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7 VE4H B
7.1 MR

TLC6989 /& SPI 5#&:m i sh T4 1 (CCSI) Z I SPI At Bz AT A IKz) TLCB98x R AT M A= 1)
200k LED K80 . ZURkasPH IR B 32 LED sl a8 A BR 1 .

TLC6989 i FHl PN ik 7 ais AN b 73 41 25 CCSI S i ] G A2 A E ST BRI . SPI A B 21 i) $edls v+ i CCS
A e, b Bl IS Bion 5. CCSI AR I 2 K 2 7 7T 1 TLC6989 7k T th % il 45 A F] SPI i3
B S PP S AT AR I RBENLEL 3 (I ) ThRE , ATFRAR EMI AR

FERE R SPI AN BHR IR Bt 5, TLCB989 2 A Bl A T /& KR AR AL ML IS A X T+ CCSI At 2 i) Hodfe
T, TLC6989 2> H B/ M I A I AE AT I B B R I 4R o5 o AP 8 5 DAL SPI SIS, R df fr FIRL 56 fir 23 KL
o545 5 A ER o

TLC6989 fE4% % SPI Ahist i i i) M v I B Bl A i (4 R 555, DA IR AN ALK SPI iy & 4R 8 A [H] (1
CCSI fig%. Hfrfiffdh 7 LA SPIELEUN |, K w43 o vh 2 I BR 45 R 749

TLC6989 ) SPI A& I 2k i E TR NG . *FF CCSI, TLC6989 £ LE! 4 i) THIS AR PRI RS HL %

2
7.2 DREJTHER]
Bandgap | | ESD
osc Spread
Internal Spectrum
LDO uvLO
SOUT
SRAM CcCsl
(TXFIFO) Controller | CLK_O
SPI —L
Peripheral [
Digital Core SRAM ccsl
(RXFIFO) Peripheral
CRC SIN |
{]
[ FAULT
—— OTP
DRDY
-]
GND [|]
Bl 7-1. DhReTs fE A
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7.3 RetEULEA

7.3.1 EB IR A0 6

7.3.1.1 BH4HE

TLC6989 HA — NN IR A |, %R % vl Nas 42t 40MHz RGH 4. KRG e0 A T HAE S 725 .

7 HE S 1A

H

Wik G 4 [ THTHIN 4% (twp,osc) FEIB H POR J5 HaIE M. WIR A #RIR G #4451 U1 i 18] twp,osc » AP
2E T PR R RFEE N (POR) RZS , BEWRG & HUOT IR VI . ARG &% HAE RS0 B

7.3.1.2 LR B BT O (CCSI) B4

ik CCSI s LmEdim kA R dh. RAtT 16 Do Missie T ( 44 CCSICTRL ()
CCSI_DATA_RATE ) , Ay LED 3X#h28 4 1655 STHL T 75 BB ERA50R .

Al DLl L A g R AL R AR CCSI mBh b AT ), DLoE RA N EMI PERE. /7% CCSICTRL iy
CCS|_SS_CLKO =B &1 5 FH/E#. 24 CCSI_DATA_RATE * CCSI_SS_CLKO * 2 /T 120kBit/s It , 14 FH
30kHz ffIAIR . 0, SR A 120kHz,

7.3.2 Z LRI #HE fTE T (CCSI)

HES B A ATHE I (CCSI) $efitxt LED Rz 4% i 7T 4 F2 D BE 27 A7 4% (U7 10, X LL XS & LA 18 58 1 S R 1
CCSI =il #8f1 CCSI 4t Al HFATEHE Mt (SOUT) F & AT ¥t (CLK_O) AT CCSI #&#il#%. 4 CCSI
R SR BIERT |, SOUT W E AEHEE T |, i CLK_O fRFFA BFELL . JELEN FfE 3 EHERE. &
FITaGE L CCSI il d BEAT 64 , #30F /R 2L TIERRE |, IF HAAJERR FLAG_POR #ri&.

CCSI St —R4 , ER&BITHIMA (SIN). 5 CLK_O —FERIN#hiEF AN Hd .
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7.3.2.1 4R

2 CCSI Hhim & F . B 7-2 % T a2 fEHig . —&%maa =MRE

W : CLK_O & AR Hi%ES:. SIN & N H .

START: SIN 7£ 25 AR J5 M s B A8 A% HL P o

DATA:

- Head_byte : iy 2 FRiRAF , BEH—A 16 MM — ML

- Data_bytes_N-1: BN EHEF 105 3 x 17 A ¥ , A 17 A EBIR A —4 16 L3R A — MR
£7.

* END : iZ#/F 215 SIN _EESE 18 M i T, ARG IR A1 25 RARES .
BEBAL « RISAL (55 17 47 ) WIE A2 26 16 ALpIE , DA RFS: 18 fim P (5 END X4 HK ) »

TRWREAZBTH , XEWRAE T — 521 START MR T] DU 2 25 672 £ END IRZ

“we o | .
SI;\I\I\I\— ___________ _ __—_ ______ _‘H —/_\—_ B —/_u_\—/_
% H \ v Head_byte X Data_bytes_N e x Data_bytes_1 M End_bytes i: i
LTDfI:IfEfJg'fr}il:f{:l:w 77777777777777777777777777777 D KfAf7"7""W"""WW""WJ fffffff END “IDLE
Bl 7-2. fir &4E R
7.3.2.2 r L RFIMF L

FMASFE T CCSI A 2 B A E /b —4 END 717, ARl A ka4 . TLC6989 & EfLmsek H —
% SPI iy A M AT E 5 J5 B i N —/~ END 795, {H72 , 5T TR CCSI a4, LED IXaha% 2 M 34 v s
g, EIXMELT , LR — END 9 A & LLIX 4> CCSI #Mg K Hi I 2% CCSI 4. Wi END F#75
AL, CCSI # il #8f CCSI AMEIB RS . ZAMRETRERIG . Filln , B & 75 75 Bk Bl 31 i 20 47
£ RXFIFO W | B 275 % B T RIRI M EUE T HE CRC | 353 FAEam s it 5 1) CRC #i4T L. Wik
FE%k , Al LME ] SPI #v4 SOFTRESET_CRC f# CCSI x| #s fAME K Z A2 . SPI 5| #8715t CCSI iy
Z A a5 END AR ERFZD |, 1K@ A #f N F4 END 715104 A SPI iy 4 Rl

7.3.2.3 CCSI #r4-F\31

CCSI #Zilas fe X 2 2% SPI ar S EATHEA . XMW | 24 CCSI 4% g3V EAGEI | SPI AMSHT EAICHT ) SPI
RS, HimRIETEE , K BEIKIEENM 4. B 7-3 BT —Awfl. s, mizEd , 80805
THSE 16 fiL. IXRRE HHTEERONS , WA, R fld , CCSIHRALT SPI A

2 - EIEES m seicvo [ @
| |

Data0 | Data1 | Data2 | Data3 |

sSDO

SOouT

& 7-3. & CCSI i 2-HEBA K741

7.3.2.4 CCSI BB AL AR I A7 4 NFMHIBR

TLC6989 2 H sh#fi AFIMIE: CCSI i KR ML AL IGAL . IX RRE Y s Hl g B n, |, A iX e 46 A SPI
Blusrh. tbAh , HEH SPI skl |, RIG M AR S8R . X2 r= A iE 16 47 SPI 27 . tbIhRe
P an il 7-4 Fros. fEARSCHMHE RIS, AR S RES A ARIRAL
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DATA_RD ‘ CRC

|
|
SDO : | Data0 Data1
|
I
o = =
SOuT g Data0 3 Datat K |
) [®) o)
c = =
SIN |g| Data0 |§| Data1 |§|
O O
Bl 7-4. 18 A R ke o Sr AR A B 451
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7.3.3 FIFO

TLC6989 H A Kik M FIFO. FIFO [y 4 il LN BB 478 0 (CCSI) & FH . XEWELH FIFO
(TXFIFO) /& SPI #h U o1 CCSI il #3 £ % . U FIFO (RXFIFO) /& CCSI b Uit | nf
A3 H 25 SPI AMAEEREL,

AN FIFO #4216 755 I 2e NSe AR s 22 i IX . FIFO H T/ 55, LA 2 3di 48 SPI i 4fI Al CCSI i
P AL S I P 2R . TXFIFO £RAF M SPI B 858 X 3| CCSI I Bhis A 7] 1 %4 . RXFIFO {47 M CCSI i}
B AE B SPI s ek 1 1a) ) H 4

24 SPI 4R DL T CCSI I8 is M ZRIE 471, TXFIFO 23724 i At CCSI #5428 4L %11 SPI 4h &k 211
Bl . THEER (TXFFST) S EREZMATAAETE TXFIFO 4. Kl 7-5 F#iid T SPI bk LA CCSI il 48 5 &
BB B AR B AT I B IBTER , fEZET , BAEEE A E 16 AL, IXRRE M RO, B AR 5%
k.

SDI W Data0 Data1 Data2 Data3 n

TXFFST 0 1 0 1 2 1 2 1 0

SOuUT Data0 Data1 Data2 Data3

& 7-5. LA T CCSI #=H3 1MZEZ 1T SPI S~ B

2 SPI AMELLE T CCSI #5H| S m 2 R R Z TR , TXFIFO B T & 5e 2 SPI /Mg ETHIEE |, R
CCSI &l #s A iafet . RBIXM L, BT SPIAME M AR BRI S dE 7, CCSI A% it T L 481 7C 7 15
1B, & 7-6 R T B TR .

TXFFST 0 1 2 3 2 1 1 0

SOUT Data0 Data1 Data2 Data3

A 7-6. LMK T CCSI #=H| B FIMZIZAT I SPI SN~ 15
T RXFIFO , CCSI A&l s i 304 H A7 7E RXFIFO H1. SPI 4%\ RXFIFO 3z HUEHE 34 AL i 3 SPI
P, Beob , AT RXFIFO , SBAETE— A HMEs (RXFFST) SRERER 4 B A2 it (F1 50H 7 (1 S

HER, HUEAE END 7R, 6K 1. END FH AR S AL RXFIFO F1. 54k, A% START
f7F1 CHECK £ .
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7.3.3.1 FIFO IREAEIE#4 (DRDY) F i

TXFIFO A% (TXFFLVL) =il CCSI =il 23 Tt Lt skr + SPI CRC 1) SPI # kfin 4. BT IEM#E FIFO %
FE, ArLARG Ik FIFO i A R . W E R T SPI B8 i F1 CCSI BB 2 (a2 5 #24ikes SPI #h s it
BRREIE . CCSI ¥l 20 B REE | DARCERE R BRI B KK E .

RXFIFO ¥ (RXFFLVL) #%# ¥ 54 (DRDY) Hlkr. 4 RXFIFO i %ds = ¥08:d RXFFLVL i , DRDY 3|
A NB AL . £ RXFIFO B HEZ ¥ 201, i% DRDY 5| {#FZ 4 (CHF. RXFFLVL ¥ &5 TXFFLVL
HAMERIAECM , RO 25 R 3 o KK B 4y CCSI A i Bl 4 BIR . B 7-7 HhdiR T
DRDY 5| AT ARG

SDI DATARD CRC
|
SDO Data0 Data1 Data2 Data3 ‘a
| | | |
l l l l
SIN Data0 Data Data2 Data3 I I I I
| | | |
| | | |
| | | | I I I I
RXFFST 0 1 2 3 4 3 2 1 0

DRDY

B 7-7. RXFFLVL 7723 E N 3 AT DRDY 5| R

LIl END 775 H RXFIFO {74 RiE ] RXFFLVL I, DRDY 5| Jfith 238 A8 A
7.3.3.2 FIFO i&B&
i L IEEHEATH CCSI A4 , FIH@I #4745 TXFFLVL Ty TXFFCLR fo#4 TXFIFO jikk. X% TXFIFO it

e (TXFFST) B47 4 0. BABI A BT A v 2 Z0K 5 FR . CCSI %441 2% A 3136 A —4 END =1k 547 LED BKz)
2%, CCSI 4 dkst IEH T4F. TXFFCLR £z H 35513 0

RXFIFO _E (% v] 1 %577 88 RXFFLVL H1ff) RXFFCLR frig%E . iX£¥ RXFIFO it#i#% (RXFFST) B4 A o
W CCSI AN IEFE U T BEAAETE RXFIFO LROEE | W4 X Zar & 15 1k 47 fi . CCSI MR BRI~ —
CCSI i 2 181E SPI fr 2 W RIRIE R . CCSI E# 884642 E % T/F. RXFFCLR {2 B30 [EF] 0
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7.3.4 287

TLC6989 &AL A3 44 N H AN ZR A /M2 W o 1Z 2 A 38T FAULT 5| IACR S F A4 I 2 IRE . SPI %
il 2% D UK B i A 83 T IEH BT IRE . ATRLUEIE S N STATUS #4738 1 H CLR_FLAG i K i B i f »
AL RAEEIE R OTP CRC #HEAM LB PRSI . CLR_FLAG A2 AFhiR [R5 0. WM&k F4E |, WSAE
N UK S B B AR R AR &

7.3.4.1 RESiE

2 VCC HEME UVLO BME LA TR, S8Rt R HRE . BRI E G |, 23S B BIvameRs |, 68
FLAG_POR f1 FLAG_ERR W& N 1. SPI #=#I287] Ll 27 7725 CLR_FLAG B A 1 RigkRIXEedr &

7.3.4.2 P B W

P B B0 T I T 2R (twp osc) TEIRH POR 5 B 3lE . WS Pk #3151 V)3 i it (R 0 twp osc , W
[k H H FAULT 51 g b 2R . S BiA7 |, SR e BT i V)RS , FLAG_OSC Al FLAG_ERR %
BN 1. SPI #2820 L A TLC6989 J1H] CLR_FLAG 5 A 1 LU MIrE.

7.3.4.3 SPIEEE%

TLC6989 nJ Wil SPI 5 N 1 1M 83 FREAS L 228 F AR AE I8 (5 25 O 0] b N 2 S B 2L SPI e 24
FFEN IEFIRASES , THT 88 TF LA T SR 26 201 SPI a2t , I #8280, M 11 THit d5s i
BV B R PORES , K DEV_STATE # & N 0x3 , FLAG_ERR # & N 1. SPI il 25 vT LA ]
TLC6989 F[m 7 /728 DEVCTRL Hi EXIT_FS B A 1, ARG KE N B IOK S E R B NIEFIRS. B
THIN 2 A IE I 27 A7 2% SPICTRL H1# 2 fi77E% SPI_WDT_CFG #1T4%f% . iBid¥ SPI_WDT _CFG #% & N 0x3 K
AEFE IR 2%, AT 10 88 B Sk N SRR R A

Copyright © 2024 Texas Instruments Incorporated FER PR 15

Product Folder Links: TLC6989
English Data Sheet: SLVSHF5


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tlc6989?qgpn=tlc6989
https://www.ti.com.cn/cn/lit/pdf/ZHCSXC6
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXC6&partnum=TLC6989
https://www.ti.com.cn/product/cn/tlc6989?qgpn=tlc6989
https://www.ti.com/lit/pdf/SLVSHF5

13 TEXAS
TLC6989 INSTRUMENTS
ZHCSXC6 - NOVEMBER 2024 www.ti.com.cn

7.3.4.4 SPI @285

7.3.4.4.1 B{ritht 48

TLC6989 n] 5l SPI 5P SPI B4 it 2@ EE N . SPI a2 Bal)G , iFI#2E 50 |, 3 HAS B 78 1 H i 2%
i 2 T e e B A (B AEHR AL ) o Sl SPI iy &, TR ES A SCLK 51 b (1 28— AN ik e
Bk b UE T4 ( CS IR TEPIRE ) o USRS F—> SPI &0 |, TH 886 R E T I HTH
B, SPI AN S E AL AR SR U R — A SPI @ d ¥ . k4h , FLAG_SPI_TIMEOUT. FLAG_SPI I
FLAG_ERR & E N 1. SPI %28 1] L] TLC6989 Jf: ] CLR_FLAG B A 1 LUERrAzE . SPI &AL 2% nlil
i %5174 SPICTRL 1) 4 77 SPI_RST_TIMEOUT_CFG #HT4fE. Tl #iAE CS 5l A LIER NGRS
5 A A 2% .

7.3.4.4.2 /1 ¥ (CS) K1

WK CS 5l B4 2 2 4 s iR R AL SPI A . X8 E /RS SPI iy & se i B SPI AN SR N — 2k 2B 58
M. R CS SIHATE SPI SMEFEULE] SPI i &7 5 (AAE R B B A dr & 2 mi# himr , Ul FLAG_SPI_CS.,
FLAG_SPI #1 FLAG_ERR =& &N 1. SPI #iil#nl LLij 7] TLC6989 Jfn] CLR_FLAG S5 A 1 LAJERRIRE .

7.3.4.4.3 CRC &=

CRC 42 SPI il #s &E 4 LU & TLC6989 T IE#H:ILEIk B SPI ¥ # T A F M a2 M5 — 1. SPI
AR AT H A 7 (A4 SPI dr & F AL EE T ) i) CRC fH. TLC6989 i A+ 1% CRC 7+,
B E K CRC ZHBIHNK CRC FiHATH®E . WHEP A CRC FAULK , Ml TLC6989 <t
FLAG_SPI_CRC 1 FLAG_ERR & E N 1. R#EILEIM 4 , TLC6I89 2= K 1% 2 Bk B b B i% iy & SPI %
Hil 25 T LA VG ) g8 4F 9F 1 CLR_FLAG S5 A 1 LhEktrdE . ZFHNMAFRM CRC Hik. BILEIE N CCITT-
FALSE. AJLM#EH REG_WR SPI #ir 4 ¥ H ¥ %y CRC-16/XMODEM %%, Hi% CRC k)5 , T —% SPI fr
ST .

7.3.4.4.4 FHEBSANTH

CCSICTRL 17 #%(E CCSI =il gstL 4 ¥in sk CCSI AN BRI 22 1L B N . IXFE , CLK_O _EfiESEN i
Hat4 5 SOUT LA &% SIN LRI B (R —3. M H 48 CCSI il %% A/l Ah 8k sh B 10] 223 5\
CCSICTRL {728} |, #3442 E kG 23X Rl 3K FLAG_SPI_REG_WRITE % &N 1. SPI #&ifil28ml L[]
20E3F 17 CLR_FLAG A 1 LAEB bR &

7.3.4.5 CCSI EEE%
7.3.4.5.1 SIN BE2 87

CCSI #h& s N (SIN) 5152251 . 75 CCSI =il 23 T aAL ks ( SOUT 5 i1 _E )32 45 iy v ~F 2 HE
) f5 , PSR G RS, WRAETRSES (5 ZRE ) 2/ SIN 5] R AW 2 ), )
FLAG_CCSI_SIN. FLAG_CCSI il FLAG_ERR ¥ & Jy 1. SPI #%Hl42r/ LLijj 11 TLC6989 [ CLR_FLAG 5
A1 LSRRG

W& FLAG_CCSI_SIN K , CCSI #ziil# A1 CCSI #hxrgeiB HFID . Kk, TI @A E T br &5 AT
SOFTRESET 4.

7.3.4.6 CCSI EfE4HR

CCSI #MiZ WU B R . XA E Bl B EER AT RIS A Il |, 17 R 20 RIS N EE 2k CCSI il 25 A& i i)
AR CCSI & 34T 8 e A A

7.3.4.6.1 CHECK f/#%iR

&> CCSI #7171 CHECK ( 25 17 4> ) iz A5 /&% 16 fii. 23 CHECK fi 5% 16 frAH[FI
FLAG_CCSI CHECK BIT. FLAG CCSI f1 FLAG_ERR & & N 1. SPI %% nl LAja] TLC6989 I A
CLR_FLAG 5 A 1 LAjEBRAr&E. CCSI A& IF IE#EUC AT CCSI a4 5545 , HRHZIE END #15. ZJ5 ,
CCSIAMEIEH TAE , H5HiRbr ERPIRETL K.
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7.3.4.6.2 S BIELLT

RTE LED IREN4: A4 L85 P sl e ity CCSI il 35 4 B A5 CRC ) TLC6989 iR bR, £ T
CCSI w2 WAL 71t % CRC {i. —H CCSI AMHZI R4 , Sl ik T A S RBIMm 7 i 55—
CRC. AT MM it H K CRC S THKRIMF1HE M CRC AILALK , FLAG_CCSI_CRC.
FLAG_CCSI #il FLAG_ERR &% & N 1. SPI i #s 7] LLj ] TLC6989 Jf:1n] CLR_FLAG B A 1 LA IrE

4 SPI iy 4 LL FWD ( #74 0x2 % 0x7 ) Pk |, 2 #r SPI & 15 — M7 41755 A\ FCO £ FC15
( OXAA0O0 Z OXAAOF ) 5 VSYNC (OxAAFO) CCSI ir & ULHECRT |, 5P AT 3 5 Bk 12 1

SR LR AR GRS, CCSI #2451 CCSI AN ATREA R . ERXMIENL T , TI #i3AT SOFTRESET fir

4,
7.3.4.6.3 CCSI S M 7)5s

BINFI T K Z a4 Bt CCSI 5| 8% KB e TiH 2 1 CCSI M stielint |, TLC6989 AR . 244 BA I Cik
H SPI #M&#£ U )# ) CCSI w4 B , FLAG_CCSI_CMD_QUEUE_OVF. FLAG_CCSI 1 FLAG_ERR ¥ &
N 1. Ak, CCSI fr A FAFIF TXFIFO 35 % 7 35 TXFFCLR #H[H . SPI #x il #% 7 LA [l TLC6989 H: [
CLR_FLAG B A 1 LUiERARE . D AUERR AT =65 & LUE RSG5 CCSI a4, I H CCSI =il 2% v] DL ik f%
LETEAE/ TN

¥ # FLAG_CCSI_CMD_QUEUE_OVF i , CCSI |1 CCSI #hX ATt 2B AD . Hik , TI @ERE T
bR &S 4T SOFTRESET 74

7.3.4.7 FIFO £l
TXFIFO 1 RXFIFO #4 H C i AT R ESi2 . DU &8 B e/ X B N 25 .
7.3.4.7.1 TXFIFO 25}

4 TXFIFO Ci# (TXFFST = Ox1FF) H. SPI M H i B8 50 7 (X Lo 504l 7 b A7 i /£ TXFIFO o ) B,
FLAG_TXFFOVF. FLAG_TXFF #1 FLAG_ERR ¥ #& &4 1. 14t , TXFIFO 35 % /75 TXFFCLR #H[H. SPI
il # T LA In) TLC6989 H1a] CLR_FLAG 5 A 1 LI Rbrd . 2 BRE R br & DB /E TXFIFO EA-f#r
[f) CCSI ¥im7 , 3+ H CCSI il % il LA 4 44

7.3.4.7.2 TXFIFO T

24 FIFO A% (TXFFST = 0x0) H. CCSI & #8243 I\ TXFIFO LHUH 7 , FLAG_TXFFUVF. FLAG_TXFF f
FLAG_ERR #i#&&E N 1. CCSI il #s IEE#EAT FfE 47 1k SPI #& |28 7] LLYjIa] TLC6989 Jf[n] CLR_FLAG 5
A1 LSRR E . DIUSHE RS ERESZE TXFIFO FIEM%HT I CCSI $dEF |, 31 H CCSI #4247 LUIFF 4k
(R TRAETTR

7.3.4.7.3 TXFIFO £ —£4i2#l (SED)

TXFIFO %2 — MBI AL LRI . 247E N TXFIFO 347 152 B A BA A)AS I 21 /N7 885 1% B, FLAG_TXFFSED.
FLAG_TXFF fil FLAG_ERR K& & N 1. CCSI il 88 IEfEATHfL5iE 1L . B2 , TXFIFO A& H3iEE . SPI
2R AT LAY R) TLC6989 Jf:1a] CLR_FLAG S5\ 1 LB brE . LAERRES R bR E DMEREAE TXFIFO A7t
ff] CCSI ¥t#ii 7 , 3 H. CCSI 5 s 7] ATt A& s

7.3.4.7.4 RXFIFO 2t}

1 RXFIFO Ui (RXFFST = 0xOFF) H CCSI #hs iU B8 a7 (1R L5085 7 B A7 RXFIFO ) |,
FLAG_RXFFOVF. FLAG_RXFF 1 FLAG_ERR ¥ #& &~ 1. RXFIFO A&#iEky , BRI L SPI #2505
¥ . SPI #5428 7 LLiJ7 1a) TLC6989 3] CLR_FLAG B A 1 AR E. CCSI 4k R AEfETE R wmbn & )5
THER B R /% /E RXFIFO . f#% M FWD_RD_END 5 FWD_RD_END_CRC SPI i &8s ) 55— CCSI
head_byte J14f.
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7.3.4.7.5 RXFIFO T

¥ RXFIFO A% (RXFFST = 0x0) H SPI 4h#% 23K . RXFIFO i BUHT £ 4 = B , FLAG_RXFFUVF .
FLAG_RXFF fl FLAG_ERR & &4 1. SPI 437 LA i) TLC6989 FfI] CLR_FLAG S5 A 1 LLFEFRIr &
CCSI 4b ¥ R RE7E 5 B &5 % br & J5 T 46 % 3 809 /7 i 78 RXFIFO . f£fif A FWD_RD_END &
FWD_RD_END_CRC SPI i & ) 55— CCSI head_byte J14fi.

7.3.4.7.6 RXFIFO #—£4iR# 0 (SED)

RXFIFO % — & A5 A R . 47E N RXFIFO #EAT 132 B AE S0 [a] dar ) 31 A7 B R I, FLAG_RXFFSED.
FLAG_RXFF #l FLAG_ERR 4% & N 1. SPI %8s 7] LLyj | TLC6989 Jf:1n] CLR_FLAG B A 1 LU &

7.3.4.8 OTP CRC 4&iR%

WS OTP T2 X8 + X2+ X + 1 ) 8 i CRC 4. 4 Erilf |, 28 OTP , IFKiEH CRC 5T E
HH OTP it i i) CRC ##4TH . 24 CRC AULER) , FLAG_OTP_CRC #il FLAG_ERR ¥ & N 1.
ZhREARREH SPI #1815 . SRR ENIIEIRE . RA KA _Ed VCC A e EHTE 5 OTP 3Lk,
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7.3.4.9 W R

TLCG989 1 FH 5 il 25 17 2 HR (L i b B i THRE o 1% 23 BEE T Wi pa 28 70 B i i b . P B i AN 2 22 T2 T T e {H
H&BH1E R FLAG_ERR #1788 F1 FAULT R & ds. T 3RA T BN M 5 i & 17 25 0 FEGT U A

Lol

BRRAL

B AFHR

FAULT 3|

SPI CRC #i%

MASK_SPI_CRC = 1

FLAG_SPI_CRC = 1
FLAG_ERR =0

TotRAE

MASK_SPI_CRC =0

FLAG_SPI_CRC = 1
FLAG_ERR = 1

#

S

fen

SIN PHZEHT 1%

MASK_CCSI_SIN = 1

FLAG_CCSI_SIN = 1
FLAG_CCSI = 1
FLAG_ERR =0

Tt AE

MASK_CCSI_SIN = 0

FLAG_CCSI_CC = 1
FLAG_CCSI = 1
FLAG_ERR = 1

WL

CCSI CHECK fiffiz

MASK_CCSI_CHECK_BIT = 1

FLAG_CCSI|_CHECK_BIT = 1
FLAG_CCSI = 1
FLAG_ERR =0

MASK_CCSI_CHECK_BIT =0

FLAG_CCSI|_CHECK_BIT = 1
FLAG_CCSI = 1
FLAG_ERR = 1

CCSI CRC ##iz

MASK_CCSI_CRC = 1

FLAG_CCSI_CRC = 1
FLAG_CCSI = 1
FLAG_ERR =0

MASK_CCSI_CRC =0

FLAG_CCSI_CRC = 1
FLAG_CCSI = 1
FLAG_ERR = 1

WL
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7.3.4.10 ZrE
R 71. 2WE
iR Rl 4 e (s rai=t ] FAULT 3|
: ci Bk | FLAG_POR . .
VCC UVLO Vee < Vo BIFIIR AR FLAG_POR EETH
R twp,osc il EBRE | FEAc ERR R
. . N 805 itrik | DEV_STATE = FAILSAFE e
SPI {5 F kil tSPI_WDT Vi %14:1&)\9[’4‘:\‘%5“)7%/% FLAC_']_ERR RN
FLAG_SPI_TIMEOUT
SPI iy 4R i tspi_RST_TIMEOUT Vi H A7 SPI %45 FLAG_SPI o N
FLAG_ERR
FLAG_SPI_CS
SPI Jii% (CS) b CS 5| HTE SPI iy 4 H] 4 4 42 ey HLF Hhi SPI ¥ FLAG_SPI T
FLAG_ERR
. - B FLAG_SPI_CRC .
SPI CRC Hi % B CRC 551y CRC A sl FLAG_ERR ( m il ) HRT A (ARG )
S TE—
S NI CCSICTRL 7E CC%&%‘J%&/% I 1 1 8] T FLAG_SPI_REG_WRITE T4 ffe
FLAG_CCSI_SIN
SIN FHZEH R twp siN it TotEAE FLAG_CCSI HE N (TR )
FLAG_ERR ( Tt )
o FLAG_CCSI_CHECK_BIT
E‘CSI CHECK {744 CHECK fiAS 2 16 th fu f (i) 2 56 TP FLAG_CCSI W NRL ( FTBERK )
PR FLAG_ERR ( A i )
CCSI SOUT Head_bytes Fi Data_bytes N Head_bytes = VSYNC (OxAAF0) FLAG_CCSI_CRC
CCSI CRC 4% 2 SIN F#l B CRC EANFI 17 ¥/ (o FLAG_CCSI WE N (AT Bl )
CRC f# 5 N\ FCx (OXAAOO - OXAAOF) FLAG_ERR ( 1 il )
w4 BB B CCSI #4421k |FLAG_CCSI_CMD_QUEUE_OVF
CCSI & BA B H Pl (P IELERIT ) I |[FLAG_CCSI HE R
SPI #:4Hi i) CCSI fir % ¥ TXFFST %8 0 |FLAG_ERR
L% TXFFST = 511 CCSI 4= 1k |FLAG_TXFFOVF
TXFIFO % 1 SPI 4 2KA4 L) FWD F3k (R IELEHAT ) I |[FLAG_TXFF N
SPI $#E 7 ¥ TXFFST # &5 0 |FLAG_ERR
TXFFST =0 FLAG_TXFFUVF
TXFIFO Fii A CCSI fz#|422 1. |FLAG_TXFF W T
CCSI ¥ il 48 £ X A& fnis sk — A8+ FLAG_ERR
) A 53 2] - /s ST FLAG_TXFFSED
TXFIFO SEFHIIAR) | CCSI FibI3 1t ek TXFIFO 7 it CCSI BHIBEIE | FLAG TXFF I
M| HIRER— A B FLAG_ERR

20 BELHRH
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K11 LWE (&)

BT bR %14 R R stk FAULT 2|
FHAEE RXFFST = 255 CCSI 4% A £:7E  |FLAG_RXFFOVF
RXFIFO Jifi H! il RXFIFO {7 figfEAm | FLAG_RXFF R
CCSI ¥i#fz 7 = FLAG_ERR
RXFFST =0 CCSI #M& A 47t |FLAG_RXFFUVF
RXFIFO Fit A SPI 742 L) DATA_READ J3k RXFIFO H {7 figfTAm | FLAG_RXFF HE N
SPI AN i R — A7 = FLAG_ERR
. FLAG_RXFFSED
AR Vet S 4 2 R I AR ; _|
E'\H’[JXFIFO FERGE IR | SP 9[\1;4%5(]‘4%2;;@1%)\(%50 GRS SPI 4 ), DATA_READ JF 3% —_ FLAG RXFF P
il i (T FLAG_ERR
. ~ . FLAG_OTP_CRC g
OTP CRC %1% CALC_OTPCRC & A [ OTPCRC pi; (8 FLAG_ERR RN

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TLC6989

eEpiRs 21

English Data Sheet: SLVSHF5


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tlc6989?qgpn=tlc6989
https://www.ti.com.cn/cn/lit/pdf/ZHCSXC6
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXC6&partnum=TLC6989
https://www.ti.com.cn/product/cn/tlc6989?qgpn=tlc6989
https://www.ti.com/lit/pdf/SLVSHF5

13 TEXAS

TLC6989 INSTRUMENTS
ZHCSXC6 - NOVEMBER 2024 www.ti.com.cn
7.4 FBADhREAE
Enter
POR
Unpowered —

Exit
POR

Initialization State

(INIT)

OoTP

CRC

match

Normal State

(NORMAL)

SPI WDT overflows or cﬁe(;f:rlizﬁtsg;e
FORCE_FS =1 EXIT_FS = 1

Failsafe State
(FAILSAFE)

Functional states

A 7-8. R ThRERE

7.4.1 Kt

HEVCC LT UVLO BIE , sfFai & f/HF PORIRZS . A wffFas # R3F AR . IRk VCC AR T F#
ZfLT UVLO BRI , et LB fREF POR R .

7.4.2 It RE

VCC =& UVLO BifE )5 , SFEEAMIIGAIRGS . AR T 2R M SPIAME , (HERF R AR T IEFRET
A . CCSI 2l as KIS PR 1, EAR 4 R BEE IR H RS TITAG . sAh , B OTP JFH4 el CRC 5P
A OTP T AT i) CRC #EATELHL. ik CRC LT , MITEHr OTP Ffrds , dvfFit N IEF R .
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7.4.3 IEERE

EEE% CCSI i g ites , FE 4 FLAG_POREZE. R EH TEEETIMHI S | AR5 BT el s m 2
o B3 N B FPOIRAS o B E %47 2% DEVCTRL H1f) FORCE_FS 7% B N 1, i 0] LAFH I 9 1] 25 44 3t
)\9%)&]3)5?)3«{?(* FORCE_FS i< Hzhig A% 0,

7.4.4 K55 KE
BN POIRZSES | TXFFCLR 0K % & i IEAF ] IELE3E4T 1) CCSI £

BEN RGBT PORASES |, B EAL SPI b . )5 , SPI AR RFHESIPRE LRV SHE . H2 , TiEEH
CCSI #xiill #8F1 CCSI bk . XEIRFE Y SPI iy 4 LA FWD JF3ki) | Bt il 205 | 3 HASAAETE TXFIFO Hi.

BT 72 DEVCTRL #1ff) EXIT_FS ik & AN 1 %ﬁ#TW)\%&WFhﬁLﬁ%E%%& EXIT_FS fi74x
HzhiREE 0. 55— %Mi%%{%&)\Emk*E’Jﬁ/ztmkﬁ SOFTRESET_CRC SPI 4.

7.5 fRiE

TLC6989 EA #1741 (SPI) A& , ixX & —Fhmnd [F20 AT A (1/0) ¥ 11, L AR VERRARE A0 42 L )
g B 16 MK E BT RB AR H 280 S PIALRIRAE AT R D RE M ZF A7 2 IO V5 1) o 1% 1
B 4 MR :

FATHAR RN (SDI)

AT H R (SDO)

FATH R (SCLK)

Jrik (CS)

7.5.1 SPI $1#E 5301

SDI £ F R ZI7E SCLK £ EFA IR FaE . SDO F¥idEAE SCLK & T IR H . Al SPICTRL
FERF R SPI_SDO_DIS fuig#l|ZEH SDO. HF—a4 ) #HE/ A SPI B4k FiIZ 4> TLC6989 #3FmT | b
REIRA . 9 ABUE N SN | SCLK B8 Tt I8 B FEF o

7.5.2 /% (CS) A1 SPI &1/ #:%)

CS {55 REWS 1AL (] A4 HUR PR A B ik ol . CS iy A2 AR 5 2 PR Ah e il . X2 BHIE SPI A S
FERERERD . TIARUCK CS IR 40 Blia TR

iR SPI A SRk R, WIFE CS it iP5 52 E AL SPI A (BFEAL T8 ) o H—F s
PEAF 1L SCLK #2545 18] K F SPICTRL #7147 %+ SPI_RST_TIMEOUT_CFG FE¥E . 4 SPI 4%k &
Ay, SR A SCLK Y EE —A BT B i 4h THE
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7.5.3 SPI i

K 7-9 fi% 7-2 %XT SPI mr &L mkg . &4~ SPI éﬁ AELZAN 16 (7. AR FAF

. f“\? M FIRAA G RTMIFR IR RIERT |, ;S FEEE

EE NSO R . Btk = 0 Hﬁ%rﬂﬁhﬁ 0x00,
- AT S B B . UK B DL OPT JF3ki |, #i & Tk . Kk | opt_data_length = 0 &R
0 M T-. X TALL OPT 13k 7E , data_length = 0 %7 1 M+
- BERBAE BN &S END ?% #. 7B extra_end_bytes = 0 F/REAM END 715, —% SPI s
2l Hn 127 A%4E END £
[F] & £ df (St SOFTRESET_ CRC i)
. %iﬁtﬁ%? RAEAT A, AR R HEH RIS (0 BIN) « SAREMNFFEEIE (0 2N ) SRS fFE:
B2 A7 2850 (N+1 B M) B RXFIFO 3SR (N+1 EI M) .
* CRC F: fAdr 4ty 2 MAFK CRC - ¢
-t SPI &l # A p) CRC . Ik CRC #R#E SPI dr & LI i £t (0 BN ) iHH B H
- H1 SPI #M&ERUT) CRC . Itk CRC R4 AT IR B 7 (N+1 2] M ) HHE A H .

MRS E G CRC 53, BRIAGIE )y CCITT-FALSE. AT LM#EH REG_WR 44 H 5 2y CRC-16/
XMODEM %%, EX CRC HikJg , F—% SPI fn &2l Al Bk, WAREEAE T 20 X160+ X12+ X5+
1,

SCLK

SDI

SDO

—( ...... X Data word N+1 X: __ B ] Data word M X CRC word 1 )—
i\ l_
K 7-9. SPI A5-& 1=
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£ 7-2. SPI S HAER

A weF BE¥ CRC %
CMD[15:12]11‘10’9 8’7’6’5’4’3’2’1‘0
FWD_WR_CRC 0x2 0x0 data_length[8:0] $¥E 5 0-data_length CRC
FWD_WR 0x3 data_length[11:0] 4 0-data_length CRC
FWD_WR_END_CRC 0x4 opt_data_length[4:0] extra_end_bytes[6:0] A= 0- CRC
(opt_data_length-1)
FWD_WR_END 0x5 opt_data_length[4:0] extra_end_bytes[6:0] ¥ 0- CRC
(opt_data_length-1)
FWD_RD_END_CRC 0x6 data_length[4:0] extra_end_bytes[6:0] ¥4 7 0-data_length CRC
FWD_RD_END 0x7 data_length[4:0] extra_end_bytes[6:0] HiE7 0-data_length CRC
DATA_RD_CRC 0x8 0x0 data_length[7:0] AiEH CRC
DATA_RD 0x9 0x0 data_length[7:0] St CRC
REG_WR_CRC OxA 0x0 address[3:0] 0x0 data_length[3:0] ¥4l 7 0-data_length CRC
REG_WR 0xB 0x0 address[3:0] 0x0 data_length[3:0] 57 0-data_length CRC
REG_RD_CRC 0xC 0x0 address[3:0] 0x0 data_length[3:0] AN CRC
REG_RD 0xD 0x0 address[3:0] 0x0 data_length[3:0] ANiEH CRC
SOFTRESET_CRC OxE Ox1E1 i CRC
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7.5.4 SPI i i 8

%7 SOFTRESET_CRC 4 , #2an&#5A A . B CRC HAIER) , RELFRAKEHR A CRC HIMA
IRAPAT . MR CRC 55T a2 # AW 1 H H I CRC ILELR , A &PAT R LFRAKEWH CRC
FI A .

PL FWD JF3k sy & imit CCSI & #3 7% k U I 7. R BEBIEKE KT 0, CCSI =i #38i2 B alif A —
ANEGENL . KIGALFI—A END 775, Rt , —%% SPI fr &) SPI il 74 —% CCSI i s, %R —
A SPI i 72 g B 1 ARG, EENE T2 G BH — ML, i — 1 SPI i 72 )5 B — 14
END F15.

PL REG H3kidn 4 H T 5 AMEE TLC6989 #3F % fF4%. DATA_RD fir2iR[F] RXFIFO H 176 rI%dE

LA FWD. REG_WR #1 SOFTRESET_CRC Jf k¥4 <xik [o] STATUS FFfF#8 flilidk STATUS Zifrds it B H 1)
CRC. "/ LLilit SPICTRL %17 #st ] SPI_ACK DIS A7 k2% F b #fiih o 76 B A 1 2% B0 3 1 AT
SOFTRESET_CRC A4/ e ERXMIFLL T , TI EWAERIE T — a4 0l B/ ER—4 SPI 77,

4524 TLC6989 4L 17E SDO B I - iR | B i B2 it | 5 22 A Zi7E SCLK B 1 1 34t /2 65 [ i 8 fik v LA RS
HECE . T B R AR b ik v DARS H B 1 R R SDI 51 AR RE 25 22 48 v HLF

FWD_WR _CRC ( #% "5 N\ CRC 4 )

R\ F) SPI iy 43

FWD_WR_CRC g4 H & i) CCSI il &5 F T &M%l 7. SPI A B0 3 1) o B8 7 # A7 i (£ TXFIFO
o AR CRC 55 T ar & MEHE 71 E 1 CRC VLACKS , CCSI & Hil# A H itk i . X EWHE
TXFFLVL A iz it ia. SPI il dswaik 23, BIEKE/NT TXFIFO B R/h. It SPI s &£ ik
512 ME 7 IFiR [A] STATUS arfras il STATUS 274 it 5 i) CRC. FWD_WR_CRC #ir ¥ & 2 i
FHR B E 7-10 Fios.

SDO
|
SOUT Data0 Data1
& 7-10. FWD_WR_CRC 47~/
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FWD WR (¥ KRB N4 )

R [AIF] SPI 743

FWD_WR 14 H #3F 4 () CCSI 2 28 F TAE M s 7. SPI AN R ir G BUE 745k 7E TXFIFO . 4
R L R — AN Z N, CCSI il g8 2 T dhife i

* TXFIFO L4770k 3 TXFFLVL

o ULEIRE SPI v A1 BT Bl

XEEE CRC ANEMZAEMM TR . S0 3 CRC 53 T4 7 MEHE it 5 1 ) CRC AULHELH , FAULT
5 e hr AR (RN ) 3R E FLAG_SPI_CRC #ri&. It SPI ér4 £ ik 4096 M E#E o ik [A]
STATUS #F 788 il STATUS /788t E ) CRC. & 7-11 Jiifliid 7 FWD_WR &5k 3 MF IR |, H
i TXFFLVL WE N 2 M EUEF .

SDO

SOUT Data0 Data1 Data2

& 7-11. FWD_WR #4734

FWD WR_END CRC ( Aff END Z=¥iff# k5 )\ CRC #i% )
IR [\ 5] SPI fiy 43

FWD_WR_END_CRC 4 H#sfFH ) CCSI il #s FH T 15 7. SPI AR 82U 3 (1) B A S 7 #8176k 11
TXFIFO H. 4B B CRC 5T a4 s il 5 1) CRC ULECKS , CCSI &l 48 A4 T ihife . X
BRE TXFFLVL Az & rag. 76 CCSI &2 ra 8 75 , S Mnfs e s 8ok END 75,
Bi AL AN END 735 BB AL N 2 255l CCSI 4. Ik SPI iy 4 S fF £ ik 31 AN Edis 7 R [A]
STATUS %17 #sflil it STATUS 2Ff7sit B i) CRC. FWD_WR_END_CRC 4% 0 ¥+ ( KA
—AN END 45 ) F1 3 ANgish END =35 (s in & 7-12 Fior

SDI 0x4003 | CRCO
|
SDO
SOUT
& 7-12. FWD_WR_END_CRC #5471
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FWD_WR_END ( B END FH IR G ANGm2 )

IR A F] SPI iy 43

FWD_WR_END fiv4 H 23 F i ) CCSI #1238 F TAE M B 7. SPI AN FRUE i BTG 30 7 #8047 il /F. TXFIFO
W TS R LR —ANE N, CCSI sl a3 & T ih L 4

* TXFIFO L4770k 3 TXFFLVL

o ULBEIE SPI A1 BT Bl 7

X EkE CRC ANEMZAEMM TR . S0 3 CRC 53T 4 7 M%7t 5 1 ) CRC AULHELH , FAULT
SIS g 2R ( RBFERA ) 1% B FLAG_SPI_CRC #r&. 7£ CCSI #=H|sEme g B 75 , &M
e EBEAASN END 7735 . B fAE i A s END 775 RIS 2 2 500 CCSI in 4. Ik SPI 43¢
Fr£ik 31 MR 7 IR B STATUS %17 2 Mt STATUS 247 #8145 i1 CRC. FWD_WR_END iy &% % 2
/!\i&w%?—%u 1 N4 END ZH R 7-13 fis. WEER , 7ZERBIH , TXFFLVL #iEN 2 N FEE £

T
|

|
!
SDO |
|
|
|

SOuUT Data0 Data1

& 7-13. FWD_WR_END #7475l

FWD_RD_END_CRC (_Hf END “#Hif)##% & i CRC x4 )

iR\ SPI iy 4%

FWD_RD_END_CRC #r4 H #34+ 1) CCSI =il 4% H T &R EE 7. SPI b 2 1 B Buds 7 # A7 i 1E
TXFIFO H. 480 CRC 5 Ty & F M F it H ) CRC ULECHS , CCSI =il 28 A itk dm. X&
W& TXFFLVL AsZm iz L a6 . 15 CCSI il as L se ir G 8 75 , &M hnts e = raish END 75,
Bl AL AN AN END 75 AR Sie a0 2 25 5l CCSI s 4. CCSI AN B 1 FH F-i% a2 10 T A5 $ 8
FHAFELE RXFIFO . It SPI fr & X214 32 N 7911k [1] STATUS 2728 flid it STATUS #ifrasit &
) CRC. FWD_RD_END_CRC 4k 2 N 71 1 A5 END Z 35 FosBl i 7-14 Fios.

SDI 0x6081 Data0 Data1 m

SDO
|
SOUT Data0 Data1
& 7-14. FWD_RD_END_CRC 547~/
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FWD RD_END ( A5 END i R iz a4 )

R [AIF] SPI 743

FWD_RD_END 14 #H e84 i CCSI =il 48 H A& 7. SPI A s3I 21 1 fir 5 208 7 #0547l /5. TXFIFO
W IR R DL —ANE AN E , CCSI il 8y & T dh L

* TXFIFO 47750k 3 TXFFLVL
o UEIE SPI w41 BT Bl

XEME CRC RNUMZAAEMAI TG . S ® K CRC 5T & 7 ¥ 7t 5 1 i) CRC ASULECH , FAULT
5l £ h EACHESE ( RBERN ) X E FLAG_SPI_CRC #t5&. £ CCSI %l et B )5 , 2 Mhn
Te BHCEMAIAN END F35 . R IE S 4 END 35 AL Sa il 2 480 ff) CCSI fir4 . CCSI #hicds
W I FH 1% i 4 1 BT B 7 #5FE7E RXFIFO . b SPI a4 S ff 2k 32 Nl 7 iR [a] STATUS % (745
FiEid STATUS Zf7gsit A ) CRC. FWD_RD_END 4%k 3 ME T ( TXFFLVL %A 2 M+ ) Al 2
A END 5 sl &l 7-15 Fros.

SDO

SOUT Data0 Data1 Data2

& 7-15. FWD_RD_END 47 fi

DATA RD_CRC ( #i#f515: CRC 4 )
i [[F] SPI fir 4%

DATA_RD_CRC g4 H T M RXFIFO Sl 7. 431 CRC 5% T4 it H 1) CRC ILECKS | i%
T A A 2R (5] BT SR B 7 A DL R TR i B ) CRC. % CRC RIES , SDO R ¥ K% 4 i Fi°F o
DATA_RD_CRC &k 4 NMEHE R F W& 7-16 Fis.

SDI 0x8003 | CRCO
|
SDO Data0 Data1 Data2 Data3
SOuUT
& 7-16. DATA_RD_CRC #r4 7=/
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DATA_RD ( HiE1:ar4 )
R [AIF] SPI 743

DATA_RD 4 H T M RXFIFO B 7. Bz 2 CRC 5T a4 i E 1 CRC AULHD |, Zas ke
253 8] T 3R B 7 5 A R B T BURE 2t i CRC. 4303 CRC 5& T4 it & H i CRC ANULEL
i, FAULT 5] < SACH 7 ( KRB ) IFi% 8 FLAG_SPI_CRC #r&. DATA_RD 4R 3 MR 71
REIE 7-17 Fiw.

SDI 0x9002 | CRCO

SDO Data0 Data1 Data2

SOuUT

& 7-17. DATA_RD 47~

REG_WR_CRC ( #ff285 N\ CRC 1% )
IR [\ %] SPI fiy 43

REG_WR_CRC w4 H TS5 AN TLC6989 # N2 fAas. xm B — N FE , HTHRRESANE 13
FaHbhl . SPI AR HE R 1 BT B s B TR T3 A b o OB R CRC 525 Ty & s 1t
B CRC LK) |, A EHHafEes. Zm2 ik STATUS #{7esfliEid STATUS #F1Eeit & CRC.
REG_WR_CRC @45 A 3 M el 7-18 Fs.

SDI 0xA082 m

SDO

SOuT

& 7-18. REG_WR_CRC A4 = f
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REG_WR (( ZifF# 5 A4 )

IR A F] SPI iy 43

REG_WR 4 HT 5 N TLC6989 #4E KN M 2- 8% . a2 E—MNFE, AT REG NS N EEEN
Hidik. SPI AN R TG R P HEBS N TFS. XEWE CRC R A E N, A3
CRC 5% Fm4 it HE 1 CRC AULEKS , FAULT 51 &b AR T ( KR5EHN ) 7% E FLAG_SPI_CRC
Pri&. %A Aiklel STATUS Zifrasfililfiid STATUS Fifedsit H ) CRC. REG_WR_CRC 45 A\ 2 MarfEas
Kzl an i 7-19 Fras.

SDI 0xB041 m

SDO

SOuUT

&| 7-19. REG_WR 14 7~/
REG RD CRC ( Ziff#3i%H CRC 4 )
iR [EF] SPI iy 4%

REG_RD_CRC w4 H T30 TLC6989 # I N M &f7dy . Zm & —MEE , H TR ZERINE —A %17
SR HibE . 4IRS CRC 53T a4t 5 i CRC ULECE | %88 1F A 23 3R 0] B SR 1) 27 47 28 - B LA J 4
TEaASETIMEER CRC. 4 CRC K , SDO {i¥f @4 . REG_RD_CRC & i 1 N A72% 1
TREINE 7-20 B .

SDI 0xC000 | CRCO
|
SDO
SOuUT
K| 7-20. REG_RD_CRC #4514l
Copyright © 2024 Texas Instruments Incorporated TR 15 31

Product Folder Links: TLC6989
English Data Sheet: SLVSHF5


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tlc6989?qgpn=tlc6989
https://www.ti.com.cn/cn/lit/pdf/ZHCSXC6
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXC6&partnum=TLC6989
https://www.ti.com.cn/product/cn/tlc6989?qgpn=tlc6989
https://www.ti.com/lit/pdf/SLVSHF5

13 TEXAS
TLC6989 INSTRUMENTS
ZHCSXC6 - NOVEMBER 2024 www.ti.com.cn

REG_RD ( #7314 )
R [AIF] SPI 743

REG_RD fiy4 H T8 TLC6989 #e i N a7 gs . Zm B —NFB , TR E S — A7 2510
bk BI{EREY R CRC 53t T4 it B i) CRC AULAL | iZ%#s 4t 22 0] firid oK (1) 27 A7 28 w4 L S I T3
a7t E il M CRC. H 3 CRC 5T a4 7t E 1) CRC AILER , FAULT 5] B2 4t i 2% H 7
( KBEHI ) % E FLAG_SPI_CRC #5:&. REG_RD fir4iEH 3 M fEas il 7-21 fis.

SDI 0xD202 | CRCO

SDO

SOuUT

&| 7-21. REG_RD #r&7~1)

SOFTRESET_CRC ( #% & {7 CRC #14 )
IR [\ %] SPI fiy 43

SOFTRESET_CRC & Hl T4 i A7 W B 25 A7 4 A ERNEIF R CCSI 88 MAh L. & S AE LRI IL T
AT -

© LR CRC 54T it ) CRC AHILAC , JF H

*  CCSI =il g AL hmE s

{ff] CCITT-FALSE %ii%:/) SOFTRESET_CRC 1ir4 ] CRC {2} 0xD383 , LA K fdi [l CRC-16/XMODEM %%
OxCES8C K »

T WP ae B ALSG , Z AT B R i b bs £ # 2 iE Bk . A5 FLAG_POR 1 FLAG_ERR & & N
Vo BbAh , RXFIFO A7 T B £k vin . nS LED 3§1esE -+ CCSI a4 A ¢ CCSI #hstazid| ,

M TEi2: k& CCSI CRC 207 , RNt H H ) CRC 1 iR , LAMELE CCSI #4138 F1 CCSI #h st 7] 33E47 [H]
#. T #EAEY SOFTRESET _CRC @4 5 , 1£%if END =% 53948 5% th i LED SRh 88 B Rl . K BR
R LS CCSI fr s, RS RERFID . M8t A TR B 4 200 , SOFTRESET_CRC iy & & f #1432t
ANIEF B A . KK SOFTRESET_CRC 1 4 «xid &£ STATUS % 74511 FLAG_SRST i,

SOFTRESET_CRC & i 7-22 fiow.

SDO

SOuUT

& 7-22. SOFTRESET_CRC #7475~
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7.6 BHFEH

AR S T S A A A A7 AU 25 A7 2 . SRR AF AR 2RI 3R ORI I BT 4 77 2 I % i bk #5
AR IO B, I HANAB A A7 8% A

RT-3. BHEHFHERILER

Wit ETE4EEE i o
0x0 DEVID PEAFRIR 1 7.6.1
0x1 SPICTRL SPI x4 1W76.2
0x2 CCSICTRL LB AT (CCSI) $5 1 763
0x3 TXFFLVL {81 FIFO VR FE $2 W76.4
Ox4  RXFFLVL BEIK FIFO JREEREH] 765
0x5 DEVCTRL A A ) B AT B i 7.6.6
0x6 DIAGMASK 2L W76.7
07 ik SR B R 1768
0x8 IFST VR CRAS 1769
0x9 TXFFST VEAIfE T FIFO R 5 7.6.10
0xA RXFFST VEQIEUL FIFO RZE 1 7.6.11

SRV 1) A28 3 i AT RN R BTG, 3R 7-4 R T 3@ AT G 4 v o 100 8 A AR
R 7-4. FFV R RBH

waxe | Rm | e
B A
R R ER
HAKHY
w W EPN
w1C w SN

1C 1 L%
SALEERINME
-n XA EE ENN
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7.6.1 DEVID %f7#% ( #ilit = 0x0 ) [/ = 0XEDD9]
K 7-23 J&7< T DEVID , % 7-5 Hxf it AT 741
IR B B2 AF PR A AL SR

& 7-23. DEVID /75

15 14 13 12 1 10 9 8
DEVID
R-OxEDD9
7 6 5 4 3 2 1 0
DEVID
R-O0xEDD9

% 7-5. DEVID #FF3FBui

A FB A Bhr Pt
150  |DEVID R OXEDD9 | %fkk7in
34 TR KR 15 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TLC6989
English Data Sheet: SLVSHF5


https://www.ti.com.cn/product/cn/tlc6989?qgpn=tlc6989
https://www.ti.com.cn/cn/lit/pdf/ZHCSXC6
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXC6&partnum=TLC6989
https://www.ti.com.cn/product/cn/tlc6989?qgpn=tlc6989
https://www.ti.com/lit/pdf/SLVSHF5

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TLC6989
ZHCSXC6 - NOVEMBER 2024

7.6.2 SPICTRL #77%% ( #utik = 0x1 ) [EAL = 0x00A0]
K 7-24 &7~ T SPICTRL , % 7-6 Hxf bttt 741
IR B B2 AF PR A AL SR

& 7-24. SPICTRL H77E%

15 14 13 12

1 10 9 8

i \ SPI_WDT_CFG

TRE

R/W-0x0 R/W-0x0

R/W-0x0

7 6 5 4

3 2 1 0

SPI_RST_TIMEOUT_CFG

15 ‘SPI_CRC_ALG SPI_SDO_DIS | SPI_ACK_DIS

R/W-0xA

R/W-0x0 R/W-0x0 R/W-0x0 R/W-0x0

2% 7-6. SPICTRL FF2% B8

hir FB Bhr

e

15-14 | {5y RIW 0x0

TRE

13-12 SPI_WDT_CFG R/W 0x0

SPI ERIETH , Tt NRABITIRES
0x0 =40ms
0x1 =20ms
0x2 = 10ms

0x3 = 2%/

118  |fm RIW 0x0

TRE

7-4 SPI_RST_TIMEOUT_CFG |RIW OXA

SCLK ErI&EIH , FF1EEn 2 J5 541 SPI
0x0 = 2%
0x1 = 500us
0x2 = 1ms
0x3 = 2ms
0x4 = 3ms
0x5 =4ms
0x6 = 5ms
0x7 = 10ms
0x8 = 15ms
0x9 = 20ms
0xA = 30ms
0xB =40ms
0xC = 50ms
0xD = 85ms
OxE = 100ms
OxF = 200ms

N R/W 0x0

TRE

SPI_CRC_ALG RIW 0x0

HT SPI@E{E 1 CRC 5%
0x0 = f# ] CCITT-FALSE
0x1 = ffH{ CRC-16/XMODEM

1 SPI_SDO_DIS RIW 0x0

SPI SDO Z£Fi i
0x0 = 24 CS ML H T IKzh SDO
0x1 = SDO %A mBHpL

0 SPI_ACK_DIS R/wW 0x0

STATUS %47 2389 SPI E 3 [m] 5 28 fr
0x0 = s FHE3NEE
0x1 = 2H H3hHE
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7.6.3 CCSICTRL #f7#% ( #ulk = 0x2 ) [H L = 0x0000]
K 7-25 J£7x T CCSICTRL , % 7-7 thxt i 7N 4.

iR [ B G A7 AR B R

/& 7-25. CCSICTRL 72§

15

14

13

12

11

10 9 8

TRE

CCSI_SS_CLKO

R/W-0x0

R/W-0x0

2 1 0

(3

CCSI_DATA_RATE

R/W-0x0

R/W-0x0

2 7-7. CCSICTRL &HF8 B

TFB

C it

Bhr

e

15-10

TRE

R/W

0x0

TRE

9-8

CCSI_SS_CLKO

R/W

0x0

CLK_O 3l i s ve B

0x0 = 2%
0x1=2%
0x2 =4%
0x3 =8%

7-4

TRE

R/W

0x0

TRE

3-0

CCSI|_DATA_RATE

R/W

0x0

CCSI % =
0x0 = 1Mbit/s
0x1 = 1.25Mbit/s
0x2 = 1.43Mbit/s
0x3 = 1.67Mbit/s
0x4 = 2Mbit/s
0x5 = 2.22Mbit/s
0x6 = 2.5Mbit/s
0x7 = 2.86Mbit/s
0x8 = 3.33Mbit/s
0x9 = 4Mbit/s
OXA = 5Mbit/s
0xB = 6.67Mbit/s
0xC = 8Mbit/s
0xD = 10Mbit/s
OXE = 13.33Mbit/s
OxF = 20Mbit/s
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7.6.4 TXFFLVL #1758 ( #ibk = 0x3 ) [E4L = 0x01FF]
K 7-26 &< T TXFFLVL , % 7-8 st stkAT 7 4.

iR [ B G A7 AR B R

K 7-26. TXFFLVL &/575%

15

13 12 1" 10 9 8
TXFFCLR ] 55y TXFFLVL
R/W1C-0x0 R/W-0x0 R/W-0x1FF
7 5 4 3 2 1 0
TXFFLVL
R/W-0x1FF
% 7-8. TXFFLVL FF8F M
iz FB A B BB
15 TXFFCLR R/W1C 0x0 HBAE R FIFO g $l
14-9 {588 R/W 0x0 {588
8-0 TXFFLVL R/W Ox1FF 1E CCSI _ITF ek L4t i) TX FIFO iR |, PLFN#AL , Ox0 KR 14
,'?
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7.6.5 RXFFLVL #7235 ( #ukk = 0x4 ) [ AL = 0x00FF]
K 7-27 fEox T RXFFLVL |, % 7-9 |t b7 74,
IR BB B A7 AR

& 7-27. RXFFLVL 275

15 13 12 11 10 9 8
RXFFCLR | R
R/W1C-0x0 R/W-0x0
7 5 4 3 2 1 0
RXFFLVL
R/W-0xFF
& 7-9. RXFFLVL HF73FB U
A FB A Hhr Pt
15 RXFFCLR R/wW1C 0x0 TERRBAN FIFO 1) i Sl
14-8 {554 R/W 0x0 =]
7-0 RXFFLVL R/W OxFF B E (0x0 FR 1 A7) i, FHz DRDY 3l RX FIFO i
B
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7.6.6 DEVCTRL #7735 ( #udik = 0x5 ) [H AL = 0x0000]
K 7-28 fE/x T DEVCTRL , % 7-10 Hxt it iT 7141
IR BB B A7 AR

& 7-28. DEVCTRL %1752

15 14 13 12 11 10 9 8
TRE
R/W-0x0
7 6 5 4 3 2 1 0
e \ FORCE_FS R EXIT_FS
R/W-0x0 R/W1C-0x0 R/W-0x0 R/W1C-0x0

% 7-10. DEVCTRL 7587 &RiHH

fr FB *A e ]
15-3 | R RIW 0x0 {8
2 FORCE_FS RW1C 0x0 Fa g I IEF AR VI3 R RS

0x0 = fRF LIRS
Ox1 = AR BEN KRBT RS

73] R/W 0x0 73]
0 EXIT_FS R/W1C 0x0 fHERA IR R B, HENIEE R
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7.6.7 DIAGMASK #-772% ( #ihl = 0x6 ) [E4L = 0x0000]
K 7-29 JE7x T DIAGMASK , % 7-11 tixf k4T 7 A4l

iR [ B G A7 AR B R

& 7-29. DIAGMASK 1752

15 14 13 12 1 10 9 8
e MASK_CCSI_CHECK ] MASK_CCSI_CRC | MASK_CCSI_SIN
_BIT
R/W-0x0 R/W-0x0 R/W-0x0 R/W-0x0 R/W-0x0
7 6 5 4 3 2 1 0
R MASK_SPI_CRC
R/W-0x0 R/W-0x0
% 7-11. DIAGMASK #1758 B i
A FB HE Bt L
1512 | fRE R/W 0x0 15
1 MASK_CCSI_CHECK_BIT R/W 0x0 B CCSI Bl i Ll B FLAG_ERR IR 5] i
0x0 = Ji FH Mo bt 5
Ox1 = 2R f i 25
10 (e R/W 0x0 e
9 MASK_CCSI_CRC R/W 0x0 BRillz CCSI CRC #(#% L% E FLAG_ERR #1F$ir FAULT 5] i
0x0 = Ji3 F e F e 25
Ox1 = ZE ] i &5
8 MASK_CCSI_SIN R/W 0x0 Bl CCSI SIN Rk , LLi%'® FLAG_ERR Fl N4z FAULT
5
0x0 = Jig FH WP 25
Ox1 = ZX A 2
7-1 155 RIW 0x0 OREH
0 MASK_SPI_CRC R/W 0x0 5 SPI CRC #if% A% & FLAG_ERR FI' N FAULT 5|4
0x0 = Ji Fi e p e 5
Ox1 = 25 F M pet 5
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7.6.8 STATUS %748 ( Hubt = 0x7 ) [E AL = 0x0403]
K] 7-30 Jg/n T STATUS |, 3 7-12 WX bt AT 1741,
R B BER A A AL SR

& 7-30. STATUS #4728

15 14 13 12 11 10 9 8
CLR_FLAG ‘ FLAG_CCSI ] g ‘ FLAG_TXFF ‘ FLAG_RXFF ‘ DRDYST | FLAG_SRST | FLAG_SPI
R/W1C-0x0 R-0x0 R-0x0 R-0x0 R-0x0 R-0x1 R-0x0 R-0x0

7 6 5 4 3 2 1 0

FLAG_SPI_REG | FLAG_SPI_CRC DEV_STATE FLAG_OTP_CRC | FLAG OSC | FLAG_POR | FLAG_ERR

_WRITE
R-0x0 R-0x0 R-0x0 R-0x0 R-0x0 R-0x1 R-0x1

R 712 REFARFEBUH
A FB A Bhr U]
15 CLR_FLAG R/W1C 0x0 HNLLERR A bR
0x0 = ANkrtrs
Ox1 = MR FTE br
14 FLAG_CCSI R 0x0 CCSI iR brE.
0x0 = KA I 884 1%
Ox1 = H I B B HH R . ARBELHAMEE , WRE IFST.
13 R R 0x0 R
12 FLAG_TXFF R 0x0 {41 FIFO #5546 .
0x0 = ARAM B4 FIFO £4iR
Ox1 = Ky B & FIFO £, ARELIEAMEE | ki
TXFFST.
11 FLAG_RXFF R 0x0 I FIFO B igAb il
0x0 = ARAM L FIFO 5%
Ox1 = Ky E 3 FIFO #iR. HXELIEMEE | HhH
RXFFST.
10 DRDYST R 0x1 DRDY 5| R4
0x0 = DRDY 5| J{i A3 44 1 1
0x1 = DRDY 5| j{I24 12 4 B~
9 FLAG_SRST R 0x0 SOFTRESET k. Joikft CCSI ALt AT .
0x0 = A F| SOFTRESET 4%
0x1 = K% SOFTRESET #41%
8 FLAG_SPI R 0x0 SPI 4R AT E -
0x0 = KA B 45 45 1R
Ox1 = Kr I BB HE4SR . AT ZVEIE R, R IFST.

7 FLAG_SPI_REG_WRITE |R 0x0 SPI HAE# 5 AT 4 . CCSI IEFEMLHmAn /s , CCSICTRL
TREB SN

0x0 = A MF] SPI 2717 285 N it
Ox1 = ¥l E] SPI 7717 525 A b i

6 FLAG_SPI_CRC R 0x0 %] SPI @ {5 CRC 4.

0x0 = FK Wl %] CRC 4 i

0x1 = ¥ #] CRC 4§12

5-4 DEV_STATE R 0x0 MRS

0x0 = ZefEAb T IE R A

Ox1 = B2k ab T HIHR RS

0x2 = B FHIEIRAS

0x3 = BefEAbF R AR A
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fr FB

XA

R 712 REFHFRTBOOY (£)

LA

L

3 FLAG_OTP_CRC

R

0x0

OTP CRC #iAll .
0x0 = ARAMF] OTP CRC #ix
0x1 = #x %] OTP CRC #4i%

2 FLAG_OSC

0x0

PR35 it L v R A
0x0 = ARATI IR At i~
Ox1 = Ryl FHR G a4 i

1 FLAG_POR

0x1

B ARG
0x0 = Kfil’kx POR
0x1 = & ik POR

0 FLAG_ERR

0x1

AR EERIRE . X2 FAULT 51 RARIRAS .
0x0 = AR ENf iR
Ox1 = Kl B — A B Z AR
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7.6.9 IFST #7788 ( Hulik = 0x8 ) [E AL = 0x0000]
K 7-31 B7x T IFST , & 7-13 Hxf kit is 7 H 4.
R B BER A A AL SR

& 7-31. IFST /75

15 14 13 12 11 10 9 8
e FLAG_SPI_CS | FLAG_SPI_TIMEOUT
R-0x0 R-0x0 R-0x0
7 6 5 4 3 2 1 0
{554 FLAG_CCSI_CMD | FLAG_CCSI_CHECK {554 FLAG_CCSI_CRC| FLAG_CCSI_SIN
_QUEUE_OVF _BIT
R-0x0 R-0x0 R-0x0 R-0x0 R-0x0 R-0x0
R 7-13. IFST FHFBFZBL
A FEB ik BAhr PiRH
15-10  [{¢% R 0x0 TRe
9 FLAG_SPI_CS R 0x0 SPI F i 5| FIAE B i 4 i PR oh s i o
0x0 = AW E] CS iR
Ox1 = ¥ E| CS 4%
8 FLAG_SPI_TIMEOUT R 0x0 Kz SPI R4S %. X4)aH T SPI_RST_TIMEOUT_CFG
I A 22 1% B %A
0x0 = AA&I F| SPI I
Ox1 = K ME| SPI
7-5 TRE R 0x0 RE
4 FLAG_CCSI_CMD_QUEUE_OVF |R 0x0 Kl B] CCSI fir 4-BAFIE H 4 1%
Ox0 = A5 T3 H 45 15
Ox1 = KW )35 i
3 FLAG_CCSI_CHECK_BIT R 0x0 KB CCSI Uk i B fE1E CCSI R fr 4R .
0x0 = AT BRI A7 415 1%
Ox1 = KBRS B 0 58 1
2 RE R 0x0 RE
1 FLAG_CCSI_CRC R 0x0 K E) CCSI $imA27E CRC 1%,
0x0 = A E| CRC i
Ox1 = I F| CRC 4%
0 FLAG_CCSI_SIN R 0x0 SIN _E&b Y.
0x0 = AARTF] SIN /b 1) ekl
Ox1 = #E] SIN _F o sl
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7.6.10 TXFFST #4783 ( H#ulik = 0x9 ) [RAL = 0x0000]
K 7-32 JE/R T TXFFST , % 7-14 dxt bt i7 748,
IR BB B A7 AR

Bl 7-32. TXFFST &%

15 14 13 12 11 10 9 8
FLAG_TXFFOVF ‘ FLAG_TXFFUVF ‘ FLAG_TXFFSED ] s TXFFST
R-0x0 R-0x0 R-0x0 R-0x0 R-0x0
7 6 5 4 3 2 1 0
TXFFST
R-0x0

% 7-14. TXFFST FF 8B

hir FB C it Bhr e
15 FLAG_TXFFOVF R 0x0 1&46 FIFO b Hy B H 4=
14 FLAG_TXFFUVF R 0x0 4 FIFO L i fE i5%
13 FLAG_TXFFSED R 0x0 1&4 FIFO 1) s — &z Asr il
12-9 I3 R 0x0 {15
8-0 TXFFST R 0x0 TX FIFO k&
0x0 = f£%i FIFO 7.
0x1 = f&%i1 FIFO & 1 M+
0x2 = f&%i FIFO 5 2 M.
Ox1FE = f&£4i FIFO 510 1~
Ox1FF = f&4i FIFO & 511 8¢ 512 4~
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7.6.11 RXFFST % 778% ( #uik = 0xA ) [RAL = 0x0000]
K 7-33 JE/R T RXFFST , % 7-15 dxt it i7 744
IR BB B A7 AR

& 7-33. RXFFST &7 5%

15 14 13 12 1 10 9 8
FLAG_RXFFOVF ‘ FLAG_RXFFUVF ‘ FLAG_RXFFSED ] e
R-0x0 R-0x0 R-0x0 R-0x0
7 6 5 4 3 2 1 0
RXFFST
R-0x0

% 7-15. RXFFST &8 7Bt

fir FB R Bhr U]
15 FLAG_RXFFOVF R 0x0 I FIFO b Bl iR
14 FLAG_RXFFUVF R 0x0 B FIFO b BLUF w4 %
13 FLAG_RXFFSED R 0x0 PR FIFO b py s — A il
12-8 1R R 0x0 03]
7-0 RXFFST R 0x0 RX FIFO k%
0x0 = #2U FIFO N7,
0x1 = UL FIFO H 1 N7
0x2 = B2I{ FIFO 5 2 M.
OxFE = I FIFO f5 254 N
OxFF = #:I& FIFO f7 255 8¢ 256 1~
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8 N FH AL

#HiE
PAN B2 FHER 20 B AR T T ofies |, TI AR AR A e Rtk . TI B2 P 5 S o2 1
EEIHNE , PLURIRAEAMINR BT SeBL AR A R DI RE

8.1 MAEE

15 FHARAE SPI Skedzt] TLC6989. % 2e %4 318 Fl TLC6989 #off: Fr 4 i34 4 I o B 4742 11 (CCSI) HEAT 4341 1)
TLC698x 28 F 2 EsE. nl I nl 4w % A7 28 Vi n) TLC6989 1 Al etk o

8.2 LA N A

8-1 JEn T — A AINH |, Heh I —4 TLC6989 i —%% SPI MR ZE B 3aH 4% , M F£ TLC698x =& 1#
—% CCSI a2 I {esE e k.

VLEDR

VLEDG/B

vcc

i

s

QVCC TLC6989 b VLEDR vee VLEDR vee |—
1] s b L
o VCC GND GND %;
FAULT GND iig scik TLC6984 seLk TLC6984
L - SIN SOUT SIN souT
S - IREF IREF
[} . o o o e o ° s o o o e o vy,
s SCLk SIN £ £ E,..E g E g...% E £ B £ £ B g...2
° SDI 3 3 3 3 3 3 3 3 3 3 " 3 3 3 z z
cs S 8 N S s
o sout
3
DRDY 2 . . .
£
o
©

i

32RGBs  —pp|— RedLED Green LED ~ —p»|— Blue LED
A 8-1. SN R
8.2.1 il ER
x 8-1. R sH

24 &
Vee 2.8V
T 30Hz
SRR 16 fir

TR 6

SR 30
fspi 8MHz
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8.2.2 AR FE

BEE N B S T 2 B T B CCSI dls % . fe/ly CCSI B i 5K [ /i £ A5 — oA WA A& a2
LED UXzh#s 585 E . Bk LED JXBh#s 8RB I 1A R i i CCSI A R (0 ZVEAfE E . fEAN
Mznfrh, i3y 33.33ms. LA 6 PasfE (341, B 2 PaTHESA ) |, B 30 ik, Bt
EAE R T 70% ( Houfe%n) CCSI g4 Z (8] Al B 7 4E — BUaS NI 8] ), WA /5 A9 /)y CCSI #dls i =y
7.04Mbit/s. Kt , ZFf7#F CCSICTRL H1[#) CCSI_DATA_RATE # & & 8Mbit/s.

SPI SR IEE BB NANT5 CCSI Hd s A Iva . Fik | FEARRN R F |, SPI A%k 8N 8MHz, T—
M TXFFLVL. TI @30 TXFFLVL &8 8 KT 8— CCSI a2 KM 75 ERR . X T4E) i ER 'ﬁ)\A
A, BlS N SRAM 4, ST IR . ST iZdd , PR TR EER 3 o b — ARk . fE
BN HoRBI 7 BN 19 (3 x 6 + 1) . HIEE , éuﬁﬁﬁ SPI 4 FWD_WR_CRC it} , TXFFLVL ¥ 2
s, 1H % CRC %Hﬁm‘ﬁAﬂ“%E Ak, 76 CCSI &g &AM , T TLC6989 Hiff) CCSI T4 PA
b, T~/\ SPI ¥kt A REC.4 1 SPI 451 2L 4 .
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8.2.2.1 ffEI R
8-2 fiiik 7 MR SR ARV AR . 2R S TLC698x & R AL, Mk JLAN B4 4] 4A A6 8 SRR i B

TLC6989. L Hi VCC JF&F it T IEHRA (X EME OTP CRC IEH ) J& , #Ithik TLC6989 Jf H AL ZliE R

Begin

| |

Power Supply

v

Wait DEV_STATE is NORMAL

v

Write TLC6989 initial register
setting

v

Write CLR_FLAG

v

FLAG_POR (@il % & CLR_FLAG ) LR k. 25 , Al Lk &8 k2 TLC698x %1tk

Forward Write Chip Index
# i Configure the
Forward Write FC Registers i register during
i sending data
Write next Forward Write SRAM
frame SRAM
Data in normal ¢
operation Wait for the end of current
frame
Forward Write VSYNC
l Read registers
during each
Forward Read time of the
Chlp Index/FC/LOD/LSD frame
& 8-2. st iR

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TLC6989

English Data Sheet: SLVSHF5


https://www.ti.com.cn/product/cn/tlc6989?qgpn=tlc6989
https://www.ti.com.cn/cn/lit/pdf/ZHCSXC6
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXC6&partnum=TLC6989
https://www.ti.com.cn/product/cn/tlc6989?qgpn=tlc6989
https://www.ti.com/lit/pdf/SLVSHF5

13 TEXAS

INSTRUMENTS TLC6989
www.ti.com.cn ZHCSXC6 - NOVEMBER 2024
8.2.3 W/ Z¢

&l 8-3. B AMIIR T BB~

& 8-4. 5§\ CLR_FLAG %l
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& 8-5. 57E#EHITH 2 N LED WIS HHE KBNS AR WS
8.3 RJRHRE
ZAE W N ATAE 2.5V & 5.5V VCC HE HLIE FigfT. iZ A IR L4t REFHT. VCC HLIE LAY Fi BELA 201
AR, DUES N RIS AN 2 S5 VCC HUIE HLH £ 55K Vgyr HUHE AR
8.4 fiJa
8.4.1 Hi/F15 R

TLC6989 N M ASHc . K VCC A M A &% /Rl g diis VCC 5IIE . FAULT 51 jE — NIk
o 24 FAULT 51 BRI H 250, 73— M L B 5 .

8.4.2 7 gt

K 8-6 iy DYY S 34 Rian . P> GND 5l BERRAE —#E. %A /R Eon 51 10 AT AT H 1. tn] LA
SIS, HHoR B R BRI DL .

2
g
FAULT 1 O 14 VCC ic\/cc
spi | 2 B oD L
SCLK 3 12 CS
SDO 4 11 DRDY
5 10
GND | 6 | 9 |CLKO
SIN 7 8 SOuUT
& 8-6. TLC6989 i =l
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9 BRAFF SRS

TUREET 2R TH . FHEAIH T TIPSR RE . A2 RS R 5 i v 7 22 1 T B A1
9.1 B K

9.2 XIS HF
9.2.1 RIS

9.3 B U FE HTE AN

BRSO EOFRE A , T SR ti.com LRSI S OICIER . st @A AT VR AR R i A IS A
o AREUTEAE L SR T SO RS BB I k.

9.4 T RERIE

TIE2E™ et dn & TN EES YR | W EEA L R REME . Lt BiFmmsmgit 5. #%
WA R B A TR e B | SRS T B T B

VRN B S AN TR “HERE” SR, XS AR TI HARBE | I A —E B T A 530
TI A8 I 22K

9.5 FitR

TI E2E™ is a trademark of Texas Instruments.
A Fibn 3 5% BT & I =
9.6 i HL I HHEE
B (ESD) 2R IX ARG . ZE AR (TI) 2 BOEIIE 24 i TR 5 b A BT A S R . G SRS <3 IE B 0 b R
A R SRRT | A SR SR B
m ESD HI#IR/NE FERUNIERERFR R , REBAZRMISE. F% LR ST RETE A 52 2IH0E | K2R NIEw Mm%
B ] B2 T B R 5 R A IR AN H A

9.7 Rifk
TI RiE# ARG IR T ARYE 5 BRI A E 3o
10 AT 7 503k
VE - DURIARAS ) SR AT B 5 24 B A 1 TR AN )
B BTIRAE EH
2024 & 11 1 ¥ VIR RAT IR

1M HU BEAMATEE R

CUR DU A S AU B AT AT IS 2 . XS5 R H E aAF T I ol B . Bim 225, AR S ATE A
HASH BESCRBEATIBAT o A R MEE R A ST AR RAS 5 20 B 7 PR AT
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1M1 BHAERER
REEL DIMENSIONS TAPE DIMENSIONS
3 |<— KO [¢—P1-»

LR i g Lot g T

@ ® ol Bo W

v
Reel | |
Diameter
Cavity —>| A0 |<—

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O O O O Sprocket Holes
| |
T T
Q1 : Q2 Q1 : Q2
4-—q--4 f--7--%- ‘
Q31 Q4 Q3 1 Q4 User Direction of Feed
[ . 4 |
T T
AN
Pocket Quadrants
sk E-E23 sEE | S sPQ B ﬁ’?ﬁ“ A0 B0 KO P1 w Pin1
Pl Ef& (mm) (mm) (mm) (mm) (mm) (mm) (mm) R
SOT-23-
TLC6989DYYR THN DYY 14
TLC6989DRRR WSON DRR 12
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TAPE AND REEL BOX DIMENSIONS

il HERR HERE M| SPQ | KE(mm) | FE(mm) | ®E(mm)
TLCG6989DYYR SOT-23-THN DYY 14
TLC6989DRRR WSON DRR 12
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11.2 HIREHE

PACKAGE OUTLINE
DYYO0014A SOT-23-THIN - 1.1 mm max height
PLASTIC SMALL OUTLINE
3.36
3.16
PIN 1 INDEX
12x[0.5]
— =% —
— ==
] 1
43 2X
NST]E?: - — [3]
] 1
] 1 i
— 587
)
(@ [01@[c[A®[BO)]
8] Te—
//"ﬁ ) N
\ \ \‘ ] r 32, Tvp
\ J \FET '
~—N SEE DETAILA
025
GAUGE PLANE
0. g° /
DETAIL A
TYP
4224643/B 07/2021

NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not exceed
0.15 per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

5. Reference JEDEC Registration MO-345, Variation AB
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EXAMPLE BOARD LAYOUT
DYYO0014A SOT-23-THIN - 1.1 mm max height

PLASTIC SMALL OUTLINE

14X (1.05) —
f ‘

12X (0.5)
(R0.05) TYP
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 20X
SOLDER MASK METAL UNDER

OPENING SOLDER MASK SOLDER MASK
_— METAL / OPENING
) 7
L J)

NON- SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4224643/B 07/2021

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DYYO0014A SOT-23-THIN - 1.1 mm max height

PLASTIC SMALL OUTLINE

14X (1.05) ﬁ ¢

12X (0.5)

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 20X

4224643/B 07/2021

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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DRR0012G

PACKAGE OUTLINE
WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—

%:2)47

N
[N

— [ﬁ(o.nTYP

0.3
12X 0.2

}
0.8
0.6
[ R o __ i IR
005 |
0.00
e 1.310.1 — =]
THERMAL PAD S\&MM (0.43) TYP
|
6 | 7
S ‘ —
N
D, | ]
|
D |4 | SYMM
2x[2.5] I A B
) \ ( 25401
I
e | -
10x[05 |
_ _ p— 1
T 1 /\ i -
8 e

&

0.1@® |C|A|B
0.050 |C

4227052/A 08/2021

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

DRR0012G WSON - 0.8 mm max height
PLASTIC SMALL OUTLINE - NO LEAD
(1.3) SEE SOLDER MASK
12X (0.62) DETAIL
SYMM
PN ﬂt 12
12X (0.25) 1 d) !
—e3 | 1 | D
10X (0.5) | 25)
== 1 D)
SYMM
o4 [ - —F
(R0.05) TYP — i (1)
T
® I
. \ ==t
‘ (@0.2) TYP ‘
VIA
‘ (2.78) |
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 20X
0.07 MIN
0.07 MAX
ALL Q0T MAX ﬁ T ALL AROUND T
Pt METAL UNDER
METAL EDGE ! /SOLDER MASK
EXPOSED METAL ™\ —s0LDER MASK EXPOSED/ T SOLDER MASK
OPENING METAL () OPENING
NON SOLDER MASK SOLDER MASK DEFINED
(PREFERRED)
SOLDER MASK DETAILS
4227052/A 08/2021

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias
on this view. It is recommended that vias under paste be filled, plugged or tented.

are implemented, refer to their locations shown
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EXAMPLE STENCIL DESIGN

SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 20X

EXPOSED PAD 13

82% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE

DRR0012G WSON - 0.8 mm max height
g
PLASTIC SMALL OUTLINE - NO LEAD
12X (062) ﬂ — 2X (1.21) —=]
|
12X (025) 1 @ S CD 12
% | i
10X1(07.5) - | f
o 53 13 (0.65)
SYMMG— —+— — — ()~ - —
}Q | )
(R0.05) TYP i \ C;j 2X (1.1)
( ‘} |
6 @ | L J7
SYMM
<E
I (2.78) |

4227052/A 08/2021

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
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PACKAGE OPTION ADDENDUM

2-Jul-2026

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TLC6989DRRR Active Production WSON (DRR) | 12 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 L6989N

TLC6989DRRR.A Active Production WSON (DRR) | 12 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM  See TLC6989DRRR L6989N

TLC6989DYYR Active Production SOT-23-THIN 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 L6989T
(DYY) | 14

TLC6989DYYR.A Active Production SOT-23-THIN 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM  See TLC6989DYYR L6989T
(DYY) | 14

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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https://www.ti.com/product/TLC6989/part-details/TLC6989DRRR
https://www.ti.com/product/TLC6989/part-details/TLC6989DYYR
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

PACKAGE MATERIALS INFORMATION
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INSTRUMENTS
www.ti.com 16-Jan-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
L |+ KO |4 P1—»]
DO OO0 OO T
o| |e &|( o W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
e | )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLC6989DRRR WSON DRR 12 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TLC6989DYYR SOT-23- | DYY 14 3000 330.0 12.4 4.8 3.6 1.6 8.0 12.0 Q3
THIN
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www.ti.com 16-Jan-2025

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC6989DRRR WSON DRR 12 3000 367.0 367.0 35.0
TLC6989DYYR SOT-23-THIN DYY 14 3000 336.6 336.6 31.8

Pack Materials-Page 2



PACKAGE OUTLINE

DYY0014A SOT-23-THIN - 1.1 mm max height
PLASTIC SMALL OUTLINE
3.36
3.16 SEATING PLANE
ZQIELINDEX E
o / ]
12X|0.5
T — ———7
——
43 ox
v, L 1 3]
[ ] .
1|  E— ——— oo
8 4X0°- 15 i
1ax 03 v 1.1 MAX
8] 241 | 0.11
19 [#[01@[c|a]8]
s /\&4x4°-15°
[ F )
“ L

! 02 ryp
; E%o.os
T X SEE DETAIL A

0.25 B
GAUGE PLANE
/ {
oot Lo;
DETAIL A '
TYP

4224643/D 07/2024

NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not exceed

0.15 per side.

This dimension does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

Reference JEDEC Registration MO-345, Variation AB

o>
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EXAMPLE BOARD LAYOUT
DYYO0014A SOT-23-THIN - 1.1 mm max height
PLASTIC SMALL OUTLINE

14X (1.05)
f

14X (0.3) 4

12X (0.5)
(R0.05) TYP
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 20X
SOLDER MASK METAL UNDER

OPENING SOLDER MASK SOLDER MASK
_— METAL / OPENING
C_ (—
{ )

—_——_——— e ——

NON- SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4224643/D 07/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DYY0014A SOT-23-THIN - 1.1 mm max height

PLASTIC SMALL OUTLINE

14X (1.05) ﬁ ¢
+
I
o )

12X (0.5)

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 20X

4224643/D 07/2024

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
DRR 12 WSON - 0.8 mm max height

3x 3, 0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4223490/B
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PACKAGE OUTLINE
DRRO0012G WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

N
©oPR

@T

PIN 1 INDEX AREA—"

N w
©

f

0.8
0.6

| jr fffff 1 ____ Lo SEATING PLANE

0.05
0.00

EXPOSED SYMM (0.43) TYP —= 0.1) TYP
THERMAL PAD ¢

|
\
6 | 7

JUUY
ARAE(

|
|
2x|2.5] 4%,774%77‘+]i74k777%jYMM
= T T e
= d ,
10X|0.5 ‘
= i —
| 21 103
PIN 11D 0.52 0.2

(45° X 0.3) 12X 9’32 o 01@ [c|alB
0.050 |C

4227052/A 08/2021

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

i
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EXAMPLE BOARD LAYOUT

WSON - 0.8 mm max height
PLASTIC SMALL OUTLINE - NO LEAD

DRR0012G

SEE SOLDER MASK

(1.3)
12X (0.62) DETAIL

SYMM

1 | ¢ >

I |
12x(025 [ | | . | ‘
+ | O
3 1
CD SYMM
(Li,

10X (0.5)
e s
pan .
(R0.05) TYP C:j D
A
o[ | —

(@0.2) TYP
VIA
(2.78)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 20X

METAL UNDER
SOLDER MASK

.

\/ﬁ

0.07 MIN
0.07 MAX j
ALL AROUND r ALL AROUND
METAL EDGE

|
|
| |
|
XSOLDER MASK EXPOSED—/ \NSOLDER MASK
OPENING

EXPOSED METAL
OPENING METAL \ )

NON SOLDER MASK
DEFINED SOLDER MASK DEFINED
(PREFERRED)

SOLDER MASK DETAILS
4227052/A 08/2021

NOTES: (continued)
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.

i
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EXAMPLE STENCIL DESIGN
DRRO0012G WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

12X (0.62) «ﬁ
e 2X (1.21) —=]
i 1

12x(025) 1 | | I CD 12
—E3 | i O

10X (0.5) ‘ ]
P omg | s ] o e

sy MM¢—-+—-—-+—-—( ) —-—F-—-—+-—

)

C:j 2X (1.1)
C‘:) (T

=3

(2.78)

(R0.05) TYP

a¥ais

SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 20X

EXPOSED PAD 13
82% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE

4227052/A 08/2021

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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