OBSOLETE: Tl has discontinued production of this device.

TEXAS INSTRUMENTS-PRODUCTION DATA

I3 TEXAS

INSTRUMENTS

Stellaris® LM3S2919 Microcontroller

DATA SHEET

DS-LM3S2919-12986.2532 Copyright © 2007-2012
SPMS229D Texas Instruments Incorporated



OBSOLETE: Tl has discontinued production of this device.

Copyright

Copyright © 2007-2012 Texas Instruments Incorporated All rights reserved. Stellaris and StellarisWare® are registered trademarks of Texas Instruments
Incorporated. ARM and Thumb are registered trademarks and Cortex is a trademark of ARM Limited. Other names and brands may be claimed as the
property of others.

PRODUCTION DATA information is current as of publication date. Products conform to specifications per the terms of Texas Instruments standard
warranty. Production processing does not necessarily include testing of all parameters.

A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas Instruments semiconductor
products and disclaimers thereto appears at the end of this data sheet.

Texas Instruments Incorporated -

108 Wild Basin, Suite 350 13 TEXAS
Austin, TX 78746 INSTRUMENTS LU

http://www.ti.com/stellaris
http://www-k.ext.ti.com/sc/technical-support/product-information-centers.htm

Cortex

Intelligent Processors by ARM"

M POWERED

2 July 24, 2012
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

Table of Contents

ReVISION HISLOIrY ... s e s e e s s s s e e e e e s mm s s s s e e e e e e e mmm s s s s s s s e e nennnmmnsnssssnsennnnn 23
About ThisS DOCUMENL ..ot n e e an e e nsnnns 29
LU Lo [ 1T o o7 PP P PP PPPPPTTR 29
ADOUL THIS MANUAN .....cooie ettt e et e et e e et e e e 29
Related DOCUMENTS ... .ottt ettt et e ettt e et e e et e e e aa e eea e eetn e eeanaaeannnas 29
[DToTe10] 0 g =T 0] e=14lo] g T @] 0 1Y7=T o 11 ] o 1 30
1 Architectural OVErVIEW ..........ccccceiiiiiimiiiere s s 32
1.1 Product FEAUIES ... et e 32
1.2 Target APPlICAtiONS ... e 39
1.3 High-Level BIOCK DiIiagram .........couuuiiiiiii ittt e et e e e e e 40
1.4 FUNCHONAI OVEIVIEW ....oeiiiii ettt e e e e e e e e e e e e e e e eanaaees 42
141 ARM CorteX™-M3 ...ttt e et et e 42
1.4.2 Motor Control Peripherals ...........coouiiiiiiiiiii e 43
1.4.3  Analog Peripherals ... ... e 43
1.4.4 Serial Communications Peripherals ............cooouiiiiiiiii e 44
1.4.5  System Peripherals .... oo e 45
1.4.6  Memory PeriPREralS ......ooouuiiii et 46
1.4.7  AdItioNal FEAUMES ...t 47
1.4.8  Hardware DetailS ..........oooiiiiiiiii e 47
2 The CorteXx-M3 ProCeSSOr ......ccuuviiiiiieiiereerrssrsessesssessss s s s s s s sssssssssssssssssssssssssssssssssnsnns 48
21 = (oTe [q D IT=To ] =1 1 o HR PP 49
22 OVEBIVIBW .ttt e ettt e e e e ettt e bbb e e e e e et e e e et 50
221  System-Level INTEIrfACE ........ooiiiiiiiie e 50
2.2.2 Integrated Configurable DebUQ ..........oooiiiiiii e 50
2.2.3 Trace Port Interface Unit (TPIU) .....ooonii e 51
224 Cortex-M3 System Component Details ............coouiiiiiiiiiiiii e 51
23 Programming MOGEI .........coouiiii e 52
2.3.1  Processor Mode and Privilege Levels for Software Execution .............cc..ccceeeviiiiiiiieeinnnen. 52
B | - To1 G 52
2.3.3  REGISIEI MAP ..t e 53
2.3.4  Register DESCIPONS .......iiiiiii i et 54
2.3.5 Exceptions and INTEITUPES ......coooeiiiiii e e 67
P N R B - = T Y o - PSPPI 67
24 =Y 0 o] oV 1Y (o Yo 1= S 67
241 Memory Regions, Types and Attributes ...... ... 69
2.4.2 Memory System Ordering of MemOory ACCESSES .....couuiiiuiiiiii e 69
2.4.3 Behavior of MEmOry ACCESSES .....cciiuuuiiiiiiii ettt aa e e eaaans 69
2.4.4 Software Ordering of MemOry ACCESSES ......iiiuuuniiiiiiiie e 70
S T = 11 2 = =g T [ Vo T PP 71
A T B T = TS o] = o [ PP 73
2.4.7  Synchronization PrimitiVES ..........cooiiiiiiiiiiii e eaaens 74
25 EXCEPLION MOGEI . .coeeeeee e 75
251 EXCEPON StaleS ..ooiiiiiii e 76
P A = (o= o) (0] g T Y/ o= PP 76
2.5.3  EXCeplion HANAIErS ...... oo 79
July 24, 2012 3

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Table of Contents

254
255
256
2.5.7
2.6

2.6.1
2.6.2
2.6.3
2.6.4
2.7

2.71
2.7.2
2.8

3.1
3.1.1
3.1.2
3.1.3
3.14
3.2
3.3
3.4
3.5
3.6

41
4.2
4.3
4.31
432
433
434
44
4.5
4.51
452

5.1
5.2
5.2.1
5.2.2
5.2.3
5.2.4
5.2.5
5.3
5.4
5.5

RV =T (o =1 o] = PP 79
o or=Y oY i o] g I w10 1= PSPPI 80
Interrupt Priority GrOUPING .....c..u it e s 81
Exception Entry and RetUIN ... 81
= 10|l =T T |1 T P 83
= 10 L 1Y/ 0T 84
Fault Escalation and Hard FauUltS ... 84
Fault Status Registers and Fault Address Registers ...........covviiiiiiiiiiiiiic e 85
I Yo ;B o 85
Power Management ...... .o 85
ENtering SIEEP MOUES .....viiiiiii et 86
Wake Up from SIEEP MOAE ......cvuiiiiiiie e 86
INSErUCHION SEt SUMMAIY ...cioiiiiii e e et 87
Cortex-M3 Peripherals ...t 20
Functional DeSCrIPLiON .......ccuiiiii e 90
System TIMEr (SYSTICK) ...iiiiiiiieeeiii e e et eeean s 90
Nested Vectored Interrupt Controller (NVIC) ... 91
System Control BIOCK (SCB) .....ceuiiiiiieee e 93
Memory Protection Unit (MPU) ... e e e e e e 93
=T ] (=1 Y- T o R UPPUSN 98
System Timer (SysTick) Register Descriptions ...........c.oiiiiiiiiiiiiiiii e 100
NVIC Register DESCIIPHONS .....cciiiiiiieiiiiie e e e e 104
System Control Block (SCB) Register Descriptions ..........cc.ooiiiiiiiiiiiiii e 117
Memory Protection Unit (MPU) Register Descriptions ..........cccooviiiiiiiiiiiiiiiiee e 144
B 7N T 1 3 0= g i e < 154
=] oTe3 QI T=To =1 o AP 155
SIGNAI DESCIIPLION ...t 155
Functional DeSCIIPHION ........iiiiii e e et e e e 156
JTAG INTEIfAaCE PINS ...t a e 156
JTAG TAP CONIIOIIET «.ceeieei e e e e et e e e es 157
Shift REGISIEIS ...t e e e e e 158
Operational Considerations .............ooiiiiiiii e 158
Initialization and Configuration ............ ..o 161
Register DESCIIPHONS ... it 161
Instruction Register (IR) ......oiieiii e e eaa 161
D= o= =T o 15 (= PP 164
System Control ... ————— 166
ST 1o [ T= 1 D T=TTor o) 1 o] o P 166
Functional DeSCHPON ......ieeii e e e e e e aaas 166
Device 1dentifiCcation ...........coooiiiiiiiii e e 166
RESEE CONMIOl ... e e 166
011 G 0 o] o1 o ) S 170
L@ o T3 /Q 70 o1 o NN 171
SYSIEM CONIIOL ... ettt e s 177
Initialization and Configuration ...............cii i 178
ReGISTEr M ... e 178
Register DeSCHPIONS .. ... it 180

July 24, 2012
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

6 Hibernation Module ......... . e 233
6.1 BIOCK DIGQIram ...t 234
6.2 SIGNAI DESCIIPLION ...t 234
6.3 Functional DeSCIIPHION ........iiiiii e e et eeaas 235
6.3.1  Register ACCESS TiMING ...evuniiiiieiie e e e e e e e e e e et e e e e eanas 235
B.3.2  CIOCK SOUICE ...ttt ettt ettt e e e e et e et e e e e eeeenaes 235
6.3.3 Battery Management .. ... e 236
6.3.4  ReAIFTIME CIOCK ..t et e e e e e e e e eeas 237
6.3.5 Battery-Backed MEMOTY ........ccoiiiiiiiiiiii et e e 237
LR T G T 1.1 = T 0] o 1o 237
6.3.7 Initiating HIDernate ..........ooiiiii e 238
6.3.8 Interrupts and StAtUS ...........coiiiiiiiii e 238
6.4 Initialization and Configuration ..............ooouiiiiiiii e 238
B.4.1  INIIAliZatioN ... e e e e 239
6.4.2 RTC Match Functionality (No Hibernation) ..o, 239
6.4.3 RTC Match/Wake-Up from Hibernation ... 239
6.4.4 External Wake-Up from Hibernation ..., 240
6.4.5 RTC/External Wake-Up from Hibernation ..............c.ccooiiiiiiiiiii e 240
6.5 CT o153 (=Y 1 =T o P 240
6.6 Register DESCIIPHONS ... .ciiitiieieie e 241
7 INternal MEMOTIY ...t s e s s s s e e s e s n s s s s e e e e e nmmman s nnnsennns 254
71 =] oTe3 1q I I T=To =1 o PP 254
7.2 Functional DeSCHPLON ......ouuii e et eaaas 254
721 SRAM MEMOIY ..ottt e ettt e et e e e et eeeeaa s 254
T7.2.2  FIaSh MEMOTY ...ttt e e et e e e e e e e e enaans 255
7.3 Flash Memory Initialization and Configuration ..............cccoiiiiiiiiii e, 256
7.3.1  Flash Programming ......oouiiiiii ettt e e e e e e e e e e e e 256
7.3.2 Nonvolatile Register Programming ..........c..ooooiiiiioii e 257
7.4 T o153 (=1 a1 =T o 258
7.5 Flash Register Descriptions (Flash Control Offset) ... 259
7.6 Flash Register Descriptions (System Control Offset) ..........ccooiiiiiiiiii 267
8 General-Purpose Input/Outputs (GPIOS) .......ccccciiiiiiiiimmmmnnsssnr e 280
8.1 SIGNAI DESCIIPLION ...t e 280
8.2 Functional DESCIIPHION ........iiiiii ettt e e eeaas 284
8.2.1  Data CONtrOl ..ot 285
I 1 (=14 U] o) G O7o) ) o P 286
S 02 T Y oo LT 7] o 1 o) S 286
8.2.4  Commit CONMIOL ...t et e e e et ea e e 286
S I T - To I 0 o o ¥ ) 287
8.2.6  1dentifiCation .......coouiiiii i e 287
8.3 Initialization and Configuration ..............oooiiiiiiii e 287
84 LT 1] (=T g 1 = o 288
8.5 Register DeSCIPLIONS .. ... e 290
9 General-Purpose TIMErsS ........cccccccciiriiiiiiinsssssssssssssssssssssssssssssssssssssssssssssnsssnsnnnnnns 325
9.1 =] o Yo S D= To | - 1 o 4 1 326
9.2 ST (o =TI D=t Tod ] o o o PP 327
9.3 Functional DeSCHPON ... ..cuii e 327
9.3.1  GPTM Reset CONAItIONS .. ..uniiiiieii e een s 327
July 24, 2012 5

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Table of Contents

9.3.2
9.3.3
9.4

9.4.1
9.4.2
9.4.3
9.4.4
9.45
9.4.6
9.5

9.6

10

10.1
10.2
10.3
10.4
10.5

1"
1.1
11.2
11.3
11.3.1
11.3.2
11.3.3
11.3.4
11.3.5
11.3.6
11.3.7
1.4
11.4.1
11.4.2
11.5
11.6

12
121
12.2
12.3
12.3.1
12.3.2
12.3.3
12.34
12.35
12.3.6
12.3.7
12.3.8
12.4
12.5
12.6

32-Bit Timer Operating MOGES ..........uuiiiiiiiii i eeeaans 327
16-Bit Timer Operating MOAES ..........oiiiiiiiiiii e 329
Initialization and Configuration ............ ..o 332
32-Bit One-Shot/Periodic TIMer MOAE .........oooiiiiiiiiiii e 333
32-Bit Real-Time Clock (RTC) MOAE .....cceuuieiiiiiii e e e e e 333
16-Bit One-Shot/Periodic TIMer MO ...........cooiiiiiiiiiiii e 333
16-Bit Input Edge Count MOGE ......coouuiiiiiiii e e e e e 334
16-Bit Input Edge Timing MOAE .........uiiiiiiiiei e 334
16-Bit PWM MOGE ...t e e e e et e e e e e e eeeaea e e e e eeaeaees 335
REGISIEI IMAP ..t et 335
Yo 15 (= gl D T=ETod ] ) o o 1P 336
WatChdog TIimMEer .......cceiiiiiiiiiirr s 361
=] loTet QI 1= Te | =T o PSP 362
Functional DESCHPLON .....cceiiii e e e e e e e 362
Initialization and Configuration ...............ooiiiii i 363
=T o153 (=Y 1Y =T o PR 363
Register DESCIIPHONS ... .ciiitiieieii e 364
Analog-to-Digital Converter (ADC) ........ccccoieiirriirrinnnnnnnnnnnnnnnnnnnenneenneennne e 385
=] (oTe3 [q I T=To =1 o PP 385
SIGNAI DESCIIPLION ...ttt e e 386
Functional DeSCHPON ... ..ceii e 387
SAMPIE SEQUENCEIS ....eniiiiiiiie ettt e et e e et e et eeeeaaaes 387
MOAUIE CONEION ... et e e e s 387
Hardware Sample Averaging CirCUit ............ooooiuiiiiiiiiiie e 388
ANalog-to-Digital CONVEMET .........i i e e e eanas 388
Differential SamPIiNG .......coouiiiiii e 389
L5 A7 o o = 391
Internal TEMPErature SENSOT .........uui i 391
Initialization and Configuration ..............coii i 392
Module INIGIAIZALION .........iiii e 392
Sample Sequencer Configuration .............c..iiiiiiiiii i 392
REGISIEI IMAP ..t et 393
Register DESCIIPHONS ... it 394
Universal Asynchronous Receivers/Transmitters (UARTS) .....ccccccoiiniiinnnnnnnen 421
=] oTe3 QI F=To -1 o AP 422
SIGNAI DESCIIPLION ...t 422
Functional DESCIIPHION ........iiiiii e et et e e eeaas 423
TransSmMIt/RECEIVE LOGIC .....iiiiiiiii et e e e e e e e e een 423
Baud-Rate Generation ............coooiiiiiiiiiiii e 423
Data TranSMISSION ......ieuieii e ettt e e e e et e e et e e e eans 424
Seral IR (SIR) ..ttt e ettt e e e e et aeaaeaeee 424
L@ @ o= = i o o 425
10 (=T (U o] €PN 426
[WoToTo] o= o1 Q@] o =1 = 1 1[0 [P 427
IFDA SIR DIOCK ..ttt et et e e e eeeen 427
Initialization and Configuration ..............oooiiiiiiii e 427
=T o153 (=1 1 =T o 428
Register DESCIIPHONS ... it 429

July 24, 2012
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

13 Synchronous Serial Interface (SSI) ... 463
13.1 BIOCK DIAQIram ... i 463
13.2  SiIgNal DESCIIPLION ....uieiiii ettt e et e e e e eaaans 464
13.3  Functional DeSCIIPLION .......coeuiiiieii e 464
13.3.1 Bit RAte GENEIratioN ........coiiiiiiiiiiii e 464
13.3.2 FIFO OPEIatiON ....couniiiiiiiiee e et e e e e e e e e e e e e eaaeans 465
(G TG TR [ 01 (=Y U o) TP 465
13.3.4 Frame FOrmMats ... et e e e eanas 465
13.4  Initialization and Configuration .......... ... 473
13.5  ReGISIEr IMAD ..o e 474
13.6 Register DESCHPONS .....uiiiiiiii e e 475
14 Inter-Integrated Circuit (I2C) INterface ...........ccoeveeereeereeseeseseeseesesesssssssesseees 501
141 =] oYt QI 1= Te | =T o PSP 502
14.2  SigNal DESCIIPLION ....uiiiiiie ettt e e e e e e e e e e era e e e eannns 502
14.3  Functional DesCriPtioN ......ccuiiiii et 502
14.3.1 12C BUS FUNCHONAl OVEIVIEW ..........coeiiiieee et 503
14.3.2 Available Speed MOUES .......couuiiiiiiiii e 505
(R TR [ o1 (=Y o (U o) T 506
14.3.4 Loopback OPeration ..o e ea e 506
14.3.5 Command Sequence FIOW Charts ..o e 506
14.4  Initialization and Configuration ... 514
T = To 15 (=Y g 1Y =T o 515
14.6  Register Descriptions (I2C MASLEI) ..........couioeeieeee oo, 516
14.7  Register DesCriptions (12C SIAVE) ........coeeoe oo, 529
15 Controller Area Network (CAN) Module .........ccocmiiiiiiniinnieerrr s 538
15.1 =] oTet QD I F=Te | =1 o PSPPSR 539
15.2  SigNal DESCIIPLION ....uiiie ettt e e e e e eaaans 539
15.3  Functional DESCIIPLION ......ccieuiiieeiiii e e e aaa s 540
15.3.1 INIAIZALION ... e 541
15.3.2 OPEIAtION ...ouiiiiiiiii ettt e e et e e e e e 541
15.3.3 Transmitting Message ODJECES .........iiviiiiiiiiiiii e e e 542
15.3.4 Configuring a Transmit Message ODJECt ... 542
15.3.5 Updating a Transmit Message ODbjJect .............oi i 544
15.3.6 Accepting Received Message ODJECtS ........c..oviiiiiiiiiiiiii e 544
15.3.7 Receiving @a Data Frame ...........cooiiiiiiiiiii e 544
15.3.8 Receiving a Remote Frame ... 545
15.3.9 Receive/Transmit PriOritY ........ccooviiiiiiiiie e e e e e e e e e 545
15.3.10 Configuring a Receive Message ODJECt ..........ui i 545
15.3.11 Handling of Received Message ObJECtS ..........cooiuuiiiiiiiiiii e 546
15.3.12 Handling Of INTEITUPES .....nniiei e 549
15.3 A3 TESEIMOE ...ttt e e 549
15.3.14 Bit Timing Configuration Error Considerations ...............cccooiiiiiieiiiiciiii e, 551
15.3.15 Bit Time and Bit Rt .......ccoiiiiiiiiiii et e e eeeees 551
15.3.16 Calculating the Bit Timing Parameters ... 553
154 ReGISIEr IMAD ..o e 556
15.5  CAN Register DesCriPtiONS ........ccoiiiiiiiiiiii e 558
July 24, 2012 7

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Table of Contents

16 Analog CompParators .........ccccciiiiiinemrr s ———————— 584
16.1 BIOCK DIAQIram ... i 585
16.2  SigNal DESCIIPLION .....iieii ettt e et e e e eeaans 585
16.3  Functional DeSCIIPLION .......coeuiiiiii e 586
16.3.1 Internal Reference Programming ...........oooiuiiiiiiiii e e e e 586
16.4 Initialization and Configuration ...............ooiiiii i 587
T16.5  ReGISIEr Map ... e 588
16.6  Register DESCIIPLIONS ....ccuvuiiiiiiiiei et 588
17 e T T T Ve | - 1o 1 S 596
18 Signal TabIes ... e e e e eanne 597
18.1 Signals by Pin NUMDET ..o e e 597
18.2  Signals by Signal Name ........ccooiiiiiii e 601
18.3  Signals by Function, Except for GPIO ...........ioiiiiiiiii e 605
18.4  GPIO Pins and Alternate FUNCHIONS .........oooiiiiiiii e 608
18.5  Connections for Unused SigNalS ..........ooiiiiiiiiiiiiie e 609
19 Operating CharacteristiCs .........ccooiiiiiimii s 611
20 Electrical CharacteristiCs ..........cccoiiiiiiiiiiiirr s 612
201 DT O O o F= T =T (= 4 [ 612
20.1.1 Maximum RatiNgS .......uiiiiiii i e 612
20.1.2 Recommended DC Operating Conditions ..........ccouuiiiiiiiiiiiiii e 612
20.1.3 On-Chip Low Drop-Out (LDO) Regulator Characteristics ...........cccoeeviiiiiiiiieiiieeiiieeieeeeen, 613
20.1.4 GPIO Module CharacteriStiCs ...........uuuuuiiiiieiiiiiiiiiie et 613
20.1.5 Power SPeCIfiCatiONS ........couuiiiiiiiii i 613
20.1.6 Flash Memory CharacCteriStiCS .........oeuuiiiiiiii e 615
24 B A o {10 T= T 5 0 =1 oo 615
P I A O O g T = Lo (= 4 1] 1 o7 615
P24 157200t B o - Lo [ @0 Lo 11T 1= 615
20.2.2  CIOCKS .ttt ettt ettt ettt e e e e 616
20.2.3 JTAG and Boundary SCan ........cccouiiiiiiiiii e 617
20.2.4  RESEE it e e e e eenaaaaas 619
P2 I TS 1= =Y o T /T Yo [N 620
20.2.6 Hibernation MOAUIE .........iiiiiiie e 620
20.2.7 General-Purpose /O (GPIO) ... 621
20.2.8 Analog-to-Digital CONVEIET ........coouiiiiie e e s 622
20.2.9 Synchronous Serial INterface (SSI) ......cuuuiiiiiiii e 623
20.2.10 Inter-Integrated Circuit (I2C) INtErFACE .........ceeiueiee e 624
20.2.11 ANAIOG COMPAIALOT ...uiiiiiiiie et e et e e e et e e e et e e e e eatn s e eeeatn s eeeentnaeeeees 625
A Serial Flash Loader ... 626
A1 Serial FIash LOAEN ........uuueiiiiiiii e 626
A2 101 (=T = Lo =T 626
N I U Y OO TURPPPRRRRRI 626
1. | S 626
A3 Packet Handling ..... ..o 627
A3 Packet FOrMAL .....ooeei e 627
A.3.2  Sending PacKets .......coouiiiiiiiiii s 627
A.3.3 ReCeivINg PacCKets ... 627
A4 (@7 0] 1 910 4 =T Lo - PP 628

July 24, 2012
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

A41  COMMAND_PING (0X20) ..oeeeeitnnuieeeiieeiiitiaa e e ettt e e e e et eebab e e e e e e eeebnba e e e aeaeeeees 628
A4.2 COMMAND_GET_STATUS (OX23) .eeuuuieieeeieeiiniuiaeaaeeeeeeeeiia e e e e e e eeeeeatinaa e e e e aeeeeeenna e eas 628
A43 COMMAND_DOWNLOAD (OX21) -.ieeeeieeeeiiiiaa e e eeeeeeeiiaa e e e e e e eeeeanea s e e e eeeeeennennaeeaaaeeeee 628
A44 COMMAND_SEND _DATA (0X24) ...uuiiiieeieeeeieee et e e e e ee e 629
A4S COMMAND_RUN (OX22) .oeeiiiiieiiieiiiiii ettt e e e e e e e e s 629
A4.6  COMMAND_RESET (OX25) ...uiiiieiiiiiiiiiiieie ettt e e e eeeaaaaas 629
B Register QUIiCk RefErencCe ..........cccvvicieriincseeeircrr e 631
Cc Ordering and Contact Information ..........cccceiiiiiiicc e 652
CA1 Ordering INfOrmMation ... e e 652
C.2 T 1Y =T (] Vo 652
C.3 [0 TP P PP TUPPTPTR 653
C4 Support INFOrMatioN .........ccoouniii e 653
D o= Ted [€=To T30 L] ] o 3.0 F= 1 £ o) o U 654
DA 100-Pin LQFP PACKAGE .....uuiiiiiiiiieiiiiie ettt e ettt e e e et eeeeaa e e eeeees 654
D.1.1  Package DIMENSIONS .......iiiiiiiiiiiii ettt et et et e e e e et e e ean e eennns 654
[ 2R 2 I = | VA B I 1= 1] o SR 656
D.1.3 Tape and Reel DIMENSIONS ......ccuiiiiii e e e eens 656
July 24, 2012 9

Texas Instruments-Production Data



Table of Contents

OBSOLETE: Tl has discontinued production of this device.

List of Figures

Figure 1-1.
Figure 2-1.
Figure 2-2.
Figure 2-3.
Figure 2-4.
Figure 2-5.
Figure 2-6.
Figure 2-7.
Figure 3-1.
Figure 4-1.
Figure 4-2.
Figure 4-3.
Figure 4-4.
Figure 4-5.
Figure 5-1.
Figure 5-2.
Figure 5-3.
Figure 5-4.
Figure 5-5.
Figure 6-1.
Figure 6-2.
Figure 6-3.
Figure 7-1.
Figure 8-1.
Figure 8-2.
Figure 8-3.
Figure 9-1.
Figure 9-2.
Figure 9-3.
Figure 9-4.

Figure 10-1.
Figure 11-1.
Figure 11-2.
Figure 11-3.
Figure 11-4.
Figure 11-5.
Figure 12-1.
Figure 12-2.
Figure 12-3.
Figure 13-1.
Figure 13-2.
Figure 13-3.
Figure 13-4.
Figure 13-5.
Figure 13-6.
Figure 13-7.

Stellaris LM3S2919 Microcontroller High-Level Block Diagram .............c..ccoeeevvnneeee. 41
CPU BIOCK DIagram ..........oiiiiiiiii et e e e e e e 50
TPIU BIOCK DIagram ... .c.ueieiiiiieeie ettt e e e e e e e e eaa e ees 51
Cortex-M3 RegiSter St ........uiiiiiii 53
Bit-Band Mapping .....ooeuiiiiie e 73
D= = ] (] =T [ SRR 74
VECHON TADIE ..ot e e 80
Exception Stack Frame ..........o.oiiiiiiii e, 82
SRD USE EXAMPIE ... 96
JTAG Module BIOCK DIagram ........c...uiiieiiiieieiiiee et 155
Test Access Port State Machine ... 158
IDCODE Register FOrmat ........coouuiiiiiiiie e 164
BYPASS Register FOrmat ..........oooiiiii e 164
Boundary Scan Register Format ............coooiiiiiiiiii e 165
Basic RST Configuration ..............cccouviiiiiiieee e 168
External Circuitry to Extend Power-On Reset ... 169
Reset Circuit Controlled by SWItch ..o, 169
Power ArChitECIUIE .......ue i e e e 171
MaIN ClOCK TrEE ...iiiiiii ettt e e 174
Hibernation Module Block Diagram ...........cccoiiiiiiiiiii e 234
Clock Source Using Crystal .........ooeiiiiiiiiiii e 236
Clock Source Using Dedicated OSGillator ............oooeeviiiiiiiiiiiiiice e 236
Flash BIOCK DIagram .......cooouuiiiiiiiieie e 254
GPIO Port BIOCK Diagram ...........eeeeiiiieiiiii ettt 284
GPIODATA Write EXAmMPIE ..ovuiiiiiiiiiii e e e e 285
GPIODATA Read EXamPIE ......couiiiiiiii e 285
GPTM Module BIOCK Diagram ...........couuiieiiiiiieiiiiiee et e e e e 326
16-Bit Input Edge Count Mode Example ... 330
16-Bit Input Edge Time Mode Example .........oooouiiiiiiiii e, 331
16-Bit PWM Mode EXaMPIE .....cooouiiiiiiii e 332
WDT Module BIOCK Diagram ..........oceuuiiiiiiiiiiiee e e e e e e e e e 362
ADC Module BIock Diagram ..........cocuiiiiiiiiiiiie e 386
Differential Sampling Range, Vi opp = 15V oo 390
Differential Sampling Range, VlN_ODD =075V o, 390
Differential Sampling Range, V|N_ODD =225V o 391
Internal Temperature Sensor CRAIACLETISHC ...vvveveeeeeeeeee et 392
UART Module BIOCK Diagram ........co.uoiuiiiieiie et e e e e e e 422
UART Character Frame ..........coiiiiiiiiiiii e 423
IrDA Data Modulation ... 425
SSI Module BIOCK DIagram ........ooeeiuiiiiiiiiee et 463
T1 Synchronous Serial Frame Format (Single Transfer) ........ccccooiiiiiiiiiinnn. 466
T1 Synchronous Serial Frame Format (Continuous Transfer) .........cccccooeviiiiinennnn. 467
Freescale SPI Format (Single Transfer) with SPO=0 and SPH=0 .......................... 467
Freescale SPI Format (Continuous Transfer) with SPO=0 and SPH=0 .................. 468
Freescale SPI Frame Format with SPO=0 and SPH=1 .............ocoiiiiiiiiiiiieeee, 469
Freescale SPI Frame Format (Single Transfer) with SPO=1 and SPH=0 ............... 469

10

July 24, 2012
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

Figure 13-8. Freescale SPI Frame Format (Continuous Transfer) with SPO=1 and SPH=0 ........ 470
Figure 13-9. Freescale SPI Frame Format with SPO=1 and SPH=1 ..........cccc.oiiiiiiin, 471
Figure 13-10. MICROWIRE Frame Format (Single Frame) ...........ccoooiiiiiiiiiiiieeeeee, 471
Figure 13-11. MICROWIRE Frame Format (Continuous Transfer) ..........ccccoooviiiiiiiiiiiiiiinneees 472
Figure 13-12. MICROWIRE Frame Format, SSIFss Input Setup and Hold Requirements ............ 473
Figure 14-1.  12C BIOCK DIBGIAM .....euveeeeeee oottt e, 502
Figure 14-2.  12C BUS CONFIGUIAtION .......eoueeeeeeee et 503
Figure 14-3. START and STOP ConditioNs ...........iiiiiiiiiiiiiii e 503
Figure 14-4. Complete Data Transfer with a 7-Bit Address ..........coovviiiiiiiiiiii e 504
Figure 14-5. R/S Bitin First Byte .....ccovuiiiiiii e 504
Figure 14-6. Data Validity During Bit Transfer on the IPC BUS ...........ccccoueiieeeieeeieeee e 504
Figure 14-7. Master Single SEND .........iiiiiiiiiiii et e e e e e e eat e eeens 508
Figure 14-8. Master Single RECEIVE ..........oiiiiiiiiii e 509
Figure 14-9.  Master Burst SEND ..o e 510
Figure 14-10. Master Burst RECEIVE ...... ..o e 511
Figure 14-11. Master Burst RECEIVE after Burst SEND ...........coooiiiiiiiiii e, 512
Figure 14-12. Master Burst SEND after Burst RECEIVE ..........ccouiiiiiiiiiiie e 513
Figure 14-13. Slave Command SEQUENCE .........ccoeuuuiiiiiiiieeeiiiie e et e et e e et e e e et eeeeaa e eaeens 514
Figure 15-1. CAN Controller BIOCK Diagram ............ccuuuiieiiiiiieiiiiii e e e e e e e e e e eananns 539
Figure 15-2. CAN Data/Remote Frame ... 540
Figure 15-3. Message Objects in @ FIFO Buffer ... 548
Figure 15-4.  CAN Bit Time ..ooeuiiiiiii e e e e e 552
Figure 16-1. Analog Comparator Module Block Diagram .............ccooviiiiiiiiiiiiiiiiccie e 585
Figure 16-2. Structure of Comparator UNit .............cooiiiiiiiiiiiii e e 586
Figure 16-3. Comparator Internal Reference Structure ..............c.ocoiiiiiiiiiiiiii e 587
Figure 17-1.  100-Pin LQFP Package Pin Diagram ............ccoouiiiiiiiiiiiiiiiecii e 596
Figure 20-1.  Load CONAItIONS ......cooiuiiiiiiii ettt e et 615
Figure 20-2. JTAG Test Clock INput TimMiNg .....ccoeuuiiiiiiie e 618
Figure 20-3. JTAG Test Access Port (TAP) TiIMING ......oiiuiiiiieie e 618
Figure 20-4. JTAG TRST TiMING ..uuiiiiiiiiieiiiii e e e et e e et s eeeeat s e e e eatn e eeeetnaeeeeees 618
Figure 20-5. External Reset Timing (RST) ...uuviiiiiiiiie e 619
Figure 20-6. Power-On Reset TiMING .......ooooiiiiiiiii e 619
Figure 20-7. Brown-Out Reset TimMiNg .......ccoouuiiiiiiiii e 620
Figure 20-8. Software Reset TiMINg ........ccoouiiiiiiiii e e 620
Figure 20-9. Watchdog Reset TimMiNg .....c.oiiniiiiiiii e e en e ees 620
Figure 20-10. Hibernation Module Timing ..........oooeuiiiiiii e 621
Figure 20-11. ADC Input Equivalency Diagram ..............oieeiiiiiiieiiiiiie e e e eeeens 622
Figure 20-12. SSI Timing for Tl Frame Format (FRF=01), Single Transfer Timing
MEASUIEIMENT ...ttt e e 623
Figure 20-13. SSI Timing for MICROWIRE Frame Format (FRF=10), Single Transfer ................. 624
Figure 20-14. SSI Timing for SPI Frame Format (FRF=00), with SPH=1 ............cccccoiiiiiiiinn. 624
FIGUIE 20-15. 12C THMING ..ottt ettt e, 625
Figure D-1.  Stellaris LM3S2919 100-Pin LQFP Package DIimensions ............cccccveeeeiieeevieennnnns 654
Figure D-2.  100-Pin LQFP Tray DIMENSIONS .......iiiiiiiiieiiiiie e et e e e e eeaenns 656
Figure D-3.  100-Pin LQFP Tape and Reel DIMEeNSIONS ..........coooiiiiiiiiiiiiiieieeeeeeeiiiien e 657
July 24, 2012 11

Texas Instruments-Production Data



Table of Contents

OBSOLETE: Tl has discontinued production of this device.

List of Tables

Table 1.

Table 2.

Table 2-1.
Table 2-2.
Table 2-3.
Table 2-4.
Table 2-5.
Table 2-6.
Table 2-7.
Table 2-8.
Table 2-9.

Table 2-10.
Table 2-11.
Table 2-12.
Table 2-13.

Table 3-1.
Table 3-2.
Table 3-3.
Table 3-4.
Table 3-5.
Table 3-6.
Table 3-7.
Table 3-8.
Table 3-9.
Table 4-1.
Table 4-2.
Table 4-3.
Table 5-1.
Table 5-2.
Table 5-3.
Table 5-4.
Table 5-5.
Table 5-6.
Table 5-7.
Table 6-1.
Table 6-2.
Table 7-1.
Table 7-2.
Table 7-3.
Table 8-1.
Table 8-2.
Table 8-3.
Table 8-4.
Table 8-5.
Table 8-6.
Table 9-1.

REVISION HISTOIY ... e e e e eas 23
Documentation CONVENLIONS .........ooiiiiiiiiiiieie e 30
Summary of Processor Mode, Privilege Level, and Stack Use ............cccccoeeveiiiens 53
Processor Register Map ..o 54
PSR Register Combinations .............iiiiiiiiiiiii e 59
Y=Y 0 L] Y 1Y =T o SRR 67
Memory ACCESS BENAVION ........iieiiiii e 69
SRAM Memory Bit-Banding REgQIONS ...........cociviiiiiiiiiiie e 71
Peripheral Memory Bit-Banding RegiONS .........cc.oiiiiiiiiiiiii e 72
o=t o) (o] TN Y o= U 77
L] (=T 1 € 78
Exception Return Behavior ........ ... 83
FAUIES e s 84
Fault Status and Fault Address Registers ..........cccoouviiiiiiiiiiiiiii e, 85
Cortex-M3 INStruction SUMMAIY ........coiiiiiiiiii e e 87
Core Peripheral Register REgIONS ..........iiiiiiiiiiiiiiicci e 90
Memory AtibULES SUMIMANY .......ooiiiiii e 93
TEX, S, C, and B Bit Field ENCOdING ..........oiviiiiiii e 96
Cache Policy for Memory Attribute ENcoding ..........cccocviiiiiiiiiiiiiii e 97
AP Bit Field ENCOAING ....ovniiiiiie et ea e 97
Memory Region Attributes for Stellaris Microcontrollers ...........cc..ccoviiiiviiiinieeiinnnnnn. 97
Peripherals Register Map ... 98
Interrupt Priority LEVEIS ... 123
Example SIZE Field ValUs ............ oo 151
JTAG_SWD_SWO Signals (100LQFP) .....uuiiiieiiiieiiiese e 155
JTAG Port Pins Reset State ...........iiiiiiiiiiiiii e 156
JTAG Instruction Register Commands .............coviiiiiiiiiiiiiiiieee e 162
System Control & Clocks Signals (100LQFP) ..., 166
RESEE SOUMCES ... e 167
Clock SOUICE OPLIONS ... 172
Possible System Clock Frequencies Using the SYSDIV Field .............cccooeieennniil 175
Examples of Possible System Clock Frequencies Using the SYSDIV2 Field .......... 175
System Control REGISIEr Map .....oiiiiiiiiiiii e 179
RCC2 Fields that Override RCC fields .........cocuiiiiiiii e 194
Hibernate Signals (T00LQFP) ....couuiiiii e 234
Hibernation Module Register Map ...........oooiiiiiiiiii e 240
Flash Protection Policy Combinations ............c.coviiiiiiiiiiin e, 255
User-Programmable Flash Memory Resident Registers ..........cccccoveiiviiiiiiininns 258
Flash Register Map ......c.u i 258
GPIO Pins With Non-Zero Reset Values ... 281
GPIO Pins and Alternate Functions (100LQFP) .......ccooviiiiiiiiii e 281
GPIO Signals (T00LQIFP) ....uiieiiiiie e 282
GPIO Pad Configuration EXamples ...........coeeuiiiiiiiiiiic e 287
GPIO Interrupt Configuration Example .............ccoieiiiiiiiiii e 288
(€T (@ I =Y 1) (= /= T o R 289
Available CCP PiNS ... e 326

12

July 24, 2012
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

Table 9-2. General-Purpose Timers Signals (100LQFP) ........cooiiiiiiiiiiieeiieiii e 327
Table 9-3. 16-Bit Timer With Prescaler Configurations ............cccooviiiiiiiiiiiiii e 329
Table 9-4. Timers Register Map ...... e 336
Table 10-1.  Watchdog Timer Register Map ...........ov oo 363
Table 11-1.  ADC Signals (TOOLQFP) ...couuiiiiii e 386
Table 11-2.  Samples and FIFO Depth of SEQUENCENS .........cvuiiiiiiiiiiiiiiece e, 387
Table 11-3.  Differential SAmMPpPliNG Pairs ............oiiiiiiiiiiei e 389
Table 11-4.  ADC RegiSter MAD .....uiiiiiii et 393
Table 12-1.  UART Signals (T00LQFP) ......iiiiiiieiiie it e e 422
Table 12-2.  UART ReGISIEr Map .....coiiiiiiiiii e 428
Table 13-1.  SSI Signals (TOOLQFP) .. .ceuiiiiiii e 464
Table 13-2.  SSI ReGISIEr MAP ...ovuiiii i e e 474
Table 14-1.  12C Signals (T00LQFP) ....coouiiiiieii e 502
Table 14-2.  Examples of 1°C Master Timer Period versus Speed Mode .............c.ccceovveeveennns 505
Table 14-3.  Inter-Integrated Circuit (I°C) Interface Register Map ...........cc.coceevveeeieeeieeceeennennn 515
Table 14-4.  Write Field Decoding for I2CMCS[3:0] Field (Sheet 1 0of 3) .......ccoveviiiiiiiiiiiiiieeeen, 520
Table 15-1.  Controller Area Network Signals (100LQFP) .......cooiiiiiiiiiiiiiiiie e 539
Table 15-2.  CAN ProtoCol RANGES ......c.uuiiiiiiiiiii e 552
Table 15-3. CANBIT Register ValUEs .........ccoouuiiiiiiiiieiii e 552
Table 15-4. CAN RegiSter Map ...t 556
Table 16-1.  Analog Comparators Signals (100LQFP) .......cooiiiiiiiiii e 585
Table 16-2.  Internal Reference Voltage and ACREFCTL Field Values ..............cccoeevvviiiiineennnn. 587
Table 16-3.  Analog Comparators Register Map .........ccoouviiiiiiiiiiiiiiiie e 588
Table 18-1.  Signals by Pin NUMDEr ... ..o e 597
Table 18-2.  Signals by Signal Name ..o e 601
Table 18-3.  Signals by Function, Except for GPIO ..........coooiiiiiiiiiii e 605
Table 18-4.  GPIO Pins and Alternate FUNCLONS ..........ccooiiiiiiiiiiieiiiiiee e 608
Table 18-5.  Connections for Unused Signals (100-pin LQFP) ........ccoooiiiiiiiiiiiiiiiiiiiieeeeeeeees 610
Table 19-1.  Temperature CharacteristiCs .............ccoiiiiiiiiiiiiii e, 611
Table 19-2.  Thermal CharacteristiCs ..o e 611
Table 19-3.  ESD Absolute Maximum Ratings ..........ooiiiiiiiiii e 611
Table 20-1.  Maximum RatiNgS ........oiiiiiiii e 612
Table 20-2. Recommended DC Operating Conditions .............cooviiiiiiiiiiiiiiiie e, 612
Table 20-3. LDO Regulator CharacteristiCs ............ooiiuiiiiiiiiiii e 613
Table 20-4.  GPIO Module DC CharacteriStiCS .........ccvuuiuiiiiiiiiieeeiee e 613
Table 20-5.  Detailed Power Specifications ......... ..o 614
Table 20-6.  Flash Memory CharacteristiCs ..........ccouuiiiiiiiii e 615
Table 20-7.  Hibernation Module DC CharacteriStiCs ..........ccuivviiiiiiiiiiiiii e 615
Table 20-8. Phase Locked Loop (PLL) CharacteristiCs .........ccccuiviiiiiiiiiiiiiiiiiiiee e, 616
Table 20-9.  Actual PLL FrE€QUENCY ...coeiiiiiiiei et e e e 616
Table 20-10. Clock CharacteriStiCs ..........cuuuiiiiiiiiieiiiii e e e enanas 616
Table 20-11.  Crystal CharacteriStiCs ...........ii i e 617
Table 20-12. System Clock Characteristics with ADC Operation ...........cccooveiiiiiiiiiiiiiiiiicii e 617
Table 20-13. JTAG CharacteriStiCS .......iiiuuiiiiieiii i e e e e e e e s 617
Table 20-14. Reset CharacteristiCs ..........uuuiiiiiiiiii e 619
Table 20-15. Sleep Modes AC CharacteristiCs ...........cooiuuiiiiiiiiiiie e, 620
Table 20-16. Hibernation Module AC CharacteristiCs .............c.oiieiiiiiiieeiiiie e 621
Table 20-17. GPIO CharacCteriStiCS .......oiiuiiieiiee e 621
July 24, 2012 13

Texas Instruments-Production Data



Table of Contents

OBSOLETE: Tl has discontinued production of this device.

Table 20-18.
Table 20-19.
Table 20-20.
Table 20-21.
Table 20-22.
Table 20-23.

Table C-1.

ADC CharacteriStiCs .......c.uviuuiiieieeie e
ADC Module Internal Reference Characteristics ...........cocoveveiviinnits
SSI CharacteriStiCs .....ocvieiiieiieeeee e
[2C CRATACLEIISHICS ...vveeeeeee e
Analog Comparator CharacteristiCs ...........ccoiiiiiiiiiiiiiiiiiiieeeee,
Analog Comparator Voltage Reference Characteristics ....................
Part Ordering Information .............ccoiiiiiiiiiii e,

14

Texas Instruments-Production Data

July 24, 2012



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

List of Registers

The CorteX-M3 ProCeSSOr ......cccueiiiiumiriiiinir st n e n e s s e s a s ann e 48
Register 1:  Cortex General-Purpose Register 0 (RO) ........coouiiiiiiiiiiiiie e 55
Register 2:  Cortex General-Purpose Register 1 (R1) ..ouuuiiiiiiiiiiiii e 55
Register 3:  Cortex General-Purpose Register 2 (R2) ........coouuuiiiiiiiii e 55
Register 4:  Cortex General-Purpose Register 3 (R3) ......viiiiiiiiiiii e 55
Register 5:  Cortex General-Purpose Register 4 (R4) ......ooiiiiiiiii e 55
Register 6:  Cortex General-Purpose Register 5 (R5) ....c.uiiiiiiiii i 55
Register 7:  Cortex General-Purpose RegiSter 6 (RB) ............oeiiuiiiiiiiiiiie et 55
Register 8:  Cortex General-Purpose RegiStEr 7 (R7) ....uuiiiiiiiiiiiiii e 55
Register 9:  Cortex General-Purpose Register 8 (R8) .......iieuiiiiiii e 55
Register 10: Cortex General-Purpose Register 9 (R9) .......oooiiiiiiiiii e 55
Register 11:  Cortex General-Purpose Register 10 (R10) .....coouuiiiiiiiiiei e 55
Register 12: Cortex General-Purpose Register 11 (R11) ....oiieiiiiiiii e 55
Register 13: Cortex General-Purpose Register 12 (R12) ... 55
Register 14:  Stack POINTEr (SP) ...iiiiiiiiiiii it e et e et e e e e e e e et e e e e aa e e eanans 56
Register 15:  Link ReISIEr (LR) ....oieeiiii et e e e et e e e e e e e e e eenaaaees 57
Register 16:  Program CoUNLEr (PC) ... .cooiiiiiiiiiiee et e e e e e e e eaaas 58
Register 17:  Program Status Register (PSR) ......coouuiiiiii e 59
Register 18:  Priority Mask Register (PRIMASK) .......oouiiiii et e e e e e 63
Register 19: Fault Mask Register (FAULTMASK) ......ooiiiii e 64
Register 20: Base Priority Mask Register (BASEPRI) .......ooiiiiiiiieii e 65
Register 21:  Control Register (CONTROL) ... .o e e 66
L0267 4 15 € I oY T o] 7= - 1 -SSP 90
Register 1:  SysTick Control and Status Register (STCTRL), offset OX010 ........ccooviiieiiiiiiieiiiiiieeceiin, 101
Register 2:  SysTick Reload Value Register (STRELOAD), offset 0X014 ..........ccooviiiiiiiiiiiiiieeeeie, 103
Register 3:  SysTick Current Value Register (STCURRENT), offset OX018 .........coiiiiiiiiiiiiiiiiie 104
Register 4:  Interrupt 0-31 Set Enable (ENO), offset OX100 .........oouiiiiiiiiiiii e 105
Register 5:  Interrupt 32-43 Set Enable (EN1), offset OX104 .......coiiniiiii e 106
Register 6:  Interrupt 0-31 Clear Enable (DIS0Q), offset OX180 ..........ccovuiiiiiiiiiiiii e 107
Register 7:  Interrupt 32-43 Clear Enable (DIS1), offset OX184 ... iiiiiiiiiiiii e 108
Register 8:  Interrupt 0-31 Set Pending (PENDO), offset OX200 ..........cc.uoiiiiiiiiiiiiii e 109
Register 9:  Interrupt 32-43 Set Pending (PEND1), offset OX204 ..o, 110
Register 10: Interrupt 0-31 Clear Pending (UNPENDDO), offset 0X280 ..........c..ooiiiiiiiiiiiiiiiiieieiieeeeeiee, 111
Register 11:  Interrupt 32-43 Clear Pending (UNPEND1), offset OX284 ..........cccoovviiiiiiiiiii e 112
Register 12: Interrupt 0-31 Active Bit (ACTIVEQ), offset OX300 .........ceovuiiiiiiiiiieeii e 113
Register 13: Interrupt 32-43 Active Bit (ACTIVE1), offset OX304 .......ooiiiiiiiiiie e 114
Register 14: Interrupt 0-3 Priority (PRIO), offset OX400 .......c..uiiiiiiiiiiii e 115
Register 15:  Interrupt 4-7 Priority (PRI1), offset OX404 ......coomiiiii e 115
Register 16: Interrupt 8-11 Priority (PRI2), offset OX408 ........ouiiiiiii e 115
Register 17:  Interrupt 12-15 Priority (PRI3), offset OX40C .......cooriiiii e 115
Register 18: Interrupt 16-19 Priority (PRI4), offset OX410 .......oiiiiiiie e 115
Register 19: Interrupt 20-23 Priority (PRI5), OffSet OX414 ....oovnniiiiii e 115
Register 20: Interrupt 24-27 Priority (PRIG), offset OX418 ......oeiiiiiiei e 115
Register 21:  Interrupt 28-31 Priority (PRI7), offset OX41C .....ouniii e 115
Register 22: Interrupt 32-35 Priority (PRI8), offset OX420 ........cooiiiiiiiiiii e 115
July 24, 2012 15

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Table of Contents

Register 23: Interrupt 36-39 Priority (PRI9), offset OX424 ........cooiiiiiiiiiei e 115
Register 24: Interrupt 40-43 Priority (PRI10), offset OX428 ........ccoomiiiiiii e 115
Register 25:  Software Trigger Interrupt (SWTRIG), offset OXFOO .........cc.eiviiiiiiiiiiiii e 117
Register 26: CPU ID Base (CPUID), offsSet OXDOO ........ccuuuuiiieeeiiieiiiia e e e e e eeeiiie e e e e e e e e e e e e e aeeeeeens 118
Register 27: Interrupt Control and State (INTCTRL), offset OXDO4 .........ccoviiiiiiiiiiiiiiiee e 119
Register 28: Vector Table Offset (VTABLE), offset OXDO8 ............ooiiiiiii e, 122
Register 29:  Application Interrupt and Reset Control (APINT), offset OXDOC ..........ccooevviviiieeiiiiieeeeiinnnn, 123
Register 30: System Control (SYSCTRL), offset OXD10 .....covuniiiiiiiiiiiii e 125
Register 31:  Configuration and Control (CFGCTRL), offset OXD14 ..........oiiiiiiiiiiiiie e 127
Register 32: System Handler Priority 1 (SYSPRI1), offset OXD18 ......ccooviiiiiiiiiiii e 129
Register 33: System Handler Priority 2 (SYSPRI2), offset OXD1C .......ccvniiiiiiiiiieei e 130
Register 34: System Handler Priority 3 (SYSPRI3), offset OXD20 ..........ccoovieiiiiiiiie e 131
Register 35: System Handler Control and State (SYSHNDCTRL), offset 0xD24 ..............ocovvviiiiiiiinnens 132
Register 36: Configurable Fault Status (FAULTSTAT), offset OXD28 ..........ccoimiiiiiiiii e, 136
Register 37: Hard Fault Status (HFAULTSTAT), offset OXD2C .........oiiiiiiiiieii e 142
Register 38: Memory Management Fault Address (MMADDR), offset 0XD34 ...........ccooviiiiiiiiiiinieeiiinnnnn. 143
Register 39: Bus Fault Address (FAULTADDR), offset OXD38 .......cc.oiiviiiiiiiiicie e 144
Register 40: MPU Type (MPUTYPE), offset OXDO0 ........couiiiiiiiiiii e 145
Register 41:  MPU Control (MPUCTRL), 0ffset OXDO4 ........couuiiiiiiiiie e 146
Register 42: MPU Region Number (MPUNUMBER), offset OXD98 ...........ccooiiiiiiiiiiie e 148
Register 43: MPU Region Base Address (MPUBASE), offset OXDIOC ..........ccoiiiiiiiiiiiiiieeceeie, 149
Register 44: MPU Region Base Address Alias 1 (MPUBASE1), offset OXDA4 ........c.oooviiiiiiiiiiiieiiie. 149
Register 45: MPU Region Base Address Alias 2 (MPUBASE2), offset OXDAC .........ccoveviiiiiiiiiiiieeeis 149
Register 46: MPU Region Base Address Alias 3 (MPUBASE3), offset OXDB4 .............ccoeiiiiiiiiiiiiinn, 149
Register 47: MPU Region Attribute and Size (MPUATTR), offset OXDAO ........ccooevviiiiiiiiiieeeeieieeeeeiieeeee 151
Register 48: MPU Region Attribute and Size Alias 1 (MPUATTR1), offset OXDAS8 ..........coovviiiiiiiiiiininnens 151
Register 49: MPU Region Attribute and Size Alias 2 (MPUATTR?2), offset OXDBO ............ccceeviiiiiiiinnnnes 151
Register 50: MPU Region Attribute and Size Alias 3 (MPUATTRS3), offset OXDBS8 ............cccevviiiiiiieennnnes 151
SYStEM CONIOI ... s nrr e n e nnnr e 166
Register 1:  Device |dentification 0 (DID0), offset OX000 ..........cccuuuiiiiiiiiiieiii e 181
Register 2:  Brown-Out Reset Control (PBORCTL), offset OX030 .......cc.uiiiiiiiiiiiiiiiie e 183
Register 3:  LDO Power Control (LDOPCTL), offset OX034 .........covruiiiiiiiei e 184
Register 4:  Raw Interrupt Status (RIS), offSet OX050 ...........ccovniiiiiiiiiii e 185
Register 5:  Interrupt Mask Control (IMC), offsSet OX054 .........cooiiiiiiiiiie e 186
Register 6:  Masked Interrupt Status and Clear (MISC), offset OX058 ..........c.cooiiiiiiiiiiiii e, 187
Register 7:  Reset Cause (RESC), offset OX05C ..o e 188
Register 8:  Run-Mode Clock Configuration (RCC), offset 0X060 ............ccoouuiiiiiiiiiiiiiii e 189
Register 9:  XTAL to PLL Translation (PLLCFG), offset OX064 ..........c.uoiiiiiiiiiieii e 193
Register 10: Run-Mode Clock Configuration 2 (RCC2), offset OX070 ..........cocoviiiiiiiiiiiiieeee e 194
Register 11: Deep Sleep Clock Configuration (DSLPCLKCFG), offset 0X144 .........cccoovviiiieeiiiiineeeeiinnnn, 196
Register 12:  Device Identification 1 (DID1), offset OX004 ... 197
Register 13: Device Capabilities 0 (DCO), offset OX008 ..........cooiiiiiiiiiiii e 199
Register 14: Device Capabilities 1 (DC1), offset OX010 ......oouiiiiiiiiiiei e 200
Register 15: Device Capabilities 2 (DC2), OffSEt OX014 .....coreniiiieii e 202
Register 16: Device Capabilities 3 (DC3), offSet OX018 ......covniiiiiiiiiii e 204
Register 17: Device Capabilities 4 (DC4), offset OXOTC .....coovuniiiiiiiieeeei e 206
Register 18: Run Mode Clock Gating Control Register 0 (RCGCO0), offset 0X100 ...........coveveiviiiiiiiiiiinnens 208
Register 19: Sleep Mode Clock Gating Control Register 0 (SCGCO0), offset OX110 .........cooeveiiiiiiiiiinnenes 210

16

July 24, 2012
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

Register 20: Deep Sleep Mode Clock Gating Control Register 0 (DCGCO0), offset 0x120 ..............c........ 212
Register 21:  Run Mode Clock Gating Control Register 1 (RCGC1), offset 0X104 ..........ccovvviiiiiiiiiiiiiinnens 214
Register 22: Sleep Mode Clock Gating Control Register 1 (SCGC1), offset Ox114 ........ccoooviiiiiiiiiiinnenens 217
Register 23: Deep Sleep Mode Clock Gating Control Register 1 (DCGC1), offset 0x124 ....................... 220
Register 24: Run Mode Clock Gating Control Register 2 (RCGC2), offset OX108 .........ccevvviiiiiiiiieinnnnnn. 223
Register 25: Sleep Mode Clock Gating Control Register 2 (SCGC2), offset 0x118 ..........cocoviiiiiieinnnnnnn. 225
Register 26: Deep Sleep Mode Clock Gating Control Register 2 (DCGC2), offset 0x128 ..............c........ 227
Register 27: Software Reset Control 0 (SRCRO), offset OX040 ..........coouuiiiiiiiiiiiii e 229
Register 28: Software Reset Control 1 (SRCR1), offset OX044 .........ccoomiiiiiiiiii e 230
Register 29: Software Reset Control 2 (SRCR2), offset OX048 .........ccoouuiiiiiiiiii e 232
Hibernation ModUIe .......... e mmmmmmmmmmmmnmmmnnmnnnnnennes 233
Register 1:  Hibernation RTC Counter (HIBRTCC), offset OX000 ............ooiiiiiiiiiiiiii e 242
Register 2:  Hibernation RTC Match 0 (HIBRTCMO), offset 0X004 ..........cooiiiiiiieiiiiiiii e 243
Register 3:  Hibernation RTC Match 1 (HIBRTCM1), offset 0X008 ............ccooeeiiiiiiiiiiiieeeee e 244
Register 4:  Hibernation RTC Load (HIBRTCLD), offset OX00C ..........c.iiiiiiiiiiieei e, 245
Register 5:  Hibernation Control (HIBCTL), offset OX010 ........oiiiiiiiiiiiiiiieeee e 246
Register 6:  Hibernation Interrupt Mask (HIBIM), offset OX014 ..........coomiiiiii e, 248
Register 7:  Hibernation Raw Interrupt Status (HIBRIS), offset OX018 ..o, 249
Register 8:  Hibernation Masked Interrupt Status (HIBMIS), offset OX01C ..........ccoiiiiiiiiiiii, 250
Register 9:  Hibernation Interrupt Clear (HIBIC), offset OX020 ..........ccovuiiiiiiiiiiiee e, 251
Register 10: Hibernation RTC Trim (HIBRTCT), offset OX024 ...........ooeniiiiiiiiieeie e 252
Register 11:  Hibernation Data (HIBDATA), offset 0X030-0X12C ........ccooviieiiiiiii e 253
L 2= g F= LI 1 = 0 o o P 254
Register 1:  Flash Memory Address (FMA), offset OX000 ...........ccoooviiiiiiiiiii e, 260
Register 2:  Flash Memory Data (FMD), offset OX004 ...........iiiiiiiii e 261
Register 3:  Flash Memory Control (FMC), offset OX008 ...........coouuiiiiiiii e 262
Register 4:  Flash Controller Raw Interrupt Status (FCRIS), offset OX00C ...........ccoooiiiiiiiiiiiiie, 264
Register 5:  Flash Controller Interrupt Mask (FCIM), offset OX010 ..........oooiiiiiiiiiiiii e 265
Register 6:  Flash Controller Masked Interrupt Status and Clear (FCMISC), offset 0x014 ..................... 266
Register 7:  USec Reload (USECRL), offset OX140 .....ccovniiiiiiiii e 268
Register 8:  Flash Memory Protection Read Enable 0 (FMPREDOQ), offset 0x130 and 0x200 ................... 269
Register 9:  Flash Memory Protection Program Enable 0 (FMPPEDO), offset 0x134 and 0x400 ............... 270
Register 10:  User Debug (USER_DBG), offset OX1DO ......cccuuuiiiiiiiiieiii e 271
Register 11:  User Register 0 (USER_REGO), offset OXTEOD ......coooviiiiiiii e 272
Register 12:  User Register 1 (USER_REG1), OffSEt OXTE4 .......oniiiiniiiiii e 273
Register 13: Flash Memory Protection Read Enable 1 (FMPRE1), offset 0x204 ............c.cccoceieiiiiiiinnnnnn. 274
Register 14: Flash Memory Protection Read Enable 2 (FMPREZ2), offset 0x208 ...........cccooeeviiiiiievinnnnnnn. 275
Register 15: Flash Memory Protection Read Enable 3 (FMPRES3), offset 0x20C ...........cccoooiiiiiiiiiiinnnnnn. 276
Register 16: Flash Memory Protection Program Enable 1 (FMPPE1), offset 0x404 ............cccooiiiiiennnnen. 277
Register 17:  Flash Memory Protection Program Enable 2 (FMPPEZ2), offset 0x408 ............ccccovviiieeennnnes 278
Register 18: Flash Memory Protection Program Enable 3 (FMPPE3), offset 0x40C ............cccocvvvieennnnnen. 279
General-Purpose Input/Outputs (GPIOS) ........ccoeeeiiiiiiiiiiiiiss s ssss s ssss s s e 280
Register 1:  GPIO Data (GPIODATA), offset OX000 ........ccoiiiiiiiiiiiie e 291
Register 2:  GPIO Direction (GPIODIR), OffSet OX400 ......ccouuiiiiiiiiiiieiii e 292
Register 3:  GPIO Interrupt Sense (GPIOIS), offSet OX404 ..........ccoerniiiiiii e 293
Register 4:  GPIO Interrupt Both Edges (GPIOIBE), offset 0X408 ..........ccooiiiiiiieiiiiiieecee e 294
Register 5:  GPIO Interrupt Event (GPIOIEV), offset OX40C ... ..o 295
Register 6:  GPIO Interrupt Mask (GPIOIM), offset OX410 ... 296
July 24, 2012 17

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Table of Contents

Register 7:  GPIO Raw Interrupt Status (GPIORIS), offSet 0X414 ......ccoviiiiiiiiieeeie e 297
Register 8:  GPIO Masked Interrupt Status (GPIOMIS), offset OX418 ..., 298
Register 9:  GPIO Interrupt Clear (GPIOICR), offSet OX41C .....coouuiiiiiiiiie e 299
Register 10: GPIO Alternate Function Select (GPIOAFSEL), offset 0x420 ...........cccooviiiiiiiniiiiiiieeen, 300
Register 11:  GPIO 2-mA Drive Select (GPIODR2R), offset 0X500 ..........cccviviiiieiiiiiiii e 302
Register 12:  GPIO 4-mA Drive Select (GPIODR4R), offset 0X504 ..........cccviieiiieiiii e 303
Register 13:  GPIO 8-mA Drive Select (GPIODRS8R), offset 0X508 ..........ccoeviiiiiiiiiiiiieeeeie e, 304
Register 14: GPIO Open Drain Select (GPIOODR), offset OX50C ...........ooiiiiiiiiiiiiiic e 305
Register 15:  GPIO Pull-Up Select (GPIOPUR), offset OX510 ......cooiiiiuiiiiieeeiiieiiiii e 306
Register 16: GPIO Pull-Down Select (GPIOPDR), offset OX514 .....cooiiiiiiiiiie e 307
Register 17: GPIO Slew Rate Control Select (GPIOSLR), offset 0X518 .......ccovviiiiiiiiiiic e 308
Register 18: GPIO Digital Enable (GPIODEN), offset OX51C .........cuiiiiiiiiieie e 309
Register 19:  GPIO Lock (GPIOLOCK), OffSEt OX520 .......oeiiiiiieeiiiiie e 310
Register 20:  GPIO Commit (GPIOCR), OffSet OX524 ........coomiiiii e 311
Register 21:  GPIO Peripheral Identification 4 (GPIOPeriphlD4), offset OXFDO ...........ccccooiiiiiiiiiieiiinnnn. 313
Register 22: GPIO Peripheral Identification 5 (GPIOPeriphID5), offset OXFD4 ...........ccocviiiiiiiiiiieiiien. 314
Register 23: GPIO Peripheral Identification 6 (GPIOPeriphlD6), offset OXFDS8 .............cccovveiiiiiiiiieinn, 315
Register 24: GPIO Peripheral Identification 7 (GPIOPeriphlD7), offset OXFDC .............ccoiviiiiiiiiieiinns 316
Register 25:  GPIO Peripheral Identification 0 (GPIOPeriphIDO0), offset OXFEOQ ...........cccovviiieiiiiiiieniiinnnnn. 317
Register 26: GPIO Peripheral Identification 1 (GPIOPeriphlD1), offset OXFE4 ............ccoiiiiiiiiiiiiiin, 318
Register 27:  GPIO Peripheral Identification 2 (GPIOPeriphlD2), offset OXFES8 ............ccccoiiiiiiiiiiiiiinnen. 319
Register 28: GPIO Peripheral Identification 3 (GPIOPeriphID3), offset OXFEC ...........ccooiiiiiiiiiiiiiiiinnnn. 320
Register 29: GPIO PrimeCell Identification 0 (GPIOPCellIDO0), offset OXFFO ...........cccvvviiiiiiiiiiieecee, 321
Register 30: GPIO PrimeCell Identification 1 (GPIOPCelllD1), offset OXFF4 ..........ccooiiiiiiiiiiiiee, 322
Register 31:  GPIO PrimeCell Identification 2 (GPIOPCellID2), offset OXFF8 ..........c.ccovvviiiiiiiiiiieiiiiieees 323
Register 32:  GPIO PrimeCell Identification 3 (GPIOPCelllD3), offset OXFFC ..........ccooeviiiiiiiiiiiiiii, 324
General-Purpose TIMEIS ... s s s s s nnnn 325
Register 1:  GPTM Configuration (GPTMCFG), offset 0X000 .........ccoeiiiiiiiiiiiiiiieeee e 337
Register 2:  GPTM TimerA Mode (GPTMTAMR), offset 0X004 .........ccouuiiiiiiiiiii e 338
Register 3:  GPTM TimerB Mode (GPTMTBMR), offset OX008 ...........cooiiiiiiiiiiiii e 340
Register 4:  GPTM Control (GPTMCTL), offset OX00C ........coiieiiiiiiiiiiie e e e 342
Register 5: GPTM Interrupt Mask (GPTMIMR), offset OX018 ..........coiveiiiiiiiiii e 345
Register 6: GPTM Raw Interrupt Status (GPTMRIS), offset OX01C ..........ccocovviiiiiiiiiiieeie e 347
Register 7:  GPTM Masked Interrupt Status (GPTMMIS), offset 0X020 ..........cccoovviiiieiiiiiiieeiiieeeceinee, 348
Register 8:  GPTM Interrupt Clear (GPTMICR), offset OX024 ...........coommiiiiiii e 349
Register 9:  GPTM TimerA Interval Load (GPTMTAILR), offset OX028 ...........cccooiiiiiiiiiii 351
Register 10: GPTM TimerB Interval Load (GPTMTBILR), offset OX02C ...........coooviiiiiiiiiiiieei e, 352
Register 11: GPTM TimerA Match (GPTMTAMATCHR), offset 0X030 .........ccovviiiiiiiiiiieeie e 353
Register 12: GPTM TimerB Match (GPTMTBMATCHR), offset 0X034 ...........cooiiiiiiiiiiie e, 354
Register 13:  GPTM TimerA Prescale (GPTMTAPR), offset OX038 ..........coiiiiiiiiiiiiiieee e 355
Register 14: GPTM TimerB Prescale (GPTMTBPR), offset 0X03C ..........coiiiiiiiiiiiiiii e 356
Register 15:  GPTM TimerA Prescale Match (GPTMTAPMR), offset O0X040 ..........c.covviiiiiiiiiiiiiieiie, 357
Register 16:  GPTM TimerB Prescale Match (GPTMTBPMR), offset O0x044 ...........cccoiiiiiiiiiiiii, 358
Register 17: GPTM TimerA (GPTMTAR), OffsSet OX048 .......cooniiiiiii e 359
Register 18: GPTM TimerB (GPTMTBR), offset OX04C .......couiiiniii e 360
Watchdog TIimer ... 361
Register 1:  Watchdog Load (WDTLOAD), offset OX000 ........ccouiiiiiiiiiei e e e e 365
Register 2:  Watchdog Value (WDTVALUE), offset OX004 ..........cooiiiiiiii e 366
18 July 24, 2012

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

Register 3:  Watchdog Control (WDTCTL), offset OX008 ..........ccoouiiiieiiiiiieeiie e 367
Register 4:  Watchdog Interrupt Clear (WDTICR), offset OX00C .........coouiiiiiiiiiiii e 368
Register 5: Watchdog Raw Interrupt Status (WDTRIS), offset OX010 ..o, 369
Register 6:  Watchdog Masked Interrupt Status (WDTMIS), offset 0X014 ........ooveeiiiiiiiiiiii e, 370
Register 7:  Watchdog Test (WDTTEST), offsSet OX418 .....niiriiii e 371
Register 8:  Watchdog Lock (WDTLOCK), offset OXCOO ..........ccouiiiiniiiiiiiiieei e 372
Register 9:  Watchdog Peripheral Identification 4 (WDTPeriphlD4), offset OXFDO ..........ccooevvvviiierinnnnnnn. 373
Register 10: Watchdog Peripheral Identification 5 (WDTPeriphlD5), offset OXFD4 ..........ccooooiiiiiiiinnnnnnn. 374
Register 11:  Watchdog Peripheral Identification 6 (WDTPeriphlD6), offset OXFDS8 ..............ccooviiiiiiinneies 375
Register 12:  Watchdog Peripheral Identification 7 (WDTPeriphID7), offset OXFDC ..........ccooooiiiiiiiinnnnnn. 376
Register 13:  Watchdog Peripheral Identification 0 (WDTPeriphIDO0), offset OXFEQ ...........ccccvvvevinieiinnnnns 377
Register 14: Watchdog Peripheral Identification 1 (WDTPeriphID1), offset OXFE4 ...............oeeiiiiinnnnii. 378
Register 15:  Watchdog Peripheral Identification 2 (WDTPeriphlD2), offset OXFES8 ..............ccccveiieevinnnn... 379
Register 16:  Watchdog Peripheral Identification 3 (WDTPeriphlD3), offset OXFEC ............ccovviiiiiiiinienes 380
Register 17:  Watchdog PrimeCell Identification 0 (WDTPCelllD0), offset OXFFO .........cccooviiiiiiiiiiiiiiins 381
Register 18: Watchdog PrimeCell Identification 1 (WDTPCelllD1), offset OXFF4 .........ccoooiiiiiiiiiie 382
Register 19: Watchdog PrimeCell Identification 2 (WDTPCelllD2), offset OXFF8 ...........cccoevvviiiiiiennnn. 383
Register 20: Watchdog PrimeCell Identification 3 (WDTPCelllD3 ), offset OXFFC ...........ccooviiiiiiiinnnn.ss 384
Analog-to-Digital Converter (ADC) ........cccoiiiiiiiiiiirrrrr s s s s 385
Register 1:  ADC Active Sample Sequencer (ADCACTSS), offset 0X000 ..........cceoveviiiieiiiieiiiieriieeeiiees 395
Register 2:  ADC Raw Interrupt Status (ADCRIS), offset OX004 ............cooviiiiiiiiiiiiie e, 396
Register 3:  ADC Interrupt Mask (ADCIM), offset OX008 .........cccoeuiiiieiiiiieei e 397
Register 4:  ADC Interrupt Status and Clear (ADCISC), offset OX00C ............coiiiiiiiiiiiiiiiiece e 398
Register 5:  ADC Overflow Status (ADCOSTAT), offset OX010 ........oiieiiiiiiiiiiii e 399
Register 6:  ADC Event Multiplexer Select (ADCEMUX), offset OX014 ..........oiiiiiiiiiiii e, 400
Register 7:  ADC Underflow Status (ADCUSTAT), offset OX018 .......ccovniiiiiiii e 403
Register 8:  ADC Sample Sequencer Priority (ADCSSPRI), offset 0X020 ..........cccoeviviiiiiiiiiiiieiiiieeiie, 404
Register 9:  ADC Processor Sample Sequence Initiate (ADCPSSI), offset 0x028 ...........ccccovvviiieeeinnnnnn. 406
Register 10: ADC Sample Averaging Control (ADCSAC), offset 0X030 ...........ooeeeiiiiiiiiiiiiiiiiiieeeiieees 407
Register 11: ADC Sample Sequence Input Multiplexer Select 0 (ADCSSMUXO0), offset 0x040 ............... 408
Register 12: ADC Sample Sequence Control 0 (ADCSSCTLO), offset 0x044 ...........ccooviiiiiiiiiiiiiieees 410
Register 13: ADC Sample Sequence Result FIFO 0 (ADCSSFIFOQ), offset 0x048 ..........c.ccevvviviieinnnnnn. 413
Register 14: ADC Sample Sequence Result FIFO 1 (ADCSSFIFO1), offset 0x068 .............cccccceveeennnnen. 413
Register 15: ADC Sample Sequence Result FIFO 2 (ADCSSFIFO2), offset 0x088 ............ccccvvvveevinnnnnnn. 413
Register 16:  ADC Sample Sequence Result FIFO 3 (ADCSSFIFO3), offset OX0A8 .........cccoveviiiiiiiiiinnnnn. 413
Register 17: ADC Sample Sequence FIFO 0 Status (ADCSSFSTATO), offset 0X04C ..........cccooveveiiinieees 414
Register 18: ADC Sample Sequence FIFO 1 Status (ADCSSFSTAT1), offset OX06C .............ccevnveeennnnen. 414
Register 19: ADC Sample Sequence FIFO 2 Status (ADCSSFSTAT?2), offset 0x08C .............ccvvvevennnnne. 414
Register 20: ADC Sample Sequence FIFO 3 Status (ADCSSFSTAT3), offset 0XOAC ..........ccoeevvveiennnnes 414
Register 21:  ADC Sample Sequence Input Multiplexer Select 1 (ADCSSMUX1), offset 0x060 ............... 415
Register 22: ADC Sample Sequence Input Multiplexer Select 2 (ADCSSMUX2), offset 0x080 ............... 415
Register 23:  ADC Sample Sequence Control 1 (ADCSSCTL1), offset 0X064 ...........cooeveviiiiiiiiiineeieinnnnn. 416
Register 24: ADC Sample Sequence Control 2 (ADCSSCTL2), offset 0x084 ...........ccooveiiiiiiiiiiiiieees 416
Register 25: ADC Sample Sequence Input Multiplexer Select 3 (ADCSSMUX3), offset 0x0AO ............... 418
Register 26: ADC Sample Sequence Control 3 (ADCSSCTL3), offset OX0A4 .........ccoovvviiiiiiiiieiiieeeie, 419
Register 27: ADC Test Mode Loopback (ADCTMLB), offset OX100 .........ccoeviiiiiiiiiiiiieeieie e 420
Universal Asynchronous Receivers/Transmitters (UARTS) ......ccccoeriiiicirrcinccssnscssscsnsssssnnnns 421
Register 1:  UART Data (UARTDR), offset OX000 ...........coouuiiiiiiiii e ea e 430
July 24, 2012 19

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Table of Contents

Register 2:  UART Receive Status/Error Clear (UARTRSR/UARTECR), offset 0x004 ...........cccccevvvunnnen. 432
Register 3:  UART Flag (UARTFR), offSet OX018 ......couuiiiiiiiei e 434
Register 4:  UART IrDA Low-Power Register (UARTILPR), offset 0X020 ...........cccciiiiiiiiiiiiiiiiiieeceie, 436
Register 5:  UART Integer Baud-Rate Divisor (UARTIBRD), offset 0x024 ............cccooviiiiiiiiiiiiiiieeeiinnn. 437
Register 6:  UART Fractional Baud-Rate Divisor (UARTFBRD), offset 0X028 ..........cccocoviiiiiiiiiiiecies 438
Register 7:  UART Line Control (UARTLCRH), offset OX02C ...........coovuiiiiiiiiiee e 439
Register 8:  UART Control (UARTCTL), offs€t OX030 ......uiiiiiiiieiiiiieee e e 441
Register 9:  UART Interrupt FIFO Level Select (UARTIFLS), offset 0x034 .........ccooiiiiiiiiiiiieee, 443
Register 10:  UART Interrupt Mask (UARTIM), offset OX038 .........couiiiiiiiiiiiii e 445
Register 11:  UART Raw Interrupt Status (UARTRIS), offset OX03C ........ooiiiiiiiiiii e, 447
Register 12: UART Masked Interrupt Status (UARTMIS), offset 0X040 .........coeviviiiieiiiiiiiieceeeeieeeis 448
Register 13:  UART Interrupt Clear (UARTICR), offset OX044 ........ccooniiiiiiiii e, 449
Register 14: UART Peripheral Identification 4 (UARTPeriphlD4), offset OXFDO ..........cccoeviviiiiiiinieeeinnnn. 451
Register 15: UART Peripheral Identification 5 (UARTPeriphID5), offset OXFD4 ..........ccooviiiiiiiiiiiiiiinn. 452
Register 16: UART Peripheral Identification 6 (UARTPeriphID6), offset OXFD8 ...........ccciiiiiiiiiiiniiinnnnn. 453
Register 17: UART Peripheral Identification 7 (UARTPeriphlD7), offset OXFDC ..........cccooiiiiiiiiiiiiiiien. 454
Register 18: UART Peripheral Identification 0 (UARTPeriphID0), offset OXFEO ............ccceeviiiiiiieennnnnn. 455
Register 19: UART Peripheral Identification 1 (UARTPeriphID1), offset OXFE4 .............ccccooiiiiiiieinnnnn. 456
Register 20: UART Peripheral Identification 2 (UARTPeriphID2), offset OXFES8 ............cccoveviiiiiiiiiiiinnens 457
Register 21:  UART Peripheral Identification 3 (UARTPeriphlD3), offset OXFEC ............ccccoviiiiiiiiiiiinnnnen. 458
Register 22: UART PrimeCell Identification 0 (UARTPCellIDO0), offset OXFFO .........ccooeiiiiiiiiiiiiiinn. 459
Register 23: UART PrimeCell Identification 1 (UARTPCelllD1), offset OXFF4 ...........coooviiiiiiiiiiiieeeereeees 460
Register 24: UART PrimeCell Identification 2 (UARTPCellID2), offset OXFF8 ...........cooviiiiiiiiiiiiis 461
Register 25: UART PrimeCell Identification 3 (UARTPCellID3), offset OXFFC ..........ccooeviiiiiiiiiieeii, 462
Synchronous Serial Interface (SSI) .......ccccocmeeeeeeeceee e 463
Register 1:  SSI Control 0 (SSICRO), offsSet OX000 ..........ieiuuieiiieiii e e e e e e eaa e 476
Register 2:  SSI Control 1 (SSICR1), offSEt OX004 ..........oiiniiiiee e 478
Register 3:  SSI Data (SSIDR), offSet OX008 .........ccoiiiiiiieiiiiie e e e eaaes 480
Register 4:  SSI Status (SSISR), offset OX00C ........cooiiiiii e 481
Register 5:  SSI Clock Prescale (SSICPSR), offset OX010 .......coouuiiiiiiiii e 483
Register 6:  SSI Interrupt Mask (SSIHIM), offset OX014 ......coouiiiiiii e 484
Register 7:  SSI Raw Interrupt Status (SSIRIS), offsSet OX018 ..........oiiveiiiiiii e 486
Register 8:  SSI Masked Interrupt Status (SSIMIS), offset OXO1C .........cccooviiiiiiiiii e 487
Register 9:  SSlI Interrupt Clear (SSIICR), offset 0X020 .........coeiiiiiiiiiiie e 488
Register 10:  SSI Peripheral Identification 4 (SSIPeriphlD4), offset OXFDO ..........cccoviiiiiiiiiiiiie 489
Register 11:  SSI Peripheral Identification 5 (SSIPeriphlD5), offset OXFD4 ..........cooiiiiiiiiiiiie 490
Register 12:  SSI Peripheral Identification 6 (SSIPeriphlD6), offset OXFDS8 ...........ccooviiiiiiiiiiiiie 491
Register 13:  SSI Peripheral Identification 7 (SSIPeriphlD7), offset OXFDC .........ccccoiviiiiiiiiiieiie e 492
Register 14: SSI Peripheral Identification 0 (SSIPeriphIDO0), offset OXFEO ..........ccoeviviiiiiiiiiiiieiieeei, 493
Register 15:  SSI Peripheral Identification 1 (SSIPeriphlD1), offset OXFE4 ..........cooiiiiiiiiiiiiiiiieeeeee, 494
Register 16:  SSI Peripheral Identification 2 (SSIPeriphlD2), offset OXFES ..o 495
Register 17:  SSI Peripheral Identification 3 (SSIPeriphlD3), offset OXFEC ............cccooiiiiiiiiiiiinn. 496
Register 18:  SSI PrimeCell Identification 0 (SSIPCellIDO0), offset OXFFO ..........coooiviiiiiiiiiii e, 497
Register 19:  SSI PrimeCell Identification 1 (SSIPCelllD1), offset OXFF4 ........coovveiiiiiiiiiiee e, 498
Register 20: SSI PrimeCell Identification 2 (SSIPCelllD2), offset OXFF8 ...........ccovvviiiiiiiiiiiiieeeeeen, 499
Register 21:  SSI PrimeCell Identification 3 (SSIPCellID3), offset OXFFC .........ccooiiiiiiiiiiiiiieeeeeie, 500
Inter-Integrated Circuit (I2C) INtEIfACE ........ccceueeeeeiucemiciie e sesr e sas s s e s sns e e s e ens 501
Register 1:  12C Master Slave Address (I2CMSA), offset OX000 .............ccoveeueeoeeeeeeeeeeeeeee e 517

20

July 24, 2012
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

Register 2:  1°C Master Control/Status (I2CMCS), offset 0X004 ............c.cceeeveeieeeeeieeeeeeee e 518
Register 3:  [2C Master Data (I2CMDR), offset OX008 ............ceeioueeeeeeeeeeeee e 522
Register 4:  12C Master Timer Period (I2CMTPR), offset OX00C ..........ccoeoueeeeeeeee e 523
Register 5:  12C Master Interrupt Mask (I2CMIMR), offset 0X010 ..........c.coveiviieeieeeeie e 524
Register 6:  12C Master Raw Interrupt Status (I2CMRIS), offset 0X014 ...........cccooeereeeeeeeeeeeeeeeee. 525
Register 7:  1°C Master Masked Interrupt Status (I2CMMIS), offset 0X018 ...........ccccoveveeeieeeeeeeeeenenne 526
Register 8:  12C Master Interrupt Clear (I2CMICR), offset OX01C .........ccceoriueeeeeeeeeeeeee e 527
Register 9:  12C Master Configuration (I2CMCR), offset 0X020 ...........ccecouiiieeeeeeeeieeee e e 528
Register 10:  1°C Slave Own Address (I2CSOAR), 0ffset OX800 ...........cceeeeeierieeieeeeieeeeeee e 530
Register 11:  12C Slave Control/Status (I2CSCSR), offset 0X804 ..........cveeieeeeeeee oo 531
Register 12:  12C Slave Data (I2CSDR), 0ffSet OX808 ............ceieieeeeeeeeeeeeeeeee e e 533
Register 13:  I12C Slave Interrupt Mask (I2CSIMR), offset 0X80C ............ccooeieeeeeeeeeeeeeee e 534
Register 14:  12C Slave Raw Interrupt Status (I2CSRIS), offset 0X810 ..........ccoooveveeeeeeeeeeeeeeeeeeeeeenne 535
Register 15:  12C Slave Masked Interrupt Status (I2CSMIS), offset 0X814 ............cccoveeeeeeeeeeeeeeene. 536
Register 16:  1°C Slave Interrupt Clear (I2CSICR), offset OX818 ........c.coveeiieeeeeeee e 537
Controller Area Network (CAN) Module ... 538
Register 1:  CAN Control (CANCTL), offset OX000 .........ooiiiiiiieieiii e 559
Register 2:  CAN Status (CANSTS), OffSEt OX004 .......couniiiiniiii e e e e e 561
Register 3:  CAN Error Counter (CANERR), offset OX008 ..........cuuiiiiiiiiiieiiie e 563
Register 4:  CAN Bit Timing (CANBIT), offsSet OX00C ........ccovuiiiiiiiii e 564
Register 5:  CAN Interrupt (CANINT), OffSet OX010 ...covniiiiiie e 565
Register 6:  CAN Test (CANTST), OffSEt OX0T4 ...eoniiiiiieeee e e 566
Register 7 CAN Baud Rate Prescaler Extension (CANBRPE), offset 0x018 ...........coovviiiiiiiiiinieniinnnnnn. 568
Register 8:  CAN IF1 Command Request (CANIF1CRQ), offset 0X020 ...........cccoeviiiiiiiiiieiiieeeeeie, 569
Register 9:  CAN IF2 Command Request (CANIF2CRQ), offset 0X080 .........c..uuuiiiiieiiiiiiiiiiiiiiee e 569
Register 10: CAN IF1 Command Mask (CANIF1CMSK), offset 0X024 ...........ccoooviiiiiiiiiiiieeiee e, 570
Register 11:  CAN IF2 Command Mask (CANIF2CMSK), offset OX084 ............coiiiiiiiiiiiiiiiee, 570
Register 12:  CAN IF1 Mask 1 (CANIF1MSK1), offset OX028 ..........coomiimiiiii e 572
Register 13: CAN IF2 Mask 1 (CANIF2MSK1), offset OX088 ..........coeuiiiiiiii e 572
Register 14: CAN IF1 Mask 2 (CANIF1MSK2), offset OX02C ........coouiimiiiiiieiiiiiiii e 573
Register 15: CAN IF2 Mask 2 (CANIF2MSK2), offsSet OX08C .........oiiiiiiiieiiiiie e 573
Register 16:  CAN IF1 Arbitration 1 (CANIF1ARB1), offset OX030 .......ccvviiiiiiiiiiieiiie e 574
Register 17:  CAN IF2 Arbitration 1 (CANIF2ARB1), offset 0X090 ...........oiiiiiiiiiiii e 574
Register 18: CAN IF1 Arbitration 2 (CANIF1ARB2), offset 0X034 ........cooiiiiiiiiiii e 575
Register 19:  CAN IF2 Arbitration 2 (CANIF2ARB2), offset 0X094 ..........oiiiiiiiii e 575
Register 20: CAN IF1 Message Control (CANIF1MCTL), offset OX038 .........ccoviiiiiiiiiiiiiee e 577
Register 21:  CAN IF2 Message Control (CANIF2MCTL), offset 0X098 ..........ccoeeviiiieiiiiiiieieiii e 577
Register 22: CAN IF1 Data A1 (CANIF1DA1), offset OX03C ......ccovuiiiiiiieeee e 579
Register 23: CAN IF1 Data A2 (CANIF1DAZ2), offset OX040 .......coouiiiiiiiiiiii e 579
Register 24: CAN IF1 Data B1 (CANIF1DB1), offset OX044 ........cooiiiiiiiiii e 579
Register 25: CAN IF1 Data B2 (CANIF1DB2), offset OX048 ........ccoiiiiiiiiiii e 579
Register 26: CAN IF2 Data A1 (CANIF2DA1), offset OX09C ........ooomiiiiiiiiiieiiii e 579
Register 27: CAN IF2 Data A2 (CANIF2DA2), offSet OXOAD .....coiiiiiieeiiiiie e 579
Register 28: CAN IF2 Data B1 (CANIF2DB1), offsSet OXOAZ ......coovviiiiiiiieeee e 579
Register 29: CAN IF2 Data B2 (CANIF2DB2), offset OXOAS .......coouiiiiiiii e 579
Register 30: CAN Transmission Request 1 (CANTXRQ1), offset OX100 .........cooiiiiiiiiiiiiiiiiiiieieees 580
Register 31: CAN Transmission Request 2 (CANTXRQ2), offset OX104 .........ooeiiiiiiiiiiiiiiiiiecee e 580
July 24, 2012 21

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Table of Contents

Register 32: CAN New Data 1 (CANNWDA1), offSet OXT120 .....coiiviiiiiiiiiieecee e 581
Register 33: CAN New Data 2 (CANNWDAZ2), offset OX124 .......coouiiiiiiiii e 581
Register 34: CAN Message 1 Interrupt Pending (CANMSG1INT), offset Ox140 ... 582
Register 35: CAN Message 2 Interrupt Pending (CANMSG2INT), offset Ox144 ..., 582
Register 36: CAN Message 1 Valid (CANMSG1VAL), offset OX160 .........c.oviieiiiiiiiiiiiieee e 583
Register 37: CAN Message 2 Valid (CANMSG2VAL), offset OX164 .........c.oeiiriiiiiieiiieeeeee e 583
N3 B= 1 Lo T 0o 1T o F= - | Lo - 584
Register 1:  Analog Comparator Masked Interrupt Status (ACMIS), offset 0000 ...........cccoeviviviiernnnnnn. 589
Register 2:  Analog Comparator Raw Interrupt Status (ACRIS), offset 0x004 ..............ccoieiiiiiiiiieiinnnes 590
Register 3:  Analog Comparator Interrupt Enable (ACINTEN), offset OX008 ...........ccoooviiiiiiiiiiiieeeeinnnn. 591
Register 4:  Analog Comparator Reference Voltage Control (ACREFCTL), offset 0x010 ...............c....... 592
Register 5:  Analog Comparator Status 0 (ACSTATO), offset OX020 .........ccoovuiiiiiiiiiiiii e, 593
Register 6:  Analog Comparator Status 1 (ACSTAT1), offset OX040 .........ccoevuiiiiiiiiii e, 593
Register 7:  Analog Comparator Control 0 (ACCTLO), offset 0X024 ...........cooeiiiiiiiiiiiieec e, 594
Register 8:  Analog Comparator Control 1 (ACCTL1), offset 0X044 ...........ooiiriiiiiiiiii e, 594
22 July 24, 2012

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Stellaris® LM3S2919 Microcontroller

Revision History

The revision history table notes changes made between the indicated revisions of the LM3S2919
data sheet.

Table 1. Revision History

Date Revision [Description
July 2012 12986.2532 |m  Marked LM3S2919 device as OBSOLETE.
June 2012 12986.2532 |m  Minor data sheet clarifications and corrections.
November 2011 11108 m  Added module-specific pin tables to each chapter in the new Signal Description sections.

m In Hibernation chapter:
— Changed terminology from non-volatile memory to battery-backed memory.
— Clarified Hibernation module register reset conditions.

m In Timer chapter, clarified that in 16-Bit Input Edge Time Mode, the timer is capable of capturing
three types of events: rising edge, falling edge, or both.

m In UART chapter, clarified interrupt behavior.
m  In SSlchapter, corrected SSICIk in the figure "Synchronous Serial Frame Format (Single Transfer)".
m In Signal Tables chapter:

—  Corrected pin numbers in table "Connections for Unused Signals" (other pin tables were correct).
m In Electrical Characteristics chapter:

— Added parameter "Input voltage for a GPIO configured as an analog input" to the "Maximum
Ratings" table.

— Corrected Nom values for parameters "TCK clock Low time" and "TCK clock High time" in "JTAG
Characteristics" table.

— Corrected missing values for "Conversion time" and "Conversion rate" parameters in "ADC
Characteristics" table.

m Additional minor data sheet clarifications and corrections.

July 24, 2012
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Table 1. Revision History (continued)

Date Revision |Description
January 2011 9102 = In Application Interrupt and Reset Control (APINT) register, changed bit name from SYSRESETREQ
to SYSRESREQ.

m  Added DEBUG (Debug Priority) bit field to System Handler Priority 3 (SYSPRI3) register.

m  Added "Reset Sources" table to System Control chapter.

m  Corrected GPI0AMSEL bit field in GPIO Analog Mode Select (GPIOAMSEL) register to be four-bits
wide, bits[7:4].

m  Removed mention of false-start bit detection in the UART chapter. This feature is not supported.

m  Added note that specific module clocks must be enabled before that module's registers can be
programmed. There must be a delay of 3 system clocks after the module clock is enabled before
any of that module's registers are accessed.

m Changed I2C slave register base addresses and offsets to be relative to the I2C module base address
of 0x4002.0000 and 0x4002.1000, so register bases and offsets were changed for all I°C slave
registers. Note that the hw_i2c.h file in the StellarisWare® Driver Library uses a base address of
0x4002.0800 and 0x4002.1800 for the I°C slave registers. Be aware when using registers with
offsets between 0x800 and 0x818 that StellarisWWare uses the old slave base address for these
offsets.

m  Added GNDPHY and VCCPHY to Connections for Unused Signals tables.

m  Corrected nonlinearity and offset error parameters (E, Ep and Eg) in ADC Characteristics table.

m  Added specification for maximum input voltage on a non-power pin when the microcontroller is
unpowered (Vyon parameter in Maximum Ratings table).

m Additional minor data sheet clarifications and corrections.

September 2010 7819 Removed BGA package and extended temperature information as it was erroneously included.

September 2010 7787 m  Reorganized ARM Cortex-M3 Processor Core, Memory Map and Interrupts chapters, creating two
new chapters, The Cortex-M3 Processor and Cortex-M3 Peripherals. Much additional content was
added, including all the Cortex-M3 registers.

m  Changed register names to be consistent with Stellaris\Ware names: the Cortex-M3 Interrupt Control
and Status (ICSR) register to the Interrupt Control and State (INTCTRL) register, and the
Cortex-M3 Interrupt Set Enable (SETNA) register to the Interrupt 0-31 Set Enable (ENO) register.

m  Added clarification of instruction execution during Flash operations.

m  Modified Figure 8-1 on page 284 to clarify operation of the GPIO inputs when used as an alternate
function.

m  Corrected GP I0AMSEL bit field in GPIO Analog Mode Select (GPIOAMSEL) register to be eight-bits
wide, bits[7:0].

m  Added caution not to apply a Low value to PB7 when debugging; a Low value on the pin causes
the JTAG controller to be reset, resulting in a loss of JTAG communication.

m In General-Purpose Timers chapter, clarified operation of the 32-bit RTC mode.

m In Electrical Characteristics chapter:

— Added I «g parameter (GPIO input leakage current) to Table 20-4 on page 613.
— Corrected values for t¢ e parameter (SSICIk rise/fall time) in Table 20-20 on page 623.

m  Added dimensions for Tray and Tape and Reel shipping mediums.
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Table 1. Revision History (continued)

Date Revision |Description

June 2010 7393 m  Corrected base address for SRAM in architectural overview chapter.

m Clarified system clock operation, adding content to “Clock Control” on page 171.

m  Clarified CAN bit timing examples.

m In Signal Tables chapter, added table "Connections for Unused Signals."

m In "Thermal Characteristics" table, corrected thermal resistance value from 34 to 32.
m In "Reset Characteristics" table, corrected value for supply voltage (VDD) rise time.

m Additional minor data sheet clarifications and corrections.

April 2010 7007 m Added caution note to the I2C Master Timer Period (I2CMTPR) register description and changed
field width to 7 bits.

m  Removed erroneous text about restoring the Flash Protection registers.
m  Added note about RST signal routing.
m Clarified the function of the TnSTALL bit in the GPTMCTL register.

m Additional minor data sheet clarifications and corrections.

January 2010 6712 m In "System Control" section, clarified Debug Access Port operation after Sleep modes.
m Clarified wording on Flash memory access errors.
m  Added section on Flash interrupts.

m  Changed the reset value of the ADC Sample Sequence Result FIFO n (ADCSSFIFOn) registers
to be indeterminate.

m Clarified operation of SSI transmit FIFO.
m  Made these changes to the Operating Characteristics chapter:
— Added storage temperature ratings to "Temperature Characteristics" table
— Added "ESD Absolute Maximum Ratings" table
m  Made these changes to the Electrical Characteristics chapter:
— In"Flash Memory Characteristics" table, corrected Mass erase time
— Added sleep and deep-sleep wake-up times ("Sleep Modes AC Characteristics" table)

— In"Reset Characteristics" table, corrected units for supply voltage (VDD) rise time

July 24, 2012 25
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Table 1. Revision History (continued)

Date Revision |Description
October 2009 6462 m  Deleted MAXADCSPD bit field from DCGCO register as it is not applicable in Deep-Sleep mode.
m  Removed erroneous reference to the WRC bit in the Hibernation chapter.
m  Deleted reset value for 16-bit mode from GPTMTAILR, GPTMTAMATCHR, and GPTMTAR registers
because the module resets in 32-bit mode.
m Clarified PWM source for ADC triggering.
m Clarified CAN bit timing and corrected examples.
m  Made these changes to the Electrical Characteristics chapter:
— Removed Vg and Vg, parameters from Operating Conditions table.
— Added table showing actual PLL frequency depending on input crystal.
— Changed the name of the tyyg rReg_wriTe Parameter to tyg reg_access:
— Revised ADC electrical specifications to clarify, including reorganizing and adding new data.
— Changed SSI set up and hold times to be expressed in system clocks, not ns.
July 2009 5920 Corrected ordering numbers.
July 2009 5902 m  Clarified Power-on reset and RST pin operation; added new diagrams.
m  Corrected the reset value of the Hibernation Data (HIBDATA) and Hibernation Control (HIBCTL)
registers.
m Clarified explanation of nonvolatile register programming in Internal Memory chapter.
m  Added explanation of reset value to FMPREO0/1/2/3, FMPPEO0/1/2/3, USER_DBG, and USER_REG0/1
registers.
m  Changed buffer type for WAKE pin to TTL and HTB pin to OD.
m In ADC characteristics table, changed Max value for GAIN parameter from +1 to +3 and added E|g
(Internal voltage reference error) parameter.
m Additional minor data sheet clarifications and corrections.
April 2009 5367 m  Added JTAG/SWD clarification (see “Communication with JTAG/SWD” on page 160).
m  Added clarification that the PLL operates at 400 MHz, but is divided by two prior to the application
of the output divisor.
m  Added "GPIO Module DC Characteristics" table (see Table 20-4 on page 613).
m  Additional minor data sheet clarifications and corrections.
January 2009 4660 m  Corrected bit type for RELOAD bit field in SysTick Reload Value register; changed to R/W.
m Clarification added as to what happens when the SSI in slave mode is required to transmit but there
is no data in the TX FIFO.
m  Corrected bit timing examples in CAN chapter.
m Additional minor data sheet clarifications and corrections.
November 2008 4283 m  Revised High-Level Block Diagram.
m Additional minor data sheet clarifications and corrections were made.
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Stellaris® LM3S2919 Microcontroller

Table 1. Revision History (continued)

Date Revision |Description
October 2008 4149 m  Corrected values for DSOSCSRC bit field in Deep Sleep Clock Configuration (DSLPCLKCFG)
register.
m  The FMA value for the FMPRES3 register was incorrect in the Flash Resident Registers table in the
Internal Memory chapter. The correct value is 0x0000.0006.
m Inthe CAN chapter, major improvements were made including a rewrite of the conceptual information
and the addition of new figures to clarify how to use the Controller Area Network (CAN) module.
m  Incorrect Comparator Operating Modes tables were removed from the Analog Comparators chapter.
August 2008 3447 m  Added note on clearing interrupts to Interrupts chapter.
m  Added Power Architecture diagram to System Control chapter.
m Additional minor data sheet clarifications and corrections.
July 2008 3108 m Additional minor data sheet clarifications and corrections.
May 2008 2972 m  The 108-Ball BGA pin diagram and pin tables had an error. The following signals were erroneously
indicated as available and have now been changed to a No Connect (NC):
— Ball C1: Changed PE7 to NC
— Ball C2: Changed PE6 to NC
— Ball D2: Changed PE5 to NC
— Ball D1: Changed PE4 to NC
— Ball F1: Changed PD7 to NC
— Ball F2: Changed PD6 to NC
— Ball E2: Changed PD5 to NC
— Ball E1: Changed PD4 to NC
m  As noted in the PCN, the option to provide VDD25 power from external sources was removed. Use
the LDO output as the source of VDD25 input.
m Additional minor data sheet clarifications and corrections.
April 2008 2881 m  The O, value was changed from 55.3 to 34 in the "Thermal Characteristics" table in the Operating
Characteristics chapter.
m  Bit 31 of the DC3 register was incorrectly described in prior versions of the data sheet. A reset of
1 indicates that an even CCP pin is present and can be used as a 32-KHz input clock.
m  Values for Ipp pigernate Were added to the "Detailed Power Specifications” table in the "Electrical
Characteristics" chapter.
m  The "Hibernation Module DC Electricals" table was added to the "Electrical Characteristics" chapter.
m  The Typprise Parameter in the "Reset Characteristics" table in the "Electrical Characteristics" chapter
was changed from a max of 100 to 250.
m  The maximum value on Core supply voltage (Vpp,s) in the "Maximum Ratings" table in the "Electrical
Characteristics" chapter was changed from 4 to 3.
m  The operational frequency of the internal 30-kHz oscillator clock source is 30 kHz + 50% (prior data

sheets incorrectly noted it as 30 kHz + 30%).

July 24, 2012
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Table 1. Revision History (continued)

Date Revision |Description

m A value of 0x3 in bits 5:4 of the MISC register (OSCSRC) indicates the 30-KHz internal oscillator is
the input source for the oscillator. Prior data sheets incorrectly noted 0x3 as a reserved value.

m  The reset for bits 6:4 of the RCC2 register (OSCSRC2) is 0x1 (IOSC). Prior data sheets incorrectly
noted the reset was 0x0 (MOSC).

m  Two figures on clock source were added to the "Hibernation Module":
—  Clock Source Using Crystal
—  Clock Source Using Dedicated Oscillator

m  The following notes on battery management were added to the "Hibernation Module" chapter:

— Battery voltage is not measured while in Hibernate mode.

— System level factors may affect the accuracy of the low battery detect circuit. The designer
should consider battery type, discharge characteristics, and a test load during battery voltage
measurements.

m A note on high-current applications was added to the GPIO chapter:

For special high-current applications, the GPIO output buffers may be used with the following

restrictions. With the GPIO pins configured as 8-mA output drivers, a total of four GPIO outputs may

be used to sink current loads up to 18 mA each. At 18-mA sink current loading, the VOL value is
specified as 1.2 V. The high-current GPIO package pins must be selected such that there are only

a maximum of two per side of the physical package or BGA pin group with the total number of

high-current GPIO outputs not exceeding four for the entire package.

m A note on Schmitt inputs was added to the GPIO chapter:
Pins configured as digital inputs are Schmitt-triggered.
m  The Buffer type on the WAKE pin changed from OD to - in the Signal Tables.
m The "Differential Sampling Range" figures in the ADC chapter were clarified.
m  Thelast revision of the data sheet (revision 2550) introduced two errors that have now been corrected:

— The LQFP pin diagrams and pin tables were missing the comparator positive and negative input
pins.

— The base address was listed incorrectly in the FMPREO and FMPPEO register bit diagrams.

m Additional minor data sheet clarifications and corrections.
March 2008 2550 Started tracking revision history.
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About This Document

This data sheet provides reference information for the LM3S2919 microcontroller, describing the
functional blocks of the system-on-chip (SoC) device designed around the ARM® Cortex™-M3
core.

Audience

This manual is intended for system software developers, hardware designers, and application
developers.

About This Manual

This document is organized into sections that correspond to each major feature.
Related Documents

The following related documents are available on the Stellaris® web site at www.ti.com/stellaris:

m Stellaris® Errata

m ARM® Cortex™-M3 Errata

m  Cortex™-M3/M4 Instruction Set Technical User's Manual

m Stellaris® Graphics Library User's Guide

m Stellaris® Peripheral Driver Library User's Guide

The following related documents are also referenced:

m ARM® Debug Interface V5 Architecture Specification

m ARM® Embedded Trace Macrocell Architecture Specification

m /EEE Standard 1149.1-Test Access Port and Boundary-Scan Architecture

This documentation list was current as of publication date. Please check the web site for additional
documentation, including application notes and white papers.
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Documentation Conventions

This document uses the conventions shown in Table 2 on page 30.

Table 2. Documentation Conventions

Notation

Meaning

General Register Notation

REGISTER APB registers are indicated in uppercase bold. For example, PBORCTL is the Power-On and
Brown-Out Reset Control register. If a register name contains a lowercase n, it represents more
than one register. For example, SRCRn represents any (or all) of the three Software Reset Control
registers: SRCR0O, SRCR1 , and SRCR2.

bit A single bit in a register.

bit field Two or more consecutive and related bits.

offset Oxnnn

A hexadecimal increment to a register's address, relative to that module's base address as specified
in Table 2-4 on page 67.

Register N

Registers are numbered consecutively throughout the document to aid in referencing them. The
register number has no meaning to software.

reserved

Register bits marked reserved are reserved for future use. In most cases, reserved bits are set to
0; however, user software should not rely on the value of a reserved bit. To provide software
compatibility with future products, the value of a reserved bit should be preserved across a
read-modify-write operation.

yy:xx

The range of register bits inclusive from xx to yy. For example, 31:15 means bits 15 through 31 in
that register.

Register Bit/Field
Types

This value in the register bit diagram indicates whether software running on the controller can
change the value of the bit field.

RC Software can read this field. The bit or field is cleared by hardware after reading the bit/field.

RO Software can read this field. Always write the chip reset value.

R/W Software can read or write this field.

R/WC Software can read or write this field. Writing to it with any value clears the register.

R/wW1C Software can read or write this field. A write of a 0 to a W1C bit does not affect the bit value in the
register. A write of a 1 clears the value of the bit in the register; the remaining bits remain unchanged.
This register type is primarily used for clearing interrupt status bits where the read operation
provides the interrupt status and the write of the read value clears only the interrupts being reported
at the time the register was read.

R/W1S Software can read or write a 1 to this field. A write of a 0 to a R/W1S bit does not affect the bit
value in the register.

Ww1C Software can write this field. A write of a 0 to a W1C bit does not affect the bit value in the register.
A write of a 1 clears the value of the bit in the register; the remaining bits remain unchanged. A
read of the register returns no meaningful data.

This register is typically used to clear the corresponding bit in an interrupt register.

WO Only a write by software is valid; a read of the register returns no meaningful data.

Register Bit/Field This value in the register bit diagram shows the bit/field value after any reset, unless noted.

Reset Value

0 Bit cleared to 0 on chip reset.

1

Bit set to 1 on chip reset.

Nondeterministic.

Pin/Signal Notation

Pin alternate function; a pin defaults to the signal without the brackets.

[]
pin

Refers to the physical connection on the package.

signal

Refers to the electrical signal encoding of a pin.

July 24, 2012
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Stellaris® LM3S2919 Microcontroller

Table 2. Documentation Conventions (continued)

Notation

Meaning

assert a signal

Change the value of the signal from the logically False state to the logically True state. For active
High signals, the asserted signal value is 1 (High); for active Low signals, the asserted signal value
is 0 (Low). The active polarity (High or Low) is defined by the signal name (see SIGNAL and STGNAL
below).

deassert a signal

Change the value of the signal from the logically True state to the logically False state.

STGNALC Signal names are in uppercase and in the Courier font. An overbar on a signal name indicates that
it is active Low. To assert STGNAL is to drive it Low; to deassert STGNAL is to drive it High.

SIGNAL Signal names are in uppercase and in the Courier font. An active High signal has no overbar. To
assert SIGNAL is to drive it High; to deassert SIGNAL is to drive it Low.

Numbers

X An uppercase X indicates any of several values is allowed, where X can be any legal pattern. For
example, a binary value of 0X00 can be either 0100 or 0000, a hex value of 0xX is 0x0 or 0x1, and
SO on.

0x Hexadecimal numbers have a prefix of Ox. For example, 0xO0FF is the hexadecimal number FF.

All other numbers within register tables are assumed to be binary. Within conceptual information,
binary numbers are indicated with a b suffix, for example, 1011b, and decimal numbers are written
without a prefix or suffix.

July 24, 2012
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Architectural Overview

Architectural Overview

The Stellaris® family of microcontrollers—the first ARM® Cortex™-M3 based controllers—brings
high-performance 32-bit computing to cost-sensitive embedded microcontroller applications. These
pioneering parts deliver customers 32-bit performance at a cost equivalent to legacy 8- and 16-bit
devices, all in a package with a small footprint.

The Stellaris family offers efficient performance and extensive integration, favorably positioning the
device into cost-conscious applications requiring significant control-processing and connectivity
capabilities. The Stellaris LM3S2000 series, designed for Controller Area Network (CAN) applications,
extends the Stellaris family with Bosch CAN networking technology, the golden standard in short-haul
industrial networks. The Stellaris LM3S2000 series also marks the first integration of CAN capabilities
with the revolutionary Cortex-M3 core.

The LM3S2919 microcontroller is targeted for industrial applications, including remote monitoring,
electronic point-of-sale machines, test and measurement equipment, network appliances and
switches, factory automation, HVAC and building control, gaming equipment, motion control, medical
instrumentation, and fire and security.

For applications requiring extreme conservation of power, the LM3S2919 microcontroller features
a battery-backed Hibernation module to efficiently power down the LM3S2919 to a low-power state
during extended periods of inactivity. With a power-up/power-down sequencer, a continuous time
counter (RTC), a pair of match registers, an APB interface to the system bus, and dedicated
non-volatile memory, the Hibernation module positions the LM3S2919 microcontroller perfectly for
battery applications.

In addition, the LM3S2919 microcontroller offers the advantages of ARM's widely available
development tools, System-on-Chip (SoC) infrastructure IP applications, and a large user community.
Additionally, the microcontroller uses ARM's Thumb®-compatible Thumb-2 instruction set to reduce
memory requirements and, thereby, cost. Finally, the LM3S2919 microcontroller is code-compatible
to all members of the extensive Stellaris family; providing flexibility to fit our customers' precise
needs.

Texas Instruments offers a complete solution to get to market quickly, with evaluation and
development boards, white papers and application notes, an easy-to-use peripheral driver library,
and a strong support, sales, and distributor network. See “Ordering and Contact

Information” on page 652 for ordering information for Stellaris family devices.

1.1 Product Features
The LM3S2919 microcontroller includes the following product features:
m 32-Bit RISC Performance
— 32-bit ARM® Cortex™-M3 v7M architecture optimized for small-footprint embedded
applications
— System timer (SysTick), providing a simple, 24-bit clear-on-write, decrementing, wrap-on-zero
counter with a flexible control mechanism
— Thumb®-compatible Thumb-2-only instruction set processor core for high code density
— 50-MHz operation
— Hardware-division and single-cycle-multiplication
32 July 24, 2012
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— Integrated Nested Vectored Interrupt Controller (NVIC) providing deterministic interrupt
handling

— 33 interrupts with eight priority levels

— Memory protection unit (MPU), providing a privileged mode for protected operating system
functionality

— Unaligned data access, enabling data to be efficiently packed into memory

— Atomic bit manipulation (bit-banding), delivering maximum memory utilization and streamlined
peripheral control

ARM® Cortex™-M3 Processor Core
— Compact core.

— Thumb-2 instruction set, delivering the high-performance expected of an ARM core in the
memory size usually associated with 8- and 16-bit devices; typically in the range of a few
kilobytes of memory for microcontroller class applications.

— Rapid application execution through Harvard architecture characterized by separate buses
for instruction and data.

— Exceptional interrupt handling, by implementing the register manipulations required for handling
an interrupt in hardware.

— Deterministic, fast interrupt processing: always 12 cycles, or just 6 cycles with tail-chaining

— Memory protection unit (MPU) to provide a privileged mode of operation for complex
applications.

— Migration from the ARM7™ processor family for better performance and power efficiency.
— Full-featured debug solution

» Serial Wire JTAG Debug Port (SWJ-DP)

» Flash Patch and Breakpoint (FPB) unit for implementing breakpoints

» Data Watchpoint and Trigger (DWT) unit for implementing watchpoints, trigger resources,
and system profiling

* Instrumentation Trace Macrocell (ITM) for support of printf style debugging
» Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer

— Optimized for single-cycle flash usage

— Three sleep modes with clock gating for low power

— Single-cycle multiply instruction and hardware divide

— Atomic operations

— ARM Thumb2 mixed 16-/32-bit instruction set

July 24, 2012
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Architectural Overview

JTAG

1.25 DMIPS/MHz

IEEE 1149.1-1990 compatible Test Access Port (TAP) controller

Four-bit Instruction Register (IR) chain for storing JTAG instructions

IEEE standard instructions: BYPASS, IDCODE, SAMPLE/PRELOAD, EXTEST and INTEST

ARM additional instructions: APACC, DPACC and ABORT

Integrated ARM Serial Wire Debug (SWD)

Hibernation

System power control using discrete external regulator

Dedicated pin for waking from an external signal

Low-battery detection, signaling, and interrupt generation

32-bit real-time clock (RTC)

Two 32-bit RTC match registers for timed wake-up and interrupt generation

Clock source from a 32.768-kHz external oscillator or a 4.194304-MHz crystal

RTC predivider trim for making fine adjustments to the clock rate

64 32-bit words of non-volatile memory

Programmable interrupts for RTC match, external wake, and low battery events

Internal Memory

— 256 KB single-cycle flash

User-managed flash block protection on a 2-KB block basis
User-managed flash data programming

User-defined and managed flash-protection block

— 64 KB single-cycle SRAM

GPIOs

15-52 GPIOs, depending on configuration

5-V-tolerant in input configuration

Fast toggle capable of a change every two clock cycles

Programmable control for GPIO interrupts

Interrupt generation masking

34
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Edge-triggered on rising, falling, or both

Level-sensitive on High or Low values

Bit masking in both read and write operations through address lines

Can initiate an ADC sample sequence

Pins configured as digital inputs are Schmitt-triggered.

Programmable control for GPIO pad configuration

Weak pull-up or pull-down resistors

2-mA, 4-mA, and 8-mA pad drive for digital communication; up to four pads can be
configured with an 18-mA pad drive for high-current applications

Slew rate control for the 8-mA drive
Open drain enables

Digital input enables

m General-Purpose Timers

Four General-Purpose Timer Modules (GPTM), each of which provides two 16-bit
timers/counters. Each GPTM can be configured to operate independently:

As a single 32-bit timer
As one 32-bit Real-Time Clock (RTC) to event capture
For Pulse Width Modulation (PWM)

To trigger analog-to-digital conversions

32-bit Timer modes

Programmable one-shot timer

Programmable periodic timer

Real-Time Clock when using an external 32.768-KHz clock as the input
User-enabled stalling when the controller asserts CPU Halt flag during debug

ADC event trigger

16-bit Timer modes

General-purpose timer function with an 8-bit prescaler (for one-shot and periodic modes
only)

Programmable one-shot timer

Programmable periodic timer

July 24, 2012
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Architectural Overview

» User-enabled stalling when the controller asserts CPU Halt flag during debug

* ADC event trigger

16-bit Input Capture modes
* Input edge count capture
* Input edge time capture

16-bit PWM mode

+ Simple PWM mode with software-programmable output inversion of the PWM signal

ARM FiRM-compliant Watchdog Timer

32-bit down counter with a programmable load register
Separate watchdog clock with an enable

Programmable interrupt generation logic with interrupt masking
Lock register protection from runaway software

Reset generation logic with an enable/disable

User-enabled stalling when the controller asserts the CPU Halt flag during debug

ADC

Eight analog input channels

Single-ended and differential-input configurations
On-chip internal temperature sensor

Sample rate of 500 thousand samples/second

Flexible, configurable analog-to-digital conversion

Four programmable sample conversion sequences from one to eight entries long, with

corresponding conversion result FIFOs

Flexible trigger control

» Controller (software)

» Timers

* Analog Comparators

+ GPIO

Hardware averaging of up to 64 samples for improved accuracy

Converter uses an internal 3-V reference
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— Power and ground for the analog circuitry is separate from the digital power and ground

UART
— Two fully programmable 16C550-type UARTs with IrDA support
— Separate 16x8 transmit (TX) and receive (RX) FIFOs to reduce CPU interrupt service loading
— Programmable baud-rate generator allowing speeds up to 3.125 Mbps
— Programmable FIFO length, including 1-byte deep operation providing conventional
double-buffered interface
— FIFO trigger levels of 1/8, 1/4, 1/2, 3/4, and 7/8
— Standard asynchronous communication bits for start, stop, and parity
— Line-break generation and detection
— Fully programmable serial interface characteristics
+ 5,6, 7, or 8 data bits
* Even, odd, stick, or no-parity bit generation/detection
* 1 or 2 stop bit generation
— IrDA serial-IR (SIR) encoder/decoder providing
* Programmable use of IrDA Serial Infrared (SIR) or UART input/output
» Support of IrDA SIR encoder/decoder functions for data rates up to 115.2 Kbps half-duplex
» Support of normal 3/16 and low-power (1.41-2.23 ps) bit durations
» Programmable internal clock generator enabling division of reference clock by 1 to 256
for low-power mode bit duration
Synchronous Serial Interface (SSI)

— Two SSI modules, each with the following features:

— Master or slave operation

— Programmable clock bit rate and prescale

— Separate transmit and receive FIFOs, 16 bits wide, 8 locations deep

— Programmable interface operation for Freescale SPI, MICROWIRE, or Texas Instruments
synchronous serial interfaces

— Programmable data frame size from 4 to 16 bits
— Internal loopback test mode for diagnostic/debug testing

12C
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Two I°C modules, each with the following features:

Devices on the I°C bus can be designated as either a master or a slave
» Supports both sending and receiving data as either a master or a slave
» Supports simultaneous master and slave operation

Four I°C modes

* Master transmit

» Master receive

+ Slave transmit

» Slave receive

Two transmission speeds: Standard (100 Kbps) and Fast (400 Kbps)
Master and slave interrupt generation

» Master generates interrupts when a transmit or receive operation completes (or aborts
due to an error)

+ Slave generates interrupts when data has been sent or requested by a master

Master with arbitration and clock synchronization, multimaster support, and 7-bit addressing
mode

Controller Area Network (CAN)

CAN protocol version 2.0 part A/B

Bit rates up to 1 Mbps

32 message objects with individual identifier masks

Maskable interrupt

Disable Automatic Retransmission mode for Time-Triggered CAN (TTCAN) applications
Programmable Loopback mode for self-test operation

Programmable FIFO mode enables storage of multiple message objects

Gluelessly attaches to an external CAN interface through the CANNTX and CANNRX signals

Analog Comparators

Two independent integrated analog comparators

Configurable for output to drive an output pin, generate an interrupt, or initiate an ADC sample
sequence

Compare external pin input to external pin input or to internal programmable voltage reference
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— Compare a test voltage against any one of these voltages
* Anindividual external reference voltage
» A shared single external reference voltage

* A shared internal reference voltage

Power

— On-chip Low Drop-Out (LDO) voltage regulator, with programmable output user-adjustable
from2.25V t0 2.75V

— Hibernation module handles the power-up/down 3.3 V sequencing and control for the core
digital logic and analog circuits

— Low-power options on controller: Sleep and Deep-sleep modes

— Low-power options for peripherals: software controls shutdown of individual peripherals

— 3.3-V supply brown-out detection and reporting via interrupt or reset

Flexible Reset Sources

— Power-on reset (POR)

— Reset pin assertion

— Brown-out (BOR) detector alerts to system power drops

— Software reset

— Watchdog timer reset

— Internal low drop-out (LDO) regulator output goes unregulated

Industrial temperature 100-pin RoHS-compliant LQFP package

1.2 Target Applications

Remote monitoring

Electronic point-of-sale (POS) machines
Test and measurement equipment
Network appliances and switches
Factory automation

HVAC and building control

Gaming equipment

Motion control

July 24, 2012
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1.3

Medical instrumentation

Fire and security
Power and energy

Transportation

High-Level Block Diagram

Figure 1-1 on page 41 depicts the features on the Stellaris LM3S2919 microcontroller.
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Figure 1-1. Stellaris LM3S2919 Microcontroller High-Level Block Diagram
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1.4

141
1411

1.4.1.2

1413

1.41.4

Functional Overview

The following sections provide an overview of the features of the LM3S2919 microcontroller. The
page number in parenthesis indicates where that feature is discussed in detail. Ordering and support
information can be found in “Ordering and Contact Information” on page 652.

ARM Cortex™-M3

Processor Core (see page 48)

All members of the Stellaris product family, including the LM3S2919 microcontroller, are designed
around an ARM Cortex™-M3 processor core. The ARM Cortex-M3 processor provides the core for
a high-performance, low-cost platform that meets the needs of minimal memory implementation,
reduced pin count, and low-power consumption, while delivering outstanding computational
performance and exceptional system response to interrupts.

Memory Map (see page 67)

A memory map lists the location of instructions and data in memory. The memory map for the
LM3S2919 controller can be found in Table 2-4 on page 67. Register addresses are given as a
hexadecimal increment, relative to the module's base address as shown in the memory map.

System Timer (SysTick) (see page 90)

Cortex-M3 includes an integrated system timer, SysTick. SysTick provides a simple, 24-bit
clear-on-write, decrementing, wrap-on-zero counter with a flexible control mechanism. The counter
can be used in several different ways, for example:

m  An RTOS tick timer which fires at a programmable rate (for example, 100 Hz) and invokes a
SysTick routine.

m A high-speed alarm timer using the system clock.

m A variable rate alarm or signal timer—the duration is range-dependent on the reference clock
used and the dynamic range of the counter.

m A simple counter. Software can use this to measure time to completion and time used.

m Aninternal clock source control based on missing/meeting durations. The COUNTFLAG bit-field
in the control and status register can be used to determine if an action completed within a set
duration, as part of a dynamic clock management control loop.

Nested Vectored Interrupt Controller (NVIC) (see page 91)

The LM3S2919 controller includes the ARM Nested Vectored Interrupt Controller (NVIC) on the
ARM® Cortex™-M3 core. The NVIC and Cortex-M3 prioritize and handle all exceptions. All exceptions
are handled in Handler Mode. The processor state is automatically stored to the stack on an
exception, and automatically restored from the stack at the end of the Interrupt Service Routine
(ISR). The vector is fetched in parallel to the state saving, which enables efficient interrupt entry.
The processor supports tail-chaining, which enables back-to-back interrupts to be performed without
the overhead of state saving and restoration. Software can set eight priority levels on 7 exceptions
(system handlers) and 33 interrupts.
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1.41.5

1.4.1.6

1.4.2

1.4.2.1

143

1.4.3.1

1.4.3.2

System Control Block (SCB) (see page 93)

The SCB provides system implementation information and system control, including configuration,
control, and reporting of system exceptions.

Memory Protection Unit (MPU) (see page 93)

The MPU supports the standard ARMv7 Protected Memory System Architecture (PMSA) model.
The MPU provides full support for protection regions, overlapping protection regions, access
permissions, and exporting memory attributes to the system.

Motor Control Peripherals

To enhance motor control, the LM3S2919 controller features Pulse Width Modulation (PWM) outputs.

PWM

Pulse width modulation (PWM) is a powerful technique for digitally encoding analog signal levels.
High-resolution counters are used to generate a square wave, and the duty cycle of the square
wave is modulated to encode an analog signal. Typical applications include switching power supplies
and motor control.

On the LM3S2919, PWM motion control functionality can be achieved through:
m  The motion control features of the general-purpose timers using the CCP pins

CCP Pins (see page 331)

The General-Purpose Timer Module's CCP (Capture Compare PWM) pins are software programmable
to support a simple PWM mode with a software-programmable output inversion of the PWM signal.
Analog Peripherals

To handle analog signals, the LM3S2919 microcontroller offers an Analog-to-Digital Converter
(ADC).

For support of analog signals, the LM3S2919 microcontroller offers two analog comparators.

ADC (see page 385)

An analog-to-digital converter (ADC) is a peripheral that converts a continuous analog voltage to a
discrete digital number.

The LM3S2919 ADC module features 10-bit conversion resolution and supports eight input channels,
plus an internal temperature sensor. Four buffered sample sequences allow rapid sampling of up
to eight analog input sources without controller intervention. Each sample sequence provides flexible
programming with fully configurable input source, trigger events, interrupt generation, and sequence
priority.

Analog Comparators (see page 584)

An analog comparator is a peripheral that compares two analog voltages, and provides a logical
output that signals the comparison result.

The LM3S2919 microcontroller provides two independent integrated analog comparators that can
be configured to drive an output or generate an interrupt or ADC event.

A comparator can compare a test voltage against any one of these voltages:

m An individual external reference voltage

July 24, 2012 43

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Architectural Overview

m A shared single external reference voltage
m A shared internal reference voltage

The comparator can provide its output to a device pin, acting as a replacement for an analog
comparator on the board, or it can be used to signal the application via interrupts or triggers to the
ADC to cause it to start capturing a sample sequence. The interrupt generation and ADC triggering
logic is separate. This means, for example, that an interrupt can be generated on a rising edge and
the ADC triggered on a falling edge.

144 Serial Communications Peripherals
The LM3S2919 controller supports both asynchronous and synchronous serial communications
with:
m Two fully programmable 16C550-type UARTs
m Two SSI modules
= Two I°C modules
m One CAN unit

1.4.41 UART (see page 421)
A Universal Asynchronous Receiver/Transmitter (UART) is an integrated circuit used for RS-232C
serial communications, containing a transmitter (parallel-to-serial converter) and a receiver
(serial-to-parallel converter), each clocked separately.
The LM3S2919 controller includes two fully programmable 16C550-type UARTSs that support data
transfer speeds up to 3.125 Mbps. (Although similar in functionality to a 16C550 UART, it is not
register-compatible.) In addition, each UART is capable of supporting IrDA.
Separate 16x8 transmit (TX) and receive (RX) FIFOs reduce CPU interrupt service loading. The
UART can generate individually masked interrupts from the RX, TX, modem status, and error
conditions. The module provides a single combined interrupt when any of the interrupts are asserted
and are unmasked.

1.4.4.2 SSI (see page 463)
Synchronous Serial Interface (SSI) is a four-wire bi-directional full and low-speed communications
interface.
The LM3S2919 controller includes two SSI modules that provide the functionality for synchronous
serial communications with peripheral devices, and can be configured to use the Freescale SPI,
MICROWIRE, or Tl synchronous serial interface frame formats. The size of the data frame is also
configurable, and can be set between 4 and 16 bits, inclusive.
Each SSI module performs serial-to-parallel conversion on data received from a peripheral device,
and parallel-to-serial conversion on data transmitted to a peripheral device. The TX and RX paths
are buffered with internal FIFOs, allowing up to eight 16-bit values to be stored independently.
Each SSI module can be configured as either a master or slave device. As a slave device, the SSI
module can also be configured to disable its output, which allows a master device to be coupled
with multiple slave devices.
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1.44.4

1.4.5
1.4.5.1

Each SSI module also includes a programmable bit rate clock divider and prescaler to generate the
output serial clock derived from the SSI module's input clock. Bit rates are generated based on the
input clock and the maximum bit rate is determined by the connected peripheral.

I2C (see page 501)

The Inter-Integrated Circuit (12C) bus provides bi-directional data transfer through a two-wire design
(a serial data line SDA and a serial clock line SCL).

The IC bus interfaces to external I2C devices such as serial memory (RAMs and ROMs), networking
devices, LCDs, tone generators, and so on. The 1°C bus may also be used for system testing and
diagnostic purposes in product development and manufacture.

The LM3S2919 controller includes two 12C modules that provide the ability to communicate to other
IC devices over an I2C bus. The I2C bus supports devices that can both transmit and receive (write
and read) data.

Devices on the I°C bus can be designated as either a master or a slave. Each I°C module supports
both sending and receiving data as either a master or a slave, and also supports the simultaneous
operation as both a master and a slave. The four 1°C modes are: Master Transmit, Master Receive,
Slave Transmit, and Slave Receive.

A Stellaris [2C module can operate at two speeds: Standard (100 Kbps) and Fast (400 Kbps).

Both the I2C master and slave can generate interrupts. The I2C master generates interrupts when
a transmit or receive operation completes (or aborts due to an error). The I°C slave generates
interrupts when data has been sent or requested by a master.

Controller Area Network (see page 538)

Controller Area Network (CAN) is a multicast shared serial-bus standard for connecting electronic
control units (ECUs). CAN was specifically designed to be robust in electromagnetically noisy
environments and can utilize a differential balanced line like RS-485 or a more robust twisted-pair
wire. Originally created for automotive purposes, now it is used in many embedded control
applications (for example, industrial or medical). Bit rates up to 1Mb/s are possible at network lengths
below 40 meters. Decreased bit rates allow longer network distances (for example, 125 Kb/s at
500m).

A transmitter sends a message to all CAN nodes (broadcasting). Each node decides on the basis
of the identifier received whether it should process the message. The identifier also determines the
priority that the message enjoys in competition for bus access. Each CAN message can transmit
from O to 8 bytes of user information. The LM3S2919 includes one CAN unit.

System Peripherals

Programmable GPIOs (see page 280)
General-purpose input/output (GPIO) pins offer flexibility for a variety of connections.

The Stellaris GPIO module is comprised of eight physical GPIO blocks, each corresponding to an
individual GPIO port. The GPIO module is FiRM-compliant (compliant to the ARM Foundation IP
for Real-Time Microcontrollers specification) and supports 15-52 programmable input/output pins.
The number of GPIOs available depends on the peripherals being used (see “Signal

Tables” on page 597 for the signals available to each GPIO pin).

The GPIO module features programmable interrupt generation as either edge-triggered or
level-sensitive on all pins, programmable control for GPIO pad configuration, and bit masking in
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1.4.5.2

1.4.5.3

1.4.6

1.4.6.1

1.4.6.2

both read and write operations through address lines. Pins configured as digital inputs are
Schmitt-triggered.

Four Programmable Timers (see page 325)
Programmable timers can be used to count or time external events that drive the Timer input pins.

The Stellaris General-Purpose Timer Module (GPTM) contains four GPTM blocks. Each GPTM
block provides two 16-bit timers/counters that can be configured to operate independently as timers
or event counters, or configured to operate as one 32-bit timer or one 32-bit Real-Time Clock (RTC).
Timers can also be used to trigger analog-to-digital (ADC) conversions.

When configured in 32-bit mode, a timer can run as a Real-Time Clock (RTC), one-shot timer or
periodic timer. When in 16-bit mode, a timer can run as a one-shot timer or periodic timer, and can
extend its precision by using an 8-bit prescaler. A 16-bit timer can also be configured for event
capture or Pulse Width Modulation (PWM) generation.

Watchdog Timer (see page 361)

A watchdog timer can generate an interrupt or a reset when a time-out value is reached. The
watchdog timer is used to regain control when a system has failed due to a software error or to the
failure of an external device to respond in the expected way.

The Stellaris Watchdog Timer module consists of a 32-bit down counter, a programmable load
register, interrupt generation logic, and a locking register.

The Watchdog Timer can be configured to generate an interrupt to the controller on its first time-out,
and to generate a reset signal on its second time-out. Once the Watchdog Timer has been configured,
the lock register can be written to prevent the timer configuration from being inadvertently altered.

Memory Peripherals
The LM3S2919 controller offers both single-cycle SRAM and single-cycle Flash memory.

SRAM (see page 254)

The LM3S2919 static random access memory (SRAM) controller supports 64 KB SRAM. The internal
SRAM of the Stellaris devices starts at base address 0x2000.0000 of the device memory map. To
reduce the number of time-consuming read-modify-write (RMW) operations, ARM has introduced
bit-banding technology in the new Cortex-M3 processor. With a bit-band-enabled processor, certain
regions in the memory map (SRAM and peripheral space) can use address aliases to access
individual bits in a single, atomic operation.

Flash (see page 255)

The LM3S2919 Flash controller supports 256 KB of flash memory. The flash is organized as a set
of 1-KB blocks that can be individually erased. Erasing a block causes the entire contents of the
block to be reset to all 1s. These blocks are paired into a set of 2-KB blocks that can be individually
protected. The blocks can be marked as read-only or execute-only, providing different levels of code
protection. Read-only blocks cannot be erased or programmed, protecting the contents of those
blocks from being modified. Execute-only blocks cannot be erased or programmed, and can only
be read by the controller instruction fetch mechanism, protecting the contents of those blocks from
being read by either the controller or by a debugger.
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1.4.7 Additional Features

1.4.71 JTAG TAP Controller (see page 154)

The Joint Test Action Group (JTAG) port is an IEEE standard that defines a Test Access Port and
Boundary Scan Architecture for digital integrated circuits and provides a standardized serial interface
for controlling the associated test logic. The TAP, Instruction Register (IR), and Data Registers (DR)
can be used to test the interconnections of assembled printed circuit boards and obtain manufacturing
information on the components. The JTAG Port also provides a means of accessing and controlling
design-for-test features such as 1/O pin observation and control, scan testing, and debugging.

The JTAG port is composed of the standard five pins: TRST, TCK, TMS, TDI, and TDO. Data is
transmitted serially into the controller on TD1 and out of the controller on TDO. The interpretation of
this data is dependent on the current state of the TAP controller. For detailed information on the
operation of the JTAG port and TAP controller, please refer to the IEEE Standard 1149.1-Test
Access Port and Boundary-Scan Architecture.

The Stellaris JTAG controller works with the ARM JTAG controller built into the Cortex-M3 core.
This is implemented by multiplexing the TDO outputs from both JTAG controllers. ARM JTAG
instructions select the ARM TDO output while Stellaris JTAG instructions select the Stellaris TDO
outputs. The multiplexer is controlled by the Stellaris JTAG controller, which has comprehensive
programming for the ARM, Stellaris, and unimplemented JTAG instructions.

1.4.7.2 System Control and Clocks (see page 166)

System control determines the overall operation of the device. It provides information about the
device, controls the clocking of the device and individual peripherals, and handles reset detection
and reporting.

1.4.7.3 Hibernation Module (see page 233)

The Hibernation module provides logic to switch power off to the main processor and peripherals,
and to wake on external or time-based events. The Hibernation module includes power-sequencing
logic, a real-time clock with a pair of match registers, low-battery detection circuitry, and interrupt
signalling to the processor. It also includes 64 32-bit words of non-volatile memory that can be used
for saving state during hibernation.

1.4.8 Hardware Details

Details on the pins and package can be found in the following sections:
m “Pin Diagram” on page 596

m “Signal Tables” on page 597

m “Operating Characteristics” on page 611

m “Electrical Characteristics” on page 612

m “Package Information” on page 654
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The Cortex-M3 Processor

The ARM® Cortex™-M3 processor provides a high-performance, low-cost platform that meets the
system requirements of minimal memory implementation, reduced pin count, and low power
consumption, while delivering outstanding computational performance and exceptional system
response to interrupts. Features include:

Compact core.

Thumb-2 instruction set, delivering the high-performance expected of an ARM core in the memory
size usually associated with 8- and 16-bit devices; typically in the range of a few kilobytes of
memory for microcontroller class applications.

Rapid application execution through Harvard architecture characterized by separate buses for
instruction and data.

Exceptional interrupt handling, by implementing the register manipulations required for handling
an interrupt in hardware.

Deterministic, fast interrupt processing: always 12 cycles, or just 6 cycles with tail-chaining
Memory protection unit (MPU) to provide a privileged mode of operation for complex applications.
Migration from the ARM7™ processor family for better performance and power efficiency.
Full-featured debug solution

— Serial Wire JTAG Debug Port (SWJ-DP)

— Flash Patch and Breakpoint (FPB) unit for implementing breakpoints

— Data Watchpoint and Trigger (DWT) unit for implementing watchpoints, trigger resources,
and system profiling

— Instrumentation Trace Macrocell (ITM) for support of printf style debugging
— Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer
Optimized for single-cycle flash usage

Three sleep modes with clock gating for low power

Single-cycle multiply instruction and hardware divide

Atomic operations

ARM Thumb2 mixed 16-/32-bit instruction set

1.25 DMIPS/MHz

The Stellaris® family of microcontrollers builds on this core to bring high-performance 32-bit computing
to cost-sensitive embedded microcontroller applications, such as factory automation and control,
industrial control power devices, building and home automation, and stepper motor control.
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This chapter provides information on the Stellaris implementation of the Cortex-M3 processor,
including the programming model, the memory model, the exception model, fault handling, and
power management.

For technical details on the instruction set, see the Cortex™-M3/M4 Instruction Set Technical User's
Manual.

Block Diagram

The Cortex-M3 processor is built on a high-performance processor core, with a 3-stage pipeline
Harvard architecture, making it ideal for demanding embedded applications. The processor delivers
exceptional power efficiency through an efficient instruction set and extensively optimized design,
providing high-end processing hardware including a range of single-cycle and SIMD multiplication
and multiply-with-accumulate capabilities, saturating arithmetic and dedicated hardware division.

To facilitate the design of cost-sensitive devices, the Cortex-M3 processor implements tightly coupled
system components that reduce processor area while significantly improving interrupt handling and
system debug capabilities. The Cortex-M3 processor implements a version of the Thumb® instruction
set based on Thumb-2 technology, ensuring high code density and reduced program memory
requirements. The Cortex-M3 instruction set provides the exceptional performance expected of a
modern 32-bit architecture, with the high code density of 8-bit and 16-bit microcontrollers.

The Cortex-M3 processor closely integrates a nested interrupt controller (NVIC), to deliver
industry-leading interrupt performance. The Stellaris NVIC includes a non-maskable interrupt (NMI)
and provides eight interrupt priority levels. The tight integration of the processor core and NVIC
provides fast execution of interrupt service routines (ISRs), dramatically reducing interrupt latency.
The hardware stacking of registers and the ability to suspend load-multiple and store-multiple
operations further reduce interrupt latency. Interrupt handlers do not require any assembler stubs
which removes code overhead from the ISRs. Tail-chaining optimization also significantly reduces
the overhead when switching from one ISR to another. To optimize low-power designs, the NVIC
integrates with the sleep modes, including Deep-sleep mode, which enables the entire device to be
rapidly powered down.
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2.2
2.21

2.2.2

Figure 2-1. CPU Block Diagram
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System-Level Interface

The Cortex-M3 processor provides multiple interfaces using AMBA® technology to provide
high-speed, low-latency memory accesses. The core supports unaligned data accesses and
implements atomic bit manipulation that enables faster peripheral controls, system spinlocks, and
thread-safe Boolean data handling.

The Cortex-M3 processor has a memory protection unit (MPU) that provides fine-grain memory
control, enabling applications to implement security privilege levels and separate code, data and
stack on a task-by-task basis.

Integrated Configurable Debug

The Cortex-M3 processor implements a complete hardware debug solution, providing high system
visibility of the processor and memory through either a traditional JTAG port or a 2-pin Serial Wire
Debug (SWD) port that is ideal for microcontrollers and other small package devices. The Stellaris
implementation replaces the ARM SW-DP and JTAG-DP with the ARM CoreSight™-compliant
Serial Wire JTAG Debug Port (SWJ-DP) interface. The SWJ-DP interface combines the SWD and
JTAG debug ports into one module. See the ARM® Debug Interface V5 Architecture Specification
for details on SWJ-DP.

For system trace, the processor integrates an Instrumentation Trace Macrocell (ITM) alongside data
watchpoints and a profiling unit. To enable simple and cost-effective profiling of the system trace
events, a Serial Wire Viewer (SWV) can export a stream of software-generated messages, data
trace, and profiling information through a single pin.
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The Flash Patch and Breakpoint Unit (FPB) provides up to eight hardware breakpoint comparators
that debuggers can use. The comparators in the FPB also provide remap functions of up to eight
words in the program code in the CODE memory region. This enables applications stored in a
read-only area of Flash memory to be patched in another area of on-chip SRAM or Flash memory.
If a patch is required, the application programs the FPB to remap a number of addresses. When
those addresses are accessed, the accesses are redirected to a remap table specified in the FPB
configuration.

For more information on the Cortex-M3 debug capabilities, see theARM® Debug Interface V5
Architecture Specification.

223 Trace Port Interface Unit (TPIU)

The TPIU acts as a bridge between the Cortex-M3 trace data from the ITM, and an off-chip Trace
Port Analyzer, as shown in Figure 2-2 on page 51.

Figure 2-2. TPIU Block Diagram
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224 Cortex-M3 System Component Details
The Cortex-M3 includes the following system components:
m SysTick

A 24-bit count-down timer that can be used as a Real-Time Operating System (RTOS) tick timer
or as a simple counter (see “System Timer (SysTick)” on page 90).

m Nested Vectored Interrupt Controller (NVIC)

An embedded interrupt controller that supports low latency interrupt processing (see “Nested
Vectored Interrupt Controller (NVIC)” on page 91).

m System Control Block (SCB)
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The programming model interface to the processor. The SCB provides system implementation
information and system control, including configuration, control, and reporting of system exceptions
(see “System Control Block (SCB)” on page 93).

m  Memory Protection Unit (MPU)

Improves system reliability by defining the memory attributes for different memory regions. The
MPU provides up to eight different regions and an optional predefined background region (see
“Memory Protection Unit (MPU)” on page 93).

2.3 Programming Model
This section describes the Cortex-M3 programming model. In addition to the individual core register
descriptions, information about the processor modes and privilege levels for software execution and
stacks is included.
2.31 Processor Mode and Privilege Levels for Software Execution
The Cortex-M3 has two modes of operation:
m Thread mode
Used to execute application software. The processor enters Thread mode when it comes out of
reset.
m Handler mode
Used to handle exceptions. When the processor has finished exception processing, it returns to
Thread mode.
In addition, the Cortex-M3 has two privilege levels:
m Unprivileged
In this mode, software has the following restrictions:
— Limited access to the MSR and MRS instructions and no use of the CPS instruction
— No access to the system timer, NVIC, or system control block
— Possibly restricted access to memory or peripherals
m Privileged
In this mode, software can use all the instructions and has access to all resources.
In Thread mode, the CONTROL register (see page 66) controls whether software execution is
privileged or unprivileged. In Handler mode, software execution is always privileged.
Only privileged software can write to the CONTROL register to change the privilege level for software
execution in Thread mode. Unprivileged software can use the SVC instruction to make a supervisor
call to transfer control to privileged software.
23.2 Stacks
The processor uses a full descending stack, meaning that the stack pointer indicates the last stacked
item on the memory. When the processor pushes a new item onto the stack, it decrements the stack
pointer and then writes the item to the new memory location. The processor implements two stacks:
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2.3.3

the main stack and the process stack, with a pointer for each held in independent registers (see the
SP register on page 56).

In Thread mode, the CONTROL register (see page 66) controls whether the processor uses the
main stack or the process stack. In Handler mode, the processor always uses the main stack. The
options for processor operations are shown in Table 2-1 on page 53.

Table 2-1. Summary of Processor Mode, Privilege Level, and Stack Use

Processor Mode Use Privilege Level Stack Used
Thread Applications Privileged or unprivileged Main stack or process stack
Handler Exception handlers Always privileged Main stack

a. See CONTROL (page 66).

Register Map

Figure 2-3 on page 53 shows the Cortex-M3 register set. Table 2-2 on page 54 lists the Core
registers. The core registers are not memory mapped and are accessed by register name, so the
base address is n/a (not applicable) and there is no offset.

Figure 2-3. Cortex-M3 Register Set

- RN

RO
R1
R2
R3
R4
R5
R6 General-purpose registers
R7
R8
R9

Low registers

High registers R10
R11
R12
Stack Pointer SP (R13) psP* | wmsp? *Banked version of SP
Link Register LR (R14)

PC (R15)

Program Counter

PSR Program status register
PRIMASK

FAULTMASK Exception mask registers Special registers
BASEPRI
CONTROL CONTROL register
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Table 2-2. Processor Register Map

Offset Name Type Reset Description :‘ZZ
- RO R/W - Cortex General-Purpose Register 0 55
- R1 R/W - Cortex General-Purpose Register 1 55
- R2 R/W - Cortex General-Purpose Register 2 55
- R3 R/W - Cortex General-Purpose Register 3 55
- R4 R/W - Cortex General-Purpose Register 4 55
- R5 R/W - Cortex General-Purpose Register 5 55
- R6 R/W - Cortex General-Purpose Register 6 55
- R7 R/W - Cortex General-Purpose Register 7 55
- R8 R/W - Cortex General-Purpose Register 8 55
- R9 R/W - Cortex General-Purpose Register 9 55
- R10 R/W - Cortex General-Purpose Register 10 55
- R11 R/W - Cortex General-Purpose Register 11 55
- R12 R/W - Cortex General-Purpose Register 12 55
- SP R/wW - Stack Pointer 56
- LR R/W OxFFFF.FFFF Link Register 57
- PC R/W - Program Counter 58
- PSR R/W 0x0100.0000 Program Status Register 59
- PRIMASK R/W 0x0000.0000 Priority Mask Register 63
- FAULTMASK R/W 0x0000.0000 Fault Mask Register 64
- BASEPRI R/W 0x0000.0000 Base Priority Mask Register 65
- CONTROL R/W 0x0000.0000 Control Register 66
234 Register Descriptions
This section lists and describes the Cortex-M3 registers, in the order shown in Figure 2-3 on page 53.
The core registers are not memory mapped and are accessed by register name rather than offset.
Note: The register type shown in the register descriptions refers to type during program execution
in Thread mode and Handler mode. Debug access can differ.
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Register 1: Cortex General-Purpose Register 0 (R0)
Register 2: Cortex General-Purpose Register 1 (R1)
Register 3: Cortex General-Purpose Register 2 (R2)
Register 4: Cortex General-Purpose Register 3 (R3)
Register 5: Cortex General-Purpose Register 4 (R4)
Register 6: Cortex General-Purpose Register 5 (R5)
Register 7: Cortex General-Purpose Register 6 (R6)
Register 8: Cortex General-Purpose Register 7 (R7)
Register 9: Cortex General-Purpose Register 8 (R8)
Register 10: Cortex General-Purpose Register 9 (R9)
Register 11: Cortex General-Purpose Register 10 (R10)
Register 12: Cortex General-Purpose Register 11 (R11)
Register 13: Cortex General-Purpose Register 12 (R12)

The Rn registers are 32-bit general-purpose registers for data operations and can be accessed
from either privileged or unprivileged mode.

Cortex General-Purpose Register 0 (R0)
Type R/W, reset -

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DATA
1 1 1
Type  RW R/W R/W R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W
Reset - - - - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DATA
1 1 1
Type RW R/W RIW RIW R/W R/W R/W RIW R/W RIW R/W RIW R/W R/W RIW R/W
Reset - - - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 DATA R/W - Register data.
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Register 14: Stack Pointer (SP)

The Stack Pointer (SP) is register R13. In Thread mode, the function of this register changes
depending on the ASP bit in the Control Register (CONTROL) register. When the ASP bit is clear,
this register is the Main Stack Pointer (MSP). When the ASP bit is set, this register is the Process
Stack Pointer (PSP). On reset, the ASP bit is clear, and the processor loads the MSP with the value
from address 0x0000.0000. The MSP can only be accessed in privileged mode; the PSP can be
accessed in either privileged or unprivileged mode.

Stack Pointer (SP)
Type R/W, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SP
1 1 1
Type  RW R/W RIW R/W R/W RIW R/W R/W R/W RIW R/W RIW R/W RIW RIW R/W
Reset - - - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SP
1 1 1
Type  RW R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W RIW R/W R/W RIW R/W
Reset - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 SP R/W - This field is the address of the stack pointer.
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Register 15: Link Register (LR)

The Link Register (LR) is register R14, and it stores the return information for subroutines, function
calls, and exceptions. LR can be accessed from either privileged or unprivileged mode.

EXC_RETURN is loaded into LR on exception entry. See Table 2-10 on page 83 for the values and
description.

Link Register (LR)
Type R/W, reset OXFFFF.FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
LINK
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
LINK
1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31:0 LINK OxFFFF.FFFF This field is the return address.
57
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Register 16: Program Counter (PC)

The Program Counter (PC) is register R15, and it contains the current program address. On reset,
the processor loads the PC with the value of the reset vector, which is at address 0x0000.0004. Bit
0 of the reset vector is loaded into the THUMB bit of the EPSR at reset and must be 1. The PC register
can be accessed in either privileged or unprivileged mode.

Program Counter (PC)
Type R/W, reset -

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
PC
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset - - - - - - - - - - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 I 1 I 1 1 1 1 1 1 1 1 I
PC
1 1 1
Type  RW RIW RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 PC R/W - This field is the current program address.
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Register 17: Program Status Register (PSR)
Note:

The Program Status Register (PSR) has three functions, and the register bits are assigned to the
different functions:

This register is also referred to as xPSR.

m Application Program Status Register (APSR), bits 31:27,
m Execution Program Status Register (EPSR), bits 26:24, 15:10
m Interrupt Program Status Register (IPSR), bits 5:0

The PSR, IPSR, and EPSR registers can only be accessed in privileged mode; the APSR register
can be accessed in either privileged or unprivileged mode.

APSR contains the current state of the condition flags from previous instruction executions.

EPSR contains the Thumb state bit and the execution state bits for the If-Then (1T) instruction or
the Interruptible-Continuable Instruction (IC1) field for an interrupted load multiple or store multiple
instruction. Attempts to read the EPSR directly through application software using the MSR instruction
always return zero. Attempts to write the EPSR using the MSR instruction in application software
are always ignored. Fault handlers can examine the EPSR value in the stacked PSR to determine
the operation that faulted (see “Exception Entry and Return” on page 81).

IPSR contains the exception type number of the current Interrupt Service Routine (ISR).

These registers can be accessed individually or as a combination of any two or all three registers,
using the register name as an argument to the MSR or MRS instructions. For example, all of the
registers can be read using PSR with the MRS instruction, or APSR only can be written to using
APSR with the MSR instruction. page 59 shows the possible register combinations for the PSR. See
the MRS and MSR instruction descriptions in the Cortex™-M3/M4 Instruction Set Technical User's
Manual for more information about how to access the program status registers.

Table 2-3. PSR Register Combinations

Register Type Combination

PSR RIW? P APSR, EPSR, and IPSR
IEPSR RO EPSR and IPSR

IAPSR R/W? APSR and IPSR
EAPSR R/WP APSR and EPSR

a. The processor ignores writes to the IPSR bits.
b. Reads of the EPSR bits return zero, and the processor ignores writes to these bits.

Program Status Register (PSR)
Type R/W, reset 0x0100.0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 1 1 1 1 1 T
N z [} \Y Q ICI/IT THUMB reserved
1
Type R/W R/W R/W R/W R/W RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 1 I I I I I 1 I
ICI/IT reserved ISRNUM
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Bit/Field Name Type

31 N R/W

30 Z R/W

29 C R/W

28 \ R/W

27 Q R/W

Reset

Description
APSR Negative or Less Flag

Value Description

1 The previous operation result was negative or less than.

0 The previous operation result was positive, zero, greater than,
or equal.

The value of this bit is only meaningful when accessing PSR or APSR.

APSR Zero Flag

Value Description
1 The previous operation result was zero.

0 The previous operation result was non-zero.
The value of this bit is only meaningful when accessing PSR or APSR.
APSR Carry or Borrow Flag

Value Description

1 The previous add operation resulted in a carry bit or the previous
subtract operation did not result in a borrow bit.

0 The previous add operation did not result in a carry bit or the
previous subtract operation resulted in a borrow bit.

The value of this bit is only meaningful when accessing PSR or APSR.
APSR Overflow Flag

Value Description
1 The previous operation resulted in an overflow.

0 The previous operation did not result in an overflow.
The value of this bit is only meaningful when accessing PSR or APSR.
APSR DSP Overflow and Saturation Flag

Value Description
1 DSP Overflow or saturation has occurred.

0 DSP overflow or saturation has not occurred since reset or since
the bit was last cleared.

The value of this bit is only meaningful when accessing PSR or APSR.
This bit is cleared by software using an MRS instruction.
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Bit/Field

26:25

24

23:16

15:10

9:6

Name

ICI/IT

THUMB

reserved

ICI/IT

reserved

Type

RO

RO

RO

RO

Reset

0x0

0x00

0x0

0x0

Description

EPSR ICI / IT status

These bits, along with bits 15:10, contain the Interruptible-Continuable
Instruction (ICI) field for an interrupted load multiple or store multiple
instruction or the execution state bits of the IT instruction.

When EPSR holds the IC1 execution state, bits 26:25 are zero.

The I-Then block contains up to four instructions following an 1T
instruction. Each instruction in the block is conditional. The conditions
for the instructions are either all the same, or some can be the inverse
of others. See the Cortex™-M3/M4 Instruction Set Technical User's
Manual for more information.

The value of this field is only meaningful when accessing PSR or EPSR.

EPSR Thumb State
This bit indicates the Thumb state and should always be set.
The following can clear the THUMB bit:

m  The BLX, BX and POP{PC} instructions
m Restoration from the stacked xPSR value on an exception return
m  Bit 0 of the vector value on an exception entry or reset

Attempting to execute instructions when this bit is clear results in a fault
or lockup. See “Lockup” on page 85 for more information.

The value of this bit is only meaningful when accessing PSR or EPSR.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

EPSRICI / IT status

These bits, along with bits 26:25, contain the Interruptible-Continuable
Instruction (1C1) field for an interrupted load multiple or store multiple
instruction or the execution state bits of the 1T instruction.

When an interrupt occurs during the execution of an LDM, STM, PUSH
or POP instruction, the processor stops the load multiple or store multiple
instruction operation temporarily and stores the next register operand
in the multiple operation to bits 15:12. After servicing the interrupt, the
processor returns to the register pointed to by bits 15:12 and resumes
execution of the multiple load or store instruction. When EPSR holds
the 1CI execution state, bits 11:10 are zero.

The If-Then block contains up to four instructions following a 16-bit 1T
instruction. Each instruction in the block is conditional. The conditions
for the instructions are either all the same, or some can be the inverse
of others. See the Cortex™-M3/M4 Instruction Set Technical User's
Manual for more information.

The value of this field is only meaningful when accessing PSR or EPSR.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name Type Reset Description
5:0 ISRNUM RO 0x00 IPSR ISR Number
This field contains the exception type number of the current Interrupt
Service Routine (ISR).
Value Description
0x00 Thread mode
0x01 Reserved
0x02 NMI
0x03 Hard fault
0x04 Memory management fault
0x05 Bus fault
0x06 Usage fault
0x07-0x0A Reserved
0x0B SVCall
0x0C Reserved for Debug
0x0D Reserved
0x0E PendSV
0xOF SysTick
0x10 Interrupt Vector 0
0x11 Interrupt Vector 1
0x3B Interrupt Vector 43
0x3C-0x3F Reserved
See “Exception Types” on page 76 for more information.
The value of this field is only meaningful when accessing PSR or IPSR.
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Priority Mask Register (PRIMASK)

Register 18: Priority Mask Register (PRIMASK)

The PRIMASK register prevents activation of all exceptions with programmable priority. Reset,
non-maskable interrupt (NMI), and hard fault are the only exceptions with fixed priority. Exceptions
should be disabled when they might impact the timing of critical tasks. This register is only accessible
in privileged mode. The MSR and MRS instructions are used to access the PRIMASK register, and
the CPS instruction may be used to change the value of the PRIMASK register. See the
Cortex™-M3/M4 Instruction Set Technical User's Manual for more information on these instructions.
For more information on exception priority levels, see “Exception Types” on page 76.

Type R/W, reset 0x0000.0000

Type
Reset

Type
Reset

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
) 1 1 ) 1 ) 1 ) 1 1
reserved
1 1
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1
reserved PRIMASK
1 1
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RIW
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:1 reserved 0x0000.000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
0 PRIMASK R/W 0 Priority Mask

Value Description

1 Prevents the activation of all exceptions with configurable
priority.
0 No effect.
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Register 19: Fault Mask Register (FAULTMASK)

The FAULTMASK register prevents activation of all exceptions except for the Non-Maskable Interrupt
(NMI). Exceptions should be disabled when they might impact the timing of critical tasks. This register
is only accessible in privileged mode. The MSR and MRS instructions are used to access the
FAULTMASK register, and the CPS instruction may be used to change the value of the FAULTMASK
register. See the Cortex™-M3/M4 Instruction Set Technical User's Manual for more information on
these instructions. For more information on exception priority levels, see “Exception

Types” on page 76.

Fault Mask Register (FAULTMASK)
Type R/W, reset 0x0000.0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 ) 1 ) 1 1 ) 1 ) 1 ) 1 1
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1
reserved FAULTMASK]
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:1 reserved RO 0x0000.000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
0 FAULTMASK R/W 0 Fault Mask

Value Description
1 Prevents the activation of all exceptions except for NMI.
0 No effect.

The processor clears the FAULTMASK bit on exit from any exception
handler except the NMI handler.
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Register 20: Base Priority Mask Register (BASEPRI)

The BASEPRI register defines the minimum priority for exception processing. When BASEPRI is
set to a nonzero value, it prevents the activation of all exceptions with the same or lower priority
level as the BASEPRI value. Exceptions should be disabled when they might impact the timing of
critical tasks. This register is only accessible in privileged mode. For more information on exception
priority levels, see “Exception Types” on page 76.

Base Priority Mask Register (BASEPRI)
Type R/W, reset 0x0000.0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I I I I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1
reserved BASEPRI reserved
1 L
Type RO RO RO RO RO RO RO RO RW RIW RW RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:8 reserved RO 0x0000.00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
75 BASEPRI R/W 0x0 Base Priority
Any exception that has a programmable priority level with the same or
lower priority as the value of this field is masked. The PRIMASK register
can be used to mask all exceptions with programmable priority levels.
Higher priority exceptions have lower priority levels.
Value Description
0x0  All exceptions are unmasked.
0x1  All exceptions with priority level 1-7 are masked.
0x2  All exceptions with priority level 2-7 are masked.
0x3  All exceptions with priority level 3-7 are masked.
0x4  All exceptions with priority level 4-7 are masked.
0x5  All exceptions with priority level 5-7 are masked.
0x6  All exceptions with priority level 6-7 are masked.
0x7  All exceptions with priority level 7 are masked.
4:0 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 21: Control Register (CONTROL)

The CONTROL register controls the stack used and the privilege level for software execution when
the processor is in Thread mode. This register is only accessible in privileged mode.

Handler mode always uses MSP, so the processor ignores explicit writes to the ASP bit of the
CONTROL register when in Handler mode. The exception entry and return mechanisms automatically
update the CONTROL register based on the EXC_RETURN value (see Table 2-10 on page 83).
In an OS environment, threads running in Thread mode should use the process stack and the kernel
and exception handlers should use the main stack. By default, Thread mode uses MSP. To switch
the stack pointer used in Thread mode to PSP, either use the MSR instruction to set the ASP bit, as
detailed in the Cortex™-M3/M4 Instruction Set Technical User's Manual, or perform an exception
return to Thread mode with the appropriate EXC_RETURN value, as shown in Table 2-10 on page 83.

Note: When changing the stack pointer, software must use an ISB instruction immediately after
the MSR instruction, ensuring that instructions after the 1SB execute use the new stack
pointer. See the Cortex™-M3/M4 Instruction Set Technical User's Manual.

Control Register (CONTROL)
Type R/W, reset 0x0000.0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 T 1 1 1 1 1 1 1
reserved ASP TMPL
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:2 reserved RO 0x0000.000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
1 ASP R/W 0 Active Stack Pointer
Value Description
1 PSP is the current stack pointer.
0 MSP is the current stack pointer
In Handler mode, this bit reads as zero and ignores writes. The
Cortex-M3 updates this bit automatically on exception return.
0 TMPL R/W 0 Thread Mode Privilege Level
Value Description
1 Unprivileged software can be executed in Thread mode.
0 Only privileged software can be executed in Thread mode.
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2.3.5

2.3.6

24

Exceptions and Interrupts

The Cortex-M3 processor supports interrupts and system exceptions. The processor and the Nested
Vectored Interrupt Controller (NVIC) prioritize and handle all exceptions. An exception changes the
normal flow of software control. The processor uses Handler mode to handle all exceptions except
for reset. See “Exception Entry and Return” on page 81 for more information.

The NVIC registers control interrupt handling. See “Nested Vectored Interrupt Controller
(NVIC)” on page 91 for more information.
Data Types

The Cortex-M3 supports 32-bit words, 16-bit halfwords, and 8-bit bytes. The processor also supports
64-bit data transfer instructions. All instruction and data memory accesses are little endian. See
“Memory Regions, Types and Attributes” on page 69 for more information.

Memory Model

This section describes the processor memory map, the behavior of memory accesses, and the
bit-banding features. The processor has a fixed memory map that provides up to 4 GB of addressable
memory.

The memory map for the LM3S2919 controller is provided in Table 2-4 on page 67. In this manual,
register addresses are given as a hexadecimal increment, relative to the module’s base address
as shown in the memory map.

The regions for SRAM and peripherals include bit-band regions. Bit-banding provides atomic
operations to bit data (see “Bit-Banding” on page 71).

The processor reserves regions of the Private peripheral bus (PPB) address range for core peripheral
registers (see “Cortex-M3 Peripherals” on page 90).

Note: Within the memory map, all reserved space returns a bus fault when read or written.

Table 2-4. Memory Map

Start End Description For details,
see page ...

Memory

0x0000.0000 0x0003.FFFF On-chip Flash 259

0x0004.0000 Ox1FFF.FFFF Reserved -

0x2000.0000 0x2000.FFFF Bit-banded on-chip SRAM 254

0x2001.0000 0x21FF.FFFF Reserved -

0x2200.0000 0x221F.FFFF Bit-band alias of bit-banded on-chip SRAM starting at 254

0x2000.0000

0x2220.0000 Ox3FFF.FFFF Reserved -

FiRM Peripherals

0x4000.0000 0x4000.0FFF Watchdog timer 0 364

0x4000.1000 0x4000.3FFF Reserved -

0x4000.4000 0x4000.4FFF GPIO Port A 290

0x4000.5000 0x4000.5FFF GPIO Port B 290

0x4000.6000 0x4000.6FFF GPIO Port C 290

0x4000.7000 0x4000.7FFF GPIO Port D 290

0x4000.8000 0x4000.8FFF SSI0 475
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Table 2-4. Memory Map (continued)

Start End Description For details,
see page ...
0x4000.9000 0x4000.9FFF SSi1 475
0x4000.A000 0x4000.BFFF Reserved -
0x4000.C000 0x4000.CFFF UARTO 429
0x4000.D000 0x4000.DFFF UART1 429
0x4000.E000 0x4001.FFFF Reserved -
Peripherals
0x4002.0000 0x4002.0FFF l’co 516
0x4002.1000 0x4002.1FFF 12C 1 516
0x4002.2000 0x4002.3FFF Reserved -
0x4002.4000 0x4002.4FFF GPIO Port E 290
0x4002.5000 0x4002.5FFF GPIO Port F 290
0x4002.6000 0x4002.6FFF GPIO Port G 290
0x4002.7000 0x4002.7FFF GPIO Port H 290
0x4002.8000 0x4002.FFFF Reserved -
0x4003.0000 0x4003.0FFF Timer O 336
0x4003.1000 0x4003.1FFF Timer 1 336
0x4003.2000 0x4003.2FFF Timer 2 336
0x4003.3000 0x4003.3FFF Timer 3 336
0x4003.4000 0x4003.7FFF Reserved -
0x4003.8000 0x4003.8FFF ADCO 394
0x4003.9000 0x4003.BFFF Reserved -
0x4003.C000 0x4003.CFFF Analog Comparators 584
0x4003.D000 0x4003.FFFF Reserved -
0x4004.0000 0x4004.0FFF CANO Controller 558
0x4004.1000 0x400F.BFFF Reserved -
0x400F.C000 0x400F.CFFF Hibernation Module 241
0x400F.D0O00 0x400F.DFFF Flash memory control 259
0x400F.E000 0x400F.EFFF System control 180
0x400F.F000 0x41FF.FFFF Reserved -
0x4200.0000 0x43FF.FFFF Bit-banded alias of 0x4000.0000 through 0x400F.FFFF -
0x4400.0000 OxDFFF.FFFF Reserved -
Private Peripheral Bus
0xE000.0000 0xE000.0FFF Instrumentation Trace Macrocell (ITM) 50
0xE000.1000 0xEO000.1FFF Data Watchpoint and Trace (DWT) 50
0xE000.2000 0xE000.2FFF Flash Patch and Breakpoint (FPB) 50
0xE000.3000 0xE000.DFFF Reserved -
0xE000.E000 0xEO00.EFFF Cortex-M3 Peripherals (SysTick, NVIC, MPU and SCB) 98
0xE000.F000 O0xE003.FFFF Reserved -
0xE004.0000 0xE004.0FFF Trace Port Interface Unit (TPIU) 51
0xE004.1000 OxFFFF.FFFF Reserved -
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241 Memory Regions, Types and Attributes

The memory map and the programming of the MPU split the memory map into regions. Each region
has a defined memory type, and some regions have additional memory attributes. The memory
type and attributes determine the behavior of accesses to the region.

The memory types are:
m Normal: The processor can re-order transactions for efficiency and perform speculative reads.

m Device: The processor preserves transaction order relative to other transactions to Device or
Strongly Ordered memory.

m Strongly Ordered: The processor preserves transaction order relative to all other transactions.

The different ordering requirements for Device and Strongly Ordered memory mean that the memory
system can buffer a write to Device memory but must not buffer a write to Strongly Ordered memory.

An additional memory attribute is Execute Never (XN), which means the processor prevents
instruction accesses. A fault exception is generated only on execution of an instruction executed
from an XN region.

242 Memory System Ordering of Memory Accesses

For most memory accesses caused by explicit memory access instructions, the memory system
does not guarantee that the order in which the accesses complete matches the program order of
the instructions, providing the order does not affect the behavior of the instruction sequence. Normally,
if correct program execution depends on two memory accesses completing in program order,
software must insert a memory barrier instruction between the memory access instructions (see
“Software Ordering of Memory Accesses” on page 70).

However, the memory system does guarantee ordering of accesses to Device and Strongly Ordered
memory. For two memory access instructions A1 and A2, if both A1 and A2 are accesses to either
Device or Strongly Ordered memory, and if A1 occurs before A2 in program order, A1 is always
observed before A2.

243 Behavior of Memory Accesses

Table 2-5 on page 69 shows the behavior of accesses to each region in the memory map. See
“Memory Regions, Types and Attributes” on page 69 for more information on memory types and
the XN attribute. Stellaris devices may have reserved memory areas within the address ranges
shown below (refer to Table 2-4 on page 67 for more information).

Table 2-5. Memory Access Behavior

Address Range Memory Region |Memory Type [Execute |Description
Never
(XN)
0x0000.0000 - Ox1FFF.FFFF |Code Normal - This executable region is for program code.
Data can also be stored here.
0x2000.0000 - Ox3FFF.FFFF |SRAM Normal - This executable region is for data. Code

can also be stored here. This region
includes bit band and bit band alias areas
(see Table 2-6 on page 71).

0x4000.0000 - Ox5FFF.FFFF |Peripheral Device XN This region includes bit band and bit band
alias areas (see Table 2-7 on page 72).
0x6000.0000 - OX9FFF.FFFF |External RAM Normal - This executable region is for data.
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Table 2-5. Memory Access Behavior (continued)

Address Range Memory Region |Memory Type [Execute |Description
Never
(XN)
0xA000.0000 - 0OxDFFF.FFFF | External device Device XN This region is for external device memory.
0xE000.0000- OXEOOF.FFFF |Private peripheral |Strongly XN This region includes the NVIC, system
bus Ordered timer, and system control block.
0xE010.0000- OXxFFFF.FFFF |Reserved - - -

The Code, SRAM, and external RAM regions can hold programs. However, it is recommended that
programs always use the Code region because the Cortex-M3 has separate buses that can perform
instruction fetches and data accesses simultaneously.

The MPU can override the default memory access behavior described in this section. For more
information, see “Memory Protection Unit (MPU)” on page 93.

The Cortex-M3 prefetches instructions ahead of execution and speculatively prefetches from branch
target addresses.

244 Software Ordering of Memory Accesses
The order of instructions in the program flow does not always guarantee the order of the
corresponding memory transactions for the following reasons:
m The processor can reorder some memory accesses to improve efficiency, providing this does
not affect the behavior of the instruction sequence.
m The processor has multiple bus interfaces.
m  Memory or devices in the memory map have different wait states.
m  Some memory accesses are buffered or speculative.
“Memory System Ordering of Memory Accesses” on page 69 describes the cases where the memory
system guarantees the order of memory accesses. Otherwise, if the order of memory accesses is
critical, software must include memory barrier instructions to force that ordering. The Cortex-M3
has the following memory barrier instructions:
m The Data Memory Barrier (DMB) instruction ensures that outstanding memory transactions
complete before subsequent memory transactions.
m The Data Synchronization Barrier (DSB) instruction ensures that outstanding memory transactions
complete before subsequent instructions execute.
m The Instruction Synchronization Barrier (1SB) instruction ensures that the effect of all completed
memory transactions is recognizable by subsequent instructions.
Memory barrier instructions can be used in the following situations:
s MPU programming
— Ifthe MPU settings are changed and the change must be effective on the very next instruction,
use a DSB instruction to ensure the effect of the MPU takes place immediately at the end of
context switching.
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— Use an ISB instruction to ensure the new MPU setting takes effect immediately after
programming the MPU region or regions, if the MPU configuration code was accessed using
a branch or call. If the MPU configuration code is entered using exception mechanisms, then
an ISB instruction is not required.

m Vector table

If the program changes an entry in the vector table and then enables the corresponding exception,
use a DMB instruction between the operations. The DMB instruction ensures that if the exception
is taken immediately after being enabled, the processor uses the new exception vector.

m Self-modifying code

If a program contains self-modifying code, use an 1SB instruction immediately after the code
modification in the program. The 1SB instruction ensures subsequent instruction execution uses
the updated program.

m  Memory map switching

If the system contains a memory map switching mechanism, use a DSB instruction after switching
the memory map in the program. The DSB instruction ensures subsequent instruction execution
uses the updated memory map.

m Dynamic exception priority change

When an exception priority has to change when the exception is pending or active, use DSB
instructions after the change. The change then takes effect on completion of the DSB instruction.

Memory accesses to Strongly Ordered memory, such as the System Control Block, do not require
the use of DMB instructions.

For more information on the memory barrier instructions, see the Cortex™-M3/M4 Instruction Set
Technical User's Manual.

245 Bit-Banding

A bit-band region maps each word in a bit-band alias region to a single bit in the bit-band region.
The bit-band regions occupy the lowest 1 MB of the SRAM and peripheral memory regions. Accesses
to the 32-MB SRAM alias region map to the 1-MB SRAM bit-band region, as shown in Table

2-6 on page 71. Accesses to the 32-MB peripheral alias region map to the 1-MB peripheral bit-band
region, as shown in Table 2-7 on page 72. For the specific address range of the bit-band regions,
see Table 2-4 on page 67.

Note: A word access to the SRAM or the peripheral bit-band alias region maps to a single bit in
the SRAM or peripheral bit-band region.

A word access to a bit band address results in a word access to the underlying memory,
and similarly for halfword and byte accesses. This allows bit band accesses to match the
access requirements of the underlying peripheral.

Table 2-6. SRAM Memory Bit-Banding Regions

Address Range
Memory Region Instruction and Data Accesses
Start End
0x2000.0000 0x2000.FFFF SRAM bit-band region | Direct accesses to this memory range behave as SRAM
memory accesses, but this region is also bit addressable
through bit-band alias.
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Table 2-6. SRAM Memory Bit-Banding Regions (continued)

Address Range

Start

End

Memory Region

Instruction and Data Accesses

0x2200.0000

0x221F.FFFF

SRAM bit-band alias

Data accesses to this region are remapped to bit band
region. A write operation is performed as
read-modify-write. Instruction accesses are not remapped.

Table 2-7. Peripheral Memory Bit-Banding Regions

Address Range

Memory Region

Instruction and Data Accesses

Start End
0x4000.0000 0x400F.FFFF Peripheral bit-band Direct accesses to this memory range behave as
region peripheral memory accesses, but this region is also bit
addressable through bit-band alias.
0x4200.0000 0x43FF.FFFF Peripheral bit-band alias | Data accesses to this region are remapped to bit band

region. A write operation is performed as
read-modify-write. Instruction accesses are not permitted.

The following formula shows how the alias region maps onto the bit-band region:

bit word offset = (byte offset x 32) + (bit _number x 4)

bit word_addr = bit_band _base + bit word_offset

where:

bit_word_offset

The position of the target bit in the bit-band memory region.

bit_word_addr

The address of the word in the alias memory region that maps to the targeted bit.

bit band_base

The starting address of the alias region.

byte offset

The number of the byte in the bit-band region that contains the targeted bit.

bit_number

The bit position, 0-7, of the targeted bit.

Figure 2-4 on page 73 shows examples of bit-band mapping between the SRAM bit-band alias
region and the SRAM bit-band region:

m The alias word at 0x23FF.FFEO maps to bit 0 of the bit-band byte at 0Ox200F.FFFF:

Ox23FF.FFEO = 0x2200.0000 + (OxOO0OF.FFFF*32) + (0*4)

m The alias word at 0x23FF.FFFC maps to bit 7 of the bit-band byte at 0x200F.FFFF:

Ox23FF.FFFC = 0x2200.0000 + (OxOO0OF.FFFF*32) + (7*4)

m The alias word at 0x2200.0000 maps to bit 0 of the bit-band byte at 0x2000.0000:
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0x2200.0000 = 0x2200.0000 + (0*32) + (0*4)

m The alias word at 0x2200.001C maps to bit 7 of the bit-band byte at 0x2000.0000:

0x2200.001C = 0x2200.0000+ (0*32) + (7*4)

Figure 2-4. Bit-Band Mapping

32-MB Alias Region

| oxearrFrFC | oxeaFrFrFs | ox2sFFFFF4 | oxesFRFFFO | 0x23FFFFEC | oxesFrFFES | oxearrFrE4 | ox2sFRFFEO |
/ | 0x2200.001C | 0x2200.0018 | 0x2200.0014 | 0x2200.0010 | 0x2200.0 0x2200.0008 | 0x2200.0004 | 0x2200.0000 |
1-MB SRAM Bit-Band Region \
\‘7 6 5 4 3 2 1 07 6 32107 65 4321076543210
| | | | | | I~ | | | | | |
0x200F.FFFF O0X200F FFFE | ] 0x200F.FFFD 0x200F.FFFC
| | | | | | _— | | | | | |
7 6 5 4 3 2 107 6 5 4321076 5 43 2 1 7 6 5 4 3 2 10
| | | | | | | | | | | |
0x2000.0003 0x2000.0002 0x2000.0001 0x2000.0000
| | | | | | | | | | | |

24.51 Directly Accessing an Alias Region
Writing to a word in the alias region updates a single bit in the bit-band region.
Bit O of the value written to a word in the alias region determines the value written to the targeted
bit in the bit-band region. Writing a value with bit 0 set writes a 1 to the bit-band bit, and writing a
value with bit O clear writes a 0 to the bit-band bit.
Bits 31:1 of the alias word have no effect on the bit-band bit. Writing 0x01 has the same effect as
writing OxFF. Writing 0x00 has the same effect as writing OxOE.
When reading a word in the alias region, 0x0000.0000 indicates that the targeted bit in the bit-band
region is clear and 0x0000.0001 indicates that the targeted bit in the bit-band region is set.

245.2 Directly Accessing a Bit-Band Region
“Behavior of Memory Accesses” on page 69 describes the behavior of direct byte, halfword, or word
accesses to the bit-band regions.

246 Data Storage
The processor views memory as a linear collection of bytes numbered in ascending order from zero.
For example, bytes 0-3 hold the first stored word, and bytes 4-7 hold the second stored word. Data
is stored in little-endian format, with the least-significant byte (Isbyte) of a word stored at the
lowest-numbered byte, and the most-significant byte (msbyte) stored at the highest-numbered byte.
Figure 2-5 on page 74 illustrates how data is stored.
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Figure 2-5. Data Storage

Memory Register
7 0
31 2423 1615 87 0
Address A| BO |lIsbyte | B3 | B2 | B1 | BO |
A+1 B1
A+2| B2

A+3 B3 msbyte

247 Synchronization Primitives

The Cortex-M3 instruction set includes pairs of synchronization primitives which provide a

non-blocking mechanism that a thread or process can use to obtain exclusive access to a memory

location. Software can use these primitives to perform a guaranteed read-modify-write memory
update sequence or for a semaphore mechanism.

A pair of synchronization primitives consists of:

m A Load-Exclusive instruction, which is used to read the value of a memory location and requests
exclusive access to that location.

m A Store-Exclusive instruction, which is used to attempt to write to the same memory location and
returns a status bit to a register. If this status bit is clear, it indicates that the thread or process
gained exclusive access to the memory and the write succeeds; if this status bit is set, it indicates
that the thread or process did not gain exclusive access to the memory and no write was
performed.

The pairs of Load-Exclusive and Store-Exclusive instructions are:

m The word instructions LDREX and STREX

m The halfword instructions LDREXH and STREXH

m The byte instructions LDREXB and STREXB

Software must use a Load-Exclusive instruction with the corresponding Store-Exclusive instruction.

To perform an exclusive read-modify-write of a memory location, software must:

1. Use a Load-Exclusive instruction to read the value of the location.

2. Modify the value, as required.

3. Use a Store-Exclusive instruction to attempt to write the new value back to the memory location.

4. Test the returned status bit.

If the status bit is clear, the read-modify-write completed successfully. If the status bit is set, no
write was performed, which indicates that the value returned at step 1 might be out of date. The
software must retry the entire read-modify-write sequence.

Software can use the synchronization primitives to implement a semaphore as follows:
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1. Use a Load-Exclusive instruction to read from the semaphore address to check whether the
semaphore is free.

2. |If the semaphore is free, use a Store-Exclusive to write the claim value to the semaphore
address.

3. If the returned status bit from step 2 indicates that the Store-Exclusive succeeded, then the
software has claimed the semaphore. However, if the Store-Exclusive failed, another process
might have claimed the semaphore after the software performed step 1.

The Cortex-M3 includes an exclusive access monitor that tags the fact that the processor has
executed a Load-Exclusive instruction. The processor removes its exclusive access tag if:

m |t executes a CLREX instruction.
m |t executes a Store-Exclusive instruction, regardless of whether the write succeeds.

m An exception occurs, which means the processor can resolve semaphore conflicts between
different threads.

For more information about the synchronization primitive instructions, see the Cortex™-M3/M4
Instruction Set Technical User's Manual.

2.5 Exception Model

The ARM Cortex-M3 processor and the Nested Vectored Interrupt Controller (NVIC) prioritize and
handle all exceptions in Handler Mode. The processor state is automatically stored to the stack on
an exception and automatically restored from the stack at the end of the Interrupt Service Routine
(ISR). The vector is fetched in parallel to the state saving, enabling efficient interrupt entry. The
processor supports tail-chaining, which enables back-to-back interrupts to be performed without the
overhead of state saving and restoration.

Table 2-8 on page 77 lists all exception types. Software can set eight priority levels on seven of
these exceptions (system handlers) as well as on 33 interrupts (listed in Table 2-9 on page 78).

Priorities on the system handlers are set with the NVIC System Handler Priority n (SYSPRIn)
registers. Interrupts are enabled through the NVIC Interrupt Set Enable n (ENn) register and
prioritized with the NVIC Interrupt Priority n (PRIn) registers. Priorities can be grouped by splitting
priority levels into preemption priorities and subpriorities. All the interrupt registers are described in
“Nested Vectored Interrupt Controller (NVIC)” on page 91.

Internally, the highest user-programmable priority (0) is treated as fourth priority, after a Reset,
Non-Maskable Interrupt (NMI), and a Hard Fault, in that order. Note that 0 is the default priority for
all the programmabile priorities.

Important: After a write to clear an interrupt source, it may take several processor cycles for the
NVIC to see the interrupt source de-assert. Thus if the interrupt clear is done as the
last action in an interrupt handler, it is possible for the interrupt handler to complete
while the NVIC sees the interrupt as still asserted, causing the interrupt handler to be
re-entered errantly. This situation can be avoided by either clearing the interrupt source
at the beginning of the interrupt handler or by performing a read or write after the write
to clear the interrupt source (and flush the write buffer).

See “Nested Vectored Interrupt Controller (NVIC)” on page 91 for more information on exceptions
and interrupts.
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2.51

2.5.2

Exception States

Each exception is in one of the following states:

Inactive. The exception is not active and not pending.

Pending. The exception is waiting to be serviced by the processor. An interrupt request from a
peripheral or from software can change the state of the corresponding interrupt to pending.

Active. An exception that is being serviced by the processor but has not completed.

Note: An exception handler can interrupt the execution of another exception handler. In this
case, both exceptions are in the active state.

Active and Pending. The exception is being serviced by the processor, and there is a pending
exception from the same source.

Exception Types

The exception types are:

Reset. Reset is invoked on power up or a warm reset. The exception model treats reset as a
special form of exception. When reset is asserted, the operation of the processor stops, potentially
at any point in an instruction. When reset is deasserted, execution restarts from the address
provided by the reset entry in the vector table. Execution restarts as privileged execution in
Thread mode.

NMI. A non-maskable Interrupt (NMI) can be signaled using the NMI signal or triggered by
software using the Interrupt Control and State (INTCTRL) register. This exception has the
highest priority other than reset. NMI is permanently enabled and has a fixed priority of -2. NMIs
cannot be masked or prevented from activation by any other exception or preempted by any
exception other than reset.

Hard Fault. A hard fault is an exception that occurs because of an error during exception
processing, or because an exception cannot be managed by any other exception mechanism.
Hard faults have a fixed priority of -1, meaning they have higher priority than any exception with
configurable priority.

Memory Management Fault. A memory management fault is an exception that occurs because
of a memory protection related fault, including access violation and no match. The MPU or the
fixed memory protection constraints determine this fault, for both instruction and data memory
transactions. This fault is used to abort instruction accesses to Execute Never (XN) memory
regions, even if the MPU is disabled.

Bus Fault. A bus fault is an exception that occurs because of a memory-related fault for an
instruction or data memory transaction such as a prefetch fault or a memory access fault. This
fault can be enabled or disabled.

Usage Fault. A usage fault is an exception that occurs because of a fault related to instruction
execution, such as:

— An undefined instruction
— Anillegal unaligned access

— Invalid state on instruction execution
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— An error on exception return
An unaligned address on a word or halfword memory access or division by zero can cause a
usage fault when the core is properly configured.

SVCall. A supervisor call (SVC) is an exception that is triggered by the SVC instruction. In an
OS environment, applications can use SVC instructions to access OS kernel functions and device
drivers.

Debug Monitor. This exception is caused by the debug monitor (when not halting). This exception
is only active when enabled. This exception does not activate if it is a lower priority than the
current activation.

PendSV. PendSV is a pendable, interrupt-driven request for system-level service. In an OS
environment, use PendSV for context switching when no other exception is active. PendSV is
triggered using the Interrupt Control and State (INTCTRL) register.

SysTick. A SysTick exception is an exception that the system timer generates when it reaches
zero when it is enabled to generate an interrupt. Software can also generate a SysTick exception
using the Interrupt Control and State (INTCTRL) register. In an OS environment, the processor
can use this exception as system tick.

Interrupt (IRQ). An interrupt, or IRQ, is an exception signaled by a peripheral or generated by
a software request and fed through the NVIC (prioritized). All interrupts are asynchronous to
instruction execution. In the system, peripherals use interrupts to communicate with the processor.
Table 2-9 on page 78 lists the interrupts on the LM3S2919 controller.

For an asynchronous exception, other than reset, the processor can execute another instruction
between when the exception is triggered and when the processor enters the exception handler.

Privileged software can disable the exceptions that Table 2-8 on page 77 shows as having
configurable priority (see the SYSHNDCTRL register on page 132 and the DISO0 register on page 107).

For more information about hard faults, memory management faults, bus faults, and usage faults,
see “Fault Handling” on page 83.

Table 2-8. Exception Types

Exception Type Vector Priority® Vector Address or Activation
Number Offset’
0 - 0x0000.0000 Stack top is loaded from the first

entry of the vector table on reset.

Reset 1 -3 (highest) 0x0000.0004 Asynchronous

Non-Maskable Interrupt 2 -2 0x0000.0008 Asynchronous

(NMI)

Hard Fault 3 -1 0x0000.000C -

Memory Management 4 programmable® 0x0000.0010 Synchronous

Bus Fault 5 programmable® 0x0000.0014 Synchronous when precise and
asynchronous when imprecise

Usage Fault 6 programmable® 0x0000.0018 Synchronous

- 7-10 - - Reserved

SVCall 11 programmable® 0x0000.002C Synchronous

Debug Monitor 12 programmable® 0x0000.0030 Synchronous

- 13 - - Reserved
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Table 2-8. Exception Types (continued)

Exception Type Vector Priority® Vector Address or Activation
Number Offset’

PendSV 14 programmable® 0x0000.0038 Asynchronous

SysTick 15 programmable® 0x0000.003C Asynchronous

Interrupts 16 and above programmabled 0x0000.0040 and above |Asynchronous

a. 0 is the default priority for all the programmable priorities.

b. See “Vector Table” on page 79.
c. See SYSPRI1 on page 129.
d. See PRIn registers on page 115.

Table 2-9. Interrupts

Vector Number Interrupt Number (Bit| Vector Address or |Description
in Interrupt Registers) Offset
0-15 - 0x0000.0000 - Processor exceptions
0x0000.003C
16 0 0x0000.0040 GPIO Port A
17 1 0x0000.0044 GPIO Port B
18 2 0x0000.0048 GPIO Port C
19 3 0x0000.004C GPIO Port D
20 4 0x0000.0050 GPIO Port E
21 5 0x0000.0054 UARTO
22 6 0x0000.0058 UART1
23 7 0x0000.005C SSI0
24 8 0x0000.0060 12Co
25-29 9-13 - Reserved
30 14 0x0000.0078 ADCO Sequence 0
31 15 0x0000.007C ADCO Sequence 1
32 16 0x0000.0080 ADCO Sequence 2
33 17 0x0000.0084 ADCO Sequence 3
34 18 0x0000.0088 Watchdog Timer O
35 19 0x0000.008C Timer OA
36 20 0x0000.0090 Timer OB
37 21 0x0000.0094 Timer 1A
38 22 0x0000.0098 Timer 1B
39 23 0x0000.009C Timer 2A
40 24 0x0000.00A0 Timer 2B
41 25 0x0000.00A4 Analog Comparator 0
42 26 0x0000.00A8 Analog Comparator 1
43 27 - Reserved
44 28 0x0000.00B0 System Control
45 29 0x0000.00B4 Flash Memory Control
46 30 0x0000.00B8 GPIO Port F
47 31 0x0000.00BC GPIO Port G
48 32 0x0000.00C0O GPIO Port H
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Table 2-9. Interrupts (continued)

Vector Number Interrupt Number (Bit| Vector Address or |Description
in Interrupt Registers) Offset

49 33 - Reserved
50 34 0x0000.00C8 SSi1
51 35 0x0000.00CC Timer 3A
52 36 0x0000.00D0 Timer 3B
53 37 0x0000.00D4 12c1
54 38 - Reserved
55 39 0x0000.00DC CANO

56-58 40-42 - Reserved
59 43 0x0000.00EC Hibernation Module

253 Exception Handlers

The processor handles exceptions using:
= Interrupt Service Routines (ISRs). Interrupts (IRQx) are the exceptions handled by ISRs.

m Fault Handlers. Hard fault, memory management fault, usage fault, and bus fault are fault
exceptions handled by the fault handlers.

m System Handlers. NMI, PendSV, SVCall, SysTick, and the fault exceptions are all system
exceptions that are handled by system handlers.

254 Vector Table

The vector table contains the reset value of the stack pointer and the start addresses, also called
exception vectors, for all exception handlers. The vector table is constructed using the vector address
or offset shown in Table 2-8 on page 77. Figure 2-6 on page 80 shows the order of the exception

vectors in the vector table. The least-significant bit of each vector must be 1, indicating that the
exception handler is Thumb code
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Figure 2-6. Vector Table

Exception number IRQ number Offset Vector
59 43 IRQ43
0x00EC
0x004C
18 2 IRQ2
0x0048
17 1 IRQ1
0x0044
16 0 IRQO
0x0040 -
15 -1 Systick
0x003C
14 -2 PendSV
0x0038
13 Reserved
12 Reserved for Debug
11 -5 SVCall
0x002C
10
9
Reserved
8
7
6 -10 Usage fault
0x0018
5 -11 Bus fault
0x0014
4 -12 Memory management fault
0x0010
3 -13 Hard fault
0x000C
2 -14 NMI
0x0008
1 Reset
0x0004
Initial SP value
0x0000

On system reset, the vector table is fixed at address 0x0000.0000. Privileged software can write to
the Vector Table Offset (VTABLE) register to relocate the vector table start address to a different
memory location, in the range 0x0000.0100 to 0x3FFF.FFOO (see “Vector Table” on page 79). Note
that when configuring the VTABLE register, the offset must be aligned on a 256-byte boundary.

Exception Priorities

As Table 2-8 on page 77 shows, all exceptions have an associated priority, with a lower priority
value indicating a higher priority and configurable priorities for all exceptions except Reset, Hard
fault, and NMI. If software does not configure any priorities, then all exceptions with a configurable
priority have a priority of 0. For information about configuring exception priorities, see page 129 and
page 115.

Note: Configurable priority values for the Stellaris implementation are in the range 0-7. This means
that the Reset, Hard fault, and NMI exceptions, with fixed negative priority values, always
have higher priority than any other exception.

For example, assigning a higher priority value to IRQ[0] and a lower priority value to IRQ[1] means
that IRQ[1] has higher priority than IRQ[O]. If both IRQ[1] and IRQ[0] are asserted, IRQ[1] is processed
before IRQ[O].
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2.5.6

2.5.7

If multiple pending exceptions have the same priority, the pending exception with the lowest exception
number takes precedence. For example, if both IRQ[0] and IRQ[1] are pending and have the same
priority, then IRQ[O0] is processed before IRQ[1].

When the processor is executing an exception handler, the exception handler is preempted if a
higher priority exception occurs. If an exception occurs with the same priority as the exception being
handled, the handler is not preempted, irrespective of the exception number. However, the status
of the new interrupt changes to pending.

Interrupt Priority Grouping

To increase priority control in systems with interrupts, the NVIC supports priority grouping. This
grouping divides each interrupt priority register entry into two fields:

m An upper field that defines the group priority
m A lower field that defines a subpriority within the group

Only the group priority determines preemption of interrupt exceptions. When the processor is
executing an interrupt exception handler, another interrupt with the same group priority as the
interrupt being handled does not preempt the handler.

If multiple pending interrupts have the same group priority, the subpriority field determines the order
in which they are processed. If multiple pending interrupts have the same group priority and
subpriority, the interrupt with the lowest IRQ number is processed first.

For information about splitting the interrupt priority fields into group priority and subpriority, see
page 123.

Exception Entry and Return

Descriptions of exception handling use the following terms:

m Preemption. When the processor is executing an exception handler, an exception can preempt
the exception handler if its priority is higher than the priority of the exception being handled. See
“Interrupt Priority Grouping” on page 81 for more information about preemption by an interrupt.
When one exception preempts another, the exceptions are called nested exceptions. See
“Exception Entry” on page 82 more information.

m Return. Return occurs when the exception handler is completed, and there is no pending
exception with sufficient priority to be serviced and the completed exception handler was not
handling a late-arriving exception. The processor pops the stack and restores the processor
state to the state it had before the interrupt occurred. See “Exception Return” on page 83 for
more information.

m Tail-Chaining. This mechanism speeds up exception servicing. On completion of an exception
handler, if there is a pending exception that meets the requirements for exception entry, the
stack pop is skipped and control transfers to the new exception handler.

m Late-Arriving. This mechanism speeds up preemption. If a higher priority exception occurs
during state saving for a previous exception, the processor switches to handle the higher priority
exception and initiates the vector fetch for that exception. State saving is not affected by late
arrival because the state saved is the same for both exceptions. Therefore, the state saving
continues uninterrupted. The processor can accept a late arriving exception until the first instruction
of the exception handler of the original exception enters the execute stage of the processor. On
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return from the exception handler of the late-arriving exception, the normal tail-chaining rules
apply.

Exception Entry

Exception entry occurs when there is a pending exception with sufficient priority and either the
processor is in Thread mode or the new exception is of higher priority than the exception being
handled, in which case the new exception preempts the original exception.

When one exception preempts another, the exceptions are nested.

Sufficient priority means the exception has more priority than any limits set by the mask registers
(see PRIMASK on page 63, FAULTMASK on page 64, and BASEPRI on page 65). An exception
with less priority than this is pending but is not handled by the processor.

When the processor takes an exception, unless the exception is a tail-chained or a late-arriving
exception, the processor pushes information onto the current stack. This operation is referred to as
stacking and the structure of eight data words is referred to as stack frame.

Figure 2-7. Exception Stack Frame

______________ 1

|
l :j; Pre-IRQ top of stack
I {aligner}

xPSR
PC
LR
R12
R3
R2
R1
RO [— IRQ top of stack

Immediately after stacking, the stack pointer indicates the lowest address in the stack frame. Unless
stack alignment is disabled, the stack frame is aligned to a double-word address. If the STKALIGN
bit of the Configuration Control (CCR) register is set, stack align adjustment is performed during
stacking.

The stack frame includes the return address, which is the address of the next instruction in the
interrupted program. This value is restored to the PC at exception return so that the interrupted
program resumes.

In parallel to the stacking operation, the processor performs a vector fetch that reads the exception
handler start address from the vector table. When stacking is complete, the processor starts executing
the exception handler. At the same time, the processor writes an EXC_RETURN value to the LR,
indicating which stack pointer corresponds to the stack frame and what operation mode the processor
was in before the entry occurred.

If no higher-priority exception occurs during exception entry, the processor starts executing the
exception handler and automatically changes the status of the corresponding pending interrupt to
active.

If another higher-priority exception occurs during exception entry, known as late arrival, the processor
starts executing the exception handler for this exception and does not change the pending status
of the earlier exception.
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2.5.7.2

2.6

Exception Return

Exception return occurs when the processor is in Handler mode and executes one of the following
instructions to load the EXC_RETURN value into the PC:

m  An LDM or POP instruction that loads the PC
m A BX instruction using any register
m  An LDR instruction with the PC as the destination

EXC_RETURN is the value loaded into the LR on exception entry. The exception mechanism relies
on this value to detect when the processor has completed an exception handler. The lowest four
bits of this value provide information on the return stack and processor mode. Table 2-10 on page 83
shows the EXC_RETURN values with a description of the exception return behavior.

EXC_RETURN bits 31:4 are all set. When this value is loaded into the PC, it indicates to the processor
that the exception is complete, and the processor initiates the appropriate exception return sequence.

Table 2-10. Exception Return Behavior

EXC_RETURNI[31:0] Description

OxFFFF.FFFO Reserved

OxFFFF.FFF1 Return to Handler mode.
Exception return uses state from MSP.
Execution uses MSP after return.

OxFFFF.FFF2 - OXFFFF.FFF8 Reserved

OxFFFF.FFF9 Return to Thread mode.
Exception return uses state from MSP.
Execution uses MSP after return.

OxFFFF.FFFA - OXFFFF.FFFC Reserved

OxFFFF.FFFD Return to Thread mode.

Exception return uses state from PSP.
Execution uses PSP after return.
OxFFFF.FFFE - OXFFFF.FFFF Reserved

Fault Handling

Faults are a subset of the exceptions (see “Exception Model” on page 75). The following conditions
generate a fault:

m A bus error on an instruction fetch or vector table load or a data access.

m Aninternally detected error such as an undefined instruction or an attempt to change state with
a BX instruction.

m Attempting to execute an instruction from a memory region marked as Non-Executable (XN).

m An MPU fault because of a privilege violation or an attempt to access an unmanaged region.
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2.6.1 Fault Types

Table 2-11 on page 84 shows the types of fault, the handler used for the fault, the corresponding

fault status register, and the register bit that indicates the fault has occurred. See page 136 for more

information about the fault status registers.

Table 2-11. Faults

Fault Handler Fault Status Register Bit Name

Bus error on a vector read Hard fault Hard Fault Status (HFAULTSTAT) VECT

Fault escalated to a hard fault Hard fault Hard Fault Status (HFAULTSTAT) FORCED

MPU or default memory mismatch on |Memory management |Memory Management Fault Status IERR?

instruction access fault (MFAULTSTAT)

MPU or default memory mismatch on |Memory management |Memory Management Fault Status DERR

data access fault (MFAULTSTAT)

MPU or default memory mismatch on |Memory management |Memory Management Fault Status MSTKE

exception stacking fault (MFAULTSTAT)

MPU or default memory mismatch on |Memory management |Memory Management Fault Status MUSTKE

exception unstacking fault (MFAULTSTAT)

Bus error during exception stacking |Bus fault Bus Fault Status (BFAULTSTAT) BSTKE

Bus error during exception unstacking [ Bus fault Bus Fault Status (BFAULTSTAT) BUSTKE

Bus error during instruction prefetch |Bus fault Bus Fault Status (BFAULTSTAT) 1BUS

Precise data bus error Bus fault Bus Fault Status (BFAULTSTAT) PRECISE

Imprecise data bus error Bus fault Bus Fault Status (BFAULTSTAT) IMPRE

Attempt to access a coprocessor Usage fault Usage Fault Status (UFAULTSTAT) NOCP

Undefined instruction Usage fault Usage Fault Status (UFAULTSTAT) UNDEF

Attempt to enter an invalid instruction |Usage fault Usage Fault Status (UFAULTSTAT) INVSTAT

set state

Invalid EXC_RETURN value Usage fault Usage Fault Status (UFAULTSTAT) INVPC

lllegal unaligned load or store Usage fault Usage Fault Status (UFAULTSTAT) UNALIGN

Divide by 0 Usage fault Usage Fault Status (UFAULTSTAT) DIVO

a. Occurs on an access to an XN region even if the MPU is disabled.

b. Attempting to use an instruction set other than the Thumb instruction set, or returning to a non load-store-multiple instruction
with 1C1 continuation.

2.6.2 Fault Escalation and Hard Faults

All fault exceptions except for hard fault have configurable exception priority (see SYSPRI1 on

page 129). Software can disable execution of the handlers for these faults (see SYSHNDCTRL on

page 132).

Usually, the exception priority, together with the values of the exception mask registers, determines

whether the processor enters the fault handler, and whether a fault handler can preempt another

fault handler as described in “Exception Model” on page 75.

In some situations, a fault with configurable priority is treated as a hard fault. This process is called

priority escalation, and the fault is described as escalated to hard fault. Escalation to hard fault

occurs when:

m A fault handler causes the same kind of fault as the one it is servicing. This escalation to hard
fault occurs because a fault handler cannot preempt itself because it must have the same priority
as the current priority level.
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m A fault handler causes a fault with the same or lower priority as the fault it is servicing. This
situation happens because the handler for the new fault cannot preempt the currently executing
fault handler.

m An exception handler causes a fault for which the priority is the same as or lower than the currently
executing exception.

m A fault occurs and the handler for that fault is not enabled.

If a bus fault occurs during a stack push when entering a bus fault handler, the bus fault does not
escalate to a hard fault. Thus if a corrupted stack causes a fault, the fault handler executes even
though the stack push for the handler failed. The fault handler operates but the stack contents are
corrupted.

Note: Only Reset and NMI can preempt the fixed priority hard fault. A hard fault can preempt any
exception other than Reset, NMI, or another hard fault.

2.6.3 Fault Status Registers and Fault Address Registers
The fault status registers indicate the cause of a fault. For bus faults and memory management
faults, the fault address register indicates the address accessed by the operation that caused the
fault, as shown in Table 2-12 on page 85.
Table 2-12. Fault Status and Fault Address Registers
Handler Status Register Name Address Register Name Register Description
Hard fault Hard Fault Status (HFAULTSTAT) - page 142
Memory management |Memory Management Fault Status |Memory Management Fault |page 136
fault (MFAULTSTAT) Address (MMADDR) page 143
Bus fault Bus Fault Status (BFAULTSTAT) Bus Fault Address page 136

(FAULTADDR) page 144

Usage fault Usage Fault Status (UFAULTSTAT) |- page 136

2.6.4 Lockup
The processor enters a lockup state if a hard fault occurs when executing the NMI or hard fault
handlers. When the processor is in the lockup state, it does not execute any instructions. The
processor remains in lockup state until it is reset, an NMI occurs, or it is halted by a debugger.
Note: If the lockup state occurs from the NMI handler, a subsequent NMI does not cause the

processor to leave the lockup state.

2.7 Power Management
The Cortex-M3 processor sleep modes reduce power consumption:
m Sleep mode stops the processor clock.
m Deep-sleep mode stops the system clock and switches off the PLL and Flash memory.
The SLEEPDEEP bit of the System Control (SYSCTRL) register selects which sleep mode is used
(see page 125). For more information about the behavior of the sleep modes, see “System
Control” on page 177.
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2.71

2711

2.71.2

2.71.3

2.7.2

2.7.21

2.7.2.2

This section describes the mechanisms for entering sleep mode and the conditions for waking up
from sleep mode, both of which apply to Sleep mode and Deep-sleep mode.

Entering Sleep Modes

This section describes the mechanisms software can use to put the processor into one of the sleep
modes.

The system can generate spurious wake-up events, for example a debug operation wakes up the
processor. Therefore, software must be able to put the processor back into sleep mode after such
an event. A program might have an idle loop to put the processor back to sleep mode.

Wait for Interrupt

The wait for interrupt instruction, WF 1, causes immediate entry to sleep mode unless the wake-up
condition is true (see “Wake Up from WFI or Sleep-on-Exit” on page 86). When the processor
executes a WFI instruction, it stops executing instructions and enters sleep mode. See the
Cortex™-M3/M4 Instruction Set Technical User's Manual for more information.

Wait for Event

The wait for event instruction, WFE, causes entry to sleep mode conditional on the value of a one-bit
event register. When the processor executes a WFE instruction, it checks the event register. If the

register is 0, the processor stops executing instructions and enters sleep mode. If the register is 1,
the processor clears the register and continues executing instructions without entering sleep mode.

If the event register is 1, the processor must not enter sleep mode on execution of a WFE instruction.
Typically, this situation occurs if an SEV instruction has been executed. Software cannot access
this register directly.

See the Cortex™-M3/M4 Instruction Set Technical User's Manual for more information.

Sleep-on-Exit

If the SLEEPEXIT bit of the SYSCTRL register is set, when the processor completes the execution
of all exception handlers, it returns to Thread mode and immediately enters sleep mode. This
mechanism can be used in applications that only require the processor to run when an exception
occurs.

Wake Up from Sleep Mode

The conditions for the processor to wake up depend on the mechanism that cause it to enter sleep
mode.

Wake Up from WFI or Sleep-on-Exit

Normally, the processor wakes up only when the NVIC detects an exception with sufficient priority
to cause exception entry. Some embedded systems might have to execute system restore tasks
after the processor wakes up and before executing an interrupt handler. Entry to the interrupt handler
can be delayed by setting the PRIMASK bit and clearing the FAULTMASK bit. If an interrupt arrives
that is enabled and has a higher priority than current exception priority, the processor wakes up but
does not execute the interrupt handler until the processor clears PRIMASK. For more information
about PRIMASK and FAULTMASK, see page 63 and page 64.

Wake Up from WFE

The processor wakes up if it detects an exception with sufficient priority to cause exception entry.
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In addition, if the SEVONPEND bit in the SYSCTRL register is set, any new pending interrupt triggers
an event and wakes up the processor, even if the interrupt is disabled or has insufficient priority to
cause exception entry. For more information about SYSCTRL, see page 125.

2.8 Instruction Set Summary

The processor implements a version of the Thumb instruction set. Table 2-13 on page 87 lists the
supported instructions.

Note:

In Table 2-13 on page 87:

Angle brackets, <>, enclose alternative forms of the operand

Braces, {}, enclose optional operands
The Operands column is not exhaustive
Op2 is a flexible second operand that can be either a register or a constant

Most instructions can use an optional condition code suffix

For more information on the instructions and operands, see the instruction descriptions in
the Cortex™-M3/M4 Instruction Set Technical User's Manual.

Table 2-13. Cortex-M3 Instruction Summary

Mnemonic Operands Brief Description Flags

ADC, ADCS {Rd,} Rn, Op2 Add with carry N,Z,C,V

ADD, ADDS {Rd,} Rn, Op2 Add N,Z,C,V

ADD, ADDW {Rd,} Rn , #imml2 Add N,Z,C,V

ADR Rd, label Load PC-relative address -

AND, ANDS {Rd,} Rn, 0p2 Logical AND N,Z,C

ASR, ASRS Rd, Rm, <Rs|#n> Arithmetic shift right N,Z,C

B label Branch -

BFC Rd, #lIsb, #width Bit field clear -

BF1 Rd, Rn, #lIsb, #width Bit field insert -

BIC, BICS {Rd,} Rn, Op2 Bit clear N,Z,C

BKPT #imm Breakpoint -

BL label Branch with link -

BLX Rm Branch indirect with link -

BX Rm Branch indirect -

CBNZ Rn, label Compare and branch if non-zero -

CcBz Rn, label Compare and branch if zero -

CLREX - Clear exclusive -

CLz Rd, Rm Count leading zeros -

CMN Rn, Op2 Compare negative N,Z,C,V

CMP Rn, Op2 Compare N,Z,C,V

CPSID i Change processor state, disable -
interrupts

CPSIE i Change processor state, enable -
interrupts

DMB - Data memory barrier -

DSB - Data synchronization barrier -
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Table 2-13. Cortex-M3 Instruction Summary (continued)

Mnemonic Operands Brief Description Flags
EOR, EORS {Rd,} Rn, Op2 Exclusive OR N,Z,C
1SB - Instruction synchronization barrier -

1T - If-Then condition block -

LDM Rn{!1}, reglist Load multiple registers, increment after |-

LDMDB, LDMEA

Rn{!}, reglist

Load multiple registers, decrement
before

LDMFD, LDMIA

Rn{!}, reglist

Load multiple registers, increment after

LDR

Rt, [Rn, #offset]

Load register with word

LDRB, LDRBT

Rt, [Rn, #offset]

Load register with byte

LDRD

Rt, Rt2, [Rn, #offset]

Load register with two bytes

LDREX Rt, [Rn, #offset] Load register exclusive -
LDREXB Rt, [Rn] Load register exclusive with byte -
LDREXH Rt, [Rn] Load register exclusive with halfword |-

LDRH, LDRHT

Rt, [Rn, #offset]

Load register with halfword

LDRSB, LDRSBT

Rt, [Rn, #offset]

Load register with signed byte

LDRSH, LDRSHT

Rt, [Rn, #offset]

Load register with signed halfword

LDRT

Rt, [Rn, #offset]

Load register with word

LSL, LSLS Rd, Rm, <Rs|#n> Logical shift left N,Z,C
LSR, LSRS Rd, Rm, <Rs]|#n> Logical shift right N,Z,C
MLA Rd, Rn, Rm, Ra Multiply with accumulate, 32-bit result |-
MLS Rd, Rn, Rm, Ra Multiply and subtract, 32-bit result -
MOV, MOVS Rd, Op2 Move N,Z,C
MOV, MOVW Rd, #imml6 Move 16-bit constant N,Z,C
MOVT Rd, #imml6 Move top -
MRS Rd, spec_reg Move from special register to general |-
register
MSR spec_reg, Rm Move from general register to special |N,Z,C,V
register
MUL, MULS {Rd.,} Rn, Rm Multiply, 32-bit result N,Z
MVN, MVNS Rd, Op2 Move NOT N,Z,C
NOP - No operation -
ORN, ORNS {Rd,} Rn, Op2 Logical OR NOT N,Z,C
ORR, ORRS {Rd,} Rn, Op2 Logical OR N,Z,C
POP reglist Pop registers from stack -
PUSH reglist Push registers onto stack -
RBIT Rd, Rn Reverse bits -
REV Rd, Rn Reverse byte order in a word -
REV16 Rd, Rn Reverse byte order in each halfword -
REVSH Rd, Rn Reverse byte order in bottom halfword |-
and sign extend
ROR, RORS Rd, Rm, <Rs|#n> Rotate right N,Z,C
RRX, RRXS Rd, Rm Rotate right with extend N,Z,C
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Table 2-13. Cortex-M3 Instruction Summary (continued)

Mnemonic Operands Brief Description Flags

RSB, RSBS {Rd,} Rn, Op2 Reverse subtract N,Z,C,V

SBC, SBCS {Rd,} Rn, Op2 Subtract with carry N,Z,C,V

SBFX Rd, Rn, #lIsb, #width Signed bit field extract -

SDIV {Rd,} Rn, Rm Signed divide -

SEV - Send event -

SMLAL RdLo, RdHi, Rn, Rm Signed multiply with accumulate -
(32x32+64), 64-bit result

SMULL RdLo, RdHi, Rn, Rm Signed multiply (32x32), 64-bit result |-

SSAT Rd, #n, Rm {,shift #s} Signed saturate Q

STM Rn{1}, reglist Store multiple registers, increment after |-

STMDB, STMEA Rn{!}, reglist Store multiple registers, decrement -
before

STMFD, STMIA Rn{!}, reglist Store multiple registers, increment after |-

STR Rt, [Rn {, #offset}] Store register word -

STRB, STRBT Rt, [Rn {, #offset}] Store register byte -

STRD Rt, Rt2, [Rn {, #offset}] Store register two words -

STREX Rt, Rt, [Rn {, #offset}] Store register exclusive -

STREXB Rd, Rt, [Rn] Store register exclusive byte -

STREXH Rd, Rt, [Rn] Store register exclusive halfword -

STRH, STRHT Rt, [Rn {, #offset}] Store register halfword -

STRSB, STRSBT Rt, [Rn {, #offset}] Store register signed byte -

STRSH, STRSHT Rt, [Rn {, #offset}] Store register signed halfword -

STRT Rt, [Rn {, #offset}] Store register word -

SUB, SUBS {Rd,} Rn, Op2 Subtract N,Z,C,V

SUB, SUBW {Rd,} Rn, #imml2 Subtract 12-bit constant N,Z,C,V

SVC #imm Supervisor call -

SXTB {Rd,} Rm {,ROR #n} Sign extend a byte -

SXTH {Rd,} Rm {,ROR #n} Sign extend a halfword -

TBB [Rn, Rm] Table branch byte -

TBH [Rn, Rm, LSL #1] Table branch halfword -

TEQ Rn, Op2 Test equivalence N,Z,C

TST Rn, Op2 Test N,Z,C

UBFX Rd, Rn, #lIsb, #width Unsigned bit field extract -

ubiv {Rd,} Rn, Rm Unsigned divide -

UMLAL RdLo, RdHi, Rn, Rm Unsigned multiply with accumulate -
(32x32+32+32), 64-bit result

UMULL RdLo, RdHi, Rn, Rm Unsigned multiply (32x 2), 64-bit result |-

USAT Rd, #n, Rm {,shift #s} Unsigned Saturate Q

UXTB {Rd,} Rm, {,ROR #n} Zero extend a Byte -

UXTH {Rd,} Rm, {,ROR #n} Zero extend a Halfword -

WFE - Wait for event -

WF1 - Wait for interrupt -
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Cortex-M3 Peripherals

This chapter provides information on the Stellaris® implementation of the Cortex-M3 processor
peripherals, including:

SysTick (see page 90)

Provides a simple, 24-bit clear-on-write, decrementing, wrap-on-zero counter with a flexible
control mechanism.

Nested Vectored Interrupt Controller (NVIC) (see page 91)
— Facilitates low-latency exception and interrupt handling
— Controls power management

— Implements system control registers

System Control Block (SCB) (see page 93)

Provides system implementation information and system control, including configuration, control,
and reporting of system exceptions.

Memory Protection Unit (MPU) (see page 93)

Supports the standard ARMv7 Protected Memory System Architecture (PMSA) model. The MPU
provides full support for protection regions, overlapping protection regions, access permissions,
and exporting memory attributes to the system.

Table 3-1 on page 90 shows the address map of the Private Peripheral Bus (PPB). Some peripheral
register regions are split into two address regions, as indicated by two addresses listed.

Table 3-1. Core Peripheral Register Regions

Address Core Peripheral Description (see page ...)
0xE000.E010-0xE000.E01F System Timer 90
0xE000.E100-0xEO000.E4EF Nested Vectored Interrupt Controller 91
0xE000.EF00-0xE000.EF03
0xE000.ED00-0xE000.ED3F System Control Block 93
0xE000.ED90-0xE000.EDB8 Memory Protection Unit 93

3.1 Functional Description
This chapter provides information on the Stellaris implementation of the Cortex-M3 processor
peripherals: SysTick, NVIC, SCB and MPU.

3.1.1 System Timer (SysTick)
Cortex-M3 includes an integrated system timer, SysTick, which provides a simple, 24-bit
clear-on-write, decrementing, wrap-on-zero counter with a flexible control mechanism. The counter
can be used in several different ways, for example as:
m  An RTOS tick timer that fires at a programmable rate (for example, 100 Hz) and invokes a SysTick

routine.

m A high-speed alarm timer using the system clock.
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3.1.2

m A variable rate alarm or signal timer—the duration is range-dependent on the reference clock
used and the dynamic range of the counter.

m A simple counter used to measure time to completion and time used.

m An internal clock source control based on missing/meeting durations. The COUNT bit in the
STCTRL control and status register can be used to determine if an action completed within a
set duration, as part of a dynamic clock management control loop.

The timer consists of three registers:

m SysTick Control and Status (STCTRL): A control and status counter to configure its clock,
enable the counter, enable the SysTick interrupt, and determine counter status.

m SysTick Reload Value (STRELOAD): The reload value for the counter, used to provide the
counter's wrap value.

m SysTick Current Value (STCURRENT): The current value of the counter.

When enabled, the timer counts down on each clock from the reload value to zero, reloads (wraps)
to the value in the STRELOAD register on the next clock edge, then decrements on subsequent
clocks. Clearing the STRELOAD register disables the counter on the next wrap. When the counter
reaches zero, the COUNT status bit is set. The COUNT bit clears on reads.

Writing to the STCURRENT register clears the register and the COUNT status bit. The write does
not trigger the SysTick exception logic. On a read, the current value is the value of the register at
the time the register is accessed.

The SysTick counter runs on the system clock. If this clock signal is stopped for low power mode,
the SysTick counter stops. Ensure software uses aligned word accesses to access the SysTick
registers.

Note: When the processor is halted for debugging, the counter does not decrement.

Nested Vectored Interrupt Controller (NVIC)

This section describes the Nested Vectored Interrupt Controller (NVIC) and the registers it uses.
The NVIC supports:

m 33 interrupts.

m A programmable priority level of 0-7 for each interrupt. A higher level corresponds to a lower
priority, so level 0 is the highest interrupt priority.

m Low-latency exception and interrupt handling.

m Level and pulse detection of interrupt signals.

m Dynamic reprioritization of interrupts.

m  Grouping of priority values into group priority and subpriority fields.
m Interrupt tail-chaining.

m An external Non-maskable interrupt (NMI).
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3.1.21

3.1.2.2

The processor automatically stacks its state on exception entry and unstacks this state on exception
exit, with no instruction overhead, providing low latency exception handling.

Level-Sensitive and Pulse Interrupts

The processor supports both level-sensitive and pulse interrupts. Pulse interrupts are also described
as edge-triggered interrupts.

A level-sensitive interrupt is held asserted until the peripheral deasserts the interrupt signal. Typically
this happens because the ISR accesses the peripheral, causing it to clear the interrupt request. A
pulse interrupt is an interrupt signal sampled synchronously on the rising edge of the processor
clock. To ensure the NVIC detects the interrupt, the peripheral must assert the interrupt signal for
at least one clock cycle, during which the NVIC detects the pulse and latches the interrupt.

When the processor enters the ISR, it automatically removes the pending state from the interrupt
(see “Hardware and Software Control of Interrupts” on page 92 for more information). For a
level-sensitive interrupt, if the signal is not deasserted before the processor returns from the ISR,
the interrupt becomes pending again, and the processor must execute its ISR again. As a result,
the peripheral can hold the interrupt signal asserted until it no longer needs servicing.

Hardware and Software Control of Interrupts

The Cortex-M3 latches all interrupts. A peripheral interrupt becomes pending for one of the following
reasons:

m The NVIC detects that the interrupt signal is High and the interrupt is not active.
m The NVIC detects a rising edge on the interrupt signal.

m Software writes to the corresponding interrupt set-pending register bit, or to the Software Trigger
Interrupt (SWTRIG) register to make a Software-Generated Interrupt pending. See the INT bit
in the PENDO register on page 109 or SWTRIG on page 117.

A pending interrupt remains pending until one of the following:

m The processor enters the ISR for the interrupt, changing the state of the interrupt from pending
to active. Then:

— For a level-sensitive interrupt, when the processor returns from the ISR, the NVIC samples
the interrupt signal. If the signal is asserted, the state of the interrupt changes to pending,
which might cause the processor to immediately re-enter the ISR. Otherwise, the state of the
interrupt changes to inactive.

— For a pulse interrupt, the NVIC continues to monitor the interrupt signal, and if this is pulsed
the state of the interrupt changes to pending and active. In this case, when the processor
returns from the ISR the state of the interrupt changes to pending, which might cause the
processor to immediately re-enter the ISR.

If the interrupt signal is not pulsed while the processor is in the ISR, when the processor
returns from the ISR the state of the interrupt changes to inactive.

m Software writes to the corresponding interrupt clear-pending register bit

— For a level-sensitive interrupt, if the interrupt signal is still asserted, the state of the interrupt
does not change. Otherwise, the state of the interrupt changes to inactive.
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— For a pulse interrupt, the state of the interrupt changes to inactive, if the state was pending
or to active, if the state was active and pending.

31.3 System Control Block (SCB)

The System Control Block (SCB) provides system implementation information and system control,
including configuration, control, and reporting of the system exceptions.

314 Memory Protection Unit (MPU)

This section describes the Memory protection unit (MPU). The MPU divides the memory map into
a number of regions and defines the location, size, access permissions, and memory attributes of
each region. The MPU supports independent attribute settings for each region, overlapping regions,
and export of memory attributes to the system.

The memory attributes affect the behavior of memory accesses to the region. The Cortex-M3 MPU
defines eight separate memory regions, 0-7, and a background region.

When memory regions overlap, a memory access is affected by the attributes of the region with the
highest number. For example, the attributes for region 7 take precedence over the attributes of any
region that overlaps region 7.

The background region has the same memory access attributes as the default memory map, but is
accessible from privileged software only.

The Cortex-M3 MPU memory map is unified, meaning that instruction accesses and data accesses
have the same region settings.

If a program accesses a memory location that is prohibited by the MPU, the processor generates
a memory management fault, causing a fault exception and possibly causing termination of the
process in an OS environment. In an OS environment, the kernel can update the MPU region setting
dynamically based on the process to be executed. Typically, an embedded OS uses the MPU for
memory protection.

Configuration of MPU regions is based on memory types (see “Memory Regions, Types and
Attributes” on page 69 for more information).

Table 3-2 on page 93 shows the possible MPU region attributes. See the section called “MPU
Configuration for a Stellaris Microcontroller” on page 97 for guidelines for programming a
microcontroller implementation.

Table 3-2. Memory Attributes Summary

Memory Type Description

Strongly Ordered All accesses to Strongly Ordered memory occur in program order.
Device Memory-mapped peripherals

Normal Normal memory

To avoid unexpected behavior, disable the interrupts before updating the attributes of a region that
the interrupt handlers might access.

Ensure software uses aligned accesses of the correct size to access MPU registers:

m Except for the MPU Region Attribute and Size (MPUATTR) register, all MPU registers must
be accessed with aligned word accesses.

m The MPUATTR register can be accessed with byte or aligned halfword or word accesses.
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The processor does not support unaligned accesses to MPU registers.

When setting up the MPU, and if the MPU has previously been programmed, disable unused regions
to prevent any previous region settings from affecting the new MPU setup.

3.1.4.1 Updating an MPU Region
To update the attributes for an MPU region, the MPU Region Number (MPUNUMBER), MPU
Region Base Address (MPUBASE) and MPUATTR registers must be updated. Each register can
be programmed separately or with a multiple-word write to program all of these registers. You can
use the MPUBASEXx and MPUATTRXx aliases to program up to four regions simultaneously using
an STM instruction.
Updating an MPU Region Using Separate Words
This example simple code configures one region:
; R1 = region number
; R2 = size/enable
; R3 = attributes
; R4 = address
LDR RO,=MPUNUMBER ; OXEOOOED98, MPU region number register
STR R1, [RO, #0x0] ; Region Number
STR R4, [RO, #0x4] ; Region Base Address
STRH R2, [RO, #0x8] ; Region Size and Enable
STRH R3, [RO, #OxA] ; Region Attribute
Disable a region before writing new region settings to the MPU if you have previously enabled the
region being changed. For example:
; R1 = region number
; R2 = size/enable
; R3 = attributes
; R4 = address
LDR RO,=MPUNUMBER ; OXEOOOED98, MPU region number register
STR R1, [RO, #0x0] ; Region Number
BIC R2, R2, #1 ; Disable
STRH R2, [RO, #0x8] ; Region Size and Enable
STR R4, [RO, #0x4] ; Region Base Address
STRH R3, [RO, #OxA] ; Region Attribute
ORR R2, #1 ; Enable
STRH R2, [RO, #0x8] ; Region Size and Enable
Software must use memory barrier instructions:
m Before MPU setup, if there might be outstanding memory transfers, such as buffered writes, that
might be affected by the change in MPU settings.
m After MPU setup, if it includes memory transfers that must use the new MPU settings.
However, memory barrier instructions are not required if the MPU setup process starts by entering
an exception handler, or is followed by an exception return, because the exception entry and
exception return mechanism cause memory barrier behavior.
Software does not need any memory barrier instructions during MPU setup, because it accesses
the MPU through the Private Peripheral Bus (PPB), which is a Strongly Ordered memory region.
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For example, if all of the memory access behavior is intended to take effect immediately after the
programming sequence, then a DSB instruction and an 1SB instruction should be used. A DSB is
required after changing MPU settings, such as at the end of context switch. An 1SB is required if
the code that programs the MPU region or regions is entered using a branch or call. If the
programming sequence is entered using a return from exception, or by taking an exception, then
an ISB is not required.

Updating an MPU Region Using Multi-Word Writes

The MPU can be programmed directly using multi-word writes, depending how the information is
divided. Consider the following reprogramming:

; R1 = region number
; R2 = address
; R3 = size, attributes iIn one

LDR RO, =MPUNUMBER ; OxXEOOOED98, MPU region number register
STR R1, [RO, #0x0] ; Region Number

STR R2, [RO, #0x4] ; Region Base Address

STR R3, [RO, #0x8] ; Region Attribute, Size and Enable

An STM instruction can be used to optimize this:

; R1 region number

; R2 address

; R3 = size, attributes in one

LDR RO, =MPUNUMBER ; OXEOOOED98, MPU region number register

STM RO, {R1-R3} ; Region number, address, attribute, size and enable

This operation can be done in two words for pre-packed information, meaning that the MPU Region
Base Address (MPUBASE) register (see page 149) contains the required region number and has
the VALID bit set. This method can be used when the data is statically packed, for example in a
boot loader:

; R1 address and region number in one

; R2 size and attributes in one

LDR RO, =MPUBASE ; OXEOOOED9C, MPU Region Base register

STR R1, [RO, #0x0] ; Region base address and region number combined
; with VALID (bit 4) set

STR R2, [RO, #0x4] ; Region Attribute, Size and Enable

Subregions

Regions of 256 bytes or more are divided into eight equal-sized subregions. Set the corresponding
bit in the SRD field of the MPU Region Attribute and Size (MPUATTR) register (see page 151) to
disable a subregion. The least-significant bit of the SRD field controls the first subregion, and the
most-significant bit controls the last subregion. Disabling a subregion means another region
overlapping the disabled range matches instead. If no other enabled region overlaps the disabled
subregion, the MPU issues a fault.

Regions of 32, 64, and 128 bytes do not support subregions. With regions of these sizes, the SRD
field must be configured to 0x00, otherwise the MPU behavior is unpredictable.
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Example of SRD Use

Two regions with the same base address overlap. Region one is 128 KB, and region two is 512 KB.
To ensure the attributes from region one apply to the first 128 KB region, configure the SRD field for
region two to 0x03 to disable the first two subregions, as Figure 3-1 on page 96 shows.

Figure 3-1. SRD Use Example

Region 2, with Offset from
subregions base address
512KB
448KB
384KB
320KB
256KB
Region 1 192KB
128KB
64KB
0

Disabled subregion
Disabled subregion

Base address of both regions

3.1.4.2 MPU Access Permission Attributes
The access permission bits, TEX, S, C, B, AP, and XN of the MPUATTR register, control access to
the corresponding memory region. If an access is made to an area of memory without the required
permissions, then the MPU generates a permission fault.
Table 3-3 on page 96 shows the encodings for the TEX, C, B, and S access permission bits. All
encodings are shown for completeness, however the current implementation of the Cortex-M3 does
not support the concept of cacheability or shareability. Refer to the section called “MPU Configuration
for a Stellaris Microcontroller” on page 97 for information on programming the MPU for Stellaris
implementations.
Table 3-3. TEX, S, C, and B Bit Field Encoding
TEX S C B Memory Type Shareability Other Attributes
000b x2 0 0 Strongly Ordered Shareable -
000 x2 0 1 Device Shareable -
000 0 1 0 Normal Not shareable
000 1 1 0 Normal Shareable Outer and inner

write-through. No write
000 0 1 1 Normal Not shareable allocate.
000 1 1 1 Normal Shareable
001 0 0 0 Normal Not shareable Outer and inner
001 1 0 0 Normal Shareable noncacheable.
001 x2 0 1 Reserved encoding - -
001 x2 1 0 Reserved encoding - -
001 0 1 1 Normal Not shareable Outer and inner
001 1 1 1 Normal Shareable write-back. Write and
read allocate.

010 x2 0 0 Device Not shareable Nonshared Device.
010 x2 0 1 Reserved encoding - -
010 x2 1 x2 Reserved encoding - -
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Table 3-3. TEX, S, C, and B Bit Field Encoding (continued)

TEX S (o B Memory Type Shareability Other Attributes
1BB 0 A A Normal Not shareable Cached memory (BB =

188 1 A A Normal Shareable outer policy, AA =inner
policy).

See Table 3-4 for the
encoding of the AA and
BB bits.

a. The MPU ignores the value of this bit.

Table 3-4 on page 97 shows the cache policy for memory attribute encodings with a TEX value in
the range of 0x4-0x7.

Table 3-4. Cache Policy for Memory Attribute Encoding

Encoding, AA or BB Corresponding Cache Policy

00 Non-cacheable

01 Write back, write and read allocate
10 Write through, no write allocate

11 Write back, no write allocate

Table 3-5 on page 97 shows the AP encodings in the MPUATTR register that define the access
permissions for privileged and unprivileged software.

Table 3-5. AP Bit Field Encoding

AP Bit Field Privileged Unprivileged Description
Permissions Permissions
000 No access No access All accesses generate a permission fault.
001 R/W No access Access from privileged software only.
010 R/W RO Writes by unprivileged software generate a
permission fault.
01 R/W R/W Full access.
100 Unpredictable Unpredictable Reserved.
101 RO No access Reads by privileged software only.
110 RO RO Read-only, by privileged or unprivileged software.
111 RO RO Read-only, by privileged or unprivileged software.

MPU Configuration for a Stellaris Microcontroller

Stellaris microcontrollers have only a single processor and no caches. As a result, the MPU should
be programmed as shown in Table 3-6 on page 97.

Table 3-6. Memory Region Attributes for Stellaris Microcontrollers

Memory Region TEX S C B Memory Type and Attributes
Flash memory 000b 0 1 0 Normal memory, non-shareable, write-through
Internal SRAM 000b 1 1 0 Normal memory, shareable, write-through
External SRAM 000b 1 1 1 Normal memory, shareable, write-back,
write-allocate
Peripherals 000b 1 0 1 Device memory, shareable
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In current Stellaris microcontroller implementations, the shareability and cache policy attributes do
not affect the system behavior. However, using these settings for the MPU regions can make the

application code more portable. The values given are for typical situations.

3.1.4.3 MPU Mismatch

When an access violates the MPU permissions, the processor generates a memory management
fault (see “Exceptions and Interrupts” on page 67 for more information). The MFAULTSTAT register
indicates the cause of the fault. See page 136 for more information.

3.2 Register Map

Table 3-7 on page 98 lists the Cortex-M3 Peripheral SysTick, NVIC, MPU and SCB registers. The
offset listed is a hexadecimal increment to the register's address, relative to the Core Peripherals

base address of 0OxE000.E000.

Note: Register spaces that are not used are reserved for future or internal use. Software should
not modify any reserved memory address.

Table 3-7. Peripherals Register Map

Offset Name Type Reset Description ps;:z
System Timer (SysTick) Registers
0x010 STCTRL R/W 0x0000.0000 SysTick Control and Status Register 101
0x014 STRELOAD R/W 0x0000.0000 SysTick Reload Value Register 103
0x018  STCURRENT R/WC 0x0000.0000 SysTick Current Value Register 104
Nested Vectored Interrupt Controller (NVIC) Registers
0x100 ENO R/W 0x0000.0000 Interrupt 0-31 Set Enable 105
0x104  EN1 R/W 0x0000.0000 Interrupt 32-43 Set Enable 106
0x180 DISO R/W 0x0000.0000 Interrupt 0-31 Clear Enable 107
0x184 DIS1 R/W 0x0000.0000 Interrupt 32-43 Clear Enable 108
0x200 | PENDO R/W 0x0000.0000 Interrupt 0-31 Set Pending 109
0x204 PEND1 R/W 0x0000.0000 Interrupt 32-43 Set Pending 110
0x280  UNPENDO R/W 0x0000.0000 Interrupt 0-31 Clear Pending 111
0x284 | UNPEND1 R/W 0x0000.0000 Interrupt 32-43 Clear Pending 112
0x300  ACTIVEO RO 0x0000.0000 Interrupt 0-31 Active Bit 113
0x304 | ACTIVE1 RO 0x0000.0000 Interrupt 32-43 Active Bit 114
0x400 PRIO R/W 0x0000.0000 Interrupt 0-3 Priority 115
0x404 | PRI R/W 0x0000.0000 Interrupt 4-7 Priority 115
0x408 PRI2 R/W 0x0000.0000 Interrupt 8-11 Priority 115
0x40C  PRI3 R/W 0x0000.0000 Interrupt 12-15 Priority 115
0x410  PRI4 R/W 0x0000.0000 Interrupt 16-19 Priority 115
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Table 3-7. Peripherals Register Map (continued)

Offset Name Type Reset Description :‘ZZ
0x414  PRI5 R/W 0x0000.0000 Interrupt 20-23 Priority 115
0x418  PRI6 R/W 0x0000.0000 Interrupt 24-27 Priority 115
0x41C | PRI7 R/W 0x0000.0000 Interrupt 28-31 Priority 115
0x420 PRI8 R/W 0x0000.0000 Interrupt 32-35 Priority 115
0x424 PRI9 R/W 0x0000.0000 Interrupt 36-39 Priority 115
0x428  PRI10 R/W 0x0000.0000 Interrupt 40-43 Priority 115
0xFOO ' SWTRIG wo 0x0000.0000 Software Trigger Interrupt 117
System Control Block (SCB) Registers
0xD00  CPUID RO 0x411F.C231 CPU ID Base 118
0xD04 | INTCTRL R/W 0x0000.0000 Interrupt Control and State 119
0xD08 | VTABLE R/W 0x0000.0000 Vector Table Offset 122
0xDOC | APINT R/W 0xFA05.0000 Application Interrupt and Reset Control 123
0xD10 | SYSCTRL R/W 0x0000.0000 System Control 125
0xD14 | CFGCTRL R/W 0x0000.0000 Configuration and Control 127
0xD18 | SYSPRI1 R/W 0x0000.0000 System Handler Priority 1 129
0xD1C | SYSPRI2 R/W 0x0000.0000 System Handler Priority 2 130
0xD20 | SYSPRI3 R/W 0x0000.0000 System Handler Priority 3 131
0xD24 | SYSHNDCTRL R/W 0x0000.0000 System Handler Control and State 132
0xD28 | FAULTSTAT R/W1C 0x0000.0000 Configurable Fault Status 136
0xD2C | HFAULTSTAT R/W1C 0x0000.0000 Hard Fault Status 142
0xD34 | MMADDR R/W - Memory Management Fault Address 143
0xD38  FAULTADDR R/W - Bus Fault Address 144
Memory Protection Unit (MPU) Registers
0xD90 | MPUTYPE RO 0x0000.0800 MPU Type 145
0xD94 | MPUCTRL R/W 0x0000.0000 MPU Control 146
0xD98  MPUNUMBER R/W 0x0000.0000 MPU Region Number 148
0xD9C | MPUBASE R/W 0x0000.0000 MPU Region Base Address 149
0xDAO | MPUATTR R/W 0x0000.0000 MPU Region Attribute and Size 151
0xDA4 | MPUBASE1 R/W 0x0000.0000 MPU Region Base Address Alias 1 149
0xDA8 | MPUATTR1 R/W 0x0000.0000 MPU Region Attribute and Size Alias 1 151
O0xDAC | MPUBASE2 R/W 0x0000.0000 MPU Region Base Address Alias 2 149
0xDBO | MPUATTR2 R/W 0x0000.0000 MPU Region Attribute and Size Alias 2 151
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Table 3-7. Peripherals Register Map (continued)

Offset Name Type Reset Description e
page
0xDB4 | MPUBASE3 R/W 0x0000.0000 MPU Region Base Address Alias 3 149

MPU Region Attribute and Size Alias 3 151

0xDB8 | MPUATTR3 R/W 0x0000.0000

3.3 System Timer (SysTick) Register Descriptions

This section lists and describes the System Timer registers, in numerical order by address offset.
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Register 1: SysTick Control and Status Register (STCTRL), offset 0x010
Note: This register can only be accessed from privileged mode.

The SysTick STCTRL register enables the SysTick features.

SysTick Control and Status Register (STCTRL)
Base 0xE000.E000

Offset 0x010
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I 1 I I 1 I 1
reserved COUNT
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I 1 I 1 I 1 I I I I 1
reserved CLK_SRC| INTEN | ENABLE
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RIW RW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

31:17 reserved RO 0x000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

16 COUNT RO 0 Count Flag

Value Description

0 The SysTick timer has not counted to 0 since the last time
this bit was read.

1 The SysTick timer has counted to 0 since the last time
this bit was read.

This bitis cleared by a read of the register or if the STCURRENT register

is written with any value.

If read by the debugger using the DAP, this bit is cleared only if the

MasterType bit in the AHB-AP Control Register is clear. Otherwise,

the COUNT bit is not changed by the debugger read. See the ARM®

Debug Interface V5 Architecture Specification for more information on

MasterType.

15:3 reserved RO 0x000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

2 CLK_SRC R/W 0 Clock Source
Value Description
0 External reference clock. (Not implemented for most Stellaris
microcontrollers.)
1 System clock
Because an external reference clock is not implemented, this bit must
be set in order for SysTick to operate.
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Bit/Field Name Type Reset Description
1 INTEN R/W 0 Interrupt Enable
Value Description
0 Interrupt generation is disabled. Software can use the
COUNT bit to determine if the counter has ever reached 0.
1 An interrupt is generated to the NVIC when SysTick counts
to 0.
0 ENABLE R/W 0 Enable
Value Description
0 The counter is disabled.
1 Enables SysTick to operate in a multi-shot way. That is, the
counter loads the RELOAD value and begins counting down.
On reaching 0, the COUNT bit is set and an interrupt is
generated if enabled by INTEN. The counter then loads the
RELOAD value again and begins counting.
102
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Register 2: SysTick Reload Value Register (STRELOAD), offset 0x014

Note:

This register can only be accessed from privileged mode.

The STRELOAD register specifies the start value to load into the SysTick Current Value
(STCURRENT) register when the counter reaches 0. The start value can be between 0x1 and
OxO0OFF.FFFF. A start value of 0 is possible but has no effect because the SysTick interrupt and the
COUNT bit are activated when counting from 1 to 0.

SysTick can be configured as a multi-shot timer, repeated over and over, firing every N+1 clock
pulses, where N is any value from 1 to OxOOFF.FFFF. For example, if a tick interrupt is required
every 100 clock pulses, 99 must be written into the RELOAD field.

SysTick Reload Value Register (STRELOAD)

Base 0xE000.E000

Offset 0x014
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 ) 1 ) 1 1 1 ) 1 ) 1 ) 1 )
reserved RELOAD
1 1
Type RO RO RO RO RO RO RO RO RIW RIW RIW RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RELOAD
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:24 reserved RO 0x00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
23:0 RELOAD R/W 0x00.0000 Reload Value

Value to load into the SysTick Current Value (STCURRENT) register
when the counter reaches 0.

July 24, 2012

103
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Cortex-M3 Peripherals

Register 3: SysTick Current Value Register (STCURRENT), offset 0x018

Note:

This register can only be accessed from privileged mode.

The STCURRENT register contains the current value of the SysTick counter.

SysTick Current Value Register (STCURRENT)

Base 0xE000.E000
Offset 0x018
Type R/WC, reset 0x0000.0000

31 30 29 28

27

26

25

24 23 22 21 20 19 18

1 I 1 I
reserved

I
CURRENT

Type
Reset 0

RO R/WC R/WC
0 0 0 0 0 0 0 0 0

10 9 8 7 6

R/WC

0

5

1
R/WC R/WC R/WC R/WC R/WC
0 0 0 0 0

4 3 2 1 0

T T T
CURRENT
1 1

Type R/WC
Reset 0

Bit/Field

31:24

23:0

3.4

Name

reserved

CURRENT

R/WC

0

Type

RO

R/WC

R/WC

0

R/WC
0

Reset

0x00

0x00.0000

R/WC

R/WC R/WC R/WC R/WC R/WC R/WC R/WC R/WC
0 0 0 0 0 0 0 0 0

Description

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Current Value

This field contains the current value at the time the register is accessed.
No read-modify-write protection is provided, so change with care.

This register is write-clear. Writing to it with any value clears the register.
Clearing this register also clears the COUNT bit of the STCTRL register.

NVIC Register Descriptions

This section lists and describes the NVIC registers, in numerical order by address offset.

The NVIC registers can only be fully accessed from privileged mode, but interrupts can be pended
while in unprivileged mode by enabling the Configuration and Control (CFGCTRL) register. Any
other unprivileged mode access causes a bus fault.

Ensure software uses correctly aligned register accesses. The processor does not support unaligned
accesses to NVIC registers.

An interrupt can enter the pending state even if it is disabled.

Before programming the VTABLE register to relocate the vector table, ensure the vector table
entries of the new vector table are set up for fault handlers, NMI, and all enabled exceptions such
as interrupts. For more information, see page 122.
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Register 4: Interrupt 0-31 Set Enable (ENO), offset 0x100

Note:

This register can only be accessed from privileged mode.

The ENO register enables interrupts and shows which interrupts are enabled. Bit O corresponds to

Interrupt O; bit 31 corresponds to Interrupt 31.

See Table 2-9 on page 78 for interrupt assignments.

If a pending interrupt is enabled, the NVIC activates the interrupt based on its priority. If an interrupt
is not enabled, asserting its interrupt signal changes the interrupt state to pending, but the NVIC
never activates the interrupt, regardless of its priority.

Interrupt 0-31 Set Enable (ENO)
Base 0xE000.E000

Offset 0x100
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I 1 I 1 I I I I I 1 I
INT
1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
INT
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 INT R/W  0x0000.0000 Interrupt Enable
Value Description
0 On a read, indicates the interrupt is disabled.

On a write, no effect.
On a read, indicates the interrupt is enabled.
On a write, enables the interrupt.

A bit can only be cleared by setting the corresponding INT[n] bit in
the DISn register.
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Register 5: Interrupt 32-43 Set Enable (EN1), offset 0x104
Note: This register can only be accessed from privileged mode.

The EN1 register enables interrupts and shows which interrupts are enabled. Bit O corresponds to
Interrupt 32; bit 11 corresponds to Interrupt 43. See Table 2-9 on page 78 for interrupt assignments.

If a pending interrupt is enabled, the NVIC activates the interrupt based on its priority. If an interrupt
is not enabled, asserting its interrupt signal changes the interrupt state to pending, but the NVIC
never activates the interrupt, regardless of its priority.

Interrupt 32-43 Set Enable (EN1)
Base 0xE000.E000

Offset 0x104
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I 1 I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 1 1 1 1 ) 1 ) 1 1 1 1
reserved INT
1 1
Type RO RO RO RO RW RIW RW RIW RW RIW RW RIW RW RIW RIW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:12 reserved RO 0x0000.0  Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
11:0 INT R/W 0x000 Interrupt Enable
Value Description
0 On a read, indicates the interrupt is disabled.
On a write, no effect.
1 On a read, indicates the interrupt is enabled.
On a write, enables the interrupt.
A bit can only be cleared by setting the corresponding INT[n] bit in
the DIS1 register.
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Register 6: Interrupt 0-31 Clear Enable (DIS0), offset 0x180

Note: This register can only be accessed from privileged mode.

The DISO register disables interrupts. Bit 0 corresponds to Interrupt O; bit 31 corresponds to Interrupt

31.

See Table 2-9 on page 78 for interrupt assignments.

Interrupt 0-31 Clear Enable (DISO0)
Base 0xE000.E000

Offset 0x180
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 ) 1 1 1 1 1 1 1 1 ) 1 ) 1 1
INT
1 1 1
Type  RW R/W R/W R/W R/W R/W R/W RIW R/W RIW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
INT
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 INT R/W  0x0000.0000 Interrupt Disable
Value Description
0 On a read, indicates the interrupt is disabled.
On a write, no effect.
1 On aread, indicates the interrupt is enabled.

On a write, clears the corresponding INT[n] bit in the ENO

register, disabling interrupt [n].
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Register 7: Interrupt 32-43 Clear Enable (DIS1), offset 0x184
Note: This register can only be accessed from privileged mode.

The DIS1 register disables interrupts. Bit 0 corresponds to Interrupt 32; bit 11 corresponds to Interrupt
43. See Table 2-9 on page 78 for interrupt assignments.

Interrupt 32-43 Clear Enable (DIS1)

Base 0xE000.E000
Offset 0x184
Type R/W, reset 0x0000.0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I 1 I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 1 1 1 1 ) 1 1 1 1 1 1
reserved INT
1 1
Type RO RO RO RO RW RIW RW RIW RW RIW RW RIW RW RIW RW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:12 reserved RO 0x0000.0  Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

11:0 INT R/wW 0x000 Interrupt Disable

Value Description

0 On a read, indicates the interrupt is disabled.
On a write, no effect.

1 On a read, indicates the interrupt is enabled.

On a write, clears the corresponding INT[n] bit in the EN1
register, disabling interrupt [n].
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Register 8: Interrupt 0-31 Set Pending (PENDO), offset 0x200
Note: This register can only be accessed from privileged mode.

The PENDQO register forces interrupts into the pending state and shows which interrupts are pending.
Bit O corresponds to Interrupt 0; bit 31 corresponds to Interrupt 31.

See Table 2-9 on page 78 for interrupt assignments.

Interrupt 0-31 Set Pending (PENDO)
Base 0xE000.E000

Offset 0x200
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I 1 I 1 I 1 I I I I 1 I
INT
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 1 1 1 1 1 ) 1 ) 1 ) 1 1
INT
1 1 1
Type  RW RW RIW RW RW RIW RW RIW RW RIW RW RIW RW RIW RW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 INT R/W  0x0000.0000 Interrupt Set Pending
Value Description
0 On a read, indicates that the interrupt is not pending.
On a write, no effect.
1 On a read, indicates that the interrupt is pending.
On a write, the corresponding interrupt is set to pending
even if it is disabled.
If the corresponding interrupt is already pending, setting a bit has no
effect.
A bit can only be cleared by setting the corresponding INT[n] bit in
the UNPENDO register.
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Register 9: Interrupt 32-43 Set Pending (PEND1), offset 0x204

Note:

This register can only be accessed from privileged mode.

The PEND1 register forces interrupts into the pending state and shows which interrupts are pending.
Bit O corresponds to Interrupt 32; bit 11 corresponds to Interrupt 43. See Table 2-9 on page 78 for
interrupt assignments.

Interrupt 32-43 Set Pending (PEND1)
Base 0xE000.E000

Offset 0x204
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 1 I 1 I I I 1 I
reserved
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
) 1 1 1 1 1 1 1 1 1
reserved INT
1
Type RO RO RO RO RW RIW RW RIW RW RIW RW RIW RW RIW RW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:12 reserved RO 0x0000.0  Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
11:0 INT R/W 0x000 Interrupt Set Pending
Value Description
0 On a read, indicates that the interrupt is not pending.
On a write, no effect.
1 On a read, indicates that the interrupt is pending.
On a write, the corresponding interrupt is set to pending
even if it is disabled.
If the corresponding interrupt is already pending, setting a bit has no
effect.
A bit can only be cleared by setting the corresponding INT[n] bit in
the UNPEND1 register.
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Register 10: Interrupt 0-31 Clear Pending (UNPENDO), offset 0x280

Note: This register can only be accessed from privileged mode.

The UNPENDO register shows which interrupts are pending and removes the pending state from
interrupts. Bit 0 corresponds to Interrupt O; bit 31 corresponds to Interrupt 31.

See Table 2-9 on page 78 for interrupt assignments.

Interrupt 0-31 Clear Pending (UNPENDO)
Base 0xE000.E000

Offset 0x280
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I 1 I 1 I 1 I I I I 1 I
INT
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
INT
1 1 1
Type  RW RW RIW RW RW RIW RW RIW RW RIW RW RIW RW RIW RW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 INT R/W  0x0000.0000 Interrupt Clear Pending
Value Description
0 On a read, indicates that the interrupt is not pending.
On a write, no effect.
1 On a read, indicates that the interrupt is pending.
On a write, clears the corresponding INT[n] bit in the PENDO
register, so that interrupt [n] is no longer pending.
Setting a bit does not affect the active state of the corresponding
interrupt.
July 24, 2012 111

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Cortex-M3 Peripherals

Register 11: Interrupt 32-43 Clear Pending (UNPEND1), offset 0x284

Note: This register can only be accessed from privileged mode.

The UNPEND1 register shows which interrupts are pending and removes the pending state from
interrupts. Bit 0 corresponds to Interrupt 32; bit 11 corresponds to Interrupt 43. See Table
2-9 on page 78 for interrupt assignments.

Interrupt 32-43 Clear Pending (UNPEND1)
Base 0xE000.E000

Offset 0x284
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I 1 I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
) 1 1 1 1 1 ) 1 ) 1 1 1 1
reserved INT
1 1
Type RO RO RO RO RW RIW RW RIW RW RIW RW RIW RW RIW RW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:12 reserved RO 0x0000.0  Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
11:0 INT R/W 0x000 Interrupt Clear Pending
Value Description
0 On a read, indicates that the interrupt is not pending.
On a write, no effect.
1 On a read, indicates that the interrupt is pending.
On a write, clears the corresponding INT[n] bit in the PEND1
register, so that interrupt [n] is no longer pending.
Setting a bit does not affect the active state of the corresponding
interrupt.
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Register 12: Interrupt 0-31 Active Bit (ACTIVEO), offset 0x300

Note: This register can only be accessed from privileged mode.

The ACTIVEDO register indicates which interrupts are active. Bit 0 corresponds to Interrupt O; bit 31

corresponds to Interrupt 31.

See Table 2-9 on page 78 for interrupt assignments.

Caution — Do not manually set or clear the bits in this register.

Interrupt 0-31 Active Bit (ACTIVEO)
Base 0xE000.E000

Offset 0x300
Type RO, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1
INT
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 I 1 I 1 I 1 I 1 I I
INT
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 INT RO 0x0000.0000 Interrupt Active
Value Description
0 The corresponding interrupt is not active.
1 The corresponding interrupt is active, or active and pending.
July 24, 2012 113

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Cortex-M3 Peripherals

Register 13: Interrupt 32-43 Active Bit (ACTIVE1), offset 0x304
Note: This register can only be accessed from privileged mode.

The ACTIVE1 register indicates which interrupts are active. Bit O corresponds to Interrupt 32; bit
11 corresponds to Interrupt 43. See Table 2-9 on page 78 for interrupt assignments.

Caution — Do not manually set or clear the bits in this register.

Interrupt 32-43 Active Bit (ACTIVE1)
Base 0xE000.E000

Offset 0x304
Type RO, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
reserved
1 1 L
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 1 1 1 1 1 1 ) 1 1 1 1
reserved INT
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:12 reserved RO 0x0000.0  Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
11:0 INT RO 0x000 Interrupt Active
Value Description
0 The corresponding interrupt is not active.
1 The corresponding interrupt is active, or active and pending.
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Register 14: Interrupt 0-3 Priority (PRIO0), offset 0x400
Register 15: Interrupt 4-7 Priority (PRI1), offset 0x404
Register 16: Interrupt 8-11 Priority (PRI2), offset 0x408
Register 17: Interrupt 12-15 Priority (PRI3), offset 0x40C
Register 18: Interrupt 16-19 Priority (PRI4), offset 0x410
Register 19: Interrupt 20-23 Priority (PRI5), offset 0x414
Register 20: Interrupt 24-27 Priority (PRI6), offset 0x418
Register 21: Interrupt 28-31 Priority (PRI7), offset 0x41C
Register 22: Interrupt 32-35 Priority (PRI8), offset 0x420
Register 23: Interrupt 36-39 Priority (PRI9), offset 0x424
Register 24: Interrupt 40-43 Priority (PRI10), offset 0x428

Note: This register can only be accessed from privileged mode.

The PRIn registers provide 3-bit priority fields for each interrupt. These registers are byte accessible.
Each register holds four priority fields that are assigned to interrupts as follows:

PRIn Register Bit Field Interrupt

Bits 31:29 Interrupt [4n+3]
Bits 23:21 Interrupt [4n+2]
Bits 15:13 Interrupt [4n+1]
Bits 7:5 Interrupt [4n]

See Table 2-9 on page 78 for interrupt assignments.

Each priority level can be split into separate group priority and subpriority fields. The PRIGROUP
field in the Application Interrupt and Reset Control (APINT) register (see page 123) indicates the
position of the binary point that splits the priority and subpriority fields.

These registers can only be accessed from privileged mode.

Interrupt 0-3 Priority (PRIO)
Base 0xE000.E000

Offset 0x400
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T
INTD reserved INTC reserved
1 1
Type R/W R/W R/W RO RO RO RO RO R/W R/W R/W RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
INTB reserved INTA reserved
1 1
Type RW R/W R/W RO RO RO RO RO R/W RW R/W RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Bit/Field

31:29

28:24

23:21

20:16

15:13

12:8

75

4:0

Name

INTD

reserved

INTC

reserved

INTB

reserved

INTA

reserved

Type

R/W

RO

R/wW

RO

R/W

RO

R/W

RO

Reset

0x0

0x0

0x0

0x0

0x0

0x0

0x0

0x0

Description

Interrupt Priority for Interrupt [4n+3]

This field holds a priority value, 0-7, for the interrupt with the number
[4n+3], where n is the number of the Interrupt Priority register (n=0 for
PRIO, and so on). The lower the value, the greater the priority of the
corresponding interrupt.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Interrupt Priority for Interrupt [4n+2]

This field holds a priority value, 0-7, for the interrupt with the number
[4n+2], where n is the number of the Interrupt Priority register (n=0 for
PRIO, and so on). The lower the value, the greater the priority of the
corresponding interrupt.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Interrupt Priority for Interrupt [4n+1]

This field holds a priority value, 0-7, for the interrupt with the number
[4n+1], where n is the number of the Interrupt Priority register (n=0 for
PRIO, and so on). The lower the value, the greater the priority of the
corresponding interrupt.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Interrupt Priority for Interrupt [4n]

This field holds a priority value, 0-7, for the interrupt with the number
[4n], where n is the number of the Interrupt Priority register (n=0 for
PRIO, and so on). The lower the value, the greater the priority of the
corresponding interrupt.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 25: Software Trigger Interrupt (SWTRIG), offset 0xF00
Note: Only privileged software can enable unprivileged access to the SWTRIG register.

Writing an interrupt number to the SWTRIG register generates a Software Generated Interrupt (SGI).
See Table 2-9 on page 78 for interrupt assignments.

When the MAINPEND bit in the Configuration and Control (CFGCTRL) register (see page 127) is
set, unprivileged software can access the SWTRIG register.

Software Trigger Interrupt (SWTRIG)
Base 0xE000.E000

Offset 0xFOO
Type WO, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
) 1 ) 1 1 1 1 I ) 1 ) 1 1
reserved INTID
1 1 1
Type RO RO RO RO RO RO RO RO RO RO WO wo WO wo WO WO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:6 reserved RO 0x0000.00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
5:0 INTID WO 0x00 Interrupt ID
This field holds the interrupt ID of the required SGI. For example, a value
of 0x3 generates an interrupt on IRQ3.
3.5 System Control Block (SCB) Register Descriptions
This section lists and describes the System Control Block (SCB) registers, in numerical order by
address offset. The SCB registers can only be accessed from privileged mode.
All registers must be accessed with aligned word accesses except for the FAULTSTAT and
SYSPRI1-SYSPRI3 registers, which can be accessed with byte or aligned halfword or word accesses.
The processor does not support unaligned accesses to system control block registers.
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Register 26: CPU ID Base (CPUID), offset 0xD00

Note:

This register can only be accessed from privileged mode.

The CPUID register contains the ARM® Cortex™-M3 processor part number, version, and
implementation information.

CPU ID Base (CPUID)

Base 0xE000.E000

Offset 0xDOO
Type RO, reset 0x411F.C231
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 ) ) 1 1
IMP VAR CON
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 1 0 0 0 0 0 1 0 0 0 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1
PARTNO REV
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 1 1 0 0 0 0 1 0 0 0 1 1 0 0 0 1
Bit/Field Name Type Reset Description
31:24 IMP RO 0x41 Implementer Code
Value Description
0x41 ARM
23:20 VAR RO 0x1 Variant Number
Value Description
0x1  The rnvalue in the rnpn product revision identifier, for example,
the 1inr1p1.
19:16 CON RO OxF Constant
Value Description
OxF  Always reads as OxF.
15:4 PARTNO RO 0xC23 Part Number
Value Description
0xC23 Cortex-M3 processor.
3:0 REV RO 0x1 Revision Number
Value Description
0x1  The pn value in the rnpn product revision identifier, for example,
the 1in rip1.
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Register 27: Interrupt Control and State (INTCTRL), offset 0xD04

Note:

This register can only be accessed from privileged mode.

The INCTRL register provides a set-pending bit for the NMI exception, and set-pending and
clear-pending bits for the PendSV and SysTick exceptions. In addition, bits in this register indicate
the exception number of the exception being processed, whether there are preempted active
exceptions, the exception number of the highest priority pending exception, and whether any interrupts
are pending.

When writing to INCTRL, the effect is unpredictable when writing a 1 to both the PENDSV and
UNPENDSYV bits, or writing a 1 to both the PENDSTSET and PENDSTCLR bits.

Interrupt Control and State (INTCTRL)
Base OxE000.E000

Offset 0xD04
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I I
NMISET reserved PENDSV JUNPENDSV|PENDSTSET|PENDSTCLR] reserved | ISRPRE |ISRPEND reserved VECPEND
1
Type  RW RO RO R/W wo R/W wo RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
) 1 1 1 I 1 1 1
VECPEND RETBASE reserved VECACT
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31 NMISET R/W 0 NMI Set Pending
Value Description
0 On a read, indicates an NMI exception is not pending.
On a write, no effect.
1 On a read, indicates an NMI exception is pending.
On a write, changes the NMI exception state to pending.

Because NMlI is the highest-priority exception, normally the processor
enters the NMI exception handler as soon as it registers the setting of
this bit, and clears this bit on entering the interrupt handler. A read of
this bit by the NMI exception handler returns 1 only if the NMI signal is
reasserted while the processor is executing that handler.

30:29 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

28 PENDSV R/W 0 PendSV Set Pending

Value Description

0 On a read, indicates a PendSV exception is not pending.

On a write, no effect.

1 On a read, indicates a PendSV exception is pending.

On a write, changes the PendSV exception state to pending.

Setting this bit is the only way to set the PendSV exception state to
pending. This bit is cleared by writing a 1 to the UNPENDSV bit.
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Bit/Field Name Type Reset Description
27 UNPENDSV \We] 0 PendSV Clear Pending
Value Description
0 On a write, no effect.
1 On a write, removes the pending state from the PendSV
exception.
This bit is write only; on a register read, its value is unknown.

26 PENDSTSET R/W 0 SysTick Set Pending

Value Description

0 On a read, indicates a SysTick exception is not pending.
On a write, no effect.

1 On a read, indicates a SysTick exception is pending.
On a write, changes the SysTick exception state to pending.

This bit is cleared by writing a 1 to the PENDSTCLR bit.

25 PENDSTCLR \We] 0 SysTick Clear Pending

Value Description

0 On a write, no effect.

1 On a write, removes the pending state from the SysTick
exception.

This bit is write only; on a register read, its value is unknown.

24 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

23 ISRPRE RO 0 Debug Interrupt Handling
Value Description
0 The release from halt does not take an interrupt.

1 The release from halt takes an interrupt.
This bit is only meaningful in Debug mode and reads as zero when the
processor is not in Debug mode.

22 ISRPEND RO 0 Interrupt Pending
Value Description
0 No interrupt is pending.

1 An interrupt is pending.
This bit provides status for all interrupts excluding NMI and Faults.
21:18 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name Type Reset Description

17:12 VECPEND RO 0x00 Interrupt Pending Vector Number

This field contains the exception number of the highest priority pending
enabled exception. The value indicated by this field includes the effect
of the BASEPRI and FAULTMASK registers, but not any effect of the
PRIMASK register.

Value Description

0x00 No exceptions are pending
0x01 Reserved

0x02 NMI

0x03 Hard fault

0x04 Memory management fault
0x05 Bus fault

0x06 Usage fault

0x07-0x0A Reserved

0x0B SVCall

0x0C Reserved for Debug

0x0D Reserved

0x0E PendSV

OxOF SysTick

0x10 Interrupt Vector 0

0x11 Interrupt Vector 1

0x3B Interrupt Vector 43

0x3C-0x3F Reserved

11 RETBASE RO 0 Return to Base

Value Description
0 There are preempted active exceptions to execute.

1 There are no active exceptions, or the currently executing
exception is the only active exception.

This bit provides status for all interrupts excluding NMI and Faults. This
bit only has meaning if the processor is currently executing an ISR (the
Interrupt Program Status (IPSR) register is non-zero).

10:6 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

5:0 VECACT RO 0x00 Interrupt Pending Vector Number

This field contains the active exception number. The exception numbers
can be found in the description for the VECPEND field. If this field is clear,
the processor is in Thread mode. This field contains the same value as
the 1SRNUM field in the IPSR register.

Subtract 16 from this value to obtain the IRQ number required to index
into the Interrupt Set Enable (ENn), Interrupt Clear Enable (DISn),
Interrupt Set Pending (PENDn), Interrupt Clear Pending (UNPENDN),
and Interrupt Priority (PRIn) registers (see page 59).

July 24, 2012 121
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Cortex-M3 Peripherals

Register 28: Vector Table Offset (VTABLE), offset 0xD08

Note:

This register can only be accessed from privileged mode.

The VTABLE register indicates the offset of the vector table base address from memory address
0x0000.0000.

Vector Table Offset (VTABLE)

Base 0xE000.E000
Offset 0xD08
Type R/W, reset 0x0000.0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I I I 1 I
reserved BASE OFFSET
1 1 1
Type RO RO RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T 1 1 1 1 ) 1 I 1 I 1 I
OFFSET reserved
1 1
Type  RW RW RIW RW RW RIW RW RIW RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:30 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

29 BASE R/W 0 Vector Table Base

Value Description
0 The vector table is in the code memory region.
1 The vector table is in the SRAM memory region.

28:8 OFFSET R/W 0x000.00  Vector Table Offset
When configuring the OFFSET field, the offset must be aligned to the
number of exception entries in the vector table. Because there are 43
interrupts, the offset must be aligned on a 256-byte boundary.

7:0 reserved RO 0x00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 29: Application Interrupt and Reset Control (APINT), offset 0xDOC

Note: This register can only be accessed from privileged mode.

The APINT register provides priority grouping control for the exception model, endian status for
data accesses, and reset control of the system. To write to this register, 0XOSFA must be written to
the VECTKEY field, otherwise the write is ignored.

The PRIGROUP field indicates the position of the binary point that splits the INTx fields in the
Interrupt Priority (PRIX) registers into separate group priority and subpriority fields. Table

3-8 on page 123 shows how the PRIGROUP value controls this split. The bit numbers in the Group
Priority Field and Subpriority Field columns in the table refer to the bits in the INTA field. For the
INTB field, the corresponding bits are 15:13; for INTC, 23:21; and for INTD, 31:29.

Note: Determining preemption of an exception uses only the group priority field.

Table 3-8. Interrupt Priority Levels

PRI GROUP Bit Field |Binary Point® Group Priority Field | Subpriority Field |Group Subpriorities
Priorities

0x0 - 0x4 bxxx. [7:5] None 8 1

0x5 bxx.y [7:6] [5] 4 2

0x6 bx.yy [71 [6:5] 2 4

0x7 b.yyy None [7:5] 1 8

a. INTx field showing the binary point. An x denotes a group priority field bit, and a y denotes a subpriority field bit.

Application Interrupt and Reset Control (APINT)
Base OXE000.E000

Offset 0xDOC
Type R/W, reset 0xFA05.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I 1 I 1 I 1 I I I I 1 I
VECTKEY
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 0 1 0 0 0 0 0 0 1 0 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1
[ENDIANESS reserved PRIGROUP reserved SYSRESREQJVECTCLRACT[VECTRESET]
1 1
Type RO RO RO RO RO R/W RIW R/W RO RO RO RO RO WO WO wo
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

31:16 VECTKEY R/W 0xFA05 Register Key
This field is used to guard against accidental writes to this register.
0x05FA must be written to this field in order to change the bits in this
register. On a read, OxFAOQS is returned.

15 ENDIANESS RO 0 Data Endianess
The Stellaris implementation uses only little-endian mode so this is
cleared to 0.

14:11 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name

10:8 PRIGROUP

73 reserved

2 SYSRESREQ

1 VECTCLRACT

0 VECTRESET

Type

R/W

RO

WO

WO

WO

Reset

0x0

0x0

Description

Interrupt Priority Grouping

This field determines the split of group priority from subpriority (see
Table 3-8 on page 123 for more information).

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

System Reset Request

Value Description
0 No effect.

1 Resets the core and all on-chip peripherals except the Debug
interface.

This bit is automatically cleared during the reset of the core and reads
as 0.

Clear Active NMI / Fault

This bit is reserved for Debug use and reads as 0. This bit must be
written as a 0, otherwise behavior is unpredictable.

System Reset

This bit is reserved for Debug use and reads as 0. This bit must be
written as a 0, otherwise behavior is unpredictable.
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Register 30: System Control (SYSCTRL), offset 0xD10
Note: This register can only be accessed from privileged mode.

The SYSCTRL register controls features of entry to and exit from low-power state.

System Control (SYSCTRL)

Base 0xE000.E000
Offset 0xD10
Type R/W, reset 0x0000.0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 ) 1 1 1 1 1 1 ) 1 ) 1 1
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 ) 1 1 1 1 ) 1
reserved [SEVONPEND| reserved |SLEEPDEEP|SLEEPEXIT| reserved
1 1
Type RO RO RO RO RO RO RO RO RO RO RO R/W RO R/W R/W RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:5 reserved RO 0x0000.00 Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

4 SEVONPEND R/W 0 Wake Up on Pending

Value Description

0 Only enabled interrupts or events can wake up the processor;
disabled interrupts are excluded.

1 Enabled events and all interrupts, including disabled interrupts,
can wake up the processor.

When an event or interrupt enters the pending state, the event signal
wakes up the processor from WFE. If the processor is not waiting for an
event, the event is registered and affects the next WFE.

The processor also wakes up on execution of a SEV instruction or an
external event.

3 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

2 SLEEPDEEP R/W 0 Deep Sleep Enable

Value Description
0 Use Sleep mode as the low power mode.

1 Use Deep-sleep mode as the low power mode.
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Bit/Field Name Type Reset Description
1 SLEEPEXIT R/W 0 Sleep on ISR Exit

Value Description

0 When returning from Handler mode to Thread mode, do not
sleep when returning to Thread mode.

1 When returning from Handler mode to Thread mode, enter sleep

or deep sleep on return from an ISR.

Setting this bit enables an interrupt-driven application to avoid returning

to an empty main application.

0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 31: Configuration and Control (CFGCTRL), offset 0xD14

Note: This register can only be accessed from privileged mode.

The CFGCTRL register controls entry to Thread mode and enables: the handlers for NMI, hard fault
and faults escalated by the FAULTMASK register to ignore bus faults; trapping of divide by zero
and unaligned accesses; and access to the SWTRIG register by unprivileged software (see page 117).

Configuration and Control (CFGCTRL)

Base 0xE000.E000

Offset 0xD14
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 1 I 1 I 1 I I 1 I 1 I
reserved
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I reselrved ' STKALIGN [BFHFNMIGN| I reserved I DIVO |UNALIGNED| reserved |MAINPEND |BASETHR]
Type RO RO RO RO RO RO RW RIW RO RO RO RIW RW RO RW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:10 reserved RO 0x0000.00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
9 STKALIGN R/W 0 Stack Alignment on Exception Entry
Value Description
0 The stack is 4-byte aligned.
1 The stack is 8-byte aligned.
On exception entry, the processor uses bit 9 of the stacked PSR to
indicate the stack alignment. On return from the exception, it uses this
stacked bit to restore the correct stack alignment.
8 BFHFNMIGN R/W 0 Ignore Bus Fault in NMI and Fault
This bit enables handlers with priority -1 or -2 to ignore data bus faults
caused by load and store instructions. The setting of this bit applies to
the hard fault, NMI, and FAULTMASK escalated handlers.
Value Description
0 Data bus faults caused by load and store instructions cause a
lock-up.
1 Handlers running at priority -1 and -2 ignore data bus faults
caused by load and store instructions.
Set this bit only when the handler and its data are in absolutely safe
memory. The normal use of this bit is to probe system devices and
bridges to detect control path problems and fix them.
7:5 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name Type Reset Description

4 DIVO R/W 0 Trap on Divide by 0
This bit enables faulting or halting when the processor executes an
SDIV or UDIV instruction with a divisor of 0.

Value Description
0 Do not trap on divide by 0. A divide by zero returns a quotient
of 0.
1 Trap on divide by 0.
3 UNALIGNED R/W 0 Trap on Unaligned Access
Value Description
0 Do not trap on unaligned halfword and word accesses.
1 Trap on unaligned halfword and word accesses. An unaligned
access generates a usage fault.
Unaligned LDM, STM, LDRD, and STRD instructions always fault
regardless of whether UNALIGNED is set.

2 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

1 MAINPEND R/W 0 Allow Main Interrupt Trigger
Value Description
0 Disables unprivileged software access to the SWTRIG register.
1 Enables unprivileged software access to the SWTRIG register

(see page 117).

0 BASETHR R/W 0 Thread State Control
Value Description
0 The processor can enter Thread mode only when no exception

is active.
1 The processor can enter Thread mode from any level under the
control of an EXC_RETURN value (see “Exception
Return” on page 83 for more information).
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Register 32: System Handler Priority 1 (SYSPRI1), offset 0xD18

Note: This register can only be accessed from privileged mode.

The SYSPRI1 register configures the priority level, 0 to 7 of the usage fault, bus fault, and memory
management fault exception handlers. This register is byte-accessible.

System Handler Priority 1 (SYSPRI1)
Base 0xE000.E000

Offset 0xD18
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 1 I 1 I 1 I
reserved USAGE reserved
1 1
Type RO RO RO RO RO RO RO RO RIW RIW R/W RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 ) ) 1 1 1 ) I 1 I 1 I
BUS reserved MEM reserved
1 1
Type  RW RW RIW RO RO RO RO RO RW RIW RW RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

31:24 reserved RO 0x00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

23:21 USAGE R/W 0x0 Usage Fault Priority
This field configures the priority level of the usage fault. Configurable
priority values are in the range 0-7, with lower values having higher
priority.

20:16 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

15:13 BUS R/W 0x0 Bus Fault Priority
This field configures the priority level of the bus fault. Configurable priority
values are in the range 0-7, with lower values having higher priority.

12:8 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

75 MEM R/W 0x0 Memory Management Fault Priority
This field configures the priority level of the memory management fault.
Configurable priority values are in the range 0-7, with lower values
having higher priority.

4:0 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 33: System Handler Priority 2 (SYSPRI2), offset 0xD1C

Note: This register can only be accessed from privileged mode.

The SYSPRI2 register configures the priority level, 0 to 7 of the SVCall handler. This register is
byte-accessible.

System Handler Priority 2 (SYSPRI2)
Base 0xE000.E000

Offset 0xD1C
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I I 1 I 1 I 1 I I 1 I 1 I
SvC reserved
1 1 1
Type  RW RW RIW RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I 1 I 1 I 1 I I I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:29 SvC R/W 0x0 SVCall Priority
This field configures the priority level of SVCall. Configurable priority
values are in the range 0-7, with lower values having higher priority.
28:0 reserved RO 0x000.0000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 34: System Handler Priority 3 (SYSPRI3), offset 0xD20

This register can only be accessed from privileged mode.

Note:

The SYSPRI3 register configures the priority level, 0 to 7 of the SysTick exception and PendSV

handlers. This register is byte-accessible.

System Handler Priority 3 (SYSPRI3)

Base 0xE000.E000
Offset 0xD20
Type R/W, reset 0x0000.0000

Type
Reset

Type
Reset

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I 1 1 I 1 I 1 I
TICK reserved PENDSV reserved
1 1
RIW R/W RIW RO RO RO RO RO RIW RIW R/W RO RO RO RO RO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 I 1 I I 1 I 1 I
reserved DEBUG reserved
1 1
RO RO RO RO RO RO RO RO RW RIW RW RO RO RO RO RO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

31:29 TICK R/W 0x0 SysTick Exception Priority
This field configures the priority level of the SysTick exception.
Configurable priority values are in the range 0-7, with lower values
having higher priority.

28:24 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

23:21 PENDSV R/W 0x0 PendSV Priority
This field configures the priority level of PendSV. Configurable priority
values are in the range 0-7, with lower values having higher priority.

20:8 reserved RO 0x000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

75 DEBUG R/W 0x0 Debug Priority
This field configures the priority level of Debug. Configurable priority
values are in the range 0-7, with lower values having higher priority.

4:0 reserved RO 0x0.0000  Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 35: System Handler Control and State (SYSHNDCTRL), offset 0xD24

Note: This register can only be accessed from privileged mode.

The SYSHNDCTRL register enables the system handlers, and indicates the pending status of the
usage fault, bus fault, memory management fault, and SVC exceptions as well as the active status
of the system handlers.

If a system handler is disabled and the corresponding fault occurs, the processor treats the fault as
a hard fault.

This register can be modified to change the pending or active status of system exceptions. An OS
kernel can write to the active bits to perform a context switch that changes the current exception
type.

Caution — Software that changes the value of an active bit in this register without correct adjustment
to the stacked content can cause the processor to generate a fault exception. Ensure software that writes
to this register retains and subsequently restores the current active status.

If the value of a bit in this register must be modified after enabling the system handlers, a
read-modify-write procedure must be used to ensure that only the required bit is modified.

System Handler Control and State (SYSHNDCTRL)
Base 0xE000.E000

Offset 0xD24
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1
reserved USAGE BUS MEM
1 1 L
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 I
sve BUSP | MEMP [USAGEP| TICK | PNDSV | reseved | MON | SVCA reserved USGA | reseved | BUSA | MEMA
Type  RW R/W RIW R/W RIW R/W RO R/W RIW RO RO RO R/W RO R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:19 reserved RO 0x000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
18 USAGE R/W 0 Usage Fault Enable
Value Description
0 Disables the usage fault exception.
1 Enables the usage fault exception.
17 BUS R/W 0 Bus Fault Enable
Value Description
0 Disables the bus fault exception.
1 Enables the bus fault exception.
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Bit/Field Name Type Reset Description
16 MEM R/W 0 Memory Management Fault Enable

Value Description

0 Disables the memory management fault exception.
1 Enables the memory management fault exception.
15 SvVC R/W 0 SVC Call Pending

Value Description
0 An SVC call exception is not pending.
1 An SVC call exception is pending.

This bit can be modified to change the pending status of the SVC call
exception.

14 BUSP R/W 0 Bus Fault Pending

Value Description
0 A bus fault exception is not pending.
1 A bus fault exception is pending.

This bit can be modified to change the pending status of the bus fault
exception.

13 MEMP R/W 0 Memory Management Fault Pending

Value Description
0 A memory management fault exception is not pending.
1 A memory management fault exception is pending.

This bit can be modified to change the pending status of the memory
management fault exception.

12 USAGEP R/W 0 Usage Fault Pending

Value Description
0 A usage fault exception is not pending.
1 A usage fault exception is pending.

This bit can be modified to change the pending status of the usage fault
exception.

11 TICK R/W 0 SysTick Exception Active

Value Description
0 A SysTick exception is not active.

1 A SysTick exception is active.

This bit can be modified to change the active status of the SysTick
exception, however, see the Caution above before setting this bit.
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10 PNDSV R/W 0 PendSV Exception Active
Value Description
0 A PendSV exception is not active.
1 A PendSV exception is active.
This bit can be modified to change the active status of the PendSV
exception, however, see the Caution above before setting this bit.

9 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

8 MON R/W 0 Debug Monitor Active
Value Description
0 The Debug monitor is not active.

1 The Debug monitor is active.

7 SVCA R/W 0 SVC Call Active
Value Description
0 SVC call is not active.

1 SVC call is active.
This bit can be modified to change the active status of the SVC call
exception, however, see the Caution above before setting this bit.

6:4 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

3 USGA R/W 0 Usage Fault Active
Value Description
0 Usage fault is not active.

1 Usage fault is active.
This bit can be modified to change the active status of the usage fault
exception, however, see the Caution above before setting this bit.

2 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

1 BUSA R/W 0 Bus Fault Active
Value Description
0 Bus fault is not active.

1 Bus fault is active.

This bit can be modified to change the active status of the bus fault

exception, however, see the Caution above before setting this bit.
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Bit/Field Name Type Reset Description

0 MEMA R/W 0 Memory Management Fault Active

Value Description
0
1

Memory management fault is not active.

Memory management fault is active.

This bit can be modified to change the active status of the memory

management fault exception, however, see the Caution above before
setting this bit.
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Register 36: Configurable Fault Status (FAULTSTAT), offset 0xD28

Note: This register can only be accessed from privileged mode.

The FAULTSTAT register indicates the cause of a memory management fault, bus fault, or usage
fault. Each of these functions is assigned to a subregister as follows:

m Usage Fault Status (UFAULTSTAT), bits 31:16
m Bus Fault Status (BFAULTSTAT), bits 15:8
= Memory Management Fault Status (MFAULTSTAT), bits 7:0

FAULTSTAT is byte accessible. FAULTSTAT or its subregisters can be accessed as follows:

The complete FAULTSTAT register, with a word access to offset 0xD28

The MFAULTSTAT, with a byte access to offset 0xD28

The MFAULTSTAT and BFAULTSTAT, with a halfword access to offset 0xD28
The BFAULTSTAT, with a byte access to offset 0xD29

The UFAULTSTAT, with a halfword access to offset 0xD2A

Bits are cleared by writing a 1 to them.

In a fault handler, the true faulting address can be determined by:

1. Read and save the Memory Management Fault Address (MMADDR) or Bus Fault Address
(FAULTADDR) value.

2. Read the MMARYV bit in MFAULTSTAT, or the BFARV bit in BFAULTSTAT to determine if the
MMADDR or FAULTADDR contents are valid.

Software must follow this sequence because another higher priority exception might change the
MMADDR or FAULTADDR value. For example, if a higher priority handler preempts the current
fault handler, the other fault might change the MMADDR or FAULTADDR value.

Configurable Fault Status (FAULTSTAT)
Base 0xE000.E000

Offset 0xD28
Type R/W1C, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1
reserved DIVO |UNALIGN reserved NOCP INVPC | INVSTAT | UNDEF
1
Type RO RO RO RO RO RO RW1IC RWIC RO RO RO RO RWIC RMWIC RMWIC R/WIC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1
BFARV reserved BSTKE |BUSTKE | IMPRE [PRECISE| IBUS | MMARV reserved MSTKE |MUSTKE| reserved | DERR | IERR
Type RWIC RO RO RW1C RMWIC RMWIC RMWIC RMWIC RWIC RO RO RW1C RWIC RO RW1C RW1C
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:26 reserved RO 0x00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field

25

24

23:20

19

18

Name

DIVO

UNALIGN

reserved

NOCP

INVPC

Type

R/wW1C

R/wW1C

RO

R/W1C

R/W1C

Reset

0

0x00

Description
Divide-by-Zero Usage Fault

Value Description

0 No divide-by-zero fault has occurred, or divide-by-zero trapping
is not enabled.

1 The processor has executed an SDIV or UD1V instruction with
a divisor of 0.

When this bit is set, the PC value stacked for the exception return points
to the instruction that performed the divide by zero.

Trapping on divide-by-zero is enabled by setting the DIVO bit in the
Configuration and Control (CFGCTRL) register (see page 127).

This bit is cleared by writing a 1 to it.
Unaligned Access Usage Fault

Value Description

0 No unaligned access fault has occurred, or unaligned access
trapping is not enabled.

1 The processor has made an unaligned memory access.

Unaligned LDM, STM, LDRD, and STRD instructions always fault
regardless of the configuration of this bit.

Trapping on unaligned access is enabled by setting the UNAL IGNED bit
in the CFGCTRL register (see page 127).

This bit is cleared by writing a 1 to it.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

No Coprocessor Usage Fault

Value Description

0 A usage fault has not been caused by attempting to access a
COprocessor.
1 The processor has attempted to access a coprocessor.

This bit is cleared by writing a 1 to it.
Invalid PC Load Usage Fault

Value Description

0 A usage fault has not been caused by attempting to load an
invalid PC value.

1 The processor has attempted an illegal load of EXC_RETURN
to the PC as a result of an invalid context or an invalid
EXC_RETURN value.

When this bit is set, the PC value stacked for the exception return points
to the instruction that tried to perform the illegal load of the PC.

This bit is cleared by writing a 1 to it.
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Bit/Field Name

17 INVSTAT

16 UNDEF

15 BFARV

14:13 reserved

Type

R/wW1C

R/wW1C

R/wW1C

RO

Reset

Description
Invalid State Usage Fault

Value Description
0 A usage fault has not been caused by an invalid state.

1 The processor has attempted to execute an instruction that
makes illegal use of the EPSR register.

When this bit is set, the PC value stacked for the exception return points
to the instruction that attempted the illegal use of the Execution
Program Status Register (EPSR) register.

This bit is not set if an undefined instruction uses the EPSR register.
This bit is cleared by writing a 1 to it.

Undefined Instruction Usage Fault

Value Description
0 A usage fault has not been caused by an undefined instruction.

1 The processor has attempted to execute an undefined
instruction.

When this bit is set, the PC value stacked for the exception return points
to the undefined instruction.

An undefined instruction is an instruction that the processor cannot
decode.

This bit is cleared by writing a 1 to it.
Bus Fault Address Register Valid

Value Description

0 The value in the Bus Fault Address (FAULTADDR) register
is not a valid fault address.

1 The FAULTADDR register is holding a valid fault address.

This bit is set after a bus fault, where the address is known. Other faults
can clear this bit, such as a memory management fault occurring later.

If a bus fault occurs and is escalated to a hard fault because of priority,
the hard fault handler must clear this bit. This action prevents problems
if returning to a stacked active bus fault handler whose FAULTADDR
register value has been overwritten.

This bit is cleared by writing a 1 to it.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name Type Reset Description
12 BSTKE R/W1C 0 Stack Bus Fault

Value Description

0 No bus fault has occurred on stacking for exception entry.
1 Stacking for an exception entry has caused one or more bus
faults.

When this bit is set, the SP is still adjusted but the values in the context
area on the stack might be incorrect. A fault address is not written to
the FAULTADDR register.

This bit is cleared by writing a 1 to it.
11 BUSTKE R/W1C 0 Unstack Bus Fault

Value Description

0 No bus fault has occurred on unstacking for a return from
exception.

1 Unstacking for a return from exception has caused one or more
bus faults.

This fault is chained to the handler. Thus, when this bit is set, the original
return stack is still present. The SP is not adjusted from the failing return,
a new save is not performed, and a fault address is not written to the
FAULTADDR register.

This bit is cleared by writing a 1 to it.
10 IMPRE R/W1C 0 Imprecise Data Bus Error

Value Description
0 An imprecise data bus error has not occurred.

1 A data bus error has occurred, but the return address in the
stack frame is not related to the instruction that caused the error.

When this bit is set, a fault address is not written to the FAULTADDR
register.

This fault is asynchronous. Therefore, if the fault is detected when the
priority of the current process is higher than the bus fault priority, the
bus fault becomes pending and becomes active only when the processor
returns from all higher-priority processes. If a precise fault occurs before
the processor enters the handler for the imprecise bus fault, the handler
detects that both the IMPRE bit is set and one of the precise fault status
bits is set.

This bit is cleared by writing a 1 to it.
9 PRECISE R/W1C 0 Precise Data Bus Error

Value Description

0 A precise data bus error has not occurred.

1 A data bus error has occurred, and the PC value stacked for
the exception return points to the instruction that caused the
fault.

When this bit is set, the fault address is written to the FAULTADDR
register.

This bit is cleared by writing a 1 to it.
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Bit/Field Name Type Reset Description
8 IBUS R/W1C 0 Instruction Bus Error
Value Description
0 An instruction bus error has not occurred.
1 An instruction bus error has occurred.
The processor detects the instruction bus error on prefetching an
instruction, but sets this bit only if it attempts to issue the faulting
instruction.
When this bit is set, a fault address is not written to the FAULTADDR
register.
This bit is cleared by writing a 1 to it.
7 MMARV R/W1C 0 Memory Management Fault Address Register Valid
Value Description
0 The value in the Memory Management Fault Address
(MMADDR) register is not a valid fault address.
1 The MMADDR register is holding a valid fault address.
If a memory management fault occurs and is escalated to a hard fault
because of priority, the hard fault handler must clear this bit. This action
prevents problems if returning to a stacked active memory management
fault handler whose MMADDR register value has been overwritten.
This bit is cleared by writing a 1 to it.

6:5 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

4 MSTKE R/W1C 0 Stack Access Violation
Value Description
0 No memory management fault has occurred on stacking for
exception entry.
1 Stacking for an exception entry has caused one or more access
violations.
When this bit is set, the SP is still adjusted but the values in the context
area on the stack might be incorrect. A fault address is not written to
the MMADDR register.
This bit is cleared by writing a 1 to it.
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Bit/Field Name Type Reset Description
3 MUSTKE R/W1C 0 Unstack Access Violation

Value Description

0 No memory management fault has occurred on unstacking for
a return from exception.

1 Unstacking for a return from exception has caused one or more
access violations.

This fault is chained to the handler. Thus, when this bit is set, the original
return stack is still present. The SP is not adjusted from the failing return,
a new save is not performed, and a fault address is not written to the
MMADDR register.

This bit is cleared by writing a 1 to it.

2 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

1 DERR R/W1C 0 Data Access Violation

Value Description
0 A data access violation has not occurred.

1 The processor attempted a load or store at a location that does
not permit the operation.

When this bit is set, the PC value stacked for the exception return points
to the faulting instruction and the address of the attempted access is
written to the MMADDR register.

This bit is cleared by writing a 1 to it.
0 IERR R/W1C 0 Instruction Access Violation

Value Description
0 An instruction access violation has not occurred.

1 The processor attempted an instruction fetch from a location
that does not permit execution.

This fault occurs on any access to an XN region, even when the MPU
is disabled or not present.

When this bit is set, the PC value stacked for the exception return points
to the faulting instruction and the address of the attempted access is
not written to the MMADDR register.

This bit is cleared by writing a 1 to it.
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Hard Fault Status (HFAULTSTAT)

Register 37: Hard Fault Status (HFAULTSTAT), offset 0xD2C

Note:

This register can only be accessed from privileged mode.

The HFAULTSTAT register gives information about events that activate the hard fault handler.

Bits are cleared by writing a 1 to them.

Base 0xE000.E000

Offset 0xD2C
Type R/W1C, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 I I 1 I I 1 I 1 I
DBG |FORCED reserved
1 1
Type RWIC RMWIC RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I 1 1 I I I I I 1 I
reserved VECT reserved
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RIW1C RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31 DBG R/W1C 0 Debug Event
This bit is reserved for Debug use. This bit must be written as a 0,
otherwise behavior is unpredictable.
30 FORCED R/W1C 0 Forced Hard Fault

Value Description

0 No forced hard fault has occurred.

1 A forced hard fault has been generated by escalation of a fault
with configurable priority that cannot be handled, either because
of priority or because it is disabled.

When this bit is set, the hard fault handler must read the other fault
status registers to find the cause of the fault.
This bit is cleared by writing a 1 to it.

29:2 reserved RO 0x00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

1 VECT R/W1C 0 Vector Table Read Fault

Value Description

0 No bus fault has occurred on a vector table read.

1 A bus fault occurred on a vector table read.

This error is always handled by the hard fault handler.
When this bit is set, the PC value stacked for the exception return points
to the instruction that was preempted by the exception.
This bit is cleared by writing a 1 to it.
0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 38: Memory Management Fault Address (MMADDR), offset 0xD34

Note: This register can only be accessed from privileged mode.

The MMADDR register contains the address of the location that generated a memory management
fault. When an unaligned access faults, the address in the MMADDR register is the actual address
that faulted. Because a single read or write instruction can be split into multiple aligned accesses,
the fault address can be any address in the range of the requested access size. Bits in the Memory
Management Fault Status (MFAULTSTAT) register indicate the cause of the fault and whether
the value in the MMADDR register is valid (see page 136).

Memory Management Fault Address (MMADDR)
Base 0xE000.E000

Offset 0xD34
Type R/W, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 ) 1 1 1 1 1 1 ) 1 ) 1 ) 1 1
ADDR
1 1 1
Type  RW R/W R/W R/W R/W R/W R/W RIW R/W RIW R/W R/W R/W R/W R/W R/W
Reset - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ADDR
1 1 1
Type RW R/W R/W RIW R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W R/W R/W
Reset - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 ADDR R/W - Fault Address

When the MMARYV bit of MFAULTSTAT is set, this field holds the address
of the location that generated the memory management fault.
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Register 39: Bus Fault Address (FAULTADDR), offset 0xD38
Note: This register can only be accessed from privileged mode.

The FAULTADDR register contains the address of the location that generated a bus fault. When
an unaligned access faults, the address in the FAULTADDR register is the one requested by the
instruction, even if it is not the address of the fault. Bits in the Bus Fault Status (BFAULTSTAT)
register indicate the cause of the fault and whether the value in the FAULTADDR register is valid
(see page 136).

Bus Fault Address (FAULTADDR)
Base 0xE000.E000

Offset 0xD38
Type R/W, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 ) 1 1 1 1 1 1 ) 1 ) 1 ) 1 1
ADDR
1 1 1
Type  RW R/W R/W R/W R/W R/W R/W RIW R/W RIW R/W R/W R/W R/W R/W R/W
Reset - - - - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ADDR
1 1 1
Type RW R/W R/W RIW R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W R/W R/W
Reset - - - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 ADDR R/W - Fault Address

When the FAULTADDRY bit of BFAULTSTAT is set, this field holds the
address of the location that generated the bus fault.

3.6 Memory Protection Unit (MPU) Register Descriptions

This section lists and describes the Memory Protection Unit (MPU) registers, in numerical order by
address offset.

The MPU registers can only be accessed from privileged mode.
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Register 40: MPU Type (MPUTYPE), offset 0xD90

Note: This register can only be accessed from privileged mode.

The MPUTYPE register indicates whether the MPU is present, and if so, how many regions it

supports.

MPU Type (MPUTYPE)

Base 0xE000.E000
Offset 0xD90
Type RO, reset 0x0000.0800

Type
Reset

Type
Reset

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 1 1 I I 1 I 1 I
reserved IREGION
1 1

RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T T 1 1 1 ) 1 ) 1 I 1
DREGION reserved SEPARATE
1 1
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:24 reserved RO 0x00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
23:16 IREGION RO 0x00 Number of | Regions

This field indicates the number of supported MPU instruction regions.
This field always contains 0x00. The MPU memory map is unified and
is described by the DREGION field.

15:8 DREGION RO 0x08 Number of D Regions
Value Description
0x08 Indicates there are eight supported MPU data regions.

71 reserved RO 0x00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

0 SEPARATE RO 0 Separate or Unified MPU

Value Description
0 Indicates the MPU is unified.
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Register 41: MPU Control (MPUCTRL), offset 0xD94

Note: This register can only be accessed from privileged mode.

The MPUCTRL register enables the MPU, enables the default memory map background region,
and enables use of the MPU when in the hard fault, Non-maskable Interrupt (NMI), and Fault Mask
Register (FAULTMASK) escalated handlers.

When the ENABLE and PRIVDEFEN bits are both set:

m For privileged accesses, the default memory map is as described in “Memory Model” on page 67.
Any access by privileged software that does not address an enabled memory region behaves
as defined by the default memory map.

m Any access by unprivileged software that does not address an enabled memory region causes
a memory management fault.

Execute Never (XN) and Strongly Ordered rules always apply to the System Control Space regardless
of the value of the ENABLE bit.

When the ENABLE bit is set, at least one region of the memory map must be enabled for the system
to function unless the PRIVDEFEN bit is set. If the PRIVDEFEN bit is set and no regions are enabled,
then only privileged software can operate.

When the ENABLE bit is clear, the system uses the default memory map, which has the same
memory attributes as if the MPU is notimplemented (see Table 2-5 on page 69 for more information).
The default memory map applies to accesses from both privileged and unprivileged software.

When the MPU is enabled, accesses to the System Control Space and vector table are always
permitted. Other areas are accessible based on regions and whether PRIVDEFEN is set.

Unless HFNMIENA is set, the MPU is not enabled when the processor is executing the handler for
an exception with priority —1 or —2. These priorities are only possible when handling a hard fault or
NMI exception or when FAULTMASK is enabled. Setting the HFNMIENA bit enables the MPU when
operating with these two priorities.

MPU Control (MPUCTRL)
Base 0xE000.E000

Offset 0xD94
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 T 1 1 1 1 1 1
reserved PRIVDEFEN| HFNMIENA| ENABLE
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:3 reserved RO 0x0000.000 Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name Type Reset Description

2 PRIVDEFEN R/W 0 MPU Default Region

This bit enables privileged software access to the default memory map.

Value Description

0 If the MPU is enabled, this bit disables use of the default memory
map. Any memory access to a location not covered by any
enabled region causes a fault.

1 If the MPU is enabled, this bit enables use of the default memory
map as a background region for privileged software accesses.

When this bit is set, the background region acts as if it is region number

-1. Any region that is defined and enabled has priority over this default
map.

If the MPU is disabled, the processor ignores this bit.

1 HFNMIENA R/W 0 MPU Enabled During Faults
This bit controls the operation of the MPU during hard fault, NMI, and
FAULTMASK handlers.
Value Description

0 The MPU is disabled during hard fault, NMI, and FAULTMASK
handlers, regardless of the value of the ENABLE bit.

1 The MPU is enabled during hard fault, NMI, and FAULTMASK
handlers.

When the MPU is disabled and this bit is set, the resulting behavior is
unpredictable.

0 ENABLE R/wW 0 MPU Enable
Value Description

0 The MPU is disabled.
1 The MPU is enabled.

When the MPU is disabled and the HFNMIENA bit is set, the resulting
behavior is unpredictable.
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Register 42: MPU Region Number (MPUNUMBER), offset 0xD98
Note: This register can only be accessed from privileged mode.

The MPUNUMBER register selects which memory region is referenced by the MPU Region Base
Address (MPUBASE) and MPU Region Attribute and Size (MPUATTR) registers. Normally, the
required region number should be written to this register before accessing the MPUBASE or the
MPUATTR register. However, the region number can be changed by writing to the MPUBASE
register with the VALID bit set (see page 149). This write updates the value of the REGION field.

MPU Region Number (MPUNUMBER)
Base 0xE000.E000

Offset 0xD98
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I 1 I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
reserved NUMBER
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:3 reserved RO 0x0000.000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
2:0 NUMBER R/W 0x0 MPU Region to Access
This field indicates the MPU region referenced by the MPUBASE and
MPUATTR registers. The MPU supports eight memory regions.
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Register 43: MPU Region Base Address (MPUBASE), offset 0xD9C

Register 44: MPU Region Base Address Alias 1 (MPUBASE1), offset 0xDA4
Register 45: MPU Region Base Address Alias 2 (MPUBASE2), offset 0xDAC
Register 46: MPU Region Base Address Alias 3 (MPUBASE3), offset 0xDB4

Note: This register can only be accessed from privileged mode.

The MPUBASE register defines the base address of the MPU region selected by the MPU Region
Number (MPUNUMBER) register and can update the value of the MPUNUMBER register. To
change the current region number and update the MPUNUMBER register, write the MPUBASE
register with the VALID bit set.

The ADDR field is bits 31:N of the MPUBASE register. Bits (N-1):5 are reserved. The region size,
as specified by the S1ZE field in the MPU Region Attribute and Size (MPUATTR) register, defines
the value of N where:

N = Log, (Region size in bytes)

If the region size is configured to 4 GB in the MPUATTR register, there is no valid ADDR field. In
this case, the region occupies the complete memory map, and the base address is 0x0000.0000.

The base address is aligned to the size of the region. For example, a 64-KB region must be aligned
on a multiple of 64 KB, for example, at 0x0001.0000 or 0x0002.0000.

MPU Region Base Address (MPUBASE)
Base 0xE000.E000

Offset 0xD9C
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I 1 I 1 I 1 I I 1 I 1 I
ADDR
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I 1 I 1 I 1 I I I 1 I
ADDR VALID reserved REGION
1 1
Type  RW RIW RIW R/W RIW R/W RIW R/W RIW RIW RIW WO RO RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:5 ADDR R/W 0x0000.000 Base Address Mask
Bits 31:N in this field contain the region base address. The value of N
depends on the region size, as shown above. The remaining bits (N-1):5
are reserved.
Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name Type Reset Description
4 VALID WO 0 Region Number Valid

Value Description

0 The MPUNUMBER register is not changed and the processor
updates the base address for the region specified in the
MPUNUMBER register and ignores the value of the REGION
field.

1 The MPUNUMBER register is updated with the value of the
REGION field and the base address is updated for the region
specified in the REGION field.

This bit is always read as 0.

3 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

2:0 REGION R/W 0x0 Region Number

On a write, contains the value to be written to the MPUNUMBER register.
On a read, returns the current region number in the MPUNUMBER
register.
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Register 47: MPU Region Attribute and Size (MPUATTR), offset 0xDAO

Register 48: MPU Region Attribute and Size Alias 1 (MPUATTR1), offset 0xDAS8
Register 49: MPU Region Attribute and Size Alias 2 (MPUATTR?2), offset 0xDBO
Register 50: MPU Region Attribute and Size Alias 3 (MPUATTR3), offset 0xDB8

Note: This register can only be accessed from privileged mode.

The MPUATTR register defines the region size and memory attributes of the MPU region specified
by the MPU Region Number (MPUNUMBER) register and enables that region and any subregions.

The MPUATTR register is accessible using word or halfword accesses with the most-significant
halfword holding the region attributes and the least-significant halfword holds the region size and
the region and subregion enable bits.

The MPU access permission attribute bits, XN, AP, TEX, S, C, and B, control access to the
corresponding memory region. If an access is made to an area of memory without the required
permissions, then the MPU generates a permission fault.

The S1ZE field defines the size of the MPU memory region specified by the MPUNUMBER register
as follows:

(Region size in bytes) = 2(SIZE+1)

The smallest permitted region size is 32 bytes, corresponding to a SIZE value of 4. Table
3-9 on page 151 gives example S1ZE values with the corresponding region size and value of N in
the MPU Region Base Address (MPUBASE) register.

Table 3-9. Example SIZE Field Values

S| ZE Encoding Region Size Value of N° Note

00100b (0Ox4) 32B 5 Minimum permitted size

01001b (0x9) 1KB 10 -

10011b (0x13) 1MB 20 -

11101b (0x1D) 1GB 30 -

11111b (0x1F) 4GB No valid ADDR field in MPUBASE; the | Maximum possible size
region occupies the complete
memory map.

a. Refers to the N parameter in the MPUBASE register (see page 149).

MPU Region Attribute and Size (MPUATTR)
Base OxE000.E000

Offset 0OXDAO
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
reserved XN reserved AP reserved TEX S C B
1
Type RO RO RO R/W RO R/W R/W R/W RO RO R/W RW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
SRD reserved SIZE ENABLE
1 1
Type RW R/W R/W R/W R/W R/W R/W R/W RO RO R/W RW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
July 24, 2012 151

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

Cortex-M3 Peripherals

Bit/Field

31:29

28

27

26:24

23:22

21:19

18

17

16

15:8

7:6

5:1

Name

reserved

XN

reserved

AP

reserved

TEX

SRD

reserved

SIZE

Type

RO

R/W

RO

R/W

RO

R/W

R/W

R/W

R/W

R/W

RO

R/W

Reset

0x00

0x0

0x0

0x00

0x0

0x0

Description

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Instruction Access Disable

Value Description
0 Instruction fetches are enabled.

1 Instruction fetches are disabled.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Access Privilege
For information on using this bit field, see Table 3-5 on page 97.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Type Extension Mask
For information on using this bit field, see Table 3-3 on page 96.

Shareable
For information on using this bit, see Table 3-3 on page 96.

Cacheable
For information on using this bit, see Table 3-3 on page 96.

Bufferable
For information on using this bit, see Table 3-3 on page 96.

Subregion Disable Bits

Value Description
0 The corresponding subregion is enabled.

1 The corresponding subregion is disabled.

Region sizes of 128 bytes and less do not support subregions. When
writing the attributes for such a region, configure the SRD field as 0x00.
See the section called “Subregions” on page 95 for more information.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Region Size Mask

The SI1ZE field defines the size of the MPU memory region specified by
the MPUNUMBER register. Refer to Table 3-9 on page 151 for more
information.
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Bit/Field Name Type Reset Description

0 ENABLE R/W 0 Region Enable

Value Description
0 The region is disabled.
1 The region is enabled.
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4 JTAG Interface

The Joint Test Action Group (JTAG) port is an IEEE standard that defines a Test Access Port and
Boundary Scan Architecture for digital integrated circuits and provides a standardized serial interface
for controlling the associated test logic. The TAP, Instruction Register (IR), and Data Registers (DR)
can be used to test the interconnections of assembled printed circuit boards and obtain manufacturing
information on the components. The JTAG Port also provides a means of accessing and controlling
design-for-test features such as 1/0O pin observation and control, scan testing, and debugging.

The JTAG port is comprised of five pins: TRST, TCK, TMS, TDI, and TDO. Data is transmitted serially
into the controller on TD1 and out of the controller on TDO. The interpretation of this data is dependent
on the current state of the TAP controller. For detailed information on the operation of the JTAG
port and TAP controller, please refer to the IEEE Standard 1149.1-Test Access Port and
Boundary-Scan Architecture.

The Stellaris® JTAG controller works with the ARM JTAG controller built into the Cortex-M3 core.
This is implemented by multiplexing the TDO outputs from both JTAG controllers. ARM JTAG
instructions select the ARM TDO output while Stellaris JTAG instructions select the Stellaris TDO
outputs. The multiplexer is controlled by the Stellaris JTAG controller, which has comprehensive
programming for the ARM, Stellaris, and unimplemented JTAG instructions.

The Stellaris JTAG module has the following features:

m |EEE 1149.1-1990 compatible Test Access Port (TAP) controller

m Four-bit Instruction Register (IR) chain for storing JTAG instructions

m |EEE standard instructions: BYPASS, IDCODE, SAMPLE/PRELOAD, EXTEST and INTEST
m ARM additional instructions: APACC, DPACC and ABORT

m Integrated ARM Serial Wire Debug (SWD)

See the ARM® Debug Interface V5 Architecture Specification for more information on the ARM
JTAG controller.
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4.1

4.2

Block Diagram

Figure 4-1. JTAG Module Block Diagram
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Signal Description

Table 4-1 on page 155 list the external signals of the JTAG/SWD controller and describe the function
of each. The JTAG/SWD controller signals are alternate functions for some GPIO signals, however
note that the reset state of the pins is for the JTAG/SWD function. The JTAG/SWD controller signals
are under commit protection and require a special process to be configured as GPIOs, see “Commit
Control” on page 286. The column in the table below titled "Pin Assignment” lists the GPIO pin
placement for the JTAG/SWD controller signals. The AFSEL bit in the GPIO Alternate Function
Select (GPIOAFSEL) register (page 300) is set to choose the JTAG/SWD function. For more
information on configuring GPIOs, see “General-Purpose Input/Outputs (GPIOs)” on page 280.

Table 4-1. JTAG_SWD_SWO Signals (100LQFP)

Pin Name Pin Number Pin Type | Buffer Type® |Description
SWCLK 80 | TTL JTAG/SWD CLK.
SWDIO 79 110 TTL JTAG TMS and SWDIO.
SWO 77 O TTL JTAG TDO and SWO.
TCK 80 I TTL JTAG/SWD CLK.
DI 78 I TTL JTAG TDI.
TDO 77 o TTL JTAG TDO and SWO.
T™S 79 1/0 TTL JTAG TMS and SWDIO.
TRST 89 I TTL JTAG TRST.

a. The TTL designation indicates the pin has TTL-compatible voltage levels.

July 24, 2012 155

Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.

JTAG Interface

4.3

Functional Description

A high-level conceptual drawing of the JTAG module is shown in Figure 4-1 on page 155. The JTAG
module is composed of the Test Access Port (TAP) controller and serial shift chains with parallel
update registers. The TAP controller is a simple state machine controlled by the TRST, TCK and
TMS inputs. The current state of the TAP controller depends on the current value of TRST and the
sequence of values captured on TMS at the rising edge of TCK. The TAP controller determines when
the serial shift chains capture new data, shift data from TDI towards TDO, and update the parallel
load registers. The current state of the TAP controller also determines whether the Instruction
Register (IR) chain or one of the Data Register (DR) chains is being accessed.

The serial shift chains with parallel load registers are comprised of a single Instruction Register (IR)
chain and multiple Data Register (DR) chains. The current instruction loaded in the parallel load
register determines which DR chain is captured, shifted, or updated during the sequencing of the
TAP controller.

Some instructions, like EXTEST and INTEST, operate on data currently in a DR chain and do not
capture, shift, or update any of the chains. Instructions that are not implemented decode to the
BYPASS instruction to ensure that the serial path between TD1 and TDO is always connected (see
Table 4-3 on page 162 for a list of implemented instructions).

See “JTAG and Boundary Scan” on page 617 for JTAG timing diagrams.

431 JTAG Interface Pins
The JTAG interface consists of five standard pins: TRST,TCK, TMS, TDI, and TDO. These pins and
their associated reset state are given in Table 4-2 on page 156. Detailed information on each pin
follows.
Table 4-2. JTAG Port Pins Reset State
Pin Name Data Direction Internal Pull-Up |Internal Pull-Down| Drive Strength Drive Value
TRST Input Enabled Disabled N/A N/A
TCK Input Enabled Disabled N/A N/A
T™MS Input Enabled Disabled N/A N/A
DI Input Enabled Disabled N/A N/A
TDO Output Enabled Disabled 2-mA driver High-Z
4311 Test Reset Input (TRST)
The TRST pin is an asynchronous active Low input signal for initializing and resetting the JTAG TAP
controller and associated JTAG circuitry. When TRST is asserted, the TAP controller resets to the
Test-Logic-Reset state and remains there while TRST is asserted. When the TAP controller enters
the Test-Logic-Reset state, the JTAG Instruction Register (IR) resets to the default instruction,
IDCODE.
By default, the internal pull-up resistor on the TRST pin is enabled after reset. Changes to the pull-up
resistor settings on GPIO Port B should ensure that the internal pull-up resistor remains enabled
on PB7/TRST; otherwise JTAG communication could be lost.
4.3.1.2 Test Clock Input (TCK)
The TCK pin is the clock for the JTAG module. This clock is provided so the test logic can operate
independently of any other system clocks. In addition, it ensures that multiple JTAG TAP controllers
that are daisy-chained together can synchronously communicate serial test data between
156 July 24, 2012
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4313

4314

4315

43.2

components. During normal operation, TCK is driven by a free-running clock with a nominal 50%
duty cycle. When necessary, TCK can be stopped at 0 or 1 for extended periods of time. While TCK
is stopped at 0 or 1, the state of the TAP controller does not change and data in the JTAG Instruction
and Data Registers is not lost.

By default, the internal pull-up resistor on the TCK pin is enabled after reset. This assures that no
clocking occurs if the pin is not driven from an external source. The internal pull-up and pull-down
resistors can be turned off to save internal power as long as the TCK pin is constantly being driven
by an external source.

Test Mode Select (TMS)

The TMS pin selects the next state of the JTAG TAP controller. TMS is sampled on the rising edge
of TCK. Depending on the current TAP state and the sampled value of TMS, the next state is entered.
Because the TMS pin is sampled on the rising edge of TCK, the IEEE Standard 1149.1 expects the
value on TMS to change on the falling edge of TCK.

Holding TMS high for five consecutive TCK cycles drives the TAP controller state machine to the
Test-Logic-Reset state. When the TAP controller enters the Test-Logic-Reset state, the JTAG
Instruction Register (IR) resets to the default instruction, IDCODE. Therefore, this sequence can
be used as a reset mechanism, similar to asserting TRST. The JTAG Test Access Port state machine
can be seen in its entirety in Figure 4-2 on page 158.

By default, the internal pull-up resistor on the TMS pin is enabled after reset. Changes to the pull-up
resistor settings on GPIO Port C should ensure that the internal pull-up resistor remains enabled
on PC1/TMS; otherwise JTAG communication could be lost.

Test Data Input (TDI)

The TDI pin provides a stream of serial information to the IR chain and the DR chains. TD1 is
sampled on the rising edge of TCK and, depending on the current TAP state and the current
instruction, presents this data to the proper shift register chain. Because the TD1 pin is sampled on
the rising edge of TCK, the IEEE Standard 1149.1 expects the value on TDI to change on the falling
edge of TCK.

By default, the internal pull-up resistor on the TD1 pin is enabled after reset. Changes to the pull-up
resistor settings on GPIO Port C should ensure that the internal pull-up resistor remains enabled
on PC2/TDI; otherwise JTAG communication could be lost.

Test Data Output (TDO)

The TDO pin provides an output stream of serial information from the IR chain or the DR chains.
The value of TDO depends on the current TAP state, the current instruction, and the data in the
chain being accessed. In order to save power when the JTAG port is not being used, the TDO pin
is placed in an inactive drive state when not actively shifting out data. Because TDO can be connected
to the TD1 of another controller in a daisy-chain configuration, the IEEE Standard 1149.1 expects
the value on TDO to change on the falling edge of TCK.

By default, the internal pull-up resistor on the TDO pin is enabled after reset. This assures that the
pin remains at a constant logic level when the JTAG port is not being used. The internal pull-up and
pull-down resistors can be turned off to save internal power if a High-Z output value is acceptable
during certain TAP controller states.

JTAG TAP Controller

The JTAG TAP controller state machine is shown in Figure 4-2 on page 158. The TAP controller
state machine is reset to the Test-Logic-Reset state on the assertion of a Power-On-Reset (POR)
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or the assertion of TRST. Asserting the correct sequence on the TMS pin allows the JTAG module
to shift in new instructions, shift in data, or idle during extended testing sequences. For detailed
information on the function of the TAP controller and the operations that occur in each state, please
refer to IEEE Standard 1149.1.

Figure 4-2. Test Access Port State Machine
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Shift Registers

The Shift Registers consist of a serial shift register chain and a parallel load register. The serial shift
register chain samples specific information during the TAP controller’'s CAPTURE states and allows
this information to be shifted out of TDO during the TAP controller’s SHIFT states. While the sampled
data is being shifted out of the chain on TDO, new data is being shifted into the serial shift register
on TDI. This new data is stored in the parallel load register during the TAP controller’s UPDATE
states. Each of the shift registers is discussed in detail in “Register Descriptions” on page 161.

Operational Considerations

There are certain operational considerations when using the JTAG module. Because the JTAG pins
can be programmed to be GPIOs, board configuration and reset conditions on these pins must be

158
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considered. In addition, because the JTAG module has integrated ARM Serial Wire Debug, the
method for switching between these two operational modes is described below.

GPIO Functionality

When the controller is reset with either a POR or RST, the JTAG/SWD port pins default to their
JTAG/SWD configurations. The default configuration includes enabling digital functionality (setting
GPIODEN to 1), enabling the pull-up resistors (setting GPIOPUR to 1), and enabling the alternate
hardware function (setting GPIOAFSEL to 1) for the PB7 and PC[3:0] JTAG/SWD pins.

It is possible for software to configure these pins as GPIOs after reset by writing Os to PB7 and
PC[3:0] inthe GPIOAFSEL register. If the user does not require the JTAG/SWD port for debugging
or board-level testing, this provides five more GPIOs for use in the design.

Caution — It is possible to create a software sequence that prevents the debugger from connecting to
the Stellaris microcontroller. If the program code loaded into flash immediately changes the JTAG pins
to their GPIO functionality, the debugger may not have enough time to connect and halt the controller
before the JTAG pin functionality switches. This may lock the debugger out of the part. This can be
avoided with a software routine that restores JTAG functionality based on an external or software
trigger.

The GPIO commit control registers provide a layer of protection against accidental programming of
critical hardware peripherals. Protection is currently provided for the five JTAG/SWD pins (PB7 and
PC[3:0]). Writes to protected bits of the GPIO Alternate Function Select (GPIOAFSEL) register
(see page 300) are not committed to storage unless the GPIO Lock (GPIOLOCK) register (see
page 310) has been unlocked and the appropriate bits of the GPIO Commit (GPIOCR) register (see
page 311) have been set to 1.

Recovering a "Locked” Device

Note: The mass erase of the flash memory caused by the below sequence erases the entire flash
memory, regardless of the settings in the Flash Memory Protection Program Enable n
(FMPPEN) registers. Performing the sequence below does not affect the nonvolatile registers
discussed in “Nonvolatile Register Programming” on page 257.

If software configures any of the JTAG/SWD pins as GPIO and loses the ability to communicate
with the debugger, there is a debug sequence that can be used to recover the device. Performing
a total of ten JTAG-to-SWD and SWD-to-JTAG switch sequences while holding the device in reset
mass erases the flash memory. The sequence to recover the device is:

1. Assert and hold the RST signal.

2. Apply power to the device.

3. Perform the JTAG-to-SWD switch sequence.
4

Perform the SWD-to-JTAG switch sequence.

g

Perform the JTAG-to-SWD switch sequence.
6. Perform the SWD-to-JTAG switch sequence.
7. Perform the JTAG-to-SWD switch sequence.

8. Perform the SWD-to-JTAG switch sequence.
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9. Perform the JTAG-to-SWD switch sequence.
10. Perform the SWD-to-JTAG switch sequence.
11. Perform the JTAG-to-SWD switch sequence.
12. Perform the SWD-to-JTAG switch sequence.
13. Release the RST signal.

14. Wait 400 ms.

15. Power-cycle the device.

The JTAG-to-SWD and SWD-to-JTAG switch sequences are described in “ARM Serial Wire Debug
(SWD)” on page 160. When performing switch sequences for the purpose of recovering the debug
capabilities of the device, only steps 1 and 2 of the switch sequence in the section called
“JTAG-to-SWD Switching” on page 160 must be performed.

Communication with JTAG/SWD

Because the debug clock and the system clock can be running at different frequencies, care must
be taken to maintain reliable communication with the JTAG/SWD interface. In the Capture-DR state,
the result of the previous transaction, if any, is returned, together with a 3-bit ACK response. Software
should check the ACK response to see if the previous operation has completed before initiating a
new transaction. Alternatively, if the system clock is at least 8 times faster than the debug clock
(TCK or SWCLK), the previous operation has enough time to complete and the ACK bits do not have
to be checked.

ARM Serial Wire Debug (SWD)

In order to seamlessly integrate the ARM Serial Wire Debug (SWD) functionality, a serial-wire
debugger must be able to connect to the Cortex-M3 core without having to perform, or have any
knowledge of, JTAG cycles. This is accomplished with a SWD preamble that is issued before the
SWD session begins.

The switching preamble used to enable the SWD interface of the SWJ-DP module starts with the
TAP controller in the Test-Logic-Reset state. From here, the preamble sequences the TAP controller
through the following states: Run Test Idle, Select DR, Select IR, Test Logic Reset, Test Logic
Reset, Run Test Idle, Run Test Idle, Select DR, Select IR, Test Logic Reset, Test Logic Reset, Run
Test Idle, Run Test Idle, Select DR, Select IR, and Test Logic Reset states.

Stepping through this sequences of the TAP state machine enables the SWD interface and disables
the JTAG interface. For more information on this operation and the SWD interface, see the ARM®
Debug Interface V5 Architecture Specification.

Because this sequence is a valid series of JTAG operations that could be issued, the ARM JTAG
TAP controller is not fully compliant to the IEEE Standard 1149.1. This is the only instance where
the ARM JTAG TAP controller does not meet full compliance with the specification. Due to the low
probability of this sequence occurring during normal operation of the TAP controller, it should not
affect normal performance of the JTAG interface.

JTAG-to-SWD Switching

To switch the operating mode of the Debug Access Port (DAP) from JTAG to SWD mode, the
external debug hardware must send the switching preamble to the device. The 16-bit switch sequence
for switching to SWD mode is defined as b1110011110011110, transmitted LSB first. This can also
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be represented as 16'hE79E when transmitted LSB first. The complete switch sequence should
consist of the following transactions on the TCK/SWCLK and TMS/SWD1O0 signals:

1. Send at least 50 TCK/SWCLK cycles with TMS/SWD10 set to 1. This ensures that both JTAG and
SWD are in their reset/idle states.

2. Send the 16-bit JTAG-to-SWD switch sequence, 16'hE79E.

3. Send at least 50 TCK/SWCLK cycles with TMS/SWDIO set to 1. This ensures that if SWJ-DP was
already in SWD mode, before sending the switch sequence, the SWD goes into the line reset
state.

SWD-to-JTAG Switching

To switch the operating mode of the Debug Access Port (DAP) from SWD to JTAG mode, the
external debug hardware must send a switch sequence to the device. The 16-bit switch sequence
for switching to JTAG mode is defined as b1110011100111100, transmitted LSB first. This can also
be represented as 16'hE73C when transmitted LSB first. The complete switch sequence should
consist of the following transactions on the TCK/SWCLK and TMS/SWD1O0 signals:

1. Send at least 50 TCK/SWCLK cycles with TMS/SWD10 set to 1. This ensures that both JTAG and
SWD are in their reset/idle states.

2. Send the 16-bit SWD-to-JTAG switch sequence, 16'hE73C.

3. Send at least 5 TCK/SWCLK cycles with TMS/SWD10 set to 1. This ensures that if SWJ-DP was
already in JTAG mode, before sending the switch sequence, the JTAG goes into the Test Logic
Reset state.

Initialization and Configuration

After a Power-On-Reset or an external reset (RST), the JTAG pins are automatically configured for
JTAG communication. No user-defined initialization or configuration is needed. However, if the user
application changes these pins to their GPIO function, they must be configured back to their JTAG
functionality before JTAG communication can be restored. This is done by enabling the five JTAG

pins (PB7 and PC[3:0]) for their alternate function using the GPIOAFSEL register. In addition to

enabling the alternate functions, any other changes to the GPIO pad configurations on the five JTAG
pins (PB7 andPC[3:0]) should be reverted to their default settings.

Register Descriptions

There are no APB-accessible registers in the JTAG TAP Controller or Shift Register chains. The
registers within the JTAG controller are all accessed serially through the TAP Controller. The registers
can be broken down into two main categories: Instruction Registers and Data Registers.

Instruction Register (IR)

The JTAG TAP Instruction Register (IR) is a four-bit serial scan chain connected between the JTAG
TDI and TDO pins with a parallel load register. When the TAP Controller is placed in the correct
states, bits can be shifted into the Instruction Register. Once these bits have been shifted into the
chain and updated, they are interpreted as the current instruction. The decode of the Instruction
Register bits is shown in Table 4-3 on page 162. A detailed explanation of each instruction, along
with its associated Data Register, follows.
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Table 4-3. JTAG Instruction Register Commands

IR[3:0] Instruction Description

0000 EXTEST Drives the values preloaded into the Boundary Scan Chain by the
SAMPLE/PRELOAD instruction onto the pads.

0001 INTEST Drives the values preloaded into the Boundary Scan Chain by the
SAMPLE/PRELOAD instruction into the controller.

0010 SAMPLE / PRELOAD |Captures the current I/O values and shifts the sampled values out of the
Boundary Scan Chain while new preload data is shifted in.

1000 ABORT Shifts data into the ARM Debug Port Abort Register.

1010 DPACC Shifts data into and out of the ARM DP Access Register.

1011 APACC Shifts data into and out of the ARM AC Access Register.

1110 IDCODE Loads manufacturing information defined by the IEEE Standard 1149.1
into the IDCODE chain and shifts it out.

1111 BYPASS Connects TDI to TDO through a single Shift Register chain.

All Others Reserved Defaults to the BYPASS instruction to ensure that TD1 is always connected

to TDO.

EXTEST Instruction

The EXTEST instruction is not associated with its own Data Register chain. The EXTEST instruction
uses the data that has been preloaded into the Boundary Scan Data Register using the
SAMPLE/PRELOAD instruction. When the EXTEST instruction is present in the Instruction Register,
the preloaded data in the Boundary Scan Data Register associated with the outputs and output
enables are used to drive the GPIO pads rather than the signals coming from the core. This allows
tests to be developed that drive known values out of the controller, which can be used to verify
connectivity. While the EXTEST instruction is present in the Instruction Register, the Boundary Scan
Data Register can be accessed to sample and shift out the current data and load new data into the
Boundary Scan Data Register.

INTEST Instruction

The INTEST instruction is not associated with its own Data Register chain. The INTEST instruction
uses the data that has been preloaded into the Boundary Scan Data Register using the
SAMPLE/PRELOAD instruction. When the INTEST instruction is present in the Instruction Register,
the preloaded data in the Boundary Scan Data Register associated with the inputs are used to drive
the signals going into the core rather than the signals coming from the GPIO pads. This allows tests
to be developed that drive known values into the controller, which can be used for testing. It is
important to note that although the RST input pin is on the Boundary Scan Data Register chain, it
is only observable. While the INTEXT instruction is present in the Instruction Register, the Boundary
Scan Data Register can be accessed to sample and shift out the current data and load new data
into the Boundary Scan Data Register.

SAMPLE/PRELOAD Instruction

The SAMPLE/PRELOAD instruction connects the Boundary Scan Data Register chain between
TDI and TDO. This instruction samples the current state of the pad pins for observation and preloads
new test data. Each GPIO pad has an associated input, output, and output enable signal. When the
TAP controller enters the Capture DR state during this instruction, the input, output, and output-enable
signals to each of the GPIO pads are captured. These samples are serially shifted out of TDO while
the TAP controller is in the Shift DR state and can be used for observation or comparison in various
tests.
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4514

4515

4.5.1.6

4.51.7

45.1.8

While these samples of the inputs, outputs, and output enables are being shifted out of the Boundary
Scan Data Register, new data is being shifted into the Boundary Scan Data Register from TDI.
Once the new data has been shifted into the Boundary Scan Data Register, the data is saved in the
parallel load registers when the TAP controller enters the Update DR state. This update of the
parallel load register preloads data into the Boundary Scan Data Register that is associated with
each input, output, and output enable. This preloaded data can be used with the EXTEST and
INTEST instructions to drive data into or out of the controller. Please see “Boundary Scan Data
Register” on page 164 for more information.

ABORT Instruction

The ABORT instruction connects the associated ABORT Data Register chain between TDI and
TDO. This instruction provides read and write access to the ABORT Register of the ARM Debug
Access Port (DAP). Shifting the proper data into this Data Register clears various error bits or initiates
a DAP abort of a previous request. Please see the “ABORT Data Register” on page 165 for more
information.

DPACC Instruction

The DPACC instruction connects the associated DPACC Data Register chain between TDI and
TDO. This instruction provides read and write access to the DPACC Register of the ARM Debug
Access Port (DAP). Shifting the proper data into this register and reading the data output from this
register allows read and write access to the ARM debug and status registers. Please see “DPACC
Data Register” on page 165 for more information.

APACC Instruction

The APACC instruction connects the associated APACC Data Register chain between TD1 and
TDO. This instruction provides read and write access to the APACC Register of the ARM Debug
Access Port (DAP). Shifting the proper data into this register and reading the data output from this
register allows read and write access to internal components and buses through the Debug Port.
Please see “APACC Data Register” on page 165 for more information.

IDCODE Instruction

The IDCODE instruction connects the associated IDCODE Data Register chain between TDI and
TDO. This instruction provides information on the manufacturer, part number, and version of the
ARM core. This information can be used by testing equipment and debuggers to automatically
configure their input and output data streams. IDCODE is the default instruction that is loaded into
the JTAG Instruction Register when a Power-On-Reset (POR) is asserted, TRST is asserted, or the
Test-Logic-Reset state is entered. Please see “IDCODE Data Register” on page 164 for more
information.

BYPASS Instruction

The BYPASS instruction connects the associated BYPASS Data Register chain between TD1 and
TDO. This instruction is used to create a minimum length serial path between the TDI and TDO ports.
The BYPASS Data Register is a single-bit shift register. This instruction improves test efficiency by
allowing components that are not needed for a specific test to be bypassed in the JTAG scan chain
by loading them with the BYPASS instruction. Please see “BYPASS Data Register” on page 164 for
more information.
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JTAG Interface

45.2

4.5.21

45.2.2

4523

Data Registers

The JTAG module contains six Data Registers. These include: IDCODE, BYPASS, Boundary Scan,
APACC, DPACC, and ABORT serial Data Register chains. Each of these Data Registers is discussed
in the following sections.

IDCODE Data Register

The format for the 32-bit IDCODE Data Register defined by the IEEE Standard 1149.1 is shown in
Figure 4-3 on page 164. The standard requires that every JTAG-compliant device implement either
the IDCODE instruction or the BYPASS instruction as the default instruction. The LSB of the IDCODE
Data Register is defined to be a 1 to distinguish it from the BYPASS instruction, which has an LSB
of 0. This allows auto configuration test tools to determine which instruction is the default instruction.

The major uses of the JTAG port are for manufacturer testing of component assembly, and program
development and debug. To facilitate the use of auto-configuration debug tools, the IDCODE
instruction outputs a value of 0x3BA0.0477. This allows the debuggers to automatically configure
themselves to work correctly with the Cortex-M3 during debug.

Figure 4-3. IDCODE Register Format

31 28 27 12 1 10

i} Version Part Number Manufacturer ID 1%

BYPASS Data Register

The format for the 1-bit BYPASS Data Register defined by the IEEE Standard 1149.1 is shown in

Figure 4-4 on page 164. The standard requires that every JTAG-compliant device implement either
the BYPASS instruction or the IDCODE instruction as the default instruction. The LSB of the BYPASS
Data Register is defined to be a 0 to distinguish it from the IDCODE instruction, which has an LSB
of 1. This allows auto configuration test tools to determine which instruction is the default instruction.

Figure 4-4. BYPASS Register Format
0

—TDI>|E|~TDO>

Boundary Scan Data Register

The format of the Boundary Scan Data Register is shown in Figure 4-5 on page 165. Each GPIO
pin, starting with a GPIO pin next to the JTAG port pins, is included in the Boundary Scan Data
Register. Each GPIO pin has three associated digital signals that are included in the chain. These
signals are input, output, and output enable, and are arranged in that order as can be seen in the
figure.

When the Boundary Scan Data Register is accessed with the SAMPLE/PRELOAD instruction, the
input, output, and output enable from each digital pad are sampled and then shifted out of the chain
to be verified. The sampling of these values occurs on the rising edge of TCK in the Capture DR
state of the TAP controller. While the sampled data is being shifted out of the Boundary Scan chain
in the Shift DR state of the TAP controller, new data can be preloaded into the chain for use with
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the EXTEST and INTEST instructions. These instructions either force data out of the controller, with
the EXTEST instruction, or into the controller, with the INTEST instruction.

Figure 4-5. Boundary Scan Register Format

e (1 R * oo BT

GPIO PB6 GPIOm GPIO m+1 GPIO n

4524  APACC Data Register

The format for the 35-bit APACC Data Register defined by ARM is described in the ARM® Debug
Interface V5 Architecture Specification.

4525 DPACC Data Register

The format for the 35-bit DPACC Data Register defined by ARM is described in the ARM® Debug
Interface V5 Architecture Specification.

4.5.2.6 ABORT Data Register

The format for the 35-bit ABORT Data Register defined by ARM is described in the ARM® Debug
Interface V5 Architecture Specification.
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System Control

5.1

System Control

System control determines the overall operation of the device. It provides information about the
device, controls the clocking to the core and individual peripherals, and handles reset detection and
reporting.

Signal Description

Table 5-1 on page 166 list the external signals of the System Control module and describe the function
of each. The NMI signal is the alternate function for and functions as a GPIO after reset. under
commit protection and require a special process to be configured as any alternate function or to
subsequently return to the GPIO function, see “Commit Control” on page 286. The column in the
table below titled "Pin Assignment" lists the GPIO pin placement for the NM1 signal. The AFSEL bit
in the GPIO Alternate Function Select (GPIOAFSEL) register (page 300) should be set to choose
the NMI function. For more information on configuring GPIOs, see “General-Purpose Input/Outputs
(GPIOs)” on page 280. The remaining signals (with the word "fixed" in the Pin Assignment column)
have a fixed pin assignment and function.

Table 5-1. System Control & Clocks Signals (100LQFP)

Pin Name Pin Number Pin Type Buffer Typea Description

CMODO 65 | TTL CPU Mode bit 0. Input must be set to logic 0 (grounded); other
encodings reserved.

CMOD1 76 TTL CPU Mode bit 1. Input must be set to logic 0 (grounded); other
encodings reserved.

0SCo 48 Analog Main oscillator crystal input or an external clock reference
input.

0SC1 49 O Analog Main oscillator crystal output. Leave unconnected when using
a single-ended clock source.

RST 64 | TTL System reset input.

a. The TTL designation indicates the pin has TTL-compatible voltage levels.

5.2 Functional Description

The System Control module provides the following capabilities:

m Device identification (see “Device Identification” on page 166)

m Local control, such as reset (see “Reset Control” on page 166), power (see “Power

Control” on page 170) and clock control (see “Clock Control” on page 171)

m System control (Run, Sleep, and Deep-Sleep modes); see “System Control” on page 177
5.21 Device Identification

Several read-only registers provide software with information on the microcontroller, such as version,

part number, SRAM size, flash size, and other features. See the DID0, DID1, and DC0-DCA4 registers.
5.2.2 Reset Control

This section discusses aspects of hardware functions during reset as well as system software

requirements following the reset sequence.
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5.2.21 CMODO and CMOD1 Test-Mode Control Pins
Two pins, CMODO and CMOD1, are defined for internal use for testing the microcontroller during
manufacture. They have no end-user function and should not be used. The CMOD pins should be
connected to ground.
5.2.2.2 Reset Sources
The controller has five sources of reset:
1. External reset input pin (RST) assertion; see “External RST Pin” on page 168.
2. Power-on reset (POR); see “Power-On Reset (POR)” on page 167.
3. Internal brown-out (BOR) detector; see “Brown-Out Reset (BOR)” on page 169.
4. Software-initiated reset (with the software reset registers); see “Software Reset” on page 170.
5. A watchdog timer reset condition violation; see “Watchdog Timer Reset” on page 170.
Table 5-2 provides a summary of results of the various reset operations.
Table 5-2. Reset Sources
Reset Source Core Reset? JTAG Reset? On-Chip Peripherals Reset?
Power-On Reset Yes Yes Yes
RST Yes Pin Config Only Yes
Brown-Out Reset Yes No Yes
Software System Request Yes No Yes
Reset®
Software Peripheral Reset No No Yes®
Watchdog Reset Yes No Yes
a. By using the SYSRESREQ bit in the ARM Cortex-M3 Application Interrupt and Reset Control (APINT) register
b. Programmable on a module-by-module basis using the Software Reset Control Registers.
After a reset, the Reset Cause (RESC) register is set with the reset cause. The bits in this register
are sticky and maintain their state across multiple reset sequences, except when an internal POR
is the cause, and then all the other bits in the RESC register are cleared except for the POR indicator.
5.2.2.3 Power-On Reset (POR)
Note: The power-on reset also resets the JTAG controller. An external reset does not.
The internal Power-On Reset (POR) circuit monitors the power supply voltage (Vpp) and generates
a reset signal to all of the internal logic including JTAG when the power supply ramp reaches a
threshold value (V). The microcontroller must be operating within the specified operating parameters
when the on-chip power-on reset pulse is complete. The 3.3-V power supply to the microcontroller
must reach 3.0 V within 10 msec of Vpp crossing 2.0 V to guarantee proper operation. For applications
that require the use of an external reset signal to hold the microcontroller in reset longer than the
internal POR, the RST input may be used as discussed in “External RST Pin” on page 168.
The Power-On Reset sequence is as follows:
1. The microcontroller waits for internal POR to go inactive.
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2. Theinternal resetis released and the core loads from memory the initial stack pointer, the initial
program counter, and the first instruction designated by the program counter, and then begins
execution.

The internal POR is only active on the initial power-up of the microcontroller. The Power-On Reset
timing is shown in Figure 20-6 on page 619.

5.2.2.4 External RST Pin

Note: Itis recommended that the trace for the RST signal must be kept as short as possible. Be
sure to place any components connected to the RST signal as close to the microcontroller
as possible.

If the application only uses the internal POR circuit, the RST input must be connected to the power
supply (Vpp) through an optional pull-up resistor (0 to 100K Q) as shown in Figure 5-1 on page 168.

Figure 5-1. Basic RST Configuration
VDD

Stellaris®
Rpu

RST

Rpy = 0 to 100 kQ

The external reset pin (RST) resets the microcontroller including the core and all the on-chip

peripherals except the JTAG TAP controller (see “JTAG Interface” on page 154). The external reset
sequence is as follows:

1. The external reset pin (RST) is asserted for the duration specified by T,y and then de-asserted
(see “Reset” on page 619).

2. Theinternal resetis released and the core loads from memory the initial stack pointer, the initial
program counter, and the first instruction designated by the program counter, and then begins
execution.

To improve noise immunity and/or to delay reset at power up, the RST input may be connected to
an RC network as shown in Figure 5-2 on page 169.
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Figure 5-2. External Circuitry to Extend Power-On Reset
VDD

Stellaris® é
Rpy

RST

T

Rpy = 1 kQ to 100 kQ
C,=1nFto 10 yF

If the application requires the use of an external reset switch, Figure 5-3 on page 169 shows the
proper circuitry to use.

Figure 5-3. Reset Circuit Controlled by Switch
VDD

Stellaris® g
Rpu

RST gl
s —H
L

Te

Typical Rpy = 10 kQ
Typical Rg =470 Q
C,=10nF

The Rp and C; components define the power-on delay.

The external reset timing is shown in Figure 20-5 on page 619.

5.2.25 Brown-Out Reset (BOR)

A drop in the input voltage resulting in the assertion of the internal brown-out detector can be used
to reset the controller. This is initially disabled and may be enabled by software.

The system provides a brown-out detection circuit that triggers if the power supply (Vpp) drops
below a brown-out threshold voltage (V). If @ brown-out condition is detected, the system may
generate a controller interrupt or a system reset.

Brown-out resets are controlled with the Power-On and Brown-Out Reset Control (PBORCTL)
register. The BORIOR bit in the PBORCTL register must be set for a brown-out condition to trigger
a reset.

The brown-out reset is equivalent to an assertion of the external RST input and the reset is held
active until the proper Vp level is restored. The RESC register can be examined in the reset interrupt
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5.2.2.6

5.2.2.7

5.2.3

handler to determine if a Brown-Out condition was the cause of the reset, thus allowing software to
determine what actions are required to recover.

The internal Brown-Out Reset timing is shown in Figure 20-7 on page 620.

Software Reset
Software can reset a specific peripheral or generate a reset to the entire system .

Peripherals can be individually reset by software via three registers that control reset signals to each
peripheral (see the SRCRn registers). If the bit position corresponding to a peripheral is set and
subsequently cleared, the peripheral is reset. The encoding of the reset registers is consistent with
the encoding of the clock gating control for peripherals and on-chip functions (see “System
Control” on page 177). Note that all reset signals for all clocks of the specified unit are asserted as
a result of a software-initiated reset.

The entire system can be reset by software by setting the SYSRESETREQ bit in the Cortex-M3
Application Interrupt and Reset Control register resets the entire system including the core. The
software-initiated system reset sequence is as follows:

1. A software system reset is initiated by writing the SYSRESETREQ bit in the ARM Cortex-M3
Application Interrupt and Reset Control register.

2. Aninternal reset is asserted.

3. The internal reset is deasserted and the controller loads from memory the initial stack pointer,
the initial program counter, and the first instruction designated by the program counter, and
then begins execution.

The software-initiated system reset timing is shown in Figure 20-8 on page 620.

Watchdog Timer Reset

The watchdog timer module's function is to prevent system hangs. The watchdog timer can be
configured to generate an interrupt to the controller on its first time-out, and to generate a reset
signal on its second time-out.

After the first time-out event, the 32-bit counter is reloaded with the value of the Watchdog Timer
Load (WDTLOAD) register, and the timer resumes counting down from that value. If the timer counts
down to its zero state again before the first time-out interrupt is cleared, and the reset signal has
been enabled, the watchdog timer asserts its reset signal to the system. The watchdog timer reset
sequence is as follows:

1. The watchdog timer times out for the second time without being serviced.
2. Aninternal reset is asserted.

3. The internal reset is released and the controller loads from memory the initial stack pointer, the
initial program counter, the first instruction designated by the program counter, and begins
execution.

The watchdog reset timing is shown in Figure 20-9 on page 620.

Power Control

The Stellaris® microcontroller provides an integrated LDO regulator that is used to provide power
to the majority of the controller's internal logic. For power reduction, the LDO regulator provides
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software a mechanism to adjust the regulated value, in small increments (VSTEP), over the range
of 2.25V 10 2.75 V (inclusive)—or 2.5 V £ 10%. The adjustment is made by changing the value of

the VADJ field in the LDO Power Control (LDOPCTL) register.

Figure 5-4 on page 171 shows the power architecture.

Note: On the printed circuit board, use the LDO output as the source of VDD25 input. Do not use
an external regulator to supply the voltage to VDD25. In addition, the LDO requires decoupling
capacitors. See “On-Chip Low Drop-Out (LDO) Regulator Characteristics” on page 613.

VDDA must be supplied with 3.3 V, or the microcontroller does not function properly. VDDA
is the supply for all of the analog circuitry on the device, including the LDO and the clock

circuitry.

Figure 5-4. Power Architecture
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System control determines the control of clocks in this part.
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5.2.4.1

5.2.4.2

Fundamental Clock Sources

There are multiple clock sources for use in the device:

m Internal Oscillator (IOSC). The internal oscillator is an on-chip clock source. It does not require
the use of any external components. The frequency of the internal oscillator is 12 MHz + 30%.
Applications that do not depend on accurate clock sources may use this clock source to reduce
system cost. The internal oscillator is the clock source the device uses during and following POR.
If the main oscillator is required, software must enable the main oscillator following reset and
allow the main oscillator to stabilize before changing the clock reference.

m Main Oscillator (MOSC). The main oscillator provides a frequency-accurate clock source by
one of two means: an external single-ended clock source is connected to the OSCO input pin, or
an external crystal is connected across the OSCO input and OSC1 output pins. If the PLL is being
used, the crystal value must be one of the supported frequencies between 3.579545 MHz through
8.192 MHz (inclusive). If the PLL is not being used, the crystal may be any one of the supported
frequencies between 1 MHz and 8.192 MHz. The single-ended clock source range is from DC
through the specified speed of the device. The supported crystals are listed in the XTAL bit field
in the RCC register (see page 189).

m Internal 30-kHz Oscillator. The internal 30-kHz oscillator is similar to the internal oscillator,
except that it provides an operational frequency of 30 kHz + 50%. It is intended for use during
Deep-Sleep power-saving modes. This power-savings mode benefits from reduced internal
switching and also allows the main oscillator to be powered down.

m External Real-Time Oscillator. The external real-time oscillator provides a low-frequency,
accurate clock reference. It is intended to provide the system with a real-time clock source. The
real-time oscillator is part of the Hibernation Module (see “Hibernation Module” on page 233) and
may also provide an accurate source of Deep-Sleep or Hibernate mode power savings.

The internal system clock (SysCIk), is derived from any of the above sources plus two others: the
output of the main internal PLL, and the internal oscillator divided by four (3 MHz + 30%). The
frequency of the PLL clock reference must be in the range of 3.579545 MHz to 8.192 MHz (inclusive).
Table 5-3 on page 172 shows how the various clock sources can be used in a system.

Table 5-3. Clock Source Options

Clock Source Drive PLL? Used as SysClk?
Internal Oscillator (12 MHz) No BYPASS =1 Yes BYPASS = 1, OSCSRC = 0x1

Internal Oscillator divide by 4 (3 |No BYPASS =1 Yes BYPASS =1, OSCSRC = 0x2
MHz)

Main Oscillator Yes BYPASS = 0, OSCSRC = |Yes BYPASS = 1, OSCSRC = 0x0
0x0

Internal 30-kHz Oscillator No BYPASS =1 Yes BYPASS = 1, OSCSRC = 0x3
External Real-Time Oscillator No BYPASS = 1 Yes BYPASS = 1, OSCSRC2 = 0x7

Clock Configuration

The Run-Mode Clock Configuration (RCC) and Run-Mode Clock Configuration 2 (RCC2)
registers provide control for the system clock. The RCC2 register is provided to extend fields that
offer additional encodings over the RCC register. When used, the RCC2 register field values are
used by the logic over the corresponding field in the RCC register. In particular, RCC2 provides for
a larger assortment of clock configuration options. These registers control the following clock
functionality:

172

July 24, 2012
Texas Instruments-Production Data



OBSOLETE: Tl has discontinued production of this device.
Stellaris® LM3S2919 Microcontroller

Source of clocks in sleep and deep-sleep modes
System clock derived from PLL or other clock source
Enabling/disabling of oscillators and PLL

Clock divisors

Crystal input selection

Figure 5-5 on page 174 shows the logic for the main clock tree. The peripheral blocks are driven by
the system clock signal and can be individually enabled/disabled. The ADC clock signal is
automatically divided down to 16 MHz for proper ADC operation.

Note: When the ADC module is in operation, the system clock must be at least 16 MHz.
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Figure 5-5. Main Clock Tree
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a. Control provided by RCC register bit/field.

b. Control provided by RCC register bit/field or RCC2 register bit/field, if overridden with RCC2 register bit USERCC2.
c. Control provided by RCC2 register bit/field.

d. Also may be controlled by DSLPCLKCFG when in deep sleep mode.

Note: The figure above shows all features available on all Stellaris® Fury-class devices. Not all peripherals may be
available on this device.

In the RCC register, the SYSDIV field specifies which divisor is used to generate the system clock
from either the PLL output or the oscillator source (depending on how the BYPASS bit in this register
is configured). When using the PLL, the VCO frequency of 400 MHz is predivided by 2 before the
divisor is applied. Table 5-4 shows how the SYSDIV encoding affects the system clock frequency,
depending on whether the PLL is used (BYPASS=0) or another clock source is used (BYPASS=1).
The divisor is equivalent to the SYSDIV encoding plus 1. For a list of possible clock sources, see
Table 5-3 on page 172.
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Table 5-4. Possible System Clock Frequencies Using the SYSDIV Field

SYSDI V Divisor |Frequency Frequency (BYPASS=1) StellarisWare Parameter®
(BYPASS=0)

0x0 " reserved Clock source frequency/2 SYSCTL_SYSDIV_1b
0x1 2 reserved Clock source frequency/2 SYSCTL_SYSDIV_2
0x2 13 reserved Clock source frequency/3 SYSCTL_SYSDIV_3
0x3 14 50 MHz Clock source frequency/4 SYSCTL_SYSDIV_4
0x4 5 40 MHz Clock source frequency/5 SYSCTL_SYSDIV_5
0x5 /6 33.33 MHz Clock source frequency/6 SYSCTL_SYSDIV_6
0x6 7 28.57 MHz Clock source frequency/7 SYSCTL_SYSDIV_7
0x7 /8 25 MHz Clock source frequency/8 SYSCTL_SYSDIV_8
0x8 /9 22.22 MHz Clock source frequency/9 SYSCTL_SYSDIV_9
0x9 /10 20 MHz Clock source frequency/10 SYSCTL_SYSDIV_10
O0xA M 18.18 MHz Clock source frequency/11 SYSCTL_SYSDIV_11
0xB 12 16.67 MHz Clock source frequency/12 SYSCTL_SYSDIV_12
0xC /13 15.38 MHz Clock source frequency/13 SYSCTL_SYSDIV_13
0xD /14 14.29 MHz Clock source frequency/14 SYSCTL_SYSDIV_14
OxE /15 13.33 MHz Clock source frequency/15 SYSCTL_SYSDIV_15
OxF /16 12.5 MHz (default) Clock source frequency/16 SYSCTL_SYSDIV_16

a. This parameter is used in functions such as SysCtIClockSet() in the Stellaris Peripheral Driver Library.

b. SYSCTL_SYSDIV_1 does not set the USESYSDIV bit. As a result, using this parameter without enabling the PLL results
in the system clock having the same frequency as the clock source.

The SYSDIV2 field in the RCC2 register is 2 bits wider than the SYSDIV field in the RCC register
so that additional larger divisors up to /64 are possible, allowing a lower system clock frequency for
improved Deep Sleep power consumption. When using the PLL, the VCO frequency of 400 MHz is
predivided by 2 before the divisor is applied. The divisor is equivalent to the SYSDIV2 encoding
plus 1. Table 5-5 shows how the SYSDIV2 encoding affects the system clock frequency, depending
on whether the PLL is used (BYPASS2=0) or another clock source is used (BYPASS2=1). For a list
of possible clock sources, see Table 5-3 on page 172.

Table 5-5. Examples of Possible System Clock Frequencies Using the SYSDIV2 Field

SYSDI V2 Divisor |Frequency Frequency (BYPASS2=1) StellarisWare Parameter®
(BYPASS2=0)

0x00 " reserved Clock source frequency/2 SYSCTL_SYSDIV_1b
0x01 2 reserved Clock source frequency/2 SYSCTL_SYSDIV_2
0x02 13 reserved Clock source frequency/3 SYSCTL_SYSDIV_3
0x03 14 50 MHz Clock source frequency/4 SYSCTL_SYSDIV_4
0x04 /5 40 MHz Clock source frequency/5 SYSCTL_SYSDIV_5
0x05 /6 33.33 MHz Clock source frequency/6 SYSCTL_SYSDIV_6
0x06 7 28.57 MHz Clock source frequency/7 SYSCTL_SYSDIV_7
0x07 /8 25 MHz Clock source frequency/8 SYSCTL_SYSDIV_8
0x08 /9 22.22 MHz Clock source frequency/9 SYSCTL_SYSDIV_9
0x09 /10 20 MHz Clock source frequency/10 SYSCTL_SYSDIV_10
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5.24.3

5.24.4

5.24.5

5.2.4.6

Table 5-5. Examples of Possible System Clock Frequencies Using the SYSDIV2 Field

(continued)
SYSDI V2 Divisor |Frequency Frequency (BYPASS2=1) StellarisWare Parameter®
(BYPASS2=0)
0x3F /64 3.125 MHz Clock source frequency/64 SYSCTL_SYSDIV_64

a. This parameter is used in functions such as SysCtIClockSet() in the Stellaris Peripheral Driver Library.

b. SYSCTL_SYSDIV_1 does not set the USESYSDIV bit. As a result, using this parameter without enabling the PLL results
in the system clock having the same frequency as the clock source.

Crystal Configuration for the Main Oscillator (MOSC)

The main oscillator supports the use of a select number of crystals. If the main oscillator is used by
the PLL as a reference clock, the supported range of crystals is 3.579545 to 8.192 MHz, otherwise,
the range of supported crystals is 1 to 8.192 MHz.

The XTAL bit in the RCC register (see page 189) describes the available crystal choices and default
programming values.

Software configures the RCC register XTAL field with the crystal number. If the PLL is used in the
design, the XTAL field value is internally translated to the PLL settings.
Main PLL Frequency Configuration

The main PLL is disabled by default during power-on reset and is enabled later by software if
required. Software specifies the output divisor to set the system clock frequency, and enables the
main PLL to drive the output. The PLL operates at 400 MHz, but is divided by two prior to the
application of the output divisor.

If the main oscillator provides the clock reference to the main PLL, the translation provided by
hardware and used to program the PLL is available for software in the XTAL to PLL Translation
(PLLCFG) register (see page 193). The internal translation provides a translation within £ 1% of the
targeted PLL VCO frequency. Table 20-9 on page 616 shows the actual PLL frequency and error for
a given crystal choice.

The Crystal Value field (XTAL) in the Run-Mode Clock Configuration (RCC) register (see page 189)
describes the available crystal choices and default programming of the PLLCFG register. Any time
the XTAL field changes, the new settings are translated and the internal PLL settings are updated.

To configure the external 32-kHz real-time oscillator as the PLL input reference, program the OSCRC2
field in the Run-Mode Clock Configuration 2 (RCC2) register to be 0x7.

PLL Modes

The PLL has two modes of operation: Normal and Power-Down

m Normal: The PLL multiplies the input clock reference and drives the output.

m Power-Down: Most of the PLL internal circuitry is disabled and the PLL does not drive the output.
The modes are programmed using the RCC/RCC2 register fields (see page 189 and page 194).
PLL Operation

If a PLL configuration is changed, the PLL output frequency is unstable until it reconverges (relocks)
to the new setting. The time between the configuration change and relock is Treapy (s€e Table
20-8 on page 616). During the relock time, the affected PLL is not usable as a clock reference.
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5.2.5

PLL is changed by one of the following:
m Change to the XTAL value in the RCC register—writes of the same value do not cause a relock.
m Change in the PLL from Power-Down to Normal mode.

A counter is defined to measure the Treapy requirement. The counter is clocked by the main
oscillator. The range of the main oscillator has been taken into account and the down counter is set
to 0x1200 (that is, ~600 ps at an 8.192 MHz external oscillator clock). Hardware is provided to keep
the PLL from being used as a system clock until the Trgapy condition is met after one of the two
changes above. It is the user's responsibility to have a stable clock source (like the main oscillator)
before the RCC/RCC2 register is switched to use the PLL.

If the main PLL is enabled and the system clock is switched to use the PLL in one step, the system
control hardware continues to clock the controller from the oscillator selected by the RCC/RCC2
register until the main PLL is stable (Treapy time met), after which it changes to the PLL. Software
can use many methods to ensure that the system is clocked from the main PLL, including periodically
polling the PLLLRIS bit in the Raw Interrupt Status (RIS) register, and enabling the PLL Lock
interrupt.

System Control

For power-savings purposes, the RCGCn , SCGCn , and DCGCn registers control the clock gating
logic for each peripheral or block in the system while the controller is in Run, Sleep, and Deep-Sleep
mode, respectively.

There are four levels of operation for the device defined as:

m Run Mode. In Run mode, the controller actively executes code. Run mode provides normal
operation of the processor and all of the peripherals that are currently enabled by the RCGCn
registers. The system clock can be any of the available clock sources including the PLL.

m Sleep Mode. In Sleep mode, the clock frequency of the active peripherals is unchanged, but the
processor and the memory subsystem are not clocked and therefore no longer execute code.
Sleep mode is entered by the Cortex-M3 core executing a WFl1 (Wait for Interrupt)
instruction. Any properly configured interrupt event in the system will bring the processor back
into Run mode. See “Power Management” on page 85 for more details.

Peripherals are clocked that are enabled in the SCGCn register when auto-clock gating is enabled
(see the RCC register) or the RCGCn register when the auto-clock gating is disabled. The system
clock has the same source and frequency as that during Run mode.

m Deep-Sleep Mode. In Deep-Sleep mode, the clock frequency of the active peripherals may
change (depending on the Run mode clock configuration) in addition to the processor clock being
stopped. An interrupt returns the device to Run mode from one of the sleep modes; the sleep
modes are entered on request from the code. Deep-Sleep mode is entered by first writing the
Deep Sleep Enable bit in the ARM Cortex-M3 NVIC system control register and then executing
a WFI instruction. Any properly configured interrupt event in the system will bring the processor
back into Run mode. See “Power Management” on page 85 for more details.

The Cortex-M3 processor core and the memory subsystem are not clocked. Peripherals are
clocked that are enabled in the DCGCn register when auto-clock gating is enabled (see the RCC
register) or the RCGCn register when auto-clock gating is disabled. The system clock source is
the main oscillator by default or the internal oscillator specified in the DSLPCLKCFG register if
one is enabled. When the DSLPCLKCFG register is used, the internal oscillator is powered up,
if necessary, and the main oscillator is powered down. If the PLL is running at the time of the
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WFI instruction, hardware will power the PLL down and override the SYSDIV field of the active
RCC/RCC2 register, to be determined by the DSD 1VOR I DE setting in the DSLPCLKCFG register,
up to /16 or /64 respectively. When the Deep-Sleep exit event occurs, hardware brings the system
clock back to the source and frequency it had at the onset of Deep-Sleep mode before enabling
the clocks that had been stopped during the Deep-Sleep duration.

m Hibernate Mode. In this mode, the power supplies are turned off to the main part of the device
and only the Hibernation module's circuitry is active. An external wake event or RTC event is
required to bring the device back to Run mode. The Cortex-M3 processor and peripherals outside
of the Hibernation module see a normal "power on" sequence and the processor starts running
code. It can determine that it has been restarted from Hibernate mode by inspecting the
Hibernation module registers.

Caution — If the Cortex-M3 Debug Access Port (DAP) has been enabled, and the device wakes from a
low power sleep or deep-sleep mode, the core may start executing code before all clocks to peripherals
have been restored to their run mode configuration. The DAP is usually enabled by software tools
accessing the JTAG or SWD interface when debugging or flash programming. If this condition occurs,
a Hard Fault is triggered when software accesses a peripheral with an invalid clock.

A software delay loop can be used at the beginning of the interrupt routine that is used to wake up a
system from a WFI (Wait For Interrupt) instruction. This stalls the execution of any code that accesses
a peripheral register that might cause a fault. This loop can be removed for production software as the
DAP is most likely not enabled during normal execution.

Because the DAP is disabled by default (power on reset), the user can also power-cycle the device. The
DAP is not enabled unless it is enabled through the JTAG or SWD interface.

Initialization and Configuration

The PLL is configured using direct register writes to the RCC/RCC2 register. If the RCC2 register
is being used, the USERCC2 bit must be set and the appropriate RCC2 bit/field is used. The steps
required to successfully change the PLL-based system clock are:

1. Bypass the PLL and system clock divider by setting the BYPASS bit and clearing the USESYS
bit in the RCC register. This configures the system to run off a “raw” clock source and allows
for the new PLL configuration to be validated before switching the system clock to the PLL.

2. Select the crystal value (XTAL) and oscillator source (OSCSRC), and clear the PWRDN bit in
RCC/RCC2. Setting the XTAL field automatically pulls valid PLL configuration data for the
appropriate crystal, and clearing the PWRDN bit powers and enables the PLL and its output.

3. Select the desired system divider (SYSDIV) in RCC/RCC2 and set the USESYS bitin RCC. The
SYSDIV field determines the system frequency for the microcontroller.

4. Wait for the PLL to lock by polling the PLLLRIS bit in the Raw Interrupt Status (RIS) register.
5. Enable use of the PLL by clearing the BYPASS bit in RCC/RCC2.

Register Map

Table 5-6 on page 179 lists the System Control registers, grouped by function. The offset listed is a
hexadecimal increment to the register's address, relative to the System Control base address of
0x400F.EQ00.
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Note:

internal use. Software should not modify any reserved memory address.

Table 5-6. System Control Register Map

Spaces in the System Control register space that are not used are reserved for future or

Offset Name Type Reset Description :‘ZZ
0x000 | DIDO RO - Device Identification 0 181
0x004 | DID1 RO - Device Identification 1 197
0x008  DCO RO 0x00FF.007F Device Capabilities 0 199
0x010 | DC1 RO 0x0101.32FF Device Capabilities 1 200
0x014 DC2 RO 0x030F.5033 Device Capabilities 2 202
0x018  DC3 RO OxBFFF.OFCO Device Capabilities 3 204
0x01C | DC4 RO 0x0000.COFF Device Capabilities 4 206
0x030  PBORCTL R/W 0x0000.7FFD Brown-Out Reset Control 183
0x034 | LDOPCTL R/wW 0x0000.0000 LDO Power Control 184
0x040 | SRCRO R/W 0x00000000 Software Reset Control 0 229
0x044 | SRCR1 R/W 0x00000000 Software Reset Control 1 230
0x048  SRCR2 R/wW 0x00000000 Software Reset Control 2 232
0x050 RIS RO 0x0000.0000 Raw Interrupt Status 185
0x054 IMC R/W 0x0000.0000 Interrupt Mask Control 186
0x058 MISC R/W1C 0x0000.0000 Masked Interrupt Status and Clear 187
0x05C | RESC R/W - Reset Cause 188
0x060 | RCC R/W 0x0780.3AD1 Run-Mode Clock Configuration 189
0x064 | PLLCFG RO - XTAL to PLL Translation 193
0x070 | RCC2 R/W 0x0780.2810 Run-Mode Clock Configuration 2 194
0x100 RCGCO R/W 0x00000040 Run Mode Clock Gating Control Register 0 208
0x104 | RCGC1 R/W 0x00000000 Run Mode Clock Gating Control Register 1 214
0x108 RCGC2 R/W 0x00000000 Run Mode Clock Gating Control Register 2 223
0x110 SCGCO R/W 0x00000040 Sleep Mode Clock Gating Control Register 0 210
0x114 | SCGC1 R/W 0x00000000 Sleep Mode Clock Gating Control Register 1 217
0x118 SCGC2 R/W 0x00000000 Sleep Mode Clock Gating Control Register 2 225
0x120  DCGCO R/W 0x00000040 Deep Sleep Mode Clock Gating Control Register 0 212
0x124 DCGCA1 R/W 0x00000000 Deep Sleep Mode Clock Gating Control Register 1 220
0x128 DCGC2 R/W 0x00000000 Deep Sleep Mode Clock Gating Control Register 2 227
0x144 DSLPCLKCFG R/W 0x0780.0000 Deep Sleep Clock Configuration 196
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5.5 Register Descriptions

All addresses given are relative to the System Control base address of 0x400F.E000.
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Register 1: Device ldentification 0 (DID0), offset 0x000

This register identifies the version of the microcontroller. Each microcontroller is uniquely identified
by the combined values of the CLASS field in the DIDO register and the PARTNO field in the DID1
register.

Device Identification 0 (DIDO)

Base 0x400F.E000
Offset 0x000
Type RO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 I 1 1 I I 1 I 1 I
reserved VER reserved CLASS
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1
MAJOR MINOR
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset - - - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

30:28 VER RO 0x1 DIDO Version
This field defines the DIDO register format version. The version number
is numeric. The value of the VER field is encoded as follows:

Value Description
0x1  Second version of the DIDO register format.

27:24 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

23:16 CLASS RO 0x1 Device Class

The CLASS field value identifies the internal design from which all mask
sets are generated for all devices in a particular product line. The CLASS
field value is changed for new product lines, for changes in fab process
(for example, a remap or shrink), or any case where the MAJOR or MINOR
fields require differentiation from prior devices. The value of the CLASS
field is encoded as follows (all other encodings are reserved):

Value Description

0x1  Stellaris® Fury-class devices.
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Bit/Field Name Type Reset

15:8 MAJOR RO -

7:0 MINOR RO -

Description

Major Revision

This field specifies the major revision number of the device. The major
revision reflects changes to base layers of the design. The major revision
number is indicated in the part number as a letter (A for first revision, B
for second, and so on). This field is encoded as follows:

Value Description
0x0 Revision A (initial device)
0x1  Revision B (first base layer revision)

0x2 Revision C (second base layer revision)
and so on.

Minor Revision

This field specifies the minor revision number of the device. The minor
revision reflects changes to the metal layers of the design. The MINOR
field value is reset when the MAJOR field is changed. This field is numeric
and is encoded as follows:

Value Description
0x0 Initial device, or a major revision update.
0x1  First metal layer change.

0x2 Second metal layer change.

and so on.
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Register 2: Brown-Out Reset Control (PBORCTL), offset 0x030

This register is responsible for controlling reset conditions after initial power-on reset.

Brown-Out Reset Control (PBORCTL)

Base 0x400F.E000
Offset 0x030
Type R/W, reset 0x0000.7FFD
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I 1 I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I 1 I 1 I 1 I I I I 1 I
reserved BORIOR | reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO R/W RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:2 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

1 BORIOR R/W 0 BOR Interrupt or Reset
This bit controls how a BOR event is signaled to the controller. If set, a
reset is signaled. Otherwise, an interrupt is signaled.

0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 3: LDO Power Control (LDOPCTL), offset 0x034
The VADJ field in this register adjusts the on-chip output voltage (Vg 7).

LDO Power Control (LDOPCTL)

Base 0x400F.E000
Offset 0x034
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 ) 1 ) 1 1 1 1 ) 1 ) 1 ) 1 1
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
reserved VADJ
1 1 1
Type RO RO RO RO RO RO RO RO RO RO R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:6 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
5:0 VADJ R/W 0x0 LDO Output Voltage
This field sets the on-chip output voltage. The programming values for
the VADJ field are provided below.
Value VOUT (V)
0x00 2.50
0x01 2.45
0x02 2.40
0x03 2.35
0x04 2.30
0x05 2.25
0x06-0x3F Reserved
0x1B 2.75
0x1C 2.70
0x1D 2.65
Ox1E 2.60
Ox1F 2.55
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Register 4: Raw Interrupt Status (RIS), offset 0x050

Central location for system control raw interrupts. These are set and cleared by hardware.

Raw Interrupt Status (RIS)

Base 0x400F.E000
Offset 0x050
Type RO, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 I 1 I I 1 I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 I I I 1 I
reserved PLLLRIS reserved BORRIS | reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:7 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
6 PLLLRIS RO 0 PLL Lock Raw Interrupt Status
This bit is set when the PLL Trgapy Timer asserts.

5:2 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

1 BORRIS RO 0 Brown-Out Reset Raw Interrupt Status
This bit is the raw interrupt status for any brown-out conditions. If set,
a brown-out condition is currently active. This is an unregistered signal
from the brown-out detection circuit. An interrupt is reported if the BORIM
bitin the IMC register is set and the BORIOR bit in the PBORCTL register
is cleared.

0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 5: Interrupt Mask Control (IMC), offset 0x054

Central location for system control interrupt masks.

Interrupt Mask Control (IMC)

Base 0x400F.E000
Offset 0x054
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 I 1 1 I 1 I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 1 I I 1 I
reserved PLLLIM reserved BORIM | reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RIW RO RO RO RO RIW RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:7 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
6 PLLLIM R/W 0 PLL Lock Interrupt Mask
This bit specifies whether a PLL Lock interrupt is promoted to a controller
interrupt. If set, an interrupt is generated if PLLLRIS in RIS is set;
otherwise, an interrupt is not generated.

5:2 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

1 BORIM R/W 0 Brown-Out Reset Interrupt Mask
This bit specifies whether a brown-out condition is promoted to a
controller interrupt. If set, an interrupt is generated if BORRIS is set;
otherwise, an interrupt is not generated.

0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 6: Masked Interrupt Status and Clear (MISC), offset 0x058

On a read, this register gives the current masked status value of the corresponding interrupt. All of
the bits are R/W1C and this action also clears the corresponding raw interrupt bit in the RIS register
(see page 185).

Masked Interrupt Status and Clear (MISC)

Base 0x400F.E000
Offset 0x058
Type R/W1C, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 I 1 I 1 I 1 I I 1 I 1 I
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 I 1 I I 1 I
reserved PLLLMIS reserved BORMIS | reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RW1C RO RO RO RO RIW1C RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:7 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
6 PLLLMIS R/W1C 0 PLL Lock Masked Interrupt Status
This bit is set when the PLL Tgreapy timer asserts. The interrupt is cleared
by writing a 1 to this bit.

5:2 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

1 BORMIS R/W1C 0 BOR Masked Interrupt Status
The BORMI S is simply the BORRIS ANDed with the mask value, BORIM.
0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 7: Reset Cause (RESC), offset 0x05C

This register is set with the reset cause after reset. The bits in this register are sticky and maintain
their state across multiple reset sequences, except when an power-on reset is the cause, in which
case, all bits other than POR in the RESC register are cleared.

Reset Cause (RESC)

Base 0x400F.E000
Offset 0x05C
Type R/W, reset -
31 30 29 28 27 26 24 23 22 21 20 19 18 17 16
1 ) 1 1 1 1 1 ) 1 ) 1 )
reserved
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 8 7 6 5 4 3 2 1 0
1 ) 1 1 1 I 1
reserved Sw WDT BOR POR EXT
1
Type RO RO RO RO RO RO RO RO RO RO RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 - - - - -
Bit/Field Name Type Description
31:5 reserved RO Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
4 SW R/W Software Reset
When set, indicates a software reset is the cause of the reset event.
3 WDT R/W Watchdog Timer Reset
When set, indicates a watchdog reset is the cause of the reset event.
2 BOR R/W Brown-Out Reset
When set, indicates a brown-out reset is the cause of the reset event.
1 POR R/W Power-On Reset
When set, indicates a power-on reset is the cause of the reset event.
0 EXT R/W External Reset
When set, indicates an external reset (RST assertion) is the cause of
the reset event.
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Register 8: Run-Mode Clock Configuration (RCC), offset 0x060

This register is defined to provide source control and frequency speed.

Run-Mode Clock Configuration (RCC)

Base 0x400F.E000
Offset 0x060
Type R/W, reset 0x0780.3AD1

31 30 29 28

27 26 25

24 23 22 21 20 19 18 17 16

1 I 1
reserved

ACG

1
SYSDIV

I
USESYSDI

I 1 I
reserved

Type
Reset 0 0

R/W
0

1

R/W
1

10

R/W
1

R/W

R/W R/W
1 1 0

reserved

BYPASS

reserved

I0SCDIS

MOSCDIS

Type
Reset 0 0

Bit/Field

31:28

27

26:23

22

RO
1 1

Name

reserved

ACG

SYSDIV

USESYSDIV

R/W
1

RO
0

Type

RO

R/W

Reset

0x0

Description

RW
0 0 0

R/W
1

Software should not rely on the value of a reserved bit. To provide

R/wW 0

R/wW OxF

R/wW 0

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Auto Clock Gating

This bit specifies whether the system uses the Sleep-Mode Clock
Gating Control (SCGCn) registers and Deep-Sleep-Mode Clock
Gating Control (DCGCn) registers if the controller enters a Sleep or
Deep-Sleep mode (respectively). If set, the SCGCn or DCGCn registers
are used to control the clocks distributed to the peripherals when the
controller is in a sleep mode. Otherwise, the Run-Mode Clock Gating
Control (RCGCn) registers are used when the controller enters a sleep
mode.

The RCGCn registers are always used to control the clocks in Run
mode.

This allows peripherals to consume less power when the controller is
in a sleep mode and the peripheral is unused.

System Clock Divisor

Specifies which divisor is used to generate the system clock from either
the PLL output or the oscillator source (depending on how the BYPASS
bit in this register is configured). See Table 5-4 on page 175 for bit
encodings.

If the SYSDI1V value is less than MINSYSDI1V (see page 200), and the
PLL is being used, then the MINSYSDIV value is used as the divisor.

If the PLL is not being used, the SYSDIV value can be less than
MINSYSDIV.

Enable System Clock Divider

Use the system clock divider as the source for the system clock. The
system clock divider is forced to be used when the PLL is selected as
the source.

If the USERCC2 bit in the RCC2 register is set, then the SYSDI1V2 field
in the RCC2 register is used as the system clock divider rather than the
SYSDIV field in this register.
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Bit/Field

21:14

13

12

1

10

Name

reserved

PWRDN

reserved

BYPASS

reserved

Type

RO

R/W

RO

R/W

RO

Reset

Description

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

PLL Power Down

This bit connects to the PLL PWRDN input. The reset value of 1 powers
down the PLL.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

PLL Bypass

Chooses whether the system clock is derived from the PLL output or
the OSC source. If set, the clock that drives the system is the OSC
source. Otherwise, the clock that drives the system is the PLL output
clock divided by the system divider.

See Table 5-4 on page 175 for programming guidelines.

Note: The ADC must be clocked from the PLL or directly from a
14-MHz to 18-MHz clock source to operate properly. While
the ADC works in a 14-18 MHz range, to maintaina 1 M
sample/second rate, the ADC must be provided a 16-MHz
clock source.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name Type Reset Description

9:6 XTAL R/W 0xB Crystal Value

This field specifies the crystal value attached to the main oscillator. The
encoding for this field is provided below. Depending on the crystal used,
the PLL frequency may not be exactly 400 MHz (see Table

20-9 on page 616 for more information).

Value Crystal Frequency (MHz) Not Crystal Frequency (MHz) Using

Using the PLL the PLL
0x0 1.000 reserved
0x1 1.8432 reserved
0x2 2.000 reserved
0x3 2.4576 reserved
0x4 3.579545 MHz
0x5 3.6864 MHz
0x6 4 MHz
0x7 4.096 MHz
0x8 4.9152 MHz
0x9 5 MHz
O0xA 5.12 MHz
0xB 6 MHz (reset value)
0xC 6.144 MHz
0xD 7.3728 MHz
OxE 8 MHz
OxF 8.192 MHz
5:4 OSCSRC R/wW 0x1 Oscillator Source

Selects the input source for the OSC. The values are:

Value Input Source

0x0 MOSC
Main oscillator
0x1 10SC
Internal oscillator (default)
0x2 10SC/4
Internal oscillator / 4
0x3 30kHz

30-KHz internal oscillator
For additional oscillator sources, see the RCC2 register.

3:2 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

1 IOSCDIS R/W 0 Internal Oscillator Disable
0: Internal oscillator (IOSC) is enabled.
1: Internal oscillator is disabled.
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Bit/Field Name Type Reset Description

0 MOSCDIS R/W 1 Main Oscillator Disable
0: Main oscillator is enabled .
1: Main oscillator is disabled (default).
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Register 9: XTAL to PLL Translation (PLLCFG), offset 0x064

This register provides a means of translating external crystal frequencies into the appropriate PLL
settings. This register is initialized during the reset sequence and updated anytime that the XTAL
field changes in the Run-Mode Clock Configuration (RCC) register (see page 189).

The PLL frequency is calculated using the PLLCFG field values, as follows:

PLLFreq = OSCFreq * F /7 (R + 1)

XTAL to PLL Translation (PLLCFG)

Base 0x400F.E000
Offset 0x064
Type RO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
) 1 ) 1 1 1 1 ) 1 ) 1 ) 1 1
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1
reserved E R
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:14 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
13:5 F RO - PLL F Value
This field specifies the value supplied to the PLL’s F input.
4:0 R RO - PLL R Value
This field specifies the value supplied to the PLL’s R input.
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Register 10: Run-Mode Clock Configuration 2 (RCC2), offset 0x070

This register overrides the RCC equivalent register fields, as shown in Table 5-7, when the USERCC2
bit is set, allowing the extended capabilities of the RCC2 register to be used while also providing a
means to be backward-compatible to previous parts. Each RCC2 field that supersedes an RCC
field is located at the same LSB bit position; however, some RCC2 fields are larger than the
corresponding RCC field.

Table 5-7. RCC2 Fields that Override RCC fields

RCC2 Field...

Overrides RCC Field

SYSDIV2, bits[28:23]

SYSDIV, bits[26:23]

PWRDN2, bit[13]

PWRDN, bit[13]

BYPASS2, bit[11]

BYPASS, bit[11]

OSCSRC2, bits[6:4]

0SCSRC, bits[5:4]

Run-Mode Clock Configuration 2 (RCC2)

Base 0x400F.E000
Offset 0x070
Type R/W, reset 0x0780.2810
31 30 29 28 27 24 23 22 21 20 19 18 17 16
I I I I 1 I 1 I
USERCC2] reserved reserved
1 1
Type  RW RO RO RW RW RIW RW RO RO RO RO RO RO RO
Reset 0 0 0 0 0 1 1 0 0 0 0 0 0 0
15 14 13 12 1 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1
reserved PWRDN2]| reserved |BYPASS2 OSCSRC2 reserved
1
Type RO RO RIW RO RW RO RO RIW RW RIW RO RO RO RO
Reset 0 0 1 0 1 0 0 0 0 1 0 0 0 0
Bit/Field Name Type Description

31 USERCC2 R/W Use RCC2
When set, overrides the RCC register fields.

30:29 reserved RO Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

28:23 SYSDIV2 R/W System Clock Divisor
Specifies which divisor is used to generate the system clock from either
the PLL output or the oscillator source (depending on how the BYPASS2
bit is configured). SYSD1V2 is used for the divisor when both the
USESYSDIV bitin the RCC register and the USERCC2 bit in this register
are set. See Table 5-5 on page 175 for programming guidelines.

22:14 reserved RO Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

13 PWRDN2 R/W Power-Down PLL
When set, powers down the PLL.

12 reserved RO Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field

1

10:7

6:4

3.0

Name

BYPASS2

reserved

OSCSRC2

reserved

Type

R/W

RO

R/W

RO

Reset

0x0

0x1

Description

Bypass PLL

When set, bypasses the PLL for the clock source.

See Table 5-5 on page 175 for programming guidelines.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Oscillator Source
Selects the input source for the OSC. The values are:

Value Description

0x0 MOSC

Main oscillator
0x1 10SC

Internal oscillator
0x2 |0SC/4

Internal oscillator / 4
0x3 30kHz

30-kHz internal oscillator
0x4 Reserved
0x5 Reserved
0x6 Reserved
0x7 32kHz
32.768-kHz external oscillator

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 11: Deep Sleep Clock Configuration (DSLPCLKCFG), offset 0x144

This register provides configuration information for the hardware control of Deep Sleep Mode.

Deep Sleep Clock Configuration (DSLPCLKCFG)

Base 0x400F.E000
Offset 0x144
Type R/W, reset 0x0780.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 ) 1 ) 1 1
reserved DSDIVORIDE reserved
1 1 1
Type RO RO RO R/W R/W RIW R/W RIW R/W RO RO RO RO RO RO RO
Reset 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 ) 1 1 1 1 ) ) 1 1
reserved DSOSCSRC reserved
1 1
Type RO RO RO RO RO RO RO RO RO RIW R/W R/W RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

31:29 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

28:23 DSDIVORIDE R/W 0xOF Divider Field Override
6-bit system divider field to override when Deep-Sleep occurs with PLL
running.

22:7 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

6:4 DSOSCSRC R/W 0x0 Clock Source
Specifies the clock source during Deep-Sleep mode.

Value Description
0x0 MOSC
Use main oscillator as source.
0x1 10SC
Use internal 12-MHz oscillator as source.
0x2 Reserved
0x3 30kHz
Use 30-kHz internal oscillator as source.
0x4 Reserved
0x5 Reserved
0x6 Reserved
0x7 32kHz
Use 32.768-kHz external oscillator as source.

3:0 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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