PRELIMINARY

LUMINARYMICRO®

LM3S1751 Microcontroller

DATA SHEET

DS-LM3S1751-3447 Copyright © 2007-2008 Luminary Micro, Inc.



INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH LUMINARY MICRO PRODUCTS. NO LICENSE, EXPRESS OR
IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT
AS PROVIDED IN LUMINARY MICRO'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, LUMINARY MICRO ASSUMES NO
LIABILITY WHATSOEVER, AND LUMINARY MICRO DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO SALE AND/OR
USE OF LUMINARY MICRO'S PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.
LUMINARY MICRO'S PRODUCTS ARE NOT INTENDED FOR USE IN MEDICAL, LIFE SAVING, OR LIFE-SUSTAINING APPLICATIONS.

Luminary Micro may make changes to specifications and product descriptions at any time, without notice. Contact your local Luminary Micro sales office
or your distributor to obtain the latest specifications before placing your product order.

Designers must not rely on the absence or characteristics of any features or instructions marked "reserved" or "undefined." Luminary Micro reserves these
for future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

Copyright © 2007-2008 Luminary Micro, Inc. All rights reserved. Stellaris, Luminary Micro, and the Luminary Micro logo are registered trademarks of
Luminary Micro, Inc. or its subsidiaries in the United States and other countries. 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.

Luminary Micro, Inc. ®
108 Wild Basin, Suite 350
Austin, TX 78746

®

Main: +1-512-279-8800 é " mEm ==
Fax: +1-512-279-8879 u w
http://www.luminarymicro.com =) o r ex
MICRO u Intelligent Processors by ARM*
2 July 25, 2008

Preliminary



LM3S1751 Microcontroller

ReVISION HISLOIrY ...ttt s e s s s s s s s e s e e s mm s s s s e e e e e rmmman s s s s s e e rennnmmnsnssssnsnnnnnn 19
About This DOCUMENT ... s s s s e e s nm s s s s e e e e e s mmm s a s e e e e e e e rmmmannssnnns 21
N E o 1= T PP 21
ADBOUL ThiS IMANUAI ... e ettt et e e e e et e et e et e e et e e ean e eeens 21
Related DOCUMENTS ... .ot e ettt e et et e et e et e e et e e e e e e en e e et e e et e eeen e eennaae 21
Documentation CONVENTIONS ... ... i ettt e e e e et e e e e e e e e e e e eaeeeanns 21
1 Architectural OVEIrVIEW ... s mmnn e e 24
1.1 ProdUCE FEAUIES ... et ettt e e e e et e e e e eaaaeees 24
1.2 Target APPIICAtIONS ... et e e ea e eaas 30
1.3 High-Level BIOCK DIagram .........cuuuiiiiiiiiei ettt et e e e e et e e e 30
14 FUNCHONAI OVEIVIEW ....oeiiiie e e e et e e e e e et e e et e e e e e et e e ean e eannes 31
g Y N 1Y 0] (= L V1 PSP 32
1.4.2  Motor Control PeriPRErals ..........ocouiiiiiiiiii e e e e e eaaas 32
1.4.3  ANalog PeriPRErals ... ... ettt 33
1.4.4  Serial Communications Peripherals ... e 34
1.4.5  SyStem PeriPREIalS ... ettt 35
1.4.6  MemOry PeriPREIalS ... .ottt e et e 36
L A X [ 1) o) F= I = (1 =Y 36
1.4.8  Hardware Details .........oooiniiii et 37
2 ARM Cortex-M3 ProCesSSOr COIe ......ccuuiimiiiiiiiiimiiimrssrssssssssssssssssssssssssssssssssssssssssssssssssssssss 38
21 =] (oTe [ D IT=To | =1 1 o H PP PPPR PPN 39
2.2 U oo ] g F= 1 I D= o] T o) (] o I 39
2.2.1  Serial Wire and JTAG DEDUQG ......uuiiiiiiiiiieiiii ettt ettt e e e e e e et e e e eat e e eeeetn s e eeentnaaaees 39
2.2.2 Embedded Trace MacrocCell (ETIM) ... e e e e e 40
2.2.3 Trace Port Interface Unit (TPIU) ..o 40
224  ROM TADIE ...uuiiiiiiiiieieee et e et e et e e e e e e e e e e e e aea e e et aeaa s 40
2.2.5 Memory Protection Unit (MPU) ...t e e e e e eaeas 40
2.2.6  Nested Vectored Interrupt Controller (NVIC) .........iiiiiiiiiiii e 40
3 =T 40T oT Y T T o 44
4 L] =Y o T 46
5 B 7Y 5 =T o - T 49
5.1 =] o1t QB T= e =T o £ PP 50
5.2 FUNCioNal DESCIIPLON ... .ottt e et e et e e e 50
L B N Y € [ 1 1= 7= Vot YN o U 51
5.2.2  JTAG TAP CONITOIIET ...uieiiiiie et e e e et e et e e e et e e e e et e e e e eaan s 52
5.2.3  Shift REGISIEIS ...oiiiiiiiiiii e e e e e et e et a e as 53
5.2.4 Operational ConSiErations ..........ccouiiiiiiiiiiii e e 53
5.3 Initialization and ConfiQUuration ... 56
5.4 Register DESCIIPHONS ... ettt e et e et e e e e e e e s 56
5.4.1  Instruction ReGISIEr (IR) .....ui i ettt e et e e e aeees 56
LR S B - = T =T | ] (= TP 58
6 SyYStemM CONLIOl ... 60
6.1 FUNCLioNal DESCIIPLION ...eeiie ittt e eaas 60
6.1.1  Device IdentifiCation .............iiiiiii i e 60
July 25, 2008 3

Preliminary



Table of Contents

L0t I =YY A 070 3¢ PR 60
L R B 0111 =T @7 11 o S 63
L g S O T Yo QO o | £ ) 63
B.1.5  SYSLEM CONMIOL ... ettt e e et e et e e s 66
6.2 Initialization and Configuration ..............oiiiii i 67
6.3 Yo 1] (=T g Y/ =1 o PP 68
6.4 Register DESCIIPLIONS ... .o et e et e et e e e e e e e e e eaa e 69
7 Hibernation Module ... ——————— 118
71 =] [o Yo QDT F=To | - o ¢ 1PN 119
7.2 (¥ Toxi o] =1 I B T= =T od ] 1 o] o P 119
7.21  Register ACCESS TIMING ...ceuiiii e e et e e et e et e e e e e et e e e e e et e e een e eaneeeen 119
A O [ Tor QR To T U o P 120
7.2.3  Battery Management ... ... e 121
T7.24  REAIFTIME CIOCK ...ttt ettt e e ettt e e e et e e e et e e e et e e e eannnns 122
2 T o) d B Y] F= 1 L= TN 1Y, =Y o o] o 122
A S T o 1= 0o o1 1 o PSPPSR 122
7.2.7  Interrupts and StatUS ........o.ooiiii i e ea e eaas 123
7.3 Initialization and Configuration ... 123
A Tt B [ 111 =1 2.2 i o o 123
7.3.2 RTC Match Functionality (No Hibernation) ............couiiiiiiiii e 124
7.3.3 RTC Match/Wake-Up from HIibernation ..............ccooiiiiiiiiiii e 124
7.3.4 External Wake-Up from Hibernation ... 124
7.3.5 RTC/External Wake-Up from Hibernation ... e 124
7.4 REGISIEI IMAP .t e e 124
7.5 Register DESCIIPHIONS ... i et e et e e 125
8 INterNal MEMOTY ... 138
8.1 =] oot QI 1 T=To | =1 o PSP 138
8.2 FUNCHional DESCIIPHON .. .ouuiiiiiit et e et e e e e e e aaa e 138
o I B | 0 N1V 1Y =T 0T o 138
T F= 1= o T 1Y/ 1= o o T PR 139
8.3 Flash Memory Initialization and Configuration .................ciiiiiiiiiii e 140
8.3.1  FIash ProgramiMing ......c...u oottt e e et e ettt e e ettt e e e etbneaeeraaeeee 140
8.3.2 Nonvolatile Register Programming ..........c...oooooiiiii e 141
8.4 =T 0[] (=1 1 =T o RSSO 141
8.5 Flash Register Descriptions (Flash Control OffSet) ...........oiiiiiiiiiiiii e 142
8.6 Flash Register Descriptions (System Control Offset) .........cccouiiiiiiiiiiii e 149
9 General-Purpose Input/Outputs (GPIOS) ... 162
9.1 FUNCLioNal DESCIIPON ...ttt eeas 162
1S 0t T T B - - T 0o o1 1 (o PP 163
9.1.2  INEEITUPE CONION ...t ettt e et e e e e e e e e et e e e e eaaaeeees 164
1S 2 R T 1Y oo [N @ o o) R 165
1S It I 0o o T 11 GO 1o P 165
1S IRt O T - To [0 o o ¥ ) 165
1S T LG T o 1= o1 1 Tw*=1 o ) o 165
9.2 Initialization and ConfiguIation .............cooii i e 166
9.3 o153 (=T 1Y =T o T PN 167
9.4 Register DESCIIPIONS .. ... i et e e e e e e e 169
4 July 25, 2008

Preliminary



LM3S1751 Microcontroller

10 General-Purpose TIMEIS ...t s s s s s s s e s e e e s s e e e s e s s eersereneees 204
10.1 ] oTe3 QI T F=To -1 o SRR 204
10.2  Functional DESCHPLON .....eei et e e e e e e e e e e eeans 205
10.2.1 GPTM ReSet CONAItIONS .....niiiiiiiiii et e e e e e e e e et e e et e e e e e eaneeennas 205
10.2.2 32-Bit Timer Operating MOAES ..........iiiiiiiiii et e e e e e e e e e e eaaaes 206
10.2.3 16-Bit Timer Operating MOAES ..........ooiiiiiii e e 207
10.3  Initialization and ConfigUration .............coouiiiiiiiii e 211
10.3.1 32-Bit One-Shot/Periodic TIMer MOAE .......... i 211
10.3.2 32-Bit Real-Time Clock (RTC) MOGE ......ooiiiiiiieeeeee e e e e e e e 212
10.3.3 16-Bit One-Shot/Periodic TIMer MOAE ..........iiiiiiiiie e e e 212
10.3.4 16-Bit Input Edge Count MOAE .......cconiiiiiiii e e 213
10.3.5 16-Bit Input Edge Timing MOAE .......cooniiiiiie e e eaaeas 213
10.3.6  16-Bit PWM MOGE .....ooiiiiiiiiie ittt oottt e e e e et ettt e e e e e e eeenabaan s 214
R = To 1S3 (=Y 1 =1 o S 214
10.5  Register DESCHPHIONS .....couuiiiiii e e et 215
1" WatChdOog TIMET .....ccoiiiiieernr s nann e 240
11.1 ] oTe3 QI TF=To -1 o PR 240
11.2 Functional DeSCHIPION ... e e e e e e e e e aans 240
11.3  Initialization and Configuration ..o e 241
R = o 15 (=Y g 1 =1 o N 241
11.5 RegisSter DESCIiPtIONS ...t et e e e 242
12 Analog-to-Digital Converter (ADC) .......ccccciiiiiiimmmmrriisssrr s ssssss e 263
121 2] oTed [Q B IT=To | =1 o E PP TP PTRPPPRPP 264
12.2  FUNCioNal DeSCIIPLION ...cviii et e e e e e e e e e e e e e e e 264
12.2.1 SAMPIE SEUUENCELS .. .couuiiiiiii ettt et e e e et e et e e et e e e e e et e e e et e e et e e et e eaaeeaans 264
L2 Y/ T To [N LI 0o o i o) PR 265
12.2.3 Hardware Sample Averaging CirCUIL .........coouuuiiiiii e 266
12.2.4 Analog-to-Digital CONVEIET .......coouiiiiiiii e et e e e e e eeeans 266
12.2.5 Differential SamPIiNG .........uiiiiiiii e 266
12.2.6 TESEIMOAES ...ttt ettt ettt eanan 268
12.2.7 Internal TEMPEIATUIE SENSON .......uuiiiiiiii e e e e e e e e e e eaass 268
12.3  Initialization and ConfigUration ............ooooiiiiiii e 269
12.3.1 Module INItIAliIZAtION ..o e e 269
12.3.2 Sample Sequencer ConfiguIation ............ooioiuii o 269
L =T 1] (=Y g 1V =T o PPN 269
12.5  Register DESCIIPLIONS .....oiuiiiii e e e et e e e e 270
13 Universal Asynchronous Receivers/Transmitters (UARTS) .........ccccvvmmmmminninnisinnnnnnnn 296
13.1 2] (oTed[Q DI T=To | =1 o E PP UPPTRPPPRPP 297
13.2  FUNCONal DeSCIIPLION ...ceiiic e e e e e e e e e e e e e e e e e e 297
13.2.1 TranSMIt/RECEIVE LOGIC ....uuuieiiiiiiieeiiiie ettt e e e e e e et e e e e et e e e e et e e e e et e e eeean s 297
13.2.2 Baud-Rate Generation ... e e 298
13.2.3 Data TranSMUSSION ......oieeieiiiie ittt e et e e e e et e e e e e e e e e et e e ea e e e e e e e eanaaes 298
B S T = 1 5] USRI 299
13.2.5 FIFO OPEration .......oiiiiiiiieiiiii ettt e ettt e e ettt e e e et e e e e et e e e eeaa e e e eana e e eeenans 300
S T2 G T 1 (=Y U o P 300
13.2.7 Loopback OPEration ...........coiiuiiiiiiiii et e e et a e 301
13.2.8  IrDA SIR DIOCK ...ttt e e e et ettt e e e e e e e e e ettt e e e e e e e eeeaaaans 301
13.3  Initialization and Configuration ... e 301
July 25, 2008 5

Preliminary



Table of Contents

G T = To 153 LY 1Y =T o PN 302
13.5  Register DeSCIIPHONS ...t et e e et e e e e e e e et 303
14 Synchronous Serial Interface (SSI) .....cooooi i ——————— 337
14.1 =] oTe3 QI I T=To =1 o  H PR 337
14.2  Functional DeSCHPON ... et e e e e e e e e e e e e e eeans 337
14.2.1 Bit Rate GeNEeration ........o.iiiiiiiii et aan s 338
L e | L@ @ o T=T = i o] o PSPPI 338
L T 101 (=Y o U €PN 338
14.2.4 Frame FOIMALS ....coouuiiiiiii ettt e e e e ettt e e e e e e e e e e eees 339
14.3  Initialization and ConfigUration .............coouiiiiiiiii et e e e e 346
L = To 1] (=T g 1V =T o TSP PPPPPTRPPIN 347
14.5  Register DESCIIPHIONS .....couuiiiiii e ettt e e 348
15 Inter-Integrated Circuit (I2C) INtErface ..........ccoceceeeeeeeererererereeeeieeeeeeeeseeeseesssssssssssssssssssnnns 374
15.1 =] oTe3 QI T T=To -1 o SRR 374
15.2  Functional DeSCHPLON .....oeeiie et e e e e e e e e e e e eaans 374
15.2.1 12C BUS FUNCHONAI OVEIVIEW .......cviuiiiiiitiiiiieeteieie sttt 375
15.2.2 Available Speed MOUES .......oouiiiii e 377
(R RC T [ 01 (=T 4 U o] £ TSP 378
15.2.4 Loopback OPEration .........ccoouuiiiiiiiii ittt eeaan 378
15.2.5 Command Sequence FIOW Charts ..........cccoouiiiiiiiii e 379
15.3  Initialization and Configuration .............coouiiiiiiiii e 385
15.4  REGISIEr IMAPD ..ot e ettt et e e e 386
15.5  Register Descriptions (I2C MaStEr) ...........cc.oiueiueieeieeeee e 387
15.6  Register Descriptions (I2C SIAVE) .....couuuiiiiiii e 400
16 ANAlog COMPArator .......cooiiiiiicccccicirrrrrrr s s annan 409
16.1 =] oTe3 QI I T=To =1 o  H PP 409
16.2  Functional DeSCHIPON ... ..o et e e e e e e e e e eeeans 409
16.2.1 Internal Reference Programming ..........ooooue oo 410
16.3  Initialization and Configuration ... e 411
A = To 15 (=Y g 1 =1 o N 412
16.5  Register DESCIIPLIONS .....couiiiii ettt aaas 412
17 Pulse Width Modulator (PWM) ... 420
17.1 =] o To3 Jq I TT-To | -1 o 420
17.2  FUNCHoONal DeSCIIPLION ...ceiiii e e e e e e e e e et e e e e e e e e e e e e eaes 421
17.2.1 PWIM TIMIEE L.ttt e ettt oo e e et ettt b b e e e e e et ettt ba e e e e e e e eetbbaa e e eeeeeas 421
17.2.2 PWM COMPAIAtOrS .. cuuiiiiiiiiii et e e e e e e e e et e et et e et e e et et e eanaenns 421
17.2.3 PWM SigNal GENEIATON ...ttt et e et e e e e e e e ana s 422
17.2.4 Dead-Band GENEIAtOr .........iiiiiiii e e ean 423
17.2.5 INterrupt/ADC-Trigger SEIECION .. .euu i e r e e e eaaas 424
17.2.6  Synchronization MEhOAS ..........cuuiiiiii e e 424
LA A - 101 Q0o Vo 11T 1= 424
17.2.8 Output Control BIOCK ... oo et e e e e e e eens 424
17.3  Initialization and Configuration ... e 425
LA S =T 1] (= g 1V =T o LSO 426
L ST 2= To 15 (=Y gl DT Yol 1T o TP 427
6 July 25, 2008

Preliminary



LM3S1751 Microcontroller

18 Pin Diagram ... 456
19 Signal TabIes .....cooooiiiieee s naan 458
19.1 100-Pin LQFP Package Pin TabIES ...........iiiiiiiiiiiiiie ettt e e e eeeees 458
19.2  108-Pin BGA Package Pin TabIes ........... i 470
20 Operating Characteristics ........cccccveiiiei i 484
21 Electrical CharacteristiCs ........ccccrimiiiiiiii 485
211 DC CharaCteriStICS ......iieeiiiiiiiiii ettt ettt e ettt e e e e e e aeaee 485
2111 Maximum RaAtINGS ..o et e e eaa s 485
21.1.2 Recommended DC Operating ConditioNS ..........oiiiiiiiiii e 485
21.1.3 On-Chip Low Drop-Out (LDO) Regulator CharacteristiCs ............ccuuiiiiiiiiiiiiiiic e 486
21.1.4 Power SPeCifiCatiONS .........uiiiiiiii e e e 486
21.1.5 Flash Memory CharacCteriStiCs ..........viiiiiiiiiiii et 488
21.1.6  HIDEINALON ... ettt 488
A I O O o = - Tor (=4 1o 488
24t 700t T o - Lo [ 0o o 11T 1= S 488
I O o o7 < TS 488
21.2.3 Analog-to-Digital CONVEIEN ... e ettt e eees 489
A B S N o= oo [ @7e 00T oY= 1 =] (o ] SN UPPR 490
21.2.5 120 ottt 490
21.2.6 HIbernation MOAUIE .........ooiiiiii et e et e e 491
21.2.7 Synchronous Serial INterface (SSI) ......ccovniiiiiii e 492
21.2.8 JTAG and BoOUNAAry SCaAN .......cooiiiiiiiii et e e et e e et e e e et e e e eaannes 493
21.2.9 GeNneral-PurpoSse 1/ ... e 494
g =TT PSR 495
22 Package INformation .........cccommmmierr - 497
A Serial Flash Loader ... s s 501
A.1 Serial FIash LOAGET ...t e e et e e e et e e et e e e e et e e eeenanans 501
A.2 1] (=T =TT P 501
e N 7 SRS 501
1. T 501
A.3 Tt =l =T o | T 502
A3 Packet FOrMAL ... e 502
N TS 1= o To [ g To [N = Vo (Y (=P 502
A.3.3  ReCEIVING PACKELS ... 502
A4 (@70 .41 0 0= T o - 503
A4 1 COMMAND _PING (0X20) ..ceieeeeeuniiaeeeeeee et e e e e e e eeet e e e e e e e e e eaat e e e e e e aeeeastnn e e eeeeeeeeeennnnnaeaens 503
A4.2 COMMAND_GET_STATUS (OX23) ..ruuueiieeiiieminiiiaaieeee ettt e e ettt e e e e e eee e e e e e e eennnaa s 503
A4.3 COMMAND_DOWNLOAD (OX27) ..uuiieeeeieettitiee ettt ettt e et e e e e e e e e e e 503
Ad44  COMMAND_SEND_DATA (OX24) ...ttt ettt e e e e e et 504
A45  COMMAND_RUN (OX22) ..uuuiiieeiitiiiiitaae e ettt e e e e e ettt e e e e e et eeeaeba e e e e e e eeeeasban e e eaeeaeennnnnnns 504
A4B  COMMAND _RESET (DX25) ..uuiiiieiiiiiiiiiiaa e e eee et e e ettt e e e e e e e e eee e e e e e e eeeeenann e e e aeaeeennans 504
B Register Quick Reference .........cccooiiiiimmimir e ————— 506
C Ordering and Contact Information ...........cooooeiiiiiiii s 522
C.1 (070 11y TaTe I ) {0 4 4 =1 o] o PPN 522
C.2 OSSP 522
C.3 Company INfOrMAtION ....... i et et ee e 523
July 25, 2008 7

Preliminary



Table of Contents

C4 SUPPOrt INFOrMATION ... .ooeeii et 523

8 July 25, 2008
Preliminary



LM3S1751 Microcontroller

Figure 1-1. Stellaris® 1000 Series High-Level Block Diagram ...........cc.eeiiiiiiiiieci e 31
Figure 2-1.  CPU BIOCK DIGQIam .......coouuiiiiiii ettt et e e e et e era e 39
Figure 2-2.  TPIU BIOCK DiIaQIram ........cceeiiiiiiiiii ettt ettt e e e ettt e e e et e e e eaa e e eeanns 40
Figure 5-1.  JTAG Module BIOCK DIiagram .........ccoouuiiiiiiiii e e e 50
Figure 5-2.  Test Access Port State MacChing ...........cooiiiiiii i 53
Figure 5-3.  IDCODE Register FOrMAL .........ooiuiiiiiii e e 58
Figure 5-4.  BYPASS RegiSter FOMMAL ........uiiiiiii it e e e e e ea e eeees 59
Figure 5-5. Boundary Scan Register FOrmat ...........cooouiiiiiii e 59
Figure 6-1.  External Circuitry to EXtend ReSet .......... oo 61
Figure 6-2.  POWer ArChiteCIUIE ...........i i e et ea e e 63
1o [0 T G T 1V =11 o I @ o Tod QI =Y - P 65
Figure 7-1.  Hibernation Module BIOCK Diagram ...........ccooiiiiiiiiiii e e 119
Figure 7-2.  Clock Source UsiNg Crystal .........cooeuuiiiiiiiie e e e e e 120
Figure 7-3.  Clock Source Using Dedicated OSCillator ............cooouuiiiiiiiiii e 121
Figure 8-1.  Flash BlOCK Diagram ..........cooouuuiiiiiiii et e e 138
Figure 9-1.  GPIO Port BIOCK DIi@gram .........oiiiiiiiiiiiiii et e et e e et eeeeai e eees 163
Figure 9-2.  GPIODATA Write€ EXamPIE .......iiiiiiiie e e e e s 164
Figure 9-3.  GPIODATA Read EXAMPIE ......iiiiiiiii e 164
Figure 10-1. GPTM Module BIOCK DiIiagram .............iiiieiiiieiiiiiee e ee s e et e e e e e e et eeeeaan s 205
Figure 10-2. 16-Bit Input Edge Count Mode EXample ..o 209
Figure 10-3. 16-Bit Input Edge Time Mode EXampPle .........coouuiiiiiiiiiiiii e 210
Figure 10-4. 16-Bit PWM Mode EXamPIE ...... oo 211
Figure 11-1.  WDT Module BIOCK Diagram .........ccouuiiiiiiiiii e e e e e e e eaans 240
Figure 12-1. ADC Module BIOCK Diagram ...........c.oiiiiiiiiiiii e e e e e e e e e 264
Figure 12-2. Differential Sampling Range, Viy opp = 15V e 267
Figure 12-3. Differential Sampling Range, VlN_ODD S0.75V o 267
Figure 12-4. Differential Sampling Range, V|N_ODD Z2.25V 268
Figure 12-5. Internal Temperature Sensor CREIACEETISHC ... 268
Figure 13-1. UART Module BIOCK Diagram ..........ccouiiiiiiiiiie e e e e et e e eieeanas 297
Figure 13-2.  UART Character FIamE ........ccoouuuiiiiiiiieeeit et e e e et e e e eaa e e e eann e e e eannns 298
Figure 13-3. IrDA Data ModUIAtion .........coeiiiii e e e e e e e e e eaaeees 300
Figure 14-1.  SSI Module BIOCK DIaQram ........coooeuuiiiiiii e 337
Figure 14-2. Tl Synchronous Serial Frame Format (Single Transfer) ...........ccoooiiiiiiii . 340
Figure 14-3. Tl Synchronous Serial Frame Format (Continuous Transfer) ...........ccccooiiiiiiiiiinieiiinen. 340
Figure 14-4. Freescale SPI Format (Single Transfer) with SPO=0and SPH=0 ..............c....coeeeiiiiinnn. 341
Figure 14-5. Freescale SPI Format (Continuous Transfer) with SPO=0 and SPH=0 ...................ccccuunn... 341
Figure 14-6. Freescale SPI Frame Format with SPO=0 and SPH=1 ............ccccoiiiiiiiiiiiiii e, 342
Figure 14-7. Freescale SPI Frame Format (Single Transfer) with SPO=1 and SPH=0 ........................... 343
Figure 14-8. Freescale SPI Frame Format (Continuous Transfer) with SPO=1 and SPH=0 .................... 343
Figure 14-9. Freescale SPI Frame Format with SPO=1 and SPH=1 ... 344
Figure 14-10. MICROWIRE Frame Format (Single Frame) .........ccooiiiiiiiiii e 345
Figure 14-11. MICROWIRE Frame Format (Continuous Transfer) ...........ccoovviiiiiiiiiiinieeceeeecce e 346
Figure 14-12. MICROWIRE Frame Format, SSIFss Input Setup and Hold Requirements ........................ 346
Figure 15-1.  12C BIOCK DIAQIAM .......cveoueieeeeee et 374
Figure 15-2.  12C BUS CONIGUIAtION ........oviieee e 375
July 25, 2008 9

Preliminary



Table of Contents

Figure 15-3. START and STOP CONItiONS ......cccuuuiiiiiiiiieeieiii e e e 375
Figure 15-4. Complete Data Transfer with @ 7-Bit ADAress ............oviiiiiiiiiiiiii e 376
Figure 15-5. RIS Bitin FirSt Byte .. .cooiiiiii e e 376
Figure 15-6. Data Validity During Bit Transfer on the 12C BUS ............c.ccoeouiiueieeeeeeeeeeeeeee e, 376
Figure 15-7. Master Single SEND ... e 379
Figure 15-8. Master Single RECEIVE ... e 380
Figure 15-9. Master BUrst SEND .......coooiiiiiiiii e e e e e e e e e e e e e aa s 381
Figure 15-10. Master Burst RECEIVE ..ot 382
Figure 15-11. Master Burst RECEIVE after Burst SEND .........cooiiiiiiiiii e 383
Figure 15-12. Master Burst SEND after Burst RECEIVE ... 384
Figure 15-13. Slave Command SEQUENCE .........ccoiiiuiiiiiiii e 385
Figure 16-1. Analog Comparator Module Block Diagram .............ccuoiieiiiiiiiiiiiiiieei e 409
Figure 16-2. Structure of Comparator UNit ............ooiiiiiiiiii e e e e 410
Figure 16-3. Comparator Internal Reference StruCtUre ............ccoiiiiiiiiiii i, 411
Figure 17-1.  PWM URit DIGQram .......coouiioiiiiii e et e e e et e e e e e e e ea e eeannas 420
Figure 17-2. PWM Module BIOCK DIagram .........couuiiiiiii it 421
Figure 17-3. PWM Count-DOown MOGE ..........uiiiiiiiiiiiii e 422
Figure 17-4. PWM Count-Up/DOWN MOGE ........uiiiiiiiieiiiii ettt eeeens 422
Figure 17-5. PWM Generation Example In Count-Up/Down Mode ...........ccoiiiiiiiiiiiiiieccee e 423
Figure 17-6. PWM Dead-Band GeNErator .............coouiiiiiiiiii e 423
Figure 18-1. 100-Pin LQFP Package Pin Diagram ...........coouuuuiiiiiiiiiiiiiii et 456
Figure 18-2. 108-Ball BGA Package Pin Diagram (TOp VIEW) ........uiiiiiiiiiiiiiii e 457
Figure 21-1.  Load CONAItIONS ... ittt e e e et et e e e eet e e e eeb e aeees 488
FIUure 21-2. 12C THMING ..ooveee oot e e 491
Figure 21-3. Hibernation Module Timing .........coooouiiiii e 491
Figure 21-4. SSI Timing for TlI Frame Format (FRF=01), Single Transfer Timing Measurement .............. 492
Figure 21-5. SSI Timing for MICROWIRE Frame Format (FRF=10), Single Transfer ................ccc..c....... 492
Figure 21-6. SSI Timing for SPI Frame Format (FRF=00), with SPH=1 ............coiiiiiiiii e 493
Figure 21-7. JTAG Test Clock INPUE TIMING ...uuiiiiiiiieie e e e e 494
Figure 21-8. JTAG Test Access Port (TAP) TIMING ...ccouueniiiiiiie e 494
Figure 21-9.  JTAG TRST TiMING . eeeeuiuiieeeii et e ettt e e e e e et et e e e e e e e eeeantn e e e e eeeeenenennaaaaaaaeennes 494
Figure 21-10. External Reset Timing (RST) ...c.uviiiiiiiiie ettt e 495
Figure 21-11. Power-On Reset TIMING .....coouuiiiiiiiii e e e e 496
Figure 21-12. Brown-Out Reset TIMING .........oiiiiiiiiiiii e e 496
Figure 21-13. Software ReSet TiMING .......oiiiiiiiiiiiiii e e e e e e e e e s 496
Figure 21-14. Watchdog ReSet TimMiNg ........coouuuiiiiiiee e e s 496
Figure 22-1.  100-Pin LQFP PACKage .......ccuuiiiiiiiieiiiii et et e et e 497
Figure 22-2.  108-Ball BGA PACKAGE .....couuiiiiiiii it e e e e eeaens 499
10 July 25, 2008

Preliminary



LM3S1751 Microcontroller

Table 1. AV 7T T ] () Y/ 19
Table 2. Documentation CONVENLIONS ........cooiiiiiiiii e 21
Table 3-1. V[T o g To T Y 1Y = T o R PP 44
Table 4-1. o=t o) (o] I 1Y o 1= 46
Table 4-2. L] (=T 1 €S 47
Table 5-1. JTAG Port Pins ReSet State .....cc.iiieiiie e e 51
Table 5-2. JTAG Instruction Register Commands .........co.uiiiiiiiiiiiiii e 56
Table 6-1. System Control RegISter Map ..........oiiiiiii e 68
Table 7-1. Hibernation Module Register Map ... 125
Table 8-1. Flash Protection Policy Combinations ..............oooiiiiiiiiiiii e 139
Table 8-2. Flash Resident REGISIErS ........uiiiiiiiiii e e 141
Table 8-3. FIash RegiSter IMAp ......iiiii e 142
Table 9-1. GPIO Pad Configuration EXamPpPIes ............ieiuiiiiiiiiii e e e e e 166
Table 9-2. GPIO Interrupt Configuration EXample ............ccooouiiiiiiiiii e 166
Table 9-3. (€T (@ =Y 1) (= /= T o RSP 168
Table 10-1.  Available CCP PiNS ... ettt e e e e e eaaeees 205
Table 10-2.  16-Bit Timer With Prescaler Configurations ..o 208
Table 10-3.  Timers ReGIStEr MAp ......c..uiiiiiii e e 214
Table 11-1.  Watchdog Timer Register Map ..........iiiiiiiiii et e e e e e 241
Table 12-1.  Samples and FIFO Depth of SEQUENCENS .........cuuiiiiiiiiiiicie e 264
Table 12-2.  Differential SAmMPIiNG Pairs ..........ouiiiiiiiiiiiiii e e e e e eeees 266
Table 12-3. ADC RegiStEr IMAD ...t 269
Table 13-1.  UART ReGISIEr MAP ...t 302
Table 14-1.  SSI REGISIEr MAD ... it e ettt e e et e e et e e e eab e eeees 348
Table 15-1.  Examples of 12C Master Timer Period versus Speed Mode ............cccooeeveeeeeeoeeeeeeeeeeeannn. 377
Table 15-2.  Inter-Integrated Circuit (I2C) Interface Register Map .............c.covooveoueeueeeeeie e 386
Table 15-3.  Write Field Decoding for I2CMCSJ[3:0] Field (Sheet 1 0f 3) .....oiiiiiiiiiiii e 391
Table 16-1. Comparator 0 Operating MOAES ..........oiiiiiiiiiiii e 410
Table 16-2.  Internal Reference Voltage and ACREFCTL Field Values ............cccooiiiiiiiiiiiiiiccie e 411
Table 16-3.  Analog Comparators Register Map ..........ccoouiiiiiiiiiii i 412
Table 17-1. PWM ReISIEr Map ... eean s 426
Table 19-1.  Signals by Pin NUMDET ... 458
Table 19-2.  Signals by Signal Name ....... oo e 462
Table 19-3.  Signals by Function, Except for GPIO ..........oiiiiiiiii e 466
Table 19-4.  GPIO Pins and Alternate FUNCHONS ...........ccoiiiiiiiiiii e 469
Table 19-5.  Signals by Pin NUMDET ........oouiii et e e 470
Table 19-6.  Signals by Signal NamME ........coiiiiiiii e e et e e et e e eananns 475
Table 19-7.  Signals by Function, EXcept for GPIO ..........cooiiiiiii e 479
Table 19-8.  GPIO Pins and Alternate FUNCHONS .........oooiiiii e 482
Table 20-1.  Temperature CharacteriStiCs ...........ccuuuiiiiiii e e 484
Table 20-2.  Thermal CharaCteriStiCS ..........ooiiiiiiiii e 484
Table 21-1. Maximum RatiNGS ........uoiiiiiiiiie e et e e e e e e e e e e e eans 485
Table 21-2. Recommended DC Operating ConditioNS ............oviiiiiiiiiiiiiie e e e 485
Table 21-3. LDO Regulator CharacteristiCs ...........couuiiiiiiiiiiiiiii et 486
Table 21-4.  Detailed Power SpecifiCations ...........coouuiiiiiiiiii e 487
Table 21-5.  Flash Memory CharacteriStiCs ..........oooiuiiiiiii e 488
July 25, 2008 11

Preliminary



Table of Contents

Table 21-6.  Hibernation Module DC CharacteriStiCs ............couiiuiiiiiiiiie e 488
Table 21-7.  Phase Locked Loop (PLL) CharacteristiCs ............coueuuiiiiiiiiiiii e 488
Table 21-8.  CloCK CharaCteriStiCS ........ceieieieieee e e e e e e 489
Table 21-9.  Crystal CharacteriStiCs ..........uuiiiiiii i e e e e 489
Table 21-10. ADC CharaCteriStiCS .....ciuuuiiiiieiii ettt e e e e e e e e et e e e e e et e e e eaannaaes 489
Table 21-11.  Analog Comparator CharacteriStiCs ............coiiiiiiiiiiiiiii e 490
Table 21-12.  Analog Comparator Voltage Reference Characteristics .............ccccovveiiiiiiiiiiiiiiiiineeeeen, 490
Table 21-13. 120 CRATACLEISHCS ....eeeeeeeeeee ettt ettt e e et e et e e et e et e e e e e e 490
Table 21-14. Hibernation Module AC CharacteriStiCS .........couuiiuiiiiiiiiii e 491
Table 21-15.  SSI CharaCteriStiCS .......ocvieiii i e e e e 492
Table 21-16. JTAG CharacteriStiCS .......uivuiiiiii e e 493
Table 21-17. GPIO CharaCteriStiCS .......uieiiieieee et e e e e e e e e e anaen 495
Table 21-18. Reset CharaCleriStiCS ........uiiiiiieiii i e e e e e e 495
Table C-1. Part Ordering INformation ............ccoooiiiiii e 522
12 July 25, 2008

Preliminary



LM3S1751 Microcontroller

System CONIOl .......... e e e e e e e e rrerrrrrrrrreereereeeeerreeereeraeeeeaeaneees 60
Register 1:  Device Identification 0 (DIDO0), offset OX000 ..............oeiiiiiiiiiiiie e 70
Register 2:  Brown-Out Reset Control (PBORCTL), offset 0X030 .........coevuiiieiiiiiiieiiiie e 72
Register 3:  LDO Power Control (LDOPCTL), offset OX034 ........ccoomiiieiiee e 73
Register 4:  Raw Interrupt Status (RIS), offset OX050 ..........cooumiiiiiii e 74
Register 5:  Interrupt Mask Control (IMC), offset OX054 ........couuiiiii e 75
Register 6:  Masked Interrupt Status and Clear (MISC), offset OX058 ..........cocoviiiiiiiiiii e 76
Register 7:  Reset Cause (RESC), offset OXO5C .......c.uiiiiiiii e 77
Register 8:  Run-Mode Clock Configuration (RCC), offset OX060 ..............coiviiiiiiiieiiiiiieeeiiieeeeeiee e, 78
Register 9:  XTAL to PLL Translation (PLLCFG), offset OX064 ...........coooiiiiiiiiiiiie e 82
Register 10: Run-Mode Clock Configuration 2 (RCC2), offset OX070 ..........ooeiiiiiiiiiiiiiii e 83
Register 11: Deep Sleep Clock Configuration (DSLPCLKCFG), offset 0x144 .........cccovoiiiiiiiiiiiiieieeeiee, 85
Register 12: Device Identification 1 (DID1), offset OX004 ..........coouiiiiiiiii e 86
Register 13: Device Capabilities 0 (DCO0), offset OX008 ............niiiriiiiiei e 88
Register 14: Device Capabilities 1 (DC1), offSet OX0T0 .....uuuiiiiiiiieiiiii e 89
Register 15: Device Capabilities 2 (DC2), offset OX014 ... ... e 91
Register 16: Device Capabilities 3 (DC3), offset OX018 ........oiiiiiiiiii e 93
Register 17: Device Capabilities 4 (DC4), offSet OXOTC ......oiiiieiiiiieii e 95
Register 18: Run Mode Clock Gating Control Register 0 (RCGCO0), offset OX100 .........cccocevveviiiiiiiiieinnnns 96
Register 19: Sleep Mode Clock Gating Control Register 0 (SCGCO0), offset OX110 ..........covveiiieiiieeinnnnss 98
Register 20: Deep Sleep Mode Clock Gating Control Register 0 (DCGCQO), offset 0x120 ..............cce...... 100
Register 21:  Run Mode Clock Gating Control Register 1 (RCGC1), offset 0x104 ..........cccoiiiiiiiiiiiiinen. 102
Register 22: Sleep Mode Clock Gating Control Register 1 (SCGC1), offset OX114 .......cccooeveiiiiiiiiiininnes 104
Register 23: Deep Sleep Mode Clock Gating Control Register 1 (DCGC1), offset 0x124 ....................... 106
Register 24: Run Mode Clock Gating Control Register 2 (RCGC2), offset 0X108 .........ccevvvviiiiiiineinnnnnn. 108
Register 25: Sleep Mode Clock Gating Control Register 2 (SCGC2), offset 0x118 .........cccevvviiiiiieinnnnnnn. 110
Register 26: Deep Sleep Mode Clock Gating Control Register 2 (DCGC2), offset 0x128 ....................... 112
Register 27: Software Reset Control 0 (SRCRO), offset OX040 .........ooieniiiiiii e 114
Register 28: Software Reset Control 1 (SRCR1), offset OX044 ..........coomiiiiiiiii e 115
Register 29: Software Reset Control 2 (SRCR2), offset OX048 .........ccoouuiiiiiiiiii e 117
Hibernation ModUIe ... e mmmmmmmmmmmmmnnmnnnnnennee 118
Register 1:  Hibernation RTC Counter (HIBRTCC), offset OX000 .........c..oiiiiiiiiiiiiiiiiieece e 126
Register 2:  Hibernation RTC Match 0 (HIBRTCMO), offset 0X004 ..........cooiiiiiiiiiiiiiiieiii e 127
Register 3:  Hibernation RTC Match 1 (HIBRTCM1), offset 0X008 ............cooviiiiiiiieiiiieee e 128
Register 4:  Hibernation RTC Load (HIBRTCLD), offset OX00C ..........c.iiiiiiiiiiiii e 129
Register 5:  Hibernation Control (HIBCTL), offset OX010 ........ooiiiiiiiiiiiiiieeeee e 130
Register 6:  Hibernation Interrupt Mask (HIBIM), offset OX014 ..........coooriiiiii e 132
Register 7:  Hibernation Raw Interrupt Status (HIBRIS), offset OX018 ..., 133
Register 8:  Hibernation Masked Interrupt Status (HIBMIS), offset OX01C ..........ccooiiiiiiiiiiii, 134
Register 9:  Hibernation Interrupt Clear (HIBIC), offset OX020 ..........cccoviiiiiiiiiii e 135
Register 10: Hibernation RTC Trim (HIBRTCT), offset OX024 ...........coivniiiiiii e 136
Register 11:  Hibernation Data (HIBDATA), offset 0X030-0X12C ........ccoouiiieiiiieeeeiie e 137
=Y g F= LI 1 = 2 o o P 138
Register 1:  Flash Memory Address (FMA), offset OX000 ..........cooiiiiiiiiiiiii e 143
Register 2:  Flash Memory Data (FMD), offsSet OX004 ........coouiiiiiiiii e 144
July 25, 2008 13

Preliminary



Table of Contents

Register 3:  Flash Memory Control (FMC), offset OX008 ..........ccoouiiiiiiiiiiieeie e 145
Register 4:  Flash Controller Raw Interrupt Status (FCRIS), offset OX00C ............ccooiiiiiiiiiiiii, 147
Register 5:  Flash Controller Interrupt Mask (FCIM), offset OX010 ..........oooiiiiiiiiiiii e 148
Register 6:  Flash Controller Masked Interrupt Status and Clear (FCMISC), offset 0x014 ..................... 149
Register 7:  USec Reload (USECRL), Offset OX140 .....cciieiiiiiii e 150
Register 8:  Flash Memory Protection Read Enable 0 (FMPREDO), offset 0x130 and 0x200 ................... 151
Register 9:  Flash Memory Protection Program Enable 0 (FMPPEDO), offset 0x134 and 0x400 ............... 152
Register 10:  User Debug (USER_DBG), offset OX1DO ......ccouuiiiiiiiiiieiiii e 153
Register 11:  User Register 0 (USER_REGO), offset OXTEOQ ......cooiiiiiiiiii e 154
Register 12:  User Register 1 (USER_REG1), offsSet OX1E4 ... 155
Register 13: Flash Memory Protection Read Enable 1 (FMPRE1), offset 0x204 .............cccoviiiviiiieinnnnn, 156
Register 14: Flash Memory Protection Read Enable 2 (FMPRE2), offset 0x208 ..............ccccoieiiviiinnnnnn. 157
Register 15: Flash Memory Protection Read Enable 3 (FMPRES3), offset 0x20C ...........ccccoeeviiiiieeiennnnnn. 158
Register 16: Flash Memory Protection Program Enable 1 (FMPPE1), offset 0x404 .............cccooiiiiiennnnnn. 159
Register 17: Flash Memory Protection Program Enable 2 (FMPPEZ2), offset 0x408 .............ccccoiiiiiennnnen. 160
Register 18: Flash Memory Protection Program Enable 3 (FMPPE3), offset 0x40C ............ccccoevvieeennnnee. 161
General-Purpose Input/Outputs (GPIOS) ........cooooiiiiiiiiiiiiiiieirrre s 162
Register 1:  GPIO Data (GPIODATA), offset OX000 .........coiiiiiiiieiiie e 170
Register 2:  GPIO Direction (GPIODIR), OffSet OX400 .........uiiiiieiiieiiiiiie e eeeeeeees 171
Register 3:  GPIO Interrupt Sense (GPIOIS), offSet OX404 .........ooveriiiiiii e 172
Register 4:  GPIO Interrupt Both Edges (GPIOIBE), offset 0x408 .............ccooeiiiiiiiiiiiiieeeeeeeeee e 173
Register 5:  GPIO Interrupt Event (GPIOIEV), offset OX40C ...........iiiiiiiiiiieiie e 174
Register 6:  GPIO Interrupt Mask (GPIOIM), offset OX410 ... 175
Register 7:  GPIO Raw Interrupt Status (GPIORIS), offset OX414 ..o 176
Register 8:  GPIO Masked Interrupt Status (GPIOMIS), offset OX418 ........coouiiiiiiiiiiiii e 177
Register 9:  GPIO Interrupt Clear (GPIOICR), offset OX41C ....oorniiiiiii e 178
Register 10: GPIO Alternate Function Select (GPIOAFSEL), offset 0x420 ..........ccooovviiiiiiiiiiiiieiiieeei 179
Register 11:  GPIO 2-mA Drive Select (GPIODR2R), offset 0X500 ..........cooeiiiiiiiiiiiiiieeieiee e 181
Register 12:  GPIO 4-mA Drive Select (GPIODR4R), offset 0X504 ..........coiiiiiiiiiiii e 182
Register 13:  GPIO 8-mA Drive Select (GPIODRS8R), offset OX508 ..........cooeiiiiiiiiiiii e, 183
Register 14: GPIO Open Drain Select (GPIOODR), offset OX50C ..........uiiiiiiiiiiiiiiiieeeii e 184
Register 15:  GPIO Pull-Up Select (GPIOPUR), offset OX510 .......cocviiiiiiiii e 185
Register 16: GPIO Pull-Down Select (GPIOPDR), offset OX514 .........ccooviiiiiiiiiiieeeeee e, 186
Register 17: GPIO Slew Rate Control Select (GPIOSLR), offset OX518 ..........ccooiiiiiiiiiiiiiiee e, 187
Register 18: GPIO Digital Enable (GPIODEN), offset OX51C .....cooviiiiiiii e 188
Register 19:  GPIO Lock (GPIOLOCK), Offset OX520 .......ccciiiiiieiii e 189
Register 20: GPIO Commit (GPIOCR), OffSet OX524 .........uuiiiii e 190
Register 21:  GPIO Peripheral Identification 4 (GPIOPeriphlD4), offset OXFDO ..........cccceeviviiiiiiiiineein, 192
Register 22:  GPIO Peripheral Identification 5 (GPIOPeriphID5), offset OXFD4 ............cccoveiiiiiiieeinnn. 193
Register 23:  GPIO Peripheral Identification 6 (GPIOPeriphID6), offset OXFDS8 .............ccccoevviiiiieeiiiinees 194
Register 24:  GPIO Peripheral Identification 7 (GPIOPeriphlD7), offset OXFDC ..........cccooiiiiiiiiiiis 195
Register 25:  GPIO Peripheral Identification 0 (GPIOPeriphIDO), offset OXFEOQ ............cccoiiiiiiiiiiiiininnnn. 196
Register 26: GPIO Peripheral Identification 1 (GPIOPeriphID1), offset OXFE4 ...........ccooviiiiiiiiiiiiiie. 197
Register 27: GPIO Peripheral Identification 2 (GPIOPeriphID2), offset OXFES8 ...........ccoovviiiiiiiiiiiiciis 198
Register 28: GPIO Peripheral Identification 3 (GPIOPeriphlD3), offset OXFEC ...........ccccoiiiiiiiiiiiieeenn. 199
Register 29:  GPIO PrimeCell Identification 0 (GPIOPCellID0), offset OXFFO ..........c.ccovvviiiiiiiiiieiiiineeees 200
Register 30: GPIO PrimeCell Identification 1 (GPIOPCellID1), offset OXFF4 ..........cooiiiiiiiiiiiiiiiieees 201
Register 31:  GPIO PrimeCell Identification 2 (GPIOPCellID2), offset OXFF8 ............oooviiiiiiiiiiiiiiieees 202
14 July 25, 2008

Preliminary



LM3S1751 Microcontroller

Register 32:  GPIO PrimeCell Identification 3 (GPIOPCellID3), offset OXFFC ..........ccooevviiiiieiiiiiieeeiine, 203
General-Purpose TIMErS ... s s s nnnn 204
Register 1:  GPTM Configuration (GPTMCFG), offset 0X000 ...........cccoviiiiiiiiiieeiii e, 216
Register 2:  GPTM TimerA Mode (GPTMTAMR), offset 0X004 .........ccoovuiiiiiiiiiieeeeii e 217
Register 3:  GPTM TimerB Mode (GPTMTBMR), offset OX008 ...........ccoiiiiiiiiiiii e 219
Register 4:  GPTM Control (GPTMCTL), offset OXO0C ......couiiiiiiiiiee e 221
Register 5:  GPTM Interrupt Mask (GPTMIMR), offset OX018 ..........coiiiiiiiiiii e 224
Register 6: GPTM Raw Interrupt Status (GPTMRIS), offset OX01C ........c.ovviiiiiiiiii e 226
Register 7: GPTM Masked Interrupt Status (GPTMMIS), offset O0X020 ..........cccoooviiiiiiiiiiiiiiii e 227
Register 8:  GPTM Interrupt Clear (GPTMICR), offset 0X024 ..........ccooiviiiiieiiiie e 228
Register 9:  GPTM TimerA Interval Load (GPTMTAILR), offset OX028 ...........ccooiiiiiiiiiii e, 230
Register 10: GPTM TimerB Interval Load (GPTMTBILR), offset OX02C ...........coooeiiiiiiiiiiiieiiieecceie 231
Register 11:  GPTM TimerA Match (GPTMTAMATCHR), offset OX030 .........ccooviiiiiiiiiieeiieeei e 232
Register 12: GPTM TimerB Match (GPTMTBMATCHR), offset 0X034 .........ccooovieiiiiiiie e, 233
Register 13: GPTM TimerA Prescale (GPTMTAPR), offset OX038 ...........ccooiiiiiiiiiiiiie e 234
Register 14: GPTM TimerB Prescale (GPTMTBPR), offset OX03C .........cooiviiiiiiiiiiiieecee e 235
Register 15:  GPTM TimerA Prescale Match (GPTMTAPMR), offset 0X040 ..........ccccooviiiiiiiiiiiiiiiicieienn. 236
Register 16:  GPTM TimerB Prescale Match (GPTMTBPMR), offset O0x044 ...........cccooiiiiiiiiiiii, 237
Register 17:  GPTM TimerA (GPTMTAR), offset OX048 .......cooniii e 238
Register 18: GPTM TimerB (GPTMTBR), offset OX04C ......cooviiiiiieie e 239
L =1 Lo [ T I 3 - 240
Register 1:  Watchdog Load (WDTLOAD), offs€t OX000 ..........ceeiiiiiiiiiiiaee e e e e e e e eeeees 243
Register 2:  Watchdog Value (WDTVALUE), offset OX004 ..........iiiiiiii e 244
Register 3:  Watchdog Control (WDTCTL), offset OX008 ........coouiiiiiiiiiiie e 245
Register 4:  Watchdog Interrupt Clear (WDTICR), offset OX00C ........coovuiiiiiiiiiiiiei e 246
Register 5:  Watchdog Raw Interrupt Status (WDTRIS), offset OX010 .........coooeniiiiiiii e 247
Register 6:  Watchdog Masked Interrupt Status (WDTMIS), offset O0X014 .......cooieeiiiiiii e 248
Register 7:  Watchdog Test (WDTTEST), offset OX418 ... 249
Register 8:  Watchdog Lock (WDTLOCK), offset OXCOO .........coevuieiiiieiiieiii e 250
Register 9:  Watchdog Peripheral Identification 4 (WDTPeriphlD4), offset OXFDO ...............ccoeeeveeinnnnin. 251
Register 10: Watchdog Peripheral Identification 5 (WDTPeriphlD5), offset OXFD4 ..........cccooevviiiiieninnnnnnn. 252
Register 11:  Watchdog Peripheral Identification 6 (WDTPeriphlD6), offset OXFDS8 ..............coiiiiiiininnnnn. 253
Register 12: Watchdog Peripheral Identification 7 (WDTPeriphlD7), offset OXFDC ..............ccooviiiininis 254
Register 13:  Watchdog Peripheral Identification 0 (WDTPeriphlDO0), offset OXFEO ..............ccocviiiiiinnnnnn. 255
Register 14: Watchdog Peripheral Identification 1 (WDTPeriphID1), offset OXFE4 ..........cccoooiiiviiiinnns 256
Register 15: Watchdog Peripheral Identification 2 (WDTPeriphlD2), offset OXFES8 ..............cccoveiiiiinnnniis 257
Register 16: Watchdog Peripheral Identification 3 (WDTPeriphlD3), offset OXFEC ...........cceevviveiiiiinnens 258
Register 17: Watchdog PrimeCell Identification 0 (WDTPCelllD0), offset OXFFO ...........cccoooiiiiiiiiin. 259
Register 18:  Watchdog PrimeCell Identification 1 (WDTPCelllD1), offset OXFF4 .........ccoooiiiiiiiiins 260
Register 19:  Watchdog PrimeCell Identification 2 (WDTPCelllD2), offset OXFF8 .........cccooiiiiiiiiiiiiis 261
Register 20: Watchdog PrimeCell Identification 3 (WDTPCellID3 ), offset OXFFC ..........cccoovviiiiiiieinnns 262
Analog-to-Digital Converter (ADC) ........ccociimimmiiiisnrrr s 263
Register 1:  ADC Active Sample Sequencer (ADCACTSS), offset 0X000 .........ccevuviviiiiieiiiiiiiieiiineeies 271
Register 2:  ADC Raw Interrupt Status (ADCRIS), offset OX004 ............oeiiiiiiieiiiiiieee e 272
Register 3:  ADC Interrupt Mask (ADCIM), offset OX008 .............ooeiriiiiiiiiii e 273
Register 4:  ADC Interrupt Status and Clear (ADCISC), offset OX00C ...........ooiiiiiiiiieeiiiieeeceiee e, 274
Register 5:  ADC Overflow Status (ADCOSTAT), offset OX010 ......couuiiiiiiiiiiee e 275
Register 6:  ADC Event Multiplexer Select (ADCEMUX), offset OX014 .........cooiiiiiiiiii e, 276
July 25, 2008 15

Preliminary



Table of Contents

Register 7:  ADC Underflow Status (ADCUSTAT), offsSet OX018 ......ccoevvniiiiiiii e 279
Register 8:  ADC Sample Sequencer Priority (ADCSSPRI), offset OX020 ..........cccoiviiiiiiiiiiiieceie, 280
Register 9:  ADC Processor Sample Sequence Initiate (ADCPSSI), offset 0x028 .............cccoviiiiiinnnnnnn. 281
Register 10: ADC Sample Averaging Control (ADCSAC), offset O0X030 ........cccoviiiiiiiiiieieee e 282
Register 11: ADC Sample Sequence Input Multiplexer Select 0 (ADCSSMUXO0), offset 0x040 ............... 283
Register 12: ADC Sample Sequence Control 0 (ADCSSCTLO), offset 0x044 ............cceevviiiiiiiiiiiieiis 285
Register 13:  ADC Sample Sequence Result FIFO 0 (ADCSSFIFOO0), offset 0x048 ...........ccccvviveviiiinnens 288
Register 14: ADC Sample Sequence Result FIFO 1 (ADCSSFIFO1), offset 0X068 .............cccooveieiiinnees 288
Register 15: ADC Sample Sequence Result FIFO 2 (ADCSSFIFO2), offset 0x088 ............ccccoiveieiiiiees 288
Register 16: ADC Sample Sequence Result FIFO 3 (ADCSSFIFO3), offset OX0A8 ........ccvvvviieviiieeinnnnes 288
Register 17: ADC Sample Sequence FIFO 0 Status (ADCSSFSTATO0), offset 0x04C ..........cccoevvvvevnnnnnnn. 289
Register 18: ADC Sample Sequence FIFO 1 Status (ADCSSFSTAT1), offset OX06C ...............c.ceeennnenee. 289
Register 19: ADC Sample Sequence FIFO 2 Status (ADCSSFSTAT2), offset 0x08C ..........ccccoeevvvvnnnnes 289
Register 20: ADC Sample Sequence FIFO 3 Status (ADCSSFSTAT3), offset OXOAC ..........ccciveeiennnnnn. 289
Register 21:  ADC Sample Sequence Input Multiplexer Select 1 (ADCSSMUX1), offset 0x060 ............... 290
Register 22: ADC Sample Sequence Input Multiplexer Select 2 (ADCSSMUX2), offset 0x080 ............... 290
Register 23: ADC Sample Sequence Control 1 (ADCSSCTL1), offset 0x064 ............covevviiiiiiieiiiieeis 291
Register 24: ADC Sample Sequence Control 2 (ADCSSCTL2), offset 0x084 .............ccceevvviiiiiiiiiieiinns 291
Register 25: ADC Sample Sequence Input Multiplexer Select 3 (ADCSSMUX3), offset 0x0AO ............... 293
Register 26: ADC Sample Sequence Control 3 (ADCSSCTL3), offset OX0A4 ..........oveiiiiiiiiiiiiiiiieiieees 294
Register 27: ADC Test Mode Loopback (ADCTMLB), offset OX100 ..........cooiiiiiiiiiiiiiii e 295
Universal Asynchronous Receivers/Transmitters (UARTS) ......cccccciiiiniimmmnsnnssssnnse s, 296
Register 1:  UART Data (UARTDR), offset OX000 ..........cooiutiiiiiiiiieieii et 304
Register 2:  UART Receive Status/Error Clear (UARTRSR/UARTECR), offset 0x004 ...............cccevvnneen. 306
Register 3:  UART Flag (UARTFR), OffSet OX018 .....couuniiiiiii e 308
Register 4:  UART IrDA Low-Power Register (UARTILPR), offset OX020 ..........cccoiiviiiiiiiiieiiicceeeeen, 310
Register 5: UART Integer Baud-Rate Divisor (UARTIBRD), offset 0x024 ..............ccoveiiiiiiiiiiiiiieeiis 311
Register 6:  UART Fractional Baud-Rate Divisor (UARTFBRD), offset 0x028 ............ccccoeveeiiiiieeriinnnnnn. 312
Register 7:  UART Line Control (UARTLCRH), offset OX02C ...........cooiiiiiiiiiii e 313
Register 8:  UART Control (UARTCTL), offset OX030 .......coeuummiiiiiiieieii e 315
Register 9:  UART Interrupt FIFO Level Select (UARTIFLS), offset 0X034 ..........ccccoiveiiiiiiiiiiiiiieeecenenn. 317
Register 10: UART Interrupt Mask (UARTIM), offset OX038 .........cccovniiiiiiiiii e 319
Register 11: UART Raw Interrupt Status (UARTRIS), offset OX03C ..........coooiiiiiiiiiiiii e 321
Register 12:  UART Masked Interrupt Status (UARTMIS), offset OX040 ..........ccoieeiiiiiiiiiiiiinee e, 322
Register 13:  UART Interrupt Clear (UARTICR), offset OX044 ..........cooiiiiiiii e 323
Register 14: UART Peripheral Identification 4 (UARTPeriphlD4), offset OXFDO ..........cccoeviiiiiiiiiiiiiinnnnn. 325
Register 15: UART Peripheral Identification 5 (UARTPeriphID5), offset OXFD4 ..........cccoiiiiiiiiiiiiiinnnn. 326
Register 16: UART Peripheral Identification 6 (UARTPeriphID6), offset OXFDS8 .............ccoviviiiiiiinennnnnns 327
Register 17: UART Peripheral Identification 7 (UARTPeriphlD7), offset OXFDC .............ccceevviiiiiiiiiinnnne, 328
Register 18: UART Peripheral Identification 0 (UARTPeriphIDO0), offset OXFEO .............cccooevviiiieiiiiinnees 329
Register 19:  UART Peripheral Identification 1 (UARTPeriphlD1), offset OXFE4 ...........cooviiiiiiiiiiiiiinnees 330
Register 20: UART Peripheral Identification 2 (UARTPeriphlD2), offset OXFES ...........ccccooiiiiiiiiiiiiinnnns 331
Register 21:  UART Peripheral Identification 3 (UARTPeriphlD3), offset OXFEC .............cccoviiiiiiiiiiinnnnnn. 332
Register 22:  UART PrimeCell Identification 0 (UARTPCellIDO0), offset OXFFO ...........ccoveiiiiiiiiiiiieees 333
Register 23:  UART PrimeCell Identification 1 (UARTPCellID1), offset OXFF4 .............coooviiiiiiiiiiis 334
Register 24: UART PrimeCell Identification 2 (UARTPCellID2), offset OXFF8 .........cccoeeiiiiiiiiiiiiiieeieinn, 335
Register 25:  UART PrimeCell Identification 3 (UARTPCelllD3), offset OXFFC ... 336
16 July 25, 2008

Preliminary



LM3S1751 Microcontroller

Synchronous Serial Interface (SSI) .......ccccoiiiiiiiii e —————————— 337
Register 1:  SSI Control 0 (SSICRO0), OffSet OX000 .........oeeiiiiiiiiii e 349
Register 2:  SSI Control 1 (SSICR1), offset OX004 ... e 351
Register 3:  SSI Data (SSIDR), OffSet OX008 ........ciiiiiiiiiiiiiie e e e e e e e e e eeeees 353
Register 4:  SSI Status (SSISR), offset OXO0C ........couiiiiii e e 354
Register 5:  SSI Clock Prescale (SSICPSR), offset OX010 ..........oiiiiiiiiiiii e 356
Register 6:  SSI Interrupt Mask (SSIIM), offSEt OX014 .....cooeieiiiiiie e 357
Register 7:  SSI Raw Interrupt Status (SSIRIS), offset OX018 .........cooiiiiiiiii e 359
Register 8:  SSI Masked Interrupt Status (SSIMIS), offset OX01C .......c..iiiiiiiiiiii e, 360
Register 9:  SSlI Interrupt Clear (SSIICR), offset 0X020 .........cooiiiiiiiiii e 361
Register 10: SSI Peripheral Identification 4 (SSIPeriphlD4), offset OXFDO ...........ccoevviiiiiiiiiieieeeie, 362
Register 11:  SSI Peripheral Identification 5 (SSIPeriphID5), offset OXFD4 ............ccocoviiiiiiiiiiiiieee, 363
Register 12:  SSI Peripheral Identification 6 (SSIPeriphlD6), offset OXFD8 ...........cccoveiiiiiiiiiiiiiieeiees 364
Register 13:  SSI Peripheral Identification 7 (SSIPeriphID7), offset OXFDC ..........cccooiviiiiiiiiiiiiii, 365
Register 14:  SSI Peripheral Identification 0 (SSIPeriphlDO0), offset OXFEO ..........cccoiviiiiiiiiiiiie 366
Register 15:  SSI Peripheral Identification 1 (SSIPeriphlD1), offset OXFE4 ..........ccooiiiiiiiiiii e 367
Register 16: SSI Peripheral Identification 2 (SSIPeriphlD2), offset OXFES8 ..........ccoovviiiiiiiiiiiiiiieceee 368
Register 17:  SSI Peripheral Identification 3 (SSIPeriphlD3), offset OXFEC ..........cccooiiiiiiiiiiiieeeeeis 369
Register 18: SSI PrimeCell Identification 0 (SSIPCellID0), offset OXFFO ..........cooeiiiiiiieiiiie e, 370
Register 19:  SSI PrimeCell Identification 1 (SSIPCelllD1), offset OXFF4 ..o, 371
Register 20: SSI PrimeCell Identification 2 (SSIPCelllD2), offset OXFF8 ..o 372
Register 21:  SSI PrimeCell Identification 3 (SSIPCellID3), offset OXFFC ..o 373
Inter-Integrated Circuit (I2C) INEErfACE ........cceveeeeeeeeereeeeeeeee e s e e sssssens 374
Register 1:  1°C Master Slave Address (I2CMSA), offset 0X000 ............ccoooveieeeueeeeeeeeeeeeeeeeeeeeeeeea 388
Register 2:  12C Master Control/Status (I2CMCS), offset 0X004 .............coooveeeeeeeeeeeeeeeee e 389
Register 3:  1°C Master Data (I2CMDR), 0ffSet OX008 ............cceeiueiieeieeeeeeee e 393
Register 4:  1°C Master Timer Period (I2CMTPR), offset OX00C ...........coouieeeeieeeeeeeee e 394
Register 5:  12C Master Interrupt Mask (I2CMIMR), offset OX010 ..........eoveeeeeeeeeeeeeeee e 395
Register 6:  12C Master Raw Interrupt Status (I2CMRIS), offset 0X014 ............ccoooviveeeeeeeeeeeeeeeeeenn. 396
Register 7:  12C Master Masked Interrupt Status (I2CMMIS), offset 0X018 ..........c.ccoevveeveeeeeeeeeeeenene. 397
Register 8:  I12C Master Interrupt Clear (I2CMICR), offset OX01C .......c.ocveueieeeeeeeeeeeeeeee e 398
Register 9:  12C Master Configuration (I2CMCR), offset 0X020 .............cccoeieeeeeeeeeeeeeeeeeeeeeeeeeeeenes 399
Register 10:  1°C Slave Own Address (I2CSOAR), offset 0X000 ...........ccoeeeeieeieeeeieeeeeeeeeeee e 401
Register 11:  1°C Slave Control/Status (I2CSCSR), offset 0X004 .............ccueeveeieeeeieeieeee e ee e 402
Register 12:  12C Slave Data (I2CSDR), offs€t OX008 ..........ccueeeeeeeee e 404
Register 13:  12C Slave Interrupt Mask (I2CSIMR), offset 0X00C ............cccoovieeeeeeeeeeeeeeee e 405
Register 14:  12C Slave Raw Interrupt Status (I2CSRIS), offset 0X010 ...........coovveveiveeeeeeeeeeeeeeeeeee 406
Register 15:  12C Slave Masked Interrupt Status (I2CSMIS), offset 0X014 ............ccooveeeraceeeeeeeeeeenn. 407
Register 16:  12C Slave Interrupt Clear (I2CSICR), offset 0X018 ..........c.cooveueieeeeeeeeeee e 408
N =1 Lo T 0o 1T o -1 - | Lo 409
Register 1:  Analog Comparator Masked Interrupt Status (ACMIS), offset 0X00 ............ccoevvviviiieeinnnnnne. 413
Register 2:  Analog Comparator Raw Interrupt Status (ACRIS), offset Ox04 .........cccoeeviiiiiiiiiiiinieieii, 414
Register 3:  Analog Comparator Interrupt Enable (ACINTEN), offset 0X08 ............ccooeeviviiiieiiiiiieeriiinnnn. 415
Register 4:  Analog Comparator Reference Voltage Control (ACREFCTL), offset 0X10 ............cceevvnee 416
Register 5:  Analog Comparator Status 0 (ACSTATO), offset 0X20 .......coveviiiiiiiiiiei e 417
Register 6:  Analog Comparator Control 0 (ACCTLO), offset 0X24 .........ccooveiiiiiiiiieie e 418
July 25, 2008 17

Preliminary



Table of Contents

Pulse Width Modulator (PWM) ... s s ssssss s 420
Register 1:  PWM Master Control (PWMCTL), offset OX000 ........cooumiiiiiiiiiiei e 428
Register 2:  PWM Time Base Sync (PWMSYNC), offset OX004 ... 429
Register 3:  PWM Output Enable (PWMENABLE), offset 0X008 ..........ccooeiiiiiiiiiiiaie e 430
Register 4:  PWM Output Inversion (PWMINVERT), offset 0X00C .........ccciiiiiiiiiiiiiie e 431
Register 5: PWM Output Fault (PWMFAULT), offset OX010 .......ccovniiiiiiii e 432
Register 6:  PWM Interrupt Enable (PWMINTEN), offset OX014 .......coouuiiiiiiiiie e 433
Register 7:  PWM Raw Interrupt Status (PWMRIS), offset OX018 ..., 434
Register 8:  PWM Interrupt Status and Clear (PWMISC), offset OX01C ..........coiiiiiiiiiiiiiiiii e, 435
Register 9:  PWM Status (PWMSTATUS), 0ffset 0X020 .........oiiieiiiiiiiiiiiie e e e e eeeees 436
Register 10: PWMO Control (PWMOCTL), offset OX040 ........oiiriiiiiieie e 437
Register 11: PWM1 Control (PWM1CTL), offset OX080 ........coovniiiiiiii e 437
Register 12:  PWMO Interrupt and Trigger Enable (PWMOINTEN), offset 0x044 ...........cccooveiiiiiieniiinnnnn. 439
Register 13: PWM1 Interrupt and Trigger Enable (PWM1INTEN), offset 0x084 ...........ccccooiiiiiiiiiinnnnnen. 439
Register 14: PWMO Raw Interrupt Status (PWMORIS), offset OX048 ... 441
Register 15: PWM1 Raw Interrupt Status (PWM1RIS), offset OX088 .........ccouiiiiiiiiiiiiii i 441
Register 16: PWMO Interrupt Status and Clear (PWMOISC), offset 0X04C ........cccoiiiiiiiiiiiiiiiieeeeeeis 442
Register 17: PWM1 Interrupt Status and Clear (PWM1ISC), offset 0X08C ..........cccooeviiiiiiiiiiiieiiieeeis 442
Register 18: PWMO Load (PWMOLOAD), OffSet OX050 .....ccceumiiiiiiiiieeiiiie e 443
Register 19: PWM1 Load (PWM1LOAD), offset OX090 ......coouiiiiiiiiiiiii e 443
Register 20: PWMO Counter (PWMOCOUNT), offset OX054 .......couniiiiiiiiiei e 444
Register 21:  PWM1 Counter (PWM1COUNT), offset 0X094 .........ooomiiiiiiieeiie e 444
Register 22: PWMO0 Compare A (PWMOCMPA), offset OX058 .......c.uiiiiiiiiiiiei e 445
Register 23: PWM1 Compare A (PWM1CMPA), offset O0X098 ..........oiiiiiiiiiii e 445
Register 24: PWMO0 Compare B (PWMOCMPB), offset OX05C ........cccovuiiiiiiiiiieiiiiii e 446
Register 25: PWM1 Compare B (PWM1CMPB), offset OX09C ........cooiiiiii e, 446
Register 26: PWMO Generator A Control (PWMOGENA), offset OX060 ...........ccoooiiiiiiiiiiiiiiiiiieeeeinn, 447
Register 27: PWM1 Generator A Control (PWM1GENA), offset OX0AD .......c..oiiiiiiiiiiiiiie e 447
Register 28: PWMO Generator B Control (PWMOGENB), offset 0X064 ............oovvviiiiiiieiiiieiiieeeeeeis 450
Register 29: PWM1 Generator B Control (PWM1GENB), offset OX0A4 .........c.ooiviiiiiiiiiieie e 450
Register 30: PWMO Dead-Band Control (PWMODBCTL), offset OX068 ...........ccccovviiieiiiiiiieeiiiieeeeeiinen, 453
Register 31: PWM1 Dead-Band Control (PWM1DBCTL), offset OX0AS8 ..........oiiiiiiiiiiiiiiiii i 453
Register 32: PWMO Dead-Band Rising-Edge Delay (PWMODBRISE), offset 0X06C ............cccccoeeeennnnen. 454
Register 33: PWM1 Dead-Band Rising-Edge Delay (PWM1DBRISE), offset OXOAC ..........c.ccoiviiiininnnnn. 454
Register 34: PWMO Dead-Band Falling-Edge-Delay (PWMODBFALL), offset 0x070 ...........ccoeevvvneeennnnes 455
Register 35: PWM1 Dead-Band Falling-Edge-Delay (PWM1DBFALL), offset 0XOBO ...............c.cceeevnnenee. 455
18 July 25, 2008

Preliminary



LM3S1751 Microcontroller

The revision history table notes changes made between the indicated revisions of the LM3S1751
data sheet.

Table 1. Revision History

Date Revision |Description
March 2008 2550 Started tracking revision history.
April 2008 2881 The O, value was changed from 55.3 to 34 in the "Thermal Characteristics" table in the Operating

Characteristics chapter.

Bit 31 of the DC3 register was incorrectly described in prior versions of the datasheet. A reset of 1
indicates that an even CCP pin is present and can be used as a 32-KHz input clock.

Values for lpp_pigernate Were added to the "Detailed Power Specifications” table in the "Electrical
Characteristics" chapter.

The "Hibernation Module DC Electricals" table was added to the "Electrical Characteristics" chapter.

The Typprise Parameter in the "Reset Characteristics" table in the "Electrical Characteristics" chapter
was changed from a max of 100 to 250.

The maximum value on Core supply voltage (Vppos) in the "Maximum Ratings" table in the "Electrical
Characteristics" chapter was changed from 4 to 3.

The operational frequency of the internal 30-kHz oscillator clock source is 30 kHz + 50% (prior datasheets
incorrectly noted it as 30 kHz + 30%).

A value of 0x3 in bits 5:4 of the MISC register (O0SCSRC) indicates the 30-KHz internal oscillator is the
input source for the oscillator. Prior datasheets incorrectly noted 0x3 as a reserved value.

The reset for bits 6:4 of the RCC2 register (OSCSRC2) is 0x1 (I0OSC). Prior datasheets incorrectly noted
the reset was 0x0 (MOSC).

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

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.

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.

A note on Schmitt inputs was added to the GPIO chapter:

Pins configured as digital inputs are Schmitt-triggered.
The Buffer type on the WAKE pin changed from OD to - in the Signal Tables.

The "Differential Sampling Range" figures in the ADC chapter were clarified.
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Revision History

Date

Revision

Description

The last revision of the datasheet (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 FMPPEQO register bit diagrams.

Additional minor datasheet clarifications and corrections.

May 2008

2972

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

As noted in the PCN, the option to provide VDD25 power from external sources was removed. Use the
LDOoutput as the source of VDD25 input.

Additional minor datasheet clarifications and corrections.

July 2008

3108

Additional minor datasheet clarifications and corrections.

August 2008

3447

Added note on clearing interrupts to Interrupts chapter.
Added Power Architecture diagram to System Control chapter.

Additional minor datasheet clarifications and corrections.
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This data sheet provides reference information for the LM3S1751 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 documents are referenced by the data sheet, and available on the documentation CD
or from the Luminary Micro web site at www.luminarymicro.com:

ARM® Cortex™-M3 Technical Reference Manual
ARM® CoreSight Technical Reference Manual
ARM® v7-M Architecture Application Level Reference Manual
Stellaris® Peripheral Driver Library User's Guide
Stellaris® ROM User’s Guide
The following related documents are also referenced:
IEEE Standard 1149.1-Test Access Port and Boundary-Scan Architecture

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

Documentation Conventions

This document uses the conventions shown in Table 2 on page 21.

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 “Memory Map” on page 44.
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Notation Meaning

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

This value in the register bit diagram indicates whether software running on the controller can

Types 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/wW Software can read or write this field.

R/W1C 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.

w1C 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.

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 SI GNAL and STTGNAL
below).

deassert a signal

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

SITGNAC 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.

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

22

July 25, 2008
Preliminary



LM3S1751 Microcontroller

Notation

Meaning

0x

Hexadecimal numbers have a prefix of Ox. For example, 0xOOFF 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.
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Architectural Overview

1.1

The Luminary Micro 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® LM3S1000 series extends the Stellaris® family with larger on-chip
memories, enhanced power management, and expanded I/O and control capabilities.

The LM3S1751 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 LM3S1751 microcontroller features
a Battery-backed Hibernation module to efficiently power down the LM3S1751 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 LM3S1751 microcontroller perfectly for
battery applications.

In addition, the LM3S1751 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 LM3S1751 microcontroller is code-compatible
to all members of the extensive Stellaris® family; providing flexibility to fit our customers' precise
needs.

Luminary Micro 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 522 for
ordering information for Stellaris® family devices.

Product Features

The LM3S1751 microcontroller includes the following product features:
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
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Integrated Nested Vectored Interrupt Controller (NVIC) providing deterministic interrupt
handling

32 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

Internal Memory

128 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

General-Purpose Timers

Three General-Purpose Timer Modules (GPTM), each of which provides two 16-bit timers.
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 in periodic and one-shot mode when the controller asserts the CPU
Halt flag during debug

* ADC event trigger
16-bit Timer modes
» General-purpose timer function with an 8-bit prescaler

* Programmable one-shot timer
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* Programmable periodic timer

» 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
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
UART
Three fully programmable 16C550-type UARTs with IrDA support

Separate 16x8 transmit (TX) and 16x12 receive (RX) FIFOs to reduce CPU interrupt service
loading

Programmable baud-rate generator allowing speeds up to 3.125 Mbps
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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
False-start-bit detection

Line-break generation and detection

ADC

Single- and differential-input configurations

Four 10-bit channels (inputs) when used as single-ended inputs
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

Each sequence triggered by software or internal event (timers, analog comparators, PWM
or GPIO)

On-chip temperature sensor

Analog Comparators

One integrated analog comparator

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

12C

Master and slave receive and transmit operation with transmission speed up to 100 Kbps in
Standard mode and 400 Kbps in Fast mode

Interrupt generation

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

PWM

Two PWM generator blocks, each with one 16-bit counter, two comparators, a PWM generator,
and a dead-band generator

One 16-bit counter

* Runs in Down or Up/Down mode

July 25, 2008
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» Output frequency controlled by a 16-bit load value
* Load value updates can be synchronized

» Produces output signals at zero and load value
Two PWM comparators

» Comparator value updates can be synchronized

» Produces output signals on match

PWM generator

+ Output PWM signal is constructed based on actions taken as a result of the counter and
PWM comparator output signals

» Produces two independent PWM signals
Dead-band generator

* Produces two PWM signals with programmable dead-band delays suitable for driving a
half-H bridge

+ Can be bypassed, leaving input PWM signals unmodified
Flexible output control block with PWM output enable of each PWM signal
+  PWM output enable of each PWM signal
» Optional output inversion of each PWM signal (polarity control)
+ Optional fault handling for each PWM signal
» Synchronization of timers in the PWM generator blocks
» Synchronization of timer/comparator updates across the PWM generator blocks
* Interrupt status summary of the PWM generator blocks
Can initiate an ADC sample sequence
GPIOs
21-56 GPIOs, depending on configuration
5-V-tolerant input/outputs
Programmable interrupt generation as either edge-triggered or level-sensitive
Low interrupt latency; as low as 6 cycles and never more than 12 cycles
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.
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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

Power

On-chip Low Drop-Out (LDO) voltage regulator, with programmable output user-adjustable
from2.25Vt02.75V

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

User-enabled LDO unregulated voltage detection and automatic reset

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
Additional Features

Six reset sources

Programmable clock source control

Clock gating to individual peripherals for power savings

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

Debug access via JTAG and Serial Wire interfaces

Full JTAG boundary scan
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Industrial and extended temperature 100-pin RoHS-compliant LQFP package

Industrial-range 108-ball RoHS-compliant BGA 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
Medical instrumentation
Fire and security
Power and energy
Transportation

1.3 High-Level Block Diagram

Figure 1-1 on page 31 represents the full set of features in the Stellaris® 1000 series of devices;
not all features may be available on the LM3S1751 microcontroller.
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Figure 1-1. Stellaris® 1000 Series High-Level Block Diagram
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14 Functional Overview

The following sections provide an overview of the features of the LM3S1751 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 522.
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1.41
1411

1.4.1.2

1.4.1.3

1.4.2

1.4.21

ARM Cortex™-M3

Processor Core (see page 38)

All members of the Stellaris® product family, including the LM3S1751 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.

“ARM Cortex-M3 Processor Core” on page 38 provides an overview of the ARM core; the core is
detailed in the ARM® Cortex™-M3 Technical Reference Manual.

System Timer (SysTick) (see page 41)

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:

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

A high-speed alarm timer using the system clock.

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

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

An internal 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 46)

The LM3S1751 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 32 interrupts.

“Interrupts” on page 46 provides an overview of the NVIC controller and the interrupt map. Exceptions
and interrupts are detailed in the ARM® Cortex™-M3 Technical Reference Manual.

Motor Control Peripherals

To enhance motor control, the LM3S1751 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.
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On the LM3S1751, PWM motion control functionality can be achieved through:
Dedicated, flexible motion control hardware using the PWM pins
The motion control features of the general-purpose timers using the CCP pins

PWM Pins (see page 420)

The LM3S1751 PWM module consists of two PWM generator blocks and a control block. Each
PWM generator block contains one timer (16-bit down or up/down counter), two comparators, a
PWM signal generator, a dead-band generator, and an interrupt/ADC-trigger selector. The control
block determines the polarity of the PWM signals, and which signals are passed through to the pins.

Each PWM generator block produces two PWM signals that can either be independent signals or
a single pair of complementary signals with dead-band delays inserted. The output of the PWM
generation blocks are managed by the output control block before being passed to the device pins.

CCP Pins (see page 210)

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.
143 Analog Peripherals

To handle analog signals, the LM3S1751 microcontroller offers an Analog-to-Digital Converter
(ADC).

For support of analog signals, the LM3S1751 microcontroller offers one analog comparator.

1.4.3.1 ADC (see page 263)

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

The LM3S1751 ADC module features 10-bit conversion resolution and supports four 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.

1.4.3.2 Analog Comparators (see page 409)

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

The LM3S1751 microcontroller provides one analog comparator 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:
An individual external reference voltage
A shared single external reference voltage
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
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14.4

1.4.41

1.4.4.2

1.4.4.3

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.

Serial Communications Peripherals

The LM3S1751 controller supports both asynchronous and synchronous serial communications
with:

Three fully programmable 16C550-type UARTs
Two SSI modules

One 12C module

UART (see page 296)

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 LM3S1751 controller includes three 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 16x12 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.

SSI (see page 337)
Synchronous Serial Interface (SSI) is a four-wire bi-directional communications interface.

The LM3S1751 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.

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 374)

The Inter-Integrated Circuit (1°C) 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.
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The LM3S1751 controller includes one I1°C module that provides 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. The 1°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 I2C modes are: Master Transmit, Master Receive,
Slave Transmit, and Slave Receive.

A Stellaris® I2C module can operate at two speeds: Standard (100 Kbps) and Fast (400 Kbps).

Both the 1°C master and slave can generate interrupts. The I°C master generates interrupts when
a transmit or receive operation completes (or aborts due to an error). The I12C slave generates
interrupts when data has been sent or requested by a master.

1.4.5 System Peripherals
1.4.51 Programmable GPIOs (see page 162)

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 21-56 programmable input/output pins.
The number of GPIOs available depends on the peripherals being used (see “Signal Tables” on page
458 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
both read and write operations through address lines. Pins configured as digital inputs are
Schmitt-triggered.

1.4.5.2 Three Programmable Timers (see page 204)
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 three 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.

1.4.5.3 Watchdog Timer (see page 240)

A watchdog timer can generate nonmaskable interrupts (NMIs) 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.
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1.4.6

1.4.6.1

1.4.6.2

1.4.7
1.4.71

1.4.7.2

Memory Peripherals
The LM3S1751 controller offers both single-cycle SRAM and single-cycle Flash memory.

SRAM (see page 138)

The LM3S1751 static random access memory (SRAM) controller supports 64 KB SRAM. The internal
SRAM of the Stellaris® devices is located at offset 0x0000.0000 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 139)

The LM3S1751 Flash controller supports 128 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.

Additional Features

Memory Map (see page 44)

A memory map lists the location of instructions and data in memory. The memory map for the
LM3S1751 controller can be found in “Memory Map” on page 44. Register addresses are given as
a hexadecimal increment, relative to the module's base address as shown in the memory map.

The ARM® Cortex™-M3 Technical Reference Manual provides further information on the memory
map.

JTAG TAP Controller (see page 49)

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 TDI 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 Luminary Micro 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 TDOoutput while Luminary Micro JTAG instructions select the Luminary
Micro TDOoutputs. The multiplexer is controlled by the Luminary Micro JTAG controller, which has
comprehensive programming for the ARM, Luminary Micro, and unimplemented JTAG instructions.
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1.4.7.3 System Control and Clocks (see page 60)

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.

1.4.7.4 Hibernation Module (see page 118)

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:
“Pin Diagram” on page 456
“Signal Tables” on page 458
“Operating Characteristics” on page 484
“Electrical Characteristics” on page 485

“Package Information” on page 497
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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. 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 with a:

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 motors.
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For more information on the ARM Cortex-M3 processor core, see the ARM® Cortex™-M3 Technical
Reference Manual. For information on SWJ-DP, see the ARM® CoreSight Technical Reference
Manual.

2.1 Block Diagram

Figure 2-1. CPU Block Diagram
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2.2 Functional Description

The ARM® Cortex™-M3 Technical Reference Manual describes all the features of an
ARM Cortex-M3 in detail. However, these features differ based on the implementation.
This section describes the Stellaris® implementation.

Luminary Micro has implemented the ARM Cortex-M3 core as shown in Figure 2-1 on page 39. As
noted in the ARM® Cortex™-M3 Technical Reference Manual, several Cortex-M3 components are
flexible in their implementation: SW/JTAG-DP, ETM, TPIU, the ROM table, the MPU, and the Nested
Vectored Interrupt Controller (NVIC). Each of these is addressed in the sections that follow.

221 Serial Wire and JTAG Debug

Luminary Micro has replaced the ARM SW-DP and JTAG-DP with the ARM CoreSight™-compliant
Serial Wire JTAG Debug Port (SWJ-DP) interface. This means Chapter 12, “Debug Port,” of the
ARM® Cortex™-M3 Technical Reference Manual does not apply to Stellaris® devices.
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The SWJ-DP interface combines the SWD and JTAG debug ports into one module. See the
CoreSight™ Design Kit Technical Reference Manual for details on SWJ-DP.

222 Embedded Trace Macrocell (ETM)
ETM was not implemented in the Stellaris® devices. This means Chapters 15 and 16 of the ARM®
Cortex™-M3 Technical Reference Manual can be ignored.
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. The Stellaris® devices have implemented TPIU as shown in Figure 2-2 on page 40.
This is similar to the non-ETM version described in the ARM® Cortex™-M3 Technical Reference
Manual, however, SWJ-DP only provides SW output for the TPIU.
Figure 2-2. TPIU Block Diagram
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224 ROM Table
The default ROM table was implemented as described in the ARM® Cortex™-M3 Technical
Reference Manual.
225 Memory Protection Unit (MPU)
The Memory Protection Unit (MPU) is included on the LM3S1751 controller and 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.
2.2.6 Nested Vectored Interrupt Controller (NVIC)
The Nested Vectored Interrupt Controller (NVIC):
Facilitates low-latency exception and interrupt handling
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Controls power management
Implements system control registers

The NVIC supports up to 240 dynamically reprioritizable interrupts each with up to 256 levels of
priority. The NVIC and the processor core interface are closely coupled, which enables low latency
interrupt processing and efficient processing of late arriving interrupts. The NVIC maintains knowledge
of the stacked (nested) interrupts to enable tail-chaining of interrupts.

You can only fully access the NVIC from privileged mode, but you can pend interrupts in user-mode
if you enable the Configuration Control Register (see the ARM® Cortex™-M3 Technical Reference
Manual). Any other user-mode access causes a bus fault.

All NVIC registers are accessible using byte, halfword, and word unless otherwise stated.

2.2.6.1 Interrupts
The ARM® Cortex™-M3 Technical Reference Manual describes the maximum number of interrupts
and interrupt priorities. The LM3S1751 microcontroller supports 32 interrupts with eight priority
levels.
2.2.6.2 System Timer (SysTick)
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:
An RTOS tick timer which fires at a programmable rate (for example, 100 Hz) and invokes a
SysTick routine.
A high-speed alarm timer using the system clock.
A variable rate alarm or signal timer—the duration is range-dependent on the reference clock
used and the dynamic range of the counter.
A simple counter. Software can use this to measure time to completion and time used.
An internal 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.
Functional Description
The timer consists of three registers:
A control and status counter to configure its clock, enable the counter, enable the SysTick
interrupt, and determine counter status.
The reload value for the counter, used to provide the counter's wrap value.
The current value of the counter.
A fourth register, the SysTick Calibration Value Register, is not implemented in the Stellaris® devices.
When enabled, the timer counts down from the reload value to zero, reloads (wraps) to the value
in the SysTick Reload Value register on the next clock edge, then decrements on subsequent clocks.
Writing a value of zero to the Reload Value register disables the counter on the next wrap. When
the counter reaches zero, the COUNTFLAG status bit is set. The COUNTFLAG bit clears on reads.
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Writing to the Current Value register clears the register and the COUNTFLAG 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.

If the core is in debug state (halted), the counter will not decrement. The timer is clocked with respect
to a reference clock. The reference clock can be the core clock or an external clock source.

SysTick Control and Status Register

Use the SysTick Control and Status Register to enable the SysTick features. The reset is
0x0000.0000.

Bit/Field Name Type [Reset |Description

31:17 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.

16 COUNTFLAG|R/W | 0 |[CountFlag

Returns 1 if timer counted to O since last time this was read. Clears on read by
application. If read by the debugger using the DAP, this bit is cleared on read-only
if the MasterType bit in the AHB-AP Control Register is set to 0. Otherwise, the
COUNTFLAG bit is not changed by the debugger read.

15:3 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 CLKSOURCE|R/W | 0 |Clock Source

Value Description

0 External reference clock. (Not implemented for Stellaris microcontrollers.)
1 Core clock

If no reference clock is provided, it is held at 1 and so gives the same time as the
core clock. The core clock must be at least 2.5 times faster than the reference clock.
If it is not, the count values are unpredictable.

1 TICKINT R/W | 0 |Tick Interrupt

Value Description

0 Counting down to 0 does not generate the interrupt request to the NVIC.
Software can use the COUNTFLAG to determine if ever counted to 0.

1 Counting down to 0 pends the SysTick handler.

0 ENABLE R/W | 0 [Enable

Value Description

0 Counter disabled.

1 Counter operates in a multi-shot way. That is, counter loads with the Reload
value and then begins counting down. On reaching 0, it sets the

COUNTFLAG to 1 and optionally pends the SysTick handler, based on
TICKINT. It then loads the Reload value again, and begins counting.

SysTick Reload Value Register

Use the SysTick Reload Value Register to specify the start value to load into the current value
register when the counter reaches 0. It can be any value between 1 and OxOOFF.FFFF. A start value
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of 0 is possible, but has no effect because the SysTick interrupt and COUNTFLAG are activated
when counting from 1 to 0.

Therefore, as a multi-shot timer, repeated over and over, it fires every N+1 clock pulse, where N is
any value from 1 to OXOOFF.FFFF. So, if the tick interrupt is required every 100 clock pulses, 99
must be written into the RELOAD. If a new value is written on each tick interrupt, so treated as single
shot, then the actual count down must be written. For example, if a tick is next required after 400
clock pulses, 400 must be written into the RELOAD.

Bit/Field| Name |Type |Reset|Description
31:24 |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:.0 |RELOAD|W1C| - [Reload
Value to load into the SysTick Current Value Register when the counter reaches 0.

SysTick Current Value Register

Use the SysTick Current Value Register to find the current value in the register.

Bit/Field| Name |[Type|Reset|Description
31:24 | 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.
23:0 |[CURRENT|W1C| - |Current Value

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 to 0. Clearing
this register also clears the COUNTFLAG bit of the SysTick Control and Status Register.

SysTick Calibration Value Register

The SysTick Calibration Value register is not implemented.
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The memory map for the LM3S1751 controller is provided in Table 3-1 on page 44.

In this manual, register addresses are given as a hexadecimal increment, relative to the module’s
base address as shown in the memory map. See also Chapter 4, “Memory Map” in the ARM®
Cortex™-M3 Technical Reference Manual.

Table 3-1. Memory Map®

Start End Description For details on
registers, see
page ...

Memory

0x0000.0000 0x0001.FFFF On-chip flash ® 142

0x0002.0000 Ox1FFF.FFFF Reserved -

0x2000.0000 0x2000.FFFF Bit-banded on-chip SRAM° 142

0x2001.0000 0x21FF.FFFF Reserved -

0x2200.0000 0x221F.FFFF Bit-band alias of 0x2000.0000 through 0x200F.FFFF 138

0x2220.0000 Ox3FFF.FFFF Reserved -

FiRM Peripherals

0x4000.0000 0x4000.0FFF Watchdog timer 242

0x4000.1000 0x4000.3FFF Reserved -

0x4000.4000 0x4000.4FFF GPIO Port A 169

0x4000.5000 0x4000.5FFF GPIO Port B 169

0x4000.6000 0x4000.6FFF GPIO Port C 169

0x4000.7000 0x4000.7FFF GPIO Port D 169

0x4000.8000 0x4000.8FFF SSI0 348

0x4000.9000 0x4000.9FFF SSI1 348

0x4000.A000 0x4000.BFFF Reserved -

0x4000.C000 0x4000.CFFF UARTO 303

0x4000.D000 0x4000.DFFF UART1 303

0x4000.E000 0x4000.EFFF UART2 303

0x4000.FO00 0x4001.FFFF Reserved -

Peripherals

0x4002.0000 0x4002.07FF I12C Master 0 387

0x4002.0800 0x4002.0FFF I12C Slave 0 400

0x4002.1000 0x4002.3FFF Reserved -

0x4002.4000 0x4002.4FFF GPIO Port E 169

0x4002.5000 0x4002.5FFF GPIO Port F 169

0x4002.6000 0x4002.6FFF GPIO Port G 169

0x4002.7000 0x4002.7FFF GPIO Port H 169

0x4002.8000 0x4002.8FFF PWM 427

0x4002.9000 0x4002.FFFF Reserved -

0x4003.0000 0x4003.0FFF Timer0 215

0x4003.1000 0x4003.1FFF Timer1 215
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Start End Description For details on
registers, see
page ...

0x4003.2000 0x4003.2FFF Timer2 215

0x4003.3000 0x4003.7FFF Reserved -

0x4003.8000 0x4003.8FFF ADC 270

0x4003.9000 0x4003.BFFF Reserved -

0x4003.C000 0x4003.CFFF Analog Comparators 409

0x4003.D000 0x400F.BFFF Reserved -

0x400F.C000 0x400F.CFFF Hibernation Module 125

0x400F.D0O00 0x400F.DFFF Flash control 142

0x400F.E000 0x400F.EFFF System control 69

0x400F.FO00 0x41FF.FFFF Reserved -

0x4200.0000 0x43FF.FFFF Bit-banded alias of 0x4000.0000 through Ox400F.FFFF -
0x4400.0000 OxDFFF.FFFF Reserved -

Private Peripheral Bus

0xE000.0000 0xEO000.0FFF Instrumentation Trace Macrocell (ITM) ARM®
Cortex™-M3
Technical
Reference
Manual

0xE000.1000 0xEO000.1FFF Data Watchpoint and Trace (DWT) ARM®
Cortex™-M3
Technical
Reference
Manual

0xE000.2000 0xE000.2FFF Flash Patch and Breakpoint (FPB) ARM®
Cortex™-M3
Technical
Reference
Manual
0xE000.3000 0xEO000.DFFF Reserved -
0xE000.E000 0xEO00.EFFF Nested Vectored Interrupt Controller (NVIC) ARM®
Cortex™-M3
Technical
Reference
Manual
0xE000.F000 0xE003.FFFF Reserved -
0xE004.0000 0xE004.0FFF Trace Port Interface Unit (TPIU) ARM®
Cortex™-M3
Technical
Reference
Manual
0xE004.1000 OxFFFF.FFFF Reserved -

a. All reserved space returns a bus fault when read or written.

b. The unavailable flash will bus fault throughout this range.

¢. The unavailable SRAM will bus fault throughout this range.
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The ARM Cortex-M3 processor and the Nested Vectored Interrupt Controller (NVIC) 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.

Table 4-1 on page 46 lists all exception types. Software can set eight priority levels on seven of
these exceptions (system handlers) as well as on 32 interrupts (listed in Table 4-2 on page 47).

Priorities on the system handlers are set with the NVIC System Handler Priority registers. Interrupts
are enabled through the NVIC Interrupt Set Enable register and prioritized with the NVIC Interrupt
Priority registers. You also can group priorities by splitting priority levels into pre-emption priorities
and subpriorities. All of the interrupt registers are described in Chapter 8, “Nested Vectored Interrupt
Controller” in the ARM® Cortex™-M3 Technical Reference Manual.

Internally, the highest user-settable priority (0) is treated as fourth priority, after a Reset, NMI, and
a Hard Fault. Note that 0 is the default priority for all the settable priorities.

If you assign the same priority level to two or more interrupts, their hardware priority (the lower
position number) determines the order in which the processor activates them. For example, if both
GPIO Port A and GPIO Port B are priority level 1, then GPIO Port A has higher priority.

It may take several processor cycles after a write to clear an interrupt source in order
for NVIC to see the interrupt source de-assert. This means if the interrupt clear is done
as the last action in an interrupt handler, it is possible for the interrupt handler to complete
while NVIC sees the interrupt as still asserted, causing the interrupt handler to be
re-entered errantly. This 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 Chapter 5, “Exceptions” and Chapter 8, “Nested Vectored Interrupt Controller” in the ARM®
Cortex™-M3 Technical Reference Manual for more information on exceptions and interrupts.

Table 4-1. Exception Types

Exception Type Vector Priority® |Description
Number

- 0 - Stack top is loaded from first entry of vector table on reset.

Reset 1 -3 (highest) | Invoked on power up and warm reset. On first instruction, drops to lowest
priority (and then is called the base level of activation). This is
asynchronous.

Non-Maskable 2 -2 Cannot be stopped or preempted by any exception but reset. This is

Interrupt (NMI) asynchronous.

An NMl is only producible by software, using the NVIC Interrupt Control
State register.

Hard Fault 3 -1 All classes of Fault, when the fault cannot activate due to priority or the
configurable fault handler has been disabled. This is synchronous.

Memory Management 4 settable |MPU mismatch, including access violation and no match. This is
synchronous.

The priority of this exception can be changed.
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Exception Type Vector Priority? |Description
Number

Bus Fault 5 settable |Pre-fetch fault, memory access fault, and other address/memory related
faults. This is synchronous when precise and asynchronous when
imprecise.

You can enable or disable this fault.

Usage Fault 6 settable |Usage fault, such as undefined instruction executed or illegal state
transition attempt. This is synchronous.

- 7-10 - Reserved.

SVCall 11 settable |System service call with SVC instruction. This is synchronous.

Debug Monitor 12 settable |Debug monitor (when not halting). This is synchronous, but only active
when enabled. It does not activate if lower priority than the current
activation.

- 13 - Reserved.

PendSV 14 settable |Pendable request for system service. This is asynchronous and only
pended by software.

SysTick 15 settable |System tick timer has fired. This is asynchronous.

Interrupts 16 and settable |Asserted from outside the ARM Cortex-M3 core and fed through the

above NVIC (prioritized). These are all asynchronous. Table 4-2 on page 47

lists the interrupts on the LM3S1751 controller.

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

Table 4-2. Interrupts

Vector Number

Interrupt Number (Bit in
Interrupt Registers)

Description

0-15 - Processor exceptions
16 0 GPIO Port A
17 1 GPIO Port B
18 2 GPIO Port C
19 3 GPIO Port D
20 4 GPIO Port E
21 5 UARTO
22 6 UART1
23 7 SSI0
24 8 12C0
25 9 PWM Fault
26 10 PWM Generator 0
27 11 PWM Generator 1

28-29 12-13 Reserved
30 14 ADC Sequence 0
31 15 ADC Sequence 1
32 16 ADC Sequence 2
33 17 ADC Sequence 3
34 18 Watchdog timer
35 19 Timer0 A
36 20 Timer0 B
37 21 Timer1 A
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Vector Number Interrupt Number (Bit in |Description
Interrupt Registers)

38 22 Timer1 B

39 23 Timer2 A

40 24 Timer2 B

41 25 Analog Comparator 0
42-43 26-27 Reserved

44 28 System Control

45 29 Flash Control

46 30 GPIO Port F

47 31 GPIO Port G

48 32 GPIO PortH

49 33 UART2

50 34 SSI1
51-58 35-42 Reserved

59 43 Hibernation Module
60-63 44-47 Reserved
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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 TDI 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 Luminary Micro 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 TDOoutput while Luminary Micro JTAG instructions select the Luminary
Micro TDO outputs. The multiplexer is controlled by the Luminary Micro JTAG controller, which has
comprehensive programming for the ARM, Luminary Micro, and unimplemented JTAG instructions.

The JTAG module has the following features:
IEEE 1149.1-1990 compatible Test Access Port (TAP) controller
Four-bit Instruction Register (IR) chain for storing JTAG instructions
IEEE standard instructions:
BYPASS instruction
IDCODE instruction
SAMPLE/PRELOAD instruction
EXTEST instruction
INTEST instruction
ARM additional instructions:
APACC instruction
DPACC instruction
ABORT instruction
Integrated ARM Serial Wire Debug (SWD)

See the ARM® Cortex™-M3 Technical Reference Manual for more information on the ARM JTAG
controller.
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5.1

5.2

Block Diagram

Figure 5-1. JTAG Module Block Diagram
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Functional Description

A high-level conceptual drawing of the JTAG module is shown in Figure 5-1 on page 50. 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 TDI and TDOis always connected (see
Table 5-2 on page 56 for a list of implemented instructions).

See “JTAG and Boundary Scan” on page 493 for JTAG timing diagrams.
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5.21

5.2.1.1

5.2.1.2

5.2.1.3

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 5-1 on page 51. Detailed information on each pin
follows.

Table 5-1. JTAG Port Pins Reset State

Internal Pull-Down Drive Value
Disabled N/A N/A
Disabled N/A N/A
Disabled N/A N/A
Disabled N/A N/A

Disabled High-Z

Pin Name Data Direction
TRST Input

TCK Input

TVS Input

TDI Input

TDO Output

Internal Pull-Up
Enabled
Enabled
Enabled
Enabled
Enabled

Drive Strength

2-mA driver

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.

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
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. TVMS 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 5-2 on page 53.
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5.2.1.5

5.2.2

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/ TVs; 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. TDI 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 TDI 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 TDI 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 TDOdepends 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 TDOcan be connected
to the TDI of another controller in a daisy-chain configuration, the IEEE Standard 1149.1 expects
the value on TDOto change on the falling edge of TCK.

By default, the internal pull-up resistor on the TDOpin 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 5-2 on page 53. The TAP controller
state machine is reset to the Test-Logic-Reset state on the assertion of a Power-On-Reset (POR)
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.
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5.2.3

524

Figure 5-2. 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 TDOduring 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 56.

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
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.
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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 commit control registers provide a layer of protection against accidental programming of critical
hardware peripherals. Writes to protected bits of the GPIO Alternate Function Select (GPIOAFSEL)
register (see page 179) are not committed to storage unless the GPIO Lock (GPIOLOCK) register
(see page 189) has been unlocked and the appropriate bits of the GPIO Commit (GPIOCR) register
(see page 190) have been set to 1.

Recovering a "Locked” Device

Performing the below sequence will cause the nonvolatile registers discussed in “Nonvolatile
Register Programming” on page 141 to be restored to their factory default values. The mass
erase of the flash memory caused by the below sequence occurs prior to the nonvolatile
registers being restored.

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:

Assert and hold the RST signal.

Perform the JTAG-to-SWD switch sequence.
Perform the SWD-to-JTAG switch sequence.
Perform the JTAG-to-SWD switch sequence.
Perform the SWD-to-JTAG switch sequence.
Perform the JTAG-to-SWD switch sequence.
Perform the SWD-to-JTAG switch sequence.
Perform the JTAG-to-SWD switch sequence.
Perform the SWD-to-JTAG switch sequence.
Perform the JTAG-to-SWD switch sequence.

Perform the SWD-to-JTAG switch sequence.
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5.2.4.2

Release the RST signal.
Wait 400 ms.
Power-cycle the device.

The JTAG-to-SWD and SWD-to-JTAG switch sequences are described in “ARM Serial Wire Debug
(SWD)” on page 55. When performing switch sequences for the purpose of recovering the debug
capabilities of the device, only steps 1 and 2 of the switch sequence need to be performed.

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 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®
Cortex™-M3 Technical Reference Manual and the ARM® CoreSight Technical Reference Manual.

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 a switch sequence to the device. The 16-bit switch sequence
for switching to SWD mode is defined as b1110011110011110, transmitted LSB first. This can also
be represented as 16'hE79E when transmitted LSB first. The complete switch sequence should
consist of the following transactions on the TCK/SWCLK and TM5/SWDI Ossignals:

Send at least 50 TCK/SWCLK cycles with TMS/SWDI Oset to 1. This ensures that both JTAG and
SWD are in their reset/idle states.

Send the 16-bit JTAG-to-SWD switch sequence, 16'hE79E.

Send at least 50 TCK/SWCLK cycles with TMS/SWDI Oset 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/SWDI Ossignals:
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Send at least 50 TCK/SWCLK cycles with TMS/SWDI Oset to 1. This ensures that both JTAG and
SWD are in their reset/idle states.

Send the 16-bit SWD-to-JTAG switch sequence, 16'hE73C.

Send at least 5 TCK/SWCLK cycles with TM5/SWDI Oset 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 P( 3: 0] ) for their alternate function using the GPIOAFSEL register.

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 with a parallel load register
connected between the JTAG TDI and TDOpins. 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 5-2 on page 56. A detailed explanation of each instruction, along
with its associated Data Register, follows.

Table 5-2. 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 TDOthrough a single Shift Register chain.
All Others Reserved Defaults to the BYPASS instruction to ensure that TDI is always connected to TDO.

EXTEST Instruction

The EXTEST instruction does not have an associated 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,
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5.4.1.2

54.1.3

54.1.4

54.1.5

5.4.1.6

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.

INTEST Instruction

The INTEST instruction does not have an associated 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.

SAMPLE/PRELOAD Instruction

The SAMPLE/PRELOAD instruction connects the Boundary Scan Data Register chain between
TDI and TDQ. 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 TDOwhile
the TAP controller is in the Shift DR state and can be used for observation or comparison in various
tests.

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 59 for more information.

ABORT Instruction

The ABORT instruction connects the associated ABORT Data Register chain between TDlI 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 59 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 59 for more information.

APACC Instruction

The APACC instruction connects the associated APACC Data Register chain between TDI 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
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5.4.1.7

5.4.1.8

5.4.2

5.4.2.1

5.4.2.2

register allows read and write access to internal components and buses through the Debug Port.
Please see “APACC Data Register” on page 59 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 58 for more
information.

BYPASS Instruction

The BYPASS instruction connects the associated BYPASS Data Register chain between TDI and
TDO. This instruction is used to create a minimum length serial path between the TDI and TDOports.
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 58 for
more information.

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 5-3 on page 58. 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 0x3BA00477. This value indicates an ARM Cortex-M3, Version 1
processor. This allows the debuggers to automatically configure themselves to work correctly with
the Cortex-M3 during debug.

Figure 5-3. IDCODE Register Format

31 28 27 12 1 10

i» Version Part Number Manufacturer ID 1 ﬂ»

BYPASS Data Register

The format for the 1-bit BYPASS Data Register defined by the IEEE Standard 1149.1 is shown in
Figure 5-4 on page 59. 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
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5.4.2.3

5.4.2.4

5.4.2.5

5.4.2.6

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 5-4. BYPASS Register Format
0

—TDI>@»TDO>

Boundary Scan Data Register

The format of the Boundary Scan Data Register is shown in Figure 5-5 on page 59. Each GPIO
pin, in a counter-clockwise direction from 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. In addition to the GPIO pins, the controller reset pin, RST, is included in the chain. Because
the reset pin is always an input, only the input signal is included in the Data Register chain.

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
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 5-5. Boundary Scan Register Format

o TR - e I—II—I~ ~HFHef=

GPIO PB6 GPIO m GPIO mt+1 GPIO n

For detailed information on the order of the input, output, and output enable bits for each of the
GPIO ports, please refer to the Stellaris® Family Boundary Scan Description Language (BSDL) files,
downloadable from www.luminarymicro.com.

APACC Data Register

The format for the 35-bit APACC Data Register defined by ARM is described in the ARM®
Cortex™-M3 Technical Reference Manual.

DPACC Data Register

The format for the 35-bit DPACC Data Register defined by ARM is described in the ARM®
Cortex™-M3 Technical Reference Manual.

ABORT Data Register

The format for the 35-bit ABORT Data Register defined by ARM is described in the ARM®
Cortex™-M3 Technical Reference Manual.
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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.

6.1 Functional Description
The System Control module provides the following capabilities:
Device identification, see “Device ldentification” on page 60
Local control, such as reset (see “Reset Control” on page 60), power (see “Power
Control” on page 63) and clock control (see “Clock Control” on page 63)
System control (Run, Sleep, and Deep-Sleep modes), see “System Control” on page 66
6.1.1 Device Identification
Seven 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.
6.1.2 Reset Control
This section discusses aspects of hardware functions during reset as well as system software
requirements following the reset sequence.
6.1.21 CMODO and CMOD1 Test-Mode Control Pins
Two pins, CMOD0 and CMOD1, are defined for use by Luminary Micro for testing the devices during
manufacture. They have no end-user function and should not be used. The CMOD pins should be
connected to ground.
6.1.2.2 Reset Sources
The controller has five sources of reset:
External reset input pin (RST) assertion, see “RST Pin Assertion” on page 60.
Power-on reset (POR), see “Power-On Reset (POR)” on page 61.
Internal brown-out (BOR) detector, see “Brown-Out Reset (BOR)” on page 61.
Software-initiated reset (with the software reset registers), see “Software Reset” on page 62.
A watchdog timer reset condition violation, see “Watchdog Timer Reset” on page 62.
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.
6.1.2.3 RST Pin Assertion
The external reset pin (RST) resets the controller. This resets the core and all the peripherals except
the JTAG TAP controller (see “JTAG Interface” on page 49). The external reset sequence is as
follows:
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The external reset pin (RST) is asserted and then de-asserted.

The internal reset is released and the core loads from memory the initial stack pointer, the initial
program counter, the first instruction designated by the program counter, and begins execution.
A few clocks cycles from RST de-assertion to the start of the reset sequence is necessary for
synchronization.

The external reset timing is shown in Figure 21-10 on page 495.

6.1.2.4 Power-On Reset (POR)

The Power-On Reset (POR) circuit monitors the power supply voltage (Vpp). The POR circuit
generates a reset signal to the internal logic when the power supply ramp reaches a threshold value
(V). If the application only uses the POR circuit, the RST input needs to be connected to the power
supply (Vpp) through a pull-up resistor (1K to 10K Q).

The device must be operating within the specified operating parameters at the point when the on-chip
power-on reset pulse is complete. The 3.3-V power supply to the device must reach 3.0 V within
10 msec of it crossing 2.0 V to guarantee proper operation. For applications that require the use of
an external reset to hold the device in reset longer than the internal POR, the RST input may be
used with the circuit as shown in Figure 6-1 on page 61.

Figure 6-1. External Circuitry to Extend Reset

Stellaris
D4 R,

WV RST

The Ry and C; components define the power-on delay. The R, resistor mitigates any leakage from
the RST input. The diode (D4) discharges C, rapidly when the power supply is turned off.

The Power-On Reset sequence is as follows:
The controller waits for the later of external reset (RST) or internal POR to go inactive.

The internal reset is released and the core loads from memory the initial stack pointer, the initial
program counter, the first instruction designated by the program counter, and begins execution.

The internal POR is only active on the initial power-up of the controller. The Power-On Reset timing
is shown in Figure 21-11 on page 496.

The power-on reset also resets the JTAG controller. An external reset does not.

6.1.2.5 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 (Vgty). If @ brown-out condition is detected, the system may
generate a controller interrupt or a system reset.
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6.1.2.6

6.1.2.7

Brown-out resets are controlled with the Power-On and Brown-Out Reset Control (PBORCTL)
register. The BORI OR bit in the PBORCTL register must be set for a brown-out condition to trigger
a reset.

The brown-out reset is equivelent 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
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 21-12 on page 496.

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 66). 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:

A software system reset is initiated by writing the SYSRESETREQ bit in the ARM Cortex-M3
Application Interrupt and Reset Control register.

An internal reset is asserted.

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 21-13 on page 496.

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:

The watchdog timer times out for the second time without being serviced.
An internal reset is asserted.

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.
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The watchdog reset timing is shown in Figure 21-14 on page 496.

6.1.3 Power Control

The Stellaris® microcontroller provides an integrated LDO regulator that may be used to provide
power to the majority of the controller's internal logic. The LDO regulator provides software a
mechanism to adjust the regulated value, in small increments (VSTEP), over the range of 2.25V
to 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 6-2 on page 63 shows the power
architecture.

On the printed circuit board, use the LDO output as the source of VDD25 input. In addition,
the LDO requires decoupling capacitors. See “On-Chip Low Drop-Out (LDO) Regulator
Characteristics” on page 486.

Figure 6-2. Power Architecture
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VDD25 GND
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VDD25 GND
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+3.3V
VDDA Analog circuits GNDA
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comparators)
VDD GND
VDD GND
VDD I/0O Buffers GND
VDD GND

6.1.4 Clock Control

System control determines the control of clocks in this part.
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6.1.4.1

Fundamental Clock Sources

There are four clock sources for use in the device:

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.

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 78).

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.

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 (“Hibernation Module” on page 118) 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 four 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).

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.

Figure 6-3 on page 65 shows the logic for the main clock tree. The peripheral blocks are driven by
the system clock signal and can be programmatically enabled/disabled. The ADC clock signal is
automatically divided down to 16 MHz for proper ADC operation. The PWM clock signal is a
synchronous divide by of the system clock to provide the PWM circuit with more range.
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Figure 6-3. 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.

The figure above shows all features available on all Stellaris® Fury-class devices.

6.1.4.2 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 78) 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.
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6.1.4.3

6.1.4.4

6.1.4.5

6.1.5

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.

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 82). The internal translation provides a translation within + 1% of the
targeted PLL VCO frequency.

The Crystal Value field (XTAL) on page 78 describes the available crystal choices and default
programming of the PLLCFG register. The crystal number is written into the XTAL field of the
Run-Mode Clock Configuration (RCC) register. Any time the XTAL field changes, the new settings
are translated and the internal PLL settings are updated.

PLL Modes

The PLL has two modes of operation: Normal and Power-Down

Normal: The PLL multiplies the input clock reference and drives the output.

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 78 and page 83).
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 (see Table
21-7 on page 488). During the relock time, the affected PLL is not usable as a clock reference.

The PLL is changed by one of the following:
Change to the XTAL value in the RCC register—writes of the same value do not cause a relock.
Change in the PLL from Power-Down to Normal mode.

A counter is defined to measure the Tgrgapy 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 Tggapy 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 PLLLRI S 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.
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In Run mode, the processor executes code. In Sleep mode, the clock frequency of the active
peripherals is unchanged, but the processor is not clocked and therefore no longer executes code.
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. Each mode is described in more detail below.

There are four levels of operation for the device defined as:

Run Mode. 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.

Sleep Mode. Sleep mode is entered by the Cortex-M3 core executing a WFI (Wit for

I nt errupt) instruction. Any properly configured interrupt event in the system will bring the
processor back into Run mode. See the system control NVIC section of the ARM® Cortex™-M3
Technical Reference Manual for more details.

In Sleep mode, the Cortex-M3 processor core and the memory subsystem are not clocked.
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.

Deep-Sleep Mode. 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 the system control NVIC section of the ARM® Cortex™-M3 Technical Reference Manual
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
WFI instruction, hardware will power the PLL down and override the SYSDI V field of the active
RCC/RCC2 register to be /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.

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.

6.2 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:
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6.3

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 (using the
main oscillator or internal oscillator) and allows for the new PLL configuration to be validated
before switching the system clock to the PLL.

Select the crystal value (XTAL) and oscillator source (OSCSRC), and clear the PVWRDN 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.

Select the desired system divider (SYSDI V) in RCC/RCC2 and set the USESYS bit in RCC. The
SYSDI V field determines the system frequency for the microcontroller.

Wait for the PLL to lock by polling the PLLLRI S bit in the Raw Interrupt Status (RIS) register.

Enable use of the PLL by clearing the BYPASS bit in RCC/RCC2.

Register Map

Table 6-1 on page 68 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.E000.

Spaces in the System Control register space that are not used are reserved for future or
internal use by Luminary Micro, Inc. Software should not modify any reserved memory
address.

Table 6-1. System Control Register Map

Offset Name Type Reset Description ::;ee
0x000 DIDO RO - Device Identification 0 70
0x004 | DID1 RO - Device Identification 1 86
0x008 DCO RO 0x00FF.003F Device Capabilities 0 88
0x010 DC1 RO 0x0011.32FF Device Capabilities 1 89
0x014 DC2 RO 0x0107.1037 Device Capabilities 2 91
0x018 DC3 RO O0xBFOF.81CF Device Capabilities 3 93
0x01C | DC4 RO 0x0000.00FF Device Capabilities 4 95
0x030 | PBORCTL R/W 0x0000.7FFD Brown-Out Reset Control 72
0x034 | LDOPCTL R/W 0x0000.0000 LDO Power Control 73
0x040 | SRCRO R/wW 0x00000000 Software Reset Control 0 114
0x044  SRCR1 R/W 0x00000000 Software Reset Control 1 115
0x048  SRCR2 R/wW 0x00000000 Software Reset Control 2 117
0x050 RIS RO 0x0000.0000 Raw Interrupt Status 74
0x054 IMC R/W 0x0000.0000 Interrupt Mask Control 75
0x058 MISC R/W1C 0x0000.0000 Masked Interrupt Status and Clear 76
0x05C | RESC R/wW - Reset Cause 77
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Offset Name Type Reset Description :;;Z
0x060 | RCC R/W 0x078E.3AD1 Run-Mode Clock Configuration 78
0x064 | PLLCFG RO - XTAL to PLL Translation 82
0x070 | RCC2 R/W 0x0780.2810 Run-Mode Clock Configuration 2 83
0x100  RCGCO R/W 0x00000040 Run Mode Clock Gating Control Register 0 96
0x104 RCGCA1 R/W 0x00000000 Run Mode Clock Gating Control Register 1 102
0x108 RCGC2 R/W 0x00000000 Run Mode Clock Gating Control Register 2 108
0x110 | SCGCO R/W 0x00000040 Sleep Mode Clock Gating Control Register 0 98
0x114 | SCGC1 R/W 0x00000000 Sleep Mode Clock Gating Control Register 1 104
0x118 | SCGC2 R/W 0x00000000 Sleep Mode Clock Gating Control Register 2 110
0x120 DCGCO R/W 0x00000040 Deep Sleep Mode Clock Gating Control Register 0 100
0x124 | DCGC1 R/W 0x00000000 Deep Sleep Mode Clock Gating Control Register 1 106
0x128 DCGC2 R/W 0x00000000 Deep Sleep Mode Clock Gating Control Register 2 112
0x144 DSLPCLKCFG R/W 0x0780.0000 Deep Sleep Clock Configuration 85

6.4 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 device.

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 I I I I 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
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 MAJORor M NOR
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

15:8

7:0

Name

MAJOR

MINOR

Type

RO

RO

Reset

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 M NOR
field value is reset when the MAJ ORfield 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 I 1 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 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 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
31:2 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 (Vg7)-

LDO Power Control (LDOPCTL)
Base 0x400F.E000

Offset 0x034

Type R/W, reset 0x0000.0000

31

Type RO
Reset 0
15

T

Type RO

Reset 0
Bit/Field

31:6

5:0

24 23 22 21 20 19 18 17 16
1 I I I I 1 I 1 I
reserved
1 1
RO RO RO RO RO RO RO RO RO
0 0 0 0 0 0 0 0 0
8 7 6 5 4 3 2 1 0
1 1 I 1 1 1 1 1
VADJ
1 1
RO RO RO R/W RIW R/W RIW R/W RIW
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.

LDO Output Voltage

This field sets the on-chip output voltage. The programming values for
the VADJ field are provided below.

Value
0x00
0x01
0x02
0x03
0x04
0x05
0x06-0x3F
0x1B
0x1C
0x1D
Ox1E
Ox1F

Vour (V)
2.50
245
2.40
2.35
2.30
2.25
Reserved
2.75
2.70
2.65
2.60
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 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 I 1 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 Treapy 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 BORI M
bitin the IMC register is set and the BORI ORbit 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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Interrupt Mask Control (IMC)

Register 5: Interrupt Mask Control (IMC), offset 0x054

Central location for system control interrupt masks.

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
I 1 I 1 1 I I 1 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 current limit detection is promoted to a
controller interrupt. If set, an interrupt is generated if PLLLRI Sin 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 BORRI Sis 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 74).

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 I 1 1 I I 1 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 I 1 1 I I 1 I
reserved PLLLMIS reserved BORMIS | reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RIW1C RO RO RO RO R/W1C 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 BORM Sis simply the BORRI S ANDed with the mask value, BORI M
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 external reset is the cause, and then
all the other bits 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 I I 1 I 1 I 1 I
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 11 10 8 7 6 5 4 3 2 1 0
1 1 1 I I
reserved LDO sSwW WDT BOR POR EXT
1
Type RO RO RO RO RO RO RO RO RO RW RIW RW RIW RIW RW
Reset 0 0 0 0 0 0 0 0 0 - - - - - -
Bit/Field Name Type Description
31:6 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.
5 LDO R/W LDO Reset
When set, indicates the LDO circuit has lost regulation and has
generated a reset event.
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 0x078E.3AD1
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I I 1
reserved ACG SYSDIV USESYSDIV] reserved [USEPWMDI PWMDIV reserved
1
Type RO RO RO RO RIW R/W RIW R/W RIW RIW RO RIW R/W RIW R/W RO
Reset 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 ) ) )
reserved PWRDN | reserved | BYPASS | reserved XTAL OSCSRC reserved I0SCDIS [MOSCDIS
1
Type RO RO RIW RO RW RO RW RIW RW RIW RW RIW RO RO RIW RW
Reset 0 0 1 1 1 0 1 0 1 1 0 1 0 0 0 1
Bit/Field Name Type Reset Description
31:28 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.
27 ACG R/W 0 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.
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Bit/Field Name Type Reset Description

26:23 SYSDIV R/W OxF System Clock Divisor

Specifies which divisor is used to generate the system clock from the
PLL output.

The PLL VCO frequency is 400 MHz.

Value Divisor (BYPASS=1) Frequency (BYPASS=0)

0x0 reserved reserved
ox1 /2 reserved
0x2 /3 reserved
0x3 /4 50 MHz
0x4 /5 40 MHz
0x5 /6 33.33 MHz
ox6 /7 28.57 MHz
Ox7 /8 25 MHz
0x8 /9 22.22 MHz
0x9 /10 20 MHz
OxA /1 18.18 MHz
0xB /12 16.67 MHz
0xC /13 15.38 MHz
0xD /14 14.29 MHz
OxE /15 13.33 MHz
OxF /16 12.5 MHz (default)

When reading the Run-Mode Clock Configuration (RCC) register (see
page 78), the SYSDI V value is M NSYSDI V if a lower divider was
requested and the PLL is being used. This lower value is allowed to
divide a non-PLL source.

22 USESYSDIV R/wW 0 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.

21 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.

20 USEPWMDIV R/W 0 Enable PWM Clock Divisor
Use the PWM clock divider as the source for the PWM clock.
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Bit/Field

19:17

16:14

13

12

1

10

Name

PWMDIV

reserved

PWRDN

reserved

BYPASS

reserved

Type

R/W

RO

R/W

RO

R/W

RO

Reset

0x7

Description

PWM Unit Clock Divisor

This field specifies the binary divisor used to predivide the system clock
down for use as the timing reference for the PWM module. This clock
is only power 2 divide and rising edge is synchronous without phase
shift from the system clock.

Value Divisor

0x0 /2

ox1 /4

0x2 /8

0x3 /16

Ox4 /32

0x5 /64

Ox6 /64

0x7 /64 (default)

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.

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

9:6

5:4

3:2

Name

XTAL

OSCSRC

reserved

IOSCDIS

MOSCDIS

Type

R/W

R/W

RO

R/W

R/W

Reset

0xB

0x1

0x0

Description

Crystal Value

This field specifies the crystal value attached to the main oscillator. The
encoding for this field is provided below.

Value Crystal Frequency (MHz) Crystal Frequency (MHz)
Not Using the PLL Using 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
0xA 5.12 MHz
0xB 6 MHz (reset value)
0xC 6.144 MHz
0xD 7.3728 MHz
OxE 8 MHz
OxF 8.192 MHz

Oscillator Source

Picks among the four input sources for the OSC. The values are:

Value Input Source

0x0  Main oscillator

0x1 Internal oscillator (default)

0x2 Internal oscillator / 4 (this is necessary if used as input to PLL)

0x3 30 KHz internal 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.

Internal Oscillator Disable
0: Internal oscillator (IOSC) is enabled.

1: Internal oscillator is disabled.

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 78).
The PLL frequency is calculated using the PLLCFG field values, as follows:

PLLFreq = GSCFreq * F/ (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 17 16
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
Reset 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 1 0
1 1 1 1 1 1 1
reserved E
1 1
Type 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 when the USERCC2 bit is set. This allows
RCC2 to be used to extend the capabilities, while also providing a means to be backward-compatible
to previous parts. The fields within the RCC2 register occupy the same bit positions as they do
within the RCC register as LSB-justified.

The SYSDI V2 field is wider so that additional larger divisors are possible. This allows a lower system
clock frequency for improved Deep Sleep power consumption.

Run-Mode Clock Configuration 2 (RCC2)

Base 0x400F.E000
Offset 0x070
Type R/W, reset 0x0780.2810
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I I I 1 I 1 I
USERCC2] reserved SYSDIV2 reserved
1 1
Type  RW RO RO R/W RIW R/W RIW R/W RIW 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 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1
reserved PWRDN?2 | reserved |BYPASS2 reserved OSCSRC2 reserved
1
Type RO RO RW RO RW RO RO RO RO RIW RW RIW RO RO RO RO
Reset 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0
Bit/Field Name Type Reset Description

31 USERCC2 R/W 0 Use RCC2
When set, overrides the RCC register fields.

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.

28:23 SYSDIV2 R/W 0x0F System Clock Divisor
Specifies which divisor is used to generate the system clock from the
PLL output.

The PLL VCO frequency is 400 MHz.

This field is wider than the RCC register SYSDI V field in order to provide
additional divisor values. This permits the system clock to be run at
much lower frequencies during Deep Sleep mode. For example, where
the RCC register SYSDI V encoding of 1111 provides /16, the RCC2
register SYSDI V2 encoding of 111111 provides /64.

22:14 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 PWRDN2 R/W 1 Power-Down PLL
When set, powers down the PLL.

12 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.

11 BYPASS2 R/W 1 Bypass PLL

When set, bypasses the PLL for the clock source.
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Bit/Field Name Type Reset Description

10:7 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 OSCSRC2 R/W 0x1 Oscillator Source
Picks among the input sources for the OSC. The values are:
Value Description
0x0  Main oscillator (MOSC)
0x1 Internal oscillator (IOSC)
0x2 Internal oscillator / 4
0x3 30 kHz internal oscillator
0x7 32 kHz external oscillator

3:.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 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 I I 1 I 1 I 1 I 1 I 1 I
reserved DSDIVORIDE reserved
1 1 1
Type RO RO RO R/W RIW R/W RIW R/W RIW 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 11 10 9 8 7 6 5 4 3 2 1 0
1 I 1 I 1 I 1 I I ) ) 1 1
reserved DSOSCSRC reserved
1 1
Type RO RO RO RO RO RO RO RO RO RIW RW RIW 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 NOORIDE
No override to the oscillator clock source is done.
0x1 10SC
Use internal 12 MHz oscillator as source.
0x3  30kHz
Use 30 kHz internal oscillator.
0x7  32kHz
Use 32 kHz external oscillator.
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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Register 12: Device ldentification 1 (DID1), offset 0x004

This register identifies the device family, part number, temperature range, pin count, and package

type.
Device Identification 1 (DID1)
Base 0x400F.E000
Offset 0x004
Type RO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 1 I I I I I I 1 I
VER FAM PARTNO
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 1 0 1 1 1 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
PINCOUNT reserved TEMP PKG ROHS QUAL
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 0 - - - - - 1 - -
Bit/Field Name Type Reset Description
31:28 VER RO 0x1 DID1 Version
This field defines the DID1 register format version. The version number
is numeric. The value of the VER field is encoded as follows (all other
encodings are reserved):
Value Description
0x1  Second version of the DID1 register format.
27:24 FAM RO 0x0 Family
This field provides the family identification of the device within the
Luminary Micro product portfolio. The value is encoded as follows (all
other encodings are reserved):
Value Description
0x0  Stellaris family of microcontollers, that is, all devices with
external part numbers starting with LM3S.
23:16 PARTNO RO 0xB9 Part Number
This field provides the part number of the device within the family. The
value is encoded as follows (all other encodings are reserved):
Value Description
0xB9 LM3S1751
15:13 PINCOUNT RO 0x2 Package Pin Count

This field specifies the number of pins on the device package. The value
is encoded as follows (all other encodings are reserved):

Value Description

0x2  100-pin or 108-ball package

86

July 25, 2008

Preliminary



LM3S1751 Microcontroller

Bit/Field

12:8

75

4:3

1:0

Name

reserved

TEMP

PKG

ROHS

QUAL

Type

RO

RO

RO

RO

RO

Reset

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.

Temperature Range

This field specifies the temperature rating of the device. The value is
encoded as follows (all other encodings are reserved):

Value Description

0x0 Commercial temperature range (0°C to 70°C)

0x1  Industrial temperature range (-40°C to 85°C)

0x2 Extended temperature range (-40°C to 105°C)

Package Type

This field specifies the package type. The value is encoded as follows
(all other encodings are reserved):

Value Description

0x0 SOIC package

0x1 LQFP package

0x2 BGA package

RoHS-Compliance

This bit specifies whether the device is RoHS-compliant. A 1 indicates
the part is RoHS-compliant.

Qualification Status

This field specifies the qualification status of the device. The value is
encoded as follows (all other encodings are reserved):

Value Description

0x0  Engineering Sample (unqualified)

0x1  Pilot Production (unqualified)

0x2  Fully Qualified
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Register 13: Device Capabilities 0 (DCO0), offset 0x008

This register is predefined by the part and can be used to verify features.

Device Capabilities 0 (DCO)

Base 0x400F.E000
Offset 0x008
Type RO, reset 0x00FF.003F
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I I 1 I
SRAMSZ
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 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
FLASHSZ
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 1 1 1 1 1 1
Bit/Field Name Reset Description
31:16 SRAMSZ 0x00FF SRAM Size
Indicates the size of the on-chip SRAM memory.
Value Description
O0x00FF 64 KB of SRAM
15:0 FLASHSZ 0x003F Flash Size
Indicates the size of the on-chip flash memory.
Value Description
0x003F 128 KB of Flash
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Register 14: Device Capabilities 1 (DC1), offset 0x010

This register provides a list of features available in the system. The Stellaris family uses this register
format to indicate the availability of the following family features in the specific device: CANs, PWM,
ADC, Watchdog timer, Hibernation module, and debug capabilities. This register also indicates the
maximum clock frequency and maximum ADC sample rate. The format of this register is consistent
with the RCGCO0, SCGCO0, and DCGCO clock control registers and the SRCRO software reset control

register.

Device Capabilities 1 (DC1)

Base 0x400F.E000
Offset 0x010
Type RO, reset 0x0011.32FF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 1 I I I 1 I 1
reserved PWM reserved ADC
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 1 0 0 0 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 1 1
MINSYSDIV reserved MAXADCSPD MPU HIB  [TEMPSNS| PLL WDT SWO SWD | JTAG
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 1 1 0 0 1 0 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description

31:21 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.

20 PWM RO 1 PWM Module Present
When set, indicates that the PWM module is present.

19:17 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.

16 ADC RO 1 ADC Module Present
When set, indicates that the ADC module is present.

15:12 MINSYSDIV RO 0x3 System Clock Divider
Minimum 4-bit divider value for system clock. The reset value is
hardware-dependent. See the RCC register for how to change the
system clock divisor using the SYSDI V bit.

Value Description
0x3  Specifies a 50-MHz CPU clock with a PLL divider of 4.
11:10 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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Bit/Field

9:8

Name

MAXADCSPD

MPU

HIB

TEMPSNS

PLL

WDT

SWO

SWD

JTAG

Type

RO

RO

RO

RO

RO

RO

RO

RO

RO

Reset

0x2

Description

Max ADC Speed

Indicates the maximum rate at which the ADC samples data.

Value Description
0x2 500K samples/second

MPU Present

When set, indicates that the Cortex-M3 Memory Protection Unit (MPU)
module is present. See the ARM Cortex-M3 Technical Reference Manual
for details on the MPU.

Hibernation Module Present

When set, indicates that the Hibernation module is present.

Temp Sensor Present

When set, indicates that the on-chip temperature sensor is present.

PLL Present

When set, indicates that the on-chip Phase Locked Loop (PLL) is
present.

Watchdog Timer Present
When set, indicates that a watchdog timer is present.

SWO Trace Port Present

When set, indicates that the Serial Wire Output (SWO) trace port is
present.

SWD Present
When set, indicates that the Serial Wire Debugger (SWD) is present.

JTAG Present
When set, indicates that the JTAG debugger interface is present.
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LM3S1751 Microcontroller

Register 15: Device Capabilities 2 (DC2), offset 0x014

This register provides a list of features available in the system. The Stellaris family uses this register
format to indicate the availability of the following family features in the specific device: Analog
Comparators, General-Purpose Timers, 12Cs, QEls, SSIs, and UARTs. The format of this register
is consistent with the RCGC1, SCGC1, and DCGC1 clock control registers and the SRCR1 software
reset control register.

Device Capabilities 2 (DC2)

Base 0x400F.E000
Offset 0x014
Type RO, reset 0x0107.1037
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 I 1 I 1 I 1
reserved COMPO reserved TIMER2 | TIMER1 | TIMERO
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 1 0 0 0 0 0 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 I I
reserved 12C0 reserved Ssi SSI0 reserved | UART2 | UART1 | UARTO
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 1 1 0 1 1 1
Bit/Field Name Type Reset Description

31:25 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.

24 COMPO RO 1 Analog Comparator 0 Present
When set, indicates that analog comparator 0 is present.
23:19 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.
18 TIMER2 RO 1 Timer 2 Present

When set, indicates that General-Purpose Timer module 2 is present.
17 TIMER1 RO 1 Timer 1 Present

When set, indicates that General-Purpose Timer module 1 is present.
16 TIMERO RO 1 Timer O Present

When set, indicates that General-Purpose Timer module 0 is present.

15:13 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.

12 12C0 RO 1 I12C Module 0 Present
When set, indicates that 12C module 0 is present.
11:6 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.
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Bit/Field Name Type Reset Description

5 SSI1 RO 1 SSI1 Present

When set, indicates that SSI module 1 is present.

4 SSI0 RO 1 SSI0 Present

When set, indicates that SSI module 0 is present.

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 UART2 RO 1 UART?2 Present

When set, indicates that UART module 2 is present.

1 UART1 RO 1 UART1 Present

When set, indicates that UART module 1 is present.

0 UARTO RO 1 UARTO Present

When set, indicates that UART module 0 is present.
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Register 16: Device Capabilities 3 (DC3), offset 0x018

This register provides a list of features available in the system. The Stellaris family uses this register
format to indicate the availability of the following family features in the specific device: Analog
Comparator I/Os, CCP I/Os, ADC 1I/Os, and PWM 1/Os.

Device Capabilities 3 (DC3)

Base 0x400F.E000
Offset 0x018
Type RO, reset 0xBFOF.81CF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
) 1 )
32KHZ |reserved | ccP5 | ccp4 | ccP3 | ccpP2 | ccp1 | ccpo reserved ADC3 | Apc2 | Abct | ADCo
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 1 0 1 1 1 1 1 1 0 0 0 0 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
) 1 1 )
PWMFAULT] reserved C0O | COPLUS |COMINUS reserved PWM3 | PWM2 | PWM1 | PWMO
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 1 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1
Bit/Field Name Type Reset Description

31 32KHZ RO 1 32KHz Input Clock Available
When set, indicates an even CCP pin is present and can be used as a
32-KHz input clock.

30 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.

29 CCP5 RO 1 CCPS5 Pin Present
When set, indicates that Capture/Compare/PWM pin 5 is present.

28 CCP4 RO 1 CCP4 Pin Present
When set, indicates that Capture/Compare/PWM pin 4 is present.

27 CCP3 RO 1 CCP3 Pin Present
When set, indicates that Capture/Compare/PWM pin 3 is present.

26 CCP2 RO 1 CCP2 Pin Present
When set, indicates that Capture/Compare/PWM pin 2 is present.

25 CCP1 RO 1 CCP1 Pin Present
When set, indicates that Capture/Compare/PWM pin 1 is present.

24 CCPO RO 1 CCPO Pin Present
When set, indicates that Capture/Compare/PWM pin 0 is present.

23:20 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.

19 ADC3 RO 1 ADC3 Pin Present

When set, indicates that ADC pin 3 is present.
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Bit/Field Name Type Reset Description
18 ADC2 RO 1 ADC2 Pin Present
When set, indicates that ADC pin 2 is present.
17 ADCA1 RO 1 ADC1 Pin Present
When set, indicates that ADC pin 1 is present.
16 ADCO RO 1 ADCO Pin Present
When set, indicates that ADC pin 0 is present.
15 PWMFAULT RO 1 PWM Fault Pin Present
When set, indicates that the PWM Fault pin is present.
14:9 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 (el0]0] RO 1 COo Pin Present

When set, indicates that the analog comparator 0 output pin is present.
7 COPLUS RO 1 CO+ Pin Present

When set, indicates that the analog comparator O (+) input pin is present.
6 COMINUS RO 1 CO- Pin Present

When set, indicates that the analog comparator O (-) input pin is present.

5:4 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.

3 PWM3 RO 1 PWM3 Pin Present
When set, indicates that the PWM pin 3 is present.
2 PWM2 RO 1 PWM2 Pin Present
When set, indicates that the PWM pin 2 is present.
1 PWMA1 RO 1 PWM1 Pin Present
When set, indicates that the PWM pin 1 is present.
0 PWMO RO 1 PWMO Pin Present
When set, indicates that the PWM pin 0 is present.
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Register 17: Device Capabilities 4 (DC4), offset 0x01C

This register provides a list of features available in the system. The Stellaris family uses this register
format to indicate the availability of the following family features in the specific device: Ethernet MAC
and PHY, GPIOs, and CCP 1/Os. The format of this register is consistent with the RCGC2, SCGC2,
and DCGC2 clock control registers and the SRCR2 software reset control register.

Device Capabilities 4 (DC4)

Base 0x400F.E000
Offset 0x01C
Type RO, reset 0x0000.00FF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 1 I I 1 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 I 1 I 1 1
reserved GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
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 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31:8 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.
7 GPIOH RO 1 GPIO Port H Present
When set, indicates that GPIO Port H is present.
6 GPIOG RO 1 GPIO Port G Present
When set, indicates that GPIO Port G is present.
5 GPIOF RO 1 GPIO Port F Present
When set, indicates that GPIO Port F is present.
4 GPIOE RO 1 GPIO Port E Present
When set, indicates that GPIO Port E is present.
3 GPIOD RO 1 GPIO Port D Present
When set, indicates that GPIO Port D is present.
2 GPIOC RO 1 GPIO Port C Present
When set, indicates that GPIO Port C is present.
1 GPIOB RO 1 GPIO Port B Present
When set, indicates that GPIO Port B is present.
0 GPIOA RO 1 GPIO Port A Present

When set, indicates that GPIO Port A is present.
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Register 18: Run Mode Clock Gating Control Register 0 (RCGCO0), offset 0x100

This register controls the clock gating logic. Each bit controls a clock enable for a given interface,
function, or unit. If set, the unit receives a clock and functions. Otherwise, the unit is unclocked and
disabled (saving power). If the unit is unclocked, reads or writes to the unit will generate a bus fault.
The reset state of these bits is 0 (unclocked) unless otherwise noted, so that all functional units are
disabled. It is the responsibility of software to enable the ports necessary for the application. Note
that these registers may contain more bits than there are interfaces, functions, or units to control.
This is to assure reasonable code compatibility with other family and future parts. RCGCO is the
clock configuration register for running operation, SCGCO for Sleep operation, and DCGCO for
Deep-Sleep operation. Setting the ACGbit in the Run-Mode Clock Configuration (RCC) register
specifies that the system uses sleep modes.

Run Mode Clock Gating Control Register 0 (RCGCO)

Base 0x400F.E000
Offset 0x100
Type R/W, reset 0x00000040
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
) 1 ) 1 1 1 1 ) 1 ) 1
reserved PWM reserved ADC
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RIW RO RO RO 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
reserved MAXADCSPD reserved HIB reserved WDT reserved
Type RO RO RO RO RO RO RIW R/W RO RIW RO RO R/W 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

31:21 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.

20 PWM R/W 0 PWM Clock Gating Control
This bit controls the clock gating for the PWM module. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, a read or write to the unit generates
a bus fault.

19:17 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.

16 ADC R/W 0 ADCO Clock Gating Control
This bit controls the clock gating for SAR ADC module 0. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, a read or write to the unit generates
a bus fault.

15:10 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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Bit/Field

9:8

5:4

2:0

Name

MAXADCSPD

reserved

HIB

reserved

WDT

reserved

Type

R/W

RO

R/wW

RO

R/wW

RO

Reset

0

Description

ADC Sample Speed

This field sets the rate at which the ADC samples data. You cannot set
the rate higher than the maximum rate. You can set the sample rate by
setting the MAXADCSPD bit as follows:

Value Description

0x2 500K samples/second
0x1 250K samples/second
0x0 125K samples/second

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.

HIB Clock Gating Control

This bit controls the clock gating for the Hibernation module. If set, the
unit receives a clock and functions. Otherwise, the unit is unclocked and
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.

WDT Clock Gating Control

This bit controls the clock gating for the WDT module. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, a read or write to the unit generates
a bus fault.

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.

July 25, 2008

97

Preliminary



System Control

Register 19: Sleep Mode Clock Gating Control Register 0 (SCGCO0), offset
0x110

This register controls the clock gating logic. Each bit controls a clock enable for a given interface,
function, or unit. If set, the unit receives a clock and functions. Otherwise, the unit is unclocked and
disabled (saving power). If the unit is unclocked, reads or writes to the unit will generate a bus fault.
The reset state of these bits is 0 (unclocked) unless otherwise noted, so that all functional units are
disabled. It is the responsibility of software to enable the ports necessary for the application. Note
that these registers may contain more bits than there are interfaces, functions, or units to control.
This is to assure reasonable code compatibility with other family and future parts. RCGCO is the
clock configuration register for running operation, SCGCO0 for Sleep operation, and DCGCO for
Deep-Sleep operation. Setting the ACG bit in the Run-Mode Clock Configuration (RCC) register
specifies that the system uses sleep modes.

Sleep Mode Clock Gating Control Register 0 (SCGCO0)

Base 0x400F.E000
Offset 0x110
Type R/W, reset 0x00000040
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 PWM reserved ADC
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RIW RO RO RO 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 )
reserved MAXADCSPD reserved HIB reserved WDT reserved
Type RO RO RO RO RO RO RIW R/W RO RIW RO RO R/W 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

31:21 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.

20 PWM R/W 0 PWM Clock Gating Control
This bit controls the clock gating for the PWM module. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, a read or write to the unit generates
a bus fault.

19:17 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.

16 ADC R/W 0 ADCO Clock Gating Control
This bit controls the clock gating for SAR ADC module 0. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, a read or write to the unit generates
a bus fault.

15:10 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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Bit/Field

9:8

5:4

2:0

Name

MAXADCSPD

reserved

HIB

reserved

WDT

reserved

Type

R/W

RO

R/wW

RO

R/wW

RO

Reset

0

Description

ADC Sample Speed

This field sets the rate at which the ADC samples data. You cannot set
the rate higher than the maximum rate. You can set the sample rate by
setting the MAXADCSPD bit as follows:

Value Description

0x2 500K samples/second
0x1 250K samples/second
0x0 125K samples/second

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.

HIB Clock Gating Control

This bit controls the clock gating for the Hibernation module. If set, the
unit receives a clock and functions. Otherwise, the unit is unclocked and
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.

WDT Clock Gating Control

This bit controls the clock gating for the WDT module. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, a read or write to the unit generates
a bus fault.

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 20: Deep Sleep Mode Clock Gating Control Register 0 (DCGCO0),
offset 0x120

This register controls the clock gating logic. Each bit controls a clock enable for a given interface,
function, or unit. If set, the unit receives a clock and functions. Otherwise, the unit is unclocked and
disabled (saving power). If the unit is unclocked, reads or writes to the unit will generate a bus fault.
The reset state of these bits is 0 (unclocked) unless otherwise noted, so that all functional units are
disabled. It is the responsibility of software to enable the ports necessary for the application. Note
that these registers may contain more bits than there are interfaces, functions, or units to control.
This is to assure reasonable code compatibility with other family and future parts. RCGCO is the
clock configuration register for running operation, SCGCO0 for Sleep operation, and DCGCO for
Deep-Sleep operation. Setting the ACG bit in the Run-Mode Clock Configuration (RCC) register
specifies that the system uses sleep modes.

Deep Sleep Mode Clock Gating Control Register 0 (DCGCO0)

Base 0x400F.E000
Offset 0x120
Type R/W, reset 0x00000040
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 PWM reserved ADC
1
Type RO RO RO RO RO RO RO RO RO RO RO RIW RO RO RO 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 )
reserved MAXADCSPD reserved HIB reserved WDT reserved
Type RO RO RO RO RO RO RIW R/W RO RIW RO RO R/W 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

31:21 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.

20 PWM R/W 0 PWM Clock Gating Control
This bit controls the clock gating for the PWM module. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, a read or write to the unit generates
a bus fault.

19:17 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.

16 ADC R/W 0 ADCO Clock Gating Control
This bit controls the clock gating for SAR ADC module 0. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, a read or write to the unit generates
a bus fault.

15:10 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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Bit/Field

9:8

5:4

2:0

Name

MAXADCSPD

reserved

HIB

reserved

WDT

reserved

Type

R/W

RO

R/wW

RO

R/wW

RO

Reset

0

Description

ADC Sample Speed

This field sets the rate at which the ADC samples data. You cannot set
the rate higher than the maximum rate. You can set the sample rate by
setting the MAXADCSPD bit as follows:

Value Description

0x2 500K samples/second
0x1 250K samples/second
0x0 125K samples/second

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.

HIB Clock Gating Control

This bit controls the clock gating for the Hibernation module. If set, the
unit receives a clock and functions. Otherwise, the unit is unclocked and
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.

WDT Clock Gating Control

This bit controls the clock gating for the WDT module. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, a read or write to the unit generates
a bus fault.

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: Run Mode Clock Gating Control Register 1 (RCGC1), offset 0x104

This register controls the clock gating logic. Each bit controls a clock enable for a given interface,
function, or unit. If set, the unit receives a clock and functions. Otherwise, the unit is unclocked and
disabled (saving power). If the unit is unclocked, reads or writes to the unit will generate a bus fault.
The reset state of these bits is 0 (unclocked) unless otherwise noted, so that all functional units are
disabled. It is the responsibility of software to enable the ports necessary for the application. Note
that these registers may contain more bits than there are interfaces, functions, or units to control.
This is to assure reasonable code compatibility with other family and future parts. RCGC1 is the
clock configuration register for running operation, SCGC1 for Sleep operation, and DCGC1 for
Deep-Sleep operation. Setting the ACGbit in the Run-Mode Clock Configuration (RCC) register
specifies that the system uses sleep modes.

Run Mode Clock Gating Control Register 1 (RCGC1)

Base 0x400F.E000
Offset 0x104
Type R/W, reset 0x00000000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I I 1 I 1
reserved COMPO reserved TIMER2 | TIMER1 | TIMERO
1 1
Type RO RO RO RO RO RO RO R/W 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
I 1 I 1 I I
reserved 12C0 reserved Ssi1 SSI0 reserved | UART2 | UART1 | UARTO
1
Type RO RO RO R/W RO RO RO RO RO RO R/W RIW 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

31:25 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.

24 COMPO R/W 0 Analog Comparator 0 Clock Gating
This bit controls the clock gating for analog comparator 0. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.

23:19 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.

18 TIMER2 R/W 0 Timer 2 Clock Gating Control
This bit controls the clock gating for General-Purpose Timer module 2.
If set, the unit receives a clock and functions. Otherwise, the unit is
unclocked and disabled. If the unit is unclocked, reads or writes to the
unit will generate a bus fault.

17 TIMER1 R/W 0 Timer 1 Clock Gating Control
This bit controls the clock gating for General-Purpose Timer module 1.
If set, the unit receives a clock and functions. Otherwise, the unit is
unclocked and disabled. If the unit is unclocked, reads or writes to the
unit will generate a bus fault.
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Bit/Field

16

15:13

12

11:6

Name

TIMERO

reserved

12C0

reserved

SSI1

SSI0

reserved

UART2

UART1

UARTO

Type

R/W

RO

R/W

RO

R/W

R/W

RO

R/W

R/W

R/W

Reset

Description

Timer 0 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 0.
If set, the unit receives a clock and functions. Otherwise, the unit is
unclocked and disabled. If the unit is unclocked, reads or writes to the
unit will generate a bus fault.

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.

12C0 Clock Gating Control

This bit controls the clock gating for I2C module 0. If set, the unit receives
a clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

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.

SSI1 Clock Gating Control

This bit controls the clock gating for SSI module 1. If set, the unit receives
a clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

SSI0 Clock Gating Control

This bit controls the clock gating for SSI module 0. If set, the unit receives
a clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

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.

UART2 Clock Gating Control

This bit controls the clock gating for UART module 2. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.

UART1 Clock Gating Control

This bit controls the clock gating for UART module 1. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.

UARTO Clock Gating Control

This bit controls the clock gating for UART module 0. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.
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Register 22: Sleep Mode Clock Gating Control Register 1 (SCGC1), offset
0x114

This register controls the clock gating logic. Each bit controls a clock enable for a given interface,
function, or unit. If set, the unit receives a clock and functions. Otherwise, the unit is unclocked and
disabled (saving power). If the unit is unclocked, reads or writes to the unit will generate a bus fault.
The reset state of these bits is 0 (unclocked) unless otherwise noted, so that all functional units are
disabled. It is the responsibility of software to enable the ports necessary for the application. Note
that these registers may contain more bits than there are interfaces, functions, or units to control.
This is to assure reasonable code compatibility with other family and future parts. RCGC1 is the
clock configuration register for running operation, SCGC1 for Sleep operation, and DCGC1 for
Deep-Sleep operation. Setting the ACG bit in the Run-Mode Clock Configuration (RCC) register
specifies that the system uses sleep modes.

Sleep Mode Clock Gating Control Register 1 (SCGC1)

Base 0x400F.E000
Offset 0x114
Type R/W, reset 0x00000000
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 COMPO reserved TIMER2 | TIMER1 | TIMERO
1 1
Type RO RO RO RO RO RO RO RW 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 I I
reserved 12C0 reserved SSi1 SSIo reserved | UART2 | UART1 UARTO
1
Type RO RO RO R/W RO RO RO RO RO RO RIW RIW 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

31:25 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.

24 COMPO R/W 0 Analog Comparator 0 Clock Gating
This bit controls the clock gating for analog comparator 0. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.

23:19 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.

18 TIMER2 R/W 0 Timer 2 Clock Gating Control
This bit controls the clock gating for General-Purpose Timer module 2.
If set, the unit receives a clock and functions. Otherwise, the unit is
unclocked and disabled. If the unit is unclocked, reads or writes to the
unit will generate a bus fault.

17 TIMER1 R/W 0 Timer 1 Clock Gating Control
This bit controls the clock gating for General-Purpose Timer module 1.
If set, the unit receives a clock and functions. Otherwise, the unit is
unclocked and disabled. If the unit is unclocked, reads or writes to the
unit will generate a bus fault.
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Bit/Field

16

15:13

12

11:6

Name

TIMERO

reserved

12C0

reserved

SSI1

SSI0

reserved

UART2

UART1

UARTO

Type

R/W

RO

R/W

RO

R/W

R/W

RO

R/W

R/W

R/W

Reset

Description

Timer 0 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 0.
If set, the unit receives a clock and functions. Otherwise, the unit is
unclocked and disabled. If the unit is unclocked, reads or writes to the
unit will generate a bus fault.

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.

12C0 Clock Gating Control

This bit controls the clock gating for I2C module 0. If set, the unit receives
a clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

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.

SSI1 Clock Gating Control

This bit controls the clock gating for SSI module 1. If set, the unit receives
a clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

SSI0 Clock Gating Control

This bit controls the clock gating for SSI module 0. If set, the unit receives
a clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

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.

UART2 Clock Gating Control

This bit controls the clock gating for UART module 2. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.

UART1 Clock Gating Control

This bit controls the clock gating for UART module 1. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.

UARTO Clock Gating Control

This bit controls the clock gating for UART module 0. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.
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Register 23: Deep Sleep Mode Clock Gating Control Register 1 (DCGCA1),
offset 0x124

This register controls the clock gating logic. Each bit controls a clock enable for a given interface,
function, or unit. If set, the unit receives a clock and functions. Otherwise, the unit is unclocked and
disabled (saving power). If the unit is unclocked, reads or writes to the unit will generate a bus fault.
The reset state of these bits is 0 (unclocked) unless otherwise noted, so that all functional units are
disabled. It is the responsibility of software to enable the ports necessary for the application. Note
that these registers may contain more bits than there are interfaces, functions, or units to control.
This is to assure reasonable code compatibility with other family and future parts. RCGC1 is the
clock configuration register for running operation, SCGC1 for Sleep operation, and DCGC1 for
Deep-Sleep operation. Setting the ACG bit in the Run-Mode Clock Configuration (RCC) register
specifies that the system uses sleep modes.

Deep Sleep Mode Clock Gating Control Register 1 (DCGC1)

Base 0x400F.E000
Offset 0x124
Type R/W, reset 0x00000000
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 COMPO reserved TIMER2 | TIMER1 | TIMERO
1 1
Type RO RO RO RO RO RO RO RW 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 I 1 I 1 I I
reserved 12C0 reserved SSi1 SSIo reserved | UART2 | UART1 UARTO
1
Type RO RO RO R/W RO RO RO RO RO RO RIW RIW 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

31:25 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.

24 COMPO R/W 0 Analog Comparator 0 Clock Gating
This bit controls the clock gating for analog comparator 0. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.

23:19 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.

18 TIMER2 R/W 0 Timer 2 Clock Gating Control
This bit controls the clock gating for General-Purpose Timer module 2.
If set, the unit receives a clock and functions. Otherwise, the unit is
unclocked and disabled. If the unit is unclocked, reads or writes to the
unit will generate a bus fault.

17 TIMER1 R/W 0 Timer 1 Clock Gating Control
This bit controls the clock gating for General-Purpose Timer module 1.
If set, the unit receives a clock and functions. Otherwise, the unit is
unclocked and disabled. If the unit is unclocked, reads or writes to the
unit will generate a bus fault.
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Bit/Field

16

15:13

12

11:6

Name

TIMERO

reserved

12C0

reserved

SSI1

SSI0

reserved

UART2

UART1

UARTO

Type

R/W

RO

R/W

RO

R/W

R/W

RO

R/W

R/W

R/W

Reset

Description

Timer 0 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 0.
If set, the unit receives a clock and functions. Otherwise, the unit is
unclocked and disabled. If the unit is unclocked, reads or writes to the
unit will generate a bus fault.

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.

12C0 Clock Gating Control

This bit controls the clock gating for I2C module 0. If set, the unit receives
a clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

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.

SSI1 Clock Gating Control

This bit controls the clock gating for SSI module 1. If set, the unit receives
a clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

SSI0 Clock Gating Control

This bit controls the clock gating for SSI module 0. If set, the unit receives
a clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

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.

UART2 Clock Gating Control

This bit controls the clock gating for UART module 2. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.

UART1 Clock Gating Control

This bit controls the clock gating for UART module 1. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.

UARTO Clock Gating Control

This bit controls the clock gating for UART module 0. If set, the unit
receives a clock and functions. Otherwise, the unit is unclocked and
disabled. If the unit is unclocked, reads or writes to the unit will generate
a bus fault.
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Register 24: Run Mode Clock Gating Control Register 2 (RCGC2), offset 0x108

This register controls the clock gating logic. Each bit controls a clock enable for a given interface,
function, or unit. If set, the unit receives a clock and functions. Otherwise, the unit is unclocked and
disabled (saving power). If the unit is unclocked, reads or writes to the unit will generate a bus fault.
The reset state of these bits is 0 (unclocked) unless otherwise noted, so that all functional units are
disabled. It is the responsibility of software to enable the ports necessary for the application. Note
that these registers may contain more bits than there are interfaces, functions, or units to control.
This is to assure reasonable code compatibility with other family and future parts. RCGC2 is the
clock configuration register for running operation, SCGC2 for Sleep operation, and DCGC2 for
Deep-Sleep operation. Setting the ACGbit in the Run-Mode Clock Configuration (RCC) register
specifies that the system uses sleep modes.

Run Mode Clock Gating Control Register 2 (RCGC2)

Base 0x400F.E000
Offset 0x108
Type R/W, reset 0x00000000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I 1 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
reserved GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
1
Type RO RO RO RO RO RO RO RO 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
31:8 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.
7 GPIOH R/W 0 Port H Clock Gating Control
This bit controls the clock gating for Port H. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
6 GPIOG R/W 0 Port G Clock Gating Control
This bit controls the clock gating for Port G. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
5 GPIOF R/W 0 Port F Clock Gating Control
This bit controls the clock gating for Port F. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
4 GPIOE R/W 0 Port E Clock Gating Control
This bit controls the clock gating for Port E. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
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Bit/Field

3

Name

GPIOD

GPIOC

GPIOB

GPIOA

Type

R/W

R/W

R/W

R/W

Reset

Description

Port D Clock Gating Control

This bit controls the clock gating for Port D. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

Port C Clock Gating Control

This bit controls the clock gating for Port C. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

Port B Clock Gating Control

This bit controls the clock gating for Port B. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

Port A Clock Gating Control

This bit controls the clock gating for Port A. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
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Register 25: Sleep Mode Clock Gating Control Register 2 (SCGC2), offset
0x118

This register controls the clock gating logic. Each bit controls a clock enable for a given interface,
function, or unit. If set, the unit receives a clock and functions. Otherwise, the unit is unclocked and
disabled (saving power). If the unit is unclocked, reads or writes to the unit will generate a bus fault.
The reset state of these bits is 0 (unclocked) unless otherwise noted, so that all functional units are
disabled. It is the responsibility of software to enable the ports necessary for the application. Note
that these registers may contain more bits than there are interfaces, functions, or units to control.
This is to assure reasonable code compatibility with other family and future parts. RCGC2 is the
clock configuration register for running operation, SCGC2 for Sleep operation, and DCGC2 for
Deep-Sleep operation. Setting the ACG bit in the Run-Mode Clock Configuration (RCC) register
specifies that the system uses sleep modes.

Sleep Mode Clock Gating Control Register 2 (SCGC2)

Base 0x400F.E000
Offset 0x118
Type R/W, reset 0x00000000
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
I 1 I 1 I 1
reserved GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
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
Bit/Field Name Type Reset Description
31:8 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.
7 GPIOH R/W 0 Port H Clock Gating Control
This bit controls the clock gating for Port H. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
6 GPIOG R/W 0 Port G Clock Gating Control
This bit controls the clock gating for Port G. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
5 GPIOF R/W 0 Port F Clock Gating Control
This bit controls the clock gating for Port F. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
4 GPIOE R/W 0 Port E Clock Gating Control
This bit controls the clock gating for Port E. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
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Bit/Field

3

Name

GPIOD

GPIOC

GPIOB

GPIOA

Type

R/W

R/W

R/W

R/W

Reset

Description

Port D Clock Gating Control

This bit controls the clock gating for Port D. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

Port C Clock Gating Control

This bit controls the clock gating for Port C. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

Port B Clock Gating Control

This bit controls the clock gating for Port B. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

Port A Clock Gating Control

This bit controls the clock gating for Port A. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
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Register 26: Deep Sleep Mode Clock Gating Control Register 2 (DCGC2),
offset 0x128

This register controls the clock gating logic. Each bit controls a clock enable for a given interface,
function, or unit. If set, the unit receives a clock and functions. Otherwise, the unit is unclocked and
disabled (saving power). If the unit is unclocked, reads or writes to the unit will generate a bus fault.
The reset state of these bits is 0 (unclocked) unless otherwise noted, so that all functional units are
disabled. It is the responsibility of software to enable the ports necessary for the application. Note
that these registers may contain more bits than there are interfaces, functions, or units to control.
This is to assure reasonable code compatibility with other family and future parts. RCGC2 is the
clock configuration register for running operation, SCGC2 for Sleep operation, and DCGC2 for
Deep-Sleep operation. Setting the ACG bit in the Run-Mode Clock Configuration (RCC) register
specifies that the system uses sleep modes.

Deep Sleep Mode Clock Gating Control Register 2 (DCGC2)

Base 0x400F.E000
Offset 0x128
Type R/W, reset 0x00000000
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
I 1 I 1 I 1
reserved GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
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
Bit/Field Name Type Reset Description
31:8 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.
7 GPIOH R/W 0 Port H Clock Gating Control
This bit controls the clock gating for Port H. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
6 GPIOG R/W 0 Port G Clock Gating Control
This bit controls the clock gating for Port G. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
5 GPIOF R/W 0 Port F Clock Gating Control
This bit controls the clock gating for Port F. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
4 GPIOE R/W 0 Port E Clock Gating Control
This bit controls the clock gating for Port E. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
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Bit/Field

3

Name

GPIOD

GPIOC

GPIOB

GPIOA

Type

R/W

R/W

R/W

R/W

Reset

Description

Port D Clock Gating Control

This bit controls the clock gating for Port D. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

Port C Clock Gating Control

This bit controls the clock gating for Port C. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

Port B Clock Gating Control

This bit controls the clock gating for Port B. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.

Port A Clock Gating Control

This bit controls the clock gating for Port A. If set, the unit receives a
clock and functions. Otherwise, the unit is unclocked and disabled. If
the unit is unclocked, reads or writes to the unit will generate a bus fault.
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Register 27: Software Reset Control 0 (SRCRO), offset 0x040
Writes to this register are masked by the bits in the Device Capabilities 1 (DC1) register.

Software Reset Control 0 (SRCRO)

Base 0x400F.E000
Offset 0x040
Type R/W, reset 0x00000000
31 30 29 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I I I 1 I 1
reserved PWM reserved ADC
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RIW RO RO RO 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 1 I 1 I I I 1 I
reserved HIB reserved WDT reserved
1 1
Type RO RO RO RO RO RO RO RO RO RIW RO RO R/W 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

31:21 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.

20 PWM R/W 0 PWM Reset Control
Reset control for PWM module.

19:17 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.

16 ADC R/W 0 ADCO Reset Control
Reset control for SAR ADC module 0.

15:7 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 HIB R/W 0 HIB Reset Control
Reset control for the Hibernation module.

5:4 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.

3 WDT R/W 0 WDT Reset Control
Reset control for Watchdog unit.

2:0 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 28: Software Reset Control 1 (SRCR1), offset 0x044
Writes to this register are masked by the bits in the Device Capabilities 2 (DC2) register.

Software Reset Control 1 (SRCR1)

Base 0x400F.E000
Offset 0x044
Type R/W, reset 0x00000000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 I 1 I 1 I 1
reserved COMPO reserved TIMER2 | TIMER1 | TIMERO
1 1
Type RO RO RO RO RO RO RO R/W 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
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 I I
reserved 12C0 reserved Ssi1 SSI0 reserved | UART2 | UART1 | UARTO
1
Type RO RO RO R/W RO RO RO RO RO RO R/W RIW RO RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:25 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.
24 COMPO R/W 0 Analog Comp 0 Reset Control
Reset control for analog comparator 0.
23:19 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.
18 TIMER2 R/W 0 Timer 2 Reset Control

Reset control for General-Purpose Timer module 2.
17 TIMER1 R/W 0 Timer 1 Reset Control

Reset control for General-Purpose Timer module 1.
16 TIMERO R/W 0 Timer 0 Reset Control

Reset control for General-Purpose Timer module 0.

15:13 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.

12 12C0 R/W 0 I12C0 Reset Control
Reset control for 12C unit 0.

11:6 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 SSI1 R/W 0 SSI1 Reset Control
Reset control for SSI unit 1.
4 SSI0 R/W 0 SSI0 Reset Control

Reset control for SSI unit 0.
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Bit/Field Name Type Reset Description

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 UART2 R/W 0 UART2 Reset Control
Reset control for UART unit 2.

1 UART1 R/W 0 UART1 Reset Control
Reset control for UART unit 1.

0 UARTO R/W 0 UARTO Reset Control
Reset control for UART unit 0.
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Register 29: Software Reset Control 2 (SRCR2), offset 0x048
Writes to this register are masked by the bits in the Device Capabilities 4 (DC4) register.

Software Reset Control 2 (SRCR2)

Base 0x400F.E000
Offset 0x048
Type R/W, reset 0x00000000
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
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
reserved GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
Type RO RO RO RO RO RO RO RO 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
Bit/Field Name Type Reset Description
31:8 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.
7 GPIOH R/W 0 Port H Reset Control
Reset control for GPIO Port H.
6 GPIOG R/W 0 Port G Reset Control
Reset control for GPIO Port G.
5 GPIOF R/W 0 Port F Reset Control
Reset control for GPIO Port F.
4 GPIOE R/W 0 Port E Reset Control
Reset control for GPIO Port E.
3 GPIOD R/W 0 Port D Reset Control
Reset control for GPIO Port D.
2 GPIOC R/W 0 Port C Reset Control
Reset control for GPIO Port C.
1 GPIOB R/W 0 Port B Reset Control
Reset control for GPIO Port B.
0 GPIOA R/W 0 Port A Reset Control

Reset control for GPIO Port A.
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The Hibernation Module manages removal and restoration of power to the rest of the microcontroller
to provide a means for reducing power consumption. When the processor and peripherals are idle,
power can be completely removed with only the Hibernation Module remaining powered. Power
can be restored based on an external signal, or at a certain time using the built-in real-time clock
(RTC). The Hibernation module can be independently supplied from a battery or an auxiliary power

supply.
The Hibernation module has the following features:

Power-switching logic to discrete external regulator

Dedicated pin for waking from an external signal

Low-battery detection, signaling, and interrupt generation

32-bit real-time counter (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
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7.2

7.21

Block Diagram
Figure 7-1. Hibernation Module Block Diagram
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Functional Description

The Hibernation module controls the power to the processor with an enable signal (HI B) that signals
an external voltage regulator to turn off. The Hibernation module power is determined dynamically.
The supply voltage of the Hibernation module is the larger of the main voltage source (VDD) or the
battery/auxilliary voltage source (VBAT). A voting circuit indicates the larger and an internal power
switch selects the appropriate voltage source. The Hibernation module also has a separate clock
source to maintain a real-time clock (RTC). Once in hibernation, the module signals an external
voltage regulator to turn back on the power when an external pin (WAKE) is asserted, or when the
internal RTC reaches a certain value. The Hibernation module can also detect when the battery
voltage is low, and optionally prevent hibernation when this occurs.

Power-up from a power cut to code execution is defined as the regulator turn-on time (specified at
this_To vpp Maximum) plus the normal chip POR (see “Hibernation Module” on page 491).
Register Access Timing

Because the Hibernation module has an independent clocking domain, certain registers must be
written only with a timing gap between accesses. The delay time is t5_reg wriTe, therefore software
must guarantee that a delay of t 5 reg_wriTe is inserted between back-to-back writes to certain
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7.2.2

Hibernation registers, or between a write followed by a read to those same registers. There is no
restriction on timing for back-to-back reads from the Hibernation module.

Clock Source

The Hibernation module must be clocked by an external source, even if the RTC feature will not be
used. An external oscillator or crystal can be used for this purpose. To use a crystal, a 4.194304-MHz
crystal is connected to the XOSCO and XOSC1 pins. This clock signal is divided by 128 internally to
produce the 32.768-kHz clock reference. To use a more precise clock source, a 32.768-kHz oscillator
can be connected to the XOSCO pin. See Figure 7-2 on page 120 and Figure 7-3 on page 121. Note
that these diagrams only show the connection to the Hibernation pins and not to the full system.
See “Hibernation Module” on page 491 for specific values.

The clock source is enabled by setting the CLK32EN bit of the HIBCTL register. The type of clock
source is selected by setting the CLKSEL bit to 0 for a 4.194304-MHz clock source, and to 1 for a
32.768-kHz clock source. If the bit is set to 0, the input clock is divided by 128, resulting in a
32.768-kHz clock source. If a crystal is used for the clock source, the software must leave a delay
of tyosc serTLE after setting the CLK32EN bit and before any other accesses to the Hibernation
module registers. The delay allows the crystal to power up and stabilize. If an oscillator is used for
the clock source, no delay is needed.

Figure 7-2. Clock Source Using Crystal

Regulator Stellaris Microcontroller

or Switch

Input

Voltage —IN ouT VDD

EN

XOsCo

X, é R,

XOSC1
Cy
IT°

\WAKE VBAT
Rpy § Open drain
external wake
up circuit 1

Rterm = Optional series termination resistor.

Rpy = Pull-up resistor (1 M'%2).

(9]
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See “Hibernation Module” on page 491 for specific parameter values.
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Figure 7-3. Clock Source Using Dedicated Oscillator
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X = Crystal frequency is fxosc xTaL-

R = Load resistor is Ryosc (oaD-

C,4 , = Capacitor value derived from crystal vendor load capacitance specifications.
Rpy = Pull-up resistor (1 M'%2).

See “Hibernation Module” on page 491 for specific parameter values.

Battery Management

The Hibernation module can be independently powered by a battery or an auxiliary power source.
The module can monitor the voltage level of the battery and detect when the voltage drops below
2.35 V. When this happens, an interrupt can be generated. The module also can be configured so
that it will not go into Hibernate mode if the battery voltage drops below this threshold. 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.

Note that the Hibernation module draws power from whichever source (VBAT or VDD) has the higher
voltage. Therefore, it is important to design the circuit to ensure that VDD is higher that VBAT under
nominal conditions or else the Hibernation module draws power from the battery even when VDD
is available.

The Hibernation module can be configured to detect a low battery condition by setting the LONBATEN
bit of the HIBCTL register. In this configuration, the LOABAT bit of the HIBRIS register will be set
when the battery level is low. If the VABORT bit is also set, then the module is prevented from entering
Hibernation mode when a low battery is detected. The module can also be configured to generate
an interrupt for the low-battery condition (see “Interrupts and Status” on page 123).
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7.2.4

7.2.5

7.2.6

Real-Time Clock

The Hibernation module includes a 32-bit counter that increments once per second with a proper
clock source and configuration (see “Clock Source” on page 120). The 32.768-kHz clock signal is
fed into a predivider register which counts down the 32.768-kHz clock ticks to achieve a once per
second clock rate for the RTC. The rate can be adjusted to compensate for inaccuracies in the clock
source by using the predivider trim register, HIBRTCT. This register has a nominal value of Ox7FFF,
and is used for one second out of every 64 seconds to divide the input clock. This allows the software
to make fine corrections to the clock rate by adjusting the predivider trim register up or down from
0x7FFF. The predivider trim should be adjusted up from Ox7FFF in order to slow down the RTC
rate, and down from Ox7FFF in order to speed up the RTC rate.

The Hibernation module includes two 32-bit match registers that are compared to the value of the
RTC counter. The match registers can be used to wake the processor from hibernation mode, or
to generate an interrupt to the processor if it is not in hibernation.

The RTC must be enabled with the RTCEN bit of the HIBCTL register. The value of the RTC can be
set at any time by writing to the HIBRTCLD register. The predivider trim can be adjusted by reading
and writing the HIBRTCT register. The predivider uses this register once every 64 seconds to adjust
the clock rate. The two match registers can be set by writing to the HIBRTCMO0 and HIBRTCM1
registers. The RTC can be configured to generate interrupts by using the interrupt registers (see
“Interrupts and Status” on page 123).

Non-Volatile Memory

The Hibernation module contains 64 32-bit words of memory which are retained during hibernation.
This memory is powered from the battery or auxiliary power supply during hibernation. The processor
software can save state information in this memory prior to hibernation, and can then recover the
state upon waking. The non-volatile memory can be accessed through the HIBDATA registers.

Power Control

The Hibernation Module requires special system implementation considerations since
it is intended to power-down all other sections of its host device. The system
power-supply distribution and interfaces of the system must be driven to 0 V¢ or
powered down with the same regulator controlled by H B. See “Hibernation

Module” on page 491 for more details.

The Hibernation module controls power to the processor through the use of the HI'B pin, which is
intended to be connected to the enable signal of the external regulator(s) providing 3.3 V and/or
2.5V to the microcontroller. When the HI B signal is asserted by the Hibernation module, the external
regulator is turned off and no longer powers the microcontroller. The Hibernation module remains
powered from the VBAT supply, which could be a battery or an auxiliary power source. Hibernation
mode is initiated by the microcontroller setting the HI BREQbit of the HIBCTL register. Prior to doing
this, a wake-up condition must be configured, either from the external WAKE pin, or by using an RTC
match.

The Hibernation module is configured to wake from the external WAKE pin by setting the PI NViEN
bit of the HIBCTL register. It is configured to wake from RTC match by setting the RTCVWEN bit. Either
one or both of these bits can be set prior to going into hibernation. The WAKE pin includes a weak
internal pull-up. Note that both the H B and WAKE pins use the Hibernation module's internal power
supply as the logic 1 reference.

When the Hibernation module wakes, the microcontroller will see a normal power-on reset. It can
detect that the power-on was due to a wake from hibernation by examining the raw interrupt status
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7.2.7

7.3

7.3.1

register (see “Interrupts and Status” on page 123) and by looking for state data in the non-volatile
memory (see “Non-Volatile Memory” on page 122).

When the HI B signal deasserts, enabling the external regulator, the external regulator must reach
the operating voltage within tyyg 10 vpp-
Interrupts and Status

The Hibernation module can generate interrupts when the following conditions occur:
Assertion of WAKE pin
RTC match
Low battery detected

All of the interrupts are ORed together before being sent to the interrupt controller, so the Hibernate
module can only generate a single interrupt request to the controller at any given time. The software
interrupt handler can service multiple interrupt events by reading the HIBMIS register. Software can
also read the status of the Hibernation module at any time by reading the HIBRIS register which
shows all of the pending events. This register can be used at power-on to see if a wake condition
is pending, which indicates to the software that a hibernation wake occurred.

The events that can trigger an interrupt are configured by setting the appropriate bits in the HIBIM
register. Pending interrupts can be cleared by writing the corresponding bit in the HIBIC register.

Initialization and Configuration

The Hibernation module can be set in several different configurations. The following sections show
the recommended programming sequence for various scenarios. The examples below assume that
a 32.768-kHz oscillator is used, and thus always show bit 2 (CLKSEL ) of the HIBCTL register set
to 1. If a 4.194304-MHz crystal is used instead, then the CLKSEL bit remains cleared. Because the
Hibernation module runs at 32 kHz and is asynchronous to the rest of the system, software must
allow a delay of tyg rec wriTE after writes to certain registers (see “Register Access

Timing” on page 119). The registers that require a delay are listed in a note in “Register Map” on page
124 as well as in each register description.

Initialization

The clock source must be enabled first, even if the RTC will not be used. If a 4.194304-MHz crystal
is used, perform the following steps:

Write 0x40 to the HIBCTL register at offset 0x10 to enable the crystal and select the divide-by-128
input path.

Wait for a time of tyosc serrie for the crystal to power up and stabilize before performing any
other operations with the Hibernation module.

If a 32.678-kHz oscillator is used, then perform the following steps:
Write 0x44 to the HIBCTL register at offset 0x10 to enable the oscillator input.
No delay is necessary.

The above is only necessary when the entire system is initialized for the first time. If the processor
is powered due to a wake from hibernation, then the Hibernation module has already been powered
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7.3.2

7.3.3

7.3.4

7.3.5

7.4

up and the above steps are not necessary. The software can detect that the Hibernation module
and clock are already powered by examining the CLK32EN bit of the HIBCTL register.

RTC Match Functionality (No Hibernation)

Use the following steps to implement the RTC match functionality of the Hibernation module:
Write the required RTC match value to one of the HIBRTCMn registers at offset 0x004 or 0x008.
Write the required RTC load value to the HIBRTCLD register at offset 0x00C.

Set the required RTC match interrupt mask in the RTCALTO and RTCALT1 bits (bits 1:0) in the
HIBIM register at offset 0x014.

Write 0x0000.0041 to the HIBCTL register at offset 0x010 to enable the RTC to begin counting.

RTC Match/Wake-Up from Hibernation

Use the following steps to implement the RTC match and wake-up functionality of the Hibernation
module:

Write the required RTC match value to the HIBRTCMn registers at offset 0x004 or 0x008.
Write the required RTC load value to the HIBRTCLD register at offset 0x00C.
Write any data to be retained during power cut to the HIBDATA register at offsets 0x030-0x12C.

Set the RTC Match Wake-Up and start the hibernation sequence by writing 0x0000.004F to the
HIBCTL register at offset 0x010.

External Wake-Up from Hibernation

Use the following steps to implement the Hibernation module with the external WAKE pin as the
wake-up source for the microcontroller:

Write any data to be retained during power cut to the HIBDATA register at offsets 0x030-0x12C.

Enable the external wake and start the hibernation sequence by writing 0x0000.0056 to the
HIBCTL register at offset 0x010.

RTC/External Wake-Up from Hibernation
Write the required RTC match value to the HIBRTCMn registers at offset 0x004 or 0x008.
Write the required RTC load value to the HIBRTCLD register at offset 0x00C.
Write any data to be retained during power cut to the HIBDATA register at offsets 0x030-0x12C.

Set the RTC Match/External Wake-Up and start the hibernation sequence by writing 0x0000.005F
to the HIBCTL register at offset 0x010.

Register Map

Table 7-1 on page 125 lists the Hibernation registers. All addresses given are relative to the Hibernation
Module base address at 0x400F.C000.
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HIBRTCC, HIBRTCMO, HIBRTCM1, HIBRTCLD, HIBRTCT, and HIBDATA are on the
Hibernation module clock domain and require a delay of tyg reg wriTe between write
accesses. See “Register Access Timing” on page 119.

Table 7-1. Hibernation Module Register Map

Offset Name Type Reset Description ;Zee
0x000 HIBRTCC RO 0x0000.0000 Hibernation RTC Counter 126
0x004 | HIBRTCMO R/W OxFFFF.FFFF Hibernation RTC Match 0 127
0x008  HIBRTCM1 R/W OxFFFF.FFFF Hibernation RTC Match 1 128
0x00C | HIBRTCLD R/W OxFFFF.FFFF Hibernation RTC Load 129
0x010 | HIBCTL R/wW 0x0000.0000 Hibernation Control 130
0x014 HIBIM R/W 0x0000.0000 Hibernation Interrupt Mask 132
0x018 HIBRIS RO 0x0000.0000 Hibernation Raw Interrupt Status 133
0x01C  HIBMIS RO 0x0000.0000 Hibernation Masked Interrupt Status 134
0x020 HIBIC R/W1C 0x0000.0000 Hibernation Interrupt Clear 135
0x024  HIBRTCT R/W 0x0000.7FFF Hibernation RTC Trim 136
?)))(((1):;% HIBDATA R/W 0x0000.0000 Hibernation Data 137
7.5 Register Descriptions

The remainder of this section lists and describes the Hibernation module registers, in numerical
order by address offset.
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Register 1: Hibernation RTC Counter (HIBRTCC), offset 0x000
This register is the current 32-bit value of the RTC counter.

HIBRTCC, HIBRTCMO, HIBRTCM1, HIBRTCLD, HIBRTCT, and HIBDATA are on the
Hibernation module clock domain and require a delay of tyg reg wriTe Petween write
accesses. See “Register Access Timing” on page 119.

Hibernation RTC Counter (HIBRTCC)

Base 0x400F.C000
Offset 0x000
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 I 1 ) 1 ) 1 1
RTCC
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 I 1 1 1 1 1 1
RTCC
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
31:0 RTCC RO 0x0000.0000 RTC Counter
A read returns the 32-bit counter value. This register is read-only. To
change the value, use the HIBRTCLD register.
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Register 2: Hibernation RTC Match 0 (HIBRTCMO0), offset 0x004

This register is the 32-bit match 0 register for the RTC counter.

HIBRTCC, HIBRTCMO, HIBRTCM1, HIBRTCLD, HIBRTCT, and HIBDATA are on the
Hibernation module clock domain and require a delay of tyg reg wriTe Petween write
accesses. See “Register Access Timing” on page 119.

Hibernation RTC Match 0 (HIBRTCMO)
Base 0x400F.C000

Offset 0x004
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
RTCMO
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 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
RTCMO
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
Bit/Field Name Type Reset Description
31:0 RTCMO R/W  OxFFFF.FFFF RTC Match O
A write loads the value into the RTC match register.
A read returns the current match value.
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Register 3: Hibernation RTC Match 1 (HIBRTCM1), offset 0x008

This register is the 32-bit match 1 register for the RTC counter.

HIBRTCC, HIBRTCMO, HIBRTCM1, HIBRTCLD, HIBRTCT, and HIBDATA are on the
Hibernation module clock domain and require a delay of tyg reg wriTe Petween write
accesses. See “Register Access Timing” on page 119.

Hibernation RTC Match 1 (HIBRTCM1)
Base 0x400F.C000

Offset 0x008
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
RTCM1
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 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
RTCM1
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
Bit/Field Name Type Reset Description
31:0 RTCM1 R/W  OxFFFF.FFFF RTC Match 1
A write loads the value into the RTC match register.
A read returns the current match value.
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Register 4: Hibernation RTC Load (HIBRTCLD), offset 0x00C

This register is the 32-bit value loaded into the RTC counter.

HIBRTCC, HIBRTCMO, HIBRTCM1, HIBRTCLD, HIBRTCT, and HIBDATA are on the
Hibernation module clock domain and require a delay of tyg reg wriTe Petween write
accesses. See “Register Access Timing” on page 119.

Hibernation RTC Load (HIBRTCLD)
Base 0x400F.C000

Offset 0x00C
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 I 1 ) 1 ) 1 1
RTCLD
1 1 1
Type  RW RW RIW RW RW RIW RW RIW RW RIW RW RIW RW RIW RIW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 I 1 1 1 1 1 1
RTCLD
1 1 1
Type  RW RW RW RW RW RIW RW RIW RW RIW RW RIW RW RW RW RW
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 RTCLD R/W  OxFFFF.FFFF RTC Load
A write loads the current value into the RTC counter (RTCC).
A read returns the 32-bit load value.
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Register 5: Hibernation Control (HIBCTL), offset 0x010

This register is the control register for the Hibernation module.

Hibernation Control (HIBCTL)
Base 0x400F.C000

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 I 1 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 I 1 I 1 I 1
reserved VABORT |CLK32EN [LOWBATEN| PINWEN [RTCWEN| CLKSEL | HIBREQ | RTCEN
1
Type RO RO RO RO RO RO RO RO 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
31:8 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.
7 VABORT R/W 0 Power Cut Abort Enable
Value Description
0 Power cut occurs during a low-battery alert.
1 Power cut is aborted.
6 CLK32EN R/W 0 32-kHz Oscillator Enable
Value Description
0 Disabled
1 Enabled
This bit must be enabled to use the Hibernation module. If a crystal is
used, then software should wait 20 ms after setting this bit to allow the
crystal to power up and stabilize.
5 LOWBATEN R/W 0 Low Battery Monitoring Enable
Value Description
0 Disabled
1 Enabled
When set, low battery voltage detection is enabled (VBAT < 2.35 V).
4 PINWEN R/W 0 External WAKE Pin Enable
Value Description
0 Disabled
1 Enabled
When set, an external event on the WAKE pin will re-power the device.
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Bit/Field

3

Name

RTCWEN

CLKSEL

HIBREQ

RTCEN

Type

R/W

R/wW

R/wW

R/W

Reset

Description
RTC Wake-up Enable

Value Description
0 Disabled
1 Enabled
When set, an RTC match event (RTCMD or RTCML) will re-power the

device based on the RTC counter value matching the corresponding
match register 0 or 1.

Hibernation Module Clock Select

Value Description
0 Use Divide by 128 output. Use this value for a 4-MHz crystal.

1 Use raw output. Use this value for a 32-kHz oscillator.

Hibernation Request

Value Description
0 Disabled

1 Hibernation initiated
After a wake-up event, this bit is cleared by hardware.
RTC Timer Enable

Value Description
0 Disabled
1 Enabled
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Register 6: Hibernation Interrupt Mask (HIBIM), offset 0x014

This register is the interrupt mask register for the Hibernation module interrupt sources.

Hibernation Interrupt Mask (HIBIM)

Base 0x400F.C000
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 I 1 I 1 I 1 I I 1 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 I 1 I 1 I 1 I I I I
reserved EXTW |LOWBAT |RTCALT1|RTCALTO
1
Type RO RO RO RO RO RO RO RO RO RO RO RO 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
31:4 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.
3 EXTW R/W 0 External Wake-Up Interrupt Mask
Value Description
0 Masked
1 Unmasked
2 LOWBAT R/W 0 Low Battery Voltage Interrupt Mask
Value Description
0 Masked
1 Unmasked
1 RTCALT1 R/W 0 RTC Alert1 Interrupt Mask
Value Description
0 Masked
1 Unmasked
0 RTCALTO R/W 0 RTC AlertO Interrupt Mask
Value Description
0 Masked
1 Unmasked
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Register 7: Hibernation Raw Interrupt Status (HIBRIS), offset 0x018

This register is the raw interrupt status for the Hibernation module interrupt sources.

Hibernation Raw Interrupt Status (HIBRIS)

Base 0x400F.C000
Offset 0x018
Type RO, 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 I 1 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
1 I 1 1 I 1 I I I I
reserved EXTW |LOWBAT |RTCALT1|RTCALTO
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
31:4 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.
3 EXTW RO 0 External Wake-Up Raw Interrupt Status
2 LOWBAT RO 0 Low Battery Voltage Raw Interrupt Status
1 RTCALT1 RO 0 RTC Alert1 Raw Interrupt Status
0 RTCALTO RO 0 RTC Alert0 Raw Interrupt Status
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Register 8: Hibernation Masked Interrupt Status (HIBMIS), offset 0x01C

This register is the masked interrupt status for the Hibernation module interrupt sources.

Hibernation Masked Interrupt Status (HIBMIS)

Base 0x400F.C000
Offset 0x01C
Type RO, 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 I 1 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
1 I 1 1 I 1 I I I I
reserved EXTW |LOWBAT |RTCALT1|RTCALTO
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
31:4 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.
3 EXTW RO 0 External Wake-Up Masked Interrupt Status
2 LOWBAT RO 0 Low Battery Voltage Masked Interrupt Status
1 RTCALT1 RO 0 RTC Alert1 Masked Interrupt Status
0 RTCALTO RO 0 RTC Alert0 Masked Interrupt Status
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Register 9: Hibernation Interrupt Clear (HIBIC), offset 0x020

This register is the interrupt write-one-to-clear register for the Hibernation module interrupt sources.

Hibernation Interrupt Clear (HIBIC)

Base 0x400F.C000
Offset 0x020
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 ) 1 ) 1 1
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 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 ) 1 )
reserved EXTW |LOWBAT |RTCALT1|RTCALTO
1
Type RO RO RO RO RO RO RO RO 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
Bit/Field Name Type Reset Description
31:4 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.
3 EXTW R/W1C 0 External Wake-Up Masked Interrupt Clear
Reads return an indeterminate value.
2 LOWBAT R/W1C 0 Low Battery Voltage Masked Interrupt Clear
Reads return an indeterminate value.
1 RTCALT1 R/W1C 0 RTC Alert1 Masked Interrupt Clear
Reads return an indeterminate value.
0 RTCALTO R/W1C 0 RTC Alert0 Masked Interrupt Clear

Reads return an indeterminate value.
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Register 10: Hibernation RTC Trim (HIBRTCT), offset 0x024

This register contains the value that is used to trim the RTC clock predivider. It represents the
computed underflow value that is used during the trim cycle. It is represented as Ox7FFF + N clock

cycles.

HIBRTCC, HIBRTCMO, HIBRTCM1, HIBRTCLD, HIBRTCT, and HIBDATA are on the
Hibernation module clock domain and require a delay of tyg reg wriTe Petween write
accesses. See “Register Access Timing” on page 119.

Hibernation RTC Trim (HIBRTCT)

Base 0x400F.C000

Offset 0x024
Type R/W, reset 0x0000.7FFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 1 I 1 I I 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 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 I 1 I 1 1 1 1
TRIM
1 1
Type  RW RW RW RW RW RIW RW RIW RW RIW RW RIW RW RW RW RW
Reset 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31:16 reserved RO 0x0000 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.
15:0 TRIM R/W Ox7FFF RTC Trim Value
This value is loaded into the RTC predivider every 64 seconds. Itis used
to adjust the RTC rate to account for drift and inaccuracy in the clock
source. The compensation is made by software by adjusting the default
value of 0x7FFF up or down.
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Register 11: Hibernation Data (HIBDATA), offset 0x030-0x12C

This address space is implemented as a 64x32-bit memory (256 bytes). It can be loaded by the
system processor in order to store any non-volatile state data and will not lose power during a power

cut operation.
HIBRTCC, HIBRTCMO, HIBRTCM1, HIBRTCLD, HIBRTCT, and HIBDATA are on the
Hibernation module clock domain and require a delay of tyg reg wriTe Petween write
accesses. See “Register Access Timing” on page 119.

Hibernation Data (HIBDATA)

Base 0x400F.C000
Offset 0x030-0x12C
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 I 1 ) 1 ) 1 1
RTD
1 1 1
Type  RW RW RIW RW 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
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 I 1 I 1 1 1 1
RTD
1 1 1
Type  RW RW RW RW RW RIW RW RIW RW RIW RW RIW RW RW 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 RTD R/W  0x0000.0000 Hibernation Module NV Registers[63:0]
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The LM3S1751 microcontroller comes with 64 KB of bit-banded SRAM and 128 KB of flash memory.
The flash controller provides a user-friendly interface, making flash programming a simple task.

Flash protection can be applied to the flash memory on a 2-KB block basis.

8.1 Block Diagram

Figure 8-1 on page 138 illustrates the Flash functions. The dashed boxes in the figure indicate
registers residing in the System Control module rather than the Flash Control module.

Figure 8-1. Flash Block Diagram

8.2 Functional Description

This section describes the functionality of the SRAM and Flash memories.

Cortex-M3

Icode Bus

| Dcode Bus

Flash Control

FMA
FMD

System
Bus

Bridge

FMC
FCRIS
FCIM
FCMISC

SRAM Array

8.21 SRAM Memory

The internal SRAM of the Stellaris® devices is located at 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 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.

—_— e — — —_ — =

Flash Protection

FMPREnN
FMPPEN

Flash Timing
USECRL

User Registers

USER DBG
USER REGO
USER REG1

The bit-band alias is calculated by using the formula:

Flash Array

bit-band alias = bit-band base + (byte offset * 32) + (bit nunber * 4)

For example, if bit 3 at address 0x2000.1000 is to be modified, the bit-band alias is calculated as:
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0x2200. 0000 + (0x1000 * 32) + (3 * 4) = 0x2202.000C

With the alias address calculated, an instruction performing a read/write to address 0x2202.000C
allows direct access to only bit 3 of the byte at address 0x2000.1000.

For details about bit-banding, please refer to Chapter 4, “Memory Map” in the ARM® Cortex™-M3
Technical Reference Manual.

8.2.2 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. An individual 32-bit word can be
programmed to change bits that are currently 1 to a 0. These blocks are paired into a set of 2-KB
blocks that can be individually protected. The protection allows blocks to 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.

See also “Serial Flash Loader” on page 501 for a preprogrammed flash-resident utility used to
download code to the flash memory of a device without the use of a debug interface.

8.2.21 Flash Memory Timing

The timing for the flash is automatically handled by the flash controller. However, in order to do so,
it must know the clock rate of the system in order to time its internal signals properly. The number
of clock cycles per microsecond must be provided to the flash controller for it to accomplish this
timing. It is software's responsibility to keep the flash controller updated with this information via the
USec Reload (USECRL) register.

On reset, the USECRL register is loaded with a value that configures the flash timing so that it works
with the maximum clock rate of the part. If software changes the system operating frequency, the
new operating frequency minus 1 (in MHz) must be loaded into USECRL before any flash
modifications are attempted. For example, if the device is operating at a speed of 20 MHz, a value
of 0x13 (20-1) must be written to the USECRL register.

8.2.2.2 Flash Memory Protection

The user is provided two forms of flash protection per 2-KB flash blocks in two pairs of 32-bit wide
registers. The protection policy for each form is controlled by individual bits (per policy per block)
in the FMPPEnNn and FMPRERN registers.

Flash Memory Protection Program Enable (FMPPEN): If set, the block may be programmed
(written) or erased. If cleared, the block may not be changed.

Flash Memory Protection Read Enable (FMPREN): If set, the block may be executed or read
by software or debuggers. If cleared, the block may only be executed and contents of the memory
block are prohibited from being accessed as data.

The policies may be combined as shown in Table 8-1 on page 139.

Table 8-1. Flash Protection Policy Combinations

FMPPEn |FMPREnN | Protection

0 0 Execute-only protection. The block may only be executed and may not be written or erased. This mode
is used to protect code.
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8.3
8.3.1

8.3.1.1

8.3.1.2

8.3.1.3

FMPPEn |FMPREN | Protection

1 0 The block may be written, erased or executed, but not read. This combination is unlikely to be used.

0 1 Read-only protection. The block may be read or executed but may not be written or erased. This mode
is used to lock the block from further modification while allowing any read or execute access.

1 1 No protection. The block may be written, erased, executed or read.

An access that attempts to program or erase a PE-protected block is prohibited. A controller interrupt
may be optionally generated (by setting the AMASK bit in the FIM register) to alert software developers
of poorly behaving software during the development and debug phases.

An access that attempts to read an RE-protected block is prohibited. Such accesses return data
filled with all Os. A controller interrupt may be optionally generated to alert software developers of
poorly behaving software during the development and debug phases.

The factory settings for the FMPREN and FMPPER registers are a value of 1 for all implemented
banks. This implements a policy of open access and programmability. The register bits may be
changed by writing the specific register bit. The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. Details on
programming these bits are discussed in “Nonvolatile Register Programming” on page 141.

Flash Memory Initialization and Configuration

Flash Programming

The Stellaris® devices provide a user-friendly interface for flash programming. All erase/program
operations are handled via three registers: FMA, FMD, and FMC.

To program a 32-bit word
Write source data to the FMD register.
Write the target address to the FMA register.
Write the flash write key and the WRI TE bit (a value of 0xA442.0001) to the FMC register.
Poll the FMC register until the WRI TE bit is cleared.
To perform an erase of a 1-KB page
Write the page address to the FMA register.
Write the flash write key and the ERASE bit (a value of 0xA442.0002) to the FMC register.
Poll the FMC register until the ERASE bit is cleared.
To perform a mass erase of the flash
Write the flash write key and the MERASE bit (a value of 0xA442.0004) to the FMC register.

Poll the FMC register until the MERASE bit is cleared.
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8.3.2

Nonvolatile Register Programming

This section discusses how to update registers that are resident within the flash memory itself.
These registers exist in a separate space from the main flash array and are not affected by an
ERASE or MASS ERASE operation. These nonvolatile registers are updated by using the COMT bit
in the FMC register to activate a write operation. For the USER_DBG register, the data to be written
must be loaded into the FMD register before it is "committed”. All other registers are R/W and can
have their operation tried before committing them to nonvolatile memory.

These registers can only have bits changed from 1 to 0 by user programming, but can
be restored to their factory default values by performing the sequence described in the
section called “Recovering a "Locked" Device” on page 54. The mass erase of the main
flash array caused by the sequence is performed prior to restoring these registers.

In addition, the USER_REGO0, USER_REG1, and USER_DBG use bit 31 (NW of their respective
registers to indicate that they are available for user write. These three registers can only be written
once whereas the flash protection registers may be written multiple times. Table 8-2 on page 141
provides the FMA address required for commitment of each of the registers and the source of the
data to be written when the COMT bit of the FMC register is written with a value of 0xA442.0008.
After writing the COMT bit, the user may poll the FMC register to wait for the commit operation to
complete.

Table 8-2. Flash Resident Registers®

Register to be Committed| FMA Value | Data Source
FMPREO 0x0000.0000 | FMPREO
FMPRE1 0x0000.0002 | FMPRE1
FMPRE2 0x0000.0004 | FMPRE2
FMPRE3 0x0000.0008 |[FMPRE3
FMPPEO 0x0000.0001 |FMPPEO
FMPPE1 0x0000.0003 | FMPPE1
FMPPE2 0x0000.0005 | FMPPE2
FMPPE3 0x0000.0007 | FMPPE3

USER_REGO

0x8000.0000

USER_REGO

USER_REG

0x8000.0001

USER_REGH

USER_DBG

0x7510.0000

FMD

8.4

a. Which FMPREnN and FMPPER registers are available depend on the flash size of your particular Stellaris® device.

Register Map

Table 8-3 on page 142 lists the Flash memory and control registers. The offset listed is a hexadecimal
increment to the register's address. The FMA, FMD, FMC, FCRIS, FCIM, and FCMISC registers
are relative to the Flash control base address of 0x400F.D000. The FMPREnNn, FMPPEN, USECRL,
USER_DBG, and USER_REGn registers are relative to the System Control base address of
0x400F.E000.
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Table 8-3. Flash Register Map

Offset Name Type Reset Description ;ZZ
Flash Registers (Flash Control Offset)
0x000 FMA R/W 0x0000.0000 Flash Memory Address 143
0x004  FMD R/W 0x0000.0000 Flash Memory Data 144
0x008 FMC R/W 0x0000.0000 Flash Memory Control 145
0x00C | FCRIS RO 0x0000.0000 Flash Controller Raw Interrupt Status 147
0x010 | FCIM R/W 0x0000.0000 Flash Controller Interrupt Mask 148
0x014 FCMISC R/W1C 0x0000.0000 Flash Controller Masked Interrupt Status and Clear 149
Flash Registers (System Control Offset)
0x130 FMPREO R/W OxFFFF.FFFF Flash Memory Protection Read Enable 0 151
0x200 FMPREO R/W OxFFFF.FFFF Flash Memory Protection Read Enable 0 151
0x134 FMPPEO R/W OxFFFF.FFFF Flash Memory Protection Program Enable 0 152
0x400 FMPPEO R/W OxFFFF.FFFF Flash Memory Protection Program Enable 0 152
0x140 | USECRL R/W 0x31 USec Reload 150
0x1D0 | USER_DBG R/W OxFFFF.FFFE User Debug 153
Ox1E0 | USER_REGO R/W OxFFFF.FFFF User Register 0 154
0x1E4 | USER_REG1 R/W OxFFFF.FFFF User Register 1 155
0x204 FMPRE1 R/W OxFFFF.FFFF Flash Memory Protection Read Enable 1 156
0x208  FMPRE2 R/W 0x0000.0000 Flash Memory Protection Read Enable 2 157
0x20C  FMPRE3 R/W 0x0000.0000 Flash Memory Protection Read Enable 3 158
0x404 FMPPE1 R/W OxFFFF.FFFF Flash Memory Protection Program Enable 1 159
0x408 ' FMPPE2 R/W 0x0000.0000 Flash Memory Protection Program Enable 2 160
0x40C | FMPPE3 R/W 0x0000.0000 Flash Memory Protection Program Enable 3 161

8.5 Flash Register Descriptions (Flash Control Offset)

This section lists and describes the Flash Memory registers, in numerical order by address offset.
Registers in this section are relative to the Flash control base address of 0x400F.D000.
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Register 1: Flash Memory Address (FMA), offset 0x000

During a write operation, this register contains a 4-byte-aligned address and specifies where the
data is written. During erase operations, this register contains a 1 KB-aligned address and specifies
which page is erased. Note that the alignment requirements must be met by software or the results
of the operation are unpredictable.

Flash Memory Address (FMA)

Base 0x400F.D000
Offset 0x000
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 1 I 1 I 1
reserved OFFSET
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
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
OFFSET
1 1 1
Type  RW RW RIW RIW 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
31:17 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.
16:0 OFFSET R/wW 0x0 Address Offset
Address offset in flash where operation is performed, except for
nonvolatile registers (see “Nonvolatile Register Programming” on page
141 for details on values for this field).
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Register 2: Flash Memory Data (FMD), offset 0x004

This register contains the data to be written during the programming cycle or read during the read
cycle. Note that the contents of this register are undefined for a read access of an execute-only
block. This register is not used during the erase cycles.

Flash Memory Data (FMD)

Base 0x400F.D000
Offset 0x004
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
DATA
1 1 1
Type  RW R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W RIW 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
DATA
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 DATA R/W 0x0 Data Value
Data value for write operation.
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Register 3: Flash Memory Control (FMC), offset 0x008

When this register is written, the flash controller initiates the appropriate access cycle for the location
specified by the Flash Memory Address (FMA) register (see page 143). If the access is a write
access, the data contained in the Flash Memory Data (FMD) register (see page 144) is written.

This is the final register written and initiates the memory operation. There are four control bits in the
lower byte of this register that, when set, initiate the memory operation. The most used of these
register bits are the ERASE and WRI TE bits.

It is a programming error to write multiple control bits and the results of such an operation are
unpredictable.

Flash Memory Control (FMC)

Base 0x400F.DO00
Offset 0x008
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
WRKEY
1 1 1
Type WO ) wo WO wo WO wo WO WO WO ) WO WO wo WO wo
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 1 I 1 I 1 I I I I
reserved COMT [MERASE| ERASE | WRITE
1
Type RO RO RO RO RO RO RO RO RO RO RO RO 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
31:16 WRKEY \We] 0x0 Flash Write Key
This field contains a write key, which is used to minimize the incidence
of accidental flash writes. The value 0xA442 must be written into this
field for a write to occur. Writes to the FMC register without this WRKEY
value are ignored. A read of this field returns the value 0.

15:4 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 COMT R/W 0 Commit Register Value
Commit (write) of register value to nonvolatile storage. A write of 0 has
no effect on the state of this bit.
If read, the state of the previous commit access is provided. If the
previous commit access is complete, a 0 is returned; otherwise, if the
commit access is not complete, a 1 is returned.
This can take up to 50 ps.

2 MERASE R/W 0 Mass Erase Flash Memory

If this bit is set, the flash main memory of the device is all erased. A
write of 0 has no effect on the state of this bit.

If read, the state of the previous mass erase access is provided. If the
previous mass erase access is complete, a 0 is returned; otherwise, if
the previous mass erase access is not complete, a 1 is returned.

This can take up to 250 ms.
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Bit/Field Name Type Reset Description

1 ERASE R/W 0 Erase a Page of Flash Memory
If this bit is set, the page of flash main memory as specified by the
contents of FMA is erased. A write of 0 has no effect on the state of this
bit.
If read, the state of the previous erase access is provided. If the previous
erase access is complete, a 0 is returned; otherwise, if the previous
erase access is not complete, a 1 is returned.
This can take up to 25 ms.

0 WRITE R/W 0 Write a Word into Flash Memory
If this bit is set, the data stored in FMD is written into the location as
specified by the contents of FMA. A write of 0 has no effect on the state
of this bit.
If read, the state of the previous write update is provided. If the previous
write access is complete, a 0 is returned; otherwise, if the write access
is not complete, a 1 is returned.
This can take up to 50 ps.
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Register 4: Flash Controller Raw Interrupt Status (FCRIS), offset 0x00C

This register indicates that the flash controller has an interrupt condition. An interrupt is only signaled
if the corresponding FCIM register bit is set.

Flash Controller Raw Interrupt Status (FCRIS)

Base 0x400F.D000
Offset 0x00C
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 I I 1 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
1 1 1 1 I I I I 1 I
reserved PRIS ARIS
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
31:2 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 PRIS RO 0 Programming Raw Interrupt Status
This bit indicates the current state of the programming cycle. If set, the
programming cycle completed; if cleared, the programming cycle has
not completed. Programming cycles are either write or erase actions
generated through the Flash Memory Control (FMC) register bits (see
page 145).
0 ARIS RO 0 Access Raw Interrupt Status

This bit indicates if the flash was improperly accessed. If set, the program
tried to access the flash counter to the policy as set in the Flash Memory
Protection Read Enable (FMPRER) and Flash Memory Protection
Program Enable (FMPPEn) registers. Otherwise, no access has tried
to improperly access the flash.
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Register 5: Flash Controller Interrupt Mask (FCIM), offset 0x010

This register controls whether the flash controller generates interrupts to the controller.

Flash Controller Interrupt Mask (FCIM)

Base 0x400F.D000
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 I 1 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 I 1 I 1 I 1 I I I I 1 I
reserved PMASK | AMASK
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO 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
31:2 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 PMASK R/W 0 Programming Interrupt Mask
This bit controls the reporting of the programming raw interrupt status
to the controller. If set, a programming-generated interrupt is promoted
to the controller. Otherwise, interrupts are recorded but suppressed from
the controller.
0 AMASK R/W 0 Access Interrupt Mask
This bit controls the reporting of the access raw interrupt status to the
controller. If set, an access-generated interrupt is promoted to the
controller. Otherwise, interrupts are recorded but suppressed from the
controller.
148 July 25, 2008

Preliminary



LM3S1751 Microcontroller

Register 6: Flash Controller Masked Interrupt Status and Clear (FCMISC),
offset 0x014

This register provides two functions. First, it reports the cause of an interrupt by indicating which
interrupt source or sources are signalling the interrupt. Second, it serves as the method to clear the
interrupt reporting.

Flash Controller Masked Interrupt Status and Clear (FCMISC)

Base 0x400F.D000
Offset 0x014
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 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 I 1 I 1 I 1 I I 1 I 1 I
reserved PMISC | AMISC
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO 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
31:2 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 PMISC R/W1C 0 Programming Masked Interrupt Status and Clear
This bit indicates whether an interrupt was signaled because a
programming cycle completed and was not masked. This bit is cleared
by writing a 1. The PRI Sbitin the FCRIS register (see page 147) is also
cleared when the PM SC bit is cleared.
0 AMISC R/W1C 0 Access Masked Interrupt Status and Clear

This bit indicates whether an interrupt was signaled because an improper
access was attempted and was not masked. This bit is cleared by writing
a 1. The ARl Sbit in the FCRIS register is also cleared when the AM SC
bit is cleared.

8.6 Flash Register Descriptions (System Control Offset)

The remainder of this section lists and describes the Flash Memory registers, in numerical order by
address offset. Registers in this section are relative to the System Control base address of
0x400F.EQ00.
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Register 7: USec Reload (USECRL), offset 0x140

Offset is relative to System Control base address of 0x400F.E000

This register is provided as a means of creating a 1-ps tick divider reload value for the flash controller.
The internal flash has specific minimum and maximum requirements on the length of time the high
voltage write pulse can be applied. It is required that this register contain the operating frequency
(in MHz -1) whenever the flash is being erased or programmed. The user is required to change this
value if the clocking conditions are changed for a flash erase/program operation.

USec Reload (USECRL)

Base 0x400F.E000
Offset 0x140
Type R/W, reset 0x31
31 30 25 24 23 22 21 20 19 18 17 16
1 1 I I 1 I 1 I 1 I
reserved
1 1
Type 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
15 14 9 8 7 6 5 4 3 2 1 0
1 1 ) 1 ) 1 ) 1 1
USEC
1
Type RO RO RO RO RW RIW RW RIW RW RIW RIW RW
Reset 0 0 0 0 0 0 1 1 0 0 0 1
Bit/Field Reset Description
31:8 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.
7:0 0x31 Microsecond Reload Value
MHz -1 of the controller clock when the flash is being erased or
programmed.
If the maximum system frequency is being used, USEC should be set to
0x31 (50 MHz) whenever the flash is being erased or programmed.
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Register 8: Flash Memory Protection Read Enable 0 (FMPREO), offset 0x130
and 0x200

This register is aliased for backwards compatability.
Offset is relative to System Control base address of 0x400FE00Q.

This register stores the read-only protection bits for each 2-KB flash block (FMPPEn stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPREN and FMPPERN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Read Enable 0 (FMPREOQ)

Base 0x400F.E000
Offset 0x130 and 0x200
Type R/W, reset OXFFFF.FFFF

31

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

T
READ_ENABLE
1 1 1

Type  RW RW RIW RW RW RIW RW RW RW RIW RW RIW RW RW RW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 I 1 I I I I I I 1 I
READ_ENABLE
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 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31:0 READ_ENABLE R/W  OxFFFFFFFF Flash Read Enable
Enables 2-KB flash blocks to be executed or read. The policies may be
combined as shown in the table “Flash Protection Policy Combinations”.
Value Description
OxFFFFFFFF Enables 128 KB of flash.
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Register 9: Flash Memory Protection Program Enable 0 (FMPPEO), offset
0x134 and 0x400

This register is aliased for backwards compatability.
Offset is relative to System Control base address of 0x400FE00Q.

This register stores the execute-only protection bits for each 2-KB flash block (FMPRER stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPREN and FMPPERN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Program Enable 0 (FMPPEOQ)

Base 0x400F.E000
Offset 0x134 and 0x400
Type R/W, reset OXFFFF.FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 1 1 1 1

1
PROG_ENABLE
1 1 1

Type RW R/W R/W R/W R/W RW R/W R/W R/W RW R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
I I 1 I 1 I 1

I
PROG_ENABLE

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 PROG_ENABLE R/W  OxFFFFFFFF Flash Programming Enable

Configures 2-KB flash blocks to be execute only. The policies may be
combined as shown in the table “Flash Protection Policy Combinations”.

Value Description
OxFFFFFFFF Enables 128 KB of flash.
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Register 10: User Debug (USER_DBG), offset 0x1D0
Offset is relative to System Control base address of 0x400FEQQO.

This register provides a write-once mechanism to disable external debugger access to the device
in addition to 27 additional bits of user-defined data. The DBQD bit (bit 0) is set to 0 from the factory
and the DBGL bit (bit 1) is set to 1, which enables external debuggers. Changing the DBGL bit to 0
disables any external debugger access to the device permanently, starting with the next power-up
cycle of the device. The NOTWRI TTEN bit (bit 31) indicates that the register is available to be written
and is controlled through hardware to ensure that the register is only written once.

User Debug (USER_DBG)

Base 0x400F.E000
Offset 0x1D0O
Type R/W, reset OxFFFF.FFFE
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 I I 1 I
NW DATA
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 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 I 1 I 1 1
DATA DBG1 | DBGO
1 1 1
Type  RW RW RW RW RW RIW RW RIW RW RIW RW RIW RW RIW RW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Bit/Field Name Type Reset Description
31 NW R/W 1 User Debug Not Written
Specifies that this 32-bit dword has not been written.
30:2 DATA R/W  Ox1FFFFFFF User Data
Contains the user data value. This field is initialized to all 1s and can
only be written once.
1 DBGH1 R/W 1 Debug Control 1
The DBGL bit must be 1 and DB must be 0 for debug to be available.
0 DBGO R/W 0 Debug Control 0

The DBGL bit must be 1 and DBG0 must be 0 for debug to be available.
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Register 11: User Register 0 (USER_REGO), offset 0Ox1E0
Offset is relative to System Control base address of 0x400FEQQO.

This register provides 31 bits of user-defined data that is non-volatile and can only be written once.
Bit 31 indicates that the register is available to be written and is controlled through hardware to
ensure that the register is only written once. The write-once characteristics of this register are useful
for keeping static information like communication addresses that need to be unique per part and

would otherwise require an external EEPROM or other non-volatile device.

User Register 0 (USER_REGO)

Base 0x400F.E000
Offset Ox1EO
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
NW DATA
1 1 1
Type  RW R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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
DATA
1 1 1
Type  RW R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31 NW R/W 1 Not Written
Specifies that this 32-bit dword has not been written.
30:0 DATA R/W  Ox7FFFFFFF User Data
Contains the user data value. This field is initialized to all 1s and can
only be written once.
154 July 25, 2008

Preliminary



LM3S1751 Microcontroller

Register 12: User Register 1 (USER_REG1), offset 0x1E4
Offset is relative to System Control base address of 0x400FEQQO.

This register provides 31 bits of user-defined data that is non-volatile and can only be written once.
Bit 31 indicates that the register is available to be written and is controlled through hardware to
ensure that the register is only written once. The write-once characteristics of this register are useful
for keeping static information like communication addresses that need to be unique per part and
would otherwise require an external EEPROM or other non-volatile device.

User Register 1 (USER_REG1)

Base 0x400F.E000
Offset Ox1E4
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
NW DATA
1 1 1
Type  RW R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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
DATA
1 1 1
Type  RW R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31 NW R/W 1 Not Written
Specifies that this 32-bit dword has not been written.
30:0 DATA R/W  Ox7FFFFFFF User Data

Contains the user data value. This field is initialized to all 1s and can
only be written once.
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Register 13: Flash Memory Protection Read Enable 1 (FMPRE1), offset 0x204

Offset is relative to System Control base address of 0x400FEQQO.

This register stores the read-only protection bits for each 2-KB flash block (FMPPEn stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPRERN and FMPPEN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1to a0
and not committed, it may be restored by executing a power-on reset sequence. For additional

information, see the "Flash Memory Protection" section.

Flash Memory Protection Read Enable 1 (FMPRE1)

Base 0x400F.E000
Offset 0x204
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
READ_ENABLE
1 1 1
Type  RW RIW 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
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
READ_ENABLE
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
Bit/Field Name Type Reset Description
31:0 READ_ENABLE R/W  OxFFFFFFFF Flash Read Enable
Enables 2-KB flash blocks to be executed or read. The policies may be
combined as shown in the table “Flash Protection Policy Combinations”.
Value Description
OxFFFFFFFF Enables 128 KB of flash.
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Register 14: Flash Memory Protection Read Enable 2 (FMPRE2), offset 0x208
Offset is relative to System Control base address of 0x400FEQQO.

This register stores the read-only protection bits for each 2-KB flash block (FMPPEn stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPRERN and FMPPEN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1to a0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Read Enable 2 (FMPREZ2)

Base 0x400F.E000
Offset 0x208
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
READ_ENABLE
1 1 1
Type  RW R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W RIW 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
READ_ENABLE
1 1 1
Type  RW R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W R/W R/W R/W RIW 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
31:0 READ_ENABLE R/W 0x00000000 Flash Read Enable

Enables 2-KB flash blocks to be executed or read. The policies may be
combined as shown in the table “Flash Protection Policy Combinations”.

Value
0x00000000 Enables 128 KB of flash.

Description
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Register 15: Flash Memory Protection Read Enable 3 (FMPRE3), offset 0x20C

Offset is relative to System Control base address of 0x400FEQQO.

This register stores the read-only protection bits for each 2-KB flash block (FMPPEn stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPRERN and FMPPEN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1to a0
and not committed, it may be restored by executing a power-on reset sequence. For additional

information, see the "Flash Memory Protection" section.

Flash Memory Protection Read Enable 3 (FMPRES3)

Base 0x400F.E000
Offset 0x20C
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
READ_ENABLE
1 1 1
Type  RW RIW 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 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
READ_ENABLE
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 READ_ENABLE R/W 0x00000000 Flash Read Enable
Enables 2-KB flash blocks to be executed or read. The policies may be
combined as shown in the table “Flash Protection Policy Combinations”.
Value Description
0x00000000 Enables 128 KB of flash.
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Register 16: Flash Memory Protection Program Enable 1 (FMPPE1), offset
0x404

Offset is relative to System Control base address of 0x400FE00Q.

This register stores the execute-only protection bits for each 2-KB flash block (FMPRER stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPREN and FMPPERN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Program Enable 1 (FMPPE1)

Base 0x400F.E000
Offset 0x404
Type R/W, reset OxFFFF.FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 1 1 1 1 1 I 1 I 1 1 1 1
PROG_ENABLE
1 1 1
Type  RW RW RIW RW RW RIW RW RW RW RIW RW RIW RW RW RW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
I I 1 I 1 I 1 I I I I I I 1 I
PROG_ENABLE
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 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31:0 PROG_ENABLE R/W  OxXFFFFFFFF Flash Programming Enable
Configures 2-KB flash blocks to be execute only. The policies may be
combined as shown in the table “Flash Protection Policy Combinations”.
Value Description
OxFFFFFFFF Enables 128 KB of flash.
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Register 17: Flash Memory Protection Program Enable 2 (FMPPE2), offset
0x408

Offset is relative to System Control base address of 0x400FE00Q.

This register stores the execute-only protection bits for each 2-KB flash block (FMPRER stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPREN and FMPPERN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Program Enable 2 (FMPPEZ2)

Base 0x400F.E000
Offset 0x408
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 1 1 1 1 I 1 I 1 1 1 1
PROG_ENABLE
1 1 1
Type  RW RW RIW RW RW RIW RW RW RW RIW RW RIW RW RW RW RW
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
I I 1 I 1 I 1 I I I I I I 1 I
PROG_ENABLE
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
Bit/Field Name Type Reset Description
31:0 PROG_ENABLE R/W 0x00000000 Flash Programming Enable
Configures 2-KB flash blocks to be execute only. The policies may be
combined as shown in the table “Flash Protection Policy Combinations”.
Value Description
0x00000000 Enables 128 KB of flash.
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Register 18: Flash Memory Protection Program Enable 3 (FMPPE3), offset
0x40C

Offset is relative to System Control base address of 0x400FE00Q.

This register stores the execute-only protection bits for each 2-KB flash block (FMPRER stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPREN and FMPPERN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Program Enable 3 (FMPPE3)

Base 0x400F.E000
Offset 0x40C
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 1
PROG_ENABLE
1 1 1
Type  RW RW RIW RW RW RIW RW RW RW RIW RW RIW RW RW RW RW
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
I I 1 I 1 I 1 I I I I I I 1 I
PROG_ENABLE
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
Bit/Field Name Type Reset Description
31:0 PROG_ENABLE R/W 0x00000000 Flash Programming Enable
Configures 2-KB flash blocks to be execute only. The policies may be
combined as shown in the table “Flash Protection Policy Combinations”.
Value Description
0x00000000 Enables 128 KB of flash.
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The GPIO module is composed of eight physical GPIO blocks, each corresponding to an individual
GPIO port (Port A, Port B, Port C, Port D, Port E, Port F, Port G, and Port H). The GPIO module
supports 21-56 programmable input/output pins, depending on the peripherals being used.

The GPIO module has the following features:
Programmable control for GPIO interrupts
Interrupt generation masking
Edge-triggered on rising, falling, or both
Level-sensitive on High or Low values
5-V-tolerant input/outputs
Bit masking in both read and write operations through address lines
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

9.1 Functional Description

All GPIO pins are tri-stated by default (GPIOAFSEL=0, GPIODEN=0, GPIOPDR=0,
and GPIOPUR=0), with the exception of the five JTAG/SWD pins (PB7 and PC[ 3: 0] ).
The JTAG/SWD pins default to their JTAG/SWD functionality (GPIOAFSEL=1,
GPIODEN=1 and GPIOPUR=1). A Power-On-Reset (POR) or asserting RST puts both
groups of pins back to their default state.

Each GPIO port is a separate hardware instantiation of the same physical block (see Figure
9-1 on page 163). The LM3S1751 microcontroller contains eight ports and thus eight of these physical
GPIO blocks.
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9.11

9.1.1.1

9.1.1.2

Figure 9-1. GPIO Port Block Diagram
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GPIOPeriphID3 | [ GPIOPeriphID7 | [ GPIOPCellID3

Data Control

The data control registers allow software to configure the operational modes of the GPIOs. The data
direction register configures the GPIO as an input or an output while the data register either captures
incoming data or drives it out to the pads.

Data Direction Operation

The GPIO Direction (GPIODIR) register (see page 171) is used to configure each individual pin as
an input or output. When the data direction bit is set to 0, the GPIO is configured as an input and
the corresponding data register bit will capture and store the value on the GPIO port. When the data
direction bit is set to 1, the GPIO is configured as an output and the corresponding data register bit
will be driven out on the GPIO port.

Data Register Operation

To aid in the efficiency of software, the GPIO ports allow for the modification of individual bits in the
GPIO Data (GPIODATA) register (see page 170) by using bits [9:2] of the address bus as a mask.
This allows software drivers to modify individual GPIO pins in a single instruction, without affecting
the state of the other pins. This is in contrast to the "typical" method of doing a read-modify-write
operation to set or clear an individual GPIO pin. To accommodate this feature, the GPIODATA
register covers 256 locations in the memory map.

During a write, if the address bit associated with that data bit is set to 1, the value of the GPIODATA
register is altered. If it is cleared to 0O, it is left unchanged.
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For example, writing a value of OxEB to the address GPIODATA + 0x098 would yield as shown in
Figure 9-2 on page 164, where u is data unchanged by the write.

Figure 9-2. GPIODATA Write Example

ADDR[9:2] 9 8 7 6 5 3 2 10

0x098 [0 |o[1][ofo[1][1]0]1 o
NN
0xEB‘1‘1‘1‘0‘1‘ ‘1‘1‘

During a read, if the address bit associated with the data bit is set to 1, the value is read. If the
address bit associated with the data bit is set to 0, it is read as a zero, regardless of its actual value.
For example, reading address GPIODATA + 0x0C4 yields as shown in Figure 9-3 on page 164.

Figure 9-3. GPIODATA Read Example

9 8 7 6
0x0C4 [0 [o|1]1]
rev s
GPIODATA | 1]o0[1]1]
.

0

6

s

ADDR[9:2]

ReturnedVaIue\ ‘ ‘ ‘ ‘

9.1.2 Interrupt Control

The interrupt capabilities of each GPIO port are controlled by a set of seven registers. With these
registers, it is possible to select the source of the interrupt, its polarity, and the edge properties.
When one or more GPIO inputs cause an interrupt, a single interrupt output is sent to the interrupt
controller for the entire GPIO port. For edge-triggered interrupts, software must clear the interrupt
to enable any further interrupts. For a level-sensitive interrupt, it is assumed that the external source
holds the level constant for the interrupt to be recognized by the controller.

Three registers are required to define the edge or sense that causes interrupts:
GPIO Interrupt Sense (GPIOIS) register (see page 172)
GPIO Interrupt Both Edges (GPIOIBE) register (see page 173)
GPIO Interrupt Event (GPIOIEV) register (see page 174)

Interrupts are enabled/disabled via the GPIO Interrupt Mask (GPIOIM) register (see page 175).

When an interrupt condition occurs, the state of the interrupt signal can be viewed in two locations:
the GPIO Raw Interrupt Status (GPIORIS) and GPIO Masked Interrupt Status (GPIOMIS) registers
(see page 176 and page 177). As the name implies, the GPIOMIS register only shows interrupt
conditions that are allowed to be passed to the controller. The GPIORIS register indicates that a
GPIO pin meets the conditions for an interrupt, but has not necessarily been sent to the controller.
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9.1.3

9.1.4

9.1.5

9.1.6

In addition to providing GPIO functionality, PB4 can also be used as an external trigger for the ADC.
If PB4 is configured as a non-masked interrupt pin (the appropriate bit of GPI O Mis set to 1), not
only is an interrupt for PortB generated, but an external trigger signal is sent to the ADC. If the ADC
Event Multiplexer Select (ADCEMUX) register is configured to use the external trigger, an ADC
conversion is initiated.

If no other PortB pins are being used to generate interrupts, the ARM Integrated Nested Vectored
Interrupt Controller (NVIC) Interrupt Set Enable (SETNA) register can disable the PortB interrupts
and the ADC interrupt can be used to read back the converted data. Otherwise, the PortB interrupt
handler needs to ignore and clear interrupts on B4, and wait for the ADC interrupt or the ADC
interrupt needs to be disabled in the SETNA register and the PortB interrupt handler polls the ADC
registers until the conversion is completed.

Interrupts are cleared by writing a 1 to the appropriate bit of the GPIO Interrupt Clear (GPIOICR)
register (see page 178).

When programming the following interrupt control registers, the interrupts should be masked (GPIOIM
set to 0). Writing any value to an interrupt control register (GPIOIS, GPIOIBE, or GPIOIEV) can
generate a spurious interrupt if the corresponding bits are enabled.

Mode Control

The GPIO pins can be controlled by either hardware or software. When hardware control is enabled
via the GPIO Alternate Function Select (GPIOAFSEL) register (see page 179), the pin state is
controlled by its alternate function (that is, the peripheral). Software control corresponds to GPIO
mode, where the GPIODATA register is used to read/write the corresponding pins.

Commit Control

The commit control registers provide a layer of protection against accidental programming of critical
hardware peripherals. Writes to protected bits of the GPIO Alternate Function Select (GPIOAFSEL)
register (see page 179) are not committed to storage unless the GPIO Lock (GPIOLOCK) register
(see page 189) has been unlocked and the appropriate bits of the GPIO Commit (GPIOCR) register
(see page 190) have been set to 1.

Pad Control

The pad control registers allow for GPIO pad configuration by software based on the application

requirements. The pad control registers include the GPIODR2R, GPIODR4R, GPIODRSR, GPIOODR,
GPIOPUR, GPIOPDR, GPIOSLR, and GPIODEN registers. These registers control drive strength,
open-drain configuration, pull-up and pull-down resistors, slew-rate control and digital input enable.

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 V, 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.

Identification

The identification registers configured at reset allow software to detect and identify the module as
a GPIO block. The identification registers include the GPIOPeriphlD0-GPIOPeriphID7 registers as
well as the GPIOPCelllIDO-GPIOPCelllD3 registers.
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9.2

Initialization and Configuration

To use the GPIO, the peripheral clock must be enabled by setting the appropriate GPIO Port bit
field (GPI On) in the RCGC2 register.

On reset, all GPIO pins (except for the five JTAG pins) are configured out of reset to be undriven
(tristate): GPIOAFSEL=0, GPIODEN=0, GPIOPDR=0, and GPIOPUR=0. Table 9-1 on page 166
shows all possible configurations of the GPIO pads and the control register settings required to
achieve them. Table 9-2 on page 166 shows how a rising edge interrupt would be configured for pin
2 of a GPIO port.

Table 9-1. GPIO Pad Configuration Examples

Configuration GPIO Register Bit Value®
AFSEL |DIR ODR DEN PUR PDR DR2R DR4R DR8R SLR
Digital Input (GPIO) 0 0 0 1 ? ? X X X X
Digital Output (GPIO) 0 1 0 1 ? ? ? ? ? ?
Open Drain Input 0 0 1 1 X X X X X X
(GPIO)
Open Drain Output 0 1 1 1 X X ? ? ? ?
(GPIO)
Open Drain 1 X 1 1 X X ? ? ? ?
Input/Output (12C)
Digital Input (Timer 1 X 0 1 ? ? X X X X
CCP)
Digital Output (PWM) 1 X 1 ? ? ? ? ? ?
Digital Output (Timer 1 X 1 ? ? ? ? ? ?
PWM)
Digital Input/Output 1 X 0 1 ? ? ? ? ? ?
(SSI)
Digital Input/Output 1 X 0 1 ? ? ? ? ? ?
(UART)
Analog Input 0 0 0 0 0 0 X X X X
(Comparator)
Digital Output 1 X 0 1 ? ? ? ? ? ?
(Comparator)
a. X=Ignored (don’t care bit)
?=Can be either 0 or 1, depending on the configuration
Table 9-2. GPIO Interrupt Configuration Example
Register Desired Pin 2 Bit Value®
Interrupt 7 6 5 4 3 2 0
Event
Trigger
GPIOIS O=edge X X X X 0 X X
1=level
GPIOIBE O=single X X X X 0 X X
edge
1=both
edges
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Register

Desired
Interrupt
Event
Trigger

Pin 2 Bit Value®

7

6 5 4 3 2 1 0

GPIOIEV

0=Low level,
or negative
edge

1=High level,
or positive
edge

GPIOIM

0O=masked

1=not
masked

a. X=Ignored (don’t care bit)

9.3

Register Map

Table 9-3 on page 168 lists the GPIO registers. The offset listed is a hexadecimal increment to the
register’s address, relative to that GPIO port’s base address:

GPIO Port A: 0x4000.4000

GPIO Port B: 0x4000.5000

GPIO Port C: 0x4000.6000

GPIO Port D: 0x4000.7000

GPIO Port E: 0x4002.4000

GPIO Port F: 0x4002.5000

GPIO Port G: 0x4002.6000

GPIO Port H: 0x4002.7000

The GPIO registers in this chapter are duplicated in each GPIO block, however,
depending on the block, all eight bits may not be connected to a GPIO pad. In those
cases, writing to those unconnected bits has no effect and reading those unconnected
bits returns no meaningful data.

The default reset value for the GPIOAFSEL, GPIOPUR, and GPIODEN registers are
0x0000.0000 for all GPIO pins, with the exception of the five JTAG/SWD pins (PB7 and

PC 3: 0] ). These five pins default to JTAG/SWD functionality. Because of this, the default
reset value of these registers for GPIO Port B is 0x0000.0080 while the default reset value
for Port C is 0x0000.000F.

The default register type for the GPIOCR register is RO for all GPIO pins, with the exception
of the five JTAG/SWD pins (PB7 and P([ 3: 0] ). These five pins are currently the only
GPIOs that are protected by the GPIOCR register. Because of this, the register type for
GPIO Port B7 and GPIO Port C[3:0] is R/W.

The default reset value for the GPIOCR register is 0x0000.00FF for all GPIO pins, with the
exception of the five JTAG/SWD pins (PB7 and PC| 3: 0] ). To ensure that the JTAG port
is not accidentally programmed as a GPIO, these five pins default to non-committable.
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Table 9-3. GPIO Register Map

Because of this, the default reset value of GPIOCR for GPIO Port B is 0x0000.007F while
the default reset value of GPIOCR for Port C is 0x0000.00FO.

Offset Name Type Reset Description ;ZZ
0x000 = GPIODATA R/W 0x0000.0000 GPIO Data 170
0x400 | GPIODIR R/W 0x0000.0000 GPIO Direction 171
0x404  GPIOIS R/W 0x0000.0000 GPIO Interrupt Sense 172
0x408  GPIOIBE R/W 0x0000.0000 GPIO Interrupt Both Edges 173
0x40C | GPIOIEV R/W 0x0000.0000 GPIO Interrupt Event 174
0x410 | GPIOIM R/W 0x0000.0000 GPIO Interrupt Mask 175
0x414 GPIORIS RO 0x0000.0000 GPIO Raw Interrupt Status 176
0x418  GPIOMIS RO 0x0000.0000 GPIO Masked Interrupt Status 177
0x41C | GPIOICR w1C 0x0000.0000 GPIO Interrupt Clear 178
0x420 GPIOAFSEL R/W - GPIO Alternate Function Select 179
0x500 @ GPIODR2R R/W 0x0000.00FF GPIO 2-mA Drive Select 181
0x504 | GPIODR4R R/W 0x0000.0000 GPIO 4-mA Drive Select 182
0x508 | GPIODR8R R/W 0x0000.0000 GPIO 8-mA Drive Select 183
0x50C  GPIOODR R/W 0x0000.0000 GPIO Open Drain Select 184
0x510 | GPIOPUR R/W - GPIO Pull-Up Select 185
0x514 | GPIOPDR R/W 0x0000.0000 GPIO Pull-Down Select 186
0x518  GPIOSLR R/W 0x0000.0000 GPIO Slew Rate Control Select 187
0x51C | GPIODEN R/W - GPIO Digital Enable 188
0x520 | GPIOLOCK R/W 0x0000.0001 GPIO Lock 189
0x524  GPIOCR - - GPIO Commit 190
0xFDO = GPIOPeriphlD4 RO 0x0000.0000 GPIO Peripheral Identification 4 192
O0xFD4 | GPIOPeriphlD5 RO 0x0000.0000 GPIO Peripheral Identification 5 193
0xFD8 = GPIOPeriphlD6 RO 0x0000.0000 GPIO Peripheral Identification 6 194
0xFDC | GPIOPeriphlD7 RO 0x0000.0000 GPIO Peripheral Identification 7 195
OxFEO | GPIOPeriphlDO RO 0x0000.0061 GPIO Peripheral Identification 0 196
OxFE4 = GPIOPeriphiD1 RO 0x0000.0000 GPIO Peripheral Identification 1 197
OxFE8 | GPIOPeriphlD2 RO 0x0000.0018 GPIO Peripheral Identification 2 198
OXxFEC = GPIOPeriphiD3 RO 0x0000.0001 GPIO Peripheral Identification 3 199
OxFFO | GPIOPCelllDO RO 0x0000.000D GPIO PrimeCell Identification 0 200
O0xFF4 | GPIOPCelllD1 RO 0x0000.00F0 GPIO PrimecCell Identification 1 201
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Offset Name Type Reset Description e
page
OxFF8 | GPIOPCelllD2 RO 0x0000.0005 GPIO PrimeCell Identification 2 202
OXFFC | GPIOPCelllD3 RO 0x0000.00B1 GPIO PrimeCell Identification 3 203
94 Register Descriptions
The remainder of this section lists and describes the GPIO registers, in numerical order by address
offset.
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Register 1: GPIO Data (GPIODATA), offset 0x000

The GPIODATA register is the data register. In software control mode, values written in the
GPIODATA register are transferred onto the GPIO port pins if the respective pins have been
configured as outputs through the GPIO Direction (GPIODIR) register (see page 171).

In order to write to GPIODATA, the corresponding bits in the mask, resulting from the address bus
bits [9:2], must be High. Otherwise, the bit values remain unchanged by the write.

Similarly, the values read from this register are determined for each bit by the mask bit derived from
the address used to access the data register, bits [9:2]. Bits that are 1 in the address mask cause
the corresponding bits in GPIODATA to be read, and bits that are 0 in the address mask cause the
corresponding bits in GPIODATA to be read as 0, regardless of their value.

A read from GPIODATA returns the last bit value written if the respective pins are configured as
outputs, or it returns the value on the corresponding input pin when these are configured as inputs.
All bits are cleared by a reset.

GPIO Data (GPIODATA)

GPIO Port A base: 0x4000.4000
GPIO Port B base: 0x4000.5000
GPIO Port C base: 0x4000.6000
GPIO Port D base: 0x4000.7000
GPIO Port E base: 0x4002.4000
GPIO Port F base: 0x4002.5000
GPIO Port G base: 0x4002.6000
GPIO Port H base: 0x4002.7000
Offset 0x000
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 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
I 1 I 1 I 1 1 1 1 1 I 1 I
reserved DATA
1 1
Type RO RO RO RO RO RO RO RO RW 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
Bit/Field Name Type Reset Description
31:8 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.
7:0 DATA R/W 0x00 GPIO Data
This register is virtually mapped to 256 locations in the address space.
To facilitate the reading and writing of data to these registers by
independent drivers, the data read from and the data written to the
registers are masked by the eight address lines i paddr [ 9: 2] . Reads
from this register return its current state. Writes to this register only affect
bits that are not masked by i paddr [ 9: 2] and are configured as
outputs. See “Data Register Operation” on page 163 for examples of
reads and writes.
170 July 25, 2008

Preliminary



LM3S1751 Microcontroller

Register 2: GPIO Direction (GPIODIR), offset 0x400

The GPIODIR register is the data direction register. Bits set to 1 in the GPIODIR register configure
the corresponding pin to be an output, while bits set to 0 configure the pins to be inputs. All bits are
cleared by a reset, meaning all GPIO pins are inputs by default.

GPIO Direction (GPIODIR)

GPIO Port A base: 0x4000.4000
GPIO Port B base: 0x4000.5000
GPIO Port C base: 0x4000.6000
GPIO Port D base: 0x4000.7000
GPIO Port E base: 0x4002.4000
GPIO Port F base: 0x4002.5000
GPIO Port G base: 0x4002.6000
GPIO Port H base: 0x4002.7000

Offset 0x400
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 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 I 1 1 1 1 1 1 1 1 1 1
reserved DIR
1 1
Type RO RO RO RO RO RO RO RO RW 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
Bit/Field Name Type Reset Description
31:8 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.
7:0 DIR R/W 0x00 GPIO Data Direction
The DI Rvalues are defined as follows:
Value Description
0 Pins are inputs.
1  Pins are outputs.
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Register 3: GPIO Interrupt Sense (GPIOIS), offset 0x404

The GPIOIS register is the interrupt sense register. Bits set to 1 in GPIOIS configure the
corresponding pins to detect levels, while bits set to 0 configure the pins to detect edges. All bits
are cleared by a reset.

GPIO Interrupt Sense (GPIOIS)

GPIO Port A base: 0x4000.4000
GPIO Port B base: 0x4000.5000
GPIO Port C base: 0x4000.6000
GPIO Port D base: 0x4000.7000
GPIO Port E base: 0x4002.4000
GPIO Port F base: 0x4002.5000
GPIO Port G base: 0x4002.6000
GPIO Port H base: 0x4002.7000

Offset 0x404
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 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 I 1 1 1 1 1 1 1 1 1 1
reserved IS
1 1
Type RO RO RO RO RO RO RO RO RW 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
Bit/Field Name Type Reset Description
31:8 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.
7:0 IS R/W 0x00 GPIO Interrupt Sense
The | Svalues are defined as follows:
Value Description
0 Edge on corresponding pin is detected (edge-sensitive).
1 Level on corresponding pin is detected (level-sensitive).
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LM3S1751 Microcontroller

Register 4: GPIO Interrupt Both Edges (GPIOIBE), offset 0x408

The GPIOIBE register is the interrupt both-edges register. When the corresponding bit in the GPIO
Interrupt Sense (GPIOIS) register (see page 172) is set to detect edges, bits set to High in GPIOIBE
configure the corresponding pin to detect both rising and falling edges, regardless of the
corresponding bit in the GPIO Interrupt Event (GPIOIEV) register (see page 174). Clearing a bit
configures the pin to be controlled by GPIOIEV. All bits are cleared by a reset.

GPIO Interrupt Both Edges (GPIOIBE)

GPIO Port A base: 0x4000.4000
GPIO Port B base: 0x4000.5000
GPIO Port C base: 0x4000.6000
GPIO Port D base: 0x4000.7000
GPIO Port E base: 0x4002.4000
GPIO Port F base: 0x4002.5000
GPIO Port G base: 0x4002.6000
GPIO Port H base: 0x4002.7000

Offset 0x408
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 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 1 10 9 8 7 6 5 4 3 2 1 0
1 I 1 I 1 I 1 1 1 1 1 I 1 I
reserved IBE
1 1
Type RO RO RO RO RO RO RO RO RW RIW RW RIW RW RW 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
31:8 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.
7:0 IBE R/W 0x00 GPIO Interrupt Both Edges
The | BE values are defined as follows:
Value Description
0 Interrupt generation is controlled by the GPIO Interrupt Event
(GPIOIEV) register (see page 174).
1  Both edges on the corresponding pin trigger an interrupt.
Single edge is determined by the corresponding bit
in GPIOIEV.
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General-Purpose Input/Outputs (GPIOs)

GPIO Interrupt Event (GPIOIEV)

Register 5: GPIO Interrupt Event (GPIOIEV), offset 0x40C

The GPIOIEV register is the interrupt event register. Bits set to High in GPIOIEV configure the
corresponding pin to detect rising edges or high levels, depending on the corresponding bit value
in the GPIO Interrupt Sense (GPIOIS) register (see page 172). Clearing a bit configures the pin to
detect falling edges or low levels, depending on the corresponding bit value in GPIOIS. All bits are

cleared by a reset.

GPIO Port A base: 0x4000.4000
GPIO Port B base: 0x4000.5000
GPIO Port C base: 0x4000.6000
GPIO Port D base: 0x4000.7000
GPIO Port E base: 0x4002.4000
GPIO Port F base: 0x4002.5000
GPIO Port G base: 0x4002.6000
GPIO Port H base: 0x4002.7000

Offset 0x40C
Type