZE SO S I B 26 I P R 5 (WBMS ) fER T %

The next generation Wireless BMS using the CC2662R-Q1

More miles, less wires: Revolutionizing automotive battery management

Using wireless technologies to replace cables in car access and battery management

Comparing wired vs. wireless solutions in automotive battery management systems

Connect: Trends in automotive communication

Three questions to ask about wireless BMS for hybrid and electric vehicles

TI WBMS 24019 B ) i -5 EE 1L


https://www.ti.com.cn/cn/lit/gpn/cc2662r-q1
https://www.ti.com.cn/cn/lit/gpn/bq79616-q1
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https://www.ti.com.cn/zh-cn/video/6277102329001
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https://www.ti.com.cn/cn/lit/ml/slyp691/slyp691.pdf
https://www.ti.com/video/6345487440112
https://www.ti.com.cn/cn/lit/ta/sszt336/sszt336.pdf

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.
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