MSP430FR58xx, MSP430FR59xx, and
MSP430FR6xx Family

User's Guide

I3 TeExXAs

INSTRUMENTS

Literature Number: SLAU367P
October 2012—Revised April 2020



l '{EXAS

NSTRUMENTS
Contents
5] =T = 45
1 System Resets, Interrupts, and Operating Modes, System Control Module (SYS)......cocvvivivinnnnnn. a7
11 System Control Module (SYS) INtrOdUCHION .u..uueiueiiirireiiiie s s e s ranes 48
1.2 System Reset and INitAlIZAtION ... e eieeiiri i 48
1.2.1 Device Initial Conditions After SYStemM RESEt. . .uuuiiiiiiieiiiiii i i raaereaaas 50
13 ST 0 0 £ 50
1.3.1  (Non)Maskable INterrupts (NMIS) . .uuiuueiiueerissiiseriarite s sr s ass s saarsssenas 51
IR 07| 1Y 10 01T 51
IORC TE N Y = 7= o] L= =T (] o £ 51
G TR S [ (=T U o] A o ToT= 7] oo S 52
R T8 T 1 (= 0 o] S 1N =21 1 o 53
R 28 T 1= U o] SV =T (] S 53
1.3.7 SYS INterrupt VeCtOor GENEIALOIS. . .uuueeiiisteriiiarteisissrersaiarrraiisresssisesrasssessssaresiaassnenins 54
1.4 (0] 0= 7= 11 o 1Y o T [T 56
1.4.1 Low-Power Modes and CIOCK REQUESES ...uuiusiiieriiieiiseiieiniarisss s snnssaaeissssanssaasssnneans 58
1.4.2 Entering and Exiting Low-Power Modes LPMO Through LPM4........ccoiiiiiiiiiiiiiiiini e 59
1.4.3 Low-Power Modes LPM3.5 and LPM4.5 (LPMX.5) uuuuiiiuiniiiiiieiiinsisiis s ssnnnssannnesns 59
15 Principles for LOW-Power APPlICALIONS ....uueiuseiterssirsesssiats s saes s ssss s sanssasssinssanrsannssns 61
1.6 CoNNECtiON Of UNUSEA PiNS .uiuuiiieiiiaiieii e r e s r e s a s s e e raneaas 62
1.7 Reset Pin (RST/NMI) CONfIQUIALION +.uvtuteseisiesassssssssassasssnssesassassanssnssanssssanssnssansenssnssnnsnnsns 62
1.8 (2] )i 0T T T8I I C T 0T 62
1.9 VaCANT MEIMOIY SPBCE 1iiitiiiieteeae e e st sssas s s s e e e e s st s sa s s s s s s s aesssssssssnnnsnnnnnnnnnnsnns 63
000 1O = T o 5o T [ 63
000 I R = 1o To 1 (o= Vo =T gl (2 1] ) 63
1.12  JTAG MailDOX (JMB) SYSTEIM teiuueiisiiisteistirteraseiat st sa st e e e s s st e s s s s sae s raaeaanerans 63
1.12.1 JIMB CONTIQUIALION 1uuseteiistssiseeessaatesssas e ssa e e s ssaae s ssaaaae s saanaa st saanessaannnsssannnsssnnn 64
1.12.2 JMBOUTO and JMBOUT1 Outgoing MailbDoOX. ....uuveiiuiiiiiniiiiiieiie i sniesian e s aneens 64
1.12.3 JIMBINO and JMBINL INCOmMiNg MailDOX. .. ..eoiineeiiiiii i i r e e s e e ssane e aaaas 64
1.12.4 JIMB NMIUSBOE 1utuueiutinsiussrassasiasssssatsstsssssas st sasssaess s sasesas s sassassssransnnsnnssns 64
1.13 JTAG and SBW Lock Mechanism Using the EIeCtroniC FUSE ......ccviiiiiiiiiiiiiii i e eaes 64
1.13.1 JTAG and SBW Lock WithOut PASSWOIT .....ueivueeiiusirneiiseininiisssiss i, 65
1.13.2 JTAG and SBW Lock With PassSWOrd ......cvveiiisiiiaiiiiiiiiiiiiiiiii i, 65
00 B Lo o I 1= o ] o] () N =T o] 65
O R T 1= o 1Y/ T 1= o T 5/ o = S 66
O 8 I T o 0] () £ 67
000 2 T @1 1 0] = 140 BV = 1= 68
T e G {0 ] (=7 £ 72
1.15.1 SFRIEL REQISIEN 1uuustutiusiusssseransusisessssssssssssssasrssssrsest st sssss s s sasssantansansnns 73
1.15.2  SFRIFGL REGISET 1uuttiuutiuteiseinuesssterse st s sss s s s sa s taa s saa e san s s saassannssanstannarnns 74
1.15.3 SFRRPCR REQISIET 1uutiuuttiseiissersttrse i ssse s sa et s saar s e raneaaanerans 75
ST (S TN o= 0] (= £ 76
1.16.1  SYSCTL REGISIEI 1 uuuutiutirteiasterse et s st s s e e e e s s e sa s s sas s saan s saneaaneaans 77
G S 1V 1T O =0 ] = 78
1.16.3 SYSIMBIO REGISIEI 1utuutiutiusersernisiserse sttt s st s s raansaneas 79
1.16.4 SYSIMBIL REQISIET 1uttiuutiteistireesiat et sr s s s s s e s s s st e st aa e s n s arsiannanaes 79
2 Contents SLAU367P—0October 2012—-Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
1.16.5 SYSIMBOOD REGISIEI 4uuuutiruteinetnuetiinte ettt saas et tasssasrsanssranstannssans 80
1.16.6 SYSIMBOL REGISIEI 1uutuueiuseiutiutiaiinsstissssasssrtassassaas st s sassassartassasssssarsansanssnnsns 80
1.16.7 SYSUNIV REQISIEI 1 1ututiutiseisirtisinse sttt s st s s es e aaneaaeas 81
1.16.8  SYSSNIV REGISIET 1 uuttiuutiteistiieert et r e s s st e s s s e sa st s s e s r s raaeaannanans 81
1.16.9 SYSRSTIV REGISIEI .tuutiuuiutiutitiaiiseititrssras st rtsasesas st st s s sar e sasssassnrsassasssnnsns 82
2 Power Management Module (PMM) and Supply Voltage Supervisor (SVS)....ccccveieiiiiiiiiineinnnnnns 83
2.1 Power Management Module (PMM) INtrOAUCHION .. ..eeeiiieeesseiieesssineessasnee s saanneessanneessannnessennnnesnnn 84
2.2 LY IO 0 T= = o o 85
P R VA T [o I 1 1= (=0 U] = o] S 85
A 10T o) o VAR L] 1 =T =TS U] o T=T Y/ o S 85
2.2.3  Supply Voltage SUPErviSOr - POWET-UD ....uierseiieirssiississsiisssissiasessisssassssisssinssaasssaneias 86
2,24 LPM3.5And LPMA.5 .. uiieiii it st e e 86
2.2.5 BrownoUt RESEL (BOR) .uuttiiiiutieriineesaasneessaannessaannessannnessssnneessssnnessesnnessssnnnessssnnesenns 86
22 T = TS 1P 87
P2 A /1 I 10T U 0} £ 87
P27 S N o o R @ o o 87
23 LY I =T 1S3 (= 88
2.3.1 PMMCTLO Register (offset = 00h) [reset = 9640N] ....cviiiueiiiiieiiiii i raanneas 89
2.3.2 PMMCTL1 Register (offset = 02h) [reset = 9600N] ...uvviiiieeetiiieriiineerranneerraannresaannreraannness 90
2.3.3 PMMIFG Register (offset = 0Ah) [reset = 0000N] ..uuevuriruuerinrireiiiiiriririae e, 91
2.3.4 PM5CTLO Register (offset = 10h) [reset = 000LN] ..uuueeiiineeiiiineiriresrarres s rsaanresraannees 92
3 CloCK SYStemM (CS) MOAUIE «.uiiiiiiii i et e et e et e e s e e eaeaans 93
3.1 (@2 oY1 1S3 V2= =] . L1100 10Tt} o 94
3.2 (O30 To1 1R} V2 =] 0 @ o 1] = L1 o 96
3.2.1 CS Module Features for Low-Power AppliCatioNS .....eviviieeeiiiiieeiiiie i s srainnes 96
0 g I 707 - () 96
0 T o |G O 1] o 97
3.2.4 Internal Very-Low-Power Low-Frequency OSCIllator (VLO)....uuiviiuiririiieiiiiiineinninnesininnsssanns 98
3.2.5 Module OSCillator (MODOSEC) ..uuiuutinutsrntisusssnssrsssasessiss et sanr s saessisssarnsrassiannens 98
3.2.6 Digitally Controlled OSCIllator (DCO) ... .uueiiutesiaaneeeeraanteeaaareesraanressaanrsssaannsssaaanrssaaannesss 98
3.2.7 Operation From Low-Power Modes, Requested by Peripheral Modules ..........ccovviiiiiiiiiiiinnnnnns 99
3.2.8 CS Module Fail-Safe Operation.......veeeieseireeiiteriseiasiee s arsars e saieesanns 100
3.2.9 Synchronization of CIOCK SIgNAIS ....evseiieiiiii i e 102
3.3 1T 0] Y =T =T 0 L3 (T 103
3.3.1 CTLO Register (Offset = 0h) [reset = 9600N] .. .uuvuueiiueerineiiirire i rnes 104
3.3.2 CTL1 Register (Offset = 2h) [reSet = Ch] .t s r e s annn e s raanes 105
3.3.3 CTL2 Register (Offset = 4h) [reset = 33N] .. iuuuiiiiiiieiiiiiiriii i i s raare s raanes 106
3.3.4 CTL3 Register (Offset = 6h) [reset = 33N] . .uiiuiiiiiiiiiiriiri e raees 107
3.3.5 CTL4 Register (Offset = 8h) [reset = CDCON] ..uiiiiiiiiiiiii i anane e aanes 108
3.3.6 CTL5 Register (Offset = Ah) [reset = 00C5N] .uueiiriuueeiiiiteriiiire i rriarssrairrsaaannrsiaanns 110
3.3.7 CTL6 Register (Offset = Ch) [reSet = 7h] . .uuiiiiiiiiiiiriiiiri i raees 111
4 L PP 112
4.1 MSP430X CPU (CPUX) INtrOQUCHION . vt tusisevsesassssasraesessssassaesesaassassaesasnassa s sssanssnesnnaes 113
4.2 ] T 0 0] £ 115
4.3 [0 O =T =T 116
5 A = (oo | = T 4 O o0 1= (= ) 116
B - ot o101 (=T G (] ) 116
4.3.3  Status ReGISIEr (SR) tuuutiisiiitiiiiii i 117
4.3.4 Constant Generator Registers (CGL and CG2) ..uviiiuieiiiinunsriiinteriainrsirannrersanarsasaannsesanns 119
4.3.5 General-Purpose Registers (R4 10 R15)...uuiiiiuiesiiiteeisinntessaaneeessanneesssnnnesssnnnessssnneersnnns 120
4.4 N0 0 =TT o 1Y o T [ 122
R = (=T 153 (=T 1V o T [ 123
o | T 1= =T /o T 1= 124
SLAU367P—-October 2012—Revised April 2020 Contents 3

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
e T Y71 1 o Yo 1T Yo o[ 130
S AN o Yo L1 1= 0 Y/ [ To [ 135
S 1 T 11 =T ox gl =T ] (= 1Yo o = 137
G I g Vo [T = Tox AW (o [ Tod (=Y 4 T=T ) 1Y/ oo 1= 138
N 12914 T=To [F= 1 (=1, o Yo 1= 139
45 MSP430 and MSP430X INSIIUCHIONS .. uueiuussessissesssssssssannsssaiasssssasnssaaisnssssaisnsssasnnesisannnesss 141
4.5.1 MSPA30 INSIIUCHIONS «enueeesssaeessaannesssannnessaanneessannnessaanneesaannnessasnnessssnnnessasnnessnnnns 141
4.5.2 MSP430X EXtended INSIIUCTIONS ..uuiuneeteiiteeraieeesaaaae e ssaane s saane s saannnessannnessaannnssannnns 146
4.6 L] (BTt 0] ST T o 011 ) 157
4.6.1 Extended Instruction Binary DeSCriPtONS. . .uuuietiitiiit i i eranrnaas 158
4.6.2 MSPA30 INSIIUCHIONS . enunueeiiieeesaaate s saaas et saaas e s ssans e s saan s s s saan e e saannessaannessaannnessnnnes 160
R N b (= T [T I 1 ES] T 1o g 212
4.6.4  AJAreSS INSIIUCTONS . u vt eeesssieeesse e e ssannessaanneessannessaanneesaaannessaanneesaannnessasnnessnnnns 255
32-Bit Hardware MUltiplier (MPY32) ...t et e e e e e e e en e a e e 270
5.1 32-Bit Hardware Multiplier (MPY32) INtroOdUCHION ... uueeseii e e er e s s s s e s s snnn e s aaanes 271
5.2 YL e 772 @ ] =T = 1o ) o PSP 273
ST R @ o 1= = T o =T =T 274
oI (=TS U L =T RS] (= £ 275
5.2.3  SOftWaAre EXAmMPIeS .ottt i s st st e e et sas e st eann e e s s e e r e 276
L2 S v Tor 1o g = | AN TU g 0T o= 277
5.2.5 Putting It All TOGEINET ... et et et r e s s e s n s e srann e s asannness 280
5.2.6 Indirect Addressing of RESUIt REQISIEIS ..uuiiireeiiiiieetiiintesiaaneresssanressasnneesaannnessannnessnnnns 283
ST A U 11 To 101 (=] U o] € 283
LT - T U Lo To YN 284
5.3 MPY B2 REQISIEIS 1t tuetetsainteeseaneesaasnnessaannessaannnessannnesseanneessannnessesnnnesssnnnessssnnessssnneessnnns 285
5.3.1 MPY32CTLO REGISIEI tuttuueetiutssnneranessnesanesasnesannsannssanssanneranesannessnnsennsssnessnnsrsnessnnens 287
FRAM CONtIOIEr OVEIVIBW ...ttt ettt ettt e et et e e e e e e et e e e et e e e e e e e ananeeeenes 288
6.1 FRAM CONLIOIEr OVEIVIEW .. uutseietesssatesssiaas s sssaesssasse s ssaaas et saaaae s saaaa s et sannessaannnessannnsssnns 288
FRAM COoNtroller (FRCTL) tuiiiiitiiiiei i et et r e e et e e e e e e e e e a e e e e e anaes 289
7.1 Lo 1Y I ) Yo 111 1o ) o N 290
7.2 L R Y @ T o = 2= Vo o TN 290
7.3 FRCTL MOAUIE OPEIatiOn «.uuuseeetiistesssaneeessansessasnneesssnneessssnnessesnneessssnnessesnneessssnnessesnneeesns 290
7.4 Programming FRAM DEVICES ...uuuttiustiutinseiassssstsaats e sasssassssss s st sass s sanrssanssasssannes 291
7.4.1 Programming FRAM With JTAG OF SPY-Bi-WIire ....uueiiiiiiiiiiiiie i it srie e s e nnnnes 2901
7.4.2 Programming FRAM With the Bootloader (BSL) ..uvcuvveiiiiieiiiiie i iiiee e riinneesnsnnnessnnnneesnnnns 291
7.4.3 Programming FRAM With @ CUStOM SOIULION ...uiuiiineiiiii i aaaes 291
7.5 LAY = TS £= 1 (= 0] 11 0 2901
7.5.1 Wait State and Cache Hit.....ooueiiuiiiiiiiiiiiiriri i s r s raaeaaness 292
7.6 AN N P 292
7.7 L AN Y L= = - o] N 292
7.8 L AN Y I o ] o o] 1 0] 292
7.9 A 1 I - T o1 PP 293
4% O T o (O I I =T ] = £ 294
405 0 B R = I 0 =T | 295
7.10.2 GCCTLO REQISIEI ttrttsnnersnnssnesanesanesanesasnesannsannssanssanneranesanesanesennsssnessnnersnesannens 296
4 K0 T €1 @ O I = LYo L] (=] 297
FRAM Controller A (FRCTL_A) .iiuiiiiiiiiiii e 298
8.1 FRAM Controller A (FRCTL_A) INtrodUCHON ....uesiiiiiieiiiiiiiii s 299
8.2 FRAM Controller A (FRCTL_A) OPEration .....uciuiieisiiiiiiiniiiiisiiiiisiissasasansisinssassasiinaasaaasaas 299
8.2.1 FRCTL_A Error DeteCliON vuuuuiiiiiiisiissssstsssssssssssssssssssssssssssssssssssssssssssssnnmmessssimmmemsnns 299
8.2.2 Programming FRAM MeMOrY DEVICES ... uuuiiutsiteiautirineiansisinsraatssisssansesnnsrasisnsssannsans 300
S 2 T X oo =] o ] o ) 300
Contents SLAU367P—0October 2012—-Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
8.3 N Y P 302
8.4 FRAM POWEE CONTIOL. « . aetetiate e it e et e e e e e s iae e s s e e s s s an e et saa s e s saann e s s sann e e s sannneesaannresnnns 302
8.5 =T = 303
8.6 O I N =T ] (=T 304
8.6.1 FRCTLO Register (Offset = Oh) [reset = 9600N] ....uuueiiiiiieiiiiie i rrare e raarresranreaaanns 305
8.6.2 GCCTLO Register (Offset = 4h) [reset = 4h] ...uueiiiiiiiiiiiiii i s rnaaes 307
8.6.3 GCCTL1 Register (Offset = 6h) [reSet = ON] «uuuvviieeiiiiiriiiirii i raees 309
9 Memory Protection Unit (MPU) ... et e e e e e e e e e e e ens 311
9.1 Memory Protection Unit (MPU) INtrOdUCHION ....iueeesiiiiieei it rrin e s iransss e e s s ann s snannenas 312
9.2 L U ST =T [ 1T o] £ 313
9.2.1  MaiN MEMOIY SEOMENTS 1 .uuttiuseiuternsiassesae e rae s taas s s s raas e ranesaneasanssanns 313
9.2.2  IP ENCapSUlation SEOMENT ... .ueteiiieteiiiateiraiaae s s aas e s saaae s ssanas st saane s saannnssaanrsssannnes 314
9.2.3  SegmMENt BOrAEr SEEHNG . uvvernerereeineeesaineesaasnnessaannessaanneessannnesssannnessesnneesssnnresssnnnees 315
9.2.4 IP Encapsulation Border SettiNgS. . .uuuueuvueeruriruseiiseisnerississesinrssssrnss s 316
S 02 ST [ 01 {0 ¢ g F= 1T TN\ =T 03T Y 317
9.3 MPU ACCESS ManNagemeEnt SeIiNgS . uueeeteieeerteineeeseanneessannneessannressasnnessessnnessssnnessssnnnessssnnesss 317
9.4 Y1 O Y To ] F= L4 318
9.4.1 Interrupt Vector Table and ReSEt VECIOr ....uuuiiiiiiieiiiiie i s s s e s ranane s aaanes 318
L 05V (o1 F= o o 1 = T Lo |1V [ 318
9.5 Y O o T G 318
9.6 How to Enable MPU and IPE SEOMENTS .. ..uueeiiiieeeiiiiiesiaasssssaaasssssaastssaannnsssaanssssannnssssannnsss 318
9.6.1 IP Encapsulation (IPE) Instantiation Using IPE SigNatures ......oveeesveiisesrssineesrasnnesssnnneessnnnes 319
9.6.2 IP Encapsulation REMOVAI ....uueisiiieerseiiiniissss i s s s e ssss s sss e aaanens 320
9.7 YL O LT 0 £ (T 321
9.7.1 MPUCTLO REQISIEI 1t tetetiaiutessasneesaasnnessaansesseanseessaannesseannressasnneesssnnnessssnnessssnnnns 322
ST | = O T I I =T o L] = 323
9.7.3 MPUSEGB2 REQISIEI . uuuuiusiiutiutisiisiititissrss sttt s s aeaaeraes 324
9.7.4 MPUSEGBL REQISIEI uuuutiiiiinteeseiineesaaintessaansesssassessaanneeseannnessasnneessssnnessssnnessssnnnes 325
0.7.5 MPUSAM REGISION ..t utiutiseitiatitessert sttt rs s s st s s e st aae st saasrataansassanssnes 326
9.7.6  MPUIPCO REGISET 1 vuutiueiseutintissssesasiasis st s asr s e s st e s s e st re s sanenaes 328
9.7.7 MPUIPSEGB2 REQISIEI uutttiiittetisintessasnessassssessasnsessaanneessasnsesseannnesessnnesessnneesssnnnes 329
0.7.8 MPUIPSEGBL REQISION 1.uuiuiititietiaeitstasessstresassss st saasaasss s aaseaassrrassansaaeanrsnes 330
10 RAM CoNtroller (RAMOCTL) .iuiuieieieiieee ettt et e e e e e e e e e e s e e e e e s s e e e ens 331
10.1 RAM Controller (RAMCTL) INtrOAUCEION +.uuueesiiiiisisiiee s ssiiae s sssases s sasss s saansssssanssssannnessans 332
O T2 3 [ I o= - 1o o 332
10.2.1 Considerations for Complete POWET DOWN .....uueeeiiiiieeiaaiesiaaee e ssaaare s saaneesaaanresaaannees 332
10.2.2 DACCESSIE and DACCESSIFG Bits in RCCTLL REQIStEI...uuvutitiisiiserniiniiserserinrinsinesaens 332
O TR B o Y [ I =T =T 334
10.3.1 CTLO Register (Offset = Oh) [reSet = 6900N] ... uuueeeiiiieeeiiiie i raanresraanrersaanreraannnes 335
10.3.2 CTL1 Register (Offset = 2h) [reSet = ON] 1.uueeiiiieeiiiiiiii i s aneeas 337
11 1Y @ T |8 o 1 =T 338
11.1 Direct Memory AcCesS (DMA) INtrOAUCTION ... uueiueerseissesae e saarsr e sss e saanes 339
02 11N @ o =T - o o 341
11.2.1 DMA AdAreSSiNg MOOES «.uuuuueeeieinneessanneesssanneessannnessaannressasnsessssnneessssnnessssnnessssnnnesss 341
11.2.2 DMA Transfer MOOES ...uuuiiueiiiiniteiiti s r e s s s e r e s s n s r s raaeaaanens 342
11.2.3 Initiating DIMA TranS oS oottt e s s s s s s s s an e s sa e s s sannnneias 348
11.2.4 Halting Executing Instructions for DMA TransferS.....uuiiieeiiiii i siinesssaneeessanneesrannnes 349
11.2.5 StOpPIiNg DMA TraNS @S . .ttt aareras 349
11.2.6 DMA Channel Priorities . .uueeiiiieeiiiitee it st s s sr e s sa s s s ss s s s saannessaannnenss 349
11.2.7 DMA Transfer CYCle TimMe tuuuueeeiiiieetseieeseaneessaanreeseanressaannessaannnesassnnessssnnnessnnnnesss 350
11.2.8 Using DMA With SyStem INtEITUPLS 1uuvuuteiseiieeristiss s isessisssasssassaasssassaaneans 350
e T B 1Y N @] 11 0] =T g [ 1= U o] £ 350
11.2.10 Using the eUSCI_B I*C Module With the DMA Controller .......cvvevveiieiiiiieiieiiiiiiaenenens 352
SLAU367P—-October 2012—Revised April 2020 Contents 5

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
11.2.11 Using ADC12 With the DMA CONtrOllEr ...uueieiiiiiie i s aaeeas 352
BTG T B 1 =0 L3 (T 353
11.3.1 DMACTLO REQISIEI 1. ututiusinserutrutisenserr s s s a e aar s e ar s 355
8 I 7 I o O I R =T o £ (] 356
I G TR I 1 @ I 2 LT [ =T 357
I I 0 S I @ I B =Y [ =T 358
8 G ST I O I I B =T o £ (] 359
11.3.6 DIMAXCTL REQISIEE 1. uuutetiteetaaete e saaat e e ss s e e saa s e s saan e e saaan et aaannessaannnessannnnsssannnessnn 360
11.3.7 DMAXSA REGISTEI 1 uuutttiuntetsaateesantesaaiarsssaasestaassestaassessaastessaasnssssannnessssnnsssnns 362
11.3.8 DMAXDA REQISTET 1 uutiuttiuattiaseiastesse s trss st tae s s raa s s s sar s ras e tassaanrsasesareins 363
R R T I €S YA = o [T 364
I T T 0 Y =T 1 (= 365
12 [T 1= PP 366
220 T T o 1 = 1@ T 11 0o 0T {0 o 367
D © o 1 = L 1@ B @ o= = o o 368
12.2.1 INPUL REGISTEIS (PXIN) . usetiiseettiittestsateessaaneessaanneessannesassnnesssannnessssnnessssnnessssnnnensnn 368
12.2.2 Output REGISIErS (PXOUT) tuueiusiiutsrssiisersesasssssrsastsssssasssrss e sanesasssansssanrsannsrns 368
12.2.3 Direction RegiSters (PXDIR) ...uuuiuuissiiiiteiiiitesirists s sssins s ssaiasssaaaanesssasnsssaannessns 368
12.2.4 Pullup or Pulldown Resistor Enable Registers (PXREN) ....ccviiiieiiiiireiiiineessiineesannnnessnnnes 368
12.2.5 Function Select Registers (PXSELO, PXSELL)...uuiiiuiiiiiiiiiiiieiiiiirisnniassnss e anneens 369
D G o o g B 0T (10 0] 369
2 T 11 2 @0 i o 0= o S N 371
12.3.1  Configuration After RESEt. .. .uuuiueirseiii s 371
12.3.2 Configuration of UNUSEd POrt PiNS .. ..ciiieeiiiiiiiiiiiie i e rrinr e ss s sssinne s aaanees 372
12.3.3 Configuration for LPMX.5 LOW-POWEr MOGES ....uuueeeiiiieiiiieeeiiiineessinnnesssnnneessannneesannnees 372
2 B T o = 1@ T =T ) =T 374
Dt o d L= 0 L (T 388
12.4.2 PXIN ROOIS T uuttttiiuttetsintesssanttessaantessaannessaasneesassnnessasnnessssnnnessesnnessssnnnessssnneessns 389
g TR (@ LU I =T o 1 (= 389
I I | (=T o £ (T 389
12,45 PXREN REQISIET 1uiiiinetetiiietesisaetessaantessaanneesaasnnesaasnnessaassnessasnnessssnnnessesnnessesnnnessns 390
12.4.6 PXSELOD REGISTEI . ctuuuttiuatiattiseiatess st st s s s st s s s e e e s s n e s n e raneaaneens 390
D S 4 T I =T =] = 390
12.4.8 PXSELC REQISIEN 1uuuttetiistesseanntessansessasnnessasnneesessnnessesnnesssssnnessesnneessssnnessesnneeesns 391
I T | S T LT o ] (= 391
O | =0 L] (= 391
12,411 PXIFG REQISIEN 1utiiuttestiantesssanseessaannessssnneeseasneessasnnessesnnnessssnnessessneessesnnessesnnnessns 392
13 (@2 To = Tod 1 1AV Z= T I T U T o o N 1 PP 393
13.1  Capacitive TOUCh /O INtrOOUCTION .uuuuseissssssisssesse st ias s sa e as s st s e aannens 394
13.2  Capacitive TOUCH 1/O OPEIatiON ..uuuuusetisstssirastessaianeesanrsssaisnssssassesssassssstaasssssasssesisannnessns 395
IR TR B ©F= o I 01U o] =T ) =T £ 396
13.3.1 CAPTIOXCTL Register (offset = OEh) [reset = 0000N].....ueeiiiiieeeiiiieirniine e rraiaee s raanneeeaanns 397
14 F Y S YA 1S3 N o] o =] =T =1 o 1 398
14.1  AES Accelerator INtrOOUCHION. ... usisisevaeressiase e e e st s e raraanernnnas 399
I N RS ol o= =T = 1 0] G o 1T = 11 [ ) o 400
14.2.1 Load the Key (128-Bit, 192-Bit, or 256-Bit Key Length) ........cooiiiiiiiiiiiiiiii e 401
14.2.2 Load the Data (128-Bit STAE) cuvvuveueerriiieeeriiinresiaanneessasnressaanneessasnnessssnnessssnnnessssnnenss 401
14.2.3 Read the Data (128-Bit STAE) +.uuvuvussiuseiirerseiieriart s sis e sarsrareaas 402
14.2.4 Trigger an ENCryption OF DECIYPLION ..uuuueeeiiiieieiiiiesiraaae s iaaasesssannessannnessaannrssaanness 402
S 1 T Y/ 111 ) o S 403
I T I =T/ o o o 404
I G T=Tod Vo) 1o I = VA € T= V=T = oo 405
6 Contents SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
14.2.8 AES KeY BUOF 1 utiieiiitiiiiie i e e s s s 406
14.2.9 Using the AES Accelerator With LOW-POWEr MOUES ....vueiiiiiiiiiiiiaiiiiseiiirinensessinesanns 406
14.2.10 AES ACCelerator INteITUPTIS . uuettistesisaastessistesssaaresraians s sain s s ssaaessaaaanesssaannsssannnnssns 406
14.2.11 DMA Operation and Implementing Block Cipher MOOEeS.......ovvuiiiiiiiiiiiiiiiiirineenaaes 406
14.3  AES ACCEIEIator REJISIEIS 1 uuuuiussiuserseiasesssttasse st tas st s s saresasetass s aannssanesns 417
7 F T A 3 O 0 I = £ (= 418
I s X @ I =T 1 = 420
I TR B A Y NS 17N =T 11 (= 421
7 B A Y Y S =T ] =T 422
14.3.5 AESADIN REGISIEI 1uuuiuutiiuttiseiateraatissert et r s rs st aia e s rssaesaannens 423
14.3.6 AESADOUT REGISIEN 1uutiueiuseiutrntisrsesutsssassasesaesssasrs st tanaassarrasianeaeannsnes 424
14.3.7 AESAXDIN REQISTEI .t uuututiustrseratisssessersrasrse et aaneraes 425
I T Y A | LT ] = 426
15 (OO 17 o To LT 1= T PP PP 427
15.1 Cyclic Redundancy Check (CRC) Module INtrodUCHION. .. ...ueiiiiisiiiii it rninne s anaae e 428
15.2 CRC Standard and Bit OF0er . ... e uusissersereisiraererrrsrare s rarsaerrras 428
15.3 CRC CheCKSUM GENEIAtION 1. utiuteiseissesatsrsss s s e s et s s s s s s san e s s e ts s e s nr s ar e saneaanness 429
15.3.1 CRC IMPIEMENTALION . .uttietttiiiete it r e e s e s s s e s ss e e st saan e s saanna s ssannnessannnnesnnn 429
TR T XY Y=Y 4] o] =T g otz Uy ] o] 1= 430
L O 0 O =T 51 =T N 432
L T O {0 I T =Y ] =T 433
15.4.2 CRCDIRB REQISIEI 1uuuutttiiisttessantessaanteessanreseasnnessasneesassnnessssnnessessnnessesnnessssnnnessns 433
15.4.3 CRCINIRES REGISII .t ututiseititieeiaesatsassaas e s sassaar st rar st tae st sasaartassasesssnnsnes 434
15.4.4 CRCRESR REQISIEI 1uuuutiutiuststrutisisesuersssesse sttt tan st saneasearraes 434
16 (@@ 1240 1V o Yo (1|1 PP 435
16.1 Cyclic Redundancy Check (CRC32) Module INtrodUCiON .....vueeiiesiiiiiiiiee e raess e sannesaees 436
16.2 CRC CheCKSUM GENETAION 1. sttt iseiassesatsisss st e s sa s s s et a s e sta s e s raareraneaannens 436
16.2.1 CRC Standard and Bit Order.....cuuvisiiisiiiiieiisiiiiiii i aaenas 437
16.2.2 CRC IMPIEMENTALION 1 tuuuetistt ittt e e s s s s s s s s a s e s e asn e s nsresaaneans 437
16.2.3 ASSEMbDIEr EXAMPIES ..ttt aan 437
16.3 CRC32 ReQIStEr DESCIIPIIONS . uutuisssetiiutssssassesraiassesanressassnessaasesssaisnsstaassssssassressssnsnessns 439
16.3.1 CRC32 REQISIEIS 1 uuuuttiuutisttinsiatessstassesa et tas e st rs s st st st eaaassannssaestannens 439
17 Low-Energy Accelerator (LEA) for Signal ProCeSSIiNg ...c.vieiiiiiiieii e 446
T I 111 0o 10 o) 1o o 447
A I @ oY= - 11T 1 447
17.2.1 USE the LEA IN PrOgraMS. e e iseissiasssssssasns e sassssssssassssssaass s sasssansssnssasssanness 448
17.2.2 Where to Get the DSP LiDIary ..ou..eeeiiiiieiiii it r e s s s e s s s inne s asannnenas 449
7 VAT =T o o ] o g 449
I B I N =0 ] (= £ 449
18 Ultrasonic Sensing Solution (USS, USS A) ...t e e e eea s anens 450
RS 70 111 0 [ (o 1T o 451
18.2  Operation Of the USS MOGUIE ... .uiieeiiii i s r s s e s s s s r s n e naneans 452
18.2.1 Auto Mode and RegIStEr MOOE ......ueeiiiieiiii et rr e sra e e s s an e e saaann e s saannnesaannnenss 454
R 0 @0 1o ] T [ F= | 455
RS TR B B 1= o TU o =T (1] = 457
19 Universal USS Power SUPPIY (UUPS) ... et ettt e e e e e e e e eeens 458
IS T 1110 [ o 1T 459
19.2  USS POWEI-UDP SEOUENCE tuuuuuussssssssnnsssssssmmmsssssssssssssssssssssmssssssssssssmmmmesstmmmssmmmmm 460
19.3  USS POWET StaES o uuustetiasnseisanrersaaneessasretaaase s taasse et sassesssaas s e s saasnessaaasrerraannessaannrersnns 461
19.4 Interface to the ASQ (ACQUISItION SEOUENCET) «.uuuueiiiteiriite s s saaase s saanassssaasssssannnsssaannnesns 463
19.4.1 Start NEW MeaSUIeMENES .. uuuuuiistiiiseiistisistiiteiiseiaisesissiasss s e rareiaisssiariasssrassiannens 463
19.4.2 Stop Measurement Before COmMPIELION ....veeiieiiiiiiiiiri i s 464
SLAU367P—0October 2012—-Revised April 2020 Contents 7

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS
www.ti.com
19.4.3 USS Power State After Completion of MEasurements .....ovveeivieiiiriiiie i 465
19.4.4 UUPSCTL.USSPWRUP Bit and UUPSCTL.USS_BUSY Bit ...cuvieiieiiniriiiiiiiieieiininesnaesaenns 465
R TR T [ 11T £ 1] ] 3 466
IS TG B = o TU o /o o [ 466
S T U1 | T o ] = £ 467
19.7.1 UUPSIIDX Register (Offset = 0h) [reset = ON] .u.uuueiiiiiieiiiii s snnnees 468
19.7.2 UUPSMIS Register (Offset = 2h) [reSet = ON]...uueiieiiiieeiiiiie i rinssiae e siaenaneens 469
19.7.3 UUPSRIS Register (Offset = 4h) [reSet = ON]..uvueiiiiieiiiiiiiiiiirinsi s naneens 470
19.7.4 UUPSIMSC Register (Offset = 6h) [reset = Oh]....uueeiiiieiiiiii i i snanees 471
19.7.5 UUPSICR Register (Offset = 8h) [reset = Oh]...oueiieiiiiiiiiiiiie i aneens 472
19.7.6 UUPSISR Register (Offset = Ah) [reSet = ON]...cueeiiiiieiriiiiiiirinsia s nnneens 473
19.7.7 UUPSDESCLO Register (Offset = Ch) [reset = 110N].....ueeiiiieriiiiiniriiiiesiniisininnsiianns 474
19.7.8 UUPSDESCHI Register (Offset = Eh) [reset = BALON]....cvvieeiiiiiieiiiiiieiiinieeriesninesaness 475
19.7.9 UUPSCTL Register (Offset = 10h) [reset = 800h]....cueiiueiiiiiiiiiiiiriiri s 476
20 [ [Te | ST eT=T=To I o I I 1] o I P 478
P22 00 R 1011 0o [ ox 1o 479
20.2 OSC Control Register (HSPLLUSSXTCTL) wuuuuttruueiureruneinseinnssassissssssssnssasssannssassisnnssinssann 480
P2 0200 R © 1T = 2 480
P2 B © 1 T O I = 480
PO T © 1T O 1N I = 480
P2 OB @ L T 480
20.3  PLL CONrol (CTL) REQISIEN +uuustesteaseeessanneessaannessaanneessaneeseasnnessssnnesssssnnessssnnessssnnnesssnnnessnn 481
P20 IR B0t I | ) 2 £ 481
20.3.2 PLLINFREQ Bit tuutiutiutiisintisisersert i s s s s e as s s ss s s s s s s s s e s a s e s e r e s n e e raes 481
20.3.3  PLL_LOCK Bl tuuuutiutiusssenuniasissnsesasrsisssssrarrs st 481
20.3.4 USSXT CONrOl REGISIEN 1. uttuseiseiiterseiasesa s e s s s s rare e aaness 481
20.4  Start-up Sequence Of the USSXT OSCIllator .....uviuieiiiiieiiiiiii s s r e saanne e 481
20.4.1 USSXT Start-Up BeENaVIiOr «...ueeieiiiiiiiii e sisie s ssase s s sasse s sannresssannnessaanneesannnresssnnnees 482
P22 085 T 101 =] (1] o 482
PO G T o ] I {0 £ (T N 483
20.6.1 HSPLLIIDX Register (Offset = 0h) [reSet = Oh] .evviieeeiiiiniesiiiiesiianeesssannresaaannessaanneesannns 484
20.6.2 HSPLLMIS Register (Offset = 2h) [reset = ON] ..vueiieiiiiiiiii e 485
20.6.3 HSPLLRIS Register (Offset = 4h) [FeSet = ON]...uiieieiiiii i s rananenranes 486
20.6.4 HSPLLIMSC Register (Offset = 6h) [reSet = ON]..viieeeiiiiieriiiieiiiaresssineesensneesaaanneeannnns 487
20.6.5 HSPLLICR Register (Offset = 8h) [reset = Oh]..uvuueiieiiieeiiiiii i raees 488
20.6.6 HSPLLISR Register (Offset = Ah) [resSet = ON] .ouviueieiiiiieiiiii i i an e e anaas 489
20.6.7 HSPLLDESCLO Register (Offset = Ch) [reset = L110N]...ccueeiiiieeiiiieeeiinineesranneessannnessennnes 490
20.6.8 HSPLLDESCHI Register (Offset = Eh) [reset = BDL1ON]...uuuviuiiiiseiineiiieiinisienirnsennneanaes 491
20.6.9 HSPLLCTL Register (Offset = 10h) [reset = 4000N] ....ouueeiiiiiieiiiieiiiiee i aaeaeraaans 492
20.6.10 HSPLLUSSXTLCTL Register (Offset = 12h) [reset = 100N]...cveeeiiiineeiiiinnesieineessrnnneesannnes 494

21 Sequencer for Acquisition, Programmable Pulse Generator, and Physical Interface (SAPH,
Y N o I PP 495
22 0 O 011 0T [ o {0 o N 496
21.2 Programmable Pulse Generator (PPG of PPG_A) BIOCK ...uuiiiiiiiiiiii i i snnneessnnnnannnnnnes 497
P2 O R U1 T =T =T o 0 498
P S [0 | (= o) 1= 1= =T = o o 498
P2 B o T8 T | B o] = 7= g T= = o o 499
P2 0 S I 1 1o 1= =T 0= = o o 500
b2 ST 10 I 1= 1= =T = o) o 501
21.2.6 Excitation Pulse Frequency 0n PPG Or PPG_A ... iiiiiiiii i i iite e ssineesesannessnnnneesnnnns 503
21.2.7 Extra Excitation Pulse Frequency 0n PPG_A ... 503
21.2.8 TeSt TONE GENEIALION 1. uuttetiateeiete s st e s s aaae e ssa s e et saaaae s ssaaaa st saannasssanntsssannnessannnns 503
21.3 Physical Interface (PHY) BlOCK ..uuiiiieisiiiiieiiiiesseiteesasneesaasnnessaannessaanneessannnessennnnsssnnnnessns 504
8 Contents SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com

21.3.1 Output Channels (CHO_OUT and CHIL_OUT) cuuuiuutiintirunsiinnernsiansisinssansssisssansssnnsianeannns 504
21.3.2 Trim Registers for the Output Drivers and Termination RESISIOrS .....ovieiiiiiiereiiiieeiiiiaeeeanns 505
21.3.3 Input Channels (CHO_IN @nd CHIL_IN) .uuuiiiuuueiiiiieeiiiiatesiiisrs s ssaianssssainessaainnsssnanes 506
21.3.4 External Bias (XPBO and XPBL1 0N SAPH_A) ..uiuiiiiiiiiiiiiriiie s sssssnnssansssanes 510
21.4  AcqUISItioN SEQUENCET (ASQ) .. uetetuuuterrnteeraantesaaaatesaaanessaannesaaannessaannesssanstessaannesssnnnnessns 510
P2 O R I 1= 0T = 511
21.4.2 SiX TIME MArK EVENES ..uueiiiutiiiiiiiiiteiasisiee s s st e s ts s s sa s sa s ann s saaeaannens 512
21.4.3 Triggering the ASQ «u.ueuueeisteiseiisterse i r e r st 512
21.4.4 Auto Mode and RegiSter MOOE ..uuiuueisiiiiteiriiesrsire s saiae s ssasae s saannasssannessannnns 513
21.5  Ultra-LOW-POWET BiaS MOUE. ... uuiueiietiiteiitisitssastssas s rae s s s s e s s s s s e raa e tan s s annsann e sans 514
P22 I G T 101 1= (] 1 S I o o =T N 515
2 R A I 1Y N I o o = 515
21.8  SAPH and SAPH_A REQISIEIS cuuuuuiiattite it tassssr st sat s rase s s s raeernes 516
21.8.1 SAPHIIDX/SAPH_AIIDX Register (Offset = Oh) [reset = Oh].....cvvvviiiiiiiiiiiiniiiiieaes 518
21.8.2 SAPHMIS/SAPH_AMIS Register (Offset = 2h) [reset = ONJ...uveveeeiiiiieiiiiiiii i naaas 519
21.8.3 SAPHRIS/SAPH_ARIS Register (Offset = 4h) [reset = ON] ...oveiieiiiiiiiiiiiinini e 520
21.8.4 SAPHIMSC/SAPH_AIMSC Register (Offset = 6h) [reset = ON]....ouvivieirisiiiiiniiniinienans 521
21.8.5 SAPHICR/SAPH_AICR Register (Offset = 8h) [reset = Oh]....vviueeiiiiineiiiiiieeiiieiniinnenanns 522
21.8.6 SAPHISR/SAPH_AISR Register (Offset = Ah) [reset = Oh]....cvviieeiiieiiiiiiriii e 523
21.8.7 SAPHDESCLO/SAPH_ADESCLO Register (Offset = Ch) [reset = 10h] ....cuvviuiiiiiiiineiiineninninns 524
21.8.8 SAPHDESCHI/SAPH_ADESCHI Register (Offset = Eh) [reset = 5553h] ....vvvviiiiiiiiiiiiiininninns 525
21.8.9 SAPHKEY/SAPH_AKEY Register (Offset = 10h) [reset = Oh]....voeivieiiiiiiiininieiinieenans 526
21.8.10 SAPHOCTLO/SAPH_AOCTLO Register (Offset = 12h) [reset = Oh].....vveivieeiiririneiniininenans 527
21.8.11 SAPHOCTL1/SAPH_AOCTL1 Register (Offset = 14h) [reset = Oh]....cvcvvvviiiiiiiiiiiiiiiininnnan 528
21.8.12 SAPHOSEL/SAPH_AOSEL Register (Offset = 16h) [reset = 5h]....cvvviiiiiiiiiiiniinieenans 529
21.8.13 SAPHCHOPUT/SAPH_ACHOPUT Register (Offset = 20h) [reset = Oh]...c.cvvveiviieiiinininninnnnnns 530
21.8.14 SAPHCHOPDT/SAPH_ACHOPDT Register (Offset = 22h) [reset = Oh]...c.cvvieiiiniiiinininiinnnn, 531
21.8.15 SAPHCHOTT/SAPH_ACHOTT Register (Offset = 24h) [reset = Oh].....ovvevviiiiiiniiiiiiiinnnnns 532
21.8.16 SAPHCH1PUT /SAPH_ACH1PUT Register (Offset = 26h) [reset = Oh]......ccvvviiiiiniiiinnninninns 533
21.8.17 SAPHCH1PDT/SAPH_ACHI1PDT Register (Offset = 28h) [reset = Oh].....ccvviviiiiiiiinininiinnnnns 534
21.8.18 SAPHCHITT/SAPH_ACHILTT Register (Offset = 2Ah) [reset = Oh] ...cvvvivieiiiiiiiiiiiiininninns 535
21.8.19 SAPHMCNF/SAPH_AMCNEF Register (Offset = 2Ch) [reset = 2N] ...cuvviriiiiniiiiiiiiiiiininenans 536
21.8.20 SAPHTACTL/SAPH_ATACTL Register (Offset = 2Eh) [reset = Oh]......vvvvviiiiiiiiniiiiininnin, 537
21.8.21 SAPHICTLO /SAPH_AICTLO Register (Offset = 30h) [reset = 90h] .....vvvivieiiiiiiiiiiiinieenans 538
21.8.22 SAPHBCTL/SAPH_ABCTL Register (Offset = 34h) [reset = ALh]...ccviiiiiiiiiiiiiiiiiinienans 540
21.8.23 SAPHPGC/SAPH_APGC Register (Offset = 40h) [reset = ON] ....vvvieiiiiiiiiiiiiiiiiin 542
21.8.24 SAPHPGLPER/SAPH_APGLPER Register (Offset = 42h) [reset = Oh] ...evvieiiiiiiiiniiiinininninns 543
21.8.25 SAPHPGHPER/SAPH_APGHPER Register (Offset = 44h) [reset = 0h] ....ovvvvviniiiiiininninnnnnns 544
21.8.26 SAPHPGCTL/SAPH_APGCTL Register (Offset = 46h) [reset = 11h]...viieiiieiiiiniiineiiiininnian 545
21.8.27 SAPHPPGTRIG/SAPH_APPGTRIG Register (Offset = 48h) [reset = Oh]...ocuvvviiviiiiiiinnninnnnns 547
21.8.28 SAPH_AXPGCTL Register (Offset = 4Ah) [reset = ON] ...eeeiiiiieiiiii i rreae e raanas 548
21.8.29 SAPH_AXPGLPER Register (Offset = 4Ch) [reset = O] ..cuvviiueeiiiiieiiiiiinesnnesinnnes 549
21.8.30 SAPH_AXPGHPER Register (Offset = 4Eh) [reset = Oh]....cvviiiiiiiiiiiiiiii s 550
21.8.31 SAPHASCTLO/SAPH_AASCTLO Register (Offset = 60h) [reset = Oh].....cevvvviiiiriiineiiieininnians 551
21.8.32 SAPHASCTL1/SAPH_AASCTL1 Register (Offset = 62h) [reset = Oh]....cvvviviiiiniiiiiiininnian, 553
21.8.33 SAPHASQTRIG/SAPH_AASQTRIG Register (Offset = 64h) [reset = Oh]....cvvviiiiiiiiiienninnnnns 555
21.8.34 SAPHAPOL/SAPH_AAPOL Register (Offset = 66h) [reset = Oh]....cvevvieriiieiiiriiineiiininenans 556
21.8.35 SAPHAPLEV /SAPH_AAPLEV Register (Offset = 68h) [reset = Oh].....cvvvviviiiiiiiiiiininnin, 557
21.8.36 SAPHAPHIZ /SAPH_AAPHIZ Register (Offset = 6Ah) [reset = 0h] .....vvvvviiiiiiiiiiiiiirineans 558
21.8.37 SAPHATM_A/SAPH_AATM_A Register (Offset = 6Eh) [reset = Oh]......ccvvvviiiiiiiiiiiininninn, 559
21.8.38 SAPHATM_B/SAPH_AATM_B Register (Offset = 70h) [reset = Oh] ....vvvvvvieiiiiiiiiiiiiiininnnn, 560
21.8.39 SAPHATM_C/SAPH_AATM_C Register (Offset = 72h) [reset = 0h].....ccovviiiiiiiiiiiininninnnnns 561
21.8.40 SAPHATM_D/SAPH_AATM_D Register (Offset = 74h) [reset = Oh].....ccevvieiiiiiiiiniiineninnnnn, 562
SLAU367P—-October 2012—Revised April 2020 Contents 9

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
21.8.41 SAPHATM_E/SAPH_AATM_E Register (Offset = 76h) [reset = Oh] ....ovvvvviiiiiiiiiiiiininnnns 563
21.8.42 SAPHATM_F/SAPH_AATM_F Register (Offset = 78h) [reset = Oh] ....oceviviiiiiniiiiiiiiininneinens 564
21.8.43 SAPHTBCTL/SAPH_ATBCTL Register (Offset = 7Ah) [reset = Oh].....vveviviiniiiiiiiinneiaens 565
21.8.44 SAPHATIMLO/SAPH_AATIMLO Register (Offset = 7Ch) [reset = Oh]....c.vvvuiiiiiiiiiininniinninns 566
21.8.45 SAPHATIMHI/SAPH_AATIMHI Register (Offset = 7Eh) [reset = On].....ccvvviieiiniiiiiiiinninnenness 567
22 Sigma-Delta High Speed (SDHS) ... e e ettt e et r e e eeens 568
22720 R 1011 0o [ o3 1o o 569
22.2  SDHS FUNCLONAI OPEIALION 1.1 usttuaesstssasesss s sesass s sae s s s e e s s s s s s s s s s s e aae e s an e raneesanes 569
D R 1 o1 o 10 L 1Y U110 5T 570
22.2.2 Third-Order MOAUIBLOT ..uueiusisiseiseiiserse e r e arraes 570
B2 B T 1= L 11 1 o | 571
22.2.4 Data Transfer Controller (DTC) and Internal Data BUffer ........cccviiiiiiiiiiiiiiiiii e 578
22.2.5 PGA GaiN CONMIOI 4tuutiusisenstississrsesas it aareraes 580
22.2.6 SDHS Power and Conversion CONIOl ... ... eusssiiseiieiriseiisssias s aanssnreraessnns e 582
22.2.7 TRIGEN Bit and SDHS_LOCK Bil..uuuusuuiiutiueisinuiitissnsesisiissnsssssisinssasssssnssnnsanenns 584
22.2.8 AUTOSSDIS (Auto Conversion Start Disable) Bit........vveeeeiiiiiiiiiii i i sninneennnnas 588
22.2.9 INTDLY (Interrupt Delay) DItS .uuuuueireeiissiiinrie s s snns 589
22.2.10 ToOtal SAMPIE SIZE ...ttt r e s s s r e e s s e st 590
b N R VAV 14 o [ 1V A @0 4 = = (o 591
22.2.12 Conditions to StOP Data CONVEISION .. uuuuurtrutsiseireeriseirsesiarrars i s rarsrasssanrsarsrans 592
2 T | 01T 0T 0] £ 594
22.3.1 1IDX, INterrupt VeCtOr GENEIALON .1t ssssstssresssssssssssssssssssssssssssssssmmssssssssssnnnssssssssmmnns 594
B2 I Y= o o 10T = 594
P22 S TS T | o DT (=T o 13 (T N 595
22.5.1 SDHSIIDX Register (Offset = 0h) [reSet = ON] .vvviiieiiiiiiiieiiii e rainereraanneessasnnessaannnessnnnes 596
22.5.2 SDHSMIS Register (Offset = 2h) [reset = Oh]....vvueiiieeiiiiiirii e 597
22.5.3 SDHSRIS Register (Offset = 4h) [FeSet = ON] ...cuiieisiiiiiieiiiiriire s s ranine s aaanes 598
22.5.4 SDHSIMSC Register (Offset = 6h) [reSet = ON].ceviiieeeiiiiiiii e iii e rrisnr e reaine e snaneeaannns 600
22.5.5 SDHSICR Register (Offset = 8h) [reset = On]...uvvueiieiiiiiirir i raes 601
22.5.6 SDHSISR Register (Offset = Ah) [FeSet = ONJ...cuiieieiiiiieiiiiriii i s raaaee s aaanes 602
22.5.7 SDHSDESCLO Register (Offset = Ch) [reset = 110N]...ccieeiiiiiieeiiiiiee i rinnnessannneesannnes 603
22.5.8 SDHSDESCHI Register (Offset = Eh) [reset = BB1Oh]...ovuvviiiiiiiiiiiiiiininise e 604
22.5.9 SDHSCTLO Register (Offset = 10h) [reset = 800Lh]...uuiuueeiiiiieiiiiiee i rrnraeraanns 605
22.5.10 SDHSCTLL1 Register (Offset = 12h) [reSet = ON]...ueeiiiiieiiiiii i ssee s rsnee s sanneeeennnnes 607
22.5.11 SDHSCTL2 Register (Offset = 14h) [reset = ON]..ueiiueiiieiiiririiiii i 608
22.5.12 SDHSCTLS3 Register (Offset = 16h) [reset = ON]....coiiiiieeiiiiiiiii i e raaes 609
22.5.13 SDHSCTL4 Register (Offset = 18h) [reSet = ON]...ueiiiiiieiiiiii i rie s renr s sanneeeennnnes 610
22.5.14 SDHSCTL5 Register (Offset = 1Ah) [reset = ON] .uvvueriiuiiiinii i e 611
22.5.15 SDHSCTL6 Register (Offset = 1Ch) [reset = L1ON] . .cuuiiieiiiiiiie i e rraas 613
22.5.16 SDHSCTL7 Register (Offset = 1Eh) [reSet = Fh] ccuuviiiiiiiiiiiii i i e sinee s snnne e nnnnns 614
22.5.17 SDHSDT Register (Offset = 22h) [reSet = ON]..uueeiieeiiueiiiiii i 615
22.5.18 SDHSWINHITH Register (Offset = 24h) [reset = ON]....c.eeiiiiiiiiiiiii i e raes 616
22.5.19 SDHSWINLOTH Register (Offset = 26h) [reset = O] ..ceeiiiiiieeiiiii i rinnressnnnnesrannnes 617
22.5.20 SDHSDTCDA Register (Offset = 28h) [reset = Oh] ...uvvveiiiiiiiiiiii i 618
23 Metering Test INterface (MTIF) ... e e e s 619
P22 (R /I I8 L |11 o 111 £ ) o 620
P22 B VI I | @ o 1= - 11 o 621
P22 T2 R |V I I 1= 13 To I 621
23.2.2 Initialization Of the MTIF .. s s s st e s s e s s r e s sannees 622
23.2.3 Setting the PUISE RALE ....uiiiii i e e s r s r e e aaanens 622
23.2.4 ReadiNg PUISE COUNTEL . .iiieieiiiitteasaaetesaa e s sa e et sa s e s saanan st sannessaanntsssannresaannnes 623
23.2.5 Synchronizing Pulse Generator Timing to APPliCatioN ....u.ueriiiiieieiiiii i raaes 623
23.2.6 Various Resets DUring MTIF OPEration ......vueevieeiieeriseineerinriiteissiinnesansiaessinrsansrns 623
10 Contents SLAU367P—0October 2012—-Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
23.2.7 PUC Reset DUNNG REGISIEr ACCESS. 1 uutiuutruttruteiistirieeianeisssrantsrss it 623
23.2.8 Enabling the Pulse Generator and the PUlSE COUNLET.......cviiiieiiiiiie i rrnee e raannes 624
P2 T T . I | = [ Tox QI =T | - o o 624
23.3.1 TeSt INterface INPUL. . .uei it e e 624
P2 S I I8 =T 011 (= =N 625
23.4.1 MTIFPGCNF Register (Offset = Oh) [reset = 6970N]....ucueeiiiiieiiiiii i i raaes 626
23.4.2 MTIFPGKVAL Register (Offset = 2h) [reset = 6900N] ...ovueiiiieiiieiiiriiri e 627
23.4.3 MTIFPGCTL Register (Offset = 4h) [reset = 6900N] .....uuueeiiiiii i aanes 628
23.4.4 MTIFPGSR Register (Offset = 6h) [reset = Oh]...viiueeiiiiiiiii i s 629
23.4.5 MTIFPCCNF Register (Offset = 8h) [reset = 9600N].....uvueeriuiiriieiiiiiririerir e, 630
23.4.6 MTIFPCR Register (Offset = Ah) [FeSet = ON]...cuieieiiiii i r e rrann e s raanes 631
23.4.7 MTIFPCCTL Register (Offset = Ch) [reset = ON] v.uuueiiiiiueeiiiiiieiiii i s s snanns 632
23.4.8 MTIFPCSR Register (Offset = Eh) [resSet = O] ..uueiieeiieiiiiiiiiie i snneenaaes 633
23.4.9 MTIFTPCTL Register (Offset = 10h) [reset = FOON] ..uiuueeiiiiie i e raneerrinreeaanns 634
24 VAT o] o Yo Ko Yo TR T 0 1= g AT B PP 635
22 R VAV I N [ 1 0o L8 o3 1 [ o 636
P VY[ N @ o T= - 1o o 638
24.2.1 Watchdog Timer Counter (WD TCNT) .. uuetiieteiiiite it eraaaressanss s ssannesssannsssaannassaannns 638
227 VAV (o T [ To 1 o T [ 638
24.2.3 INterval TIMEr MOOE . .uuiuueiitiite ittt s st e e ra s r e e s s s s n e ra e aannens 638
P2 YL (o g To (o To T T T G T =T (] ) 638
24.2.5 Fail-Safe FEAUINES . vuuuiueiisiitititrsr s 639
24.2.6 Operation in LOW-POWEN MOUES .. uuuiuutiiusiiatiise it rassisss s saas s ssnsssanrsanns 639
P22 VAV N =T ] (= = N 640
24.3.1 VWD T CTL REGISIEI 1tettiuttetiintessesateessaaneesaaannessassseessasnnessaannesssannnessennnnesssnnnesssnnnees 641
25 LI L= 5 PP 642
P25 T R 0 T= T AN 1 Yo (1 Tod 1T o N 643
ST 10 1= T N O 0T 1T 645
P2 T R G T = 8 0 0 =T G o T o] (= 645
P2 TS - L 11T T 1 =T T 0 T 645
25.2.3 Timer Mode CONMIOl v.uuuiusiiisniiiseiistisiseriseisis i ate e saarsaanerarerannens 646
25.2.4 Capture/Compare BIOCKS ...uuueiseiite ittt s st s raas e s e s s saar e raas e aaness 649
B2 T2 S S © 11 o | o1 651
BT ST I 401 N (=T U o] £ 655
P2 TG TN I 11 1=T g N =T 011 (T £ 657
BT Tt R 174 (O I I =T ] (= 658
ST T 17 (o G L= 011 = 659
PTG T B 17 0 (@ O I N g T =T o 11 (] 660
25.3.4 TAXCC RN REGISTEI o uuuettiiiiteiaaaatetaa e saaaar e s saaate s ssan s et saantassaannnessaannessaannresaannness 662
ST TR ST 17 Y =T ] = 662
25.3.6 TAXEXOD REGISIEI 1uiuutiuteratiite it st st s s s e s s s et e s s a s st s a e s n s sesaaneans 663
26 LI =] S = PP 664
26.1  TIMEr_B INtrOGUCHION «uuiiiiiiiiisiiie it e st sttt e e s s s ae e e s s sssaasssansnnnnsnasneessssssesnnnnnnnnnnnnnnns 665
26.1.1 Similarities and Differences From TiMer _A ...ceiiiiieeeiiiiessiiesssantessaansessaanseersannreseannnes 665
P2 G T I 4= =3 oY= - oo 667
26.2.1  16-Bit TiMeEr COUNTET cuusatiatiisteiseiaate sttt ras s saa s raa e sas e asseaaaresareraneans 667
26.2.2  StArtiNg the TimMBr .ttt ittt e it s e st aansee s saneessaanneessanneessaanneessannnessannnesssnnnness 667
P2 G P07 B I 11 1= g1V o Yo = o T o1 1o 668
26.2.4 Capture/Compare BIOCKS ... .ueieiiiiieiiiie i e e e s e 671
26.2.5  OULPUL UMt oeiiietesieie e ssesee s seassee s sanneessaaneessaanneessannessasnneesaannnessssnnesssnnnnesssnnnnnsnn 674
PGP G N I T4 1= = T 01 (= 0 0] 678
P2 T 0 1=T = T =T 0] (= £ 680
DTG T00 R I = (@ I I =T [ = 681
SLAU367P—0October 2012—-Revised April 2020 Contents 11

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
B2 TRC T 11 = 3 B =T 011 (T 683
BT TRC TN 11 = 3 (@ O N g T =T L3 (] 684
BT JR S I = 3 (@ 0 =T 1 =] 686
PG TRC TS T I = 3 LV =T 1) =T 687
BT I ST 11 = 3 {0 (O I =T o] (= 688
27 Real-Time ClOCK (RTC) OVEIVIEW .. ..unieieieie ettt et e e et e a et e e e e e e ea e eneeaeae e anns 689
22 0 T = O O 1= T 689
28 Real-Time ClOCK B (RTC_B) iuiuititiiiiiiit it ee e st et e e e et et e e e e e e e e e e e e e e e e e e e e enens 690
28.1 Real-Time Clock RTC_B INtrOOUCHION ... cuieteiiieeeiiaeee e saaateessaee e ssanr s ssaanne s saan e e saannnesanannenss 691
S 0 8 O = T 1= - 1) o 693
28.2.1 Real-Time Clock and Prescale DIVIAEIS ....uviueeiisiiiieiieisirins i snse s nssssin s sannssanes 693
28.2.2 Real-Time Clock Alarm FUNCHON ..uuueiiisiieii i e raaes 693
28.2.3 Reading or Writing Real-Time CIOCK RegISIEIS ....uuuiiiiiiieiiiiiie i rsies s raannesranns 694
28.2.4 Real-Time ClOCK INtEITUPLS + .t uueistiite it iree s s e s s s s s s e e s e arnesanns 694
28.2.5 Real-Time Clock Calibration ......ceeiiseiiieiriiiiiii i anees 696
28.2.6 Real-Time Clock Operation in LPM3.5 LOW-POWEr MOOE.....ciiieiiiiiiieiiiiieeiiiiesisninnesinanes 697
P2 TG T = O = TN =T o 1 (] £ 698
P2 S TR T R 8 IO O I 0 =T 0 ] - 700
P2 TR I S O O I I T ] 701
P2 TR T N = O @ I 2 =T ] (= 702
P2 TR S I O O I I B =T ] - 702
28.3.5 RTCSEC Register — Hexadecimal FOrMAL .....ueiiiiuesiiiiiieiiiieiiiinssrainnrssssinrsssainssinanes 703
28.3.6 RTCSEC Register — BCD FOIMAL uuuuueiiueiisisineiisesissiassissssisssssssansssnssansssnsssannsanns 703
28.3.7 RTCMIN Register — Hexadecimal FOrMat........oviiieiiiiiiiiiiiii i rriaer e s anane e anaaas 704
28.3.8 RTCMIN RegiSter — BCD FOIMI@t..uiuuuusesiiusnessintsssannsessannsessaisnssssaisnsssssnnssisaisnssssnnns 704
28.3.9 RTCHOUR Register — Hexadecimal FOrmMat.......vevieiiiieiriniiiiie i risssesinssnsssansannes 705
28.3.10 RTCHOUR Register — BCD FOIMMAL ....oiiiieiiiieteiiiantersaans s saaans s ssannnessannnessaannnessnnnes 705
28.3.11 RTCDOW REOISIEI 1 utiiuttiistiisseiistiineiiseiaseristrasssise i ssiasisaarsaeranis 706
28.3.12 RTCDAY Register — Hexadecimal FOrMat......uviueiiuiiiieeiiiiiiieiiniasiesinrsesnneanaes 706
28.3.13 RTCDAY Register — BCD FOIMAl. . .uuteiieieeiiieteiiaatesaaaanressainnesssansessannnsssaannasssannes 706
28.3.14 RTCMON Register — Hexadecimal FOrmMat ......cuveeeiiiieeiiiiieiiiise i s ssannnessannnes 707
28.3.15 RTCMON Register — BCD FOMMAL .. uuuuuiiruesiineinneiinsissesissssss s sanesanssanssnnrsannssnns 707
28.3.16 RTCYEAR Register — Hexadecimal FOrMat.......c.ceviiiiiiiiiiie i it e s e rsnnr e sannnes 708
28.3.17 RTCYEAR Register — BCD FOIMal...uueuiiiuuseiiiintesininteisainnssisisssssainnssssannesssainnesisnnes 708
28.3.18 RTCAMIN Register — Hexadecimal FOIMAL ....uvveeriutiiiiriiiiteieinieranssessinssansrnneaanes 709
28.3.19 RTCAMIN Register — BCD FOIMMAL ....uuiiieieiiiieteeiiaaeteasaanessaaansessannessaannessaannnessannes 709
28.3.20 RTCAHOUR Register — Hexadecimal FOrMAL ......uveiiiiueeiiiiireiiiiiniiss s isisssisninnessanes 710
28.3.21 RTCAHOUR Register — BCD FOIMAL ...uuuiiusiiiueiineiinsisiessianirsssissssnesassissssanssansssnns 710
28.3.22 RTCADOW REQISIE 4 uuuuatiuttiseinnesseiassissssastsrss st rase s rastsrisssasrsaarsraseiannens 711
28.3.23 RTCADAY Register — Hexadecimal FOrmMat......coueviiiieeiiiiieiiii it s ssnnnssnnnns 712
28.3.24 RTCADAY Register — BCD FOIMMAL....uiuutiiuteiisiiinerinsiisesintsass s sanesassiasssinssansssnns 712
28.3.25 RTCPSOCTL REQISIE 1 tuutiiuseiastinseiastirss st raas s raseaasesanns 713
28.3.26 RTCPSLICTL REQISIEI t1uutiiiteiiutiniteiassisisesiatirise i it assareaseraisesinns 714
28.3.27 RTCP S0 REGISIEN 1 uutiuatiuteiseiaterse sttt a et a e s et sa s s saarsasesaneaannens 715
28.3.28 RTCP S REQISEI 1 uuttustisterseiasserse sttt tase s raa s st saatsrareiannens 715
28.3.29 RTCIV REOISIEI tuttiiutiitiiistiiiteiis i aa e ra s e a e saan e s e iannans 716
28.3.30 BIN2BCD REGISIEN 1uutiuuetiuteruneistertesaseissesastssss s sasstasesas st sassaaarsanssansaannens 717
28.3.31 BCD2BIN REGISIEN 1uutiustisttsussissesse st rastsrss s s s s tas s aannsrassiannens 717
29 REAI-TIME CIOCK C (RTC _C) ittt ettt e ettt e et e e e et e et a e e e et e e e n e e eeeaeanes 718
29.1 Real-Time Clock (RTC_C) INtrodUCHON .. tetet i seieeessanressaannessasnneesaannnesaasnnessannnesssnnnnenss 719
P2 B = O O @ ] 1T 1T o 721
P2 B A O 1T g T F= L 1Y o T [ 721
12 Contents SLAU367P—0October 2012—-Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com

29.2.2 Real-Time Clock and Prescale DIVIAEIS ...uvvueiiieeiisiiiiiriieiisis s s snssransaanes 721
29.2.3 Real-Time Clock Alarm FUNCHON ..uiueiisiiisteiiseiisis s sses e 721
29.2.4 Real-Time CloCK ProteCtiON ..uuuiisiiiiseiiseiiisisisiiiiis i isiai e raaesanens 722
29.2.5 Reading or Writing Real-Time CIOCK ReJISIEIS ....uuiieiiiiiiiie i s i annenaes 723
29.2.6 Real-Time ClOCK INtEITUPDES « . u ettt ittt it e et e s s e e s s e e s s s e st sannn e s saanne s ssannnesannnnns 723
29.2.7 Real-Time Clock Calibration for Crystal OffSet Error......ccueiiiiiuesiiiiiiiiiiiiieannssrainns 725
29.2.8 Real-Time Clock Compensation for Crystal Temperature Drift........coovviiiiiiiiniiiiiiiiineens 726
29.2.9 Real-Time Clock Operation in LPM3.5 LOW-POWEr MOUE.....ciieiiiiiiiiiiiiiiie i e inniane e nnanes 728
29.3 RTC_C Operation - Device-Dependent FEAtUIES .....ueiiiiiueiiriireiiiiniesisissessanstssraanressaanrsasaannss 729
P2 TR T R o 10 o1 1= 1Y o T [ 729
29.3.2 Real-Time Clock Event/Tamper Detection With Time Stamp......cveeviuiiiiiiniiiiiiiinina, 732
A B S 8 O O =0 L] (=] £ 734
P2 TR R = O @ I 0 I =T £ (= 737
P2 B o O O I I T o (=T 1] = 738
29.4.3 RTCCTLL REQISIEI 11uutiiustiisttrseiistssisesassisisesiatssise st raseiainerastrassssistsaansiareiarnens 739
P TR o O @ I e B =T ] (= 740
29.4.5 RTCOCAL REGISEI 1uutiuatiistsruseississe sttt s et tas s aanrsrassiannens 740
P B G O I =T ] T 741
P2 TR A = IO A I =T o £ = 742
P2 TR R O O N I =T o I = 742
29.4.9 RTCNT3 REQISIEI ttstiisttiiatiiteiistiare it aar i ras s et tsiaesaarsrareraseins 742
29.4.10 RTCNTA REGISEN 1 uutiuatiuttiae ittt rss st r it e tae s ae s s st s s s saa s st s saneaannens 742
29.4.11 RTCSEC Register — Calendar Mode With Hexadecimal Format .........c.ccvviiiiiiiiiiiiiiinnnnnns 743
29.4.12 RTCSEC Register — Calendar Mode With BCD FOIMaAt ...uvvviueriiiiinesiniiniesiiiinnsisainnesiannes 743
29.4.13 RTCMIN Register — Calendar Mode With Hexadecimal Format.........covviiirreriinnnersnnnnennnns 744
29.4.14 RTCMIN Register — Calendar Mode With BCD FOrMat.......coiieiiiiiiiiiiiiiieeiiiinesnninneennanes 744
29.4.15 RTCHOUR Register — Calendar Mode With Hexadecimal Format........c.cvvviieniiiiininiiiinnnenns 745
29.4.16 RTCHOUR Register — Calendar Mode With BCD FOrmat........coevviuiiiiiriniiiineiiieiiieninnians 745
29.4.17 RTCDOW Register — Calendar MOUE .....v.uueeiiiiiniiiiiasisaate e ssiaaressnanrsssaannesaaanneeaannns 746
29.4.18 RTCDAY Register — Calendar Mode With Hexadecimal Format .........ccovviiiniiiiiiinniinnninnns 746
29.4.19 RTCDAY Register — Calendar Mode With BCD FOrMat .....oveiiuiiiieiiiiiiierinneeiieinieenans 746
29.4.20 RTCMON Register — Calendar Mode With Hexadecimal Format .........c.cvviiiiiiiiiiiiiiinennnnns 747
29.4.21 RTCMON Register — Calendar Mode With BCD FOrMAaLt ....cvvviuiriiiieieiiiinesiniinesiniinesinanns 747
29.4.22 RTCYEAR Register — Calendar Mode With Hexadecimal Format ..........covviievvviiiinnininnnenns 748
29.4.23 RTCYEAR Register — Calendar Mode With BCD FOrMat ....ovieiiiiiiiiieiiiieeianinessaineeannas 748
29.4.24 RTCAMIN Register — Calendar Mode With Hexadecimal Format........ccvvviieiiiiiiiiinninnneinns 749
29.4.25 RTCAMIN Register — Calendar Mode With BCD FOrmMat.......ccvvveeiiniiiieeiinriiineiineinieerinninns 749
29.4.26 RTCAHOUR REQISIEI . .uutiuttiuseiisterseraseisserastssss st ras st saarsrarssanens 750
29.4.27 RTCAHOUR Register — Calendar Mode With BCD FOrmMat......c.cuvvviiuiriininrsiriinnsinninneaianns 750
29.4.28 RTCADOW Register — Calendar MOUE .....vvueiviiiiiniiiiieiine i iniesrasssas s sssesaneanaes 751
29.4.29 RTCADAY Register — Calendar Mode With Hexadecimal Format ..........c.oooiiiiiiiiiniiiinnannss 752
29.4.30 RTCADAY Register — Calendar Mode With BCD FOrMat ....vvveeeiiiineririiineeiniinessiiiinesinanes 752
29.4.31 RTCPSOCTL REQISIE 1 uuttiuteiiutinteiassirssrat et rt et aa s saastan s aannssaaeaasssanns 753
29.4.32 RTCPSLICTL REQISIE 1 tuutiiuttiintirseiastirssraatsrse e raa e raseaansesanns 754
29.4.33 RTCPSO REQISIEN 11uutiiustiisterseiinreriseiissisiserasss it aeaiseraasaissaaraaneraseiannens 756
P B 7 S QIO S =T ] (= 756
29.4.35 RTCIV REQISIEI 1 uttistiiuattiaterseiast st ra e s s ra s s s e s anreraseaaneans 757
29.4.36 BIN2BCD REQISIEI 1uutiiustiistiiseiististeiastisiseristisse st s s trassssiassaansrassiannens 758
29.4.37 BCD2BIN REGISIEN 1uutiuutiateiunsistests st st sar s sae s s sassaaarsannssarsaannens 758
29.4.38 RTCSECBAKX Register — Hexadecimal FOrmMat .......ooeeiiiiiiieiiiiie i reiee s rnnnn e nnnns 759
29.4.39 RTCSECBAKX Register — BCD FOIMAt...uuuuuesiiiuseiiiinnesisissessannnssssinnrssssinnssssinnssssnnns 759
29.4.40 RTCMINBAKX Register — Hexadecimal FOrmMat. .....oveeviuiiiieiiieiiieiiinissinrsnnsesnneiannenans 760
29.4.41 RTCMINBAKX Register — BCD FOIMAL «..uuueeiiieeeiiainesiaanessaannessannnessaannasssannsessannnes 760
SLAU367P—-October 2012—Revised April 2020 Contents 13

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
29.4.42 RTCHOURBAKX Register — Hexadecimal FOrmMat......vvvuiivieeiieiiiiiiniesinnn e ineaninenans 761
29.4.43 RTCHOURBAKX Register — BCD FOIMMAL .. ..eviieeiiiiiieiiiiiineiaainessannnesssannsssannnesannnnes 761
29.4.44 RTCDAYBAKX Register — Hexadecimal FOrmMat .......vviveeiiiiieniiiiiiiii s rninnesssnnnnsinanns 762
29.4.45 RTCDAYBAKX Register — BCD FOIMMAL . ..uuiuueiiuterneiinsininniits s iasssiaesansisiessannssnnssnns 762
29.4.46 RTCMONBAKX Register — Hexadecimal FOrMaALt .......ooeiiiiiiiiiiiii i rninee e nnnes 763
29.4.47 RTCMONBAKX Register — BCD FOIMAL ..uuuuueiiiiusesiiiinsesisisseisinsnssssinrsssannsssssinnssinanns 763
29.4.48 RTCYEARBAKX Register — Hexadecimal FOrmat .....c.ovvuiiiieiiiiiiiiinie s sinesninenans 764
29.4.49 RTCYEARBAKX Register — BCD FOIMAL .. .uuueiieseiiietesiiatsessaansessannnessannnnssaaannessnnnes 764
29.4.50 RTCTCCTLO REGISIEN 1utuuttusistrueiusinsssssraerssassras et sassassnnsananns 765
29.4.51 RTCTCCTLL REQISIE 1tuuttiuteiiutirteianstrss sttt sa s s s s e saeesaneaanesannss 765
29.4.52 RTCCAPXCTL REGISIEI 1 .ututiueiseiutitiaaiase st satsasraesar s sar s saas s saraassaseseannsnes 766
30 Enhanced Universal Serial Communication Interface (eUSCI) — UART Mode........cccoveivinininnenn. 767
30.1 Enhanced Universal Serial Communication Interface A (EUSCI_A) OVEIVIEW ...viiveiiiiiinieeiiiineessninnenss 768
30.2  eUSCI_A Introduction — UART MOGE ...uuiuuiiieiiteiieesaints e ssse s sssss s ssans s ssn s s s asnssanes 768
30.3 eUSCI_A Operation — UART MO .. ..uuiiiiniiiiiiiesiaatssssastessaaassssaansssssannssaaannsssaannssssannnssss 770
30.3.1 eUSCI_A Initialization and RESET . .uiiiueteiiiitesiaintessaisneesaasneessasnnessaanneessannressennnessennnes 770
10100 T @ = = o) =T G o T 0 | 770
30.3.3 Asynchronous CommuniCation FOMMAL ...uuueeiiiieeeiiiiter e sr i rainr s saaanessanannesaanns 770
30.3.4 Automatic Baud-Rate DeteCHION ..uuvueisirsirtisiisere s rarraseaaens 773
30.3.5 IrDA Encoding and DECOMING .. euuueeruutirusernnsruseiseisssraseissssinssass s ransiansssanrsanns 774
110 N SR AN (o] 4 F= L[ = (o G 011 (= ox 1T o 775
30.3.7 eUSCI_A RECEIVE ENADIE ...iiiiiiiiiiii e i it s e e s e e e seaaee e s s ann e e s saann e e sannnnesaannnessannns 776
30.3.8 eUSCI_A Transmit ENAbDIE .. .uciuiiiiiiiii i s e 776
30.3.9 UART Baud-Rate GeNEration ......uieeissireteirinesssineessainssssaasssssaansessaasssssanssesiannnes 777
30.3.10 Setting @ Baud RAE ...uuiiriiiiieiiiiessainessaaseessaaneessaannressaanneessannressasnnessssnneessnnns 779
30.3.11 Transmit Bit Timing - Error CalCulation ........c.vvveeiiiiriiiris s eaees 780
30.3.12 Receive Bit Timing — Error CalCulation ... .....vuiiiisiiiiieiii s s e sanane s nnanes 780
30.3.13 Typical Baud RateS and ErTOrS ....uuiieeerseineeeseinneessasneessasnnessasneessssnnessssnnessssnnnessnnnes 781
30.3.14 Using the eUSCI_A Module in UART Mode With Low-Power Modes ........cooevvviiivinniinninnnnns 783
30.3.15 eUSCI_A Interrupts in UART MOGE . . .uuuiiiiiiiitesiiitte it ssais s ssaass s sainne s sanansssannes 784
R S T I 1Y N @ o T=] - 1 o] 785
30.4  EUSCI_A UART REQGISIEIS uttuttistisatsaats sttt s ra s s a s s s s e asnesannsaanes 786
30.4.1 UCAXCTLWO REGISIEN 1uututiutiusiseruerasssssesassssssnsssasrsss s s s s saas s s aaneasesnsnes 787
30.4.2 UCAXCTLWL REQISIEN 1uuuueettesneessainnessaassnessaansesssanneessasnneesssnnnessssnnesssssnnessssnnesssnnns 788
30.4.3 UCAXBRW REGISIEI 1uutiuatiatirsseississs st sasssaass e sas s s ssanssaneens 789
30.4.4 UCAXMCTLW REQISIEN 1utuuttusinutiutiuetssstiaesssssass e sssasssas s sassasssan s sarsassannsnesassnns 789
30.4.5 UCAXSTATW REQISHEr 1 uuutetteineessaineessaanneessasntessaanneessaannessssnneessssnnessssnnesssssnnesssnnes 790
30.4.6 UCAXRXBUF REQISIEI 1uuutiutiruseististeississesissssss s sas s sannsrnssinnnens 791
30.4.7 UCAXTXBUF REQISIEN 1uuiuiiutiusinseiutitisissssrtsssssssrssssass st sasssr s saseaesrrnes 791
30.4.8 UCAXAB CTL REGISIOr .. uuutteitsineessasnessaassnessaanseessantessaanneeseasnnesessnnesssssnnessssnnesssnnns 792
30.4.9 UCAXIRCTL REQISIEr . uutuutiruttiseiatersesaeer st st a s et s s r s sareraneaaness 793
30.4.10 UCAXIE REQISTEI 1 uuuuuueteiateearaeesaaaee s saaaae st saaste s taaat s s ssannt st saaan e s saannnsssannsssaannnsss 794
30.4.11 UCAKXIFG REQISIEI 1 tieeiiiiineetsaiseestaanseessasntessaannressaannessaanneessssnnessesnnesssssnnessnnnes 795
30.4.12 UCAKXIV REGISIEN 1ttt st e s s et e s s s s s s s rsaneaannaas 796
31 Enhanced Universal Serial Communication Interface (eUSCI) — SPI Mode .........coeviiviiiiinnnennn. 797
31.1 Enhanced Universal Serial Communication Interfaces (eUSCI_A, eUSCI_B) OVeIVIEW ......cccvvviinneennns 798
31.2  eUSCI INtroducCtion — SPI MOOE ...ueeuuiiiteiitinteiastsssssias e rse e e e e s s s s ra s e s san e sannesns 798
31.3  eUSCI Operation — SPI MOGE . .. uuueiratiiteiisisteriss e r e aa e n e e 800
31.3.1 eUSCI Initialization and RESET ...uuuiieisiiiieteiriieeriire s sssise s ssaasesssasrsssannrsssannnes 800
103 O T @ = = o) (=T G o 0 | 801
B3 I TR T 1V = 1= (T g 1 o Yo [ 801
O 20 B = Y 1V o T [ 802
31.3.5  SPIENADIE . ettt e 803
14 Contents SLAU367P—0October 2012—-Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
31.3.6  Serial ClOCK CONMIOl 1.uuiueiiite ettt s e s e e e r e e s s e e s sn e s n e sa e aannens 803
31.3.7 Using the SPI Mode With LOW-POWEr MOOES.......eiiiiiiieiiiii i r i e e s anane e ananas 804
31.3.8 eUSCI INterruptS iN SPIMOOE ..uviieieiiiieisii s sr s saire s sr s e s sann e s saannressannes 804
13 R0 LU I @ NS e (T 5] 1= £ 806
31.4.1 UCAXCTLWO REGISIEN 1uuiutiutineinaeiueratsssssssstsssassse st sassaas st sassaassstassassanssnsnes 807
31.4.2 UCAXBRW REOISIEI 1 i uuuteiiatteinatesssisse s ssasssssassesssaassessaantsssaasssssasnnsssasnnrssssnnnss 808
31.4.3 UCAXSTATW REGISIEI 1 uuutiatiruteistirterseiaeeria st s st s e ta e s s e s s sia s sanresaesaaneens 809
31.4.4 UCAXRXBUF REQISIEN 1uuuiuiiutiutiasiueitisssssatstsssssstsssassassssattassasssrsassansasssrsnes 810
31.4.5 UCAXTXBUF REQISIEN 1uuuiutiutiusiserserusisssesssrsissasssarrtissassssrstassasssras s 811
3 O G T 8 17 q | =T o £ (=] 812
3 I oy A O T @ N |l R (=T 0 L3 (T 813
O T 1@ Y =T 011 = 814
13 L ST =T I @ = TS (T 51 (= £ 815
31.5.1 UCBXCTLWO REGISIEN 1uuiututiueiseiueiatisssesssassssssssssssassassse st saasaassrsnssassaassnnsnes 816
31.5.2 UCBXBRW REOISIEI 1t uuateiiutseisstesssssesssssssssaassesssasssstsansssssaanssssannnsssasnnsssssnnnss 817
31.5.3 UCBXSTATW REGISIEI 1 uuutiutiiteintirte i rras s st e e s s s sa s sann s raesaannens 817
31.5.4 UCBXRXBUF REGISIEN 1uuuiuiiutiueiaeiueitissssrsstsssrssstrtsaseaasstratsassasssrrassansaaesnrsnes 818
31.5.5 UCBXTXBUF REQISIEN 1uuuiutiutiusinserserutisisssssssissssesssrsisssssssrasiassasssrassaseaesnrans 818
31.5.6 UCBXIE REQGISIEI uuiuutiutirutiite ittt st s s s s s s s et e s s aa s e st s s e s nestsaaneans 819
31.5.7 UCBXIFG REOISIEI .. uttiiiiiateiaaiie e saa et sa it e s tsaa s et saan s e e saan e e s saan e e s saanneesaannnesaannnnsss 819
31.5.8 UCBXIV REGISTEI . utttiuatessuesessaessssisse s saaseessassesssaassetsaastessaanntsssaannsssasnnnsssannnns 820
32 Enhanced Universal Serial Communication Interface (€USCI) — I2°C MOAE ......cevvvvvneeneenieeniennnns 821
32.1 Enhanced Universal Serial Communication Interface B (EUSCI_B) OVEIVIEW .....icuviiirriineininriinneinnens 822
32.2  USCI B INrodUCHION — I2C MO0 .t uuttuteneentsueeteaneeneresaseaneenesaeeassansenesaesassansenesaessssensrnernnnns 822
32.3  €USCI_B OPEration — I2C MOUE 1 .uutuutittttiet it tietateaat it saesaasaat e ratsaseaat e satsaseeneraeraesanesnesnns 823
32.3.1 eUSCI_B Initialization and RESEt . ... uuiiueirieriiiiiieiiriiria i rae s 824
K T O YT - - - PP 824
32.3.3  IPC AdAreSSING MOOES +.uviiuiitiitiittietittaterae sttt e aaetie et e e raetaeeatsaaeaaesreratsaneeneannans 825
K T S O @ T To2 = (] o 826
32.3.5 I°C Module OPerating MOUES ....ueiuiueisitiieeeeiseatieaaseraeaeeeataeesrae e atraeaaraeaeananennans 827
e 772 S T 111 (o] 1 1) (=1 T Vo 837
32.3.7 I°C Clock Generation and SYNChIONIZAtION........uueeeeieieraereeaereaeraereeaeeeanraereeaneeaeanens 837
G S T = 1Y/ (=N o 11 ] =T 839
32.3.9 MUIIPIE Slave AQOrESSES . .utiriiietetiiieesaeieeesaasneessaannesseaneessasnnesssannresssnnnessssnneessnnns 839
32.3.10 Using the eUSCI_B Module in I’C Mode With LOw-Power MOAES ......covvierueiererenierneiennenens 840
32.3.11 eUSCI_B INterruptS i IPC MOOE «.uuueuiitintisetieetsesastteaesieeasateneatsaeaasaeesaeraeaasanrnens 840
32,4  EUSCI B I2C REQISIEIS cuuttttaineeesasneesaannessaanneessansnessaannesseanneessasnnessesnneessssnnessssnnessssnnnes 844
32.4.1 UCBXCTLWO REQISIEN 1 tuuutiutsiuseistessesaseissesastssss s sase e sas s sansssasssannens 845
N © [ 01 2 3 (O I IR T B =T 115 (= 847
32.4.3 UCBXBRW REQISIEI 1 uiiueetiiieeetsaineessaanseessanntessaanneessasnnessasnneessssnnessssnnesssssnnessnnnns 849
K B 11 23S Y 172 XY N 849
32.4.5 UCBXTBCNT REQISIEI 1uuuuueiutiusinseiueiutissseratrtrssssse s se st ss s s e s s saaesnraes 850
32.4.6 UCBXRXBUF REQISIEN 1.uuutetiisneessaisnessaanseessaantesssanneessasnnessssnneessssnnesssssneessssnnessennns 851
oy A © 11 2 31 1914 =1 851
32.4.8 UCBXI2COAD REQISIEI 1. ututiutiusinssiutiutissss st rsss e rs s assr st ssr s s e raean s 852
32.4.9 UCBXI2COA L REQISIEI . tttiiiineetsainestaaseessaanteessasneessaanneeseaannessasnnessesnnnessssnnesssnnns 853
32.4.10 UCBXI2COA2 REQISIE . tuutuuintintitieeaatresatsassaasresassassat e sassaasassasaarsanssnssnnsansnns 853
32.4.11 UCBXI2COA3 REJISIET 1 tuutiusiustintiusissstraesssasssse st re st sarsassrrsnesananns 854
32.4.12 UCBXADDRX REQISIET .. uuttttiiaeeeresneessasnnesssansnessaansesseansessesnneesssnnmessssnnessssnneessnnns 854
32.4.13 UCBXADDMASK REQISIEI 1 1utiueiueiutitiseraerarsaesaasissarrassaasrassansassaasrassarsassaassaesansnes 855
ot A U @1 =5 q 1 @7 ANl =T [ L] (=T 855
32.4.15 UCBXIE REQISIET 1 uteiiiieteiseineesssaseessaaneeessanneessasnneesaaaneessasnnessesnneessssnnessssnnnessnnnes 856
1 ST 0 @1 = (| N =T o 1] (= 858
SLAU367P—0October 2012—-Revised April 2020 Contents 15

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
I A U @1 = (LY (=0 L] (= 860
33 R 861
G T N o = N [ 1 0 T [T 1 P 862
I T = 413 Tt o] (=30 @ o= = L1 [ ) o S 863
33.2.1  LOW-POWET OPEIAtION 1 uuuattusesusesassssessssessssaasssss s s sasesasessnssansssasssanrssanssanessnness 863
33.2.2 Reference SYStem ReQUESTS .. ..uuiii et r it r e s sraar e s sanr e s saannreaaannes 863
B TR T = e N =T 1] £ S 865
33.3.1 REFCTLO Register (offset = 00h) [reset = 0000N] ...vuueiiueirinriineiiniiiiririrre i, 866
34 N 5 L3t I 868
0t R N I T @t o2 = T 11 o o T4 1o 869
T N 131 2 = TN 0 o T= - 1o o 871
Tt R I 2 T AN I T 7 ] 871
34.2.2 ADC12_B INputs and MUIIPIEXET ... uuueseiiiteiisie e s s as e s s aare s sannan s rrannes 872
34.2.3 VOltage REfEIENCES .uviiueiiiti ittt r e s r e e aanens 872
34.2.4 AULO POWEE DOWN 1ttt s saa e s sa s s s s r e s s n s s s e aaaanesaannnnss 873
34.2.5 Sample Frequency Mode SeleCtiON .....ueiiiiueseiiiteiriierriiresrsis s saaaesssaisessaanaessannes 873
34.2.6 Sample and ConVersion TIMING «..eeveseuseersserse i sas s rar s 873
Y (N @70 0 1Y7=] £ (o] 1V =1 oo ) Y 876
34.2.8 ADCI12 B CONVErSION MOOES ..iiiiiiiiiiiiissstnisssssssssssssssssssssssssssssssmmmmssssssssssnnmeesssmmmns 877
34.2.9 Operation in LPM3 and LPM4 ... et s s s s s e e s n s sanns 882
34.2.10 WINAOW COMPAIALOL .. uetetiaatessaneessaansessaaneesaannessaannesssannnessaannasssannnessannnesssnnnees 882
34.2.11 Using the Integrated TeMPErature SENSOI . ...uuuivuuteerraeresrairresrannressainnrsssarnrssaainnesinnnes 883
34.2.12 ADC12_B Grounding and NoiSe CONSIAEIatioNS .....uevvusriiueeriueineerinriasssinrianneraeiainaans 884
34.2.13 ADCI12_B CaliDration «uueuueiusisiseititiisirserssssnas s ss s saas s san e s s s rar e araaes 885
34.2.14 ADCL2_B INTEITUPES tetttettiiiiisnnssssssnseessssssssssssssssssssssemsssmmmmmssssssssssnessmmiiinns 885
TG T NI 131 2 = TN =T £ (=] £ 887
34.3.1 ADC12CTLO Register (offset = 00h) [reset = 0000N] .....uueeiiiiiiiiiiii i ranes 893
34.3.2 ADC12CTL1 Register (offset = 02h) [reset = 0000N] ...ocuueeiiiiiiiiiiii i i reaaes 895
34.3.3 ADC12CTL2 Register (offset = 04h) [reset = 0020N] v..vvvueiriuiirineiiiiiiiri i 897
34.3.4 ADC12CTL3 Register (offset = 06h) [reset = 0000N] .....uueriiiiiiiiiiii i raaes 898
34.3.5 ADCI12MEMX RegiSter (X = 0 10 31) tuuuueriruunnerrinnnessnnnnesninnessainsssssanssssasnsessssnnnsssnnnes 899
34.3.6 ADCI12MCTLX RegiSter (X = 010 31) tuutiuutiruneineinneianeinnssiansrssiansssnesansisnessanrsannssnns 900
34.3.7 ADCI12HI Register (offset = 0Ah) [reset = OFFFh] ....ooiiiiiii e e anaas 902
34.3.8 ADC12LO Register (offset = 08h) [reset = 0000N] ...eviviueeiiriineeiiiiesiiierrairesranrasraannes 902
34.3.9 ADCI12IERO Register (offset = 12h) [reset = 0000N] .. ..uuvuuriiueerineiiirirariranre e 903
34.3.10 ADCI12IER1 Register (offset = 14h) [reset = 0000N] .. ..uueeiiiiieeeiiiie i rrainre s rannreeaannes 905
34.3.11 ADCI12IER2 Register (offset = 16h) [reset = 0000N] ....uueeiiiiiueriiiinneiiiieriranreranresraanns 907
34.3.12 ADC12IFGRO Register (offset = OCh) [reset = 0000N] .....eviuieiiueiiieirinriirianerieiaeaaes 908
34.3.13 ADCI12IFGR1 Register (offset = OEh) [reset = 0000N] .....cviiiiueiiiiiie i eenaees 910
34.3.14 ADCI12IFGR2 Register (offset = 10h) [reset = 0000N] ....ueviiiiueriiiiieiiiiiriieranerraans 912
34.3.15 ADC12IV Register (offset = 18h) [reset = 0000N] ... .cuuiiueiriuiirieiiiiiriri e aaeaaaes 913
35 Comparator E (COMP_E) MOGUIE .....eeeieii e ettt e e e e e e e eaenas 915
35.1  COMP _E INtrOQUCTION 1t ttttttitisisse s sstteeee e sssssssessssssssaaesesssssssssssssnnnnssnneeessssssssssnnnnnnnnnnnnnns 916
e 1@ 1Y/ | = @ o T= - U1 o] 917
101000 R O 0 1] = = 0] 917
35.2.2  ANAlog INPUL SWILCNES ..ttt s e s s s e s sr e st s s e s saaan e s ssanressannes 917
B 072 T = o T A 1o o [ 917
35.2.4  INPUt ShOIt SWILCH « v et e 917
B ST ST @ 11 o | = 918
35.2.6 Reference Vollage GENEIatOr .. .uueeieietersasneessasnneesasnneessasnnessasnnessssnnessssnnesssnnneessnnnes 919
35.2.7 Port Disable RegiSter (CEPD) ..uuuiiitsiistirsritsrseiatsse s sanssssssaassssesansssnssannss 920
35.2.8 Comparator_E INTEITUPES ..uuuiiiiiiiiiiiiseeesssssssss i se e s s s s aasssassaaasssnnrssssssssannnnns 920
35.2.9 Comparator_E Used to Measure Resistive EIEMENTS ....oviiiieiiiiieiiiiiie i rinnsessnannnennns 920
16 Contents SLAU367P—0October 2012—-Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
11T T O 1V 1 o {0 L] (= £ 923
35.3.1 CECTLO Register (offset = 00h) [reset = 0000N] ... ..uueiiiieieiiiiir i rrairerananeeaanas 924
35.3.2 CECTL1 Register (offset = 02h) [reset = 0000N] .. .uueeiiiiuieiiiieeiiii i sainreaaanes 925
35.3.3 CECTL2 Register (offset = 04h) [reset = 0000N] ....evueeiiueiiieiiiri i ras 926
35.3.4 CECTL3 Register (offset = 06h) [reset = 0000N] ......eeiiiieieiiiii i saaneeaanas 927
35.3.5 CEINT Register (offset = 0Ch) [reset = 0000N] ....cuuueeiiiininiiiiieiiiiriireraissainnreaaanns 929
35.3.6 CEIV Register (offset = OEh) [reset = 0000N] ...uvuueirueeiiueinineritirieiinieiersieesiraneaas 930
36 (@B I O o T | 4 e ] | 1= PP 931
T 200 S I @ T O 1o Yo [ o (o Y 932
1207 I @ T G @ o 1= - 1 o o 1 934
10T 00t R I O 0 /=T 4o 934
36.2.2 LCD TimiNG GeNEIAtION .. tttnuaateiiateeasiaeesaaane s saasae s ssaasessaanssstsantsssaanntsssanntsssannnsss 935
36.2.3 BlanKiNg the LCD ..uueiiiiiiiiiiiiesseiesssaaee s saantesssanneessaannessaanneessasnnessssnnesssnnnnessnnnns 936
1T @1 I I = 11T TR 936
36.2.5 LCD Voltage ANd BiaS GENEIratioN .. ....ueiiiueseiiietesiiittesraaaresaainesssaiasessasnnsssaansnsssannes 937
36.2.6  LCD OUIDULS .t tuttseatnassussssssasnasssssaerastas s s esse st s s s e s e et s s s e s e s e ra s e s e s e e aananaenas 940
10T A I O 0 101 (=T (1 941
36.2.8  SHALIC MOOE 1. uttiseiiteiisii et r et r e r e r e 943
36.2.9  2-MUX MOOE 1utiutisiiatiatitesae et r et e e s e et 944
36.2.10  3-MUX MOU .1t uteteiesees et s st e s e s s e s st s s s e s e s s e e s s et s e e s a et n e a e e 945
0T 0t I V331 oo [ 946
36.2.12  B-MUX MO .1 utinsintiatisenseratissses sttt r e s e et s e s e et s s e s e et n e aeas 947
36.2.13  B-MUX MOU .ttt utettiseerat st et e e et et a e s e s s e e s e s e e s a et s e e s e a e e 948
36.3  LCD_C REQISIEIS .utttuuaetesnuaesssssesssaassessaaasssssaastessaaanssssantessaaanssssansnssssnnessssnnnssssnnnnssns 950
36.3.1 LCDCCTLO REQISIEI tteuuutessiinneesaasneesaasnnessaassnessasnnesssanneessesnnnesssnnnessssnnessssnneessnnns 955
36.3.2 LCDCCTLL REGISIEI uutuatiruteiuseiasessesssesssssasssss et s sasesas s s saas s s s saarssasssansasness 957
36.3.3 LCDCBLKCTL REGISIE 1ututtusiustiueiusensesstrae st ssssas e s aasras s sassa e e sesassaassasansanans 958
36.3.4 LCDCMEMCT L REQISIEI .. uttttiieeeseasneesaasnnesssanseessaannesssanneessaannesssanneessssnnessssnneessnnns 959
36.3.5 LCDCVCTL REGISIEN uutuatiruteistite st iaeess st s s s raa e ta s a e s s s n s s n s saneaaneaaness 960
36.3.6 LCDCPCTLO REGISIEI . uututtutisesetutissserse st st rae s st s et saasaa e rae s n s s s e e snraes 962
36.3.7 LCDCP CTLL REOIS O . uuuutetssinneesaaneesaannessaanneessaannesssanneessasnnessssnnnessssnnessssnnesssnnns 962
36.3.8 LCDCPCTL2 REGISIEI .t uuuttutssuseiunerseiasesss st s saat s s sas e s s s saarssaresanesanness 963
36.3.9 L D CP C TS REGISIE . uuttuttutisese it sstsersers st raesn st s e s s s s a e rae s rraa s a e saeannaes 963
36.3.10 LCDC CP CTL REQISIEI . uuttettiietessaintessaineessaannesaasnnessaanneessannnessasnnessssnnnesssnnnessennnes 964
36.3.11 LCDCIV REQISIEI 1 uuuutiuteratirstersesase st ia st s e s s e e et s s e s s s s s s s rsaneaaneaas 964
37 Extended Scan INterface (ESI) ... 965
0t N s I [ 1o o[ 1) o 966
I 5| I o= - o] o 967
37.2.1 ESIANAIOG FrONt ENG .uuuuueiiiiisiiitere s s s s e s s s s s e s s e e aanens 967
37.2.2 ESITiMINgG State MacChine .......eeiiiiiiiiiiiii i e s r s anes 974
37.2.3 ESI Pre-Processing and State StOrage .....vvveeiiueiriesrineiieerisrirssiissiannerassiaisssinranssnns 979
37.2.4 TIMEIA OULPUL SEAOE 1. uueteineeeaieeesas e s ta e et saaas e s saanna s tsannr e s saannesssannnesaannessaannness 980
37.2.5 ESI Processing State MaChine....uuiiuuisiiiiiiiiiieisiiis s s s ssinrssssannssssannnes 981
I G s T I =Y o TH T N =01 (T 985
R A Y B 101 (=T U] 985
37.2.8 Overview Of ESI APPIICALIONS . .uuueiiietsiiiiteirnissriis s s ssare s saasrsssannsessannnes 986
G T | I =T o £ (=] £ 993
37.3.1 ESIDEBUGL REQISIEI 1 uuutiutiutiueissiutiatissssstsssssasssrsassassaassassastassassariassanesssnnsnes 994
37.3.2 ESIDEBUG2 REQISIEI 1 uututiutiustsesueiasissnsesassssssssesssssasssassnastasssssarasaseresanres 994
37.3.3 ESIDEBUGS REGISIEI 1 uuuuutiuttiteiistestesaseissssastssss s sssssaaesass st sss s s sanssanssannens 994
37.3.4 ESIDEBUGA REQISIEI 1 uuuiutiutieissiueitissss st sssssssssssassassaas s s saasaassartassasessesnnsnns 995
37.3.5 ESIDEBUGS REQISIEI 1 uuutiutiutiusisesatiusissssesssssssrssssrssssrsssr st 995
G TG T = 1[8N I LT L] = 996
SLAU367P—0October 2012—-Revised April 2020 Contents 17

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
B T A 1 [ N I LT o1 = 996
R IR T s [ VI A o L= () 997
R R T = [ NV 8 B L= 1 () 997
0 T T ] Y =T )T 998
0 20t I R ] 1 L0 ) T 999
37.3.12 ESIHNTZ2 REQISET 4 tuutiutiusinntiusiusensersrsssersersrssase s s saa e sarsaseasrnes 1001
B T e T ] N =0 ] (=7 1003
37.3.14 ESIPPU REQISIEI .tuutiutiusiutiutiterseatisssssssrtss s st sassaas st sassassaas e sassansrnssnnss 1005
37.3.15 ESITSM REGISIEN 4tuutiutiusiistiutiussnserasrsssersersrssas ettt e sarsassaernes 1006
37.3.16 ESIPSM REQISIE 1ttt r s s s s s e e 1008
37.3.17 ESIOSC REGISIEI . tuutiutisiatiutiterseatrsssesasssss s et saa s e st s saas e sassansanssnnss 1009
37.3.18 ESICTL REQISIET tututiutiisiiutiusisessertrs st r s e e s e e aaes 1010
37.3.19 ESITHRL REGISTET 1uuttistiterstisaesat et s e a e s s aa e s s s s r e sas et e s san e saneesanes 1012
R B O S I I 1 2 =T 11 1 1012
37.3.21 ESIDACIRX RegIStEr (X = 0 10 7) tuuuuuerriuutesrninnnessinnsssainnesssannnssssinnssssannnsssssnnssssnnes 1013
37.3.22 ESIDAC2RX RegiSter (X = 0 10 7) wuuuueiueinunninnsirnssintesseianessinssansssinssannssnssiaeasnnssans 1013
37.3.23 ESITSMX RegiSter (X = 0 10 31) utuuuturuneinunerinninssesisrinnseraseianerassssnssisssannsrassiainesns 1014
37.3.24 Extended Scan Interface Processing State Machine Table Entry (ESI Memory) .......cccvvuuee. 1016
38 Embedded Emulation Module (EEM)......iiiiiiiiiiiii it s e e s e s e e eenans 1017
38.1 Embedded Emulation Module (EEM) INtroOdUCHION ...vvueeiiseisieeiiiiisrisrse e ssiee s ssne s snaeenas 1018
TS 0 VI =TT o [T T = (o o3 1020
e 1< 7072 R I o o =Y £ 1020
0TS B0 I T T =0 1= T 1020
38.2.3 State Storage (Internal Trace BUFfer) .....vieii i e e 1020
38.2.4  CYCIE COUNTET ettt teante s sesneeessasaeessaaneesssanneessannsesssanneesssnnnessssnnessssnneessnnnnessnnnes 1020
38.2.5 EnergyTrace++ TECHNOIOGY .uveuuriiutiiisiiiiiiiii i r s e aanenans 1021
11 B0 G B O[T Qo1 o) 1021
e TS T A T o TU o 1, o T [ 1021
38.3  EEM CONfiQUIAtIONS 1 ueeisttstesssssseraessse s e s e s e s e e s e s e s s s e s e s s e s e e 1021
VLT o T =1 0 PP 1023
18 Contents SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS

www.ti.com

List of Figures

1-1. BOR, POR, QN0 PUC RESET Gl Ut u s saesssssnnissssssssssnsssssssssssnsesssnssesssnsssssnssssssssssssnssssssnsesses 49
I 1 (= 4 U o A T ] 178 50
IR R 101 (=T ¢ (0] o) 0Tt T 52
S oS LU T €0 0 T 1T =T ¢ U o 53
S T O o T 110 TN 1Y [ 0 = 57
1-6.  DeVvices DesCriptor Tabl. .. ue it 66
| 1 A =T 1 (= 73
G TS e | A =0 (] 74
TS e g O G (=T L] (= 75
I TR 5] O I I =T 1 (= 77
I S S Y =T @ =T £ (= 78
I S S 1112 [0 L= ] (= 79
I e JO S SN 111 b I =0 ] = 79
S S Y1 =T @ L0 I (=T 1 (] 80
I TS S 11121 3 LT L] (= 80
I T S0 1 A =T 1 (] 81
I S (535 (N Y =T 1 (=] 81
I TR 0T S I LY LT 0] (= 82
b2 I =/ 1Y = Yo S I =T |- o 84
2-2.  Voltage Failure and Resulting PMM ACHONS . ..uuuiiuuteiiiissiiiessisiinssssainressinnnsssasnsssssainssssninnesss 85
2-3.  PMM ACHION @t DEVICE POWET-UD 1.utiitiiitiriatiitsissiste st sa s sssssaassan s saaetss s s sasssansaaness 86
P S /1Y (@ 0 =T o ] (T N 89
B2 TR /1Y [ R o L (T 90
2 T V1V 11l =T ) =T 91
e R =Y/ 1T I 0 Lo 1= (T 92
3-1.  Clock System BIOCK Diagraml ... .. s e iusssssssssessanssssianssssssanesssssesssassnsssaansestsasnsssssnnsssssnnnessns 95
3-2.  Module ReQUESE ClOCK SYStBM ..ttt iteiaeert et r s st sa e s s e taa s s rsaeeraneans 929
B T © Yo F= 1 (o gl =T L 10 o TN 101
3-4.  Switch MCLK From DCOCLK t0 LFEXTCLK 1.uuuuuisiiutisisersesnisiisesessissasssassassnnsasssssnniansanens 102
B O I 0 =T ] (=T 104
B T O I I =T ] = N 105
N O I 7 =T ] = 106
G T O I C 3 =T ] (=T 107
B T O I =T ] = N 108
00 TR O I I S =T ] = 110
Bt R O I =T ] (=T 111
4-1.  MSP430X CPU BIOCK DIagIam .uuusesussistssussiiaserneiassssisssasssssssassssss s s sassiasssanssannsrnnes 114
4-2. PC Storage on the Stack fOr INTEITUPLS . ..ueiiieeeiiii i s s e r i r e saannes 115
R e £ o | = 4 I o 1= 116
4-4.  PC Storage on the Stack for CALLA ...ttt nnes 116
T =T Q0] 1= 117
T =T QU L7 T [ 117
4-7. PUSHX.A FOrmat 0N the StaCK ...ucueiiieiiiiiiiiii s s ranes 117
4-8. PUSH SP, POP SP SEOUENCE 1.t isssttrreesssssssssssssssssssssesssssssssssssssssssssssesssttimmssssssssssnnnnnns 117
4-9, LS 1 118
4-10. Register-Byte and Byte-RegisSter OPeration ........eviieteiiiiieeiiiantesaaianessaaansssaainresaaanessaannssssannns 120
o S (=T o 1 153 (=T A VAV {0 I @ o 1= = 0] o 120

SLAU367P—0October 2012—-Revised April 2020 List of Figures 19

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
I LY o o B =0 RS (=T @ =T - T o 121
4-13. Register — Address-Word OPEration .......eeieeeeiriteiraiaeeeraaiaeesaaaressaasasssaassessaanrsssaaanressannnes 121
4-14. Address-Word — RegiSter OPEIatiOn «.u....esereueeessiseeissieesisiisesssaisesiaasssstsanssestaasssetsannnsssannnes 122
4-15.  Indexed Mode iN LOWET BAKB . ...ciuuuieiiitiie it r e s s s e s e s s ra s s s an e e e ranes 124
4-16. Indexed Mode iN UPPEI MEIMOIY . ...uiinnueteiieteeraattesaaaneessaaane s saanessaaansessaansasssanssessannsessannnes 125
4-17. Overflow and Underflow for Indexed MOGE ....iiviiiiiiiiiiiiiiiiiiiiiiiiii i enans 126
4-18. Example for INAeXed MO .....uueiueiiieiiiire st et r e s s et s s e s e s s e raees 127
4-19. Symbolic Mode RUNNINg in LOWET B4KB ....uuiisiiiiiiiiirie s sn s aanenans 130
4-20. Symbolic Mode RUNNING iN UPPEr MEMOIY ..uuuuuteiiiiesiiiiteisiistssssiasssssasnsssainnssssasesssannssssnnnns 131
4-21. Overflow and Underflow for Symbolic MOGE .....veieiiiiiiiiiii i s eaes 132
4-22. MSP430 Double-Operand INStrUCION FOMMAL. .. .uuiseiiueerstiiseiissarerissiaie s saar e raseraneanans 141
4-23. MSP430 Single-Operand INSIIUCHONS ... u e e eesrsieee s s s tsases s sarssesssaasssssannressaannrssaannnes 142
4-24. Format of Conditional JUMP INSEIUCHONS ...uueieeiisiii i an e aanenaes 143
4-25. Extension Word for RegiStEr MOUES ... ..uiiiiiiiiiiie i et s e s s aae s s ranr e s saann e e saanneaaannnes 146
4-26. Extension Word for NON-RegiSter MOOES. . .uiuuitiiiieieiiiiesriissssisssaies s ssaae s ssaasse s saansesssannes 146
4-27. Example for Extended Register or Register INStrUCtiON ....ivueviieiiiiiiiiiii i s 147
4-28. Example for Extended Immediate or Indexed INStrUCHION ......uviiiiiieiiii i e r e aaans 148
4-29. Extended Format | INStruCtion FOIMALS ..vuvuseiissiiiseiisiiisiii i i ranenaaes 149
4-30. 20-Bit ADAreSSES IN MEMOIY 1 .uuutiueisntianttsas st erae st s s e s s s r e st esan e sas s aaassanrsannssans 149
4-31. Extended Format Il INStruCtiON FOIMAL. ...uvuseiissirseiiseisi i eaaaes 150
4-32. PUSHM and POPM INStruCtion FOIME@t...uvuuuvistiiuseiiseiiserisiiisssistiinsrissianssineiasssnsssinineiin 151
4-33. RRCM, RRAM, RRUM, and RLAM INStruCtiON FOIrMAL ....uvveeeeerensniirrrrsreeeeennnnnnnsrrserreeemmnnnnnnnnns 151
4-34. BRA INSrUCHION FOMMIAL . tuustiuteiseiasessatrasss s s rae s s s s s s s s s s e s r e s s et s e e sanraanees 151
4-35. CALLA INSTrUCLION FOIMAL 1uuttusteiiseiissinistisssssissiane s iasssisssassisse i rassrassssnerasessisesannsannes 151
T B T Tod (=T £ 1=T o1 A Y= - T o 177
4-37. Stack After @ RET INSIIUCTHION 1.uuuuseiisiiietiissae s s s s s s s s e s e a s e s aanees 196
4-38. Destination Operand—Arithmetic Shift Left ......uuiiiiiiiiii i s e raes 198
4-39. Destination Operand—Carry Left Shift......oeiiieiiiiii s 199
4-40. Rotate Right Arithmetically RRA.B and RRA.W ...ttt e r e s s r e s snnan e s annnes 200
4-41. Rotate Right Through Carry RRC.B and RRC.W ....uuuiiiiiiiiieiiiiits it rsisn s ss s ssninns s sninnn s annans 201
4-42.  SWAP BYLES IN MBMOTY . u ettt ee st s e st e s e s e e s et e e s a e s e s s e et e s s n e s e s s n e s n e 208
4-43. SWaP BYLES IN @ REQISIET 1 uutiiteiistisieii e s e 208
4-44. Rotate Left Arithmetically—RLAM[LW] and RLAM.A ... .iiiiiiiiii i s r e s saaaes 235
4-45. Destination Operand-Arithmetic Shift Left ......ieiiieiiiii s 236
4-46. Destination Operand-Carry Left SHift ......ooiiiiiiii e e 237
4-47. Rotate Right Arithmetically RRAML.W] and RRAM.A ...uiiiiiiiii i s a e s anaes 238
4-48. Rotate Right Arithmetically RRAX(.B,.A) — Register MOGe.....ciiuiiiiiiiiiiiie i siaeaas 240
4-49. Rotate Right Arithmetically RRAX(.B,.A) — NON-RegiSter MOUE ......uueiiiiiiiiiiiiiie i riiare e rnaaneeenas 240
4-50. Rotate Right Through Carry RRCM[.W] and RRCM.A ...eiiiiiiiiiiii i ss s sssine s naas 242
4-51. Rotate Right Through Carry RRCX(.B,.A) — Register MOAe .......cvvieiiiiiiiieiiiiriiinie i sanens 244
4-52. Rotate Right Through Carry RRCX(.B,.A) — NON-RegiSter MOUE ......ueiiiiiiiiiiiie i iiiee e eraaneenns 244
4-53. Rotate Right Unsigned RRUM[.W] and RRUM.A. ... .ttt ss s s ss s s snnan s s nnanes 245
4-54. Rotate Right Unsigned RRUX(.B,.A) — RegiSter MOAE .....vvuiiiiiiiieiiiiniiiinis i naessiessannnaas 246
4-55. Swap Bytes SWPBX.A REQISIEr MOUE ..uuuuiisiiiieiiseiierire i ar s sa st raaeans 250
4-56. Swap Bytes SWPBX.A IN MEIMOIY 1iuiiiiiiiiiissttnesssisssssssssssssssssssesssssssssassissssnrrsessssraasainnns 250
4-57. Swap Bytes SWPBX[.W] ReGISIEr MOUE .. .uuiiuuiiiiiiiiiiiii e i s s s r s s s r e raneaaaes 251
4-58. Swap Bytes SWPBX[.W] IN MEIMOIY «..uutistiiteiitirseiisisinerasssssssasssrs s san e sas s sansssnes 251
4-59.  SIgN EXIENA SX T X A 1ttt ittt i 252
T 0 T S o T 1] 0 o S Q8 104 XA [ 252
20 List of Figures SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS

www.ti.com
ST I | 4 2 =] o Tox Q= T - oo 272
5-2. Q15 FOrmat RePrESENTALION . ... utetietei et e saaaaee e s e e saa e et saaane s saaana st sannnessaannnssaannnesaannnessnns 277
G J O b 7 o g = LA =T 0] £ ST =T | = Lo 277
5-4.  Saturation FIOW Chart ...ueeieeiiii e e r e st e e e s s e st e 279
ST /(1111 o] o= 11 T o T =l 0TV o - o N 281
5-6. MPY32CTLO REGISIEI . tuuutseutiusiuserserssssserssras st as st s s e s e s st s e s s naanaaranas 287
7-1. FRAM Controller BIOCK DIiagram . ... useuuessssssssssusssasss s sassssisssasssssssansssasstasssanstasisinssinns 290
7-2.  FRAM POWEr CONLrOl DIAgIam . .. eeseietessaaatseaaaneessaansesaaannesssannsssaannsessaannssssannnsssannnnssnns 293
S T (O I 10 I =T o] (= 295
2 T €1 O O 0 I LT o L] = 296
ST €1 O O I =T 1 -1 N 297
S O (O I I =] Yo 1 I =T - o 299
8-2. FRAM POWEr CONIOl DIagIam .. s esssiuseiaeessesassssas s sae s ss s ssas s s s st s rasesanssanrsanesnes 303
S TR o (O I I 0 I =T o] (= N 305
S S €1 O O I 0 =T 11 =T 307
S T €1 @ O I L= o [ = 309
9-1.  Memory ProteCtion UNIt OVEIVIEW ... ..useieteiiiateesaaneessaansssaaannesssannsssaanssssaannesssansnsssannnessnn 312
1SS 1< To | 1= L =T 0 =T g =T o= 313
9-3. Example of Segment Border Register Fixed Bits When FRAM Size = 128KB ......cvviiirieriiinrerrnnnnennnnns 313
9-4. Example of Segment Border Register Fixed Bits When FRAM Size = 256KB ......coiiiiiiiiiiiiiiiiiineennnns 313
9-5. Segmentation Of MaiN MEMIOIY ..uuuiuiseiiiteiiie s sr et ss e s saaas e s saaan e s ssanansssannnessns 314
9-6. IP Encapsulation Access Rights Equivalent SChematiC .......ovveiiiiiiiiiiiiiiii i 315
LS B IV | = T 0 =T o (1 =] 322
LSS I || T 0 =T o £ =T 323
-9, MPUSEGB2 REQISTEI 1 uttuttiuutesussissssatiasts sttt ss s saats e taeesaa s sasssaassaatstanessanssanns 324
0-10. MPUSEGBIL REQISIEI .tuutiuuiutintisensertietserasrsrssassae s s sassrassat s sassss st sassassararaansansnns 325
LS O I | 0 1S =T 3 = 326
LS I | O 1| 0 =T o £ (=] 328
0-13. MPUIPSEGB2 REGISIN 1. uututiusieesueiatissseraestrssassae st sssas st st tassassstsassassasssntsnnsnnsanssns 329
9-14. MPUIPSEGBL REGISIEN 1uutututiusiusersssutiassserssrtsssase sttt sasesrrarsansanenns 330
10-1. RAM Power Mode Transitions Into and Out of LPM3 0 LPM4......uiiiiiiiiiiiiiiiieni i s aees 332
0L O I 0 L= 1 = 335
0T R O I I = 1= 337
11-1. DMA Controller BIOCK DIagram .. ..ueuseisseirssiistssss e iaessisssassssiassasssasssas s s rsanssanssannens 340
11-2. DMA AdAresSSING MOOES .. .uuueeeiiiteeisaete e aaat e s e e ssaan e s saaan et saaan e s saannnsssannnnssaannnessannnessnnn 341
11-3. DMA Single Transfer State Diagram ... e e e s ieusseiriterraitrerrisnre st ssarssssaainssisarsnsssannnnsins 343
11-4. DMA BIlock Transfer State Diagram ... e e veueeinseieerasrasesssssats e saeesias s s saassarssanssainesannss 345
11-5. DMA Burst-Block Transfer State Diagraim . .....e e vseieueerissiisssssrsrseiiseiaesisssasssisssaaneaeraineranns 347
R I @ I 0 =T ] =T 355
8 B B O I =T o1 (= 356
G T I 1 @ I =T ) =T 357
I e I @ I B =T ] =T 358
I O T B O I =T o1 (= 359
I R 0 @ I I L= £ (T N 360
I B B AT N =T o £ (T 362
I G T B (D N =T =T 363
N B S F A =T 1 (] 364
I ST I L =T ] =T 365
2 O Y (=T o L] (= 388

SLAU367P—0October 2012—-Revised April 2020 List of Figures 21

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
2 V=T ) =T 389
I T o (@ U N I =T o 1= (T N 389
S e D =T 0 L (= 389
02 T g = AN (T 0 L] (= 390
G T o e I I =T o] (= 390
I R €S ] I R =T 0] (= 390
2 TR €S = I G =T o L] (= 391
e TR e | S T 0 ] = 391
I O | =0 =) 391
2 I O | R =T o1 (T 392
13-1. Capacitive TOUCh /O PriNCIPIE .ot aaanens 394
R B N OF= o - Yo | 1AV T o T T o N 1@ BN =1 o o] QI = o = o 1S 395
IR T JO O N 1@ (@ I LT ] = 397
14-1. AES Accelerator BIOCK DIagram ..uu s eisseisssiisssssesisssssesasssssssassssiss s sassssiassanrssasssannens 399
14-2. AES State Array INPUL aNd OULPUL . .uueeiisteeiriesesrsiaeesssars s s ssasssssansssssassssssaansessaannnessns 400
14-3. AES Encryption Process for 128-Bit KBY ..uuuuuueiutiieeiiutisiieritirteiieisiee i i iassainssanns 403
14-4. AES Decryption Process Using AESOPx = 01 for 128-Bit KeY .....cvvviiiiiiiiiiiiiiiiiini e 404
14-5. AES Decryption Process Using AESOPx = 10 and 11 for 128-bit KeY......vviieiiiiiiiiiiiiiiiiiinniiaeeas 405
I T T oo Y o] 110 408
R @ = B I =Y o Y/ 01T o N 409
I O = T O o 7/ 01T o 410
I T O =T @ 57T 57/ o 0] 411
I O @ ] = o o] o 1o o N 413
I O 1 I 7= o Y/ 01T o 414
I O = B 3 T 5/ 1o o 415
e @ = I 3 =T o] o 1o o N 416
I N Y O I 0 =T ] - 418
I T Y Y Y @ I =T ] - 420
I T Y NS N I =T 0 ] (= 421
I N Y N (o =T 1 (] 422
I T Y Y NI =T o (] 423
I R T Y Y N I 1 10 I =T 1 T 424
I T N Y I A I =T I (T 425
I R Y € (=0 ] (=T 426
15-1. LFSR Implementation of CRC-CCITT Standard, Bit O is the MSB of the Result............coieiiiiiiiiiiiiins 428
15-2. Implementation of CRC-CCITT Using the CRCDI and CRCINIRES ReQISterS .....ivviueriiiiiieiiiinnnsiiinns 430
LT JO O 0 {0 I L= T ] (= 433
S S O 0 O I ] = T (=T o 1] (= 433
15-5. CRCINIRES REgISEI .1t iuuttistissseiististeiastisisesisssrse ittt it iastssareraeisisesasnsraneins 434
15-6. CRCRESR REQISIT 1uutiuttiuttsussiiterse ittt ssr e s st s saa s sa s s s s e ta e s san e aansransans 434
16-1. LFSR Implementation of CRC-CCITT as Defined in Standard (Bit 0 iS MSB).....ccvviuiiiiiiiiniiniieiineinns 436
16-2. LFSR Implementation of CRC32-1SO3309 as Defined in Standard (Bit 0 iS MSB) ......ccvvviiiieiiiiiinniinnnns 436
16-3. CRC32DIWO REGISTEI 1t uutttusttssssusserasessessss st ssass s sesaaesaa et s sas s tan s ssnssaaeasanssannssnnsins 440
I S O 0 @ b I Y I =T 1 =T 440
16-5. CRC32DIRBWO REQISIEN tuttuustiustisuseiississtiisssssesissssserassssisesistsiisetassesareraiieirarani 441
16-6. CRC32DIRBWL REGISIEN . utuusstusttruteiseisassaatssss s rasessss st rasstassssass et ssiassannssasstanssns 441
16-7. CRC32INIRESWO REGISTEI . 1 uutttustiuseruseiasessasrasterss sttt rass e ssarsrasssasrsannsransins 442
16-8. CRC32INIRESWIL REOISIEI .1 uutiiustiiutiriseiistisistiiatsriseiireriserastsistaste e iarerarerasssisrsasnsraseias 442
16-9. CRC32RESRWO REGISIEN 1 tuuuttiustiuteiseiassssstssass st ssse st sasstasssaarssarstsiassanreanestanssns 443
22 List of Figures SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS

www.ti.com
16-10. CRC32RESRWL REGISIEN 1 tuuutttustiuteiseiseesstssass s srse s ssse st ssstaa s srass e s tsiassannssasstannens 443
16-11. CRCLEDIWO REGISIEN . .uututinsiseintsaseaerseratrssras et sseaas s s saa s s st sassaassassae st santrnannsnnsnns 444
16-12. CRCL1EDIRBWO REQISIET 1 uuistustustssisesunsssnss s e sasssas s sas st sassasssssansaseanesnsns 444
16-13. CRC16INIRESWO REOISIEI ... uutetiuteesnannnessaanneessaaneesaasnnessaannnsssasnnessaannnsssasnnessesnnnessssnnessnns 445
16-14. CRCLOERESRWO REJISTEN 4 uuuuttiusttiuseiseisssssissssase ettt tasr e tsisssanesassrannsn 445
17-1. LEA System BlOCK DIAQram ... uueuiuusesiissssssnstessaassesssssssaisnssssssnssasanssstsansnssssssnnsissnnnsssns 447
18-1. USS and USS_A BIOCK DIBGIaM . .uiuueiueerntissssssesssssasesssssasssssssassssanssassssnsssannssnsesannssnness 452
18-2. USS and USS_A Submodule CONNECHIONS +..uuiiuterssiissssstiisseriseiasssissiasssissssssrasesansssannsans 453
19-1. USS/USS_A BIOCK DiBGIaIM . uusesiussesiauntssssnsssssaasssssssssssassnssssassssssssnnsssssssnssssssressssnnnsssns 459
S S U1 | S =1 [o o] I =T | - o 460
19-3. USS Power State CONtrol FIOW . .uuiuuseiseiiieiiiire i s s s s e raneans 462
S U S T 01T o 0 1 0 463
IS T T U1 1] 13 ) Q=0 ] =T 468
19-6.  UUPSMIS REQISIEN 11 uttiutiiuatistessssaserse s s sasss st eta s s s sa s st s s s s e s a e taneaanraanneras 469
19-7. UUPSRIS REQISIEI 4 uttuutiutiusiserssrasissrssrasrssssraest et saas e sas s saa et sasesraaeaarsnns 470
19-8. UUPSIMSC REGISIEI 1 utuuutiuuttsusssssersesasetssssassssas st srsesase s saa s s aastassssanstansssanssannssnnsins 471
S T T U1 | ] [ o =T ] 472
19-10. UUPSISR REGISIEI 4 1uutuutiutiusissssssussssnsesassssssrsssssssass st tassaas et saesartresansnns 473
19-11. UUPSDESCLO REQISIEI 1 ttuuttetsaantesssannsessaannesssanneesaasnnessasnnesssansnessasnnnsssasnnessesnnnessssnnessnns 474
19-12, UUPSDESCHI REGISTEI 1. uuttuuttiusstaserseiasssssssassssss e tas sttt s s s esaretasssasrsannsraneias 475
S T 1 | T O I =T ] =T 476
20-1. USS Or USS_A BIOCK DIGQIam .uuuueeussiuseiseinteiassissssassssssasessisssasssssssanssrasssasssanssannssnnes 479
20-2. HSPLL BIOCK DIBOIAM 4 ttuuteussissessssasssssesasesssssssssss s sas st tssssasssaatssasessinesanssnes 479
P20 TR ] I |19 (=T 1 (] 484
P2 0L 5] I Y SR =T 1 (] 485
20-5. HSPLLRIS REQISIEr 1 uuutiutiiustirteiseiaserasts et e et a et e s s e e e s s s e s r s s e et e aaness 486
20-6. HSPLLIMSC REQISIEI 1 tuutiseutiusiusessesassasssersesasrsssssae st ss st tas s ese s s s ss s aanaanenns 487
20-7. HSPLLICR REGISIEN +uuuttuttiustiatesseissesstssass s sase e ts s s st s s st esa e s sas e taa e s nssnesaneaanness 488
20-8. HSPLLISR REQGISIEr 1uuutiiutiiustiiuteiseiaserasts et s s s et e s s e e et s s e s r s a s e raneaaaness 489
20-9. HSPLLDESCLO REQISIEN 4t uuttustussrsetussssssssesassssnssraesssssasssssassassass s tassassraesantassanesnnnns 490
P20 TR ] I T S =T ] (=T 491
P2 0T o O 1] I T O I =TT 492
20-12. HSPLLUSSXTLCTL REQISET 1utuustuseiutiusiserserusssissrsesssssassssesansassasssesansassasssesanrassanesnnns 494
21-1. USS 0r USS_A BIOCK DIGQIam ..uuueeuusiuseissineeiassissssiassssssasesssssasssssssannssasssasssanssannssnnes 497
21-2. PPG OF PPG_A BIOCK DIBGIAM ..tiatsiiatteaaaansesaaaasesssans s saannessaannessaannssssanssessaannnsssannnessnn 497
21-3. PPG or PPG_A Internal State Diagrams for SiNGle TONE ...uuviiiiiieiiiiiieiiiie i asaanees 498
21-4. PPG Single Tone Generation With SAPHPGC.PPOL = 0 (Starts With High Polarity) ........ccovevviiiiinnnns 499
21-5. PPG Single Tone Generation With SAPHPGC.PPOL = 1 (Starts With Low Polarity) ........cevvieiiinriinnnnns 499
21-6. PPG_A State Diagram fOr DUl TONE ..uuuiuueieiiiiieiiaiessiiaessrainssssise s ssaassssaassesssansssssannnessas 500
21-7. PPG_A Dual Tone Generation With SAPHPGC.PPOL = 1 (Starts With Low Polarity)........ccvveeviiiinnnns 500
21-8. PPG_A State Diagram for Trill TONE ...uuuieiiiiriiiri i s s raaes 501
21-9. PPG_A Trill Tone Generation With SAPHPGC.PPOL = 1 (Starts With Low Polarity).......coveeeiiiiinnninnnns 501
21-10. PPG_A Software Flow Chart for MUlti TONE .. ..vviueiiietiiieiiiiie s s ras s s s ssneranes 502
21-11. PPG_A Multi Tone Generation With SAPHPGC.PPOL = 1 (Starts With Low Polarity) .......cvveeviiiinnnnns 502
P2t I o O 111 11 1 504
21-13. SAPH or SAPH_A Analog Input Signal Chain ......eieeeiiiiirinesi s ssserisssasssinssannssaes 506
P2 S T {0 = o] = Lo o 507
B2 L TR (o = 10 508
P22 T =71 {0 £ (=T = o] {0 509

SLAU367P—0October 2012—-Revised April 2020 List of Figures 23

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
P22 R (=01 o 1T o 510
P2 JR N I =] T Yo QI = T = oo 511
21-19. Auto Mode and Register Mode EXampPle ....uueeiiiiiiiiiiie i s r st 514
21-20. Ultra-Low-Power Bias Mode EXAMPIE ...o.uuiiiuiiiieiiiiiriteii it sasis s s ssss s snssrassssssinnsanes 515
21-21. SAPHIIDX/SAPH_AIIDX REQISTET . uutuuutiuseiuseiasesseissssssssssssasessssrasssssssaassrareraesissanssines 518
21-22. SAPHMIS/SAPH_AMIS REQISIEN 1uuutiiutiittiintinineiassisiseiianeiise ittt 519
21-23. SAPHRIS/SAPH _ARIS REQISHOr 1t uuuttessantessaanneesaasneessasnnessaannessaasnnessaannessaannneseasnnessssnneessns 520
21-24. SAPHIMSC/SAPH_AIMSC REGISIEN 1 1uuttustistintesassissssistesse st sarerareiaessassrassrases 521
21-25. SAPHICR/SAPH_AICR REQISIEI 1uuutiiutiiitiiistinineiissisistiiteiiseiississassisssane e saransises 522
21-26. SAPHISR/SAPH _AISR REQISIOr 1t uuuttessantessaanneesaanneessasnnessaannessaasnnessaannessaannnsssasnnessssnneessns 523
21-27. SAPHDESCLO/SAPH_ADESCLO REQISEI 1.uuttstiiustiiuteriseiassesineiasssssssasssrasssassssanssasiainssinns 524
21-28. SAPHDESCHI/SAPH_ADESCHI REJISIEN 1vtuutiitiiistiiiteiistiiisesississssisrsassassiaieaneiaisnssanns 525
21-29. SAPHKEY/SAPH_AKEY REQISTEr «.uuuutettattessaneessaannessssnnessassnnessasnnessaannessssnnnessesnnnssssnnnessns 526
21-30. SAPHOCTLO/SAPH_AOCTLO REQISTEN +1uuettustssussssnssuseiseissesassisssssisssasssasssanresasssasssinssanns 527
21-31. SAPHOCTLI/SAPH_AOCTLL REQISIEI 41uuutristirsserisnirneiiseisiserississssissiassrassiainesaeiaiiins 528
21-32. SAPHOSEL/SAPH_AOSEL REQISTEN «ututattetssntessaannessssnneeseasnnessasnnessasnnnsssasnnessmsnnnmsssnnnessns 529
21-33. SAPHCHOPUT/SAPH_ACHOPUT REQISTET 1 uuutiiussisrirnseiiseissesississsssisssansssassianesasssasssinssanns 530
21-34. SAPHCHOPDT/SAPH_ACHOPDT REQISIEI 4 1uuutiisstiistinneiiseiiiserissisisssisriansissiananerasnanns 531
21-35. SAPHCHOTT/SAPH _ACHOTT REQISIEI 1ettuteeiieteesaateessaanressaanneesaaneesaasnnesaasnnessaannnessnnnnenss 532
21-36. SAPHCHIPUT/SAPH_ACHLIPUT REQISIEI 1 uuutiiussrsrinuseiiseisserississssisssansssasssanesasssasssinssanns 533
21-37. SAPHCHI1PDT/SAPH_ACHLIPDT REQISIEI 1 tuuutiissiiistiineiiseiiiserinsisisssisriinsassianesanerasssinsianns 534
21-38. SAPHCHLTT/SAPH _ACHILTT REQISIEI 1ettteetiiiteeseateessaanressaanneesaaneessasnnesaasnnessaannnessnnnnesss 535
21-39. SAPHMCNF/SAPH_AMCNFE REQISIEN 1 ututustiuterssisssssntisseraseiaserasssssssassssaneraseiasssasrsnnesanns 536
21-40. SAPHTACTL/SAPH_ATACTL REGISIEI .1t tuttiistiniteiissiiistiiteiise i aiiarassrne 537
21-41. SAPHICTLO/SAPH_AICTLO REQISION uttttnntterssneessaanneessanneessasnnessasnnessasnnnessansnessssnnnessmnnnessns 538
21-42. SAPHBCTL/SAPH _ABCTL REQISIEN 1. uutiiustiistisseiastissesiate e asis e rae s sannernes 540
21-43. SAPHPGC/SAPH_APGC REQISIEN 1 tuuuuiiiutiiiseiiterisiisssistiseissiaissississssissaane i 542
21-44. SAPHPGLPER/SAPH_APGLPER REQISIEr . uuutttiitesisanteessaannessaanneesssaneessasnnessssnnessssnnnessssnnesss 543
21-45. SAPHPGHPER/SAPH_APGHPER REQISIEN .. uutiutiistiiateiseiistisiseiasssssssiansssssassssnesanssannssinns 544
21-46. SAPHPGCTL/SAPH_APGCTL REQISIEI 1 1uuttiistiiitiiistiiteiiseiiississiasssisssaass i iasesanerassiaisesanns 545
21-47. SAPHPPGTRIG/SAPH_APPGTRIG REQISIEI +ueteiiiiteessatressaannessasnneessannnessasnnessaannnsssnnnnesss 547
21-48. SAPH _AXPGCTL REQISIET 1t uuttistissessterse ittt ssae st s e s ras s e sanrranees 548
21-49. SAPH_AXPGLPER REQISIEI 11 uutistiiistiintiiiseiiiterisiiisesistase it rassiaisssanssnes 549
21-50. SAPH_AXPGHPER REQISTEr ... uttttittetssanneesaanneesaaannessasnnessasnnsssannessasnnesssannneseasnnessssnnnessns 550
21-51. SAPHASCTLO/SAPH_AASCTLO REQISIEN .utuuutiiussiatirneiaseissssastissssissssssrassianneraseraisssinrsanns 551
21-52. SAPHASCTLL/SAPH_AASCTLL REJISIEN utiuutiiuseiinnirneiiseiiiserissisisssissiansiassiaineraneiaisinann 553
21-53. SAPHASQTRIG/SAPH_AASQTRIG REJISIEN 1uvvvuerueerneeterterneerneesneessesaseteessiesneesnsesneeraeesneees 555
21-54. SAPHAPOL/SAPH_AAPOL REQISIEI 1uutiuutiiseiiteiistissssissssse it ansrns 556
21-55. SAPHAPLEV/SAPH_AAPLEV REQISIEI 11uuuiiistiiiteiisiiiistiitiiiseiisisissiassisisssaansraseiasssissansin 557
21-56. SAPHAPHIZ/SAPH _AAPHIZ REQISIEI . utetetteanteessaneessaaneessasnnessaanresaasnnessasnnesssannnessannnnssnn 558
21-57. SAPHATM_A/SAPH_AATM _A REQISIEI 1. uttistiisteistinsseiaseiaserissiatssiss st rasssasssane s 559
21-58. SAPHATM_B/SAPH_AATM_B REQISIEI .. .uttiistiiitiiisiiiieiisiiitsisiassissiass i sasssaserassaisesanns 560
21-59. SAPHATM_C/SAPH_AATM_C REGISIEN evuuerurrnrerneesneetertesnessnsrsneessesaseseestiesneesnsesneesaeesneees 561
21-60. SAPHATM_D/SAPH_AATM_D REQISIEN 1.uuiiutiiutiintiiteiiseiaerissiastssss it sassasarsraesainesanns 562
21-61. SAPHATM_E/SAPH_AATM _E REQISIEI .. .utiiittiiitiiistiiieiiseiiitsisiassisssiass e saasane s 563
21-62. SAPHATM_F/SAPH_AATM_F REGISIEE 1 1evuuerurrneerneeseetsestesneesnsesneessesaseneessaesnresnsesnreraeesneees 564
21-63. SAPHTBCTL/SAPH _ATBCTL REGISIEI .1t uuutiiutirseiastirstiiate s e rasesasrranernes 565
21-64. SAPHATIMLO/SAPH_AATIMLO REQISIEI 1.t iiutiiiteiissinistiiteiiseiaisesissiasssisssaaneraseiaisesasanneinse 566
21-65. SAPHATIMHI/SAPH_AATIMHI REQISTEN +uuuetetiiinteetsaneessaannessasnneessannressaannessaannesssannnessannnnnsnn 567
24 List of Figures SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
P2 I © 1S =1 (o Tt I T o | = 0 569
P2 ST | 1S T = [0 Tox T D =T > 570
22-3.  SIigMa-Delta PriNCIPIE . uuesiitiiis i s r e st e s s e 571
22-4.  CICT FIEI SHUCUI +1ueueseieeesaeraserneeseaesaeraensasansaeansansasnsasansanansansnsananansnnsnennsnsnnsnnsnnns 572
22-5. SDHS Filter Frequency Response, SDHSCTLL.OSR = 10 .iiiuiiisiiiurirneianeisinsiinsisisssinsssaneraneianns 572
22-6. SDHS Filter Frequency Response Within f,, SDHSCTLL.OSR = 10 .uuiiuuuieiiiinnrirninnreiniinnsissinnesinnnes 573
P G O 1o 1 = U 11 (= g = (o To] Q0 =T o 573
22-8. SDHS Filter Frequency Response, SDHSCTLL.OSR = 20 ..iuiiiisiiinririneiintisinsrissisiseiinnssnseraneianns 574
22-9. SDHS Filter Frequency Response Within f;,, SDHSCTLL.OSR = 20 ..ciiuueiiiiiinnriiiiersiiiinnsissinnssinnnes 574
22-10. SDHS Filter Frequency Response within f,, SDHSCTLL.OSR = 40 ..icuiiiiiiiiniiiiniiinriiineiinsisinesinninns 575
22-11. SDHS Filter Frequency Response within f,, SDHSCTLL.OSR = 80 ..icvviiieiiiniiiisininriiinerineiannerinnians 575
22-12. SDHS Filter Frequency Response within f;, SDHSCTLL.OSR = 160 ..ocuviviiiiurriiiinnreiiiinnsinainnesinnnes 576
22-13. Bits Selection From Filter to the Data Register (SDHSCTLO.DALGN = 0)..uuviiutiiunriinrinneinneininerinninns 577
22-14. Bits Selection From Filter to the Data Register (SDHSCTLO.DALGN = 1)...uiviuiiiiiiinrinneiineininesinnians 578
P2 T = L= N 111U - 11 o 580
22-16. SDHS Power and ConVversion THOOEr SOUICE ..uuuutiutsrseirueersssansesisssanssrassiasssassrasssinssannsennes 582
22-17. SDHS Operation in Register Mode (SDHSCTLO.TRGSRC = 0) +uuuutiiuteiineinnerinnisssrisriinnerineiannenans 583
22-18. SDHS Operation as Part of USS Measurement (SDHSCTLO.TRGSRC = 1) ..ccuvviiiiieriiniinnriininnsinnnns 584
22-19. Example Using SDHSCTL3.TRIGEN Bit (SDHSCTLO.AUTOSSDIS = 0).euuvuuvrireenerneeneeneereneeneennens 586
22-20. Example Using SDSCTL3.TRIGEN bit (SDHSCTLO.AUTOSSDIS = 1) .uuiiutiiieriinnirinsninnininernneinineians 587
22-21. Conversion Start and Stop When SDHSCTLO.AUTOSSDIS = 0.uuuvriiiiuuneiininnssininesisannsesiannnssisanns 588
22-22. Conversion Start and Stop When SDHSCTLO.AUTOSSDIS = L..uuiiiiteiiiiiiieirisniissrinsinnnssnnsianesnaes 589
22-23. First Interrupt Position With SDHSCTLO.INTDLY = 2. ..t iii e i s e sranr e sannne s ananneeas 589
22-24. SDHSCTL0.AUTOSSDIS = 0, SDHSCTL2.SMPCTLOFF = 0, SDHSCTLO.INTDLY = 0, Total Sample
Size is Controlled by SDHSCTL2.SMPSZ ..uuuuiiiiiiieiitinie ittt i ssre s s s sns 590
22-25. SDHSCTLO.AUTOSSDIS =1, SDHSCTL2.SMPCTLOFF = 0, SDHSCTLO.INTDLY = 0, Total Sample
Size is Controlled by SDHSCTL2.SMPSZ. ...ttt rsiar s ss i saaasae s ssasasssannes 591
22-26. SDHSCTLO.AUTOSSDIS = 1, SDHSCTL2.SMPCTLOFF = 0, SDHSCTLO.INTDLY = m, Total Sample
Size is Controlled DY SDHSCTL2.SMPSZ. ..uuuuiiitiiitiriteiisnitrir i i saaees 591
22-27. SDHSIIDX REGISTEI 1t uttuttusestrasiassrseras s st s s e s et s s a e s s e s s s s e s et e s e s a e r e aeaaranns 596
P2 ST L 1] 1Y S TN =T 0 15 (] 597
22-29. SDHSRIS REGISET . tuutiutinseutiatiseasest it ae st st s e e s et s s et s e s s e s st s s s s s s st aanannanns 598
P27 e ST L 5 1Y ST @ =T ] = 600
P2 ST L 1] [ Q=T ] (= 601
22-32. SDHSISR REGISIET . euutiutiusiitiatiseasertitse s rae sttt s ae st et s s r et s et s s s s aa s s s s s sanssaraanannanns 602
22-33. SDHSDESCLO REGISIEN utututiustusersesusisssesaesastsssese sttt eaesarranaansasenns 603
22-34, SDHSDESCHI REGISIEr 1 uutiteistineesiat sttt s s s et e s s a s e s s s a st e n s s s e aa e e sanneanees 604
22-35. SDHSCTLO REGISIET 1uuuuutiueiutinaissraertrsssesae st sasaassae e ss e s s se st s s s aesnsssansasssnnsnnsnnsnnsnns 605
P27 e ST ST O I I {0 (] 607
P ST L 1S T O I L= o £ (= 608
P T ST L ST O I B o L= (] 609
P2y e S ST ST O I I {0 (] 610
P2 ST L 1S T O R =T o £ (= 611
22-41. SDHSCTLE REGISIEI 1uuuuetiueiutiaiasrueratreese e st rssaasse st s s s s st st s sasssesassaseanssnrsansnnssnssns 613
P27 ST o ST O I I (=0 (] 614
P2 T T L 1S D =0 ] = 615
22-44. SDHSWINHITH REQISIEI . uueiutisiaeititisessertsssas e sr s s sas st s saa s e sassassanssesansanannssnnsns 616
22-45. SDHSWINLOTH REGISIET +1utuutiusiserutsusissssesasssisssss st sasssesansassanssenns 617
22-46. SDHSDTC DA REGISIEI .t tuutttetstise sttt st e et e e st e s s saa s san e s e aan e sanneanes 618
P2t O I I | T 07 1 620
SLAU367P—October 2012—Revised April 2020 List of Figures 25

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
23-2. MTIF PUISE DIBGIAM tuuteiustiuteiseisasesatssasesae e s s s ss s s s s s s e st et s e e s a st s s st s s san e sanessnesanns 621
P22 e O VI I | {01 g oL g1 (=T 7= ot 621
P2 S /I I | = [ Tox QI =T | = o o 624
P22 S T (VI I | T @8 AN e =T 11 (T 626
23-6. MTIFPGKVAL REGISTEI 1 1uustiuterstiissesassssse sttt sas e st aa s s st e e ssanesanns 627
P2 R I I I | T O I =T 1 =T 628
23-8. MTIFPGSR REGISIEI 1uutiiuttiutesaeiueesat e st r et e st s e s s e saa s s st s s s san s s st s ran e sanesanns 629
P22 T T I I | O @ N =T o ] = 630
23-10. MTIFPCR REQISIEI 4 iuuutiiuttiistinneiississtiisteiise ittt tas it tasss s saanerarerainesinns 631
P22 o o O I | O 0 I I =T £ 1 632
P22 B I | O G (T 011 = 633
P2 B R TR I | 8 O I T = 634
24-1. Watchdog Timer BIOCK DIBGIam o .. ueeuseieerstissesssiate e sassssssaasssassaasssasssassssanssanesainssansss 637
P VY[ IO I =T 1 (T 641
P2t R 0 T=T N =] 0T S I =T = o 644
P25 T 0 1 1T o 646
P2 T U oI/ T Yo [T =T T ] 1 T 646
25-4., CONUINUOUS MOOE . uuiiiuiiintiiistisiteiisiss it s s s s e e n s e s s e s e s e s s s s n e enanaanns 647
25-5.  ContinUOUS MOAE Flag SetliNG v uuueeuutiuteineineerssiseesias s sae s sss s s saars e ssanssannssnes 647
25-6. Continuous Mode TimMeE INTEIVAIS 1. uuuseiistirisiiri et a s aa e aanns 647
P2 L U o T 1.1/ o /0T [ 648
25-8.  Up/Down MOde FIag SettNG «.uueuueeretirteiseintsiassisss s rss s sses s sssssaanssass e ssanssannssns 648
25-9.  Output Unit in UP/DOWN MOOE ..uiuueiistiiseiitenissiassssassaass e sasesa s s s saas e raae s e s nsannenanes 649
25-10. Capture SIgNAl (SCS = L) uuutiuuutteiiunteirnnetraianrsssaaeetaaanestaasessaaasesssaastessaansnstsannnessasnnnsssns 650
P25 T 5 R = T o (1] (N 5 o] [ 650
25-12. Output Example — TiMer in UP MOOE ... ir e e a st s ss e s ssanne s ssnne s saannn e s sannneeans 652
25-13. Output Example — Timer in ContiNUOUS MOOE ....uuuuieiiiiieiiiiee it irare s ssaannr s ssanreasanness 653
25-14. Output Example — Timer in Up/DOWN MO .. ..uiiuuiiiiiieiieinissiissisassiasssss s ssns s ssassannsanss 654
25-15. Capture/Compare INTErrUPL FIAG ... ueeseirseiiisieri i s ranes 655
BTt I T (O I R =T 11 = 658
BT N 17 B =T 0 £ (] 659
P S T 1N (O @ I I g T =T ] = N 660
P2 S T 1 (O @4 o (=T 0 £ (T 662
B2 TR 17 LY =T 1) =T 662
25-21, TAXEXOD REGISTOE . . uttteteiiaeeesaaae s ssaaaee st ta et saa s e s saaan s s saaann e s saann e s ssannnssaannesssannnsssnnnnnssnn 663
P2t R 4 T=T = T =] 0T S I =T = o 666
P2 0 1 1/ o [ 668
P2 T U oI/ T Yo [T =T T ] 1 T 668
26-4. CONUNUOUS MOOE . uuiiiuiiistiiistinteriseiss ittt aa s s s e e e s e s s e s e s st s s s n e n e nanannns 669
26-5. ContinUOUS MOAE Flag SEtiNG v uuueeunriuteineineerssireesassase e sss s s ar e saaesaanssannssnes 669
26-6. Continuous Mode TimMeE INTEIVAIS 1. uuuseiiueiriaiiri et sr e aanenanes 669
P2 L U o T 1,1/ o /0T [ 670
26-8. Up/Down MOde FIag SettNg «.uueiueerutirteieiniteiississs s rss e sse s et sssssaan s sase e ssanssannssns 670
26-9. Output Unit in UP/DOWN MOOE ..uiuueiistiiseiiterssisssssas e s sases s sass s sa s saan e s s e s nsaaaenanes 671
26-10. Capture SIgNAI (SCS = L) uuutiuutteiinnteirntetraianresaasee st aaassestaasesssaastessaaatnessannnessssnnnsssns 672
P2 5 R =T o (1] (N 5 o] [ 672
26-12. Output Example — TiMer in UP MOOE ...t sr e s ss e s s s s s s ssane s saannn e s sannnenans 675
26-13. Output Example — Timer in ContiNUOUS MOOE ....iuuuueeiiiiies i siite s irataessanressaannssssanressanness 676
26-14. Output Example — Timer in Up/DOWN MO .. .uuiiueiiiiiteiaeinissiassisss s sssssaasssins s sssssannsanes 677
26 List of Figures SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS

www.ti.com
26-15. Capture/Compare TBXCCRO INtEIrTUPL FIaG «vuuveieiiiieiiieiiiir i s s s s s s s eaaees 678
P2 K T = (O I I L= 0 1) =T N 681
B2t I = (G LT £ (T 683
P2 JR 11 = O O I N g T =T 1 (T 684
P2 RS T = (O @3 g L0 1= (T N 686
PG T = Y =T 0] (= 687
P2 I 11 = =0 (0N =T £ (=) 688
P2 R N o O = 0 = [ Tox QI T o | = oo N 692
P22 E N = O O 0 I =T 11 (= 700
P2 o R 8 IO O I I =0 ] (= 701
P R S o O O 7 =T 11 (= 702
P22 BT = IO O e I =T 115 (= 702
28-6. RTCSEC ROGISIEN 1 utiuutiiuteiatesseieesat et s st et esa e e s a st aa s s saa s s st e saneaanesanns 703
P2 R I = O T L O =0 ] - 703
P22 B TR = IOV V=T 1 (= 704
28-9. RTCMIN REGISTEI 1 uuttuuttiuseiuterneissessassrase et e s s e sr e e s s s s e et e s aa et a e s s s s s s s ar e tanessnesanns 704
P2 B O o O o (@ L =T 11 (= 705
P2 I T IO o @ L =T 1 (= 705
P2 o IO I T L =0 ] (=T 706
P2 B T o OB G =T 1 (= 706
P2 B IO G (=T 1 (= 706
28-15. RTCMON REQISTEI . u s uutttuseiutesnessseesassraeessesae s s s ssae e s s s aa s et esa e et a st s s s saa s s st s sanessnssanns 707
P2 B G T = 1Y (@ N =T £ (= 707
P2 B A = O = L o =T 11 = 708
P2 TR O Y o =T ) =T 708
28-19. RTCAMIN REGISIET 1 tuututiseutintisesesatraesseasesas s sssaaeras st s s as st e s s s s st saesaasansrasaansnnsnns 709
P2 B O 0 N1V 1V =T o L] (=T 709
28-21. RTCAHOUR REGISTEI 1 ututtiuteiseisusesstsaate e sase s ssaa s s s srse e aa e et a s s sa st s saatssaneasnneranns 710
P = 07 Y [ 10 | =Y o L] =Y 710
28-23. RTCADOW REQISIEI 1uttustseiutiussussrsssanisssserassssssse sttt st sasessr s aansanenns 711
B T o O NI =T 1) =T 712
P BT = 07 T A =T o 11 = 712
28-26. RTCPSOCTL REGISIEI .t uttstutiusiusersesasrssserse st s s s s s et s s es s raanaananns 713
P A R = O oS 3 O I =T o1 (T 714
BB TR IO T 0 {0 I (= 715
P2 B IO S I =T o L] =T 715
P22 T TR IO LV =T 11 (] 716
P2 R T =11 24 =T @ I o LT ) =T 717
28-32. BCDZBIN REGISTEI 1ututtustisenatiasisersessssssesaeras s s st r e st s s e s e s st s s e s e s s aanaaranns 717
29-1. RTC_C Block Diagram (RTCMODE = 1) ..uutiuutiiuusinterneianessssiansisisssinsssnssiansssinsrasisinssinnsans 720
29-2. RTC_C Offset Error Calibration and Temperature Compensation Scheme ........c.ccoiiiiiiiiiiiiiiiiiiiennnns 727
29-3. RTC_C Functional Block Diagram in Counter Mode (RTCMODE = 0)...cuuuteiiinrrirninnierriinnsisninnesinans 729
P2 L IO @ I 0 I =T 13 = 737
P2 ST = B O O 1 0 T =T o £ = 738
P2 R ST = IO O I =T 11 (= 739
P2 T A = IO O I I B0 =T ] (= 740
P TR = B 0@ 10 I =T o 11 = 740
P2 T TR o O @[ =T 1 = 741
P2 T TR 8 IO AV I O =T o £ = 742

SLAU367P—0October 2012—-Revised April 2020 List of Figures 27

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
P2 T 5 O IO AV 8 I L= o 1] = 742
P2 T 7 8 IO V8 IR B LT o 11 (= 742
P2 T G JR 8 IO AV I =T I T 742
B2 T T I @AY L O =0 L] =7 743
P2 T S TR 8 I O]l O =0 ] - 743
29-16. RTCMIN REOISTEI 1uuttuttiustinuneriseisssssissssss st sisrsrte st tasssstsesaaterarerasnssinesanns 744
P2 T R 8 IO 1V =T =T 744
29-18. RTCHOUR REQISIET 1 uuttiustiusesssisassssssrse st ssa s e ta s s s s taa s s saa s sar s e aanesannaanees 745
29-19. RTCHOUR REOISIET 1 1uuttistiiutenistisstsistssssiasssssesasssssssaass et rassssisssateraretainesinniannns 745
29-20. RTCDOW REGISIEN 4 tiuuttiuseiutease st saste et ssaas s s st e s et e s s s s saa s s saa s sannssaneaanesanns 746
P R B o O 1 0 =0 ] - 746
P Ry O 1 N =T ] 746
P2 T TR IO 11 1V =T ) - 747
P R S o O ] =T ] = 747
P B T O N o =T ] T 748
P T T O Y o =T ) =T 748
P2 R A R = O N YV =T o1 (] 749
P R T O N VN =T 1 (] 749
P T TR o O A 1 10 | =T 1 =T 750
29-30. RTCAHOUR REQISTEI 1 utuustiuuserussissssssssasse st sasssssse s saate e sass st ssss st saarssaesannesanns 750
29-31. RTCADOW REGISIEI 1uutuiustiiuseiissinssssississseiassiasesasstssesisssrterasetainetasstrisstiattrareraiian 751
P T o O NI =T 1) =T 752
P T 1 TR B O NI =T ] =T 752
P T 7 T O S 0L I =T 11 (T 753
P T 1T o O s 3 O I =T o1 (T 754
P2 T 1T 8 IO R 0 LT o 11 (= 756
P T S I O 3 R {0 I (= 756
P2 T 1 TR IO LV =T 11 (] 757
29-39. BINZ2BCD REQISIN . uttuuttiuseiunesseiassesat e sas e s ts e s s s s et et a e e s s s s s e s st e aan e aaneaanes 758
29-40. BCD2BIN REQISIEI 1 uttuuttiustiinteiiseiisseniariate st sttt taas et ssse it ssaterasessinesanns 758
29-41. RTCSECBAKX REGISIE . tuutiuteistiseesaterte ittt e e s r e s s s a s saa s s s e s aa e s aannsanees 759
29-42. RTCSECBAKX REGISIE L. tuutiuteistisssesstsrse sttt r s s s e s s e e e san e ranees 759
29-43. RTCMINBAKX REQISIEI 4uuuutiuttriseinstiistiriseiistisseiassisis ittt saarerareraisssinnrannes 760
29-44, RTCMINBAKX REGISIEI 1ttt it s s et e s a s e e s s s s s n s sa e aa e s sanneanees 760
29-45. RTCHOURBAKX REGISTET 1 uttuuseiseisuatsstssseiasssssssasssssssasss e iasssss et ssnss e raseiaisesannsanses 761
29-46. RTCHOURBAKX REGISTET 1uttuuttiistiistiistsiseiistssiseiassisistsiass ettt 761
29-47. RTCDAYBAKX REGISIE . tuuttuuttistineerattrte it e e s s s s s s s s saa s s ra et e e aannranees 762
29-48. RTCDAYBAKX REGISIE 1. uutiuteistisssessterse ittt r s s e saa s s st e taeesaneranees 762
29-49. RTCMONBAKX REGISIEI 1 1uutiuteiistiisstsistiiiseiist it rass s it rasssinesanns 763
29-50. RTCMONBAKX REGISIEI 11 uuttuteistissesat sttt e ss e s s s s s e s e s s s s s s s saar s se s saneaanesanns 763
29-51. RTCYEARBAKX REGISIE 1. uttustistinntiisterseiasessssasssa st sas s ta s s s s et e aan e naanees 764
29-52. RTCYEARBAKX REQISIEI 1uuttttiistiiistiiatiiiseiiitesisiasssissate e rasssss s saane s saisssannssnnes 764
P TG JR o O I O I 0 =T o1 (T 765
PR S o O I O I T = 1 (T 765
P 1S T ) O O O I I =T £ (] 766
30-1. eUSCI_Ax Block Diagram — UART Mode (UCSYNC = 0)..uutiuutirunriinrerneianeininsrannssinsiinsssnsesannianes 769
10T O o = T =T G o0 T 770
10T R [0 | =T IR g T 0 1 = 771
30-4. Address-Bit MUItIPrOCESSOr FOMAL. ... .uuiueeratisaeesae sttt s s saar s rass s s s rr e raneaanesanns 772
28 List of Figures SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS

www.ti.com
30-5. Auto Baud-Rate Detection — Break/SYNCh SEQUENCE ....ivueirieiiiiiriiiiieiinsiiresinsrasssiassansraaesans 773
30-6. Auto Baud-Rate Detection — SYNCh Field......cuuviieiiiiiiiiiii i 773
30-7. UART vs IrDA Data FOrMAL ...uuueeiiiiiiiiiiitiiiiiiiiiiais i siiias s sssiass s ssassssssassssssaassssssnnnssnns 774
30-8. Glitch Suppression, eUSCI_A Receive NOt Started........ovevvieriiiirieiiii i isissiaranesaes 776
30-9. Glitch Suppression, BUSCI_A ACHVAIEA ....ueiiueiriseiiiirii s nnes 776
30-10. BITCLK Baud-Rate Timing With UCOSL16 = 0..uuuuueruriusisernernisissrsssiniassasssssasinssasssissainnsanes 777
1010 5 O =T o0 Y= o {0 781
30-12. UCAXCTLWO REGISTEN 4 uutiutiutisenserusisisersssessssssasss s sass st sas s s sassassassanssassnnsnssnnssnnsns 787
30-13. UCAXCTLWIL REGISIET 4 uuutiutiusiusensssussasissrsesasssssssae s sssass s sas st sesan s sasssaesansassansresns 788
30-14. UCAXBRW REGISIEI 1 1uuttiuutiutesssisesssterse e s et sa s saas s s st e s s s sa s s sa s saa s e sas e aanssannsanes 789
30-15. UCAXMOCTLW REGISIEN uuiutiutinsinsssutintissssssassassssasssessssssassas st sasssassassassassssssnnsnnsnnssnnsns 789
30-16. UCAXSTATW REGISIEI 1 uuutiututiusisessesasiseserassatssssss sttt tas e st tasesesanrassanesnenns 790
30-17. UCAXRXBUF REQISIEI 1 uuutiuteisttnstsats et sassssa st saastaeesaassaas s st sans e tannssannssnnes 791
30-18. UCAXTXBUF REGISIEN ... uttuutnutiutinsersestistserssssssssssae s ss s s r sttt sasssas st tassassanssnsaansnnsnns 791
30-19. UCAXABCTL REGISIEI .t tuttseutiusisersesassassserse sttt s e s st eseraraanaananns 792
30-20. UCAXIRCTL REGISTOT 1 utt sttt istisstesat s e s s s st s e s s s s e et e s s a e s a e s s s et s s st e s e e annsanns 793
L0 L U 17 0 LT o 1= (= N 794
30-22. UCAXIFG REGISIEI 1 tttuatttiaeteisatesssse s ss e ssaase s sraase st s s s et saa s e s saaa s s s ssanssssasnnsassannnessnns 795
1G0T TR 01 o q Y L= o L] (= 796
31-1. eUSCI Block Diagram — SPI MO ... .uueiiiiiiiiiiteeiait e as it e s a s ine s ssaae s ssaan s s sanne s saannnessannnessnn 799
31-2. eUSCI Master and External Slave (UCSTEM = 0) c.uuuuiiiuteiininnsssiinsesiannsssssinssessansnsssainnssisannness 801
31-3. eUSCI Slave and EXIErNal MaSTEr ... .uuuueiueiieeraeiasessassrats s saeesis s s sansasesanssanrsanssanes 802
31-4. eUSCI SPI Timing With UCMSB = L...uuiuuiiuiiuiitinsiineiesssasesassssassass s sassassans s sansassanssnssnnsns 804
31-5. UCAXCTLWO REOISIEI 1 uuutatiuutssisanssssnnsssaanssssasseessasnsssaassessaassnsssaassessaassnsssasnnessssnnnessns 807
31-6. UCAXBRW REGISIEI 1 tuuutiustiuteississssatssse e ss s s s s s et e s e e s e s s s s saa s s s s e taeesanneanes 808
31-7. UCAXSTATWW REOISIOT .. utteiiattiiitteaa e tr e s e et s a e et saaane s saaaaa st sannsssannnassaannnsssannnessnns 809
31-8. UCAXRXBUF REOISIEI . uuutaiiuutssriatssssnnsssassssssissessaasnessaasssstaassssssanstsssasssnsssssnnsssssnnesssns 810
103 TR 01 14 21 {0 L] (= 811
03 I O T U 1@ 0 LT o £ (= N 812
31-11. UCAXIFG REOISIEI 1 tutuatttiassessatessssse s ssasae e ssaase s taasse st saasse s saaa s e s saaasssssannnsssannnssssannnessnns 813
103 2 1 Y L= L] (= 814
31-13. UCBXCTLWO REGISIEN 4 uutiutiutisisesutiasisssasssssssssasss s sass s st sassasssassassassanssassnnsnssnnssnnsns 816
31-14. UCBXBRW REOISIEI 1 .uuuutteiiuatsssstsesssssssnseessaassestaasssssaassestaassssssasstessassnnssssnnnsssssnnsssnns 817
31-15. UCBXSTATW REGISIET 1utiuutiteiseisetsaterae e s s s s s s e st e s s a e sa s s s s s sa s e sa e tan s sanneanees 817
31-16. UCBXRXBUF REGISIEN 1 uuuiutiutiuaiserutiatiserssstssssssss st s sasssas s sassasssassassassasssssnnsnssanssnnsns 818
I I 0 101 2 1 5 = U =T 1 = 818
103 JR 01 2 )| =T L] (= 819
31-19. UCBXIFG REGISIEI . ttiuttiiietetaaaat e saa e e sa e et s s e s saaaae st san s et saaa s e s saann e s ssannnsssannnessaannnesnnns 819
31-20. UCBXIV REOISTOI uuttttuauteissaessssssestsaasse s saassaessaasse s saaa s s st sannessaasssssasnnssaasnnsssssnnnssssnnnnssns 820
32-1. eUSCI_B BIlock Diagram — 12C MOOE . .vuuuueiuenesnereeernenesaeaesaesnsansnsansasansaransanrnsansnsansnnsnsnnsneness 823
32-2.  1°C BUS CONNECHON DIAgIAmM c.usse st stsssnetaestsaneanetsesassaneanesseaassaseanesesassaneanesseesnssnenneennnns 824
K 2 T O o o U] L=l I T = I = Vg £ PP 825
K I = Y1 G I = 0 £y (=T o o I O = 1P 825
32-5.  1°C Module 7-Bit AdAreSSiNg FOMMALt ..uuuueietieseteeseresiesaseane et tataassane e tansassanernesansaneanernesnnnns 825
32-6. I)C Module 10-Bit AdAreSSiNg FOIMAL. .. .uuueieesiueissieiseaeseessaernsaeseansaeassaeansneeneassneassseensanrnenns 826
32-7. I’C Module Addressing Format With Repeated START CONItION .uvuuereeerneereieraernenerererarrernernenes 826
K T O I T o LR I T T I 1T Vo [ PP 828
32-9.  IPC Slave TranSMItter MOOE .....uueueiee ettt e e et e e s e e e e s e e sa s sen e e sa s ensareerernsns 829
32-10. IPC SIaVe RECEIVEI MOE . uvuvneinenesaeeneeraeaereaesaeraeansaeaesaeansaeaaeansasassanrneanrrasranrnennsnnansansnen 830

SLAU367P—0October 2012—-Revised April 2020 List of Figures 29

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
32-11. I’C Slave 10-Bit AdAreSSING MOUE . ...ueurieineereaesaeeeaeraraesarrasaerneaesaeaesaernsarrneanasaeraransanrnennss 831
32-12. IPC Master TranSMIttEr MOOE ... .c.uueineieteeaeeeaeaeeee e e e e e reaasaeeaeesaea et e aasn s eesanansnansansaeansn 833
32-13. IPC MaStEr RECEIVET MOUE .. e e tiuiniet ettt e ettt e e et e et e e e e e e ra s s s st e rasa e e s enerasas 835
32-14. I’C Master 10-Bit AdAreSSING MOUE ... .cuvueesieieiesae e et reraeraeaeseaesaraasaernearrneananeaerananennns 836
32-15. Arbitration Procedure Between TWO Master TranSmMiItterS....uuvusevisevrireriseiiierirariaianneraseraeaaaes 836
32-16. Synchronization of Two I’C Clock Generators During Arbitration ........veeeevieveiieieieiieirirenerenenaene 837
32-17. UCBXCTLWO REQISIEI 1atuutiuteissinsssnstsssesasessssaassss s saass e sae s s saas s saa s sanssanessnnssannssnses 845
32-18. UCBXCTLWIL REGISIEN 4 uutiutiutisisesutitiaesaesssssss s sas s saassassn s sasssassansassanssassnnsnssnnssnnsns 847
32-19. UCBXBRW REGISIEI 1 uuutteiiaatssssatsessstsssasessssasseessasssssaassestaassssssansnsssaanssssssnnnsssssnnsssnns 849
32-20. UCBXSTATW REOISIOT 1 tttuutiteiseiseesaterae et r s s s s s et e s s e e s e s s s s s saar e s s e aa e e san e aanees 849
K 0 11 2 1 I =T @ VN I =T ] =T 850
I B 101 2 (2 Y = U =T 11 (= 851
1 TR 0 1 2 ) 1 21 {0 L] (= 851
32-24. UCBXI2COAD REGISIEI 1 .uutiutiutisesesatisiassaesssssaassasss s saa s sas st s s s s s sassassassanssesntaanaanssnnsns 852
32-25. UCBXI2COAL REQISIEI 1 tuuttuttustasessesasssssersess st rae sttt s sas s s s santassaneresns 853
B ST B 1 2 )12 0@ 7 L= L] (=] 853
32-27. UCBXI2COAS REGISIEI +uuttutiutiuseseiatissssrae st sssasssae st s sas s sas st sassaassae st sassanssassatsnnsnnssnnsns 854
K T O[04 2 Y I I T (=T 1 (=] 854
32-29. UCBXADDMASK REQISTET 1 uttuuttiutisuatsstssse it ssst s sar s tasssaassaanssassaannesanrsanses 855
e B[4 2 3 12 @27 A =T 11 (= 855
0 1 I U 1005 =T 1= 856
1 7 B 1 = ) q |l C R =T 11 =T 858
B 1 T U1 =5 LY LT 1= (=1 N 860
Bt O ] e =] o Tt 0 =T | = 1 862
11 B ] O 0 =T o £ (=] 866
34-1. ADCIL12_B BlOCK DIBGIaIM . eittetiateesaaaesesaaansessaaase s ssan e s saaanesaaannessaannnsssannnessannnnsssnnnnessnn 870
34-2.  Analog MUltiplEeXer T-SWItCN ... uus ettt e s e s s s s s s aar e s s a e s sannnenas 872
34-3. Extended Sample Mode Without Internal Reference in 12-Bit MO ...vveiiiiiiiiiiiiii i rr e annes 874
34-4. Extended Sample Mode With Internal Reference in 12-Bit MOOE ......oviieiiiiiiiiiiiiiii i i raaaes 874
34-5. Pulse Sample Mode First Conversion or Where ADC12MSC =0 in 12-Bit Mode .......ccvviiiiiiniiiinnennnns 875
34-6. Pulse Sample Mode Subsequent Conversions in 12-Bit MOGE.....c.viviieiiiiiiiiriiiriiierienaeeaes 875
34-7. Analog INput EQUIVAIENT CIFCUIL «.uesse ittt e st e as i e s ssaane s ssaae s ssann e s sanne s saannnessannnnssnn 875
34-8. Single-Channel Single-Conversion Mode, ADCL12ISSH = 0 ..uuiiiiuiiiiniinneiniisesinisesisainsesiaannsssaannes 878
34-9. Sequence-of-Channels Mode, ADCIL2ISSH = 0 ..ueiiiiiiiesiiaie s raanressaannresaaanressaanneesaannreraannnes 879
34-10. Repeat-Single-Channel Mode, ADCL12ISSH = 0 ..uuviiuiiiiuiiiieirinsiisisisiiss i 880
34-11. Repeat-Sequence-of-Channels Mode, ADCL2ISSH = 0 1.uuueiiiiiuieiiiiinneisiinsesirisssisiinsssrannnresaannns 881
34-12. Typical Temperature Sensor Transfer FUNCHON .....vviieeiiiii i s aes 883
34-13. ADC12_B Grounding and NOiSe CONSIAEIAtIONS .. ...ueeeiiiieeiiiiiaesraae s tsaaare s sranreesaanressaanreeaaannees 884
34-14. ADCIL2CTLO REGISIEN 1 uuuutseiutiusiuserserutrssserae st s rs s s et s s e s e st s esn s naanannenns 893
BT T NI 131 52 @ I T =T 1 =T 895
34-16. ADCIL2CTL2 REQISIEN . uuuetueutiusinsssuestrsssssaesatsssassae st sssas s et aassasesssassassasssnnsnssnnssnsnns 897
34-17. ADCIL2CTL3 REQISIEN 1 uuuutserutiusisersesasrssserae st e st s et s e s e st s sesrranaanaasenns 898
34-18. ADCLI2MEMX REGISTEN 1 utuuttuseiueeratsassesaesaee st s s s ss e ta s e s st sas s s n s a e e s e asnesannsranes 899
1 S R AN B 131 2 1V @ I L= ] =T 900
BT O NI 1O 2 | (=T ) ) 902
BT I NI 131 24 @ BN =T o 15 (] 902
T NI 1@ 2 | =y O o =T L) =T 903
34-23. ADCIL2IERL REQISEI 1ututtiuetutiusisesserasiseaserae sttt s e s et s e s e s e s s s e ar e renas 905
BT S NI T3 2 | = 2 =T o1 (T 907
30 List of Figures SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS

www.ti.com
34-25. ADCL2IFGRO REGISION 1 uttuuteiuttistesat e sttt e et s e e s a st r e s s et ar e e 908
34-26. ADCIL2IFGRL REGISIEN 1 uuututiutiseseratistaaerae st saae e sar s s sas st sas s s s sassassassansss st aanannssnnsns 910
34-27. ADCIL2IFGR2 REQISIEI 1 tuuttuttusistssesassssaserse st s st e s s s s e e san s aanernrns 912
BT TR NI 131 2 L =T o 11 (T 913
35-1. Comparator_E BIOCK DIGQIamM . ..ueiieeseiiietesiaataeaaaantessaansssaaannesssansssaannsssaannesssannnsssannnessnn 916
35-2. Comparator E Sample-ANnd-HoOId.......ueeiiiiieiiiie s s s s s s s e aaanrenas 918
35-3. RC-Filter Response at the Output Of the COmMPArator ....iv.eevieiiiiii i raas 919
35-4. Reference Generator BIOCK DIagram .....oi.eeeeiiiieiiiateeraaaeeessaansessaanns s saansssaaannessaannessaannnessn 919
35-5. Transfer Characteristic and Power Dissipation in a CMOS Inverter and Buffer..........ccovvviiiiiiiiinnnnnns 920
35-6. Temperature MeasuremMeENt SYSTEIM .. .uuueuiiseeerrinnterrraatre s s rrarsreaaaare s raannenss 921
35-7. Timing for Temperature MeasuUremMeENt SYSTEIMS. .. .uuuiuseiiseirieriasrsrise s saraaarernes 921
1 TR O =1 @ I 0 =T ) T 924
1015 T TR O = @ I (T[] = 925
0110 O = @ I o LT )T 926
1 I T O = @ I T B T )T 927
11T 2 O = I =T 11 (] 929
BTt I T O Y o L= 011 = N 930
36-1. LCD Controller BIOCK Diagram ... e uuuesssssssessassssssssnssssssssssinnssssasssssssssssssssnssisassnessasnnesins 933
36-2. LCD Memory for Static and 2-Mux to 4-Mux Mode - Example for 160 SEgMeNts ......oouvvveirinriinneinnnnns 934
36-3. LCD Memory for 5-Mux to 8-Mux Mode - Example for 160 SegmeNntS .......ovviiiiriiiiiriiiiireiaaineaanns 935
L T o =T 1= = 1o o 938
36-5. EXample Static Wa e fOrmMS ...t 943
36-6. EXample 2-MUX WaVEfOIMIS .. ...ttt ittt et et e st e s s e e s ssne s ssannn s s sann e s saannasssannneesnn 944
36-7. EXample 3-MUX WaVe OIS ... uuee i iiaiseintteisste s s s ss et s aae s ssaaa s s s sant e s ssannnsssannnessas 945
36-8. EXample 4-MUX WAV OIMS .. ettt e e e s s s e s n s s a e e e e ras 946
36-9.  EXample 6-MUX WaVEfOIMIS .. ...ttt ittt e e et e st e sr e e s ssane s ssann s et sann e s saann e s s sannneenn 947
36-10. Example 8-Mux, 1/3 Bias Waveforms (LCDLP = 0)....uiiiiiueeiiiiineeisiinsesiinsssssansnesiaansssssannssssannnes 948
36-11. Example 8-Mux, 1/3 Bias Low-Power Waveforms (LCDLP = 1) ..iiuiiiieiiiiiiiiiininissiinnnn e saneaninsnans 949
36-12. LCDCCTLO REGISIEN 1uuuueeiueiutinatssruesatsssssssaesassssssssae s sassaassas st sassaassssassanssassnnsnnsnnssnssns 955
36-13. LCDCCTLL REGISIEN 1uuustiuerutiustsersesussasssesaesassssssssansas s ssse st sassasesas s sassssssnnrarsansssenns 957
BTG I S 01 1 = I S 31 I =T £ (= 958
36-15. LCDCMEMCTL REGISIEI .. ututiusiaesuesatiasseraesatssssassas st ss s s s saessss s ae s e sassassaassnnssannsansnns 959
36-16. LCDCVCTL REGISIEN 1utustiseiutiusisessesassssserasrstssss e s ss s e s et sas s e s s s s s e e snsanaanaanenns 960
36-17. LCDCPCTLO REGISIEI . u st tusttnutesseisseesassrasessesaes s st s s e s s s s s e taae s e st e st sa st r s st e saneesnesanns 962
1S T 01 I 14 = O I A LT ) =Y 962
36-19. LCDCP CTL2 REGISIEI .t tustseutiustserserasrssseraers s e rs s e et s s e s e st s esa e ranaanansenns 963
36-20. LCDCP CTLS REGISIEI 1 u it tusttuatetsetssaesasssasetsesaes s st s s e s s s s s e s e s a e s e a st s s st n s se e aannasnesanes 963
1B I 01 1 10 01 03 I =T 11 (= 964
1R I O I 1O LY =T o L] = 964
o I =i I 2] Tox Q=T |- o 966
37-2. ESI Analog Front End AFEL BIOCK Diagram .. .uuuussssssruseiseissesississsssisssasssassiannesassiasssinssanns 968
37-3. ESI Analog Front End AFE2 BIOCK DIagram ....euveuuessisiusseisistsssainnsessissssssisnssssinsssisainnsissinnesss 969
37-4. Excitation and Sample-And-HOId CirCUILTY ..uuuuuiiiesiiieiiiiiri s eanees 970
37-5.  Analog INput EQUIVAIENT CIFCUIL «.usesseiiiete et e et e e e e s s s e e s ssaae s ssans e s sanne s saannnsssannnnnsnn 971
37-6. Analog Front-ENd OULPUL TiMING «euuuueeetiinstesiaatsessassessaaressaisssssassssssaisssssaaisssisassnsssasnessns 972
37-7. Analog Hysteresis With DAC ReQISTEIS. . uuuuruutirtsiariate ittt saraaineranns 973
37-8. Timing State Machine BIOCK DIagram .........eeeiiieiesiiiieeiiiaessaateessaans e ssaannsssaanessaannssaannnesss 975
O e TR =21 a3 Vo] [ [ 1S T o 1o o 978
37-10. Timing State Maching EXamMPIe ... .. ettt e e r s e ran s an e rans 979

SLAU367P—0October 2012—-Revised April 2020 List of Figures 31

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
R 5 O = o To 1 1o 0 T 980
37-12. Timer_A Output Stage of the Analog Front ENG.......covieiiiiiiiiii i r e s rnan e ananne e 980
37-13. ESI Processing State Machine BIOCK Diagram ...ucueeeiiiiuseiiiiiseisitesssisssssisssssainnssssinnssasannness 981
37-14. Simplest PSM State Diagram (ESIV2SELTL) . .uuuiuueiiutirteiineinieerinsissssisssasssisssansrassiasssnnssanns 984
0 R T I O ST =T 1o ] G 1o 1 - Lo 986
37-16. Sensor Connections For The OSCillation TEST ..uuviuiiiireiisiiiiiiiiii i iraees 987
37-17. LC Sensor Connections FOr The ENvelope TeSt ..uuuuiueiiiiiiiiirie i s s s s rnnenaaes 988
37-18. LC Sensor Connections FOr the ENVEIOPE TeST .uuuuiiiuieiiseiiirissiissisiss i iassssissasessnsssannsaans 989
37-19. ResSistive SENSOr CONNECTIONS .uuuuutiisttiiseiireriseiasristate it raseraissrasniaaseranes 990
37-20. Sensor Position and Quadrature Signals (S1=PPUSL, S2=PPUS2) .....cicitiiieiiiniirinsiiniiiaeiiiiainnians 991
37-21. Quadrature Decoding State DIAgram ...uueessssrsssrseiiterise s e saar s rass e aaineranns 991
37-22. ESIDEBUGL REGISIE 1 tuuttuseusiusiussssssunsassssssssanssssssassas st tas s tassassssrantnnsansnns 994
37-23. ESIDEBUG2 REGISIE 1utiuttiuteiatiseesattiate et s s s s s st e raae s e e s a s s s s st s s a it e saneaanesanns 994
37-24. ESIDEBUGS REQISIEI .t uuttuseutiasinssrsssasiassssssssssasssssssaas s sasssassat s sasssissastansasssnssnntnnsnnsnns 994
37-25. ESIDEBUGA REGISTET 1 tuuttuseusiusiussssssassassssssssassssssrassasss st ssssastassassssrastansananns 995
37-26. ESIDEBUGS REGISIE 1utiutiiteiseistesatsite st e r st e s s st s s et e e s a s s s s st e saae s s e aanesanns 995
K Ay R = [ AV O 2 L= ) 996
B < T =S [V 5 (=T 1 () 996
O TR i [ N 170 L= L] = 997
e O s [ AV 5 B = L= ) 997
B e B I =S Y =T L1 (=T 998
G 7 i |1V B A =T o1 (T 999
e 1 T i AV 120 = o £ (= 1001
B e S N =T L] (=T 1003
G 1T ] | o I =T o £ (= 1005
B 1T A I ] =T ] (=T 1006
B e =S | S Y =T 0 1 = 1008
G 1 TR ] [ 1S G =T o 15 (] 1009
S N i [ I I =T 11 (= 1010
0 S 8 I | A {0 )T 1012
O R i I I 2 (=T L] (= 1012
K S [ @3 T (=T 11 (= 1013
R T S |0 @32 Q=T 115 (= 1013
O B i ] Y G (=T 0 L] (= 1014
37-45. Extended Scan Interface Processing State Machine Table Entry Register ......covvvviiiiiiiiiiininninnn, 1016
38-1. Large Implementation Of EEM .....uuiiuiiiiiiiieiiiiensiis s s sssaes s sssse s ssansae s sannse s ssannnsssannnes 1019
32 List of Figures SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
List of Tables

1-1. Interrupt Sources, Flags, an0 VECIOIS ...ttt it e e r i e s e s s s an e s saann st saannessaannnenann 53
N © o T 1T TN 1Y o 0 = 58
1-3.  Requested VS ACTUAI LPM ... .t s e e e 58
1-4.  ConNection Of UNUSEA PiNS . .uueiuseisiiineitirse i s s e ss st s s s s s sar e raneaanerans 62
S T 1= T Y | 0T 67
G o4y e @7 1o =1 170 o I IF= T 68
A\ B [ @ o] = i o N 1= T 69
G T = VT (0] T 10T g] o= =T 1 70
1-9. BSL CONfIQUIrAION TAOS tuuttuuteiunetueerntsssssssssaasessessss st sass s st saatesaastanssasntasssanssannssansinnns 70
I O T = 1S I 01 1Y I Y 11 = 70
1-11. BSL_CIF_CONFIG ValUES .. utiutitistiatitissassraesssssase e st sssaas e st s s s e se s s s s e sesnraanenness 71
S e G {0 5] (=7 72
1-13. SFRIEL RegiSter DESCIIPLON .uuuuetistsissessterse st sia e ssas et sss s s saresaneaannerans 73
1-14. SFRIFG1 RegiSter DeSCHIPION 4uuuuutstiiustetsiatssssssessaianesssisnssssasesssaassssssassnsssassnessasnsnsssnnnns 74
1-15. SFRRPCR ReQiSter DESCHPION ..t ttutttuatiaterusetaueerss s sas s s saassaesras et s saassaansraesaaeaaanrrans 75
I T (S T (=T 0 5] (=7 £ 76
1-17. SYSCTL ReQiSter DESCIIPLION . uuutuussetsaustesissnsessasnessaaneesaanressasnnessaasnssssasnesssssnestsasnnsssannns 7
1-18. SYSJIMBC ReQiStEr DESCHIPTION 1. uuttsttsusetatersetaueeras st st s rasstaess s saa s s saassaansraasranasanesans 78
1-19. SYSJIMBIO ReQiStEr DESCHPTION ...t ttusttsuaetsterseiaseessrrasssss e saar e s e ssas et ssaassansraseraessnnrrans 79
1-20. SYSJIMBIL ReQiSter DeSCIIPIION . .. uueetissaeetsatesiastssssaaeesraasrsssaaanrsssaannsssaasnssssssnnsssasnnssssnnns 79
1-21. SYSJIMBOO ReQiSter DESCIPLION 1 v uuutiuessustiraserseisne s sssse s st rasesras et sssssanssannssaneaannesns 80
1-22. SYSIMBOL ReQiStEr DESCHIPTON 1 uuuusttsstsustisaserseiseerasssssesisssaterase s st sasrsaareraresannenns 80
1-23. SYSUNIV ReQiSter DeSCrIDtION 1 uu i uutteisustessaatssssaasssssaanessaissessasnsssaasssssaassnsssassnessssnnnsssannns 81
1-24. SYSSNIV ReQiStEr DESCHIPIION « . u vt tusttstesunetate et a s tase st e e sae s s tas s s sasssannsransaanesnnns 81
1-25. SYSRSTIV RegiSter DESCHIPLON . uutuustiissesssirserseiseerasssssesistsate e sas i sasssaanerasesannerns 82
2 O /Y =T 0] =T 88
2-2.  PMMCTLO ReQiSter DeSCIIPIION . uuuteusetsetsatsatssaassaaesssesasessa s sass s saaetasssas s sansssanssansssanstannens 89
2-3. PMMCTLL ReQiStEr DESCIIPION ..ttt ettt tsateesaaateessaaneessaaane s saan e e ssaaan s s saannesssannnsssannnessaannnessnn 90
2-4.  PMMIFG RegiSter DeSCHIDION . uu st tastessanesssssesssiane s ssasae s ssasasessaassesssasssessannsesssannnsssannnsssnns 91
2-5.  PMS5CTLO ReQiSter DESCHPLION 4 uuuseuseisessnerstssassaasessesassssassasts s tarssasssasssasssansesasstannens 92
K O | o (0 I ST =1 1] T L 97
3-2. System Clocks, Power Modes, and ClIOCK REQUESTES ...uuiiueeiiiiiieiiiiiissisiisssiiistesssasssisannnessannnes 100
3-3. MEMORYMARP REGISIEIS 1. uttustiuttatintssseiaserssssssssas st tase st tasssaassaaterarstsinssannssnses 103
3-4. CTLO Register Field DeSCriPtiONS. .o uetetiataetraatesraaatessaansessaanressaannessaanessaaannessaannessaannnssss 104
3-5.  CTL1 Register Field DeSCriPtiONS. .t uuusestaussssssssnessasnessainsressasnnsssasnnssssassstaassnessssnesissnnnesss 105
3-6.  CTL2 Register Field DeSCrPtONS. ..t uueiiuetratistssas st sssssaas s s sasssaar s e aannssansss 106
3-7. CTL3 Register Field DeSCriPtiONS. .ot etiataeiaanressaaatessaaneessaanrsssaannessaanessaannnessaannessannnnssss 107
3-8. CTL4 Register Field DeSCriPtiONS. . uuus et taustssisastessannessaiassessasnnsssasnnssssassstaassnessssnnsismnnnssss 108
3-9.  CTL5 Register Field DeSCrPtONS. .t uueiueeratiassssassaterse e ssae e ssiss s rasssaassaar s s aainssanss 110
3-10. CTL6 Register Field DeSCriPtiONS. ... uee et iataetraateeraaatessaaneessaanresaaannessaannnssaaannessaannessaannnssss 111
O Y 2 I T o 0170 118
4-2.  Values of Constant GeNErators CG L, CG 2. .. uuuutttertteenirarrerreeeeennnsnnrssresreeremnsnrssssrrrereennnns 119
4-3.  Source and Destination AGUrESSING . uuuueerueiruteriseiaserisreris it riss s rarerareaaans 122
4-4.  MSP430 Double-Operand INStrUCHONS . .. .uuetiisessssietessisanesssise s ssaaesssassesssassesssaassessaansnsssannns 142
4-5.  MSP430 Single-Operand INStrUCHONS . ... vt usetsetite et raas s s sars s san s raaesans 142
4-6. Conditional JUMP INSEUCHONS ... ettt et ea e e e a it s s ae st raae et sane e s saann e s s san e e s sann e s aaannnesaanness 143
A = 1 11 = 1 =T I 11 0T od 1o 3T 143
SLAU367P—-October 2012—Revised April 2020 List of Tables 33

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
4-8.  Interrupt, Return, and Reset Cycles and Length .......oieeiviiiiiiiii i e 144
4-9 MSP430 Format Il Instruction Cycles and Length......c.vvveiiiiiiiiiiiii i 144
4-10. MSP430 Format | Instructions Cycles and LeNgth ......ueeiiiiiieiiiii i s as e anaes 145
4-11. Description of the Extension Word Bits for RegiSter MOOE.....uvvvviiuiiiieiiiiirie i i enaeas 146
4-12. Description of Extension Word Bits for NON-RegiSter MOAES ......vieiiiiiiieiiiie i reinrernaneeanas 147
4-13. Extended Double-Operand INStrUCHIONS. ..uuuuiuutsiriieressiiaesssiaee s ssiiaesssaiss s ssisesssansressaansnsssannns 148
4-14. Extended Single-Operand INStIUCHONS ... uuvueireeiiseisee st srreraas s s sas s sannssaseaansaans 150
4-15. Extended Emulated INSIIUCHIONS ...uueissiistiiise i s s e s e n e raaes 152
4-16. Address Instructions, Operate on 20-Bit RegiSter Data .....vveeeiiiiuieriiiireiiiiriinressiirsssainneaiaans 153
4-17. MSP430X Format Il Instruction Cycles and LENGth .......eiveiiiiiiiiiiiriri i e 154
4-18. MSP430X Format | Instruction Cycles and LENGtN.....ovueiieiiiiiiiiiii i 155
4-19. Address Instruction Cycles and Length .....eueeeiiiiiiiiiiiisiis s s s s srasr e e raannns 156
4-20. INStruction Map OFf MSPASB0X ... . e sttt s s st e s s e san e ras e sa e s s an e sanneranes 157
5-1. Result Availability (MPYFRAC = 0, MPYSAT = 0) tutiutiuuirutitisianerasitsnssnnsrssansassanssassansassansinnss 273
S O | I =T 0 L1 (T 274
ST T @ o =T o 11 (=] £ 274
5-4. SUMEXT @nd MPYC CONENES. 1t uuuettuutssuseisnessesasssssssisssrse st arsrareraessarannsrines 275
5-5.  Result Availability in Fractional Mode (MPYFRAC = 1, MPYSAT = 0) tiuuutiiiiiinreinninneiininnsinnnnssiannes 278
5-6.  Result Availability in Saturation Mode (MPYSAT = 1) tuuiieirietiieiieinneiiaeianesisssasssisssansrnassns 279
e I /[ G 17 = L= 11 =T £ N 285
o TR N (=T 0 Fo LY =T 0] (=T £ 286
5-9. MPY32CTLO RegiSter DeSCIiPtON . e tuutt ittt iitestssiseesaesrate e sa e s s s s s sar e rasesan e s aanesns 287
6-1.  FRAM CONrOlIEr OVEIVIEW 4 euuuteiseisssssatesse it sa s st r s ra s s s et a s s s s e aa s e sannranees 288
o R (O I I =T ] = £ 294
7-2.  FRCTLO RegiSter DeSCIIPION «uvuuttatsatssseiatessesssessa st s saae s e s s st s s s s s ar s e aanesannsanes 295
7-3.  GCCTLO ReQiSter DESCIPIION .. uuetiatseisaneteesaaateesaaneessaaneesaaannessaansssaansessaannesssannnessannnessns 296
7-4. GCCTL1 ReQiSter DESCIIPLION . uuuetiuussessnstessaanssssisnsessaasssssaannssssasestaasssssaasnestsansnsssasnnnssns 297
8-1.  FRAM MEMOrY ACCESS SPEE .uuuueiuutiruteintennesasetsassats et tass s s s et s rassiaessanrsannsrans 301
8-2. FRAM POWEr MOUE TIaNSItION uuuuusssstssuseisnessssasssssssaars s sasessssassssasssans e sasssasrransesnnes 302
S F O I I =T 0] (= £ 304
8-4. FRCTLO Register Field DeSCIPLIONS .. uuttiustieerseiieerassate s srss s sansrase s sanrsannssanes 305
8-5. GCCTLO Register Field DeSCIPLONS .. .uueiieeeiiitesiaaeretsaaatessaaaneesaaansessaannessaanresaannnessaannesss 307
8-6. GCCTL1 Register Field DeSCIIPLONS . uuuutiiuseeiiiissesisisstessanstessaansressaassessainnssssianrsssasnnssasiness 309
9-1.  Address Comparator Bit SEIECHON .....uviieiiiiii i 313
9-2.  IP Encapsulation ACCESS RIGNTS ...ttt i e r e s s e e s s aas s s sann e s saanna e saannaeenn 315
9-3.  MPU Border Selection Example 64KB (004000h t0 O13FFFN) ...uuueiiiiiieiiiiieeiiiiie s snnnnessnnnss 316
-4, SEgMENt ACCESS RIGNES. ..ttt e e et e s e s s e s s s s an e aa e 317
LS RS T X ot od RN o | 6 (o T Y N 318
LS ST | = s o [ T (] = 319
LS 1 101 S (1o 1= 320
LS TR /| O =T 11 =T N 321
9-9. MPUCTLO RegiSter DS CritiON. . uuuiustsstsattetsaasessaianressisressaianssasasestsasssssaassestsansnsssasnnsssns 322
9-10.  MPUCTLL RegiSter DeSCrPtION. 11 uuettattruaeiatesserassssae st s s s s s san s raastae s s an s sanssns 323
9-11.  MPUSEGB2 ReQiSter DESCIIPIION «uutusssiuseississesasssssssisssrsesaeesisssassssasssassraseiaisssansannerines 324
9-12. MPUSEGB1 ReQiSter DESCIIPIION «uuuutstiastessasnsssssnsessisssssaisnssssasssssaiansssaassesisasnsssasnnssins 325
9-13.  MPUSAM ReQiSter DESCIIPIION 4 euuuetuatssussissiree st esias s ssisssannsrasssaessanssannsrines 326
9-14. MPUIPCO ReQiSter DESCIIPLION . e eetteiaetessantessaneessaaneesaasnnessaannessaannssssansnessaannnsssannnnssns 328
9-15. MPUIPSEGB2 RegiSter DeSCIIPIION . uuttiiiustetisssssissssessssssesssianesssasnsssasssssasasnsisassnessasnessns 329
9-16. MPUIPSEGBL RegiSter DeSCrIiPtON. ¢ 1uuttiseiitesssissesatiaats s s s ssss s s sans e sans s sanesans 330
34 List of Tables SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
0T O o Y [ I =T =T 334
10-2. CTLO Register Field DeSCriPlIONS. ... ettt siaaeestraane s saaste s saannasssanaressaannessaanrssaaannesaaannsssnnns 335
10-3. CTL1 Register Field DeSCriPliONS. 1. uuuetisussesssssesiriusnessaissessaassrsssansressaanssssaannrsssasnnssssinnssssnns 337
0 I O B 1 I = Vg T3 £ Y o T 1= 342
I B 1 1N I o o =T @ 0= = 11T o N 349
11-3. Maximum Single-Transfer DMA CYCIE TiMe .uuuiuueieiiiiieiiiisinainssssise s isaas s isasse s ssannnessas 350
8 S B N =T o 13 (=] £ 353
11-5. DMACTLO RegiSter DS CrIPtON. ¢t etettiatee e ianteeaaase e sa s s s saane e ssaannessaannessaannnessaannassaannnnssnn 355
11-6. DMACTLL ReQiSter DeSCriDtiON. 1 u i ustettrsteetsaatessaaasresaaarsssaasnressaaessssaasestaassnsssaannnsssannnessas 356
11-7. DMACTL2 RegiSter DeSCrIIPtON. 1. ute sttt st rse s s s s s sa s e s s e sa e s saa s r e saneaannens 357
11-8. DMACTL3 RegiSter DS C P 0N 1t etetiieee s rante e raae e s s e s saaane e ssaannessaannessaannnessaannasssannnnssnn 358
11-9. DMACTLA RegiSter DeSCriPtiON. 1t uustetisatsetraatessaaasresrasaressaisnressaiaesssaaassstaaasnsssaannnsssannnessns 359
I K T B (O I =T ) =T g I 1= o ] o] {0 360
11-11. DMAXSA ReQiStEr DESCHPTION 4t uuuteiuseisseesassasserse s iass st sass s sar e tas s rsaasesaseaanness 362
11-12. DMAXDA ReQiSter DeSCHIPLION 1 uuuiissetisiuasessiutesssaste s saan e ssaaessssaanssssasnesasannnsssannnnssns 363
11-13. DMAXSZ RegiSter DESCIIPHON 4 uuuuteiseisteratirste sttt et s saas s s e ras e taa s s satesansaanness 364
11-14. DMAIV ReQiStEr DESCIIPION. . . u ettt atetiite et raaa e e s aas e s e e s saan e e ssan e et aaannessaannnssaaannnssaannnessnn 365
2 T 1@ T o g0 0 = o o 368
2 1@ BN ot o g ST =1 o1 1o o 369
I JR B T o = N 1@ 0 =01 =T 374
12-4. PXIV RegiSter DeSCIIPION tuuuuuteiiutseisiatessaseessiaee s s saaaeessaassestsasssssaassnsssansnsssasnnnsssns 388
2T |V =T 51 (=T G 10T od ] o] (0 389
12-6. PXOUT ReQIStEr DESCIIPIION . .ueiietetiiateeiaantesraaareesaaane e saaaane s saaanessaaannsssaansnsssannressannnsessnn 389
R A | o= 1] (=T D= ] o ] o) o 389
12-8. PXREN ReQiSter DESCIPLION 1 uuuuutiuseiseisessstssss s ssserase s sass s s s taa s sssssasessaassannssanstannens 390
12-9. PXSELO ReQiSter DESCIIPLION . .utinetetiiatesraantessaaaneesaaaneesaaannessaaanessaannnessaansesssannnesssnnnnsssnn 390
12-10. PXSELL ReQiSter DESCIIPLION .uuutiuustetiauutssssinssessaaneesaiasesssasnessssssesssaasssstaassssssasnnessssnnneisns 390
12-11. PXSELC RegiSter DESCIIPON v uuuuttteiseisasrsttsass st ssee s ss s s s sa st s s a e s sane s an e sannssneaaneans 391
I A | RS (=T o L] (= gl 0T o ] 1o o 391
12-13. PXIE RegiSter DeSCIIPION wuuuuuseiisttetsiatesssssesssiasessaise s ssaansssarssestsasnsssaassnssaannnessasnnnsssns 391
12-14. PXIFG RegiSter DESCHPIION uuuiuttrseiseisiatrastsssesaserssraas s sra st s raas s r s s s s saessaa e sanesaneaannens 392
R R T =T o o 0T T =0 L3 (T N 396
13-2. CAPTIOXCTL ReQiSter DeSCIIPtION . . uuetttussetissnestsnanessassesssaassessasressaanssssaansrsssasnnsssssnnssssnns 397
14-1. AES Operation MOUES OVEIVIEW . .uiuueiueersssrnssssesssssasstssssastsrss s s sassssisssanrssanesanssannss 400
14-2. 'AES trigger 0-2' Operation When AESCMEN = 1 ..iuuiiiiiiietiiiieiinini i snssssnssansssanes 407
14-3. AES and DMA Configuration for ECB ENCIYPON ...uuuueeeiiiiesiisiiesisiisssssansssisansssisannssssaannesns 408
14-4. AES DMA Configuration for ECB DeCIYPON ..uuueiruseiintinnriiteriaeiaeesissiassssisssanssansisnsesinnsanns 409
14-5. AES and DMA Configuration for CBC ENCIYPON ..uuuuseiissiiisiie i risssssiss e nssesiansnanes 410
14-6. AES and DMA Configuration for CBC DeCIYPUON ..uuuiuueseirinreiiiinnssssisssisaiansississssisasnsssainnesias 411
14-7. AES and DMA Configuration for OFB ENCIYPLON ..uuuueeisesseeiiteiineiaessisssasssisssans s 413
14-8. AES and DMA Configuration for OFB DeCIYPUON .uuiuseiiussiiatirseiineisissiissisnsssiserissiassinsasern 414
14-9. AES and DMA Configuration for CFB ENCIYPLON «...uuuueeeiiiiseiiiiaesisissssaissssisansssssannssssannnsesns 415
14-10. AES and DMA Configuration for CFB DECIYPLON .uuuueivueeiisteiseiieesiasiisssisssansrnssiainssanssasssans 416
I O S5 SR LT 0 ] (= £ 417
14-12. AESACTLO ReQiSter DESCIPLION «uuuueetissssessansnsssaastessasansessaannessaannssssassssassnnssssannsssssnnnssns 418
14-13. AESACTLL ReQiSter DESCHPLION . uveuuseiueetntssussssessss e tsessantssss s saanssasetsisssaansrnsesanssannsss 420
14-14. AESASTAT ReQIStEr DESCHPTION «uvtruseisstruatsssssss st rass s sass s sar e tais s rsansesasesannens 421
14-15. AESAKEY ReQiSter DeSCriDtiON. « .t uuutetiistssisistessaaatrerrsressainssssaaesssaisssssaassnsssaannnsssannnsssns 422
14-16. AESADIN RegiSter DESCIIPHON . uuttuseiiseietiitesae it ere s s s i s sa s s s e sa e saa s sar e saasaannens 423
SLAU367P—-October 2012—Revised April 2020 List of Tables 35

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
14-17. AESADOUT ReQiSter DESCIIPIION . tuuuseiseiratinsssusssansrsssaasssnssanss s saresasssasssanrsannssanssannens 424
14-18. AESAXDIN Register DESCIIPON . uuuuseiissiratirsseiseiise it ar e s saaseraseaanens 425
14-19. AESAXIN RegiSter DESCIIPIION 4uuuuuuutetiiutseisisnessaiasresrsnssssaisnsssaasessaaanssstsassnsssannnnsssannnsssns 426
L O O 0 O =T ) =T £ 432
T O 0 (O B ] =0 L] (=T g I 1= Lo 11T N 433
15-3. CRCDIRB ReQiSter DESCIIPTION 4t tuuuasestsussssssaassessaassesssnnsssaasnesssaisesssassssstsssnssssssnnssssnnnessas 433
15-4. CRCINIRES ReQiSter DESCIIPIION . uuuueeiusstsattnsssusesaasersstassssisssasss s ianrssasstaisssinrsannssassiannens 434
15-5. CRCRESR ReQiSter DESCIIPON 1. uutsttsstssterseiaseessssasssssssaass e s s s s sar e sanesanns 434
T T O 0 {0 1 =T 0 L3 (T 439
16-2. CRC32DIWO0O RegiSter DeSCIPtION. 1t uuetseesattrstssnesate e iae s sass s sar e s tas e s saneesansaaness 440
16-3. CRC32DIW1 ReQiSter DEeSCIIPIION. 1t uusttsetratsrsssssesate e issesis s saar s sais s raresasssannens 440
16-4. CRC32DIRBWO ReQiSter DeSCHPION .t tutuuuatsisanssssssesisissnsssasssessaassssssansssssasnssssaannrssssnnnessnns 441
16-5. CRC32DIRBW1 ReQiSter DESCHPLION . v uuuuttussiusesseesassssuassasssse e ssiassansssasssasesasesaessanssanns 441
16-6. CRC32INIRESWO RegiSter DESCIPLION ... ueeeieeeisaneesaaasessaannessaansesssannssssaanssssaannressannsessnns 442
16-7. CRC32INIRESW1 RegiSter DESCIPLION tuuuueeeiruessssusesisissnsssasnesssassssssansssssasnssssaannnesssnnnessnns 442
16-8. CRC32RESRWO RegiSter DESCHPTION v uuuttutsiuseiautssnsssssssssssss e tsessassssisssanssaarssanessinssanns 443
16-9. CRC32RESRWI1 ReQiSter DESCHIPTION v uuuttssesusesausesassssssessssssesasessse i sassasarssassaisssanns 443
16-10. CRC16DILO ReQiSter DESCIIPIION . 1. uuuestsussesassse s isasse s saassesssasssessanasessaannsssaannrsssasnnsssssnnssssnns 444
16-11. CRC1EDIRBWO RegiSter DESCHPTION . v tuuttsuse it sssssassssssssssssstasessassassssasssasesarssanessannsanss 444
16-12. CRCI16INIRESWO RegiSter DESCIIPLION ... ueteiiaeeissaeeeraainnessaaanessaannnsssaanssssaansassaannnessannnessnns 445
16-13. CRC16RESRWO RegiSter DeSCHPtION v uuuusessisiaesissisnesisissesssassessanssssssasssssannrsssaannrassannnessnns 445
17-1. LEA COMMEANGA GIOUPS tuuuttuusssusssusesassssnssssssass s saasssasstssssinssmnstasimineiaeimieinieiiini 448
17-2. DSP Library and MSPWare Versions for the LEA.......uiiiiiiiiii i nnae e 449
18-1. Auto Mode and RegIStEr MOOE .....uuueeiiiieteiiiiee s r s s e s s s s s s aaa s s saaan e s ssannnsssannessns 454
18-2.  TimME MArK EVENTS 1uuuiiutiiaiiiteiat et s st s e s s e e e s et s s e s s s s e st e s s e e s a e s s n e s n e snnenas 454
18-3. USS_PWRREQ SigNal SOUICE .uutiuteiiseiintiistirseiissssseiasssssssastssss s s s sansesassrannens 455
18-4. Control Signals AMong USS SUDMOAUIES ....uiuueiiiiiiiiiiiiie i i ss s s e aaaas 456
S T U 0 T s 461
19-2. USS Power States and State ChanQeS ..uueuureiseiiterintirerisrrse st ae s 462
19-3. Device Power Modes and USS POWET StAES uuvuuriiissiiisiiintiiiieiiseiiiseisniiisrianneasninn 463
S L S 101 (=T ¢ o I @0 g1 (0] B0 o[- L 463
IS T T T I I o T 464
19-6. Power States After Measurement COMPIELION ...uuiiiiieiiiii i r i rraanreeaaas 465
S T B U1 | S (=T L] (=7 467
19-8. UUPSIIDX Register Field DeSCHPONS +.uuueiutsruseiistisserassissssisssrssiassssnssassssisssinssaserassannes 468
19-9. UUPSMIS Register Field DeSCIPIONS .. uuuuueetisaesisianesssissesssasssssasssessaansssssansrsssasnnssssinnseisnns 469
19-10. UUPSRIS Register Field DeSCrIPtONS . .uuuutiiuteiseiiterissisessssssss e sssssasssssssanssans s sannssannss 470
19-11. UUPSIMSC Register Field DeSCIPLIONS «.uuturuseiistirseiassissssisssrseiassssissiassssisssannssaseiannssinsrann 471
19-12. UUPSICR Register Field DeSCrPtIONS «.uuuuueeiisiuseeisissesinissesssasssessanssessaassssssansnsssasnssssinnssisnns 472
19-13. UUPSISR Register Field DeSCrIPtONS . .uuuutiuteiseiiteriusissssssssss e ssinssaasssss s ssnssanessnnssannss 473
19-14. UUPSDESCLO Register Field DesSCriptiONS. . ..uuiiutirseiississsiisssriseiassissiassssisssaasssasssssssinssann 474
19-15. UUPSDESCHI Register Field DeSCIPLONS .uuuivuueeiiiiusesiiisnsisiissesisasssssassssssasnssssaannnsssannnsssans 475
19-16. UUPSCTL Register Field DeSCriPtiONS. ...t iuteiseiitssatissssssssseiassssessasssssssansssnsssaessinssanss 476
P2 0T I o 1] I T oY o 151 (= £ 483
20-2. HSPLLIIDX Register Field DeSCIPLONS ..uuvuuueeiiisiesiiiassessastssssansssssaasssssainnssssinsssssainnssassness 484
20-3. HSPLLMIS Register Field DeSCriPtiONS ... .uuuesirstsrseiinteiseiaessiasrasssssssansssassiansssanssasisnnssannss 485
20-4. HSPLLRIS Register Field DeSCriPtONS «..uueiistiissiissiiterseiisssissiasssssssaarssass s s sasssansesanns 486
20-5. HSPLLIMSC Register Field DeSCrPIONS ... uuutetiistesiiissessastesssiasssssinnssssainnssssinssssainnssasinesss 487
20-6. HSPLLICR Register Field DeSCHPONS .. uuuetusttrstssuaesinterseiasssasrasssssssansssasssasasarssaessinssanns 488
36 List of Tables SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS

www.ti.com
20-7. HSPLLISR Register Field DeSCriPtONS ..uuueietiisesiasiiterseiasssisssassssss i sssssassssaessansssinssannss 489
20-8. HSPLLDESCLO Register Field DeSCrPtONS .uuuiiutiiseiiseiiierississssisssasssisssasssisssansssnsssannssnes 490
20-9. HSPLLDESCHI Register Field DeSCIPLIONS ..uuetiiuutesirntseisistessainnressinsssssainnssssisssisainnsissinesss 491
20-10. HSPLLCTL Register Field DeSCIPLIONS ..uuutiustrseiiteiseiaeesissrassssisssasrssnsssansssisssansisnessannsans 492
20-11. HSPLLUSSXTLCTL Register Field DeSCriPtONS .. .uuviuseiiseiiieirississisisssisssnsssassssssassssnsssannssans 494
2t O I 10 T =T 0 3 (T 505
21-2.  Supply t0 the RX MUIIDIEXEE 1. uueieii i e e e s s e e ranes 507
21-3. TiME MaAIK EVENTS L utuutiitiiiteiiseiisa e et s st et e s e e s s s s s et s st e ra e aan e nnes 512
21-4. Auto Mode and RegIStEr MOOE ...uuiuuueseiitteiiiateessiare s ssains s ssaassssaasssaaassesssansnessannnnssns 513
P2 ST Y Y o =T ) =T 516
21-6. SAPHIIDX/SAPH_AIIDX Register Field DeSCrPLONS .. .uuivseireerississesiasissssiseianesiserasssissannssns 518
21-7. SAPHMIS/SAPH_AMIS Register Field DeSCriptioNS ..uuuueueesisiisesiiinsesisisssssanssssiainressannnsssainnns 519
21-8. SAPHRIS/SAPH_ARIS Register Field DeSCHPONS +.uuuueiiueireeiinsirinesinsrss i ransisisssanssansssnns 520
21-9. SAPHIMSC/SAPH_AIMSC Register Field DeSCHPONS «.uueiretiissirnesisrsrssinssiannesissisisesinsannesnns 521
21-10. SAPHICR/SAPH_AICR Register Field DeSCIPLIONS . .ueuivuueeisiissesisissnsisaissesianssnsisannsssrannssssainnns 522
21-11. SAPHISR/SAPH_AISR Register Field DeSCIHPONS +..uueiiueirieeiiseirinesiterss i ransisisssinssrnssrnns 523
21-12. SAPHDESCLO/SAPH_ADESCLO Register Field DeSCHPONS .vvvuueiiusiriseiiseisinriissssissiinssiseraseinaes 524
21-13. SAPHDESCHI/SAPH_ADESCHI Register Field DeSCrPtioNS «.u.uueeiiriseeisiinsesiiinsnsisiinsssriannsssainnns 525
21-14. SAPHKEY/SAPH_AKEY Register Field DeSCrPtiONS. . .uuiuueireeiistissesiatirssiinsiainesissiasssasssannssnns 526
21-15. SAPHOCTLO/SAPH_AOCTLO Register Field DeSCHPLONS . vuvuutiisstrisrristsrissiassriserassisisssansranerns 527
21-16. SAPHOCTL1/SAPH_AOCTL1 Register Field DeSCrPtiONS ...uuviiueesiiiaeeisiisesisisnsisinnssssaanssesainnes 528
21-17. SAPHOSEL/SAPH_AOSEL Register Field DeSCriptioNS .. ..uuveeiistirieiiatirissiinsinieerissisessinssasssnes 529
21-18. SAPHCHOPUT/SAPH_ACHOPUT Register Field DeSCrPtiONS ..uuvstivssriseiaserisrisssssinssanneraseiannanans 530
21-19. SAPHCHOPDT/SAPH_ACHOPDT Register Field DeSCrPONS ....uuutiiiiieeeiniieesinisesisnissesisnnsnsisanns 531
21-20. SAPHCHOTT/SAPH_ACHOTT Register Field DeSCHPLONS . .uuuueiistireeiitiriseiinsiniesransisisssinssrnnssns 532
21-21. SAPHCH1PUT/SAPH_ACHI1PUT Register Field DeSCrPtioNS ..uuvssivreriseiisesinsinssssissiineraseiannanans 533
21-22. SAPHCH1PDT/SAPH_ACH1PDT Register Field DeSCrPlONS ....uuueiiriieeeiiiinesinisesisnissesiannnssisannes 534
21-23. SAPHCHILTT/SAPH_ACHILTT Register Field DeSCHPLONS ..u.uueiistiriaeiitirineiisiniesraneisisssinssansesns 535
21-24. SAPHMCNF/SAPH_AMCNF Register Field DeSCHPONS ..uutvistivseiisrirseiassisisssassssisssinnssaserasenanes 536
21-25. SAPHTACTL/SAPH_ATACTL Register Field DeSCHPLONS ..uuiiiueeiiiiiesiiisressiiinsiiinssssinnnsssainnes 537
21-26. SAPHICTLO/SAPH_AICTLO Register Field DeSCrptiONS .. ..uuveeiissiriaeririrns i ransisiessinrsannssnes 538
21-27. SAPHBCTL/SAPH_ABCTL Register Field DesSCriptioNS. . uueuvieeiissiriseiiarisiseiissiniserassissssinssssssns 540
21-28. SAPHPGC/SAPH_APGC Register Field DeSCrPtiONS...uvuuuetiiiseeiriintesiiinsssssiinssssainnssssinnrsssannness 542
21-29. SAPHPGLPER/SAPH_APGLPER Register Field DeSCHPLONS ..uvuueiiurerieeianeirieriissssinsiinerineiaeaaaes 543
21-30. SAPHPGHPER/SAPH_APGHPER Register Field DescCriptionNS. .. u.uvviririieiiseiiiniiisieiinnneraeianes 544
21-31. SAPHPGCTL/SAPH_APGCTL Register Field DeSCIPUONS ..uuiviiueeiiiieesiiiisnsisiisesisasssisannnesiannnes 545
21-32. SAPHPPGTRIG/SAPH_APPGTRIG Register Field DeSCHPLONS «.uuvivurerieeiieirieriinsssiassianssiseraeanaes 547
21-33. SAPH_AXPGCTL Register Field DeSCriPtONS .. uuuuutiiuterseiaseisissrassisisssisrssnseiassssase s 548
21-34. SAPH_AXPGLPER Register Field DeSCrPtiONS .. .uuueeiiisesisissnessastesisassssssanrsssaannsssaannssssainness 549
21-35. SAPH_AXPGHPER Register Field DeSCrIPtONS «.uuiiiuteiiteiiiinisiisisiassins s sasssessanssssssannssnns 550
21-36. SAPHASCTLO/SAPH_AASCTLO Register Field DeSCriPtONS v..vvvseiistiiireiissiiisisisnisssaseraseianes 551
21-37. SAPHASCTL1/SAPH_AASCTLL1 Register Field DeSCriptioNS ..uvuueeeivsiusesiiinssssrisnesiannsssrsannssssannnes 553
21-38. SAPHASQTRIG/SAPH_AASQTRIG Register Field DeSCHPLONS «.uuvivureriseiieirieriinsssiassinesiseraneaaaes 555
21-39. SAPHAPOL/SAPH_AAPOL Register Field DeSCriptioNS «..uuuveeiissiisesiasiiseiissinierassissssinssansssns 556
21-40. SAPHAPLEV/SAPH_AAPLEYV Register Field DeSCrPiONS ..uuiviuseiiiiiesisiinesiiisissisansessnnnnsssainnes 557
21-41. SAPHAPHIZ/SAPH_AAPHIZ Register Field DeSCIPONS ...uvueiiissiriaiiitiriseiinsiniesiassisisssinsannesns 558
21-42. SAPHATM_A/SAPH_AATM_A Register Field DeSCrPONS ..vvutiiiseiiririseiisisisrasisssinssnseraeinnes 559
21-43. SAPHATM_B/SAPH_AATM_B Register Field DeSCrPLONS ...uvviiueeiiiieesiiiinesisiinnesisansssisannsessannns 560
21-44. SAPHATM_C/SAPH_AATM_C Register Field DeSCriPtiONS ..uuuiiieeiiirerieiiiisissasssisssinesisesaneanaes 561

SLAU367P—0October 2012—-Revised April 2020 List of Tables 37

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
21-45. SAPHATM_D/SAPH_AATM_D Register Field DeSCriPtiONS .....uuiieeiiririieiiiininssisssinssnsesaneaaes 562
21-46. SAPHATM_E/SAPH_AATM_E Register Field DeSCrPONS ..vvuviiiseiiririseiisisisransisssinsaneraneinaes 563
21-47. SAPHATM_F/SAPH_AATM_F Register Field DeSCrptiONS ....uvuiueeiiiiiesiiisssssinntssiiinsessinnnessainness 564
21-48. SAPHTBCTL/SAPH_ATBCTL Register Field DeSCrPtiONS ...uueiireiiieeiitiiieiinsiiieeineisisssinssnsssnes 565
21-49. SAPHATIMLO/SAPH_AATIMLO Register Field DeSCHPONS .uvvistiriseiintiriseiissiiinerissisisssinrnenns 566
21-50. SAPHATIMHI /SAPH_AATIMHI Register Field DeSCrPLioNS ...vvuueeiiriuesiriinsesiiinsnsisiinrsssaannsssainnns 567
P2 S I - = o ] 13- L 576
P27 = €7 N €T o TN 1= o] - 580
22-3. Control Signals for POWer and CONVEISION ... uuuesisuuessssssestsasssessanssesssassssssasssessaanssssannrsssssnnss 582
22-4. USS Auto Mode and RegiStEr MOOE .. .uuuueietiiteseiate e es s s s s r s ras s s a s saneaanenanns 582
22-5. SDHSCTL3.TRIGEN Bit and SDHSCTL5.SDHS_LOCK Bit +.uuutiississriinssrseinniriserasssisssinsrneins 585
22-6. Timing Of the SDHS_LOCK Dit.uuutiseiiisinsiiisiin s aeannas 585
22-7.  ConVversion CONrOl MOOE. ... uueieiitere it e e et s e s s e s n s ra e s e e s an s n e rans 588
22-8.  ConVversion CONrol MOOE . ... uueiieiiiaterse st r s s s s a e e s n e e ranes 590
22-9. SDHS Conversion Stop CONAItIONS .uuueesiiuusseisinstessaatnsssasre s ssaasssssaisnstaainresssannnstsasnnssss 592
22-10. SDHS Response to Conversion Stop Signals When Data Conversion is Not RUNNING .....oveevveeiineinnenn. 593
P2 ST L IS R =T o 151 (= £ 595
22-12. SDHSIIDX Register Field DeSCIPLONS .uuuiuutstiiutteiriatssssianressisnnsssaissssssasssiaassnsssainestsannnesss 596
22-13. SDHSMIS Register Field DeSCHPIONS . uuuuetrstirtsissirte e rsae s s rass s ssarssanssaanesannss 597
22-14. SDHSRIS Register Field DeSCrPHONS .uuuueiiistiiseiisirteriseiaerissiassss s s rassaaneranns 598
22-15. SDHSIMSC Register Field DeSCrPHONS . .uuuuueetieissesisassessanstssssaassessaasssssainssssannnsssainnssasaness 600
22-16. SDHSICR Register Field DeSCHPONS .. uuuueerstissessssirntesserasesisssasssiss s iarssassrassannssanns 601
22-17. SDHSISR Register Field DeSCIPHONS .uuuueiiistiiseiisirteriseiaisesissrassss s sarssarsrassannesanns 602
22-18. SDHSDESCLO Register Field DeSCriPtiONS. .. .ueuisssesisassesianstssssanssessaansessainnsessinsnsssainnssasanness 603
22-19. SDHSDESCHI Register Field DESCHPONS . .uuutivussisterseianeisisssaasissssiasssss s 604
22-20. SDHSCTLO Register Field DeSCrPONS v uutiissiiissiiteriaeiaeisissrassssss s ssre s 605
22-21. SDHSCTLL1 Register Field DeSCIPLIONS «uuuuuueeiiiiseesssassessanstssssaassessaasssssaannssssannnsssasnnssssannnss 607
22-22. SDHSCTL2 Register Field DesSCriPtONS ... uutiutiieiite it raasssss s ssss s ssrs e asns s sanes 608
22-23. SDHSCTL3 Register Field DeSCrPtONS «...utiissiiissiiteriseiisise s s ssre s sanrsanses 609
22-24. SDHSCTLA4 Register Field DeSCIPLIONS «.uuuuueeiiiisaesisaassessastssssaassessaasssssaannssssannnsssasnnsssssnnnss 610
22-25. SDHSCTLS5 Register Field DesSCriPtONS «..uutiusiieiiteiiteiiessissrasessss s sras s srrs s assssann e 611
22-26. SDHSCTL6 Register Field DesSCriPONS «uuuutiissiiissiiterseiisissrassss s srss s s saases 613
22-27. SDHSCTL7 Register Field DeSCIPLIONS . .uuuuueetieseesisanssessaasnssssaassessaasssssaannsessannnsssainnssssannss 614
22-28. SDHSDT Register Field DeSCHPIONS 1. uuuuueeisttsseistesseiasessss s sass i s sasssanssanns 615
22-29. SDHSWINHITH Register Field DeSCIPONS +uuutistiiseiiseiaerississssisssassrnsssassssisesassssnsssanssnes 616
22-30. SDHSWINLOTH Register Field DeSCIPHONS . .uuuivuueeiiisesisisnssssassessannsssssinsssssannnsssainnssssannnsss 617
22-31. SDHSDTCDA Register Field DeSCIPLONS . .vuuutiiesiiseiteiaisiserassisss i sassssirsansssisssannsanes 618
P2 B R = €1 R £ 1= 622
P2 B I I | 1011 =1 725 o 622
23-3. Setting the PUISE RALIE ....uuiitiiiteiiir e e et r s s s s s e sa e s aan e aanes 622
23-4. Reading the PUISE RalE.....iiiieiiite i ra et r e s ra e s st aa e e s saann s s saann e e s saannessaannnesnn 623
P2 TR I I8 L =T 0] U= 625
23-6. MTIFPGCNF Register Field DeSCrPLONS . .uuuutireeiiterseiaisiesraasisiss s sriss s ssns s ssnsssannsanes 626
23-7. MTIFPGKVAL Register Field DeSCIPUONS ... .uueiiiiteiiiatetiaaatesssaseessaanressaanne s saansesaannnssaaannesss 627
23-8. MTIFPGCTL Register Field DeSCriPlONS .. vuuuuseiiistetiaiatssisisssssiiaressaisssssassssssainnesssanssssainnssss 628
23-9. MTIFPGSR Register Field DeSCHPLONS +.uuueiuttruseiatirte i raastsessiassass i s s 629
23-10. MTIFPCCNF Register Field DeSCIPIONS. ... .ueet et iaateessaaetessaaare e saaans e ssannnssaaannessaannnssaannnesss 630
23-11. MTIFPCR Register Field DeSCHPLONS . .uuuiustteiristetiaiatnsisasressissrsssaisssssasssssaaannesisanssiaannnesss 631
23-12. MTIFPCCTL Register Field DeSCriPtONS 1. uuuetiiesiitinteiiseisissrassssss s saes s sarssas s e ssnnssanss 632
38 List of Tables SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS

www.ti.com
23-13. MTIFPCSR Register Field DeSCIIPtONS w.uuutiiutiieeiitirteiaseisieeraatis s ssss i sarerasssasssanrsanns 633
23-14. MTIFTPCTL Register Field DeSCIPLONS .. .uueeeiiteeiiateessaaneessaaare e saansessannnssaaannessaannnssaannnesss 634
P22t VAV N =T ] (= £ 640
24-2. WDTCTL RegiSter DESCIIPHON v v uettsteite it s s s era e e s s s s s n s raa et e s san e rannesnes 641
P25 T I I 1= g1 o = 646
BT © V11011 | 1Y o T [ 651
P2 T T I 0 1=T g N =T 011 (] £ 657
25-4. TAXCTL RegiSter DESCHPLION .. .uueteirateeaaneesaaaaeesaaaanesssannesaannessaannsssaannssssannnesssnnneessns 658
25-5. TAXR ReEQIStEr DESCIIPIION 1.uuuutstiattersseessaisns s e ssaase s aaasae s tsaase st saaasessaantnsssannnsssannnsssnns 659
25-6. TAXCCTLN RegiSter DeSCIiPtON .. uuetattste ittt ss s e s s s s r s e s e s an e rannesanes 660
25-7. TAXCCRN ReQIStEr DESCIIPTION 4t uuusetussssusetsssssesassssassaaserse e esss et saas e taessanrsannsranes 662
25-8. TAXIV ReQiStEr DESCIIPTION 1 uutetsaeeessaeessaaeesssasseessasss et saassestaassasssasssssaansnsssannnssssnnnessnns 662
25-9. TAXEXO RegiSter DESCIIPON «.uuuueietitsrseiat st sas st e saae s s s s s s s s a s e e aa s e sannaanes 663
P22 I I 0= g1 o = 668
P2 I = O I I = o =T 673
26-3. Compare Latch Operating MOOES ...uuueiiueirieiiteise e s e s r s s ar s saneaanns 674
P2 S © W11 01U 1Y o T [N 674
P2 TR 4 1= T = T =T 0] (= £ 680
26-6. TBXCTL RegiSter DESCIIPON .uuiuueistiaterseiat st sa e e raae e s s s s s saas s rr e e aan e sanneenes 681
26-7. TBXR ReQISter DESCIIPION ... uettiieteiaanteeaa e e s aae e sra s et s anne s saaann st saannsssaannassaannnessannnessnnn 683
26-8. TBXCCTLN ReQiSter DeSCHIPtION 1 uuuatstsattessasesriaee s s ssaanssaansestsassssssasnessannnnssaannnsssns 684
26-9. TBXCCRN ReQiSter DESCHPLION «tuuuettatssuseiseteesassssas s rss e ssaa s s ssnassaar s s s saeasanssannssins 686
26-10. TBXIV ReQIStEr DESCIIPIION .. at e e taetessne e sraaane s s aa e e ssaan et saaane s ssaan e st sannessannnssssannnessannnessnnn 687
26-11. TBXEXO RegiSter DESCIPLION .. uusetustessatsesaansesssnesssssssssassesssassessaassssssassnsssannnessssnnnessns 688
DA S 8 I O @ =T g T 689
P2 R R 8 O = B o L= 11 =T £ N 698
28-2. RTCCTLO ReQIStEr DESCIIPIION 4 utetiuutssisasnesssnessasnesssinesssassnessaassestsasssssassnesssannnsssasnnsssas 700
28-3. RTCCTLL ReQiSter DESCHPLION «uuuuetsttsuseiseensesassssas e rsssaseesa s sassssisssaanssasssaessanssannssines 701
28-4. RTCCTL2 ReQiStEr DESCIIPION . uutietstitteasantessaane e s aane e ssaaane s ssannesssannssssannessaannnsssannnessnn 702
28-5. RTCCTL3 ReQiStEr DESCIIPIION 4 utatiustsstsassessisnessaisneessinssssassnssaaassesssassssssassnesssannnsssssnnessns 702
28-6. RTCSEC ReQiSter DESCHPTION . utuuettuatsrussiseersssasessse s rsesae s s saasssasssanssasstaessanrsannssines 703
28-7. RTCSEC ReEQIStEr DESCHIPTION . uttuusttstsruseissessesasssssssasrs e sassssass et raretaessasrransesanes 703
28-8. RTCMIN ReQiSter DS CIIDION 1. uutettsssessastessaasesssasssessaaresrainssssasessaasasssasasnesisansnsssannnnssns 704
28-9. RTCMIN RegiSter DeSCIPIION vt uettste st iates s s st e e s s san e raaeaanssannsanssans 704
28-10. RTCHOUR RegiSter DESCIIPIION ..t uetestateetsesessaaatessaaneessaansessaannessaannssaannnessaannnsssnnnnesss 705
28-11. RTCHOUR ReQiSter DeSCIIPIION .« .ttt tussessassssssssnessaasesssaasssssannsssasnsssssassnssaaisnessssnnestsssnnesss 705
28-12. RTCDOW ReQiSter DESCHIPLION « v uueeuatssussisessserasssssssaas s ssia e saassssssaassrasssaessanssannssnnes 706
28-13. RTCDAY ReQIStEr DESCIIPHON .. utetiatseisaetesraaateeaaaaneessaans e ssaaanessaansssaannsessaannessaannnsssannnessnn 706
28-14. RTCDAY RegiSter DESCIIPIION . uuuetistssisiastessaassssssstessinrsssaisnssssassstsasnssssasnestsansnsssasnnesins 706
28-15. RTCMON REQiSter DESCIIPIION 4 uuuuetuutssuseineissesssssas e rsssaseesisssassssass e e rasstaessanssannssnnes 707
28-16. RTCMON ReQIiStEr DESCIIPLON .uetstitteaaantesaaane e s aane e saaaane s saannessaannnsssannessaannnsssannnessns 707
28-17. RTCYEAR RegiSter DESCIIPION . uuuiussetiistssissnessaatssssinsssssiannsssainssssasssssaainnesssanestssnnnesss 708
28-18. RTCYEAR ReQiSter DESCHPIION 1 .uuteuseisueerntisssssssaate e saesssssasssssssanssrasstassssansransiannssannss 708
28-19. RTCAMIN ReQiSter DeSCHPON . a et ietttiittearaatessaate e s aane s saaaan e s saaae s saannnsssannessaannnsssannnessnn 709
28-20. RTCAMIN ReQiSter DESCIIDTION . utettustssiassesssnessaisnsessianesssannsssaassestaassssssaassesisannnsssannnessns 709
28-21. RTCAHOUR ReQiSter DESCIIPIION . v ttuattsuseiusessssassssusssaasssasssasesasssassssasssanssasssaessanssannssnnes 710
28-22. RTCAHOUR ReQiSter DESCIIPIION « .. uateetiaateesaateessneessaaneesssaane s ssannssssannsssaannessaannnsssannnnssnn 710
28-23. RTCADOW ReQiSter DESCIIPIION 4uuuuuussessustesssanssssssssssassssssisnesssansssssasssssasasssstsansnsssasnnnsins 711
28-24. RTCADAY ReQiSter DESCHPIION +.uutestiiueesatirusssss e sss s s s taaessar e sainssannss 712

SLAU367P—-October 2012—Revised April 2020 List of Tables 39

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
28-25. RTCADAY ReQiSter DESCHPIION +.uuteiuseiiueerstirstsssesaste et ssas s s saassrass s ssar s e ssinssannss 712
28-26. RTCPSOCTL RegiSter DESCIIPHON .uuuuueiiuserstissssssssrsesaseiasesissrassssisssaass s saresasesassainssanns 713
28-27. RTCPSI1CTL RegiSter DESCIIPION w.uuuusesiisssessinatessastssssassessasnnessaaanssssasnnsssaannsstsannstsssnnesss 714
28-28. RTCPSO0 RegiSter DESCIIPOMN .uuuuuetistsiseiaeessssassssassrats e s saas s saansraae s sanrsannssanes 715
28-29. RTCPS1 RegiSter DESCIIPUON .uuuuustiistsiseiisterssiasssssssase s s s saateras s sanraaseranes 715
28-30. RTCIV RegiSter DESCIIPIION « v uuusetiustsssssssessasnessasneessassssssasanesasassestsassnsssassnesissnnnsssasnnsssns 716
28-31. BIN2BCD RegiSter DESCIIPLON 4 uuuuetutsruseistestesasssssssaate et ess s raas s s s sanssasstaessanssannssnns 717
28-32. BCD2BIN RegiSter DESCHPLION . .uiuetssietesaanteeaaaneesaaaneesaaaanessaannessaannsessaannessaannnsssannnessnn 717
29-1. RTCCAPX Pin CONfIQUIATION . uuuseiiatsssstsessissssssnessssss s ssasnsssssnsesssassssssansnsssannnnssssnnnessns 733
P2 L o I O O L= L] (=7 734
29-3. RTC_C Event and Tamper DeteCtion RegISIEIS ... ...t iiiite i rraaare s raaare e raanr e sraanreraaanness 736
29-4, RTC_C Real-Time Clock Counter MOUE AlIGSES vuurriiiriiiiiiiiiiissssssssssssssssssisssssssssssmmmsssssiimmmsssnns 736
29-5. RTCCTLO_L RegiSter DESCIIPON 1. vttt iseiisesssiasesssesaatssaaesaeesaa s sas s s s sans e sanssanrsanssans 737
29-6. RTCCTLO_H RegiSter DeSCIIPIION. 1. uuetetaetessaateeasaneessaansesaaaanesssannsssaansessaannesssannnsssannnessnn 738
29-7. RTCCTLL ReQiSter DESCIIPIION 4 uuetiustssssatsessaanessasneessinssssassnessaassestsasnsssasssesssansnsssasnnessas 739
29-8. RTCCTL3 ReQiSter DESCHPLION «tuuuetuatssuseiseennesassssas s rse e ssaa s sassssiassaansrass e ssanrsannssnnes 740
29-9. RTCOCAL ReQiStEr DESCIIPHON .uueesesiataeisaetessaaate s saaseessaanssssaannsssaannssaannnessaannessannnnesss 740
29-10. RTCTCMP ReQISter DESCIPIION 4 uuuttussestustsssssanessastssssaasesssasarsssaannssssasnssaaisnestaannestssnnnesss 741
29-11. RTCNTL RegiSter DESCIIPOMN .uuuuuetiuteiaeiaeesaesasessae e sae s saas s s saan s raaeaanssannsaaesns 742
29-12. RTCNT2 ReQiSter DESCIPIION .. .ueieeseiiaeteeraaateesaaneessaansesaaaanesssannsssaannessaannesssannnessannnnssnn 742
29-13. RTCNT3 ReQiSter DESCIPIION . uuuetiuussessustessaannsssisnsessaasssssaannssssassnsssaassssaasnestsannnsssasnnessns 742
29-14. RTCNT4 RegiSter DESCIIPOMN .uuuuetisttiaeiaeesastas st s s s s s s s n s raaeaan s sanrsanesns 742
29-15. RTCSEC REQIStEr DESCIPTION «uttuusttussssusesssessssasssssssasse e sas s sarsrareiaisssasrransesnnes 743
29-16. RTCSEC RegiStEr DESCIIPIION . uuueiiussssssassessaassssssnsesssnrsssassnssasassstsasnssssasnestsansssssasnnessns 743
29-17. RTCMIN ReQiSter DeSCIIPIION vt uattstesuseiaeesas s s ts e s e s s s s s s s saa e raaesa s s sannsaneanes 744
29-18. RTCMIN RegiSter DS CHPION .. utettattetiaateeiaaataesaaane e ssaans e s saane e ssansssaannessaannnssaannnessannnnssnn 744
29-19. RTCHOUR ReQiSter DeSCIIPIION .« vttt ussesssustssssssnessaasssssaasssssaaansssaansssssasssssaasnnesssasesisssnnssss 745
29-20. RTCHOUR RegiSter DESCHPTION . 1. utttseiusesatsrssssusssaass e tasessse s sssssaassrasstansssarssanessnnssanns 745
29-21. RTCDOW REQIStEr DESCIIPIION . utetateeiatteasaantessaaaee e ssaane s saaaanesasannessaannnsssannessaannnsssannnessnn 746
29-22. RTCDAY ReQiStEr DESCIIPIION . uutetiussssssastessassesssisnressinssssaianssssassrstsasnsssaasnestsannssiasnnessns 746
29-23. RTCDAY ReQiSter DESCHPTION . utuuusttstsruseiasessesassssae st rase s sas s s s saanssasstanssanrsannssnnes 746
29-24. RTCMON ReQIiStEr DESCIIPLON . uetstitteisaatesraane e saaane e saaaane s saannessaannssssannessaannnsssannnessnn 747
29-25. RTCMON ReQiSter DESCIIPION 4 uuetiuutssisutsesssnessaisnesssisssssasnssasassestsasssssassnesisannnsssannnessns 747
29-26. RTCYEAR ReQiSter DESCHPIION 1 .uuteseiueesstirstsssesasts e iaessas s ssss st sasstansssanssansasinssanns 748
29-27. RTCYEAR ReQiStEr DESCIIPHON . uuietetiiiateeisanteesaaateessansessaanne s saannesssansesaannessaannessannnnesss 748
29-28. RTCAMIN ReQiStEr DESCIIDION 1 utettustssiatsesssnessaanesssinesssasnnssasassestsassssssasnesssannnsssasnnessns 749
29-29. RTCAMIN RegiSter DeSCIIPHON .t ueeiattite it te s s e e e et s s saan s raa et e s s an e e e sns 749
29-30. RTCAHOUR ReQiSter DESCIIPIION « .. uutettaaeteasaateessaseessaaneessaanne s ssannsssaansessaannesssannnsssannnnssnn 750
29-31. RTCAHOUR ReQiSter DESCIPIION « 1 uusstssastessanssssssnsessansessainnssssasssssasssssssssnsstsannsessasnnessns 750
29-32. RTCADOW ReQiSter DESCIPIION 1. uuttuuseiuseiusesssssssssasssass e st sass s sanssasssaisssanrsannssanes 751
29-33. RTCADAY ReQiSter DESCIIPHON . uuiuetesiiteeiaaateeraaateesaantessaantessaannessaaannssaaannessaannessaannnesss 752
29-34. RTCADAY RegiSter DESCIIPION . uuuiussesiiatssisstessastssssassessaaarsssasnssssassnssaaisnestaanesisasnnesss 752
29-35. RTCPSOCTL RegiSter DESCIIPHON . uuuuutiueeistissesstirte e sasesaaesasssiassaasssasssarssasssassannssanns 753
29-36. RTCPSL1CTL RegiSter DESCIIPHON .uuuuutiiuseistsssessrsrsesaseiasesassrasssisssass s saresasesasssinssanns 754
29-37. RTCPSO0 ReQiSter DESCIIPIION . uuuetiuussessastessassssssassesssassessaisnssssasnstaassnsssasnestsannnsssasnnesins 756
29-38. RTCPS1 RegiSter DESCIIPLOMN .uuuuuetiatsiseiatesaeiasessas et sae s saas s s sans e aan s s sansrnes 756
29-39. RTCIV RegiSter DESCIPIION ... uetetiateeiaaeteesaas e ssaee e saaan e e saaaan et saannessaannnsssannnessaannnsssannnessnn 757
29-40. BIN2BCD ReQiSter DESCIPLION . uueuiuutssssassessansssasneessinsessainnssssasssstsassssssssnestssnnnsssasnnessns 758
29-41. BCD2BIN RegiSter DESCIIPLOMN 4 uuuuetstsiseiseenserassssassaats e sases s saas s s s saanssarstaessanssansrans 758
40 List of Tables SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS

www.ti.com
29-42. RTCSECBAKX RegiSter DESCIIPHON 1. uuttiustiteriasiassssaesiterisesaeesiasssss s sassraassanssanrsanssnes 759
29-43. RTCSECBAKX RegiSter DESCIIPHON 1.uutuiustiissisissiassssssiisse s sanesiassssssssssaane e sasssanrsanesanes 759
29-44. RTCMINBAKX RegiSter DeSCHIPION 1. uuusetiistesisastsssiistssssaassessssansssaissssssasssssasnssssanesssmnnnssss 760
29-45. RTCMINBAKX RegiSter DESCIIPON 1. uutiueesasiastssassaate et ssiae s ssassaansssssansssnssaneasnssannss 760
29-46. RTCHOURBAKX REQISter DESCIIPLION .. v et tnateetsaanessaaatssssaansessaannessaannsssaannnssaaannessaannnsssnnnnesss 761
29-47. RTCHOURBAKX ReQiSter DESCIIPLION . vt tttusssesssasessaannsssansnsssannnsssasnsssssasnnsssssnnesssssnnsissnnnesss 761
29-48. RTCDAYBAKX RegiSter DESCIIPHON «.uuttiustiitesissiassssatiite e saeesiasssass s sasssaassanssannsannssns 762
29-49. RTCDAYBAKX ReQiSter DESCIIPUON .. uutieteiiieteeiaantessaansessaanesssaanssssannessaannessaannnsssannnnssns 762
29-50. RTCMONBAKX RegiSter DESCIIPIION. . uututiustessaatseisnnsssansesssianesssasnsssasssssasasesisansnsssasnnnssns 763
29-51. RTCMONBAKX RegiSter DeSCIIPON. 1. uttiseiieesiaeiaeriat e s s s sars e s s s saaesns 763
29-52. RTCYEARBAKX ReQiSter DESCIIPION ..inueteiiietesiiatessaaanssssaaneessaannsssaannesaaannessaannnssaannnesss 764
29-53. RTCYEARBAKX RegiSter DESCIIPION .uuuuiussssisiustessiatssisisnsssiinnsssainssssainnsssssnnesisannnsssannnesss 764
29-54. RTCTCCTLO RegiSter DESCIIPHON . uuuuutiueeistissesssirte s saeesassssessiassaatssass e ssarssassannssanns 765
29-55. RTCTCCTLL ReQiSter DESCIIPION . uuuueesieeetsaatessaataessaansessaanneesaannsesaannnssaaannessaannnsssannnesss 765
29-56. RTCCAPXCTL RegiSter DeSCIIPION 1. uutettistssisastessaatssssiasssssasnnsssassnssssasssssasnnesssannesssannnesss 766
30-1. ReCEIVE ErrOr CONAILIONS .uueuuseiusesstsrussisessee s ssas st e s st ae s s s e st s s s saa s e s s e ta e s s an e sannsrnes 775
30-2. Modulation Pattern EXAMPIES . ...ucuueteiitteiaaaetesaaitesaaane s ssaaas e ssaansessaannssssannnessaannassaannnessns 777
30-3. BITCLKL6 MOdUIAtiON PAMEIN .uuiseiisiiisniiiseiitisiseiissssisssiase e iasesisssassssisssanneraseiaisssinniannes 778
30-4. UCBRSx Settings for Fractional Portion of N = forc/Baud Rate.....vviieiiiiiiiiiiii i 779
30-5. Recommended Settings for Typical Crystals and Baud RAteS .......cvviiiiiiiiiiiieiiiii i iaainnesannns 782
30-6. UART State Change INterrupt FIAgS . ..ueeiiiuteiiiiieeiiierii i sriias s s ssase s asassessaannessas 784
30-7. EUSCI_A UART REGISIEIS .t tuutttstiistiaterse it sa st et r s sa s s saa s sar e s e aanssannsanees 786
30-8. UCAXCTLWO ReQiSter DeSCHPION « ... uetetiiteeiiaate e saaateeasaans e ssaaae e s ssan s e ssann s s aaannessaannnssaannnesss 787
30-9. UCAXCTLWIL RegiSter DeSCHIPION 11 uuuusetisssseisastessaatssssasssssssnnsssaansssssasnssaainsesssannssssnnnesss 788
30-10. UCAXBRW RegiSter DeSCIIPON 1. uteiteistesatisstssss e sae s ss s s s sassaas s rsssans s sn s saneasnesannss 789
30-11. UCAXMCTLW RegiSter DESCHPLON .. ueteiiteeiiaateesaaatssssansessaanss s saans s ssannssaaannessaannnssaannnessn 789
30-12. UCAXSTATW RegiSter DeSCIIPIION . 1. uutetiiateeisstessaatssssisssssasarsssaaasssssassssaaisnessaannesssannnssss 790
30-13. UCAXRXBUF RegiSter DESCIIPON . v uuuueisueerstssssssssinsssssesasssaesansssnssansssasssasssanssaessnnssanss 791
30-14. UCAXTXBUF RegiSter DESCHPLION . uuueeeiiteeisaatessaaatsessansessaansessaannesssannssaaannessaannnssannnnesss 791
30-15. UCAXABCTL RegiSter DESCIIPIION +.uuuusetissssessistessassssisasnesssannsssaanssssannsssassnesisssnnsisssnnssss 792
30-16. UCAXIRCTL RegiSter DESCIIPLION .. utuuttiuseiueessssassssassaass s s sasss s sansrasssainssanssannssnnes 793
30-17. UCAXIE ReQIStEr DESCIIPIION . .. u ettt tateeiaetesaansessaanesssan e s saann et aaannessaannnsssannnessaannnsssannnnssnn 794
30-18. UCAXIFG RegiSter DS CHIPtION . . utttiuutssssastessantessssseessinrsssaisnssasassstsassssasasnestsannnsssannnessns 795
30-19. UCAXIV RegiSter DESCIIDON. 1. uttueeiatsrate it te st tsa s s e e s r s ae s s s s s n s rs e e s s an e sanneranes 796
3 Rt S U105 S I = @ o1 =1 1o o N 800
I N <1 Y O I ST e I o= 0] (= £ 806
31-3. UCAXCTLWO RegiSter DESCIIPION v uuuueiueesstsrssssssssasssasesasssassaasssassansssasstasssanssanesannssanns 807
31-4. UCAXBRW RegiSter DESCHPION . utttttetiiateeisaateeraaate s saan e ssaane s s saaane s ssan e s saannessaannessannnnessn 808
31-5. UCAXSTATW RegiSter DeSCrIPtION .t uuutetiiatetisssteisaatesssiaseessisaressaissssssasssssaaisnessaannesssannnesss 809
31-6. UCAXRXBUF RegiSter DESCIIPON v uuuueiueesatisssssnssnss e saessae s sssssanssrasstassesanssansssinssanns 810
31-7. UCAXTXBUF RegiSter DESCIPLION . uuuetetiateeiiaatessaaatessaansessaaneessaannessaannesaaannessaannnsssnnnnesss 811
31-8. UCAXIE ReQiSter DeSCIIPIION . . uutettuatessaneessnressasnnesssisnssssaanessaissestsassssssasnessannnnsssannnessns 812
31-9. UCAXIFG RegiSter DeSCIPIION . .t uettuttruteiseesasrasessae s sae s raas s s sar s s s iaessanrsannssns 813
31-10. UCAXIV ReQIStEr DESCIIPIION . .. uetetiateesattessaanresraaeesssan e s saannesaaannessaannnsssannnessaannnsssannnessnn 814
31-11. EUSCI_B SPI REGISEIS . uutttuuatttsatsesssesssasessssissestaasse st saassessaassasssaasssssannnssssannnsssssnnessnns 815
31-12. UCBXCTLWO RegiSter DESCIIPION v uuuueieesatsssssssssstsisesasssassssssssassansssasssasssanesansssnnssanns 816
31-13. UCBXBRW RegiSter DS CHPON . uttti ettt iiateeisaateesaaate e ssan e ss e e s sa e e s ssan e s saann e s saannessannnnessns 817
31-14. UCBXSTATW RegiSter DeSCrIPIION .. uutetiiateeissatessaiatsssaisressasarsssaiasssssaanssaainnssssansesisannnssss 817
31-15. UCBXRXBUF RegiSter DESCIIPON . v uuutiueerstissessssistersesasssaessssssnssansssasssansssanssanssannssanns 818

SLAU367P—0October 2012—-Revised April 2020 List of Tables 41

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
31-16. UCBXTXBUF RegiSter DESCIPTION . v uuuueiueerstisusssnsiaassssesasesanssansssnssansssasstansesanssaessinssanns 818
31-17. UCBXIE ReQIStEr DESCIIPIION . .. a et et ieteeiattesaaaresaaaanesssan e s saann et asannessaannnsssannnessaannasssannnnssnn 819
31-18. UCBXIFG RegiSter DS CHIPtION . . u ittt iustsstsastessaatesssisnsessinressaisnssssasssstsassssssaassestsansnsssannnsssns 819
31-19. UCBXIV RegiSter DESCIIDON. 1. utueerattsate s sste sttt s e s st s s s r s re e ra e s san s sannesanes 820
I N €1 1 (ol o I 1 (T g =Y o 1 g IS T= (=T od T o = (N 837
32-2. I’C State Change INtEIrTUPL FIAgS +ueuueueineeineinteiseitieasrerssaeeeaeseassaeensarsaeassaresanrneansanenennsnes 842
10 B =1 1T @ 2 TN =T 0 115 (T £ 844
32-4. UCBXCTLWO ReQiSter DeSCHPLON « ... ueeetiiiteeiiaaate e raate e ss e ssaaas e s sa s e e ssan e e saannn e s saannnssaannnessn 845
32-5. UCBXCTLWI1 RegiSter DeSCHPION 11 uuuusesiistseisistessaatssssassessannnsssasnsssssassnssaainssstsannsissnnnesss 847
32-6. UCBXBRW RegiSter DeSCIIPON 1. uttseiieeratiatesss st s ss e s ss s saar s ss s s an s s e aanesnns 849
32-7. UCBXSTATW RegiSter DESCIIPION ...ttt iiteeiiaiteeraaate e as e saaane e ssaan e s saane s saannessaannessaannnessn 849
32-8. UCBXTBCNT ReQiSter DESCIIPIION «uuuusetistasissstessastssssaasssssasnssssainsssssasssssaainsestsannnsissnnnesss 850
32-9. UCBXRXBUF RegiSter DESCIIPON . v uuuueisueerstisssesssiaatssasesasssassasssssssansssasssassssanssansssnnssanns 851
32-10. UCBXTXBUF RegiSter DESCHPLION . uuueeetiieeiiatessaaatsessansessaantsssaanssssannssaaannessaannnsssnnnnesss 851
32-11. UCBXI2COAQ ReQiSter DESCIIPLION 1uuuusesiusteetssntessastssssaasssssaannsssaannssssassnssaasnnestsannnsisssnnesss 852
32-12. UCBXI2COAL RegiSter DESCHPTION wuuuueiueerstsssssusssants e sasessssassssiassanssrasstasasasstaessnnssanns 853
32-13. UCBXI2COA2 RegiSter DESCIIPLION . uuueetinteetiatessaaateessaanressaansessaannsesaannssaaannessaannnsssannnesss 853
32-14. UCBXI2COA3 ReQiSter DESCIIPLION uuuusetiustseisnstessanstssssaasssssannnsssaannssssassnssaaannestsannnstsssnnesss 854
32-15. UCBXADDRX RegiSter DeSCrIIPtON . vt uuutietsattrseiat e sras s s saas s sass s ssasesanssannssannss 854
32-16. UCBXADDMASK RegiSter DESCHPTION vt uuueetstssssssssssssesaseiassesissrasssssssasssrassiarasasesassainsranns 855
32-17. UCBXI2CSA ReQiSter DESCIIPLION 1 uuuutsttiastetsintesssansesssnsessaianssssassstsasanssssansestsannnsssasnnsssns 855
32-18. UCBXIE RegiSter DeSCIIDON. 1. utuetsattsate st iste st ssae s s s s s e s s et s s s s n s s e et e s san s sannesanes 856
32-19. UCBXIFG RegiSter DS CHPION. ..ttt itteiiaateaiaaateeesae e ss e e sra e e s ssans s ssan s e s saannessaannnsssannnnrsnn 858
32-20. UCBXIV ReQiSter DESCIIPIION . 1. uttettuatssssassessnnessassnesssisnssssaanssaainsestsassssssassnessasnnnsssannnessns 860
1T T I N =T ) =T £ 865
33-2. REFCTLO ReQiSter DESCIIPLION . uuuatseiattessanseesaaneesaaneesaasnnesaaannessaannssssaasnessaannnsssannnessnn 866
34-1. ADC12 B Conversion ReSUIt FOrMIatS .. .iiiuusitrteessiiiiiiisssssssssssssssssssssssesssssssssmmmeessmsimmmessssnnns 876
34-2.  CONVErSION MOOE SUMIMAIY . uuutiuetiate i s sa s s rae e s s a s s sa s st s s e aanssanrsannesans 877
B T N T 2 = B o L= o1 1] (= N 887
34-4. ADCI12CTLO RegiSter DeSCIPIION ot uuuesesssstessaatesssaansessansessaisnesssassessaannssasassestsannnsssannnnssns 893
34-5. ADCI12CTL1 ReQiSter DESCIIPIION 1. v tuutttuseiatessssasssssesaase e sae s saasssas s saane e sanssanrsannssanes 895
34-6. ADCIL2CTL2 ReQiSter DESCIIPIION « ... uuet et ieteeraateeaaaneess e e ssaane s ssansssaannessaannessaannnessannnnssnn 897
34-7. ADCI12CTL3 RegiSter DeSCIPIION « . uuusetsastessaatssssaassessaassessaianssssaasesssansssaaasssstsansnsssannnnssns 898
34-8. ADCIL12MEMX ReQiSter DeSCIIPIION v uuuutieetsttssessserte e tsee s s s s sat s sasssar e sanesansaanssanns 899
34-9. ADCI2MCTLX ReQiSter DESCIIPIION ... u ettt tneeetsatessaaateessanressaansessaansesaannssaaannessaannnsssannnesss 900
34-10. ADCI12HI ReQiSter DESCIIPIION . v tetisssesssatessassesssaaasessaansessaaanesssasnsssaanssasassestsasnsssasnnnssns 902
34-11. ADC12LO RegiStEr DeSCIIPION .t uettstsiusetaees s sas e s et raae s s s s n s s e tan s s anrsannssns 902
34-12. ADCI12IERO RegiSter DESCIIPHON .. u.uuesiiietetiaaateeasaaatessaaasesssane s ssaansssaaannessaannesssannnessannnnssnn 903
34-13. ADCI12IER1 RegiSter DESCIIPIION w.uuuuusetiustessaatnssssnessaasessainssssasssssasnsssasasnstsansnsssasnnnssns 905
34-14. ADCI12IER2 RegiSter DESCHPLION . uuttuuttiuseiiusesssisessatsaats e ssiee s ssss s sans i sanssanrsaanssanes 907
34-15. ADCI12IFGRO RegiSter DESCIIPLION . uuueeiintsetiaatessaaateessansessaansessaannsesaannssaaannessaannnsssannnesss 908
34-16. ADCI12IFGR1 ReQiSter DESCIIPLION tuuuusetiusteetsnstessaatesssaassessaannsssaansssssassnssasasnestsannnsisssnnesss 910
34-17. ADCI12IFGR2 RegiSter DESCHPTION wuuuutiueerstssssssseiaats e sasssasesassssisssanssrasstasesarssaesannssanns 912
34-18. ADCIL2IV ReQiSter DESCIIPLION .. utetiattetsaate e saaateessant e ssaans e s saaane s ssannssaannessaannessaannnessannnnssnn 913
Tt O O 1Y 1 LT o 5 (=T € 923
35-2. CECTLO ReQiSter DESCIIPION 1. vt tsttsatsatesseiaeessssraeesa s sssaaesae s s ss s s s s at e san e saanssannssnnes 924
35-3. CECTLL ReQIStEr DESCIIPIION . . avtetateisaateesaneesaaaaeessaane s ssann e saaannessaannsssaannnsssannnessaannnessnn 925
35-4. CECTL2 ReQiStEr DESCIIPIION . uttetsuatessatsesssnressasnessssnssssassessaasssssaasssstsansnsssannnessssnnnsssns 926
35-5. CECTL3 ReQiSter DESCIIPION 1. vt tuttatsatetseiaeesssssaes st st e saae s ae e s st ss s s s sa s e san e asnssannsranes 927
42 List of Tables SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS

INSTRUMENTS

www.ti.com
35-6. CEINT RegiSter DESCIIPION 1 uuutiusesaterate ittt s e r s s s s s s n s rs e e s san e sannesnes 929
35-7. CEIV RegiSter DESCIIPIION 1.ttt teteerateerane e saaae e saaaans s s aanssaannessaannessaansnsssannnessannnnesnnn 930
36-1. Differences Between LCD B and LCD _C.uuuuuiiiiiiiiiiiiiiiiisssssssssssssssssssssssssssssssssnmsessssiimmsmsssnnns 932
36-2. Bias Voltages and eXterNal PiNS ... it r s 939
36-3. LCD Voltage and BiasSing CharaCteriStiCS ... .uuuesiuuteririesetiaanressaannresaaanressaannessaaanresaannnessaannesss 940
TG S I O I R O 0] 11 0 B (T £ (=T 950
36-5. LCD_C Memory Registers for Static and 2-Mux t0 4-MUX MOGES ....evviiriiriiineraaiesraaineesaannnessannes 951
36-6. LCD Blinking Memory Registers for Static and 2-Mux t0 4-MUX MOJES ......vviiviiiniinineiiinieririineas 952
36-7. LCD Memory Registers for 5-MUX 10 8-IMUX . .uueeiiiueeiiiiiesiniiesisinesisassessansssssaanssssannnsssaannns 953
36-8. LCDCCTLO ReQiSter DESCIPLION 1uuteuseiueesatissssuassassssse s s e sssssaasssasssasssaans e sainssanss 955
36-9. LCDCCTLL ReQiSter DESCIIPIION 1uutuuseisssssntiasssssssasssrsesasessserasssssssasssrasssasssaanerassainesanns 957
36-10. LCDCBLKCTL RegiSter DESCIIPIION . 1. uusettsssesssstessassssssaasssssannnsssainsssssassnssaaisnesssannnsisssnnssss 958
36-11. LCDCMEMCTL RegiSter DESCIPIION 1 .ueuuuetisstsusssaserssiasesssesasssssssnssass s saanssasssanessannsannes 959
36-12. LCDCVCTL ReQiSter DESCIIPION .. etetiete e isaateesaaate s ssane e ssanesssaaane s saannssaannessannnessaannnsssn 960
36-13. LCDCPCTLO RegiSter DESCIIPION +uuuusesissssetsausesssisssessasssssasnssessasssssasnnssssansssssasnnsssssnnesss 962
36-14. LCDCPCTLL RegiSter DESCIIPHON .uuuuutietisttsssinnerssiasesseesansssss s sass s sannesasssasssanssanns 962
36-15. LCDCPCTL2 RegiSter DESCIIPION .. uuueesiiatetsaatesisansessaantessaanneesaaansessaannsssaannnesaannnsssnnnnesss 963
36-16. LCDCPCTL3 RegiSter DESCIIPIION +.uuuusetissssetsisnesssiasssssasnsssaannsessasssssasnnsssssnsssssasnnsssssnnesss 963
36-17. LCDCCPCTL RegiSter DESCIIPON v uuuutisetssttsassssesse e sssssasssssssnssaasssasssaresarssaesaanssanns 964
36-18. LCDCIV RegiSter DESCIPLION .. uuteinetsaraseesneesaannessaannessaannesaaannessaannssssansssssaannesssnnnnessnn 964
37-1. ESICAX and ESISH INPUL SEIECTION . .uuuiieeteiiiieiiiiessiiaes st ssias s ssaas s s saasesssansnsssannnessas 971
O T =1 =T o 1= o @ 11 0L =1 £ 972
37-3.  SeleCted DAC REQGISIEIS 1 1uutiteiistiseeriaters ittt a e s s s s e r s aa s 973
37-4. DAC Register Select When TESTDXTL vuuiuieiiiiiteirintssiainsessanssesssinnssssasssisaisnssisanesisannnssss 974
S TN I 1V ] €= L =N D= 0] 977
37-6. TSM Example RegISIEr VAIUES ...ttt r i e e s s e s s s ane s ssannn s s sann e s saannasssannneenn 978
R B Y B 1 1 =T ] S 985
37-8. Quadrature Decoding PSM Table ....uuiiiuiiiiiiiiiiini s e 992
TR A I L= 151 (=] £ 993
37-10. ESIDEBUGL RegiSter DeSCrIPtION .. uuutstiastessaansssasnnessinssssaianssssassssssasnssssasnestsansnsssasnnessns 994
37-11. ESIDEBUG2 RegiSter DeSCIiPtON .. e tuttiuteitesterastssassats e e s s saas s s s san s rasssanssanrsannesns 994
37-12. ESIDEBUGS Register DeSCIiPON .. utusstiseiastisssiassssassaats e ss s sass s saans e sas s sannesnes 994
37-13. ESIDEBUG4 RegiSter DeSCrIPtION .t uuusstiastessisnsssssnsessissssssissssssassssssasnssssassestsansnessasnnsssns 995
37-14. ESIDEBUGS RegiSter DeSCIiPtON .. vttt itisseiastssassiteraae s s saae s s san s raassanssanrsannssnss 995
37-15. ESICNTO ReQiSter DESCIIPTION vt tuusttstssaseiassessssassssss e sae s s s s saar s ias e aannernes 996
37-16. ESICNT1 ReQISter DESCIIPIION . utetistsessastessaasessaaansessinsssraianssssassstsaassssaasnestsansnsssannnessns 996
37-17. ESICNT2 RegiSter DESCIPION .t uettatesusettesaerase st s e e e s e s s s s n s raaetanssan e sanesns 997
37-18. ESICNT3 ReQiStEr DESCIPTION vt tusttstssaseiaseesserassesas st sas s raas s s saa s s i ras e s ranernes 997
37-19. ESIIV ReQiSter DESCHPON 1 uuuutttiattessatessaisnesssiseesaasssssaassessaassesssaassessaassnsssannnessssnnssssns 998
37-20. ESIINTL RegiSter DeSCIIPUON v uuttatiaterse st st s st eraae e s s s s s s s s s s at s s e aanesannsanes 999
37-21. ESIINT2 RegiSter DESCIIPHON .uuuustrstisssesstisseriseiatess s asss s ssas e sars i saareranes 1001
37-22. ESIAFE ReQiSter DESCIIPIION 1. uuutetsatssisantessaaessssnesssaanesssasestaasssssasnsssssannressannnnssssnnnes 1003
37-23. ESIPPU RegiSter DeSCrIIPON 1. vt etiattiseiteras st tsss st ras s s s s s s s s s s s s s s san e saaeaanes 1005
I S i I ] Y I =T 51 (=T gl 9T ] (o] 1006
37-25. TSM Start Trigger ACLK DiVIOeI wuuuuuuteeiiieteiriianssssisesssaaessssise s ssassessasaresssaantsssannnrssasnnnes 1007
37-26. ESIPSM RegiSter DESCIIPUON . uuuuueetstirsesssits it sias s saas e ssar e e s s i ssanesanes 1008
37-27. ESIOSC RegiSter DESCIIPON .uuiuuetsstiissssssiise e e sase s saarsraneranes 1009
37-28. ESICTL ReQiSter DESCHPLION tuuuutetiuttetsatesssaesessaaessssissesssassssssassssssasssessanntnsssannnessannnes 1010
37-29. ESITHRL RegiSter DESCHPTION 4 uuuuetstisttsussiisterssiasesssesassssisssans s sassaars e tainssanrsannssanes 1012

SLAU367P—0October 2012—-Revised April 2020 List of Tables 43

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

I3 TEXAS
INSTRUMENTS
www.ti.com
37-30. ESITHR2 RegiSter DESCHPTION «uuuuetatistssussiate e iasesssssassssss s sssssassans s sainssanrsanessnnes 1012
37-31. ESIDACIRX ReQiStEr DESCHPTION 11 v tusttssesusetastesseiasserinssassssisssasse s e sassssrsssarssaneranes 1013
37-32. ESIDAC2RX ReQiSter DeSCIIPtION 1t uutssisastessanssssnesssaaessasasnsstsasssessannnesssanrsssannnrsssannnes 1013
37-33. ESITSMX RegiSter DESCHPTION 4 uuuuetuatintssuseiaterse et ssesaarsrss e saans s taas i sannssanes 1014
37-34. Extended Scan Interface Processing State Machine Table Entry DesCrption ......vveevvieeiiseiiinininninnen, 1016
38-1. EEM CoONfiQUIAtIONS 1t uuuatteiaseissaeessssaeessasse st aaase s s sse s saaas e st s st e s saann e s s sannsssaannesasannnnss 1022
44 List of Tables SLAU367P—-October 2012—Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

Preface
I -{IE)S(’?IEUMENTS SLAU367P—0October 2012—Revised April 2020

Read This First

About This Manual

This manual describes the modules and peripherals of the MSP430FR58xx, MSP430FR59xx, and
MSP430FR6xx family of devices. Each description presents the module or peripheral in a general sense.
Not all features and functions of all modules or peripherals may be present on all devices. In addition,
modules or peripherals may differ in their exact implementation between device families, or may not be
fully implemented on an individual device or device family.

Pin functions, internal signal connections, and operational parameters differ from device to device. Consult
the device-specific data sheet for these details.

Related Documentation From Texas Instruments

For related documentation, visit the MSP430™ web site at http://www.ti.com/msp430

Notational Conventions

Program examples are shown in a special typeface; for example:
MOV  #255,R10

XOR @R5,R6
Glossary
Abbreviation Description
ACLK Auxiliary clock
ADC Analog-to-digital converter
BOR Brownout reset
BSL Bootloader; see www.ti.com/msp430 for application reports
CPU Central processing unit
DAC Digital-to-analog converter
DCO Digitally controlled oscillator
dst Destination
FLL Frequency locked loop
GIE Modes General interrupt enable
INT(N/2) Integer portion of N/2
110 Input/output
ISR Interrupt service routine
LSB Least-significant bit
LSD Least-significant digit
LPM Low-power mode; also named PM for power mode
MAB Memory address bus
MCLK Master clock
MDB Memory data bus
MSB Most-significant bit
MSD Most-significant digit
NMI (Non)-Maskable interrupt; also split to UNMI (user NMI) and SNMI (system NMI)
PC Program counter
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Abbreviation Description

PM Power mode

POR Power-on reset

PUC Power-up clear

RAM Random access memory

SCG System clock generator

SFR Special function register

SMCLK Subsystem master clock

SNMI System NMI

SP Stack pointer

SR Status register

src Source

TOS Top of stack

UNMI User NMI

WDT Watchdog timer

z16 16-bit address space

Register Bit Conventions
Each register is shown with a key indicating the accessibility of the each individual bit and the initial

condition:
Register Bit Accessibility and Initial Condition
Key Bit Accessibility
rw Read/write
r Read only
ro Read as 0
rl Read as 1
w Write only
wO Write as 0
wl Write as 1
(w) No register bit implemented; writing a 1 results in a pulse. The register bit always reads as 0.
hO Cleared by hardware
hl Set by hardware
-0,-1 Condition after PUC
-(0),-(1) Condition after POR
-[0],-[2] Condition after BOR
-{0},-{1} Condition after brownout
Trademarks

MSP430, EnergyTrace are trademarks of Texas Instruments.
IAR Embedded Workbench is a trademark of IAR.
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System Resets, Interrupts, and Operating Modes,
System Control Module (SYS)

The system control module (SYS) is available on all devices. The basic features of SYS are:

» Brownout reset (BOR) and power on reset (POR) handling

* Power up clear (PUC) handling

* (Non)maskable interrupt (SNMI or UNMI) event source selection and management

» User data-exchange mechanism through the JTAG mailbox (JMB)

» Bootloader (BSL) entry mechanism

« Configuration management (device descriptors)

» Interrupt vector generators for reset and NMIs

Topic Page
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1.1

1.2

System Control Module (SYS) Introduction

SYS is responsible for the interaction between various modules throughout the system. The functions that
SYS provides for are not inherent to the modules themselves. Address decoding, bus arbitration, interrupt
event consolidation, and reset generation are some examples of the many functions that SYS provides.

System Reset and Initialization

The system reset circuitry is shown in Figure 1-1 and sources a brownout reset (BOR), a power-on reset
(POR), and a power-up clear (PUC). Different events trigger these reset signals and different initial
conditions exist depending on which signal was generated.

A BOR is a device reset. A BOR is generated only by the following events:

» Powering up the device

« Low signal on the RST/NMI pin when configured in the reset mode

* Wake-up event from LPMx.5 (that is, LPM3.5 or LPM4.5) mode

* SVS, low condition, when enabled (see the PMM and SVS chapter for details)

» Software BOR event (see the PMM and SVS chapter for details)

A POR is always generated when a BOR is generated, but a BOR is not generated by a POR. The
following events trigger a POR:

* BOR signal
» Software POR event (see the PMM and SVS chapter for details)

A PUC is always generated when a POR is generated, but a POR is not generated by a PUC. The
following events trigger a PUC:

* POR signal

« Watchdog timer expiration when watchdog mode only (see the WDT_A chapter for details)
» Watchdog timer password violation (see the WDT_A chapter for details)

*  FRAM memory password violation (see the FRAM Controller chapter for details)

» Power Management Module password violation (see the PMM and SVS chapter for details)
* Memory Protection Unit password violation (see the MPU chapter for details)

* Memory segment violation (see the MPU chapter for details)

e Clock System password violation (see the Clock System chapter for details)

» Fetch from peripheral area

» Uncorrectable FRAM bit error detection

NOTE: The number and type of resets available may vary from device to device. See the device-
specific data sheet for all reset sources available.
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BOR shadow

Delay

brownout circuit |-&

from port s °r
wakeup logic }
EN ¢
PMMRSTIFG
RST/NMI l—E' |
SYSNMI ® ) ' Delay je——» BOR
notRST — pyMBORIEG
s cir
PMMSWBOR event —»—E}
SVSHIFG
from SVS, —b—&} Delay »—————» POR
e Pz
PMMPORIFG
PMMSWPOR event »—Q}
WDTIFG
Watchdog Timer —D—Q MCLK— > Module
: > PUCs
B
PUC Logic

Figure 1-1. BOR, POR, and PUC Reset Circuit
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1.2.1 Device Initial Conditions After System Reset

After a BOR, the initial device conditions are:

e The RST/NMI pin is configured in the reset mode. See Section 1.7 for details on configuring the
RST/NMI pin.

» 1/O pins are switched to input mode as described in the Digital I1/0O chapter.

» Other peripheral modules and registers are initialized as described in their respective chapters.
e Status register (SR) is reset.

» The watchdog timer powers up active in watchdog mode.

» Program counter (PC) is loaded with the boot code address and boot code execution begins at that
address. See Section 1.10 for more information regarding the boot code. Upon completion of the boot
code, the PC is loaded with the address contained at the SYSRSTIV reset location (OFFFEh).

After a system reset, user software must initialize the device for the application requirements. The
following must occur:

» Initialize the stack pointer (SP), typically to the top of RAM when available, otherwise FRAM location.
» Initialize the watchdog to the requirements of the application.
» Configure peripheral modules to the requirements of the application.

NOTE: A device that is unprogrammed or blank is defined as having its reset vector value, residing
at memory address FFFEh, equal to FFFFh. Upon system reset of a blank device, the device
automatically enters operating mode LPM4. See Section 1.4 for information on operating
modes and Section 1.3.6 for details on interrupt vectors.

1.3 Interrupts
The interrupt priorities are fixed and defined by the arrangement of the modules in the connection chain as
shown in Figure 1-2. Interrupt priorities determine what interrupt is taken when more than one interrupt is
pending simultaneously.
There are three types of interrupts:
* System reset
* (Non)maskable
* Maskable
RST/NMI —» BOR CPU
- —»| BOR/POR/PUC |POR
P circuit PUC
Password violations —p
|
INT
System NMI —»,
User NMI —» vt | €E] )
Module_A_int —»,
Module_B_int —> |nterrupt
A o daisy chain
o and vectors
L
Module_C_int —¥| MAB - 6LSBs
Module_D_int —¥|
Figure 1-2. Interrupt Priority
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NOTE: The types of interrupt sources available and their respective priorities change from device to
device. See the device-specific data sheet for all interrupt sources and their priorities.

1.3.1 (Non)Maskable Interrupts (NMIs)
In general, NMIs are not masked by the general interrupt enable (GIE) bit. Two levels of NMls are
supported — system NMI (SNMI) and user NMI (UNMI). The NMI sources are enabled by individual
interrupt enable bits. When an NMI interrupt is accepted, other NMls of that level are automatically
disabled to prevent nesting of consecutive NMIs of the same level. Program execution begins at the
address stored in the NMI vector as shown in Section 1.3.6. To allow software backward compatibility to
users of earlier MSP430 families, the software may, but does not need to, reenable NMI sources. The
block diagram for NMI sources is shown in Section 1.3.
A UNMI interrupt can be generated by following sources:
e An edge on the RST/NMI pin when configured in NMI mode
» An oscillator fault occurs
A SNMI interrupt can be generated by following sources:
 FRAM errors (see the FRAM Controller chapter for details)
* Vacant memory access
* JTAG mailbox (JMB) event
NOTE: The number and types of NMI sources may vary from device to device. See the device-
specific data sheet for all NMI sources available.
1.3.2 SNMI Timing
Consecutive SNMIs that occur at a higher rate than they can be handled (interrupt storm) allow the main
program to execute one instruction after the SNMI handler is finished with a RETI instruction, before the
SNMI handler is executed again. Consecutive SNMIs are not interrupted by UNMIs in this case. This
avoids a blocking behavior on high SNMI rates.
1.3.3 Maskable Interrupts
Maskable interrupts are caused by peripherals with interrupt capability. Each maskable interrupt source
can be disabled individually by an interrupt enable bit, or all maskable interrupts can be disabled by the
general interrupt enable (GIE) bit in the status register (SR).
Each individual peripheral interrupt is discussed in its respective module chapter in this manual.
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1.3.4 Interrupt Processing

When an interrupt is requested from a peripheral and the peripheral interrupt enable bit and GIE bit are
set, the interrupt service routine is requested. Only the individual enable bit must be set for (non)-
maskable interrupts (NMI) to be requested.

1.34.1

Interrupt Acceptance

The interrupt latency is six cycles, starting with the acceptance of an interrupt request, and lasting until the
start of execution of the first instruction of the interrupt service routine, as shown in Figure 1-3. The
interrupt logic executes the following:

1. Any currently executing instruction is completed.
2. The PC, which points to the next instruction, is pushed onto the stack.
3. The SR is pushed onto the stack.
4. The interrupt with the highest priority is selected if multiple interrupts occurred during the last
instruction and are pending for service.
5. The interrupt request flag resets automatically on single-source flags. Multiple source flags remain set
for servicing by software.
6. All bits of SR are cleared except SCGO, thereby terminating any low-power mode. Because the GIE bit
is cleared, further interrupts are disabled.
7. The content of the interrupt vector is loaded into the PC; the program continues with the interrupt
service routine at that address.
Before After
Interrupt Interrupt
Item1 Item1
SP —» ltem2 TOS Iltem2
PC
SP—» SR TOS
Figure 1-3. Interrupt Processing
NOTE: Enable and Disable Interrupt
Due to the pipelined CPU architecture, setting the general interrupt enable (GIE) requires
special care.
» The instruction immediately after the enable interrupts instruction (EINT) is
always executed, even if an interrupt service request is pending.
» Include at least one instruction between the clear of an interrupt enable or
interrupt flag and the EINT instruction. For example: Insert a NOP instruction in
front of the EINT instruction.
* Include at least one instruction between DINT and the start of an code
sequence that requires protection from interrupts. For example: Insert a NOP
instruction after the DINT.
» Never clear the general interrupt enable (GIE) immediately after setting it. Insert
at least one instruction in between such sequence.
The rules above apply to all instructions that set or clear the general interrupt enable bit. Not
following these rules might result in unexpected CPU execution.
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1.3.6

1.3.4.2 Return From Interrupt

The interrupt handling routine terminates with the instruction:

RETI //return from an interrupt service routine

The return from the interrupt takes five cycles to execute the following actions and is illustrated in

Figure 1-4.

1. The SR with all previous settings pops from the stack. All previous settings of GIE, CPUOFF, and so

on are now in effect, regardless of the settings used during the interrupt service routine.

2. The PC pops from the stack and begins execution where it was interrupted.

Before After
Return From Interrupt
ltem1 ltem1
ltem2 SP—» ltem2 TOS
PC PC
SP—» SR TOS SR

Interrupt Nesting

Figure 1-4. Return From Interrupt

Interrupt nesting is enabled if the GIE bit is set inside an interrupt service routine. When interrupt nesting
is enabled, any interrupt occurring during an interrupt service routine interrupts the routine, regardless of

the interrupt priorities.

Interrupt Vectors

The interrupt vectors are located in the address range OFFFFh to OFF80h, for a maximum of 64 interrupt
sources. A vector is programmed by the user and points to the start location of the corresponding interrupt
service routine. Table 1-1 is an example of the interrupt vectors available. See the device-specific data

sheet for the complete interrupt vector list.

Table 1-1. Interrupt Sources, Flags, and Vectors

Interrupt Source Interrupt Flag System Interrupt Word Address Priority
Reset:
power up, external reset WDTIFG Reset OFFFEh Highest
watchdog, FRCTLPW
FRAM password
System NMI: JMBINIFG, JMBOUTIFG (Non)maskable OFFFCh
JTAG Mailbox
User NMI:
NMI NMIIFG (Non)maskable OFFFAh
oscillator fault OFIFG (Non)maskable
Device specific OFFF8h
Watchdog timer WDTIFG Maskable
Device specific
Reserved Maskable Lowest
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Some interrupt enable bits and interrupt flags, as well as control bits for the RST/NMI pin, are located in
the special function registers (SFR). The SFR are located in the peripheral address range and are byte
and word accessible. See the device-specific data sheet for the SFR configuration.

1.3.6.1 Alternate Interrupt Vectors

1.3.7

On devices that contain RAM, it is possible to use the RAM as an alternate location for the interrupt vector
locations. Setting the SYSRIVECT bit to '1' in SYSCTL causes the interrupt vectors to be remapped to the
top of RAM. The total RAM size varies depending on the device configurations and could include one or
multiple RAM sections. The alternate location is always the highest address of the entire RAM space
available in the device. Note that the SYSRIVECT bit is automatically cleared on a BOR, so the default
reset vector location (OFFFEh) will be used after a BOR before setting the SYSRIVECT bit to '1".

SYS Interrupt Vector Generators

SYS collects all system NMI (SNMI) sources, user NMI (UNMI) sources, and BOR, POR, or PUC (reset)
sources of all the other modules. They are combined into three interrupt vectors. The interrupt vector
registers SYSRSTIV, SYSSNIV, SYSUNIV are used to determine which flags requested an interrupt or a
reset. The interrupt with the highest priority of a group, when enabled, generates a humber in the
corresponding SYSRSTIV, SYSSNIV, SYSUNIV register. This number can be directly added to the
program counter, causing a branch to the appropriate portion of the interrupt service routine. Disabled
interrupts do not affect the SYSRSTIV, SYSSNIV, SYSUNIV values. Reading SYSRSTIV, SYSSNIV,
SYSUNIV register automatically resets the highest pending interrupt flag of that register. If another
interrupt flag is set, another interrupt is immediately generated after servicing the initial interrupt. Writing to
the SYSRSTIV, SYSSNIV, SYSUNIV register automatically resets all pending interrupt flags of the group.
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1.3.7.1 SYSSNIV Software Example

The following software example shows the recommended use of SYSSNIV. The SYSSNIV value is added
to the PC to automatically jump to the appropriate routine. For SYSRSTIV and SYSUNIV, a similar
software approach can be used. The following is an example for a generic device. Vectors can change in
priority for a given device. The device-specific data sheet should be referenced for the vector locations. All
vectors should be coded symbolically to allow for easy portability of code.

SNI_ISR: ADD  &SYSSNIV,PC Add offset to jump table
RETI Vector 0: No interrupt
JMP  DBD_ISR Vector 2: DBDIFG
JMP  ACCTIM_ISR Vector 4: ACCTIMIFG
JMP RSVD1_ISR Vector 6: Reserved for future usage.
JMP RSVD2_ISR Vector 8: Reserved for future usage.
JMP RSVD3_ISR Vector 10: Reserved for future usage.
JMP  RSVD4_ISR Vector 12: Reserved for future usage.
JMP  ACCV_ISR Vector 14: ACCVIFG
JMP  VMA_ISR Vector 16: VMAIFG
JMP  JMBI_ISR Vector 18: JMBINIFG
JMP  JMBO_ISR Vector 20: JMBOUTIFG
JMP  SBD_ISR Vector 22: SBDIFG

DBD_ISR: Vector 2: DBDIFG
Task_2 starts here
Return

Vector 4

Task_4 starts here
Return

Vector 6

Task_6 starts here
Return

Vector 8

Task_8 starts here
Return

Vector 10

Task_10 starts here
Return

Vector 12

Task_12 starts here
Return

Vector 14

Task_14 starts here
Return

Vector 16

Task_16 starts here
Return

Vector 18

Task_18 starts here
Vector 20

Task_20 starts here
Return

Vector 22

Task_22 starts here
Return

RETI
ACCTIM_ISR:

RETI
RSVD1_ISR:

RETI
RSVD2_ISR:

RETI
RSVD3_ISR:

RETI
RSVD4_ISR:

RETI
ACCV_ISR:

RETI
VMA_ISR:

RETI
JMBI_ISR:

JMBO_ISR:
RETI
SBD_ISR:

RETI
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1.4

Operating Modes

The MSP430 family is designed for ultralow-power applications and uses different operating modes shown
in Figure 1-5.

The operating modes take into account three different needs:
* Ultra-low power

» Speed and data throughput

e Minimization of individual peripheral current consumption

The low-power modes LPMO through LPM4 are configured with the CPUOFF, OSCOFF, SCGO, and
SCG1 bits in the SR. The advantage of including the CPUOFF, OSCOFF, SCGO0, and SCG1 mode-control
bits in the SR is that the present operating mode is saved onto the stack during an interrupt service
routine. Program flow returns to the previous operating mode if the saved SR value is not altered during
the interrupt service routine. Program flow can be returned to a different operating mode by manipulating
the saved SR value on the stack inside of the interrupt service routine. When setting any of the mode-
control bits, the selected operating mode takes effect immediately. Peripherals operating with any disabled
clock are disabled until the clock becomes active. Peripherals may also be disabled with their individual
control register settings. All I/O port pins, RAM, and registers are unchanged. Wakeup from LPMO through
LPM4 is possible through all enabled interrupts.

When LPMx.5 (LPM3.5 or LPMA4.5) is entered, the voltage regulator of the Power Management Module
(PMM) is disabled. All RAM and register contents are lost. Although the I/O register contents are lost, the
I/O pin states are locked upon LPMx.5 entry. See the Digital /0O chapter for further details. Wakeup from
LPM4.5 is possible through a power sequence, a RST event, or from specific 1/0. Wakeup from LPM3.5 is
possible through a power sequence, a RST event, RTC event, or from specific 1/0.

NOTE: The TEST/SBWTCK pin is used to enable the connection of external development tools with
the device through Spy-Bi-Wire or JTAG debug protocols. The connection is usually enabled
when the TEST/SBWTCK is high. When the connection is enabled the device enters a
debug mode. In the debug mode the entry and wake-up times to and from low power modes
may be different compared to normal operation. Pay careful attention to the real-time
behavior when using low power modes with the device connected to a development tool!

See the EEM chapter for further details.
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Brownout
fault
Security
violation

From active mode

RTC wakeup
Port wakeup

RST/NMI
Reset wakeup

PM3.5: RTC on

Load
calibration data

PMM, WDT, CS, FRAM
Password violation

Memory
Segment violation

PMMREGOFF =1

Peripheral area fetch

CPUOFF=1
OSCOFF=0

SCG0=0
SCG1=0
T
LPMO:

CPU/MCLK = off
ACLK =on
VCORE =on

Active Mode: CPU is Active

Various Modules are active to LPMx.5

= CPUOFF=1 LPM4:
GSCOFFo OSCOFF=1 CPUIMICLK = off
SCG0=1 SCGO0=1 P\«,CLK_- off
SCG1=0 CPUOFF=1 CPUOFF=1 SCG1=1 core = ON
OSCOFF=0 OSCOFF=0
e SCG0=0 SCGO0=1
CPUIMCLK = off Ssce1=1 scG1=1
ACLK =on LPM3: _
Viore = ON LPM2: CPR(/:TCKL_K = off
CPU/MCLK = off \LK=on
ACLK =on CORE
Veore = ON

© Events

O Operating modes/Reset phases
1 Any enabled interrupt and NMI performs this transition

. e 1 An enabled reset always restarts the device
——  » Arbitrary transitions

Figure 1-5. Operation Modes
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Table 1-2. Operation Modes

scG1®  scGo OSCOFF®  CPUOFF®W

Mode

CPU and Clocks Status®

0 0 0

0

Active

CPU, MCLK are active.
ACLK is active. SMCLK optionally active (SMCLKOFF = 0).
DCO is enabled if sources ACLK, MCLK, or SMCLK (SMCLKOFF = 0).

DCO bias is enabled if DCO is enabled or DCO sources MCLK or SMCLK (SMCLKOFF =
0).

LPMO

CPU, MCLK are disabled.
ACLK is active. SMCLK optionally active (SMCLKOFF = 0).
DCO is enabled if sources ACLK or SMCLK (SMCLKOFF = 0).

DCO bias is enabled if DCO is enabled or DCO sources MCLK or SMCLK (SMCLKOFF =
0).

LPM1

CPU, MCLK are disabled.
ACLK is active. SMCLK optionally active (SMCLKOFF = 0).
DCO is enabled if sources ACLK or SMCLK (SMCLKOFF = 0).

DCO bias is enabled if DCO is enabled or DCO sources MCLK or SMCLK (SMCLKOFF =
0).

LPM2

CPU, MCLK are disabled.
ACLK is active. SMCLK is disabled.

LPM3

CPU, MCLK are disabled.
ACLK is active. SMCLK is disabled.

LPM4

CPU and all clocks are disabled.

LPM3.5

When PMMREGOFF = 1, regulator is disabled. No memory retention. In this mode, RTC
operation is possible when configured properly. See the RTC module for further details.

LPM4.5

When PMMREGOFF = 1, regulator is disabled. No memory retention. In this mode, all
clock sources are disabled; that is, no RTC operation is possible.

@
@)

This bit is automatically reset when exiting low-power modes. See Section 1.4.2 for details.
The low-power modes and, hence, the system clocks can be affected by the clock request system. See the Clock System chapter for

details.

1.4.1 Low-Power Modes and Clock Requests

A peripheral module requests its clock sources automatically from the clock system (CS) module if it is
required for its proper operation, regardless of the current power mode of operation. Refer to the
"Operation From Low-Power Modes, Requested by Peripheral Modules" section in the Clock System

chapter.

Because of the clock request mechanism the system might not reach the low-power modes requested by
the bits set in the CPU's status register SR as listed in Table 1-3.

Table 1-3. Requested vs Actual LPM

Requested LPM Actual LPM...
(SR Bits according to
Table 1-2) If No Clock Requested If Only ACLK Requested If SMCLK Requested
LPMO LPMO LPMO LPMO
LPM1 LPM1 LPM1 LPM1
LPM2 LPM2 LPM2 LPMO
LPM3 LPM3 LPM3 LPM1
LPM4 LPM4 LPM3 LPM1
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1.4.2 Entering and Exiting Low-Power Modes LPMO Through LPM4
An enabled interrupt event wakes the device from low-power operating modes LPMO through LPM4. The

program flow for exiting LPMO through LPM4 is:

143

Enter interrupt service routine

— The PC and SR are stored on the stack.

— The CPUOFF, SCG1, and OSCOFF bits are automatically reset.
Options for returning from the interrupt service routine
— The original SR is popped from the stack, restoring the previous operating mode.

— The SR hits stored on the stack can be modified within the interrupt service routine returning to a
different operating mode when the RETI instruction is executed.

Enter LPMO Example
BIS  #GIE+CPUOFF,SR

Exit LPMO Interrupt Service Routine
BIC #CPUOFF,0(SP)
RETI

Enter LPM3 Example
BIS  #GIE+CPUOFF+SCG1+SCGO, SR

Exit LPM3 Interrupt Service Routine
BIC  #CPUOFF+SCG1+SCGO,0(SP)
RETI

Enter LPM4 Example

BIS  #GIE+CPUOFF+0OSCOFF+SCG1+SCGO,SR

Exit LPM4 Interrupt Service Routine

BIC  #CPUOFF+OSCOFF+SCG1+SCGO,0(SP)

RETI

Enter LPMO
Program stops here

Exit LPMO on RETI

Enter LPM3
Program stops here

; Exit LPM3 on RETI

; Enter LPM4

; Program stops here

; Exit LPM4 on RETI

Low-Power Modes LPM3.5 and LPM4.5 (LPMx.5)
The low-power modes LPM3.5 and LPM4.5 (LPMx.5 ®) give the lowest power consumption on a device.

In LPMx.5, the core LDO of the device is switched off. This has the following effects:

Most of the modules are powered down.

— In LPM3.5, only modules powered by the RTC LDO continue to operate. At least an RTC module is
connected to the RTC LDO. Refer to the device's data sheet for other modules (if any) that are

connected to the RTC LDO.

— In LPM4.5 the RTC LDO and the connected modules are switched off.
The register content of all modules and the CPU is lost.

The SRAM content is lost.

A wake-up from LPMx.5 causes a complete reset of the core.
The application must initialize the complete device after a wake-up from LPMx.5.

The wake-up time from LPMx.5 is much longer than the wake-up time from any other power mode (see
the device-specific data sheet). This is because the core domain must power up and the device internal
initialization must be done. In addition, the application must be initialized again. Therefore, use LPMx.5

only when the application is in LPMx.5 for a long time.

@ The abbreviation "LPMx.5" is used in this document to indicate both LPM3.5 and LPM4.5.
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Compute Through Power Loss (CTPL) is a utility API set that leverages FRAM to enable ease of use with

LPMx.5 low-power modes and provides a powerful shutdown mode that allows an application to save and

restore critical system components when a power loss is detected. Visit FRAM embedded software utilities
for MSP ultra-low-power microcontrollers for details.

1431 Enter LPMx.5
Do the following steps to enter LPMx.5:

1.
2.

Store any information that must be available after wakeup from LPMx.5 in FRAM.

For LPM4.5 set all ports to general-purpose I/Os (PXxSELO = 00h and PxSEL1 = 00h).

For LPM3.5 if the LF crystal oscillator is used do not change the settings for the I/Os shared with the
LF-crystal-oscillator. These pins must be configured as LFXIN and LFXOUT. Set all other port pins to
general-purpose 1/0s with PxSELO and PxSELL1 bits equal to O.

Set the port pin direction and output bits as necessary for the application.
To enable a wakeup from an I/O do the following:

a. Select the wakeup edge (PxIES)

b. Clear the interrupt flag (PxIFG)

c. Set the interrupt enable bit (PxIE)

For LPM3.5 the modules that stay active must be enabled. For example, the RTC must be enabled if
necessary. Only modules connected to the RTC LDO can stay active.

For LPM3.5 if necessary enable any interrupt sources from these modules as wakeup sources. Refer
to the corresponding module chapter.

Disable the watchdog timer WDT if it is enabled and in watchdog mode. If the WDT is enabled and in
watchdog mode, the device does not enter LPMx.5.

Clear the GIE bit:
BIC #GIE, SR

Do the following steps to set the PMMREGOFF bit in the PMMCTLO register:

a. Write the correct PMM password to get write access to the PMM control registers.
MOV.B #PMMPW_H, &PMMCTLO_H

b. Set PMMREGOFF bit in the PMMCTLDO register.
BIS.B #PMMREGOFF, &PMMCTLO_L

c. Optionally, disable the SVS during LPMx.5 by clearing the SVSHE bit in PMMCTLDO.
BIC.B #SVSHE, &PMMCTLO_L

d. Write an incorrect PMM password to disable the write access to the PMM control registers.
MOV.B #000h, &PMMCTLO_H

10. Enter LPMx.5 with the following instruction:

BIS #CPUOFF+OSCOFF+SCG0O+SCG1, SR

After this process, the device enters LPM3.5 if modules connected to the RTC LDO are enabled, and it
enters LPM4.5 if none of the modules connected to the RTC LDO are enabled.

1.4.3.2 Exit and Wake up From LPM3.5
The following conditions cause an exit from LPM3.5:

A wake-up event on an I/O if configured and enabled. The interrupt flag of the corresponding port pin is
set (PxIFG). The PMMLPMS5IFG bit is set.

A wake-up event from a module connected to the RTC LDO if enabled. The corresponding interrupt
flag in the module is set. The PMMLPM5IFG bit is set.

A wake-up signla from the RST pin.
A power cycle. Either the SVSHIFG or none of the PMMIFGs is set.
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Any exit from LPM3.5 causes a BOR. The program execution starts at the address the reset vector points
to. PMMLPMS5IFG = 1 indicates a wakeup from LPM3.5, or the System Reset Vector Word register
(SYSRSTIV) can be used to decode the reset condition (see the device data sheet).

After the wakeup from LPM3.5, the state of the I/Os and the modules connected to the RTC LDO are
locked and remain unchanged until the application clears the LOCKLPM5 bit in the PM5CTLO register.
Do the following steps after a wakeup from LPM3.5:

1. Initialize the registers of the modules connected to the RTC LDO exactly the same way as they were
configured before the device entered LPM3.5 but do not enable the interrupts.

2. Initialize the port registers exactly the same way as they were configured before the device entered
LPM3.5 but do not enable port interrupts.

3. If the LF-crystal-oscillator was used in LPM3.5 the corresponding I/Os must be configured as LFXIN
and LFXOUT. The LF-crystal-oscillator must be enabled in the clock system (see the clock system CS
chapter).

Clear the LOCKLPMS5 bit in the PM5CTLO register.
Enable port interrupts as necessary.
Enable module interrupts.

After enabling the port and module interrupts the wake-up interrupt will be serviced as a normal
interrupt.

N o ok

1.4.3.3 Exit and Wake up From LPM4.5

The following conditions will cause an exit from LPM4.5:

e A wakeup event on an I/O if configured and enabled. The interrupt flag of the corresponding port pin is
set (PxIFG). The PMMLPMS5IFG bit is set.

* A wakeup from the RST pin.
» A power-cycle. Either the SVSHIFG or none of the PMMIFGs is set.

Any exit from LPM4.5 causes a BOR. The program execution starts at the address the reset vector points
to. PMMLPMS5IFG = 1 indicates a wakeup from LPM4.5, or the System Reset Vector Word register
(SYSRSTIV) can be used to decode the reset condition (see the device data sheet).

After the wake-up from LPM4.5 the state of the I/Os are locked and remain unchanged until the
application clears the LOCKLPMS5 bit in the PM5CTLO register.
Do the following steps after a wakeup from LPMA4.5:

1. Initialize the port registers exactly the same way as they were configured before the device entered
LPM4.5, but do not enable port interrupts.

2. Clear the LOCKLPMS5 bit in the PM5CTLO register.
3. Enable port interrupts as necessary.
4. After enabling the port interrupts the wake-up interrupt will be serviced as a normal interrupt.

If a crystal oscillator is needed after a wakeup from LPM4.5, configure the corresponding pins and start
the oscillator after clearing the LOCKLPM5 bit.

1.5 Principles for Low-Power Applications

Often, the most important factor for reducing power consumption is using the device clock system to

maximize the time in LPM3 or LPM4 modes whenever possible.

» Use interrupts to wake the processor and control program flow.

» Peripherals should be switched on only when needed.

» Use low-power integrated peripheral modules in place of software driven functions. For example,
Timer_A and Timer_B can automatically generate PWM and capture external timing with no CPU
resources.

» Calculated branching and fast table lookups should be used in place of flag polling and long software
calculations.
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1.6

1.7

1.8

» Avoid frequent subroutine and function calls due to overhead.
» For longer software routines, single-cycle CPU registers should be used.

If the application has low duty cycle and slow response time events, maximizing time in LPMx.5 can
further reduce power consumption significantly.

Connection of Unused Pins

The correct termination of all unused pins is listed in Table 1-4.

Table 1-4. Connection of Unused Pins®

Pin

Potential

Comment

AVCC

DVce

AVSS

DVsg

Px.0 to Px.7

Open

Switched to port function, output direction (PxDIR.n = 1)

RST/NMI

DV¢c Of Ve

47-kQ pullup or internal pullup selected with 2.2-nF (10-nF®) pulldown

PJ.O/TDO
PJ.1/TDI
PJ.2ITMS
PJ.3/TCK

Open

The JTAG pins are shared with general-purpose 1/O function (PJ.x). If not being used, these
should be switched to port function, output direction. When used as JTAG pins, these pins
should remain open.

TEST

Open

This pin always has an internal pulldown enabled.

@ Any unused pin with a secondary function that is shared with general-purpose 1/0 should follow the Px.0 to Px.7 unused pin
connection guidelines.
@ The pulldown capacitor should not exceed 2.2 nF when using devices in Spy-Bi-Wire mode or in 4-wire JTAG mode with Tl tools
like FET interfaces or GANG programmers. If JTAG or Spy-Bi-Wire access is not needed, up to a 10-nF pulldown capacitor may

be used.

Reset Pin (RST/NMI) Configuration

The reset pin can be configured as a reset function (default) or as an NMI function through the Special
Function Register (SFR), SFRRPCR. Setting SYSNMI causes the RST/NMI pin to be configured as an
external NMI source. The external NMI is edge sensitive and its edge is selectable by SYSNMIIES.
Setting the NMIIE enables the interrupt of the external NMI. Upon an external NMI event, the NMIIFG is

set.

The RST/NMI pin can have either a pullup or pulldown present or not. SYSRSTUP selects either pullup or
pulldown, and SYSRSTRE causes the pullup or pulldown to be enabled or not. If the RST/NMI pin is
unused, it is required to have either the internal pullup selected and enabled or an external resistor
connected to the RST/NMI pin as shown in Table 1-4.

There is a digital filter that suppresses short pulses on the reset pin to avoid unintended resets of the
device. The minimum reset pulse duration is specified in the device data sheet. The filter is active only if
the pin is configured in its reset function. The filter is disabled if the pin is used as an external NMI source.

Configuring JTAG Pins

The JTAG pins are shared with general-purpose 1/O pins. After a BOR, the SYSJTAGPIN bit in the
SYSCTL register is cleared. With SYSIJTAGPIN cleared, the pins with JTAG functionality are configured
as general-purpose I/O. In this case only a special sequences on the TEST and RST/NMI pins enables
the JTAG functionality. As long as the TEST pin is pulled to DVCC, the pins remain in their JTAG
functionality. If the TEST pin is released to DVSS, the shared JTAG pins revert to general-purpose 1/Os.

If SYSJTAGPIN = 1, the JTAG pins are permanently configured to 4-wire JTAG mode and remain in this
mode until another BOR occurs. Use this feature early in your software if the MSP430 is part of a JTAG
chain. Note, that this also disables the Spy-Bi-Wire mode.

The SYSJTAGPIN is a write only once function. Clearing it by software is not possible.
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1.9

1.10

1.11

1.12

Vacant Memory Space

Vacant memory is nonexistent memory space. Accesses to vacant memory space generate a system
(non)maskable interrupt (SNMI) when enabled (VMAIE = 1). Reads from vacant memory results in the
value 3FFFh. In the case of a fetch, this is taken as JMP $. Fetch accesses from vacant peripheral space
result in a PUC. After the boot code is executed, the boot code memory behaves like vacant memory
space and causes an NMI on access.

Boot Code

The boot code loads factory stored calibration values of the oscillator and reference voltages. In addition,
it checks for a bootloader (BSL) entry sequence. The boot code is always executed after a BOR.

Bootloader (BSL)

The BSL is software that is executed after start-up when a certain BSL entry condition is applied. The BSL
lets the user communicate with the embedded memory in the microcontroller during the prototyping phase,
final production, and in service. All memory mapped resources, the programmable memory, the data
memory (RAM), and the peripherals, can be modified by the BSL as required.

A basic BSL program is provided by Tl and resides in ROM at memory space 01000h through 017FFh.
The BSL supports the commonly used UART protocol with RS232 interfacing, allowing flexible use of both
hardware and software. Depending on the device, additional BSL communication interfaces are supported.
For details of the available and configured BSL communication interfaces, see Section 1.14.3.5.

To use the BSL, a specific BSL entry sequence must be applied to the RST/NMI and TEST pins. A correct
entry sequence causes SYSBSLIND to be set. An added sequence of commands initiates the desired
function. A bootloader session can be exited by continuing operation at a defined user program address or
by applying the standard reset sequence. Access to the device memory through the BSL is protected
against misuse by a user-defined password.

Two BSL signatures, BSL Signature 1 (memory location OFF84h) and BSL Signature 2 (memory location
OFF86h) reside in FRAM and can be used to control the behavior of the BSL. Writing 05555h to BSL
Signature 1 or BSL Signature 2 disables the BSL function and any access to the BSL memory space
causes a vacant memory access as described in Section 1.9. Most BSL commands require the BSL to be
unlocked by a user-defined password. An incorrect password erases the device memory as a security
feature. Writing OAAAAh to both BSL Signature 1 and BSL Signature 2 disables this security feature. This
causes a password error to be returned by the BSL, but the device memory is not erased. In this case,
unlimited password attempts are possible.

For more details, see the MSP430FR57xx, MSP430FR58xx, MSP430FR59xx, MSP430FR68xx, and
MSP430FR69xx Bootloader (BSL) User's Guide.

Some JTAG commands are still possible after the device is secured, including the BYPASS command
(see IEEE Std 1149-2001) and the JIMB_EXCHANGE command, which allows access to the JTAG
Mailbox System (see Section 1.12 for details).

JTAG Mailbox (JMB) System

The SYS module provides the capability to exchange user data through the regular JTAG test/debug
interface. The idea behind the JMB is to have a direct interface to the CPU during debugging,
programming, and test that is identical for all devices of this family and uses only few or no user
application resources. The JTAG interface was chosen because it is available on all devices and is a
dedicated resource for debugging, programming, and test.

Applications of the JMB are:
* Providing entry password for device lock or unlock protection
* Run-time data exchange (RTDX)
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1.12.1 JMB Configuration

The JMB supports two transfer modes: 16-bit and 32-bit. Setting JMBMODE enables 32-bit transfer mode.
Clearing JMBMODE enables 16-bit transfer mode.

1.12.2 JMBOUTO and JMBOUT1 Outgoing Mailbox

Two 16-bit registers are available for outgoing messages to the JTAG port. IMBOUTO is only used when
using 16-bit transfer mode (JMBMODE = 0). JMBOUT1 is used in addition to JMBOUTO when using 32-bit
transfer mode (JMBMODE = 1). When the application wishes to send a message to the JTAG port, it
writes data to JIMBOUTO for 16-bit mode, or IMBOUTO and JMBOUT1 for 32-bit mode.

JMBOUTOFG and JMBOUT1FG are read only flags that indicate the status of JIMBOUTO and JMBOUTL,
respectively. When JMBOUTOFG is set, JIMBOUTO has been read by the JTAG port and is ready to
receive new data. When JMBOUTOFG is reset, the JIMBOUTO is not ready to receive new data.
JMBOUT1FG behaves similarly.

1.12.3 JMBINO and JMBIN1 Incoming Mailbox

Two 16-bit registers are available for incoming messages from the JTAG port. Only JMBINO is used when
in 16-bit transfer mode (JMBMODE = 0). JMBIN1 is used in addition to JMBINO when using 32-bit transfer
mode (JMBMODE = 1). When the JTAG port wishes to send a message to the application, it writes data
to JMBINO for 16-bit mode, or JIMBINO and JMBIN1 for 32-bit mode.

JMBINOFG and JMBIN1FG are flags that indicate the status of JIMBINO and JMBIN1, respectively. When
JMBINOFG is set, JMBINO has data that is available for reading. When JMBINOFG is reset, no new data is
available in JMBINO. JMBIN1FG behaves similarly.

JMBINOFG and JMBIN1FG can be configured to clear automatically by clearing JMBCLROOFF and
JMBCLR1OFF, respectively. Otherwise, these flags must be cleared by software.

1.12.4 JMB NMI Usage

1.13

The JMB handshake mechanism can be configured to use interrupts to avoid unnecessary polling if
desired. In 16-bit mode, IMBOUTIFG is set when JMBOUTO has been read by the JTAG port and is
ready to receive data. In 32-bit mode, IMBOUTIFG is set when both IMBOUTO and JMBOUT1 has been
read by the JTAG port and are ready to receive data. If IMBOUTIE is set, these events cause a system
NMI. In 16-bit mode, IMBOUTIFG is cleared automatically when data is written to JIMBOUTO. In 32-bit
mode, JMBOUTIFG Is cleared automatically when data is written to both IMBOUTO and JMBOUT1. In
addition, the IMBOUTIFG can be cleared when reading SYSSNIV. Clearing JMBOUTIE disables the NMI
interrupt.

In 16-bit mode, JIMBINIFG is set when JMBINO is available for reading. In 32-bit mode, JMBINIFG is set
when both JMBINO and JMBIN1 are available for reading. If IMBOUTIE is set, these events cause a
system NMI. In 16-bit mode, JMBINIFG is cleared automatically when JMBINO is read. In 32-bit mode,
JMBINIFG Is cleared automatically when both JMBINO and JMBIN1 are read. In addition, the JMBINIFG
can be cleared when reading SYSSNIV. Clearing JMBINIE disables the NMI interrupt.

JTAG and SBW Lock Mechanism Using the Electronic Fuse

A device can be protected from unauthorized access by restricting accessibility of JTAG commands that
can be transferred to the device by the JTAG and SBW interface. This is achieved by programming the
electronic fuse. When the device is protected, the JTAG and SBW interface still remains functional, but
JTAG commands that give direct access into the device are completely disabled. There are two ways to
lock the device. Both of these require the programming of two signatures that reside in FRAM. JTAG
Signature 1 (memory location OFF80h) and JTAG Signature 2 (memory location OFF82h) control the
behavior of the device locking mechanism.

NOTE: When a device has been protected, Texas Instruments cannot access the device for a
customer return. Access is only possible if a BSL is provided with its corresponding key or an
unlock mechanism is provided by the customer.
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1.13.1 JTAG and SBW Lock Without Password

A device can be locked by writing 05555h to both JTAG Signature 1 and JTAG Signature 2. In this case,
the JTAG and SBW interfaces grant access to a limited JTAG command set that restricts accessibility into
the device. The only way to unlock the device in this case is to use the BSL to overwrite the JTAG
signatures with anything other than 05555h or OAAAAh. Some JTAG commands are still possible after the
device is secured, including the BYPASS command (see IEEE1149-2001 Standard) and the
JMB_EXCHANGE command, which allows access to the JTAG Mailbox System (see Section 1.12 for
details).

NOTE: Signatures that have been entered do not take effect until the next BOR event has occurred,
at which time the signatures are checked.

1.13.2 JTAG and SBW Lock With Password

1.14

A device can also be locked by writing 0OAAAAN to JTAG Signature 1 and writing JTAG Signature 2 with
any value except 05555h. In this case, JTAG and SBW interfaces grant access to a limited JTAG
command set that restricts accessibility into the device as in Section 1.13.1, but an additional mechanism
is available that can unlock the device with a user-defined password. In this case, JTAG Signature 2
represents a user-defined length in words of the user defined password. For example, a password length
of four words would require writing 0004h to JTAG Signature 2. The starting location of the password is
fixed at location OFF88h. As an example, for a password of length 4, the password memory locations
would reside at OFF88h, OFF8Ah, OFF8Ch, and OFF8Eh.

The password is not checked after each BOR,; it is checked only if a specific signature is present in the
JTAG incoming mailbox. If the JTAG incoming mailbox contains 0A55Ah and 01E1Eh in JMBINO and
JMBIN1, respectively, the device is expecting a password to be applied. The entered password is
compared to the password that is stored in the device password memory locations. If they match, the
device unlocks the JTAG and SBW to the complete JTAG command set until the next BOR event occurs.

NOTE: Memory locations OFF80h through OFFFFh may also be used for interrupt vector address
locations (see the device-specific data sheet). Therefore, if using the password mechanism
for JTAG and SBW lock, which uses address locations OFF88h and higher, these locations
may also have interrupt vector addresses assigned to them. Therefore, the same values
assigned for any interrupt vector addresses must also be used as password values.

NOTE: Signatures that have been entered do not take effect until the next BOR event has occurred,
at which time the signatures are checked. For example, entering a correct password that
grants entry into the device followed by an incorrect password without a BOR sequence may
still grant access to the device.

Device Descriptor Table

Each device provides a data structure in memory that allows an unambiguous identification of the device.
The validity of the device descriptor can be verified by cyclic redundancy check (CRC). Figure 1-6 shows
the logical order and structure of the device descriptor table. The complete device descriptor table and its
contents can be found in the device-specific data sheet.
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1141

Descriptor start address

A\ 4

Info_length
CRC_length
— Information block
CRC_value
DevicelD ]
| Device ID and Revision
Firmware revision Information

Hardware revision

Tag 1
Len 1
Value field 1 | First TLV entry
(optional)
: T]  Additional TLV entries
: — (optional)
. —
Tag N ]
Len N
Value field N | Final TLV entry

(optional)

Figure 1-6. Devices Descriptor Table

Identifying Device Type

The value read at address 00FFOh identifies the family branch of the device. All values starting with 80h
indicate a hierarchical structure consisting of the information block and a TLV tag-length-value (TLV)
structure containing the various descriptors. Any other value than 80h read at address location 00FFOh
indicates the device is of an older family and contains a flat descriptor beginning at location OFFOh. The
information block (see Figure 1-6) contains the device ID, die revisions, firmware revisions, and other
manufacturer and tool related information.

The length of the descriptors represented by Info_length is computed as shown in Equation 1:
Length = 2" jn 32-hit words Q)
For example, if Info_length = 5, then the length of the descriptors equals 128 bytes.
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1.14.2 TLV Descriptors

The TLV descriptors follow the information block. Because the information block is always a fixed length,
the start location of the TLV descriptors is fixed for a given device family. For the MSP430FR57xx family,
this location is 01A08h. See the device-specific data sheet for the complete TLV structure and what
descriptors are available.

The TLV descriptors are unique to their respective TLV block and are always followed by the descriptor
block length.

Each TLV descriptor contains a tag field that identifies the descriptor type. Table 1-5 shows the currently
supported tags.

Table 1-5. Tag Values

Short Name Value Description
LDTAG 01h Legacy descriptor (1xx, 2xx, 4xx families)
PDTAG 02h Peripheral discovery descriptor
Reserved 03h Reserved for future use
Reserved 04h Reserved for future use
BLANK 05h Blank descriptor
Reserved 06h Reserved for future use
Reserved 07h Reserved for future use
Reserved 08h Unigue Die Record
Reserved 09h-0Fh Reserved for future use
Reserved 10h Reserved
ADC12CAL 11h ADC12 calibration (see Section 1.14.3.2 and Section 1.14.3.3)
REFCAL 12h REF calibration (see Section 1.14.3.1)
ADC10CAL 13h ADC10 calibration (see Section 1.14.3.2 and Section 1.14.3.3)
Reserved 14h Reserved for future use
RANDTAG 15h Random Number Seed (see Section 1.14.3.4)
Reserved 16h-1Bh Reserved for future use
BSLTAG 1Ch BSL Configuration
Reserved 1Dh-FDh Reserved for future use
TAGEXT FEh Tag extender

Each tag field is unique to its respective descriptor and is always followed by a length field. The length
field is one byte if the tag value is 01h through OFDh and represents the length of the descriptor in bytes.
If the tag value equals OFEh (TAGEXT), the next byte extends the tag values, and the following two bytes
represent the length of the descriptor in bytes. In this way, a user can search through the TLV descriptor
table for a particular tag value, using a routine similar to the following pseudo code:

// ldentify the descriptor ID (d_ID value) for the TLV descriptor of interest:

descriptor_address = TLV_START address;

while ( value at descriptor_address != d_ID _value && descriptor_address != TLV_TAGEND &&
descriptor_address < TLV_END)

{

// Point to next descriptor

descriptor_address = descriptor_address + (length of the current TLV block) + 2;
}
if (value at descriptor_address == d_ID_value) {

// Appropriate TLV descriptor has been found!

Return length of descriptor & descriptor_address as the location of the TLV descriptor
} else {

// No TLV descriptor found with a matching d_ID_value

Return a failing condition

}
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1.14.3 Calibration Values

The TLV structure contains calibration values that can be used to improve the measurement capability of
various functions. The calibration values available on a given device are shown in the TLV structure of the
device-specific data sheet.

1.14.3.1 REF Calibration
Table 1-6 shows the REF calibration tags.

Table 1-6. REF Calibration Tags

REF TAG 12h
Calibration Length o06h
Low Byte
- CAL_ADC_12VREF_FACTOR
High Byte - - -
Low Byte
- CAL_ADC_20VREF_FACTOR
High Byte - - -
Low Byte
- CAL_ADC_25VREF_FACTOR
High Byte - - -

The calibration data for the REF module consists of three words, one word for each reference voltage
available (1.2 V, 2.0 V, and 2.5 V). The reference voltages are measured at room temperature. The
measured values are normalized by 1.2 V, 2.0 V, or 2.5 V before being stored into the TLV structure, as
shown in Equation 2:

CAL _ADC_12VREF_FACTOR = % x21°
CAL_ADC_20VREF_FACTOR = % x 21°

CAL_ADC_25VREF_FACTOR = VReF: , 515

2.5V (2
In this way, a conversion result is corrected by multiplying it with the CAL_12VREF_FACTOR (or
CAL_20VREF_FACTOR, CAL_25VREF_FACTOR) and dividing the result by 2*as shown in Equation 3
for each of the respective reference voltages:

ADC(corrected) = ADC(raw)x CAL_ ADC12VREF _FACTOR x ——

215
ADC(corrected) = ADC(raw)x CAL _ ADC20VREF _FACTOR x 1
215
ADC(corrected) = ADC(raw)x CAL _ ADC25VREF _FACTOR x 1
215 (3)

In the following example, the integrated 1.2-V reference voltage is used during a conversion.
» Conversion result: 0x0100 = 256 decimal
» Reference voltage calibration factor (CAL_12VREF_FACTOR) : 0x7BBB

The following steps show how the ADC conversion result can be corrected:

e Multiply the conversion result by 2 (this step simplifies the final division): 0x0100 x 0x0002 = 0x0200
e Multiply the result by CAL_12VREF_FACTOR: 0x200 x 0x7FEE = 0x00F7_7600

+ Divide the result by 2%: 0x00F7_7600 / 0x0001_0000 = 0x0000_00F7 = 247 decimal

1.14.3.2 ADC Offset and Gain Calibration
Table 1-7 shows the ADC calibration tags.
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Table 1-7. ADC Calibration Tags

ADC TAG ADC10: 13h
Calibration ADC12: 11h

Length 10h
Low Byte

- CAL_ADC_GAIN_FACTOR
High Byte - - -
Low Byte

- CAL_ADC_OFFSET
High Byte - -
Low Byte

- CAL_ADC_12T30
High Byte - -
Low Byte

- CAL_ADC_12T85
High Byte - -
Low Byte

- CAL_ADC_20T30
High Byte - -
Low Byte

- CAL_ADC_20T85
High Byte - -
Low Byte

- CAL_ADC_25T30
High Byte - -
Low Byte

- CAL_ADC_25T85
High Byte - -

The offset of the ADC at room temperature is determined and stored as a twos-complement number in the
TLV structure. The offset error correction is done by adding the CAL_ADC_OFFSET to the conversion
result.

ADC(offset _corrected) = ADC(raw)+CAL ADC OFFSET @)

The gain of the ADC at room temperature with an external reference voltage of 2.5 V is calculated by
Equation 5:

1
CAL ADC GAIN FACTOR =———x2"
- - - GAIN (5)
The conversion result is gain corrected by multiplying it with the CAL_ADC_GAIN_FACTOR and dividing
the result by 2% :

ADC(gain _corrected) = ADC(raw)x CAL _ ADC GAIN FACTOR x %

(6)
If both gain and offset are corrected, the gain correction is done first:

ADC(gain _corrected) = ADC(raw)x CAL _ADC GAIN FACTOR x 2%

ADC( final) = ADC(gain _corrected) + CAL _ADC OFFSET %

1.14.3.3 Temperature Sensor Calibration
The temperature sensor calibration data is part of the ADC tag as shown in Table 1-7.

The temperature sensor is calibrated using the internal voltage references. Each reference voltage (1.2 V,
2.0V, or 2.5 V) contains a measured value for two temperatures (30°C + 3°C and 85°C + 3°C) and are
stored in the TLV structure. The characteristic equation of the temperature sensor voltage, in millivolts is:

Veense = TCgspnsor % Temp +Vspnsor ®)

The temperature coefficient, TCgeysorin MV/°C, represents the slope of the equation. Vggysor, i MV,
represents the y-intercept of the equation. Temp, in °C, is the temperature of interest.
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The temperature (Temp, °C) can be computed as follows for each of the reference voltages used in the
ADC measurement:

Temp [°C] = (ADC(raw)- CAL _ADC _12T30)x 85-30 430
CAL_ADC_12T85-CAL_ADC_12T30
85-30
Temp [°C] = (ADC(raw)- CAL_ADC _20T30)x 430
CAL_ADC_20T85-CAL _ADC_20T30

Temp [°C] = (ADC(raw)- CAL_ADC _25T30)x 85-30 .+ 30
CAL_ADC_25T85-CAL_ADC_25T30 ©)

1.14.3.4 Random Number Seed

Table 1-8 shows the tags used for the random number seed.

Table 1-8. Random Number Tags

Random | TAG 15h
Number Length 10h
16 bytes | 128-bit random number seed

The random number stored as a seed for a deterministic random number generator is programmed during
test of the device. It is generated on the test system using a cryptographic random number generator.

1.14.3.5 BSL Configuration

Table 1-9 shows the tags used for the BSL configuration. The BSL configuration stores the communication
interface selection and corresponding communication interface settings. The Tag is optional for devices
only providing the basic UART BSL interface. The TAG length field is variable and determinated by the
length of the configuration option field BSL_CIF_CONFIG. The BSL configuration cannot be changed by

the user.
Table 1-9. BSL Configuration Tags
BSL Configuration | TAG 1Ch
Length Depends on the BSL_COM_IF value (actual: 02h for UART or
12C)
Low Byte BSL_COM_IF
High Byte BSL_CIF_CONFIGIO0]
Low Byte BSL_CIF_CONFIG[1] (optional)
High Byte BSL_CIF_CONFIG[2] (optional)
Low Byte BSL_CIF_CONFIG[3] (optional)
High Byte BSL_CIF_CONFIG[4] (optional)
High Byte BSL_CIF_CONFIGIn] (optional)
Table 1-10. BSL_COM _IF Values
BSL_COM_IF Description Length
00h UART interface selected 02h
01lh I12C interface selected 02h
02h to FFh Reserved for future communication interface reserved
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Table 1-10 shows the defined value for the BSL_COM_IF field. Depending on the selected communication

interface, the subsequent bytes in the BSL config tag are interpreted to configure the communication
interface. The interpretation is shown in Table 1-11. Unused bytes in BSL_CIF_CONFIG are defined as

00h.

Table 1-11. BSL_CIF_CONFIG Values

BSL_CIF_CONFIG_IF[n]

UART [BSL_COM_IF == 00h]

[2C [ BSL_COM_IF == 01h]

0 00h 12C address (valid values: 0 to
7Fh)
1to FFh N/A N/A

Table 1-11 shows the defined configuration options for the given BSL communication interface.
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1.15 SFR Registers

The SFRs are listed in Table 1-12. The base address for the SFRs is 00100h. Many of the bits inside the
SFRs are described in other chapters throughout this user's guide. These bits are marked with a note and
a reference. See the specific chapter of the respective module for details.

NOTE: All registers have word or byte register access. For a generic register ANYREG, the suffix
" _L" (ANYREG_L) refers to the lower byte of the register (bits 0 through 7). The suffix *_H"
(ANYREG_H) refers to the upper byte of the register (bits 8 through 15).

Table 1-12. SFR Registers

Offset Acronym Register Name Type Access | Reset Section
00h SFRIE1 Interrupt Enable Read/write | Word 0000h Section 1.15.1
00h SFRIE1_L (IE1) Read/write | Byte 00h
01h SFRIE1_H (IE2) Read/write | Byte 00h
02h SFRIFG1 Interrupt Flag Read/write | Word 0082h Section 1.15.2
02h SFRIFG1_L (IFG1) Read/write | Byte 82h
03h SFRIFG1_H (IFG2) Read/write | Byte 00h
04h SFRRPCR Reset Pin Control Read/write | Word 001Ch Section 1.15.3
04h SFRRPCR_L Read/write | Byte 1Ch
05h SFRRPCR_H Read/write | Byte 00h
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1.15.1 SFRIE1 Register
Interrupt Enable Register

Figure 1-7. SFRIE1 Register

15 14 13 12 11 10 9 8
Reserved
r0 r0 r0 r0 r0 r0 r0 r0
7 6 5 4 3 2 1 0
JMBOUTIE JMBINIE Reserved NMIIE VMAIE Reserved OFIE® WDTIE®
rw-0 rw-0 r-0 rw-0 rw-0 r0 rw-0 rw-0

@ See the Clock System chapter for details.
@ See the WDT_A chapter for details.

Table 1-13. SFRIE1 Register Description

Bit Field Type

Reset

Description

15-8 Reserved R

Oh

Reserved. Always reads as 0.

7 JMBOUTIE RW

Oh

JTAG mailbox output interrupt enable
Ob = Interrupts disabled
1b = Interrupts enabled

6 JMBINIE RW

Oh

JTAG mailbox input interrupt enable
Ob = Interrupts disabled
1b = Interrupts enabled

5 Reserved R

Oh

Reserved. Always reads as 0.

4 NMIIE RW

Oh

NMI pin interrupt enable
Ob = Interrupts disabled
1b = Interrupts enabled

3 VMAIE RW

Oh

Vacant memory access interrupt enable
0b = Interrupts disabled
1b = Interrupts enabled

2 Reserved R

Oh

Reserved. Always reads as 0.

1 OFIE RW

Oh

Oscillator fault interrupt enable
Ob = Interrupts disabled
1b = Interrupts enabled

0 WDTIE RW

Oh

Watchdog timer interrupt enable. This bit enables the WDTIFG interrupt for
interval timer mode. It is not necessary to set this bit for watchdog mode.
Because other bits in SFRIE1 may be used for other modules, it is
recommended to set or clear this bit using BIS.B or BIC.B instructions, rather

than MOV.B or CLR.B instruction.
Ob = Interrupts disabled
1b = Interrupts enabled
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1.15.2 SFRIFG1 Register
Interrupt Flag Register

Figure 1-8. SFRIFG1 Register

15 14 13 12 11 10 9 8
Reserved
ro ro ro ro ro ro ro ro
7 6 5 4 3 2 1 0
JMBOUTIFG | JMBINIFG | Reserved NMIIFG VMAIFG Reseved | OFIFG® | WDTIFG?
rw-(1) rw-(0) r0 rw-0 rw-0 ro rw-(1) rw-0

(€

@ See the WDT_A chapter for details.

See the Clock System chapter for details.

Table 1-14. SFRIFG1 Register Description

Bit Field Type Reset Description

15-8 Reserved R Oh Reserved. Always reads as 0.

7 JMBOUTIFG RwW 1h JTAG mailbox output interrupt flag
Ob = No interrupt pending. When in 16-bit mode (JMBMODE = 0), this bit is
cleared automatically when JMBOO has been written with a new message to the
JTAG module by the CPU. When in 32-bit mode (JMBMODE = 1), this bit is
cleared automatically when both JIMBOO and JMBO1 have been written with new
messages to the JTAG module by the CPU. This bit is also cleared when the
associated vector in SYSUNIV has been read.
1b = Interrupt pending, JMBO registers are ready for new messages. In 16-bit
mode (JMBMODE = 0), JMBOO has been received by the JTAG module and is
ready for a new message from the CPU. In 32-bit mode (JMBMODE = 1) ,
JMBOO and JMBOL1 have been received by the JTAG module and are ready for
new messages from the CPU.

6 JMBINIFG RwW Oh JTAG mailbox input interrupt flag
Ob = No interrupt pending. When in 16-bit mode (JMBMODE = 0), this bit is
cleared automatically when JMBIO is read by the CPU. When in 32-bit mode
(JMBMODE = 1), this bit is cleared automatically when both JMBIO and JMBI1
have been read by the CPU. This bit is also cleared when the associated vector
in SYSUNIV has been read
1b = Interrupt pending, a message is waiting in the JMBIN registers. In 16-bit
mode (JMBMODE = 0) when JMBIO has been written by the JTAG module. In
32-bit mode (JMBMODE = 1) when JMBIO and JMBI1 have been written by the
JTAG module.

5 Reserved R Oh Reserved. Always reads as 0.

4 NMIIFG RW Oh NMI pin interrupt flag
0b = No interrupt pending
1b = Interrupt pending

3 VMAIFG RwW Oh Vacant memory access interrupt flag
0b = No interrupt pending
1b = Interrupt pending

2 Reserved R Oh Reserved. Always reads as 0.

1 OFIFG RW 1h Oscillator fault interrupt flag
Ob = No interrupt pending
1b = Interrupt pending

0 WDTIFG RW Oh Watchdog timer interrupt flag. In watchdog mode, WDTIFG clears itself upon a
watchdog timeout event. The SYSRSTIV can be read to determine if the reset
was caused by a watchdog timeout event. In interval mode, WDTIFG is reset
automatically by servicing the interrupt, or can be reset by software. Because
other bits in SFRIFG1 may be used for other modules, it is recommended to set
or clear WDTIFG by using BIS.B or BIC.B instructions, rather than MOV.B or
CLR.B instructions.
0b = No interrupt pending
1b = Interrupt pending
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1.15.3 SFRRPCR Register
Reset Pin Control Register

Figure 1-9. SFRRPCR Register

15 13 12 11 10 9 8
Reserved
r0 r0 r0 r0 r0 r0 r0
7 4 3 2 1 0
Reserved | Reserved ‘ SYSRSTRE SYSRSTUP SYSNMIIES SYSNMI
r0 r0 rw®)-1 rw-1 rw-1 rw-0 rw-0

@ On some devices this bit can be written, but it must always be written as 1.

Table 1-15. SFRRPCR Register Description

Bit

Field

Type

Reset

Description

15-5

Reserved

R

Oh

Reserved. Always reads as 0.

Reserved

RW®)

1h

Reserved. Must be written as 1.

SYSRSTRE

RW

1h

Reset pin resistor enable
Ob = Pullup or pulldown resistor at the RST/NMI pin is disabled.
1b = Pullup or pulldown resistor at the RST/NMI pin is enabled.

SYSRSTUP

RW

1h

Reset resistor pin pullup or pulldown
Ob = Pulldown is selected.
1b = Pullup is selected.

SYSNMIIES

RW

Oh

NMI edge select. This bit selects the interrupt edge for the NMI when SYSNMI =

1. Modifying this bit can trigger an NMI. Modify this bit when SYSNMI = 0 to
avoid triggering an accidental NMI.

Ob = NMI on rising edge
1b = NMI on falling edge

SYSNMI

RW

Oh

NMI select. This bit selects the function for the RST/NMI pin.
0b = Reset function
1b = NMI function

@ On some devices this bit can be written, but it must always be written as 1.
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1.16 SYS Registers

The SYS configuration registers are listed in Table 1-16 and the base address is 00180h. A detailed
description of each register and its bits is also provided. Each register starts at a word boundary. Either
word or byte data can be written to the SYS configuration registers.

NOTE: All registers have word or byte register access. For a generic register ANYREG, the suffix
" _L" (ANYREG_L) refers to the lower byte of the register (bits 0 through 7). The suffix *_H"
(ANYREG_H) refers to the upper byte of the register (bits 8 through 15).

Table 1-16. SYS Registers

Offset Acronym Register Name Type Access | Reset Section
00h SYSCTL System Control Read/write | Word 0000h Section 1.16.1
00h SYSCTL_L Read/write | Byte 00h
01h SYSCTL_H Read/write | Byte 00h
06h SYSJMBC JTAG Mailbox Control Read/write | Word 000Ch Section 1.16.2
06h SYSIJMBC_L Read/write | Byte 0Ch
07h SYSIJMBC_H Read/write | Byte 00h
08h SYSJIMBIO JTAG Mailbox Input O Read/write | Word 0000h Section 1.16.3
08h SYSJIMBIO_L Read/write | Byte 00h
0%h SYSJIMBIO_H Read/write | Byte 00h
0Ah SYSJIMBI1 JTAG Mailbox Input 1 Read/write | Word 0000h Section 1.16.4
O0Ah SYSIMBI1_L Read/write | Byte 00h
0Bh SYSIMBI1_H Read/write | Byte 00h
0Ch SYSJMBOO JTAG Mailbox Output O Read/write | Word 0000h
0Ch SYSIJMBOO_L Read/write | Byte 00h
0Dh SYSJMBOO_H Read/write | Byte 00h
OEh SYSJMBO1 JTAG Mailbox Output 1 Read/write | Word 0000h Section 1.16.6
OEh SYSIJMBO1 L Read/write | Byte 00h
OFh SYSIJMBO1_H Read/write | Byte 00h
1Ah SYSUNIV User NMI Vector Generator Read Word 0000h Section 1.16.7
1Ch SYSSNIV System NMI Vector Generator Read Word 0000h Section 1.16.8
1Eh SYSRSTIV Reset Vector Generator Read Word 0002h Section 1.16.9
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1.16.1 SYSCTL Register

SYS Control Register

Figure 1-10. SYSCTL Register

15 14 13 12 11 10 9 8
Reserved
r0 r0 r0 r0 r0 r0 r0 r0
7 6 5 4 3 2 1 0
Reserved | SYSITAGPIN | SYSBSLIND | Reserved | SYSPMMPE | Reserved | SYSRIVECT
r0 r0 rw-[0] r-0 r0 rw-[0] r0 rw-[0]
Table 1-17. SYSCTL Register Description

Bit Field Type Reset Description

15-8 Reserved R Oh Reserved. Always reads as 0.

7-6 Reserved R Oh Reserved. Always reads as 0.

5 SYSJTAGPIN RW Oh Dedicated JTAG pins enable. Setting this bit disables the shared functionality of
the JTAG pins and permanently enables the JTAG function. This bit can only be
set once. Once it is set it remains set until a BOR occurs.

Ob = Shared JTAG pins (JTAG mode selectable using SBW sequence)
1b = Dedicated JTAG pins (explicit 4-wire JTAG mode selection)

4 SYSBSLIND R Oh BSL entry indication. This bit indicates a BSL entry sequence detected on the
Spy-Bi-Wire pins.
0b = No BSL entry sequence detected
1b = BSL entry sequence detected

3 Reserved R Oh Reserved. Always reads as 0.

2 SYSPMMPE RW Oh PMM access protect. This controls the accessibility of the PMM control registers.
Once set to 1, it only can be cleared by a BOR.

Ob = Access from anywhere in memory
1b = Access only from the BSL segments

1 Reserved R Oh Reserved. Always reads as 0.

0 SYSRIVECT RwW Oh RAM-based interrupt vectors
Ob = Interrupt vectors generated with end address TOP of lower 64K FRAM
FFFFh
1b = Interrupt vectors generated with end address TOP of RAM, when RAM
available.

Note: On devices that contain RAM, it is possible to use the RAM as an alternate
location for the interrupt vector locations. Setting the SYSRIVECT bit to '1' in
SYSCTL causes the interrupt vectors to be remapped to the top of RAM. The
total RAM size varies depending on the device configurations and could include
one or multiple RAM sections. The alternate location is always the highest
address of the entire RAM space available in the device. Note that the
SYSRIVECT bit is automatically cleared on a BOR, so the default reset vector
location (OFFFEh) will be used after a BOR before setting the SYSRIVECT bit to
'1'. On devices with LEA, the highest RAM address may be part of the LEA
shared RAM. Care must be taken to avoid address conflicts if LEA is used in this
case.
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1.16.2 SYSJIMBC Register
JTAG Mailbox Control Register

Figure 1-11. SYSIMBC Register

15 14 13 12 11 10 9 8
Reserved
r0 r0 r0 r0 r0 r0 r0 r0
7 6 5 4 3 2 1 0
JMBCLR1OFF | JMBCLROOFF | Reserved | JMBMODE | JMBOUTIFG | JMBOUTOFG | JMBINIFG | JMBINOFG
rw-(0) rw-(0) r0 rw-0 r-(1) r-(1) rw-(0) rw-(0)
Table 1-18. SYSIMBC Register Description

Bit Field Type Reset Description

15-8 Reserved R Oh Reserved. Always reads as 0.

7 JMBCLRIOFF RwW Oh Incoming JTAG Mailbox 1 flag auto-clear disable
Ob = JMBIN1FG cleared on read of JMBL1IN register
1b = JMBIN1FG cleared by software

6 JMBCLROOFF RwW Oh Incoming JTAG Mailbox 0 flag auto-clear disable
Ob = JMBINOFG cleared on read of JMBOIN register
1b = JMBINOFG cleared by software

5 Reserved R Oh Reserved. Always reads as 0.

4 JMBMODE RW Oh This bit defines the operation mode of JMB for JIMBIO, JMBI1, JIMBOO, and
JMBOL. Before switching this bit, pad and flush out any partial content to avoid
data drops.

Ob = 16-bit transfers using JIMBOO and JMBIO only
1b = 32-bit transfers using IMBOO with IMBO1 and JMBIO with IMBI1

3 JMBOUT1FG R 1h Outgoing JTAG Mailbox 1 flag. This bit is cleared automatically when a message
is written to the upper byte of IMBOL1 or as word access (by the CPU, DMA,...)
and is set after the message was read through JTAG.

Ob = JMBOL1 is not ready to receive new data.
1b = JMBOL is ready to receive new data.

2 JMBOUTOFG R 1h Outgoing JTAG Mailbox O flag. This bit is cleared automatically when a message
is written to the upper byte of IMBOO or as word access (by the CPU, DMA,...)
and is set after the message was read through JTAG.
0b = JMBOO is not ready to receive new data.
1b = JMBOQO is ready to receive new data.

1 JMBINIFG RwW Oh Incoming JTAG Mailbox 1 flag. This bit is set when a new message (provided
through JTAG) is available in JMBI1. This flag is cleared automatically on read of
JMBI1 when JMBCLR1OFF = 0 (auto clear mode). On JMBCLR1OFF =1,
JMBIN1FG needs to be cleared by software.

Ob = JMBI1 has no new data.
1b = JMBI1 has new data available.

0 JMBINOFG RwW Oh Incoming JTAG Mailbox 0 flag. This bit is set when a new message (provided
through JTAG) is available in JMBIO. This flag is cleared automatically on read of
JMBIO when JMBCLROOFF = 0 (auto clear mode). On JMBCLROOFF =1,
JMBINOFG needs to be cleared by software.

Ob = JMBIO has no new data.
1b = JMBIO has new data available.
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1.16.3 SYSJIMBIO Register
JTAG Mailbox Input O Register

Figure 1-12. SYSJMBIO Register

15 14 13 12 11 10 9 8
MSGHI
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
7 6 5 4 S 2 1 0
MSGLO
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Table 1-19. SYSIMBIO Register Description
Bit Field Type Reset Description
15-8 MSGHI RW Oh JTAG mailbox incoming message high byte
7-0 MSGLO RwW Oh JTAG mailbox incoming message low byte
1.16.4 SYSJMBI1 Register
JTAG Mailbox Input 1 Register
Figure 1-13. SYSJMBI1 Register
15 14 13 12 11 10 9 8
MSGHI
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
7 6 5 4 3 2 1 0
MSGLO
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Table 1-20. SYSIMBI1 Register Description
Bit Field Type Reset Description
15-8 MSGHI RW Oh JTAG mailbox incoming message high byte
7-0 MSGLO RwW Oh JTAG mailbox incoming message low byte
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1.16.5 SYSJIMBOO Register
JTAG Mailbox Output O Register

Figure 1-14. SYSIMBOO Register

15 14 13 12 11 10 9 8
MSGHI
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
7 6 5 4 3 2 1 0
MSGLO
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Table 1-21. SYSIMBOO Register Description
Bit Field Type Reset Description
15-8 MSGHI RW Oh JTAG mailbox outgoing message high byte
7-0 MSGLO RwW Oh JTAG mailbox outgoing message low byte
1.16.6 SYSJIJMBO1 Register
JTAG Mailbox Output 1 Register
Figure 1-15. SYSIMBOL1 Register
15 14 13 12 11 10 9 8
MSGHI
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
7 6 5 4 3 2 1 0
MSGLO
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Table 1-22. SYSIMBOL1 Register Description
Bit Field Type Reset Description
15-8 MSGHI RW Oh JTAG mailbox outgoing message high byte
7-0 MSGLO RwW Oh JTAG mailbox outgoing message low byte
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1.16.7 SYSUNIV Register
User NMI Vector Register

Figure 1-16. SYSUNIV Register

NMI flags.
See the device-specific data sheet for a list of values.

15 14 13 12 11 10 9 8
SYSUNIV
(0] r0 (0] r0 (0] r0 (0] r0
7 6 5 4 3 2 1 0
SYSUNIV
r0 r0 r0 r-0 r-0 r-0 r-0 r0
Table 1-23. SYSUNIV Register Description
Bit Field Type Reset Description
15-0 SYSUNIV R Oh User NMI vector. Generates a value that can be used as address offset for fast

interrupt service routine handling. Writing to this register clears all pending user

1.16.8 SYSSNIV Register
System NMI Vector Register

Figure 1-17. SYSSNIV Register

15 14 13 12 11 10 9 8
SYSSNIV
r0 ro r0 ro r0 ro r0 ro
7 6 5 4 3 2 1 0
SYSSNIV
r0 ro r0 r-0 r-0 r-0 r-0 ro
Table 1-24. SYSSNIV Register Description
Bit Field Type Reset Description
15-0 SYSSNIV R Oh System NMI vector. Generates a value that can be used as address offset for
fast interrupt service routine handling. Writing to this register clears all pending
system NMI flags.
See the device-specific data sheet for a list of values.
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1.16.9 SYSRSTIV Register

Reset Interrupt Vector Register

Figure 1-18. SYSRSTIV Register

15 14 13 12 11 10 9 8
SYSRSTIV

r0 r0 r0 r0 r0 r0 r0 r0

7 6 5 4 3 2 1 0
SYSRSTIV

r0 r0 r® r® r® r® r® r0

@  Reset value depends on reset source.

Table 1-25. SYSRSTIV Register Description

Bit Field Type Reset Description
15-0 SYSRSTIV R 02h- o |Resetinterrupt vector. Generates a value that can be used as address offset for
03Eh fast interrupt service routine handling to identify the last cause of a reset (BOR,
POR, PUC) . Writing to this register clears all pending reset source flags.
See the device-specific data sheet for a list of values.
@  Reset value depends on reset source.
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Power Management Module (PMM) and Supply Voltage
Supervisor (SVS)

This chapter describes the operation of the Power Management Module (PMM) and
Supply Voltage Supervisor (SVS). The PMM is family specific.
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2.1 Power Management Module (PMM) Introduction
PMM features include:
* Wide supply voltage (DV.c) range: 1.8 Vto 3.6 V
» Generation of voltage for the device core (Vcore)
» Supply voltage supervisor (SVS) for DV
» Brownout reset (BOR)
» Software accessible power-fail indicators
» 1/O protection during power-fail condition
The PMM manages all functions related to the power supply and its supervision for the device. Its primary
functions are first to generate a supply voltage for the core logic, and second, provide several
mechanisms for the supervision of the voltage applied to the device (DV ).
The PMM uses an integrated low-dropout voltage regulator (LDO) to produce a secondary core voltage
(Vcore) from the primary one applied to the device (DVc). In general, Vore supplies the CPU, memories,
and the digital modules, while DV supplies the 1/0s and analog modules. The Vqge OUtput is maintained
using a dedicated voltage reference. The input or primary side of the regulator is referred to in this chapter
as its high side. The output or secondary side is referred to in this chapter as its low side.
Figure 2-1 shows the block diagram of the PMM.

RTCLDO |—————» V. (32kHz Osc, RTC)
*
DV.. [ o LDO ————————————> Veore
Reference
SVSH Brownout
Figure 2-1. PMM Block Diagram
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2.2 PMM Operation
2.2.1 V.o and the Regulator
DV can be powered from a wide input voltage range, but the core logic of the device must be kept at a
voltage lower than what this range allows. For this reason, a regulator (LDO) has been integrated into the
PMM. The regulator derives the necessary core voltage (Veore) from DV c.
The regulator supports different load settings to optimize power. The hardware controls the load settings
automatically, according to the following criteria:
» Selected and active power modes
* Selected and active clocks
» Clock frequencies according to Clock System (CS) settings
» JTAG is active
In addition to the main LDO, an ultra-low-power regulator (RTC LDO) provides a regulated voltage to the
real-time clock module (including the 32-kHz crystal oscillator) and other ultra-low-power modules that
remain active during LPM3.5 when the main LDO is off.
2.2.2 Supply Voltage Supervisor

The high-side supervisor (SVSH) oversees DV.. It is activate in all power modes by default. To disable
the SVSH in LPM3, LPM4, LPM3.5, and LPM4.5, set SVSHE = 0.

2.2.2.1 SVS Thresholds

As Figure 2-2 shows, there is hysteresis built into the supervision thresholds, such that the thresholds in
force depend on whether the voltage rail is going up or down.

The behavior of the SVS according to these thresholds is best portrayed graphically. Figure 2-2 shows
how the supervisors respond to various supply failure conditions.

Voltage

A

DV,
SVS, .
SVS, .

BOR

» Time

Figure 2-2. Voltage Failure and Resulting PMM Actions
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2.2.3 Supply Voltage Supervisor - Power-Up

When the device is powering up, the SVSH function is enabled by default. Initially, DV is low, and
therefore the PMM holds the device in BOR reset. When the SVSH level is met, after a short delay the
BOR reset is released. Figure 2-3 shows this process.

Voltage

A
DV, f-———————
SVSp F—————— S —————

A\N

VCORE

v

Reset from SVS,,

BOR [~~~ ] R

» Time

Figure 2-3. PMM Action at Device Power-Up

2.2.4 LPM3.5 and LPM4.5

LPM3.5 and LPM4.5 are additional low-power modes in which the core voltage regulator of the PMM is
completely disabled, providing additional power savings. Because there is no power supplied to Vcore
during LPMx.5, the CPU and all digital modules including RAM are unpowered. This essentially disables
the entire device and thus the contents of the registers and RAM are lost. Any essential values should be
stored to FRAM before entering LPMx.5.

To enable LPMx.5 the PMMREGOFF bit in the PMMCTLO register must be set.

The LOCKLPMS5 bit in the PM5CTLO register locks the /0O configuration and other LPMx.5 relevant
configurations after a wakeup from LPMx.5 until all the registers are configured again.

LPM3.5 and LPM4.5 can be configured with active SVS (SVSHE = 1) or with SVS disabled (SVSHE = 0).
Disabling the SVS results in lower power consumption, whereas enabling it provides the ability to detect
supply drops and getting a "wake-up" due to the supply drop below the SVS threshold. Note, the "wake-
up" due to a supply failure would not be flagged as a LPMx.5 wake-up but as a SVS reset event. In
LPM4.5 enabling the SVS results additionally in an about 4 times faster start-up time than with disabled
SVS.

Refer to Section 1.4.3 for complete descriptions and uses of LPMx.5.

NOTE: In watchdog mode, the WDT_A prevents LPMx.5. Refer to Section 24.2.5.

2.2.5 Brownout Reset (BOR)

The primary function of the brownout reset (BOR) circuit occurs when the device is powering up. It is
functional very early in the power-up ramp, generating a BOR that initializes the system. It also functions
when no SVS is enabled and a brownout condition occurs. It sustains this reset until the input power is
sufficient for the logic, for proper reset of the system.
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2.2.6

227

2.2.8

In an application, it may be desired to cause a BOR through software. Setting PMMSWBOR causes a
software-driven BOR. PMMBORIFG is set accordingly. Note that a BOR also initiates a POR and PUC.
PMMBORIFG can be cleared by software or by reading SYSRSTIV. Similarly, it is possible to cause a
POR through software by setting PMMSWPOR. PMMPORIFG is set accordingly. A POR also initiates a
PUC. PMMPORIFG can be cleared by software or by reading SYSRSTIV. Both PMMSWBOR and
PMMSWPOR are self clearing. See the SYS module for complete descriptions of BOR, POR, and PUC
resets.

RST/NMI

The external RST/NMI terminal is pulled low on a BOR reset condition. The RST/NMI can be used as
reset source for the rest of the application.

PMM Interrupts

Interrupt flags generated by the PMM are routed to the system NMI interrupt vector generator register,
SYSSNIV. When the PMM causes a reset, a value is generated in the system reset interrupt vector
generator register, SYSRSTIV, corresponding to the source of the reset. These registers are defined
within the SYS module. More information on the relationship between the PMM and SYS modules is
available in the SYS chapter.

Port 1/0 Control

The PMM provides a means of ensuring that 1/0 pins cannot behave in uncontrolled fashion during an
undervoltage event. During these times, outputs are disabled, both normal drive and the weak pullup or
pulldown function. If the CPU is functioning normally, and then an undervoltage event occurs, any pin
configured as an input has its PxIN register value locked in at the point the event occurs, until voltage is

restored. During the undervoltage event, external voltage changes on the pin are not registered internally.

This helps prevent erratic behavior from occurring.
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2.3 PMM Registers

The PMM registers are listed in Table 2-1. The base address of the PMM module can be found in the
device-specific data sheet. The address offset of each PMM register is given in Table 2-1.
The password defined in the PMMCTLO register controls access to all PMM registers except PM5CTLO.
PM5CTLO can be accessed without a password. After the correct password is written, the write access is
enabled (this includes byte access to the PMMCTLO lower byte). The write access is disabled by writing a
wrong password in byte mode to the PMMCTLO upper byte. Word accesses to PMMCTLO with a wrong
password triggers a PUC. A write access to a register other than PMMCTLO while write access is not
enabled causes a PUC.

NOTE: All registers have word or byte register access. For a generic register ANYREG, the suffix

" L" (ANYREG_L) refers to the lower byte of the register (bits 0 through 7). The suffix *_H"
(ANYREG_H) refers to the upper byte of the register (bits 8 through 15).
Table 2-1. PMM Registers

Offset Acronym Register Name Type Access | Reset Section
00h PMMCTLO PMM control register 0 Read/write | Word 9640h Section 2.3.1

00h PMMCTLO_L Read/write | Byte 40h

01h PMMCTLO_H Read/write | Byte 96h
02h PMMCTL1 PMM control register 1 Read/write® | Word 9600h Section 2.3.2

02h PMMCTL1_L Read® Byte 00h

03h PMMCTL1_H Read® Byte 96h
0Ah PMMIFG PMM interrupt flag register Read/write | Word 0000h Section 2.3.3

OAh PMMIFG_L Read/write | Byte 00h

0Bh PMMIFG_H Read/write | Byte 00h
10h PM5CTLO Power mode 5 control register 0 Read/write | Word 0001h Section 2.3.4

10h PM5CTLO_L Read/write | Byte 01h

11h PM5CTLO_H Read/write | Byte 00h
@ PMMCTL1 can be written as word only.
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PMM Registers

2.3.1 PMMCTLO Register (offset = 00h) [reset = 9640h]
Power Management Module Control Register O

Figure 2-4. PMMCTLO Register

15 14 12 11 10 9 8
PMMPW
rw-1 rw-0 rw-0 rw-1 rw-0 rw-1 rw-1 rw-0
7 6 4 3 2 1 0
Reserved |  SVSHE Reserved | PMMREGOFF | PMMSWPOR | PMMSWBOR | Reserved
rw-[0] rw-[1] rw-[0] rw-(0) rw-[0] r0 ro
Table 2-2. PMMCTLO Register Description
Bit Field Type Reset Description
15-8 PMMPW RW 96h PMM password. Always reads as 096h. Must be written with 0A5h to unlock the
PMM registers.
Reserved RW Oh Reserved. Must be written with 0.
6 SVSHE RW 1h High-side SVS enable.
Ob = High-side SVS (SVSH) is disabled in LPM2, LPM3, LPM4, LPM3.5, and
LPM4.5. SVSH is always enabled in active mode, LPMO, and LPM1.
1b = SVSH is always enabled.
Reserved R Oh Reserved. Always reads as 0.
PMMREGOFF RW Oh Regulator off
Ob = Regulator remains on when going into LPM3 or LPM4
1b = Regulator is turned off when going to LPM3 or LPM4. System enters
LPM3.5 or LPMA4.5, respectively.
3 PMMSWPOR RW Oh Software POR. Setting this bit to 1 triggers a POR. This bit is self clearing.
0Ob = Normal operation
1b = Set to 1 to trigger a POR
2 PMMSWBOR RW Oh Software brownout reset. Setting this bit to 1 triggers a BOR. This bit is self
clearing.
Ob = Normal operation
1b = Set to 1 to trigger a BOR
1-0 Reserved R Oh Reserved. Always reads as 0.
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2.3.2 PMMCTL1 Register (offset = 02h) [reset = 9600h]
Power Management Module Control Register 1

Figure 2-5. PMMCTL1 Register

15 14 13 12 11 10 9 8
Reserved
rw-1 rw-0 rw-0 rw-1 rw-0 rw-1 rw-1 rw-0
7 6 5 4 3 2 1 0
Reserved
rw-[0] rw-[0] rw-[0] rw-[0] rw-[0] rw-[0] rw-[0] ro
Table 2-3. PMMCTL1 Register Description
Bit Field Type Reset Description
15-0 Reserved R 9600h Reserved. Always reads as 9600h.
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2.3.3 PMMIFG Register (offset = 0Ah) [reset = 0000h]
Power Management Module Interrupt Flag Register

Figure 2-6. PMMIFG Register

15 14 13 12 11 10 9 8
PMMLPM5IFG | Reserved | SVSHIFG | Reserved | PMMPORIFG | PMMRSTIFG | PMMBORIFG
rw-{0} ro rw-{0} ro r0 rw-[0] rw-{0} rw-{0}

7 6 5 4 3 2 1 0
Reserved
r0 r0 r0 r0 r0 r0 r0 r0

Table 2-4. PMMIFG Register Description

Bit Field Type Reset Description

15 PMMLPMSIFG RW Oh LPMx.5 flag.

This bit has a specific reset conditions. This bit is only set if the system was in
LPMx.5 before.

The bit is cleared by software or by reading the reset vector word SYSRSTIV. A
power failure on the DVCC domain triggered by the high-side SVS (if enabled) or
the brownout clears the bit.

Ob = Reset not due to wake-up from LPMx.5
1b = Reset due to wake-up from LPMx.5

14 Reserved R Oh Reserved. Always reads as 0.

13 SVSHIFG RW Oh High-side SVS interrupt flag.
This bit has a specific reset conditions.

The SVSHIFG interrupt flag is only set if the SVSH is the reset source; that is, if
DVCC dropped below the high-side SVS levels but remained above the
brownout levels. The bit is cleared by software or by reading the reset vector
word SYSRSTIV.

Ob = Reset not due to SVSH
1b = Reset due to SVSH

12-11 Reserved R Oh Reserved. Always reads as 0.

10 PMMPORIFG RW Oh PMM software POR interrupt flag.

This bit has a specific reset conditions. This interrupt flag is only set if a software
POR (PMMSWPOR) is triggered.

The bit is cleared by software or by reading the reset vector word SYSRSTIV.
Ob = Reset not due to PMMSWPOR
1b = Reset due to PMMSWPOR

9 PMMRSTIFG RW Oh PMM reset pin interrupt flag.

This bit has a specific reset conditions. This interrupt flag is only set if the
RST/NMI pin is the reset source.

The bit is cleared by software or by reading the reset vector word SYSRSTIV.
Ob = Reset not due to reset pin
1b = Reset due to reset pin

8 PMMBORIFG RW Oh PMM software brownout reset interrupt flag.

This bit has a specific reset conditions. This interrupt flag is only set if a software
BOR (PMMSWBOR) is triggered.

The bit is cleared by software or by reading the reset vector word SYSRSTIV.
Ob = Reset not due to PMMSWBOR
1b = Reset due to PMMSWBOR

7-0 Reserved R Oh Reserved. Always reads as 0.
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2.3.4 PM5CTLO Register (offset = 10h) [reset = 0001h]
Power Mode 5 Control Register 0
Figure 2-7. PM5CTLO Register
15 14 13 12 11 10 9 8
Reserved
r0 ro r0 ro r0 ro r0 ro
7 6 5 4 3 2 1 0
Reserved | LOCKLPM5
r0 ro r0 ro r0 ro r0 rw-{1}
Table 2-5. PM5CTLO Register Description
Bit Field Type Reset Description
15-1 Reserved R Oh Reserved. Always reads as 0.
0 LOCKLPM5 RW 1h Locks I/O pin and other LPMx.5 relevant (for example, RTC) configurations upon
exit from LPMx.5.
This bit is set by hardware and must be cleared by software. It cannot be set by
software.
After a power cycle I/O pins are locked in high-impedance state with input
Schmitt triggers disabled until LOCKLPMS is cleared by the user software.
After a wake-up from LPMx.5 I/O pins and other LPMx.5 relevant (for example,
RTC) configurations are locked in their states configured before LPMx.5 entry
until LOCKLPMS is cleared by the user software.
0b = I/O pin and LPMXx.5 configurations unlocked.
1b = 1/O pin and LPMx.5 configuration remains locked.
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Clock System (CS) Module

This chapter describes the operation of the clock system, which is implemented in all devices.
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3.1

Clock System Introduction

The clock system module supports low system cost and low power consumption. Using three system
clock signals, the user can select the best balance of performance and power consumption. The clock
module can be configured to operate without any external components, with one or two external crystals,
or with resonators, under full software control.

The clock system module includes the following clock sources:

LFXTCLK: Low-frequency oscillator that can be used either with low-frequency 32768-Hz watch
crystals, standard crystals, resonators, or external clock sources in the 50 kHz or below range. When
in bypass mode, LFXTCLK can be driven with an external square wave signal.

VLOCLK: Internal very-low-power low-frequency oscillator with 10-kHz typical frequency

DCOCLK: Internal digitally controlled oscillator (DCO) with selectable frequencies

MODCLK: Internal low-power oscillator with 5-MHz typical frequency. LFMODCLK is MODCLK divided
by 128.

HFXTCLK: High-frequency oscillator that can be used with standard crystals or resonators in the
4-MHz to 24-MHz range. When in bypass mode, HFXTCLK can be driven with an external square
wave signal.

Four system clock signals are available from the clock module:

ACLK: Auxiliary clock. The ACLK is software selectable as LFXTCLK, VLOCLK, or LFMODCLK. ACLK
can be divided by 1, 2, 4, 8, 16, or 32. ACLK is software selectable by individual peripheral modules.

MCLK: Master clock. MCLK is software selectable as LFXTCLK, VLOCLK, LFMODCLK, DCOCLK,
MODCLK, or HFXTCLK. MCLK can be divided by 1, 2, 4, 8, 16, or 32. MCLK is used by the CPU and
system.

SMCLK: Subsystem master clock. SMCLK is software selectable as LFXTCLK, VLOCLK, LFMODCLK,
DCOCLK, MODCLK, or HFXTCLK. SMCLK is software selectable by individual peripheral modules.

MODCLK: Module clock. MODCLK may also be used by various peripheral modules and is sourced by
MODOSC.

VLOCLK: VLO clock. VLOCLK may also be used directly by various peripheral modules and is sourced
by VLO.

NOTE: Not all devices contain both LFXT and HFXT clock sources. See the device-specific data
sheet for availability.

Figure 3-1 shows the block diagram of the clock system module.
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Figure 3-1. Clock System Block Diagram
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3.2

3.2.1

3.2.2

Clock System Operation

After PUC, the CS module default configuration is:

* LFXT is selected as the oscillator source for LFXTCLK. LFXTCLK is selected for ACLK (SELAx = 0)
and ACLK is undivided (DIVAX = 0).

» DCOCLK is selected for MCLK and SMCLK (SELMx = SELSx = 3) and each are divided by 8
(DIVMx = DIVSx = 3).

* LFXIN and LFXOUT pins are set to general-purpose 1/0s and LFXT remains disabled until the I/O
ports are configured for LFXT operation.

* HFXIN and HFXOUT pins are set to general-purpose 1/0s and HFXT is disabled.

As previously stated, LFXT is selected by default, but LFXT is disabled. The crystal pins (LFXIN,
LFXOUT) are shared with general-purpose 1/0s. To enable LFXT, the PSEL bits associated with the
crystal pins must be set. When a 32768-Hz crystal is used for LFXTCLK, the fault control logic
immediately causes ACLK to be sourced by LFMODCLK, and MCLK and SMCLK to be sourced by
MODCLK, because LFXT is not stable immediately (see Section 3.2.8).

Status register control bits (SCGO0, SCG1, OSCOFF, and CPUOFF) configure the MCU operating modes
and enable or disable portions of the clock system module (see the System Resets, Interrupts, and
Operating Modes chapter). Registers CSCTLO to CSCTL6 configure the CS module.

The CS module can be configured or reconfigured by software at any time during program execution. The
CS control registers are password protected to prevent inadvertent access.

CS Module Features for Low-Power Applications

Conflicting requirements typically exist in battery-powered applications:

* Low clock frequency for energy conservation and time keeping

« High clock frequency for fast response times and fast burst processing capabilities
» Clock stability over operating temperature and supply voltage

» Low-cost applications with less-constrained clock accuracy requirements

The CS module addresses these conflicting requirements by allowing the user to select from the three
available clock signals: ACLK, MCLK, and SMCLK. A flexible clock distribution and divider system is
provided to fine tune the individual clock requirements.

LFXT Oscillator

The LFXT oscillator supports ultra-low-current consumption using a 32768-Hz watch crystal. A watch
crystal connects to LFXIN and LFXOUT and requires external capacitors on both terminals. These
capacitors should be sized according to the crystal or resonator specifications. Different crystal or
resonator ranges are supported by LFXT by choosing the proper LFXTDRIVE settings.

The LFXT pins are shared with general-purpose 1/O ports. At power up, the LFXT clock defaults to "on"
and is the source for ACLK. However, at power-up the LFXT pins default to general-purpose I/O mode,
therefore, the LFXT clock remains disabled until the pins associated with LEXT are configured for LFXT
operation. The configuration of the shared 1/O is determined by the PSEL bit associated with LFXIN and
the LFEXTBYPASS bit. Setting the PSEL bit causes the LFXIN and LFXOUT ports to be configured for
LFXT operation. If LFXTBYPASS is also set, LFXT is configured for bypass mode of operation, and the
oscillator that is associated with LFXT is powered down. In bypass mode of operation, LFXIN can accept
an external square-wave clock input signal, and LFXOUT is configured as a general-purpose I/O. The
PSEL bit associated with LFXOUT is a don't care.

If the PSEL bit associated with LFXIN is cleared, both LFXIN and LFXOUT ports are configured as
general-purpose 1/0s, and LFXT is disabled.

LFXT is enabled under any of the following conditions:

e LFXT is a source for ACLK (SELAx = 0) and in active mode (AM) through LPM3 (OSCOFF = 0)

e LFXT is a source for MCLK (SELMx = 0) and in active mode (AM) (CPUOFF = 0)

e LFXT is a source for SMCLK (SELSx = 0) and in active mode (AM) through LPM1 (SMCLKOFF = 0)
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* LFXTOFF = 0. LFXT enabled in active mode (AM) through LPM4.
» LFXT is selected as the source for RTC, RTC is enabled (RTCHOLD = 0), and LPMx.5 is entered.

NOTE: If LFXT is disabled when entering into a low-power mode, it is not fully enabled and stable
upon exit from the low-power mode, because its enable time is much longer than the wake-
up time. If the application requires or desires to keep LFXT enabled during a low-power
mode, the LFXTOFF bit can be cleared before entering the low-power mode. This causes
LFXT to remain enabled.

3.2.3 HFXT Oscillator

The HFXT high-frequency oscillator can be used with standard crystals or resonators in the 4 MHz to

24 MHz range. The HFXTDRIVE bits select the drive capability of HFXT. HFXTDRIVE bits can be used to
provide optimal settings for a given crystal characteristic. HFXT sources HFXTCLK. The HFFREQ bits
must be set for the appropriate frequency range of operation as show in Table 3-1 in crystal or bypass
modes of operation.

Table 3-1. HFFREQ Settings

HFXT Frequency Range HFFREQI1:0]
0to 4 MHz 00
>4 MHz to 8 MHz 01
> 8 MHz to 16 MHz 10
> 16 MHz to 24 MHz 11

NOTE: The HFXT HFFREQ bit settings are also used to control the Power Management Module
and must match the intended frequency of operation for proper functioning of the device as
listed in Table 3-1. In addition, these bits should be configured properly before use of HFXT
in either crystal or bypass modes of operation.

The HFXT pins are shared with general-purpose I/O ports. At power up, the default operation is HFXT
crystal operation. However, HFXT remains disabled until the ports shared with HFXT are configured for
HFXT operation. The configuration of the shared I/O is determined by the PSEL bit associated with HFXIN
and the HFXTBYPASS bit. Setting the PSEL bit causes the HFXIN and HFXOUT ports to be configured
for HEXT operation. If HFXTBYPASS is also set, HFXT is configured for bypass mode of operation, and
the oscillator associated with HFXT is powered down. In bypass mode of operation, HFXIN can accept an
external square-wave clock input signal, and HFXOUT is configured as a general-purpose I/O. The PSEL
bit that is associated with HFXOUT is a don't care.

If the PSEL bit associated with HFXIN is cleared, both HFXIN and HFXOUT ports are configured as
general-purpose 1/Os, and HFXT is disabled.

HFEXT is enabled under any of the following conditions:

* HFXT is a source for MCLK (SELMx = 5) and in active mode (AM) (CPUOFF = 0)

e HFXT is a source for SMCLK (SELSx = 5) and in active mode (AM) through LPM1 (SMCLKOFF = 0)
 HFXTOFF = 0. HFXT enabled in active mode (AM) through LPM4.

NOTE: If HFXT is disabled when entering into a low-power mode, it is not fully enabled and stable
upon exit from the low-power mode, because its enable time is much longer than the wake-
up time. If the application requires or desires to keep HFXT enabled during a low-power
mode, the HFXTOFF bit can be cleared before entering the low-power mode. This causes
HFXT to remain enabled.
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3.24

3.25

3.2.6

Internal Very-Low-Power Low-Frequency Oscillator (VLO)

The internal VLO provides a typical frequency of 10 kHz (see the device-specific data sheet for
parameters) without requiring a crystal. The VLO provides for a low-cost ultra-low-power clock source for
applications that do not require an accurate time base. To conserve power, VLO is powered down when
not needed and enabled only when required.

VLO is enabled under any of the following conditions:

 VLO s a source for ACLK (SELAx = 1) and in active mode (AM) through LPM3 (OSCOFF = 0)

* VLO s a source for MCLK (SELMx = 1) and in active mode (AM) (CPUOFF = 0)

* VLO s a source for SMCLK (SELSx = 1) and in active mode (AM) through LPM1 (SMCLKOFF = 0)
* VLOOFF = 0. VLO enabled in active mode (AM) through LPM4.

* VLO is selected as the source for RTC, RTC is enabled (RTCHOLD = 0), and LPMx.5 is entered.

Module Oscillator (MODOSC)

The CS module also supports an internal oscillator, MODOSC, that can be used by ACLK, MCLK, or
SMCLK, as well as by other modules in the system. It is also used as a fail-safe clock source as described
in Section 3.2.8. The MODOSC sources MODCLK and LFMODCLK.

To conserve power, MODOSC is powered down when not needed and is enabled only when required.
When the MODOSC source is required, the respective module requests it. MODOSC is enabled based on
unconditional and conditional requests. Setting MODOSCREQEN enables conditional requests.
Unconditional requests are always enabled. It is not necessary to set MODOSCREQEN for modules that
utilize unconditional requests; for example, ADC or fail-safe.

MODOSC is enabled under any of the following conditions:
e LFMODCLK is a source for ACLK (SELAx = 2) and in active mode (AM) through LPM3 (OSCOFF = 0)

e LFMODCLK or MODCLK is a source for MCLK (SELMx = 2, 4) and in active mode (AM)
(CPUOFF = 0)

» LFMODCLK or MODCLK is a source for SMCLK (SELSx = 2, 4) and in active mode (AM) through
LPM1 (SMCLKOFF = 0)

» During a fault detection (when fault detection enabled) and LFXT or HFXT is active.

« Unconditional requests from modules that require MODCLK; for example, ADC conversion clock when
selected as the source.

» LFMODCLK is used as the fail-safe source for the WDT in watchdog mode. Should the selected
source for ACLK or SMCLK not be available, the WDT automatically switches to LFMODCLK as its
clock source.

The ADC12 may optionally use MODOSC as a clock source for its conversion clock. The user chooses
the ADC120SC as the conversion clock source. During a conversion, the ADC12 module issues an
unconditional request for the ADC120SC clock source. Upon doing so, the MODOSC source is enabled, if
not already enabled from other modules' previous requests.

Digitally Controlled Oscillator (DCO)

The DCO is an integrated digitally controlled oscillator. The DCO has three frequency settings determined
by the DCOFSEL bits. Each frequency is trimmed at the factory. The DCO can be used as a source for
MCLK or SMCLK. See the device-specific data sheet for DCO characteristics.

The DCO frequency can be changed at any time, but care should be taken to ensure no other system
clock frequency constraints are exceeded with the new frequency selection. Any change in the DCOFSEL
or DCORSEL bits causes the DCOCLK to be held for four clock cycles before releasing the new value into
the system. This allows for the DCO to settle properly.
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3.2.7 Operation From Low-Power Modes, Requested by Peripheral Modules

A peripheral module requests its clock sources automatically from the CS module if required for its proper
operation, regardless of the current power mode of operation, as shown in Figure 3-2.

SMCLK_REQ | 7 0
MCLK_REQ ( 0
0 -
ACLK_REQ 0
ACLK_REQ ACLK_REQ ACLK_REQ
MCLK_REQ MCLK_REQ MCLK_REQ
SMCLK_REQ| SMCLK_REQ SMCLK_REQ
Cs
Module n-2 Module n-1 Module n
Y L A L A L A
SMCLK ° I I T
MCLK . °
ACLK

. WDTACLKON WDTSMCLKON
Direct clock reques .
in Watchdog mode Watch Dog Timer Module

Figure 3-2. Module Request Clock System

A peripheral module asserts one of three possible clock request signals based on its control bits:
ACLK_REQ, MCLK_REQ, or SMCLK_REQ. These request signals are based on the configuration and
clock selection of the respective module. For example, if a timer selects ACLK as its clock source and the
timer is enabled, the timer generates an ACLK_REQ signal to the CS system. The CS, in turn, enables
ACLK regardless of the power mode settings.

Any clock request from a peripheral module causes its respective clock off signal to be overridden, but
does not change the setting of the clock off control bit. For example, a peripheral module may require
ACLK that is currently disabled by the OSCOFF bit (OSCOFF = 1). The module can request ACLK by
generating an ACLK_REQ. This causes the OSCOFF bit to have no effect, thereby allowing ACLK to be
available to the requesting peripheral module. The OSCOFF bit remains at its current setting (OSCOFF =
1).

If the requested source is not active, the software NMI handler must take care of the required actions. For
the previous example, if ACLK was sourced by LFXT and LFXT was not enabled, an oscillator fault
condition occurs, and the software must handle the event. The watchdog, due to its security requirement,
actively selects the LFMODCLK source if the originally selected clock source is not available.

Due to the clock request feature, care must be taken in the application when entering low-power modes to
save power. Although the device enters the selected low-power mode, a clock request causes more
current consumption than the specified values in the data sheet. By default, the clock request feature is
enabled. The feature can be disabled for each system clock by clearing ACLKREQEN, MCLKREQEN, or
SMCLKREQEN for the respective clocks. This does not disable fail-safe clock requests; for example,
those of the watchdog timer or the clock system itself.
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3.2.8

The function of the ACLKREQEN, MCLKREQEN, and SMCLKREQEN bits are dependent upon which
power mode is selected; that is, they do not have an effect across all power modes. For example,
ACLKREQEN is used to enable or disable ACLK requests. It is effective only in LPM4, because ACLK is
always active in all other modes (AM, LPMO, LPM1, LPM2, LPM3). SMCLKREQEN is used to enable or
disable SMCLK requests. When SMCLKOFF = 0 and in AM, LPMO, or LPM1, it is a don't care, because
SMCLK is always on in these cases. For SMCLKOFF = 0 and in LPM2, LPM3, and LPM4,
SMCLKREQEN can be used to enable or disable SMCLK requests, because SMCLK is normally off in
these modes. When SMCLKOFF = 1, SMCLKREQEN can be used to enable or disable SMCLK requests,
because SMCLK is normally off in all power modes under this condition. This is summarized in Table 3-2.

Table 3-2. System Clocks, Power Modes, and Clock Requests

System Clocks
SMCLK
MCLK ACLK

Mode SMCLKOFF = 0 SMCLKOFF = 1

MCLKREQEN | MCLKREQEN | ACLKREQEN | ACLKREQEN | SMCLKREQEN | SMCLKREQEN | SMCLKREQEN | SMCLKREQEN

=0and Clock | =1 and Clock | =0 and Clock | =1 and Clock | =0and Clock | =1and Clock | =0and Clock | =1and Clock

Requested Requested Requested Requested Requested Requested Requested Requested
AM Active Active Active Active Active Active Disabled Active

LPMO Disabled Active Active Active Active Active Disabled Active
LPM1 Disabled Active Active Active Active Active Disabled Active
LPM2 Disabled Active Active Active Disabled Active Disabled Active
LPM3 Disabled Active Active Active Disabled Active Disabled Active
LPM4 Disabled Active Disabled Active Disabled Active Disabled Active
LPM3.5 Disabled Disabled Disabled® Disabled Disabled Disabled Disabled Disabled
LPM4.5 Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled

@ LFXTCLK is available directly as the clock source to the RTC module.

CS Module Fail-Safe Operation

The CS module incorporates an oscillator-fault fail-safe feature. This feature detects an oscillator fault for
LFXT and HFXT as shown in Figure 3-3. The available fault conditions are:

» Low-frequency oscillator fault (LFXTOFFG) for LFXT
» High-frequency oscillator fault (HFXTOFFG) for HEXT
» External clock signal faults for all bypass modes; that is, LFXTBYPASS =1 or HFXTBYPASS = 1

The crystal oscillator fault bits LFXTOFFG and HFXTOFFG are set if the corresponding crystal oscillator is
turned on and not operating properly. Once set, the fault bits remain set until reset in software, even if the
fault condition no longer exists. If the user clears the fault bits and the fault condition still exists, the fault
bits are automatically set; otherwise, they remain cleared.

The OFIFG oscillator-fault interrupt flag is set and latched at POR or when any oscillator fault (LFXTOFFG
or HFXTOFFGQG) is detected. When OFIFG is set and OFIE is set, the OFIFG requests a user NMI. When
the interrupt is granted, the OFIE is not reset automatically as it is in previous MSP430 families. It is no
longer required to reset the OFIE. NMI entry and exit circuitry removes this requirement. The OFIFG flag
must be cleared by software. The source of the fault can be identified by checking the individual fault bits.

If LFXT is sourcing any system clock (ACLK, MCLK, or SMCLK) and a fault is detected, the system clock
is automatically switched to LFMODCLK for its clock source. The LFXT fault logic works in all power
modes, including LPM3.5. Similarly, if HFXT is sourcing MCLK or SMCLK, and a fault is detected, the
system clock is automatically switched to MODCLK for its clock source. By default, the HFXT fault logic
works in all power modes except LPM3.5 or LPM4.5, because high-frequency operation in these modes is
not supported. The fail-safe logic does not change the respective SELA, SELM, and SELS bit settings.
The fail-safe mechanism behaves the same in normal and bypass modes. Reconfigure the CS settings
and follow the instructions in Section 1.4.3 after wakeup from LPM3.5 or LPM4.5, because all CS registers
are reset to default values.

100

Clock System (CS) Module SLAU367P—0October 2012—-Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

13 TEXAS

INSTRUMENTS

www.ti.com

Clock System Operation

LFXT_OscFault 4| T
LFXT_OF
SetQ - SetQ
LFXTOFFG
Reset Reset
HFXT_OscFault 74' T
Set set_ | HFXT_OF
Q | Q—n
HFXTOFFG OscFault_Set
OFIFG
Riset ReseT Set Q NMIRS
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Figure 3-3. Oscillator Fault Logic

Fault conditions

LFXT_OscFault: When the fault detection logic is enabled (ENLFXTD = 1), this signal is set
after the LFXT oscillator has stopped operation and is cleared after operation resumes. The
fault condition causes LFXTOFFG to be set and remain set. If the user clears LFXTOFFG
and the fault condition still exists, LFXTOFFG remains set.

HFXT_OscFault: When the fault detection logic is enabled (ENHFXTD = 1), this signal is set
after the HFXT oscillator has stopped operation and is cleared after operation resumes. The
fault condition causes HFXTOFFG to be set and remain set. If the user clears HFXTOFFG
and the fault condition still exists, HFXTOFFG remains set.

Fault logic

As long as a fault condition still exists, the OFIFG remains set. The application must take
special care when clearing the OFIFG signal. If no fault condition remains when the OFIFG
signal is cleared, the clock logic switches back to the original user settings before the fault
condition.

The LFXT startup includes a counter that ensures that 1024 valid clock cycles have passed
before LFXT_OscFault signal is cleared. A valid cycle is any cycle that meets the frequency
requirement (f.,. ) as outlined in the device specific data sheet. Any crystal fault restarts the
counter. It is recommended that the counter always be enabled, however the counter can be
disabled by clearing ENSTFCNTL1.

Similarly, HFXT startup also includes a counter that ensures that 1024 valid clock cycles
have passed before HFXT_OscFault signal is cleared. This counter can be disabled by
clearing ENSTFCNT2.

The disabling of the counters is valid for bypass and normal modes of operation.
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3.2.9 Synchronization of Clock Signals
When switching ACLK, MCLK, or SMCLK from one clock source to the another, the switch is
synchronized to avoid critical race conditions (see Figure 3-4):
» The current clock cycle continues until the next rising edge.
» The clock remains high until the next rising edge of the new clock.
» The new clock source is selected and continues with a full high period.

Select
ACLK

v

ACLK ‘ l')

MCLK

-pcocLk—f— Vatfor ) acik

Figure 3-4. Switch MCLK From DCOCLK to LFXTCLK

v
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3.3 MemoryMap Registers

Table 3-3 lists the MemoryMap registers. All register offset addresses not listed in Table 3-3 should be
considered as reserved locations and the register contents should not be modified.

Table 3-3. MEMORYMAP Registers

Offset Acronym Register Name Section
Oh CTLO Clock System Control 0 Section 3.3.1
2h CTL1 Clock System Control 1 Section 3.3.2
4h CTL2 Clock System Control 2 Section 3.3.3
6h CTL3 Clock System Control 3 Section 3.3.4
8h CTL4 Clock System Control 4 Section 3.3.5
Ah CTL5 Clock System Control 5 Section 3.3.6
Ch CTL6 Clock System Control 6 Section 3.3.7
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3.3.1 CTLO Register (Offset = 0h) [reset = 9600h]
CTLO is shown in Figure 3-5 and described in Table 3-4.
Return to the Summary Table.
Clock System Control 0 Register
Figure 3-5. CTLO Register
15 14 13 12 11 10 9 8
KEY
R/W-96h
7 6 5 4 & 2 1 0
RESERVED
R-0Oh
Table 3-4. CTLO Register Field Descriptions
Bit Field Type Reset Description
15-8 KEY RIW 96h CSKEY password. Must always be written with A5h; a PUC is
generated if any other value is written. Always reads as 96h. After
the correct password is written, all CS registers are available for
writing.
A5h (W) = OXA5
7-0 RESERVED R Oh Reserved. Always reads as 0.
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3.3.2 CTL1 Register (Offset = 2h) [reset = Ch]

CTL1 is shown in Figure 3-6 and described in Table 3-5.

Return to the Summary Table.

Clock System Control 1 Register

Figure 3-6. CTL1 Register

15 14 13 12 11 10 9 8
RESERVED
R-0h
7 6 5 4 3 2 1 0
RESERVED DCORSEL RESERVED ‘ DCOFSEL RESERVED
R-0Oh R/W-0h R-0Oh R/W-6h R-0Oh

Table 3-5. CTL1 Register Field Descriptions

Bit Field Type Reset Description
15-7 RESERVED R Oh Reserved. Always reads as 0.
6 DCORSEL R/W Oh DCO range select. For high speed devices, this bit can be written by

the user. For low speed devices, it is always reset. See description
of DCOFSEL bit for details.

5-4 RESERVED R Oh Reserved. Always reads as 0.

31 DCOFSEL R/W 6h DCO frequency select. Selects frequency settings for the DCO.
Values shown below are approximate. Please refer to the device
specific datasheet.

Oh (R/W) = If DCORSEL = 0: 1 MHz; If DCORSEL = 1: 1 MHz

1h (R/W) = If DCORSEL = 0: 2.67 MHz; If DCORSEL = 1: 5.33
MHz

2h (R/W) = If DCORSEL = 0: 3.5 MHz; If DCORSEL = 1: 7 MHz
3h (R/W) = If DCORSEL = 0: 4 MHz; If DCORSEL = 1: 8 MHz

4h (R/W) = If DCORSEL = 0: 5.33 MHz; If DCORSEL = 1: 16 MHz
5h (R/W) = If DCORSEL = 0: 7 MHz; If DCORSEL = 1: 21 MHz
6h (R/W) = If DCORSEL = 0: 8 MHz; If DCORSEL = 1: 24 MHz

7h (R/W) = If DCORSEL = 0: Reserved. Defaults to 8. It is not
recommended to use this setting; If DCORSEL = 1: Reserved.
Defaults to 24. It is not recommended to use this setting

0 RESERVED R Oh Reserved. Always reads as 0.
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3.3.3 CTL2 Register (Offset = 4h) [reset = 33h]

CTL2 is shown in Figure 3-7 and described in Table 3-6.

Return to the Summary Table.
Clock System Control 2 Register

Figure 3-7. CTL2 Register

15 14 13 12 11 10 9 8
RESERVED | SELA
R-Oh R/W-0h
7 6 5 4 3 2 1 0
RESERVED SELS | RESERVED | SELM
R-Oh R/W-3h R-Oh R/W-3h

Table 3-6. CTL2 Register Field Descriptions

Bit Field Type Reset

Description

15-11 RESERVED R Oh

Reserved. Always reads as 0.

10-8 SELA R/W Oh

Selects the ACLK source

Oh (R/W) = LFXTCLK : LFXTCLK when LFXT available, otherwise
VLOCLK.

1h (R/W) = VLOCLK : VLOCLK
2h (R/W) = LFMODCLK : LFMODCLK

7 RESERVED R Oh

Reserved. Always reads as 0.

SELS R/W 3h

Selects the SMCLK source

0Oh (R/W) = LFXTCLK : LFXTCLK when LFXT available, otherwise
VLOCLK.

1h (RIW) = VLOCLK : VLOCLK

2h (R/W) = LFMODCLK : LFMODCLK
3h (R/W) = DCOCLK : DCOCLK

4h (R/W) = MODCLK : MODCLK

5h (R/W) = HFXTCLK : HFXTCLK when HFXT available, otherwise
DCOCLK.

3 RESERVED R Oh

Reserved. Always reads as 0.

2-0 SELM R/W 3h

Selects the MCLK source

Oh (R/W) = LFXTCLK : LFXTCLK when LFXT available, otherwise
VLOCLK

1h (R/W) = VLOCLK : VLOCLK

2h (R/W) = LFMODCLK : LFMODCLK
3h (R/W) = DCOCLK : DCOCLK

4h (R/W) = MODCLK : MODCLK

5h (R/W) = HFXTCLK : HFXTCLK when HFXT available, otherwise
DCOCLK
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3.3.4 CTL3 Register (Offset = 6h) [reset = 33h]

CTL3 is shown in Figure 3-8 and described in Table 3-7.
Return to the Summary Table.

Clock System Control 3 Register

Figure 3-8. CTL3 Register

15 14

13

12

11 10 9 8

RESERVED

| DIVA

R-0Oh

R/W-0h

7 6

5

3 2 1 0

RESERVED

DIVS

| RESERVED | DIVM

R-0Oh

R/W-3h

R-Oh R/W-3h

Table 3-7. CTL3 Register Field Descriptions

Bit Field

Type

Reset

Description

15-11 RESERVED

R

Oh

Reserved. Always reads as 0.

10-8 DIVA

R/W

Oh

ACLK source divider. Divides the frequency of the ACLK clock
source.

Oh (RW) =1:/1
1h (RIW)=2: /2
2h (RIW) = 4 : /4
3h (RIW) =8 : /8
4h (RIW) = 16 : /16
5h (R/W) = 32 : /32

7 RESERVED

Oh

Reserved. Always reads as 0.

6-4 DIVS

R/W

3h

SMCLK source divider. Divides the frequency of the SMCLK clock
source.

Oh (RIW) =1:/1
1h (RIW)=2: /2
2h (RIW) =4 : /4
3h (RIW) =8 : /8
4h (RIW) = 16 : /16
5h (R/W) = 32 : /32

3 RESERVED

Oh

Reserved. Always reads as O.

2-0 DIVM

R/W

3h

MCLK source divider. Divides the frequency of the MCLK clock
source.

Oh (RIW) =1:/1
1h (RIW) =2 /2
2h (RIW) = 4 : /4
3h (RIW) =8 : /8
4h (RIW) = 16 : /16
5h (RIW) = 32 : /32
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3.3.5 CTL4 Register (Offset = 8h) [reset = CDC9h]
CTL4 is shown in Figure 3-9 and described in Table 3-8.
Return to the Summary Table.
Clock System Control 4 Register
Figure 3-9. CTL4 Register
15 14 13 12 11 10 9 8
HFXTDRIVE | RESERVED | HFXTBYPASS | HFFREQ | RESERVED | HFXTOFF
R/W-3h R-0h R/W-0h R/W-3h R-0h R/W-1h
7 6 5 4 3 2 1 0
LFXTDRIVE | RESERVED | LFXTBYPASS | VLOOFF | RESERVED | SMCLKOFF | LFXTOFF
R/W-3h R-0h R/W-0h R/W-1h R-0h R/W-0h R/W-1h
Table 3-8. CTL4 Register Field Descriptions
Bit Field Type Reset Description
15-14 HFXTDRIVE RIW 3h The HFXT oscillator current can be adjusted to its drive needs. This
in combination with the HFFREQ bits can be used for optimizing
crystal power based on crystal characteristics.
Oh (R/W) = Lowest current consumption
1h (R/W) = Increased drive strength HFXT oscillator
2h (R/W) = Increased drive strength HFXT oscillator
3h (R/W) = Maximum drive strength HFXT oscillator
13 RESERVED R Oh Reserved. Always reads as 0.
12 HFXTBYPASS R/W Oh HEXT bypass select
0Oh (R/W) = HFXT sourced from external crystal
1h (R/W) = HFXT sourced from external clock signal
11-10 HFFREQ R/W 3h The HFXT frequency selection. These bits must be set to the
appropriate frequency for crystal or bypass modes of operation.
Oh (R/W) =0 to 4 MHz
1h (R/W) = Greater than 4 MHz to 8 MHz
2h (R/W) = Greater than 8 MHz to 16 MHz
3h (R/W) = Greater than 16 MHz to 24 MHz
9 RESERVED R Oh Reserved. Always reads as 0.
8 HFXTOFF RIW 1h Turns off the HFXT oscillator
0Oh (R/W) = HFXT is on if HFXT is selected via the port selection
and HFXT is not in bypass mode of operation
1h (R/W) = HFXT is off if it is not used as a source for ACLK,
MCLK, or SMCLK
7-6 LFXTDRIVE R/W 3h The LFXT oscillator current can be adjusted to its drive needs.
Oh (R/W) = Lowest drive strength and current consumption LFXT
oscillator
1h (R/W) = Increased drive strength LFXT oscillator
2h (R/W) = Increased drive strength LFXT oscillator
3h (R/W) = Maximum drive strength and maximum current
consumption LFXT oscillator
5 RESERVED R Oh Reserved. Always reads as 0.
4 LFXTBYPASS RIW Oh LFXT bypass select
Oh (R/W) = LFXT sourced from external crystal
1h (R/W) = LFXT sourced from external clock signal
3 VLOOFF RIW 1h VLO off. This bit turns off the VLO.

Oh (R/W) =VLO is on

1h (R/W) = VLO is off if it is not used as a source for ACLK, MCLK,
or SMCLK or if not used as a source for the RTC in LPM3.5
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Table 3-8. CTL4 Register Field Descriptions (continued)
Bit Field Type Reset Description
2 RESERVED R Oh Reserved. Always reads as 0.
1 SMCLKOFF R/W Oh SMCLK off. This bit turns off the SMCLK.

0Oh (R/W) = SMCLK on
1h (R/W) = SMCLK off

0 LFXTOFF RIW 1h LFXT off. This bit turns off the LFXT.

Oh (R/W) = LFXT is on if LFXT is selected via the port selection
and LFXT is not in bypass mode of operation

1h (R/W) = LFXT is off if it is not used as a source for ACLK,
MCLK, or SMCLK
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3.3.6 CTL5 Register (Offset = Ah) [reset = 00C5h]
CTL5 is shown in Figure 3-10 and described in Table 3-9.
Return to the Summary Table.
Clock System Control 5 Register
Figure 3-10. CTL5 Register
15 14 13 12 11 10 9 8
RESERVED
R-0Oh
7 6 5 4 & 2 1 0
ENSTFCNT2 ENSTFCNT1 RESERVED | SWDONE ‘ HEXTOFFG LFXTOFFG
R/W-1h R/W-1h R-0h R-1h R/W-0h R/W-1h
Table 3-9. CTL5 Register Field Descriptions
Bit Field Type Reset Description
15-8 RESERVED R Oh Reserved. Always reads as 0.
7 ENSTFCNT2 RIW 1h Enable start counter for HFXT when available.
Oh (R/W) = DISABLE : Startup fault counter disabled. Counter is
cleared.
1h (R/W) = ENABLE : Startup fault counter enabled
6 ENSTFCNT1 RIW 1h Enable start counter for LFXT.
Oh (R/W) = DISABLE : Startup fault counter disabled. Counter is
cleared.
1h (R/W) = ENABLE : Startup fault counter enabled
5-3 RESERVED R Oh Reserved. Always reads as 0.
2 SWDONE R 1h Clock switch done. This bit indicates a clock switch is done. A clock

switch happens when changing the clock system configuration,
including any write access of CSCTL1/CSCTL2/CSCTLS3 registers,
or any fail-safe condition happens. When clock switch happens, this
bit is reset automatically, and is set again after the switching is done.
Only available in CS_A module.

Oh (R) = Clock switch is in progress

1h (R) = Clock switch is done

1 HFXTOFFG R/W Oh HEXT oscillator fault flag. If this bit is set, the OFIFG flag is also set.
HFXTOFFG is set if a HFXT fault condition exists. HFXTOFFG can
be cleared via software. If the HFXT fault condition still remains,
HFXTOFFG is set.

Oh (R/W) = No fault condition occurred after the last reset

1h (R/W) = HFXT fault; an HFXT fault occurred after the last reset

0 LFXTOFFG R/W 1h LFXT oscillator fault flag. If this bit is set, the OFIFG flag is also set.
LFXTOFFG is set if a LFXT fault condition exists. LFXTOFFG can
be cleared via software. If the LFXT fault condition still remains,
LFXTOFFG is set.

Oh (R/W) = No fault condition occurred after the last reset

1h (R/W) = LEXT fault; an LFXT fault occurred after the last reset
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3.3.7 CTL6 Register (Offset = Ch) [reset = 7h]
CTL6 is shown in Figure 3-11 and described in Table 3-10.
Return to the Summary Table.

Clock System Control 6 Register

Figure 3-11. CTL6 Register

15

14

13 12 11 10 9 8

RESERVED

R-0h

5 4 3 2 1 0

RESERVED

MODCLKREQE | SMCLKREQEN | MCLKREQEN | ACLKREQEN
N

R-0h

R/W-0h R/W-1h R/W-1h R/W-1h

Table 3-10. CTL6 Register Field Descriptions

Bit

Field

Type Reset Description

15-4

RESERVED

R Oh Reserved. Always reads as 0.

MODCLKREQEN

RIW Oh MODCLK clock request enable. Setting this enables conditional
module requests for MODCLK.

Oh (R/W) = DISABLE : MODCLK conditional requests are disabled
1h (R/W) = ENABLE : MODCLK conditional requests are enabled

SMCLKREQEN

RIW 1h SMCLK clock request enable. Setting this enables conditional
module requests for SMCLK.

Oh (R/W) = DISABLE : SMCLK conditional requests are disabled
1h (R/W) = ENABLE : SMCLK conditional requests are enabled

MCLKREQEN

RIW 1h MCLK clock request enable. Setting this enables conditional module
requests for MCLK.

Oh (R/W) = DISABLE : MCLK conditional requests are disabled
1h (R/W) = ENABLE : MCLK conditional requests are enabled

ACLKREQEN

RIW 1h ACLK clock request enable. Setting this enables conditional module
requests for ACLK.

Oh (R/W) = DISABLE : ACLK conditional requests are disabled
1h (R/W) = ENABLE : ACLK conditional requests are enabled
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CPUX

This chapter describes the extended MSP430X 16-bit RISC CPU (CPUX) with 1IMB memory access, its
addressing modes, and instruction set.

NOTE: The MSP430X CPUX implemented on this device family, formally called CPUXV2, has in
some cases, slightly different cycle counts from the MSP430X CPUX implemented on the
F2xx and F4xx families.
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41 MSP430X CPU (CPUX) Introduction

The MSP430X CPU incorporates features specifically designed for modern programming techniques, such
as calculated branching, table processing, and the use of high-level languages such as C. The MSP430X
CPU can address a 1MB address range without paging. The MSP430X CPU is completely backward
compatible with the MSP430 CPU.

The MSP430X CPU features include:

* RISC architecture

e Orthogonal architecture

» Full register access including program counter (PC), status register (SR), and stack pointer (SP)

» Single-cycle register operations

» Large register file reduces fetches to memory.

. 20-bit address bus allows direct access and branching throughout the entire memory range without
paging.

» 16-bit data bus allows direct manipulation of word-wide arguments.

» Constant generator provides the 6 most often used immediate values and reduces code size.

» Direct memory-to-memory transfers without intermediate register holding

» Byte, word, and 20-bit address-word addressing

Figure 4-1 shows the block diagram of the MSP430X CPU.
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MDB - Memory Data Bus

16

1T

|

RN

UL

Zero, Z
Carry,

Overflow,V
Negative,N

19 16 15

Memory Address Bus - MAB

VAN

RO/PC Program Counter 0

R1/SP Pointer Stack 0

R2/SR Status Register

R3/CG2 Constant Generator

R4 General Purpose
1 1
RS General Purpose
| |
R6 General Purpose
1 1
R7 General Purpose
| |
R8 General Purpose
| |
R9 General Purpose
|| ||
R10 General Purpose
| |
R11 General Purpose
1 1
R12 General Purpose
| |
R13 General Purpose
1 1
R14 General Purpose
1 1
R15 General Purpose

(@)

16/20-bit ALU

=

Figure 4-1. MSP430X CPU Block Diagram
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4.2 Interrupts

The MSP430X has the following interrupt structure:
» Vectored interrupts with no polling necessary
« Interrupt vectors are located downward from address OFFFEh.

The interrupt vectors contain 16-bit addresses that point into the lower 64KB memory. This means all
interrupt handlers must start in the lower 64KB memory.

During an interrupt, the program counter (PC) and the status register (SR) are pushed onto the stack as
shown in Figure 4-2. The MSP430X architecture stores the complete 20-bit PC value efficiently by
appending the PC bits 19:16 to the stored SR value automatically on the stack. When the RETI instruction
is executed, the full 20-bit PC is restored making return from interrupt to any address in the memory range

possible.
SP,, —» Iltem n-1
PC.15:0
SP —»| PC.19:16 SR.11:0
Figure 4-2. PC Storage on the Stack for Interrupts
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4.3 CPU Registers
The CPU incorporates 16 registers (RO through R15). Registers RO, R1, R2, and R3 have dedicated
functions. Registers R4 through R15 are working registers for general use.
4.3.1 Program Counter (PC)
The 20-bit program counter (PC, also called RO) points to the next instruction to be executed. Each
instruction uses an even number of bytes (2, 4, 6, or 8 bytes), and the PC is incremented accordingly.
Instruction accesses are performed on word boundaries, and the PC is aligned to even addresses.
Figure 4-3 shows the PC.
19 16 15 10
Program Counter Bits 19 to 1 0
Figure 4-3. Program Counter
The PC can be addressed with all instructions and addressing modes. A few examples:
MOV.W #LABEL,PC ; Branch to address LABEL (lower 64KB)
MOVA  #LABEL,PC ; Branch to address LABEL (1MB memory)
MOV.W LABEL,PC ; Branch to address in word LABEL
; (lower 64KB)
MOV.W @R14,PC ; Branch indirect to address in
; R14 (lower 64KB)
ADDA  #4,PC ; Skip 2 words (1MB memory)
The BR and CALL instructions reset the upper 4 PC bits to 0. Only addresses in the lower 64KB address
range can be reached with the BR or CALL instruction. When branching or calling, addresses beyond the
lower 64KB range can only be reached using the BRA or CALLA instructions. Also, any instruction to
directly modify the PC does so according to the used addressing mode. For example, MOV_.W #value,PC
clears the upper 4 bits of the PC, because it is a .W instruction.
The PC is automatically stored on the stack with CALL (or CALLA) instructions and during an interrupt
service routine. Figure 4-4 shows the storage of the PC with the return address after a CALLA instruction.
A CALL instruction stores only bits 15:0 of the PC.
SP,, —» Item n
PC.19:16
SP —» PC.15:0
Figure 4-4. PC Storage on the Stack for CALLA
The RETA instruction restores bits 19:0 of the PC and adds 4 to the stack pointer (SP). The RET
instruction restores bits 15:0 to the PC and adds 2 to the SP.
4.3.2 Stack Pointer (SP)
The 20-bit stack pointer (SP, also called R1) is used by the CPU to store the return addresses of
subroutine calls and interrupts. It uses a predecrement, postincrement scheme. In addition, the SP can be
used by software with all instructions and addressing modes. Figure 4-5 shows the SP. The SP is
initialized into RAM by the user, and is always aligned to even addresses.
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Figure 4-6 shows the stack usage. Figure 4-7 shows the stack usage when 20-bit address words are
pushed.
19 1.0
Stack Pointer Bits 19 to 1 0
MOV .W 2 (SP),R6 ; Copy Item I2 to R6
MOV.W  R7,0(SP) ; Overwrite TOS with R7
PUSH #0123h ; Put 0123h on stack
POP R8 ; R8 = 0123h

Figure 4-5. Stack Pointer

Address PUSH #0123h POP R8

Oxxxh 11 11 11

Oxxxh - 2 12 12 12

Oxxxh - 4 I3 [«—SP 13 I3 [¢—SP
Oxxxh - 6 0123h [«—SP

Oxxxh - 8

Figure 4-6. Stack Usage

SP,, —»] Item n-1

ltem.19:16

SP —» ltem.15:0

Figure 4-7. PUSHX.A Format on the Stack

Figure 4-8 shows the special cases of using the SP as an argument to the PUSH and POP instructions.

PUSH SP POP SP
SP,, —¥]
sp, —» SPy sp,—¥ SP,
The stack pointer is changed after The stack pointer is not changed after a POP SP
a PUSH SP instruction. instruction. The POP SP instruction places SP1 into the

stack pointer SP (SP2 = SP1)
Figure 4-8. PUSH SP, POP SP Sequence

4.3.3 Status Register (SR)

The 16-bit status register (SR, also called R2), used as a source or destination register, can only be used
in register mode addressed with word instructions. The remaining combinations of addressing modes are
used to support the constant generator. Figure 4-9 shows the SR bits. Do not write 20-bit values to the
SR. Unpredictable operation can result.
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15 9 8 7 0

OSC|CPU
Reserved V | SCG1 | SCGO | orr|orFp|CGE[ N[ Z]C

rw-0

Figure 4-9. SR Bits

Table 4-1 describes the SR bits.

Table 4-1. SR Bit Description

Bit Description
Reserved | Reserved
Overflow. This bit is set when the result of an arithmetic operation overflows the signed-variable range.
ADD(.B), ADDX(.B,.A), S e sitive = negati
ADDC(.B), ADDCX(.B.A), positive + positive = negative
ADDA negative + negative = positive
vV otherwise reset
SUB(.B), SUBX(.B,.A), Set when:
SUBC(-B),SUBCX(.B, -A), positive — negative = negative
SUBA, CMP(.B), negative — positive = positive
CMPX(.B, .A), CMPA otherwise reset
System clock generator 1. This bit may be used to enable or disable functions in the clock system depending on the
SCG1 . S . -
device family; for example, DCO bias enable or disable.
SCGO System clock generator 0. This bit may be used to enable or disable functions in the clock system depending on the
device family; for example, FLL enable or disable.
OSCOFE Oscillator off. When this bit is set, it turns off the LFXT1 crystal oscillator when LFXT1CLK is not used for MCLK or
SMCLK. In FRAM devices, CPUOFF must be 1 to disable the cyrstal oscillator.
CPUOFF CPU off. When this bit is set, it turns off the CPU and requests a low-power mode according to the settings of bits
OSCOFF, SCGO, and SCG1.
GIE General interrupt enable. When this bit is set, it enables maskable interrupts. When it is reset, all maskable interrupts
are disabled.
N Negative. This bit is set when the result of an operation is negative and cleared when the result is positive.
z Zero. This bit is set when the result of an operation is 0 and cleared when the result is not 0.
C Carry. This bit is set when the result of an operation produced a carry and cleared when no carry occurred.
NOTE: Bit manipulations of the SR should be done by the following instructions: MOV, BIS, and
BIC.
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4.3.4 Constant Generator Registers (CG1 and CG2)

Six commonly-used constants are generated with the constant generator registers R2 (CG1) and R3
(CG2), without requiring an additional 16-bit word of program code. The constants are selected with the
source register addressing modes (As), as described in Table 4-2.

Table 4-2. Values of Constant Generators CG1, CG2

Register | As Constant Remarks
R2 00 - Register mode
R2 01 () Absolute address mode
R2 10 00004h +4, bit processing
R2 11 00008h +8, bit processing
R3 00 00000h 0, word processing
R3 01 00001h +1
R3 10 00002h +2, bit processing
R3 11 FFh, FFFFh, FFFFFh | -1, word processing

The constant generator advantages are:

* No special instructions required

» No additional code word for the 6 constants

* No code memory access required to retrieve the constant

The assembler uses the constant generator automatically if 1 of the 6 constants is used as an immediate
source operand. Registers R2 and R3, used in the constant mode, cannot be addressed explicitly; they
act as source-only registers.

4.3.4.1 Constant Generator — Expanded Instruction Set

The RISC instruction set of the MSP430 has only 27 instructions. However, the constant generator allows
the MSP430 assembler to support 24 additional emulated instructions. For example, the single-operand
instruction:

CLR dst

is emulated by the double-operand instruction with the same length:
MOV R3,dst

where the #0 is replaced by the assembler, and R3 is used with As = 00.
INC dst

is replaced by:
ADD #1,dst
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4.3.5 General-Purpose Registers (R4 to R15)

The 12 CPU registers (R4 to R15) contain 8-bit, 16-bit, or 20-bit values. Any byte-write to a CPU register
clears bits 19:8. Any word-write to a register clears bits 19:16. The only exception is the SXT instruction.
The SXT instruction extends the sign through the complete 20-bit register.

Figure 4-10 through Figure 4-14 show the handling of byte, word, and address-word data. Note the reset
of the leading most significant bits (MSBS) if a register is the destination of a byte or word instruction.

Figure 4-10 shows byte handling (8-bit data, .B suffix). The handling is shown for a source register and a
destination memory byte and for a source memory byte and a destination register.

Register-Byte Operation Byte-Register Operation
High Byte Low Byte High Byte  Low Byte
19 16 15 87 0
Un- :
used Unused Register Memory
19 16 15 87 0
Un- .
Memory used Unused Register
A A
Operation ' ( Operation '
A 4 A 4
Memory 0 0 Register

Figure 4-10. Register-Byte and Byte-Register Operation
Figure 4-11 and Figure 4-12 show 16-bit word handling (.W suffix). The handling is shown for a source
register and a destination memory word and for a source memory word and a destination register.
Register-Word Operation

High Byte Low Byte

19 16 15 87 0
Un- .
used Register
Memory

A

( Operation )

Memory

Figure 4-11. Register-Word Operation
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Word Register Operation

High Byte  Low Byte

Memory
19 16 15 8|7 0
Un- .
used Register
y
( Operation )
y
0 Register

Figure 4-12. Word-Register Operation

Figure 4-13 and Figure 4-14 show 20-bit address-word handling (.A suffix). The handling is shown for a
source register and a destination memory address-word and for a source memory address-word and a

destination register.

Memory +2

Memory +2

Register - Address-Word Operation

High Byte Low Byte
19 16 15 87 0

Unused

( Operation )

Register

Memory

Memory

Figure 4-13. Register — Address-Word Operation
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Address-Word - Register Operation
High Byte Low Byte

19 16 15 87 0
Memory +2 Unused Memory
Register
A A
( Operation )
A A
Register

Figure 4-14. Address-Word — Register Operation

4.4 Addressing Modes

7 addressing modes for the source operand and 4 addressing modes for the destination operand use 16-
bit or 20-bit addresses (see Table 4-3). The MSP430 and MSP430X instructions are usable throughout
the entire 1IMB memory range.

Table 4-3. Source and Destination Addressing

As, Ad | Addressing Mode Syntax Description
00,0 Register Rn Register contents are operand.
011 Indexed X(Rn) (Rn + X) points to the operand. X is stored in the next word, or stored in combination of

the preceding extension word and the next word.

. (PC + X) points to the operand. X is stored in the next word, or stored in combination of
01,1 Symbolic ADDR the preceding extension word and the next word. Indexed mode X(PC) is used.

The word following the instruction contains the absolute address. X is stored in the next

01,1 Absolute &ADDR | word, or stored in combination of the preceding extension word and the next word.
Indexed mode X(SR) is used.

10, - Indirect register @Rn Rn is used as a pointer to the operand.

11 - Indirect @Rn+ Rn is used as a pointer to the operand. Rn is incremented afterwards by 1 for .B

autoincrement instructions, by 2 for .W instructions, and by 4 for .A instructions.

N is stored in the next word, or stored in combination of the preceding extension word

11, - Immediate #N and the next word. Indirect autoincrement mode @PC+ is used.

The 7 addressing modes are explained in detail in the following sections. Most of the examples show the
same addressing mode for the source and destination, but any valid combination of source and
destination addressing modes is possible in an instruction.

NOTE: Use of Labels EDE, TONI, TOM, and LEO

Throughout MSP430 documentation, EDE, TONI, TOM, and LEO are used as generic labels.
They are only labels and have no special meaning.
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441 Register Mode

Operation:
Length:
Comment:
Byte operation:

Word operation;
Address-word

operation;

SXT exception:

The operand is the 8-, 16-, or 20-bit content of the used CPU register.

1, 2, or 3 words

Valid for source and destination

Byte operation reads only the 8 least significant bits (LSBs) of the source register

Rsrc and writes the result to the 8 LSBs of the destination register Rdst. The bits
Rdst.19:8 are cleared. The register Rsrc is not modified.

Word operation reads the 16 LSBs of the source register Rsrc and writes the result
to the 16 LSBs of the destination register Rdst. The bits Rdst.19:16 are cleared.
The register Rsrc is not modified.

Address-word operation reads the 20 bits of the source register Rsrc and writes the
result to the 20 bits of the destination register Rdst. The register Rsrc is not
modified

The SXT instruction is the only exception for register operation. The sign of the low
byte in bit 7 is extended to the bits Rdst.19:8.

Example: BIS.W R5,R6 ;
This instruction logically ORs the 16-bit data contained in R5 with the 16-bit
contents of R6. R6.19:16 is cleared.
Before: After:
Address Register Address Register
Space Space
21036h|  xxxxh R5| AA550h 21036h xxxxh PC R5| AA550h
21034h| Dsoeh | PC  R6| 11111h 21034h | D506h R6| 0B551h
A550h.or.1111h = B551h
Example: BISX.A R5,R6 ;
This instruction logically ORs the 20-bit data contained in R5 with the 20-bit
contents of R6.
The extension word contains the A/L bit for 20-bit data. The instruction word uses
byte mode with bits A/L:B/W = 01. The result of the instruction is:
Before: After:
Address Register Address Register
Space Space
21036h|  xxxxh R5| AA550h 21036h| xxxxh | PC R5| AA550h
21034h| D546h R6| 11111h 21034h| D546h R6| BB551h
21032h| 1800h | PC 21032h| 1800h
AA550h.0r.11111h = BB551h
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4.4.2

Indexed Mode

The indexed mode calculates the address of the operand by adding the signed index to a CPU register.
The Indexed mode has 4 addressing possibilities:
* MSP430 instruction with indexed mode in lower 64KB memory (see Section 4.4.2.1)

» MSP430 instruction with indexed mode addressing memory above the lower 64KB memory (see
Section 4.4.2.2)

* MSP430X instruction with indexed mode (see Section 4.4.2.3)
» MSP430X address instructions with indexed mode (see Section 4.4.2.4)

4.4.2.1 MSP430 Instruction With Indexed Mode in Lower 64KB Memory

If the CPU register Rn points to an address in the lower 64KB of the memory range, the calculated
memory address bits 19:16 are cleared after the addition of the CPU register Rn and the signed 16-bit
index. This means the calculated memory address is always located in the lower 64KB and does not
overflow or underflow out of the lower 64KB memory space. The RAM and the peripheral registers can be
accessed this way and existing MSP430 software is usable without modifications as shown in Figure 4-15.

Lower 64KB

Rn.19:16 =0
——— 19 16 15 0
FFFFF

0 CPU Register Rn

S 16-bit byte index | 16-bit signed index

10000
=== AN AN AN

NN

( 16-bit signed add )
Rn.19:0 ¥

NN
00000 |\ \\\\\ 0' ' Memory address

Figure 4-15. Indexed Mode in Lower 64KB

//
Z
Z
,/A
v/
Lower 64KB

Length: 2 or 3 words

Operation: The signed 16-bit index is located in the next word after the instruction and is added to
the CPU register Rn. The resulting bits 19:16 are cleared giving a truncated 16-bit
memory address, which points to an operand address in the range 00000h to OFFFFh.
The operand is the content of the addressed memory location.

Comment: Valid for source and destination. The assembler calculates the register index and inserts
it.

Example: ADD.B 1000h(R5),0F000n(R6);
This instruction adds the 8-bit data contained in source byte 1000h(R5) and the
destination byte OFO0O0h(R6) and places the result into the destination byte. Source and
destination bytes are both located in the lower 64KB due to the cleared bits 19:16 of
registers R5 and R6.

Source: The byte pointed to by R5 + 1000h results in address 0479Ch + 1000h = 0579Ch after
truncation to a 16-bit address.

Destination: The byte pointed to by R6 + FOOOh results in address 01778h + FOOOh = 00778h after
truncation to a 16-bit address.
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Before: After:
Address Register Address Register
Space Space
1103Ah xxxxh R5| 0479Ch 1103Ah xxxxh PC R5| 0479Ch
11038h FO00h R6| 01778h 11038h FO00h R6| 01778h
11036h 1000h 11036h 1000h
11034h 55D6h | PC 11034h | 55D6h
01778h 32h  src
0077Ah xxxxh +F000h 0077Ah xxxxh +45h  dst
00778h | xx45h 00778h 00778h | xx77h 77h - Sum
0479Ch
0579Eh xxxxh +1000h 0579Eh xxxxh
0579Ch xx32h 0579Ch 0579Ch xx32h

4.4.2.2 MSP430 Instruction With Indexed Mode in Upper Memory

If the CPU register Rn points to an address above the lower 64KB memory, the Rn bits 19:16 are used for
the address calculation of the operand. The operand may be located in memory in the range Rn +32KB,
because the index, X, is a signed 16-bit value. In this case, the address of the operand can overflow or
underflow into the lower 64KB memory space (see Figure 4-16 and Figure 4-17).

Upper Memory
Rn.19:16 > 0
—— 19 1615 0
FFFFF
1..15 CPU Register Rn
Rn.19:0 — Rn + 32KB
hi . 16-bit signed index
S S 16-bit byte index (sign extended to 20 bits)
__10000

OFFFF v
€ —
> ( 20-bit signed add )
©
o
2
]
— y y

00000 Memory address

Figure 4-16. Indexed Mode in Upper Memory
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ARRARRRRNY
o LAy
- Rn.19:0—»px NN
ANNNNNNNN
N NN 4 o
Rn.19:0»§\\\\\ S
OUNNNNNNN
AANANNNNNNND
o000 | R Q.BZQ%\%\%%. e
RN N
N e NAN\\\\\ P
NN £
Rn.19:0»§ NWNE
PN R
Figure 4-17. Overflow and Underflow for Indexed Mode
Length: 2 or 3 words
Operation: The sign-extended 16-bit index in the next word after the instruction is added to the
20 bits of the CPU register Rn. This delivers a 20-bit address, which points to an
address in the range 0 to FFFFFh. The operand is the content of the addressed
memory location.
Comment: Valid for source and destination. The assembler calculates the register index and
inserts it.
Example: ADD_W 8346h(R5),2100h(R6) ;
This instruction adds the 16-bit data contained in the source and the destination
addresses and places the 16-bit result into the destination. Source and destination
operand can be located in the entire address range.
Source: The word pointed to by R5 + 8346h. The negative index 8346h is sign extended,
which results in address 23456h + F8346h = 1B79Ch.
Destination: The word pointed to by R6 + 2100h results in address 15678h + 2100h = 17778h.
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Before: After:
Address Register Address Register
Space Space
1103Ah xxxxh R5| 23456h 1103Ah xxxxh PC R5| 23456h
11038h 2100h R6| 15678h 11038h 2100h R6| 15678h
11036h 8346h 11036h 8346h
11034h 5596h PC 11034h 5596h
15678h 05432h  src
1777Ah xxxxh +02100h 1777Ah Xxxxxh +02345h  dst
17778n | 2345h 17778n 177780 | 77770 07777h  Sum
23456h
1B79Eh xxxxh +F8346h 1B79Eh xxxxh
1B79Ch | 5432n 1B79Ch  g7ach | s5432n

Figure 4-18. Example for Indexed Mode
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4.4.2.3 MSP430X Instruction With Indexed Mode
When using an MSP430X instruction with indexed mode, the operand can be located anywhere in the

range of Rn + 19 bits.

Length:
Operation:

Comment:

Example:

Source:

Destination:

3 or 4 words

The operand address is the sum of the 20-bit CPU register content and the 20-bit
index. The 4 MSBs of the index are contained in the extension word; the 16 LSBs
are contained in the word following the instruction. The CPU register is not modified
Valid for source and destination. The assembler calculates the register index and
inserts it.

ADDX.A 12346h(R5),32100h(R6) ;

This instruction adds the 20-bit data contained in the source and the destination
addresses and places the result into the destination.

2 words pointed to by R5 + 12346h which results in address 23456h + 12346h =
3579Ch.

2 words pointed to by R6 + 32100h which results in address 45678h + 32100h =
77778h.

The extension word contains the MSBs of the source index and of the destination index and the A/L bit for
20-bit data. The instruction word uses byte mode due to the 20-bit data length with bits A/L:B/W = 01.

Before:

2103Ah
21038h
21036h
21034h
21032h

7777ARh
77778h

3579Eh
3579Ch

After:

Address Register Address Register
Space Space
xxxxh R5| 23456h 2103Ah xxxxh PC R5| 23456h
2100h R6| 45678h 21038h 2100h R6| 45678h
2346h 21036h 2346h
55D6h 21034h 55D6h
1883h PC 21032h 1883h

45678h 65432h  src
0001h +32100h 7777Ah 0007h +12345h  dst
2345h 77778h 77778h 7777h 77777Th  Sum

23456h
0006h +12346h 3579Eh 0006h
5432h 3579Ch 3579Ch 5432h

128

CPUX

SLAU367P—0October 2012—-Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

13 TEXAS
INSTRUMENTS

www.ti.com Addressing Modes

4424 MSP430X Address Instructions With Indexed Mode

When using an MSP430X address instruction with indexed mode, the operand is located in memory in the
range Rn £32KB, because the index, X, is a signed 16-bit value.

Length: 2 words

Operation: The sign-extended 16-bit index in the next word after the instruction is added to the 20
bits of the CPU register Rn. This delivers a 20-bit address, which points to an address in
the range 0 to FFFFFh. The operand is the content of the addressed memory location.

Comment: Valid for source and destination. The assembler calculates the register index and inserts
it.

Example: MOVA 8002h(R5),R6 ; // R5 = 0x100
This instruction loads the 20-bit data contained in the source address into destination
register.

Source: 2 words pointed to by R5 + 8002h and R5 + 8002h + 2h which results in address 00100h

+ F8002h (+2h) = F8102h and F8104h.
Destination: Register R6
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4.4.3 Symbolic Mode

The symbolic mode calculates the address of the operand by adding the signed index to the PC. The
symbolic mode has 3 addressing possibilities:

* Symbolic mode in lower 64KB of memory
» MSP430 instruction with symbolic mode addressing memory above the lower 64KB of memory
* MSP430X instruction with symbolic mode

4.4.3.1 Symbolic Mode in Lower 64KB

If the PC points to an address in the lower 64KB of the memory range, the calculated memory address
bits 19:16 are cleared after the addition of the PC and the signed 16-bit index. This means the calculated
memory address is always located in the lower 64KB and does not overflow or underflow out of the lower
64KB memory space. The RAM and the peripheral registers can be accessed this way and existing
MSP430 software is usable without modifications as shown in Figure 4-19.

Operation:

Length:
Comment:

Example:

Source:

Destination:

Lower 64KB
PC.19:16 =0
——— 19 16 15 0
FFFFF
0 Program
counter PC
S 16-bit byte index | 16-bit signed
PC index
_ 10000
OFFFF S 1
( 16-bit signed add )
PC.19:0 b

00000

Lower 64KB

A A

\§\\ 0 Memory address

Figure 4-19. Symbolic Mode Running in Lower 64KB

The signed 16-bit index in the next word after the instruction is added temporarily to
the PC. The resulting bits 19:16 are cleared giving a truncated 16-bit memory
address, which points to an operand address in the range 00000h to OFFFFh. The
operand is the content of the addressed memory location.

2 or 3 words

Valid for source and destination. The assembler calculates the PC index and
inserts it.

ADD.B EDE,TONI ;

This instruction adds the 8-bit data contained in source byte EDE and destination
byte TONI and places the result into the destination byte TONI. Bytes EDE and
TONI and the program are located in the lower 64KB.

Byte EDE located at address 0579Ch, pointed to by PC + 4766h, where the PC
index 4766h is the result of 0579Ch — 01036h = 04766h. Address 01036h is the
location of the index for this example.

Byte TONI located at address 00778h, pointed to by PC + F740h, is the truncated

16-bit result of 00778h — 1038h = FF740h. Address 01038h is the location of the
index for this example.
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Before:

0103Ah
01038h
01036h
01034h

0077Ah
00778h

0579Eh
0579Ch

Address
Space

xxxxh

F740h

4766h

05D0h

xxxxh

xx45h

xxxxh

xx32h

PC

After:
Address
Space
0103Ah xxxxh PC
01038h F740h
01036h 4766h
01034h 50D0h
01038h 32h  src
+0F740h 0077Ah Xxxxxh +45h  dst
00778h 00778h x77h 77h  Sum
01036h
+04766h 0579Eh xxxxh
0579Ch 0579Ch xx32h

4.4.3.2 MSP430 Instruction With Symbolic Mode in Upper Memory

If the PC points to an address above the lower 64KB memory, the PC bits 19:16 are used for the address
calculation of the operand. The operand may be located in memory in the range PC + 32KB, because the
index, X, is a signed 16-bit value. In this case, the address of the operand can overflow or underflow into

the lower 64KB memory space as shown in Figure 4-20 and Figure 4-21.

Upper Memory
PC.19:16 >0
 FFFFF
PC.19:0 —» PC +32KB
__ 10000
OFFFF
00000

Lower 64KB

19 1615 0
Program
119 counter PC
y
i : 16-bit signed PC index
S S 16-bit byte index (sign extended to 20 bits)

v

20-bit signed add

)

Memory address

Figure 4-20. Symbolic Mode Running in Upper Memory
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Length:
Operation:

Comment:

Example:

Source:

Destination:

TFRFFF

10000 PC.19:0—pN QY\
OFFFF \\\\ 7777777777 \S&&&

PC.19:0—»

0000C & S\\\\Vk\\ T

NN

PC.19:0

A 4

P

+32KB

l

Lower 64KB

Fi

gure 4-21. Overflow and Underflow for Symbolic Mode

2 or 3 words

The sign-extended 16-bit index in the next word after the instruction is added to the
20 bits of the PC. This delivers a 20-bit address, which points to an address in the
range 0 to FFFFFh. The operand is the content of the addressed memory location.

Valid for source and destination. The assembler calculates the PC index and
inserts it

ADD.W EDE,&TONI ;

This instruction adds the 16-bit data contained in source word EDE and destination
word TONI and places the 16-bit result into the destination word TONI. For this
example, the instruction is located at address 2F034h.

Word EDE at address 3379Ch, pointed to by PC + 4766h, which is the 16-bit result
of 3379Ch — 2F036h = 04766h. Address 2F036h is the location of the index for this
example.

Word TONI located at address 00778h pointed to by the absolute address 00778h
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Before: After:
Address Address
Space Space
2F03Ah xxxxh 2F03Ah xxxxh PC
2F038h 0778h 2F038h 0778h
2F036h 4766h 2F036h 4766h
2F034h 5092h | PC 2F034h 5092h
2F036h
3379Eh xxxxh +04766h 3379Eh xxxxh
3379ch | 5432h 3379Ch  aa79ch | 5432h
5432h  src
0077Ah xxxxh 0077Ah xxxxh +2345h  dst
00778h | 2345h oo77eh | 7777h 7777h - Sum
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4.4.3.3 MSP430X Instruction With Symbolic Mode

When using an MSP430X instruction with symbolic mode, the operand can be located anywhere in the
range of PC + 19 bits.

Length: 3 or 4 words

Operation: The operand address is the sum of the 20-bit PC and the 20-bit index. The 4 MSBs
of the index are contained in the extension word; the 16 LSBs are contained in the
word following the instruction.

Comment: Valid for source and destination. The assembler calculates the register index and
inserts it.

Example: ADDX.B EDE,TONI ;

This instruction adds the 8-bit data contained in source byte EDE and destination
byte TONI and places the result into the destination byte TONI.

Source: Byte EDE located at address 3579Ch, pointed to by PC + 14766h, is the 20-bit
result of 3579Ch — 21036h = 14766h. Address 21036h is the address of the index
in this example.

Destination: Byte TONI located at address 77778h, pointed to by PC + 56740h, is the 20-bit
result of 77778h — 21038h = 56740h. Address 21038h is the address of the index in
this example.

Before: Address Space After:  Address Space

2103Ah xxxxh 2103Ah xxxxh PC

21038h | 6740h 21038h | 6740h

21036h | 4766h 21036h | 4766h

21034h | 50DOh 21034h | 50DOh

21032h | 18C5h | PC 21032h | 18C5h
21038h 32h  src

7777Ah xxxxh +56740h  7777Ah xxxxh +45h  dst

77778 | xx45h TTTT8N  r77en | xx77h 77h - Sum
21036h

3579Eh xxxxh +14766h  3579Eh xxxxh

3579Ch xx32h 3579¢h 3579Ch xx32h
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444 Absolute M

ode

The absolute mode uses the contents of the word following the instruction as the address of the operand.

The absolute mode has 2 addressing possibilities:
» Absolute mode in lower 64KB memory
* MSP430X instruction with absolute mode

4.4.4.1 Absolute Mode in Lower 64KB

If an MSP430 instruction is used with absolute addressing mode, the absolute address is a 16-bit value

and, therefore, points to an address in the lower 64KB of the memory range. The address is calculated as

an index from 0 and is stored in the word following the instruction The RAM and the peripheral registers

can be accessed this way and existing MSP430 software is usable without modifications.

Length:
Operation:
Comment:

Example:

Source:
Destination:

Before: Address Space

2103Ah
21038h
21036h
21034h

0777Ah
07778h

0579Eh
0579Ch

2 or 3 words
The operand is the content of the addressed memory location.

Valid for source and destination. The assembler calculates the index from 0 and
inserts it.
ADD.W &EDE,&TONI

This instruction adds the 16-bit data contained in the absolute source and
destination addresses and places the result into the destination.

Word at address EDE
Word at address TONI

xxxxh

7778h

579Ch

5292h

xxxxh

2345h

xxxxh

5432h

PC

After: Address Space

2103Ah
21038h
21036h
21034h

0777Ah
07778h

0579Eh
0579Ch

XxXxxh

7778h

579Ch

5292h

Xxxxh

7777h

xxxxh

5432h

PC

5432h

+2345h

7777h

src
dst
Sum
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4.4.4.2 MSP430X Instruction With Absolute Mode

If an MSP430X instruction is used with absolute addressing mode, the absolute address is a 20-bit value
and, therefore, points to any address in the memory range. The address value is calculated as an index

from 0. The 4 MSBs of the index are contained in the extension word, and the 16 LSBs are contained in

the word following the instruction.

Length: 3 or 4 words
Operation: The operand is the content of the addressed memory location.
Comment: Valid for source and destination. The assembler calculates the index from 0 and
inserts it.
Example: ADDX.A &EDE,&TONI ;
This instruction adds the 20-bit data contained in the absolute source and
destination addresses and places the result into the destination.
Source: 2 words beginning with address EDE
Destination: 2 words beginning with address TONI
Before: After:
Address Address
Space Space
2103Ah xxxxh 2103Ah xxxxh PC
21038h | 7778h 21038h | 7778h
21036h | 579Ch 21036h | 579Ch
21034h | 52D2h 21034h | 52D2h
21032h | 1987h | PC 21032h | 1987h
65432h  src
7777Ah | 0001h 7777Ah | 0007h +12345h  dst
777780 | 2345h 77778h | 7777h 77777 Sum
3579Eh | 0006h 3579Eh | 0006h
3579Ch | 5432h 3579Ch | 5432h
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4.4.5 Indirect Register Mode

The indirect register mode uses the contents of the CPU register Rsrc as the source operand. The indirect
register mode always uses a 20-bit address.

Length: 1, 2, or 3 words
Operation: The operand is the content the addressed memory location. The source register
Rsrc is not modified.
Comment: Valid only for the source operand. The substitute for the destination operand is
O(Rdst).
Example: ADDX.W @R5,2100h(R6)
This instruction adds the 2 16-bit operands contained in the source and the
destination addresses and places the result into the destination.
Source: Word pointed to by R5. R5 contains address 3579Ch for this example.
Destination: Word pointed to by R6 + 2100h, which results in address 45678h + 2100h =
47778h
Before: After:
Address Register Address Register
Space Space
21038h [ xxxxh R5| 3579Ch 21038h | xxxxh | PC R5| 3579Ch
21036h [ 2100h R6| 45678h 21036h | 2100h R6| 45678h
21034h | 55A6h | PC 21034h | 55A6h
45678h 5432h  src
4777Ah [ xxxxh +02100h 4777Ah [ xxxxh +2345h  dst
47778 | 2345h 47778h 477780 | 7777h 7777 Sum
3579Eh xxxxh 3579Eh xxxxh
3579Ch | 5432h | R5 3579Ch | 5432h | R5
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4.4.6

Indirect Autoincrement Mode

The indirect autoincrement mode uses the contents of the CPU register Rsrc as the source operand. Rsrc
is then automatically incremented by 1 for byte instructions, by 2 for word instructions, and by 4 for
address-word instructions immediately after accessing the source operand. If the same register is used for
source and destination, it contains the incremented address for the destination access. Indirect
autoincrement mode always uses 20-bit addresses.

Length: 1, 2, or 3 words
Operation: The operand is the content of the addressed memory location.
Comment: Valid only for the source operand
Example: ADD.B @R5+,0(R6)
This instruction adds the 8-bit data contained in the source and the destination
addresses and places the result into the destination.
Source: Byte pointed to by R5. R5 contains address 3579Ch for this example.
Destination: Byte pointed to by R6 + Oh, which results in address 0778h for this example
Before: After:
Address Register Address Register
Space Space
21038h [ xxxxh R5| 3579Ch 21038h [ xxxxh | PC R5| 3579Dh
21036h [ 0000h R6| 00778h 21036h [ 0000h R6| 00778h
21034h | 55F6h | PC 21034h | 55F6h
00778h 32h  src
0077Ah |  xxxxh +0000h 0077Ah |  xxxxh +45h  dst
00778h | xx45h 00778 00778h | xx77h 77h - Sum
3579Dh xxh 3579Dh xxh | R5
3579Ch 32h R5 3579Ch | xx32h
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4.4.7 Immediate Mode

The immediate mode allows accessing constants as operands by including the constant in the memory
location following the instruction. The PC is used with the indirect autoincrement mode. The PC points to
the immediate value contained in the next word. After the fetching of the immediate operand, the PC is
incremented by 2 for byte, word, or address-word instructions. The immediate mode has 2 addressing
possibilities:

» 8-bit or 16-bit constants with MSP430 instructions

* 20-bit constants with MSP430X instruction

4.47.1 MSP430 Instructions With Immediate Mode

If an MSP430 instruction is used with immediate addressing mode, the constant is an 8- or 16-bit value
and is stored in the word following the instruction.

Length: 2 or 3 words. 1 word less if a constant of the constant generator can be used for
the immediate operand.

Operation: The 16-bit immediate source operand is used together with the 16-bit destination
operand.

Comment: Valid only for the source operand

Example: ADD #3456h,&TONI

This instruction adds the 16-bit immediate operand 3456h to the data in the
destination address TONI.

Source: 16-bit immediate value 3456h
Destination: Word at address TONI
Before: After:
Address Address
Space Space
2103Ah xxxxh 2103Ah xxxxh PC
21038h 0778h 21038h 0778h
21036h 3456h 21036h 3456h
21034h 50B2h PC 21034h 50B2h
3456h  src
0077Ah xxxxh 0077Ah xxxxh +2345h  dst
00778h | 2345h 00778h | 579Bh 579Bh  Sum
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4.4.7.2 MSP430X Instructions With Immediate Mode

If an MSP430X instruction is used with immediate addressing mode, the constant is a 20-bit value. The
4 MSBs of the constant are stored in the extension word, and the 16 LSBs of the constant are stored in
the word following the instruction.

Length: 3 or 4 words. 1 word less if a constant of the constant generator can be used for
the immediate operand.
Operation: The 20-bit immediate source operand is used together with the 20-bit destination
operand.
Comment: Valid only for the source operand
Example: ADDX.A #23456h,&TONI
This instruction adds the 20-bit immediate operand 23456h to the data in the
destination address TONI.
Source: 20-bit immediate value 23456h
Destination: 2 words beginning with address TONI
Before: After:
Address Address
Space Space
2103Ah xxxxh 2103Ah xxxxh PC
21038h | 7778h 21038h | 7778h
21036h | 3456h 21036h | 3456h
21034h | 50F2h 21034h | 50F2h
21032h | 1907h | PC 21032h | 1907h
23456h  src
7777Ah | 0001h 7777Ah | 0003h +12345h  dst
777780 | 2345h 777780 | 579Bn | 39798 Sum
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4.5

451

MSP430 and MSP430X Instructions

MSP430 instructions are the 27 implemented instructions of the MSP430 CPU. These instructions are
used throughout the 1IMB memory range unless their 16-bit capability is exceeded. The MSP430X
instructions are used when the addressing of the operands or the data length exceeds the 16-bit capability
of the MSP430 instructions.

There are 3 possibilities when choosing between an MSP430 and MSP430X instruction:
e To use only the MSP430 instructions — The only exceptions are the CALLA and the RETA instruction.
This can be done if a few, simple rules are met:

— Place all constants, variables, arrays, tables, and data in the lower 64KB. This allows the use of
MSP430 instructions with 16-bit addressing for all data accesses. No pointers with 20-bit addresses
are needed.

— Place subroutine constants immediately after the subroutine code. This allows the use of the
symbolic addressing mode with its 16-bit index to reach addresses within the range of PC + 32KB.

e To use only MSP430X instructions — The disadvantages of this method are the reduced speed due to
the additional CPU cycles and the increased program space due to the necessary extension word for
any double-operand instruction.

* Use the best fitting instruction where needed.

Section 4.5.1 lists and describes the MSP430 instructions, and Section 4.5.2 lists and describes the
MSP430X instructions.

MSP430 Instructions

The MSP430 instructions can be used, regardless if the program resides in the lower 64KB or beyond it.
The only exceptions are the instructions CALL and RET, which are limited to the lower 64KB address
range. CALLA and RETA instructions have been added to the MSP430X CPU to handle subroutines in the
entire address range with no code size overhead.

45.1.1 MSP430 Double-Operand (Format I) Instructions

Figure 4-22 shows the format of the MSP430 double-operand instructions. Source and destination words
are appended for the indexed, symbolic, absolute, and immediate modes. Table 4-4 lists the 12 MSP430
double-operand instructions.

15 12 1" 8 7 6 5 4 0

Op-code Rsrc Ad |B/W As Rdst

Source or Destination 15:0

Destination 15:0

Figure 4-22. MSP430 Double-Operand Instruction Format
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Table 4-4. MSP430 Double-Operand Instructions
H 1

Mnemonic SDRRee% Operation v ?\ltatus BItS(Z) c
MOV(.B) src,dst src — dst - - - -
ADD(-B) src,dst src + dst — dst * * * *
ADDC(.B) src,dst src + dst + C — dst * * * *
SUB(-B) src,dst dst + .not.src + 1 — dst * * * *
SUBC(-B) src,dst dst + .not.src + C — dst * * * *
CMP(.B) src,dst dst - src * * * *
DADD(-B) src,dst src + dst + C — dst (decimally) * * * *
BIT(.B) src,dst src .and. dst 0 * * 4
BIC(.B) src,dst .not.src .and. dst — dst - - - -
BIS(.B) src,dst src .or. dst — dst - - - -
XOR(-B) src,dst src .xor. dst — dst * * * z
AND(-B) src,dst src .and. dst — dst 0 * * z

@ * = Status bit is affected.

= Status bit is not affected.
0 = Status bit is cleared.

1 = Status bit is set.

45.1.2 MSP430 Single-Operand (Format Il) Instructions

Figure 4-23 shows the format for MSP430 single-operand instructions, except RETI. The destination word
is appended for the indexed, symbolic, absolute, and immediate modes. Table 4-5 lists the 7 single-
operand instructions.

15 7 6 5 4 0

Op-code B/W Ad Rdst

Destination 15:0

Figure 4-23. MSP430 Single-Operand Instructions

Table 4-5. MSP430 Single-Operand Instructions

: S-Reg ) Status Bits®
Mnemonic ' Operation
D-Reg 2 \% N z C
RRC(.B) dst C — MSB —.....LSB - C 0 * * *
RRA(.B) dst MSB — MSB —....LSB — C 0 * * *
PUSH(-B) src SP -2 — SP, src — SP - - - -
SWPB dst bit 15...bit 8 « bit 7...bit 0 - - - -
CALL dst Call subroutine in lower 64KB - - - -
RETI TOS - SR, SP +2 —» SP . . . .
TOS - PC,SP +2 —» SP
Register mode: bit 7 — bit 8...bit 19 . . -
SXT dst Other modes: bit 7 — bit 8...bit 15 0 z
@ * = Status bit is affected.
— = Status bit is not affected.
0 = Status bit is cleared.
1 = Status bit is set.
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4.5.1.3 Jump Instructions

Figure 4-24 shows the format for MSP430 and MSP430X jump instructions. The signed 10-bit word offset
of the jump instruction is multiplied by 2, sign-extended to a 20-bit address, and added to the 20-bit PC.
This allows jumps in a range of —511 to +512 words relative to the PC in the full 20-bit address space.

Jumps do not affect the status bits. Table 4-6 lists and describes the 8 jump instructions.

15 13 12 10 9 8

0

Op-Code Condition S 10-Bit Signed PC Offset

Figure 4-24. Format of Conditional Jump Instructions

Table 4-6. Conditional Jump Instructions

Mnemonic SDRR??% Operation

JEQ, JZ Label Jump to label if zero bit is set

JINE, JINZ Label Jump to label if zero bit is reset
JC Label Jump to label if carry bit is set
JNC Label Jump to label if carry bit is reset
JN Label Jump to label if negative bit is set
JGE Label Jump to label if (N .XOR. V) =0
JL Label Jump to label if (N .XOR. V) =1
JMP Label Jump to label unconditionally

45.1.4 Emulated Instructions

In addition to the MSP430 and MSP430X instructions, emulated instructions are instructions that make

code easier to write and read, but do not have op-codes themselves. Instead, they are replaced

automatically by the assembler with a core instruction. There is no code or performance penalty for using

emulated instructions. The emulated instructions are listed in Table 4-7.

Table 4-7. Emulated Instructions

Instruction Explanation Emulation Status Bits @
N z C
ADC(.B) dst Add Carry to dst ADDC(.B) #0,dst * * *
BR dst Branch indirectly dst MOV dst,PC - - -
CLR(-B) dst Clear dst MOV(.B) #0,dst - - -
CLRC Clear Carry bit BIC #1,SR - - 0
CLRN Clear Negative bit BIC #4,SR 0 - -
CLRz Clear Zero bit BIC #2,SR - 0 -
DADC(.B) dst Add Carry to dst decimally DADD(.B) #0,dst * * *
DEC(.B) dst Decrement dst by 1 SUB(.B) #1,dst * * *
DECD(-B) dst Decrement dst by 2 SUB(.B) #2,dst * * *
DINT Disable interrupt BIC #8,SR - - -
EINT Enable interrupt BIS #8,SR - - -
INC(-B) dst Increment dst by 1 ADD(.B) #1,dst * * *
INCD(.B) dst Increment dst by 2 ADD(.B) #2,dst * * *
M * = Status bit is affected

— = Status bit is not affected

0 = Status bit is cleared

1 = Status bit is set
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Table 4-7. Emulated Instructions (continued)

Instruction Explanation Emulation Status Bits

\Y N z C
INV(.B) dst Invert dst XOR(.B) #-1,dst * * * *
NOP No operation MOV R3,R3 - - - -
POP dst Pop operand from stack MOV @SP+,dst - - - -
RET Return from subroutine MOV @SP+,PC - - - -
RLA(.B) dst Shift left dst arithmetically ADD(-B) dst,dst * * * *
RLC(.B) dst Shift left dst logically through Carry | ADDC(.B) dst,dst * * * *
SBC(.B) dst Subtract Carry from dst SUBC(.B) #0,dst * * * *
SETC Set Carry bit BIS #1,SR - - - 1
SETN Set Negative bit BIS #4,SR - 1 - -
SETZ Set Zero bit BIS #2,SR - - 1 -
TST(-B) dst Test dst (compare with 0) CMP(.B) #0,dst 0 * * 1

45.1.5 MSP430 Instruction Execution

The number of CPU clock cycles required for an instruction depends on the instruction format and the
addressing modes used — not the instruction itself. The number of clock cycles refers to MCLK.

45.15.1

Instruction Cycles and Length for Interrupt, Reset, and Subroutines

Table 4-8 lists the length and the CPU cycles for reset, interrupts, and subroutines.

Table 4-8. Interrupt, Return, and Reset Cycles and Length

Execution Time

Length of Instruction

gl (MCLK Cycles) (Words)
Return from interrupt RETI 1
Return from subroutine RET 1

Interrupt request service (cycles needed before first

instruction) 6 -
WDT reset 4 —
Reset (RST/NMI) 4 -

45.1.5.2 Format Il (Single-Operand) Instruction Cycles and Lengths

Table 4-9 lists the length and the CPU cycles for all addressing modes of the MSP430 single-operand

instructions.

Table 4-9. MSP430 Format Il Instruction Cycles and Length

Addressing Mode ol b Lisingilt e Example
SF\\)IsFA’\é,Rg)?T PUSH CALL Instruction

Rn 1 3 4 1 SWPB R5
@Rn 3 3 4 1 RRC @R9
@Rn+ 3 3 4 1 SWPB @R10+
#N N/A 3 4 2 CALL #LABEL
X(Rn) 4 5 2 CALL 2(R7)
EDE 4 5 2 PUSH EDE
&EDE 4 6 2 SXT &EDE
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4.5.1.5.3 Jump Instructions Cycles and Lengths

All jump instructions require 1 code word and take 2 CPU cycles to execute, regardless of whether the
jump is taken or not.

45.1.5.4 Format | (Double-Operand) Instruction Cycles and Lengths

Table 4-10 lists the length and CPU cycles for all addressing modes of the MSP430 Format | instructions.

Table 4-10. MSP430 Format | Instructions Cycles and Length

Addressing Mode
Source Distination No. of Cycles "Ii?f%tchﬁgf“ Example
Rm 1 1 MOV R5,R8
PC 3 1 BR R9
Rn x(Rm) 40 2 ADD R5,4(R6)
EDE 40 2 XOR R8,EDE
&EDE 40 2 MOV R5,&EDE
Rm 2 1 AND @R4,R5
PC 4 1 BR @R8
@Rn x(Rm) 50 2 XOR @R5,8(R6)
EDE 5® 2 MOV @R5,EDE
&EDE 5® 2 XOR @R5,&EDE
Rm 2 1 ADD @R5+,R6
PC 4 1 BR @R9+
@Rn+ x(Rm) 50 2 XOR @R5,8(R6)
EDE 5 2 MOV @R9+,EDE
&EDE 5@ 2 MOV @R9+,&EDE
Rm 2 2 MOV #20,R9
PC 3 2 BR #2AEh
#N x(Rm) 5@ 3 MOV #0300h,0(SP)
EDE 5 3 ADD #33,EDE
&EDE 5® 3 ADD #33,&EDE
RmM 3 2 MOV 2(R5),R7
PC 5 2 BR 2(R6)
x(Rn) TONI 6™ 3 MOV 4(R7),TONI
x(Rm) 6™ 3 ADD 4(R4),6(R9)
&TONI 6w 3 MOV 2(R4),&TONI
Rm 3 2 AND EDE,R6
PC 5 2 BR EDE
EDE TONI 6™ 3 CMP EDE,TONI
x(Rm) 6w 3 MOV EDE,O(SP)
&TONI 6® 3 MOV EDE,&TONI
Rm 3 2 MOV &EDE,R8
PC 5 2 BR &EDE
&EDE TONI 6™ 3 MOV &EDE,TONI
x(Rm) 6@ 3 MOV &EDE,O(SP)
&TONI 6™ 3 MOV &EDE,&TONI

@ MOV, BIT, and CMP instructions execute in 1 fewer cycle.

SLAU367P—0October 2012—-Revised April 2020

Submit Documentation Feedback

Copyright © 2012-2020, Texas Instruments Incorporated

CPUX

145


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

13 TEXAS
INSTRUMENTS

MSP430 and MSP430X Instructions www.ti.com
4.5.2 MSP430X Extended Instructions

The extended MSP430X instructions give the MSP430X CPU full access to its 20-bit address space. Most
MSP430X instructions require an additional word of op-code called the extension word. Some extended
instructions do not require an additional word and are noted in the instruction description. All addresses,
indexes, and immediate numbers have 20-bit values when preceded by the extension word.

There are 2 types of extension words:
» Register or register mode for Format | instructions and register mode for Format Il instructions
» Extension word for all other address mode combinations

45.2.1 Register Mode Extension Word

The register mode extension word is shown in Figure 4-25 and described in Table 4-11. An example is
shown in Figure 4-27.

15 12 11 10 9 8 7 6 5 4 3 0

0001 1 00 ZC| # |AL| O 0 (n-1)/Rn

Figure 4-25. Extension Word for Register Modes

Table 4-11. Description of the Extension Word Bits for Register Mode

Bit Description
15:11 | Extension word op-code. Op-codes 1800h to 1FFFh are extension words.
10:9 | Reserved
Zero carry

7C 0 | The executed instruction uses the status of the carry bit C.

1 The executed instruction uses the carry bit as 0. The carry bit is defined by the result of the final operation after
instruction execution.

Repetition

# 0 The number of instruction repetitions is set by extension word bits 3:0.

1 The number of instruction repetitions is defined by the value of the 4 LSBs of Rn. See description for bits 3:0.

Data length extension. Together with the B/W bits of the following MSP430 instruction, the AL bit defines the used data
length of the instruction.

AL B/W | Comment
AL 0 0 |Reserved
0 1 20-bit address word
1 0 16-bit word
1 1 8-bit byte

5:4 Reserved

Repetition count

3.0 # =0 | These 4 bits set the repetition count n. These bits contain n — 1.

# =1 | These 4 bits define the CPU register whose bits 3:0 set the number of repetitions. Rn.3:0 contain n — 1.

4.5.2.2 Non-Register Mode Extension Word

The extension word for non-register modes is shown in Figure 4-26 and described in Table 4-12. An
example is shown in Figure 4-28.

15 12 11 10 7 6 5 4 3 0

0 0 0 1 1 Source bits 19:16 AL| O 0 |Destination bits 19:16

Figure 4-26. Extension Word for Non-Register Modes
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Table 4-12. Description of Extension Word Bits for Non-Register Modes

Bit

Description

15:11 Extension word op-code. Op-codes 1800h to 1FFFh are extension words.

Source Bits | The 4 MSBs of the 20-bit source. Depending on the source addressing mode, these 4 MSBs may belong to an
19:16 immediate operand, an index, or to an absolute address.

Data length extension. Together with the B/W bits of the following MSP430 instruction, the AL bit defines the used
data length of the instruction.

A/L | B/W | Comment
AJL 0 0 | Reserved
0 1 |20-bit address word
1 0 | 16-bit word
1 1 |8-bit byte

5:4 Reserved

Destination | The 4 MSBs of the 20-bit destination. Depending on the destination addressing mode, these 4 MSBs may belong to
Bits 19:16 | an index or to an absolute address.

NOTE: B/W and A/L bit settings for SWPBX and SXTX

A/lL  B/W

0 0 SWPBX.A, SXTX.A

0 1 N/A

1 0 SWPB.W, SXTX.W

1 1 N/A
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 1 1 00 ZC | # | AL Rsvd (n=1)/Rn

Op-code Rsrc Ad |B/W As Rdst

XORX.A R9,R8

1: Repetition count
in bits 3:0

0: Use Carry 01: Address word

L 4/

0 0 0 1 1 0 0 0 0 l 0 0
14(XOR) 9 0 1 0 8(R8)
XORX instruction Source R9 T Destination R8
Destination

register mode
9 Source

register mode

Figure 4-27. Example for Extended Register or Register Instruction
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 1 1 Source 19:16 A/L Rsvd Destination 19:16
Op-code Rsrc Ad |B/W As Rdst
Source 15:0
Destination 15:0
XORX.A #12345h, 45678h (R15)
X(Rn) 01: Address
.word @PC+
18xx extension word 12345h J
0 0 0 1 1 1 l Ol 0 4
14 (XOR) 0 (PC) 1] 1 3 15 (R15)
Immediate operand LSBs: 2345h
Index destination LSBs: 5678h
Figure 4-28. Example for Extended Immediate or Indexed Instruction
45.2.3 Extended Double-Operand (Format I) Instructions
All 12 double-operand instructions have extended versions as listed in Table 4-13.
Table 4-13. Extended Double-Operand Instructions
. : Status Bits®
Mnemonic Operands Operation
\% N z C
MOVX(-B, -A) src,dst src — dst - - - -
ADDX(.B, -A) src,dst src + dst — dst * * * *
ADDCX(.B, -A) src,dst src + dst + C — dst * * * *
SUBX(-B, -A) src,dst dst + .not.src + 1 — dst * * * *
SUBCX(-B, .A) src,dst dst + .not.src + C — dst * * * *
CMPX(-B, -A) src,dst dst — src * * * *
DADDX(-B, -A) src,dst src + dst + C — dst (decimal) * * * *
BITX(.B,.-A) src,dst src .and. dst 0 * * z
BICX(.B, -A) src,dst .not.src .and. dst — dst - - - -
BISX(.B, -A) src,dst src .or. dst — dst - - - -
XORX(-B, -A) src,dst src .xor. dst — dst * * * z
ANDX(.B, -A) src,dst src .and. dst — dst 0 * * z
M * = Status bit is affected
— = Status bit is not affected
0 = Status bit is cleared
1 = Status bit is set
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Figure 4-29 shows the possible addressing combinations for the extension word for Format | instructions.

15 14 13 12 11 10 9 8 7 6 5 4 3 0
0 0 0 1 1 0 0 |zC| # |AL| O 0 n-1/Rn
Op-code src 0 |B/W]| O 0 dst
0 0 0 1 1 src.19:16 AL| O 0 0 0 0 0
Op-code src Ad |B/W As dst
src.15:0
0 0 0 1 1 0 0 0 0 |AL|] O 0 dst.19:16
Op-code src Ad |B/W As dst
dst.15:0
0 0 0 1 1 src.19:16 AlL| O 0 dst.19:16
Op-code src Ad |B/W As dst
src.15:0
dst.15:0

Figure 4-29. Extended Format | Instruction Formats

If the 20-bit address of a source or destination operand is located in memory, not in a CPU register, then 2
words are used for this operand (see Figure 4-30).

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

AAArESSH2 | 0 oo 0 19:16

Address Operand LSBs 15:0

Figure 4-30. 20-Bit Addresses in Memory
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45.2.4 Extended Single-Operand (Format Il) Instructions
Table 4-14 lists the extended MSP430X Format Il instructions.

Table 4-14. Extended Single-Operand Instructions

i : Status Bits®
Mnemonic Operands Operation
n \ N z C
CALLA dst Call indirect to subroutine (20-bit address) - - - -
POPM_A #n,Rdst | Pop n 20-bit registers from stack 1tol16| - - - -
POPM.W #n,Rdst | Pop n 16-bit registers from stack ltol6| - - - -
PUSHM.A #n,Rsrc | Push n 20-bit registers to stack ltol6| - - - -
PUSHM.W #n,Rsrc | Push n 16-bit registers to stack ltol6| - - - -
PUSHX(-B, -A) src Push 8-, 16-, or 20-bit source to stack - - - -
RRCM(-A) #n,Rdst | Rotate right Rdst n bits through carry (16-, 20-bit register) 1to4 | 0O * * *
RRUM(-A) #n,Rdst | Rotate right Rdst n bits unsigned (16-, 20-bit register) lto4 | O * * *
RRAM(-A) #n,Rdst | Rotate right Rdst n bits arithmetically (16-, 20-bit register) 1to4 | O * * *
RLAM(-A) #n,Rdst | Rotate left Rdst n bits arithmetically (16-, 20-bit register) 1tod | * * * *
RRCX(.B, -A) dst Rotate right dst through carry (8-, 16-, 20-bit data) 1 0 * * *
RRUX(.B, -A) Rdst Rotate right dst unsigned (8-, 16-, 20-bit) 1 0 * * *
RRAX(.B, -A) dst Rotate right dst arithmetically 1 0 * * *
SWPBX(.A) dst Exchange low byte with high byte 1 - - - -
SXTX(-A) Rdst Bit7 — bit8 ... bit19 1 0 * * Z
SXTX(-A) dst Bit7 — bit8 ... MSB 1 * * d
M * = Status bit is affected
— = Status bit is not affected
0 = Status bit is cleared
1 = Status bit is set
Figure 4-31 shows the addressing mode combinations for Format Il instructions.
15 14 13 12 N 10 9 8 7 6 5 4 3 0
0 0 0 1 1 0 0 |zC| # |AL] O 0 n-1/Rn
Op-code B/w| O 0 dst
0 0 0 1 1 0 0 0 0 |AL| O 0 0 0 0 0
Op-code B/W| 1 X dst
0 0 0 1 1 0 0 0] 0 ALl O 0 dst.19:16
Op-code B/W| x 1 dst
dst.15:0
Figure 4-31. Extended Format Il Instruction Format
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45.2.4.1 Extended Format Il Instruction Format Exceptions
Exceptions for the Format Il instruction formats are shown in Figure 4-32 through Figure 4-35.

15 8 7 4 3 0

Op-code n-1 Rdst - n+1

Figure 4-32. PUSHM and POPM Instruction Format

15 12 11 10 9 4 3 0

C n-1 Op-code Rdst

Figure 4-33. RRCM, RRAM, RRUM, and RLAM Instruction Format

15 12 1 8 7 4 3 0
C Rsrc Op-code 0(PC)
C #imm/abs19:16 Op-code 0(PC)
#imm15:0 / &abs15:0
C Rsrc Op-code 0(PC)
index15:0

Figure 4-34. BRA Instruction Format

15 4 3 0
Op-code Rdst
Op-code Rdst
index15:0
Op-code #imm/ix/abs19:16
#imm15:0 / index15:0 / &abs15:0

Figure 4-35. CALLA Instruction Format
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4525 Extended Emulated Instructions

The extended instructions together with the constant generator form the extended emulated instructions.
Table 4-15 lists the emulated instructions.

Table 4-15. Extended Emulated Instructions

Instruction Explanation Emulation
ADCX(.B, .A) dst Add Carry to dst ADDCX(.B,-A) #0,dst
BRA dst Branch indirect dst MOVA dst,PC
RETA Return from subroutine MOVA @SP+,PC
CLRA Rdst Clear Rdst MOV #0,Rdst
CLRX(.B,.A) dst Clear dst MOVX(.B, .A) #0,dst

DADCX(.B,.A) dst

Add carry to dst decimally

DADDX(.B, .A) #0,dst

DECX(.B,.A) dst

Decrement dst by 1

SUBX(.B,.A) #1,dst

DECDA Rdst

Decrement Rdst by 2

SUBA #2,Rdst

DECDX(.B, .A) dst

Decrement dst by 2

SUBX(.B,.A) #2,dst

INCX(.B, .A) dst

Increment dst by 1

ADDX(.B,.A) #1,dst

INCDA Rdst

Increment Rdst by 2

ADDA #2,Rdst

INCDX(.B, .A) dst

Increment dst by 2

ADDX(.B, .A) #2,dst

INVX(.B,.A) dst

Invert dst

XORX(.B, .A) #-1,dst

RLAX(.B, .A) dst

Shift left dst arithmetically

ADDX(.B,.A) dst,dst

RLCX(.B, .A) dst

Shift left dst logically through carry

ADDCX(.B, .A) dst,dst

SBCX(.B,.A) dst

Subtract carry from dst

SUBCX(.B, .A) #0,dst

TSTA Rdst Test Rdst (compare with 0) CMPA #0,Rdst
TSTX(.B,.A) dst Test dst (compare with 0) CMPX(-B, .A) #0,dst
POPX dst Pop to dst MOVX(.B, .A) @SP+,dst
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4526 MSP430X Address Instructions

MSP430X address instructions are instructions that support 20-bit operands but have restricted
addressing modes. The addressing modes are restricted to the register mode and the immediate mode,
except for the MOVA instruction as listed in Table 4-16. Restricting the addressing modes removes the
need for the additional extension-word op-code improving code density and execution time. Address
instructions should be used any time an MSP430X instruction is needed with the corresponding restricted
addressing mode.

Table 4-16. Address Instructions, Operate on 20-Bit Register Data

Status Bits®
\Y N Z C

Mnemonic Operands Operation

Rsrc,Rdst
ADDA — Add source to destination register * * * *
#imm20,Rdst
Rsrc,Rdst
#imm20,Rdst
z16(Rsrc),Rdst
EDE,Rdst
MOVA &abs20,Rdst Move source to destination - - - -
@Rsrc,Rdst
@Rsrc+,Rdst
Rsrc,z16(Rdst)
Rsrc,&abs20
Rsrc,Rdst
CMPA — Compare source to destination register * * * *
#imm20,Rdst
Rsrc,Rdst
SUBA - Subtract source from destination register | * * * *
#imm20,Rdst

@ * = Status bit is affected
— = Status bit is not affected
0 = Status bit is cleared
1 = Status bit is set
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4527 MSP430X Instruction Execution

The number of CPU clock cycles required for an MSP430X instruction depends on the instruction format
and the addressing modes used, not the instruction itself. The number of clock cycles refers to MCLK.

45.2.7.1 MSP430X Format Il (Single-Operand) Instruction Cycles and Lengths

Table 4-17 lists the length and the CPU cycles for all addressing modes of the MSP430X extended single-
operand instructions.

Table 4-17. MSP430X Format Il Instruction Cycles and Length

. Execution Cycles, Length of Instruction (Words)
Instruction
RN @Rn @Rn+ #N X(Rn) EDE &EDE
RRAM n, 1 - - - - - -
RRCM n, 1 - - - - - -
RRUM n, 1 - - - - - -
RLAM n, 1 - - - - - -
PUSHM 2+n, 1 - - - - - -
PUSHM.A 2+2n, 1 - - - - - -
POPM 2+n, 1 - - - - - -
POPM.A 2+2n, 1 - - - - - -
CALLA 51 6,1 6,1 52 50,2 7,2 7,2
RRAX(.B) 1+n, 2 4,2 4,2 - 53 53 53
RRAX.A 1+n, 2 6,2 6,2 - 7,3 7,3 7,3
RRCX(.B) 1+n, 2 4,2 4,2 - 53 53 53
RRCX.A 1+n, 2 6,2 6,2 - 7,3 7,3 7,3
PUSHX(.B) 4,2 4,2 4,2 4,3 50,3 5,3 5,3
PUSHX.A 5,2 6,2 6,2 53 70,3 7,3 7,3
POPX(.B) 3,2 - - - 53 5,3 53
POPX.A 4,2 - - - 7,3 7,3 7,3

@ Add 1 cycle when Rn = SP
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45.2.7.2 MSP430X Format | (Double-Operand) Instruction Cycles and Lengths
Table 4-18 lists the length and CPU cycles for all addressing modes of the MSP430X extended Format |

instructions.

Table 4-18. MSP430X Format | Instruction Cycles and Length

Addressing Mode No. of Cycles Irl;gpr%tcr;igg Examples
Source Destination .B/.W A .B/L.W/.A
Rm® 2 2 2 BITX.B R5,R8
PC 4 4 2 ADDX R9,PC
RN x(Rm) 5@ 70 3 ANDX.A R5,4(R6)
EDE 5@ 7® 3 XORX R8,EDE
&EDE 5@ 7® 3 BITX.W R5,&EDE
Rm 3 4 2 BITX @R5,R8
PC 5 6 2 ADDX @R9,PC
@Rn x(Rm) 6@ 9@ 3 ANDX.A @R5,4(R6)
EDE 6@ 9® 3 XORX @R8,EDE
&EDE 6@ 9® 3 BITX.B @R5,&EDE
Rm 3 4 2 BITX @R5+,R8
PC 5 6 2 ADDX.A @R9+,PC
@Rn+ x(Rm) 6@ 9® 3 ANDX @R5+,4(R6)
EDE 6@ 9® 3 XORX.B @R8+,EDE
&EDE 6@ 9® 3 BITX @R5+,&EDE
Rm 3 3 3 BITX #20,R8
pPC® 4 4 3 ADDX.A #FEOOOh,PC
#N x(Rm) 6@ 8® 4 ANDX #1234 ,4(R6)
EDE 6@ 8® 4 XORX #AB5A5h,EDE
&EDE 6@ 8® 4 BITX.B #12,&EDE
Rm 4 5 3 BITX 2(R5),R8
PC® 6 7 3 SUBX.A 2(R6),PC
x(Rn) TONI 7@ 10® 4 ANDX 4(R7),4(R6)
X(Rm) 7@ 10® 4 XORX.B 2(R6),EDE
&TONI 7@ 10® 4 BITX 8(SP),&EDE
Rm 4 5 3 BITX.B EDE,RS8
PC® 6 7 3 ADDX.A EDE,PC
EDE TONI 7@ 10@ 4 ANDX EDE,4(R6)
x(Rm) 7@ 100 4 ANDX EDE,TONI
&TONI 7@ 10® 4 BITX EDE,&TONI
Rm 4 5 3 BITX &EDE,R8
PC® 6 7 3 ADDX.A &EDE,PC
&EDE TONI 7@ 108 4 ANDX.B &EDE,4(R6)
x(Rm) 7@ 100 4 XORX &EDE, TONI
&TONI 7@ 10® 4 BITX &EDE,&TONI

1 Repeat instructions require n + 1 cycles, where n is the number of times the instruction is executed.
2 Reduce the cycle count by 1 for MOV, BIT, and CMP instructions.
®  Reduce the cycle count by 2 for MOV, BIT, and CMP instructions.
@ Reduce the cycle count by 1 for MOV, ADD, and SUB instructions.
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45.2.7.3 MSP430X Address Instruction Cycles and Lengths

Table 4-19 lists the length and the CPU cycles for all addressing modes of the MSP430X address
instructions.

Table 4-19. Address Instruction Cycles and Length

. Execution Time Length of Instruction
Attt (e (MCLK Cycles) (Words)
MOVA CMPA CMPA Example
Source Destination BRA ADDA MOVA ADDA
SUBA SUBA
Rn 1 1 1 1 CMPA R5,R8
PC 3 3 1 1 SUBA R9,PC
Rn x(Rm) 4 - 2 - MOVA R5,4(R6)
EDE 4 - 2 - MOVA R8,EDE
&EDE 4 - 2 - MOVA R5,&EDE
Rm 3 - 1 - MOVA @R5,R8
@Rn
PC 5 - 1 - MOVA @R9,PC
Rm 3 - 1 - MOVA @R5+,R8
@Rn+
PC 5 - 1 - MOVA @R9+,PC
N Rm 2 2 2 CMPA #20,R8
PC 3 2 2 SUBA #FEOOOh,PC
Rm 4 - 2 - MOVA 2(R5),R8
x(Rn)
PC 6 - 2 - MOVA 2(R6),PC
Rm 4 - 2 - MOVA EDE,R8
EDE
PC 6 - 2 - MOVA EDE,PC
Rm 4 - 2 - MOVA &EDE,R8
&EDE
PC 6 - 2 - MOVA &EDE,PC
156 CPUX SLAU367P—0October 2012—-Revised April 2020

Submit Documentation Feedback
Copyright © 2012-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU367P

13 TEXAS
INSTRUMENTS

www.ti.com

Instruction Set Description

4.6 Instruction Set Description

Table 4-20 shows all available instructions:

Table 4-20. Instruction Map of MSP430X

000 | 040 | 080 | 0CO | 100 | 140 | 180 | 1CO | 200 | 240 | 280 | 2C0 | 300 | 340 | 380 | 3CO
0xxx MOVA, CMPA, ADDA, SUBA, RRCM, RRAM, RLAM, RRUM
10xx| RRC RFéC' S‘Q’P RRA R'_‘E;A' SXT Pgs ';l.JBS CALL RETI CAA'-'-
14xx PUSHM.A, POPM.A, PUSHM.W, POPM.W
18xx . . .
oo Extension word for Format | and Format Il instructions
20xx JINE, INZ
24xx JEQ, JZ
28xx JNC
2Cxx JC
30xx JN
34xx JGE
38xx JL
3Cxx JMP
AxxX MOV, MOV.B
5xxXX ADD, ADD.B
XXX ADDC, ADDC.B
7XXX SUBC, SUBC.B
8xxx SUB, SUB.B
9xxx CMP, CMP.B
Axxx DADD, DADD.B
BxxX BIT, BIT.B
Cxxx BIC, BIC.B
Dxxx BIS, BIS.B
ExxX XOR, XOR.B
Fxxx AND, AND.B
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4.6.1 Extended Instruction Binary Descriptions
Detailed MSP430X instruction binary descriptions are shown in the following tables.
Instruction . Instruction
Instruction Group src or data.19:16 \dentifier dst
1514 |13[12|11]1w0| 9|87 [6]5][a|3]2][1]0
src 0| 0|0]|O dst MOVA @Rsrc,Rdst
src 0| 0|01 dst MOVA @Rsrc+,Rdst
&abs.19:16 olof|11]o0 dst
abs S MOVA &abs20,Rdst
&abs.15:0
ojlo0|0]|oO 0o|lo0|1]1 dst
[o]ofo] sre 1|5_0 [ofaf1] S MOVA z16(Rsrc),Rdst
MOVA oj/o0|0]|oO . '0 1110 &abs.19:16
.19:1
[o]ofo] sre [ofs]1fo] aabs MOVA Rsrc,&abs20
&abs.15:0
oj/o0|0]|oO o111 dst
[o]ofo] sre ENESENEN S MOVA Rsrc,z16(Rdst)
x.15:0
ojlo0o|0]|oO imm.19:16 1/0|0]|0 dst _
[ofofo] imm : [1]ofofo] S MOVA #imm20,Rdst
imm.15:0
ojlo0o|0]|oO imm.19:16 1|00 1 dst _
CMPA [o[ofo] imm : [1]ofof1] S CMPA #imm20,Rdst
imm.15:0
ojlo0|0]|oO imm.19:16 1/0|1]|0 dst _
ADDA [o[ofo] imm : [1]of1]0] S ADDA #imm20,Rdst
imm.15:0
oj/o0|0]|oO imm.19:16 1/0]|1]|1 dst _
SUBA [o[ofo] imm : ERCAENEN S SUBA #imm20,Rdst
imm.15:0
MOVA ojlo|0]|oO src 1|/1|0]|0 dst MOVA Rsrc,Rdst
CMPA oOo|0|O0]|O src 1|10 1 dst CMPA Rsrc,Rdst
ADDA o|0|O0]|O src 11|10 dst ADDA Rsrc,Rdst
SUBA o|lo|o0]|oO src 11|11 dst SUBA Rsrc,Rdst
Instruction . Instruction
Instruction Group Bit Loc. | Inst. ID Identifier dst
1514 |13[12|11]10| 9|87 [6]5]a|3]2][1]0
RRCM.A 0/0|/0|0| n-1|0|0]|0|1]0]|O0 dst RRCM_A #n,Rdst
RRAM.A 0/0|/0|0| n-1|0|1]0]|1]0]|O0 dst RRAM_A #n,Rdst
RLAM.A 0/0|/0|0| n-1|1]0]0]|1]0]|O0 dst RLAM.A #n,Rdst
RRUM.A 0o/0|/0|0| n-1|1]1]0]|1]0]0 dst RRUM.A #n,Rdst
RRCM.W o/o0|/0|0| n-1|0]|]0]|]0O|1]0]21 dst RRCM.W #n,Rdst
RRAM.W o/o|l0|0| n-1|0|1]0]|1]0]|21 dst RRAM_W #n,Rdst
RLAM.W 0/0|/0|0| n-1|1]0]0]|1]0]21 dst RLAM_W #n,Rdst
RRUM.W 0/0|/0|0| n-1|1]1]0]|1]0]21 dst RRUM_W #n,Rdst
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Instruction Instruction Identifier dst
1514 | 13|12 |12 |10| 9 | 8 | 7 | 6 | 5 | 4
RETI i1(1/0|0|0]|oO
i1/1(0|1|0]|0 dst CALLA Rdst
tjtjojtjo !t dst CALLA x(Rdst)
x.15:0
1 11|01 |1]0 dst CALLA @Rdst
1|0 dst CALLA @Rdst+
CALLA i1/1/0]0]|0 &abs.19:16 CALLA &abs20
&abs.15:0
olofJofafofo|1][a]1]o]0]1 x.19:16 CALLA EDE
x.15:0 CALLA x(PC)
0\0\0\1\0\0\1\.1\1\0\1 1 imm.19:16 CALLA #imm20
imm.15:0
Reserved o|jojo|1|0|0]|1]1 1 1]0 X | X
Reserved o|jojo|1|0|0]|1]1 1 X | X X | X
PUSHM.A o|o|lo|1|0|1]0]|0O0 n-1 dst PUSHM.A #n,Rdst
PUSHM.W o|o|lo|a1|0|1]0]|1 n-1 dst PUSHM.W #n,Rdst
POPM.A o|o|lo|1|0|1]1]|0 n-1 dst—n+1 POPM.A #n,Rdst
POPM.W o|o|lo|1]|0|1]1]|1 n-1 dst—n+1 POPM.W #n,Rdst
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4.6.2 MSP430 Instructions
The MSP430 instructions are listed and described on the following pages.
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46.2.1 ADC

* ADC[.W] Add carry to destination

* ADC.B Add carry to destination
Syntax ADC dst or ADC.W dst
ADC.B dst

Operation dst + C — dst
Emulation ADDC #0,dst
ADDC.B #0,dst

Description  The carry bit (C) is added to the destination operand. The previous contents of the
destination are lost.

Status Bits N: Set if result is negative, reset if positive
Z. Setifresult is zero, reset otherwise
C: Setif dst was incremented from OFFFFh to 0000, reset otherwise
Set if dst was incremented from OFFh to 00, reset otherwise
V: Setif an arithmetic overflow occurs, otherwise reset
Mode Bits OSCOFF, CPUOFF, and GIE are not affected.

Example The 16-bit counter pointed to by R13 is added to a 32-bit counter pointed to by R12.
ADD @R13,0(R12) ; Add LSDs
ADC 2(R12) ; Add carry to MSD
Example The 8-bit counter pointed to by R13 is added to a 16-bit counter pointed to by R12.
ADD.B @R13,0(R12) ; Add LSDs
ADC.B 1(R12) ; Add carry to MSD
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4.6.2.2 ADD
ADD[.W] Add source word to destination word
ADD.B Add source byte to destination byte
Syntax ADD src,dst or ADD.W src,dst
ADD.B src,dst
Operation src + dst — dst
Description  The source operand is added to the destination operand. The previous content of the
destination is lost.
Status Bits N: Set if result is negative (MSB = 1), reset if positive (MSB = 0)
Z: Setifresultis zero, reset otherwise
C: Setif there is a carry from the MSB of the result, reset otherwise
V: Set if the result of 2 positive operands is negative, or if the result of 2 negative
numbers is positive, reset otherwise
Mode Bits OSCOFF, CPUOFF, and GIE are not affected.
Example 10 is added to the 16-bit counter CNTR located in lower 64 K.
ADD.W  #10,&CNTR ; Add 10 to 16-bit counter
Example A table word pointed to by R5 (20-bit address in R5) is added to R6. The jump to label
TONI is performed on a carry.
ADD.W @R5,R6 ; Add table word to R6. R6.19:16 = 0O
JC TONI ; Jump if carry
; No carry
Example A table byte pointed to by R5 (20-bit address) is added to R6. The jump to label TONI is
performed if no carry occurs. The table pointer is auto-incremented by 1. R6.19:8 = 0
ADD.B @R5+,R6 ; Add byte to R6. R5 + 1. R6: 000xxh
JNC TONI ; Jump if no carry
; Carry occurred
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4.6.2.3 ADDC

ADDCI[.W] Add source word and carry to destination word
ADDC.B Add source byte and carry to destination byte
Syntax ADDC src,dst or ADDC.W src,dst
ADDC.B src,dst
Operation src + dst + C — dst
Description  The source operand and the carry bit C are added to the destination operand. The
previous content of the destination is lost.
Status Bits N: Set if result is negative (MSB = 1), reset if positive (MSB = 0)
Z: Setifresultis zero, reset otherwise
C: Setif there is a carry from the MSB of the result, reset otherwise
V: Set if the result of 2 positive operands is negative, or if the result of 2 negative
numbers is positive, reset otherwise
Mode Bits OSCOFF, CPUOFF, and GIE are not affected.
Example Constant value 15 and the carry of the previous instruction are added to the 16-bit
counter CNTR located in lower 64 K.
ADDC.W #15,&CNTR ; Add 15 + C to 16-bit CNTR
Example A table word pointed to by R5 (20-bit address) and the carry C are added to R6. The
jump to label TONI is performed on a carry. R6.19:16 = 0
ADDC.W @R5,R6 ; Add table word + C to R6
JC TONI ; Jump if carry
; No carry
Example A table byte pointed to by R5 (20-bit address) and the carry bit C are added to R6. The
jump to label TONI is performed if no carry occurs. The table pointer is auto-incremented
by 1. R6.19:8 =0
ADDC.B @R5+,R6 ; Add table byte + C to R6. R5 + 1
JINC TONI ; Jump if no carry

; Carry occurred
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4.6.2.4 AND
AND[.W] Logical AND of source word with destination word
AND.B Logical AND of source byte with destination byte
Syntax AND src,dst or AND.W src,dst
AND.B src,dst
Operation src .and. dst — dst
Description  The source operand and the destination operand are logically ANDed. The result is
placed into the destination. The source operand is not affected.
Status Bits N: Set if result is negative (MSB = 1), reset if positive (MSB = 0)
Z: Setif result is zero, reset otherwise
C: Setif the result is not zero, reset otherwise. C = (.not. Z)
V: Reset
Mode Bits OSCOFF, CPUOFF, and GIE are not affected.
Example The bits set in R5 (16-bit data) are used as a mask (AA55h) for the word TOM located in
the lower 64 K. If the result is zero, a branch is taken to label TONI. R5.19:16 = 0
MoV #AA55h ,R5 ; Loa