PRELIMINARY

LUMINARYMICRO™

LM3S300 Microcontroller

DATA SHEET

DS-LM3S300-1728 Copyright © 2007 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 Luminary Micro, Inc. All rights reserved. Stellaris is a registered trademark and Luminary Micro and the Luminary Micro logo are
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

Fax: +1-512-279-8879
http://www.luminarymicro.com

®
H Em

ortex

Intelligent Processors by ARM*

a
o
oc
w
=
=]
a
|

LUMINARYMICRO™

2 October 01, 2007
Preliminary



LM3S300 Microcontroller

About ThisS DOCUMENL .........ooeiiieiiieieie e e n e n e 15
U o 11T T = PSPPI 15
ADBOUL ThiS IMANUAL ... e e e ettt e et e et e e e e e e e e et e eenneeeens 15
Related DOCUMENTS ... .o e e ettt ettt e et e et e et e e et e e et e e eea e een e eeaneeeanaeeenaeannaaes 15
Documentation CONVENTIONS ... ... it e et e e e e e e et e e e e e e e e e e e eeneeeanns 15
1 Architectural OVEIrVIEW ...t e e e e e e e e e e es 17
1.1 oo (B o gl = (1 = PSR 17
1.2 Target APPIICAtIONS ... e e e e eeas 21
1.3 High-Level BIOCK DiIagram .......c.cuuuoiiiiii ettt e et e et e et eeeeaa s 21
1.4 FUNCHONAI OVEIVIEW ...ttt e ettt e e ettt e e e e et e e e eeta s e e eeetn e eeentneeeees 22
I g Y 1Y 0] (= LV P 23
1.4.2  Motor Control PeriPRErals ..........coouuiiiiiiiii e e 23
1.4.3  ANAlog PEriphErals ..........oiiiiii et 24
1.4.4 Serial Communications Peripherals ... e 24
1.4.5  System PeriPREIalS ..... oo et 25
L T V1= 0 g To oV =Y o] 1= =1 £ 26
1.4.7  Additional FEAUIES ... et e e e et e ea e eeas 27
1.4.8  Hardware Details ... e a e 27
2 ARM Cortex-M3 ProCesSOr COre .......cccciuiiirssmmmmmmimninsssssssssissssssssssssssssssssssssssssssssssssssss 28
2.1 = o Yo 19 = To -1 o S 29
2.2 FUunCtional DESCIIPLION ... ...t et e e e e e e e e e 29
221 Serial Wire and JTAG DeEDUQ ......uiiiiiiii ettt e e e e e e e e aeen 29
2.2.2 Embedded Trace Macrocell (ETIM) .......u i 30
2.2.3 Trace Port Interface Unit (TPIU) ... e 30
224  ROM TADIE ...ouiiiiiieeeee et e et e e e e e a e e 30
2.2.5 Memory Protection Unit (MPU) ... e e e e e e e aaaes 30
2.2.6 Nested Vectored Interrupt Controller (NVIC) .......cooooiiiiiiiiii e eaaens 30
3 1V L= .4 Lo oY |- T J S 34
4 INEEITUPLES ..o —————————————————_ 36
5 B0 7Y 51 =T o - Vo 38
5.1 =] oYt Q= Te | =T o P 39
5.2 FUNCLiONAl DESCIIPLION ...eeeiei et ettt et e e 39
L0 N N 1 C R 101 (=Y =Tt o L PSP 40
5.2.2  JTAG TAP CONITOIIET ...uiiiiiiie et e e e e e e e e e et e e e e et e e e e et e e e e eaanas 41
B5.2.3  Shift REGISIEIS e e et 42
5.2.4 Operational ConSIAErations ............iiiiiiiii e e e e e e e e e e e aanns 42
5.3 Initialization and Configuration ... 43
54 RegiSter DESCIIPLIONS ... .ottt et ettt et e e e 44
5.4.1  Instruction ReGISIEr (IR) ....ccvuiiiiiiiii e e e e e e e e e e e e e aaas 44
B5.4.2  Data RegISIEIS ...oee i et e ea e aans 46
6 RS3VZ=1 L= 0. T 0o 14 o Ot 48
6.1 U Tox (o] o F= 1 I D= o] T o) 4[] o I 48
6.1.1  Device 1dentifiCation ............uiiiiiiiii e 48
LT O =TT a0 o] oo ) P 48
October 01, 2007 3

Preliminary



Table of Contents

Tt I T o 11T =Y 0o o1 o PP 51
L 2 S O [ Tor QO o | £ o P 51
B.1.5  SYSLEM CONMIOL ..o ettt et 54
6.2 Initialization and Configuration ..............i i 54
6.3 =T o 153 (=1 gl /=T o TP 55
6.4 T 1] (= gl L= T oo 1o ] o 1 PPN 56
7 0] =Y B LI 1T 1= 3 o T 103
71 =] o To3 Jq I TT-To | - o K 103
7.2 W Toxi o] g F= 1 I ==Yl ] o] o P 103
A S o ¥ A Y 1V 1= T Y APPSR 103
A = 1] o T Y/ =Y 3T P 104
7.3 Flash Memory Initialization and Configuration ... 106
7.3.1  Changing Flash Protection BitS ...........ccoouuiiiiiii e 106
7.3.2  Flash Programming .........couioiiiiiioe e e e e e e e et e e e e e et e e et e e et e e e et e e e e e et e e e e eaneeaen 107
7.4 0 1] (=T a1 = o PN 107
7.5 Flash Register Descriptions (Flash Control OffSet) .........ccooviiiiiiiiiiiiiii e 108
7.6 Flash Register Descriptions (System Control Offset) ..., 115
8 General-Purpose Input/Outputs (GPIOS) ........cccooiiieennneenneeeeeeeeeenece e e e e e eennenee 119
8.1 (U aToxi o] =1 I B T= T Y1 ] o] o P 119
< Tt Ot B - = @ o 1 o PP 120
G Tt 2 [ | (=14 U] GO o) | o S 121
G TRt R T 1Y oo L= N @0 o | o) 122
8.1.4  Pad CONIION ...ttt ettt et 122
8.1.5  IdentifiCAtiON .....eee i e 122
8.2 Initialization and ConfigUration ............coooiiiii i 122
8.3 REGISIEI IMAP .t e et 123
8.4 RegiSter DESCIIPHONS ... i ettt 125
9 General-Purpose TIMEIS ...ttt e s s s s s e e s e e e e e s e s e e e e e rseereennneees 157
9.1 ] oTe3 QI T T=To -1 o PR 158
9.2 Functional DeSCHPION ... et e e e e e e e e e e e aens 158
9.2.1  GPTM ReSet CONAILIONS .....cieiiiiiiieiii e e e et e e e e et e e e e et e e e e eta e eeees 158
9.2.2 32-Bit Timer Operating MOGES .........ciiiiiiiiii e e et e et eeeanne s 158
9.2.3  16-Bit Timer Operating MOGES ........couiiiiiiiii e e e e e e e e e 160
9.3 Initialization and CoNnfigUration ............ccooiiiii i 164
9.3.1  32-Bit One-Shot/Periodic TIMEr MOde ...........oiiiiiiii e 164
9.3.2 32-Bit Real-Time CIoCk (RTC) MOGE ......coiiiiiiiiiiiei et e e e e e s 165
9.3.3  16-Bit One-Shot/Periodic TIMer MOGE ........coouuiiiiiiiiii e 165
9.3.4 16-Bit Input EAge Count MOGE .........uiiiiiiiiii e 166
9.3.5 16-Bit Input EAge TimiNg MOUE .....ceuiiiniiiii e e e e e e e e eaees 166
9.3.6  16-Bit PWM MOGE ... .ottt ettt e e e et e et e et e e e e eeeenaes 167
9.4 LT o L5 (=T 1 =T o S 167
9.5 RegiSter DESCIIPHIONS ... . ettt e e e 168
10 WatChdOog TIMET .....ccoiiiiiierr e anann e 193
10.1 =] (o1t QB I T=To | =1 o PP 193
10.2  Functional DESCHPLON .....ceeiieei et et e e e e e e e e e e e eeens 193
10.3  Initialization and Configuration ..o e 194
L0 =T 1] (=Y g 1V =T o LS UPPPRTRPIN 194
4 October 01, 2007

Preliminary



LM3S300 Microcontroller

10.5  Register DeSCIIPIONS ... ettt e et e e e et e e e e 195
1" Universal Asynchronous Receivers/Transmitters (UARTS) ......cccceeeeeeeieeeeecceceeeeeeeee, 216
111 =] [o Yo QDT F=To | - o ¢ 1PN 217
11.2 (U Toxi o] =1 I B T= =T od ] 1 o] o P 217
11.2.1 TranSmMit/RECEIVE LOGIC .....uueiiitiieiiii ettt et e e e e e et e e e 217
11.2.2 Baud-Rate GEeNEration ............ooiiiiiiiii e e eanas 218
(2 T B T = T I = 1= 0 1T oo P 219
L o | @ @ o= - i) o 219
2 T 1 (=Y U o P 219
V2 ST WoToT o] o T= Lol Q@) o 1T -1 i o] TP 220
11.3  Initialization and ConfigUration ............cooeiiiiii et e 220
R = o 153 (=Y g 1 =1 o N 221
R T o= To 153 (=Y DoY) 1T o 1 222
12 Synchronous Serial Interface (SSI) .....coooeiiiiiei i 254
121 =] oYt QI 1 T=Te | =1 o PP 254
12.2  FuNnctional DESCIIPHION .......iiiiiiieeei et e ettt e e e ettt e e e ettt e e e eeaa e eeeees 254
12.2.1 Bit RAt@ GENEIAtION ......uiiii et 255
12.2.2 FIFO OPEIAtION ....oeiiiiiiii ettt et e e et e e e e e e et e et e et e e et e e e eanans 255
L2 T [ 01 (=Y U o PPt 255
12.2.4 Frame FOImMats ... et e et e e e e e e e e et e e e e aeen 256
12.3  Initialization and Configuration ... e 263
L = To 1] (=T g 1V =T o PPN 264
(2 ST 2= To 15 (=Y gl DT Yol ) 1T o 1= PP 265
13 Inter-Integrated Circuit (I2C) INtErfacCe ...........coceeeeeeeerererereresesesessessseesesssssssssssssssssssssssssans 291
13.1 =] oYt QI 1= To | =1 o PRSPPI 291
13.2  FUuNCtional DESCIIPHION ......iiiiii et e et e e et e e e e et e e e e et e e e eeea e eeeees 291
13.2.1 12C BUS FUNCHONAI OVEIVIEW ...........oiieiieieee et n e 292
13.2.2 Available SPeed MOUES ........uuiiiiiiii e eaaas 294
S T2 T 01 (=Y 4 U o P 295
13.2.4 Loopback OPEration ...........ciiiuiiiiiiiii e e e e e e s 295
13.2.5 Command Sequence FIOW Charts ..........c.cooiiiiiiii e 295
13.3  Initialization and Configuration ... e 302
134 PPC REGISIEN IMAD .....veeeeeee ettt 303
13.5  Register Descriptions (I2C MaStEr) ...........cc.oiuiiueieeieee oo 304
13.6  Register Descriptions (1I2C SIAVE) .....couuiiiiiii e 317
14 ANalog COMPAratoOrsS ........ccoiiciiiieriririiisssrrr s ssssr e e s s s s s s ssssssse s s sssssssssnnnnsssssssssssnnnes 326
14.1 =] oTe3 QI T T=To =1 o KPR 327
14.2  Functional DeSCHPON ... .o et e e e e e e e e e eeans 327
14.2.1 Internal Reference Programming ..........ooooue oo 329
14.3  Initialization and Configuration ............cooouiiiiiii e 330
L = To 15 (=Y g 1Y =1 o PN 330
14.5  Register DESCIIPHIONS .....ciuiiiii et e e e e e aaas 331
October 01, 2007 5

Preliminary



Table of Contents

15 Pin Diagram ... 339
16 Signal TabIes .....cooooiiiieee s naan 340
17 Operating Characteristics .........cccceiiiiii e 347
18 Electrical CharacteriStiCs ........cccccooommemmmmmmmmeeccccceecce e e e e s e s e e e e s e ensennennnnes 348
18.1 DO O o= 1= Tod (= 4 1 [ N 348
18.1.1 Maximum RatiNgs ......iieiiii e e e e e e e 348
18.1.2 Recommended DC Operating ConditioNS .............iiiiiiiiiiiiiie e 348
18.1.3 On-Chip Low Drop-Out (LDO) Regulator Characteristics ..............cooviiiiiiiiiiiii e 349
18.1.4 Power SPeCifiCatiONS .......couiiii e e e 349
18.1.5 Flash Memory CharacteriStiCs ..........coouuuiiiiiiii et e e e e e 350
18.2  AC CharaCleriStiCS .....uuiiiiii it e et e et e et e e e s 350
(K- 27 B - To I @7o 13 T [1 1] o I PP PP PPPPPPPPTTR 350
LR 3 O [ Tor G PP P T SPUPPPPRPTN 350
18.2.3  ANAIOG COMPAIATON ... .iiitiiiiiii ettt ettt e et e e et et e e et et e e e ee e e e enta e eeees 351
18.2.4 12 ot R £t h Rttt 351
18.2.5 Synchronous Serial Interface (SSI) .......iiiiiiii 352
18.2.6 JTAG and BOUNGArY SCaAN ......coiiiiiiiiiii ettt e e e s 353
18.2.7  General-PurPOSE 1/O ... ..o e 355
18.2.8 RSB ..ttt a s 355
19 Package INformation ... - 358
A 8571 ¢ T 1IN = T 4 T o - T - 360
A.1 7= T4 =TI =TS o T o = o =Y P 360
A2 1] (=T =TT 360
L I U Y TR PP P PPN RUPPPPPPPTIN 360
A2 2 Sl et 360
A3 1ot (=l =T o | T PP 361
AB.T  PacKet FOrmMat ... et e e e aaa e 361
A3.2  SendiNg PacCKets ... e 361
A.3.3  ReCeIVING PaCKELS ......eiii e 361
A4 COMIMANGAS ...ttt e oottt e e e et et e e e b s e e e e et e e et ae e e e e e e et e e nnnan e e e e e e e 362
A4 1 COMMAND_PING (0X20) ...eteieuuuninieeeeeeeeeita ettt ettt e et et ae b e e e e et e eebnba e as 362
A4.2 COMMAND_GET_STATUS (OX23) ..euuuiieeeiiieiiiuii e e eee ettt e e e e e eeetbb e e e e e e eeebeba e e e e e e eeeenrnnn s 362
A4.3 COMMAND_DOWNLOAD (OX27) ..uuieeeieeeietit e e eaeeeeaiita e e e e e e eeaaeta e e e e eeaeeeaannn s e e aeaeeeeesnnnnaaaaaaens 362
Ad44  COMMAND_SEND _DATA (0X24) ...uoiiieeeiieeiii et e e e e e e e eet e e e e e e e e eeeenna e eeeas 363
A4S COMMAND _RUN (OX22) ..euuiiiieeiiiieiiitaa e e e e e ettt e e e e e e et et e e e e e e e eeeaet e e e e e e eeeeettnnnaaaeeeeeeennnnnnns 363
A4.6  COMMAND_RESET (OX25) ...uiiiieiiiiiiiiiiieiee ettt et e ettt e et et eee e e e e e e ennnes 363
B Register Quick Reference ... —————— 365
Cc Ordering and Contact Information ..o 377
CA1 Ordering INFOrMAatioN .......... i et e et e e e e 377
C.2 U 377
C.3 Company INfOrMAtION ... ..cueii e e e e e e et e e e e et a e e e 377
C4 SUPPOIt INFOMATION .....oeeeee et e e e e e e e e ean 378
6 October 01, 2007

Preliminary



LM3S300 Microcontroller

Figure 1-1. Stellaris® 300 Series High-Level Block Diagram .........cocoeuiiiiiiiiiecce e 22
Figure 2-1.  CPU BIOCK DIGQIam .......coouuiiiiiii ettt et e e e et e era e 29
Figure 2-2.  TPIU BIOCK DiIaQIram ........cceeiiiiiiiiii ettt ettt e e e ettt e e e et e e e eaa e e eeanns 30
Figure 5-1.  JTAG Module BIOCK DIiagram .........ccoouuiiiiiiiii e e e 39
Figure 5-2.  Test Access Port State MacChing ...........cooiiiiiii i 42
Figure 5-3.  IDCODE Register FOrMaL ........ooiuiiiiii e e e e 46
Figure 5-4.  BYPASS RegiSter FOMMAL ........uiiiiiii it e e e e e ea e eeees 46
Figure 5-5. Boundary Scan Register FOrmat ...........cooouiiiiiii e 47
Figure 6-1.  External Circuitry to EXtend ReSet .......... oo 49
Figure 6-2.  Main ClOCK TFEE ......iiiiiiiieeiii ettt e e et e e et e e e e e e e e eaa e eeenans 52
Figure 7-1.  FlIash BIOCK Diagram .........ccouiiiiiiiiii e e e e et e e e e e e e e e e eaneees 103
Figure 8-1.  GPIO Port BIOCK Diagram ...........coouuiiiiiiii et 120
Figure 8-2.  GPIODATA Write EXAmMPIE .....ooeuiiiiiii i e e 121
Figure 8-3.  GPIODATA Read EXamPIE ........uiiiiiiiiiiii e 121
Figure 9-1. GPTM Module BIOCK DiIagram .........c..uiiieiiiieiiiiiee et 158
Figure 9-2.  16-Bit Input Edge Count Mode Example ... 162
Figure 9-3.  16-Bit Input Edge Time Mode EXamPple .........ccouniiiiiiiiiiii e 163
Figure 9-4. 16-Bit PWM MOde EXaMPIE .....oeeiieieieee e e 164
Figure 10-1.  WDT Module BIOCK DIiagram .........coeuiiiiiiiiie et eanns 193
Figure 11-1.  UART Module BIOCK DIagram .........couuiiiiiiiiiiiiie et e e 217
Figure 11-2.  UART Character Frame .........coooiuiiiiii et 218
Figure 12-1.  SSI Module BIOCK DIagram ........cooeeuiiiiiiii et 254
Figure 12-2. Tl Synchronous Serial Frame Format (Single Transfer) ........cccccooviiiiiiiiiii e 257
Figure 12-3. Tl Synchronous Serial Frame Format (Continuous Transfer) ...........ccccccoeiiiiiiiiniiieeeennn, 257
Figure 12-4. Freescale SPI Format (Single Transfer) with SPO=0 and SPH=0 .................cccceiiiiiiiinnn. 258
Figure 12-5. Freescale SPI Format (Continuous Transfer) with SPO=0 and SPH=0 ..............cc...cceennnnen. 258
Figure 12-6. Freescale SPI Frame Format with SPO=0 and SPH=1 ...........ccccooiiiiiii e, 259
Figure 12-7. Freescale SPI Frame Format (Single Transfer) with SPO=1 and SPH=0 ........................... 260
Figure 12-8. Freescale SPI Frame Format (Continuous Transfer) with SPO=1 and SPH=0 .................... 260
Figure 12-9. Freescale SPI Frame Format with SPO=1and SPH=1 .............cccoiiiii i 261
Figure 12-10. MICROWIRE Frame Format (Single Frame) ...........ooiiiiiiiiiiiiie e 262
Figure 12-11. MICROWIRE Frame Format (Continuous Transfer) ...........ccoooiiiiiiiinie e 263
Figure 12-12. MICROWIRE Frame Format, SSIFss Input Setup and Hold Requirements ........................ 263
Figure 13-1.  12C BIOCK DIAQIAM ......ooueiueeeeeee et 291
Figure 13-2.  12C BUS CONFIGUIALION ........ooiiiiiee oo 292
Figure 13-3. START and STOP CONItIONS ......ccouuiiiiiiiiiii e 292
Figure 13-4. Complete Data Transfer with @ 7-Bit ADAress ............oviiiiiiiiiiiii e 293
Figure 13-5. RIS Bitin FirSt Byte .. cooeiiiii e e e 293
Figure 13-6. Data Validity During Bit Transfer on the 12C BUS ..........ccoeoeieeeeeeee oo 293
Figure 13-7. Master Single SEND ... 296
Figure 13-8. Master Single RECEIVE ........coouiiiiii et e e e e e e aeen 297
Figure 13-9.  Master BUurst SEND ........oooiiiiiiiii e et e et e e eaaaneeeennns 298
Figure 13-10. Master Burst RECEIVE ........cooouiiiiii e e e 299
Figure 13-11. Master Burst RECEIVE after Burst SEND ..........ooiiiiiiiii e 300
Figure 13-12. Master Burst SEND after Burst RECEIVE ..o 301
October 01, 2007 7

Preliminary



Table of Contents

Figure 13-13.

Figure 14-1.
Figure 14-2.
Figure 14-3.
Figure 15-1.
Figure 18-1.
Figure 18-2.
Figure 18-3.
Figure 18-4.
Figure 18-5.
Figure 18-6.
Figure 18-7.
Figure 18-8.
Figure 18-9.

Figure 18-10.
Figure 18-11.
Figure 18-12.
Figure 18-13.
Figure 18-14.

Figure 19-1.

Slave Command SEQUENCE .......coouuiiiiiiii et e e e e eaass 302
Analog Comparator Module Block Diagram ...........c..oiiiiiiiiiiiiiiiice e 327
Structure of Comparator UNit ..o e 328
Comparator Internal Reference Structure .............oooooiiiiiii e 329
Pin Connection DIagram ..........oiiiniiiii e e 339
(o T=To Il @701 3 Lo [111o] o LT PO P TP PSPPPPPRPTN 350
o3 113117 T RSSO T SO 352
SSI Timing for Tl Frame Format (FRF=01), Single Transfer Timing Measurement .............. 352
SSI Timing for MICROWIRE Frame Format (FRF=10), Single Transfer ...................c..u...... 353
SSI Timing for SPI Frame Format (FRF=00), with SPH=1 ... 353
JTAG Test Clock INPUE TIMING ... 354
JTAG Test Access Port (TAP) TiMING ...oooeueiiieii e 355
JTAG TRST TIMNG ettt e et e e e e e e e e e nnnaaaas 355
External Reset TIMING (RST) .oooiiiiiiiiiieieiie ettt e e e e e e e e e 356
Power-On RESEE TIMING ....ciiiiiiiiiii e e et e e et e e e et s e e e et s e e eenanaaeaees 356
Brown-Out ReSet TIMING ....cooueiiiiiiiiie et et 357
Software Reset TIMING ... e 357
Watchdog Reset TimMINg ... 357
DT 2 =T I 011 Vo P 357
48-Pin LQFP PacKage .......cooiiiiiiiiiiii ettt 358

October 01, 2007
Preliminary



LM3S300 Microcontroller

Table 1. Documentation CONVENTIONS .........uuiiiiiiiie e e e e e e et e e eaenns 15
Table 3-1. =Y 0 Lo oV 1Y F= T o TP 34
Table 4-1. o=t o ([o] I Y/ o 1= PP 36
Table 4-2. L] (=T U o £ TSRS 37
Table 5-1. JTAG Port Pins Reset State ... 40
Table 5-2. JTAG Instruction Register Commands ............oooiiiiiiiiiii e 44
Table 6-1. System Control RegIStEr Map ......ccouiiiiiii e 55
Table 6-2. o I VT Yo L= 0o o1 o P 69
Table 7-1. Flash Protection Policy Combinations .............coooiiiiiiiiiiiii e 105
Table 7-2. FIash RegiStEr IMAD .......iiiii e 108
Table 8-1. GPIO Pad Configuration EXamPpPles ..........couuiiiiiiiiiiii e 122
Table 8-2. GPIO Interrupt Configuration EXample ... 123
Table 8-3. (€] (O 2 LYo 151 1= 1Y = T o R PP 124
Table 9-1. 16-Bit Timer With Prescaler Configurations .................cooeiiiiiiiiiiic e, 161
Table 9-2. TIMers Register Map .....ooun et 167
Table 10-1.  Watchdog Timer Register Map ..... ..o 194
Table 11-1. UART ReGISIEr MAP ...t 221
Table 12-1.  SSI REGISIEr MAD ... it e et et e et e e et e e e eab e eeee 264
Table 13-1.  Examples of 12C Master Timer Period versus Speed Mode ............cccooeevueeeeeoeeeeeeeeaeeeannn. 294
Table 13-2.  Inter-Integrated Circuit (I2C) Interface Register Map .............c.covooveoueeueeeeeie e 303
Table 13-3.  Write Field Decoding for I2CMCSJ[3:0] Field (Sheet 1 0f 3) .....coviiiiiiiiii e 308
Table 14-1.  Comparator 0 Operating MOAES ..........oiiiiiiiiiiii e 328
Table 14-2.  Comparator 1 Operating MOAES .........coouiiiiiiii e e e 328
Table 14-3.  Comparator 2 Operating MOAES .........ccouuiiiiiiii e 329
Table 14-4.  Internal Reference Voltage and ACREFCTL Field Values ...........cccoooveviiiiiiiiiinieiiiie e, 329
Table 14-5.  Analog Comparators Register Map .........c.couuiiiiiiiiii e 331
Table 16-1.  Signals by Pin NUMDET ... e 340
Table 16-2.  Signals by Signal NamMe ........oooiiiiii e e 342
Table 16-3.  Signals by Function, EXcept for GPIO ...........oiiiiiiii e 344
Table 16-4.  GPIO Pins and Alternate FUNCLONS ............iiiiiiiiiiiii e 345
Table 17-1.  Temperature CharacteristiCs .............uoiiiiiiiiiiii e 347
Table 17-2.  Thermal CharacteristiCs .........co.i i e 347
Table 18-1.  Maximum RatINGS ........iiiiii i ettt e s 348
Table 18-2. Recommended DC Operating ConditioNS ............viiiiiiiiiiiiii e 348
Table 18-3. LDO Regulator CharacCteriStiCs .........c.uiiiiiiiiiiieiie e aans 349
Table 18-4.  Detailed Power SpecCifiCations .............cooiuiiiiiiiiii e, 349
Table 18-5.  Flash Memory CharacteriStiCS ..........cooiuiiiiiiiiiiiee e e 350
Table 18-6.  Phase Locked Loop (PLL) CharacteristiCs ............oouvuuiiiiiiiiiicii e 350
Table 18-7.  CIOCK CharaCteriStiCS .......ieiuiiiii it e e e e e e e e e eeens 350
Table 18-8.  Analog Comparator CharacteristiCs .............ooieuiiiiiiiii e 351
Table 18-9.  Analog Comparator Voltage Reference CharacteristiCs .............cccoeviiiiiiiiiiiiciiieeeeen, 351
Table 18-10. 12C CharaCteriStiCs ............eeveeiueieeieeeeeeee et e eee e e e et e e e et eeeeee e 351
Table 18-11.  SSI CharaCleriStiCS ........uiiiiiii i e e e et eeeat e eeees 352
Table 18-12. JTAG CharacteriStiCs .........ccouuiiiiiiii it e et e e e e e e et neeeeataeaee 353
Table 18-13. GPIO CharacteriStiCS ........cceuuuiieiiiiiiieeiiie e et e et e e e e e e e e et eeeeat s e e eeetn s aeeeaenaaeees 355
Table 18-14. Reset CharaCteriStiCSs ... ... e e e e 355
October 01, 2007 9

Preliminary



Table of Contents

Table C-1. Part Ordering INfOrmMation ..........oouuiiiiii e eaeas 377

10 October 01, 2007
Preliminary



LM3S300 Microcontroller

System CONIOl .......... e e e e e e e e rrerrrrrrrrreereereeeeerreeereeraeeeeaeaneees 48
Register 1:  Device Identification 0 (DIDO0), offset OX000 ..............oeiiiiiiiiiiiie e 57
Register 2:  Power-On and Brown-Out Reset Control (PBORCTL), offset 0X030 ..........ccccvvvieiiiviineerennnnn. 59
Register 3:  LDO Power Control (LDOPCTL), offset OX034 ........ccoomiiieiiee e 60
Register 4:  Raw Interrupt Status (RIS), offset OX050 ..........cooumiiiiiii e 61
Register 5:  Interrupt Mask Control (IMC), offset OX054 ........couuiiiii e 62
Register 6:  Masked Interrupt Status and Clear (MISC), offset OX058 ..........cocoviiiiiiiiiii e 64
Register 7:  Reset Cause (RESC), offset OXO5C .......c.uiiiiiiii e 65
Register 8:  Run-Mode Clock Configuration (RCC), offset OX060 ..............coiviiiiiiiieiiiiiieeeiiieeeeeiee e, 66
Register 9:  XTAL to PLL Translation (PLLCFG), offset OX064 ...........oiieniiiiiii e 70
Register 10: Deep Sleep Clock Configuration (DSLPCLKCFG), offset Ox144 .........ccoiiiiiiiiiiiiiieeee, 71
Register 11:  Clock Verification Clear (CLKVCLR), offset OX150 ..........iiiiiiiiiiiiiiiiii e 72
Register 12:  Allow Unregulated LDO to Reset the Part (LDOARST), offset 0X160 ..........cccoeveviieiineennnnnnn. 73
Register 13: Device Identification 1 (DID1), offset OX004 ...........couiiiiiiiii e 74
Register 14: Device Capabilities 0 (DCO0), offset OX008 ..........coouuiiiiiiiiiieiiiie e 76
Register 15: Device Capabilities 1 (DC1), offset OX010 ....c.eniiiniie e 77
Register 16: Device Capabilities 2 (DC2), offset OX014 .......niiiiii e 79
Register 17: Device Capabilities 3 (DC3), offset OX018 ........iiiiiiiiieiii e 81
Register 18: Device Capabilities 4 (DC4), offSet OXOTC ......iiriiii e 83
Register 19: Run Mode Clock Gating Control Register 0 (RCGCO0), offset OX100 ...........ccovvveiiiiiiiieiinnnnns 84
Register 20: Sleep Mode Clock Gating Control Register 0 (SCGCO0), offset OX110 .........ccceveiviviineerennnnnn. 85
Register 21: Deep Sleep Mode Clock Gating Control Register 0 (DCGCO), offset 0x120 .............cceevnnneen. 86
Register 22:  Run Mode Clock Gating Control Register 1 (RCGC1), offset 0x104 ..........ccciiiiiiiiiiieiennnnnn. 87
Register 23:  Sleep Mode Clock Gating Control Register 1 (SCGC1), offset Ox114 .........cccooiiiiiiiiieiinnnnnn. 89
Register 24: Deep Sleep Mode Clock Gating Control Register 1 (DCGC1), offset 0x124 .............c.c.ccene.. 91
Register 25: Run Mode Clock Gating Control Register 2 (RCGC2), offset OX108 ...........ccovveiiiiiiiiiiiinnnnns 93
Register 26: Sleep Mode Clock Gating Control Register 2 (SCGC2), offset OX118 ........ccceviviiviiiiieerinnnnnn. 95
Register 27: Deep Sleep Mode Clock Gating Control Register 2 (DCGC2), offset 0x128 .............cceevvnneen. 97
Register 28: Software Reset Control 0 (SRCRO), offset OX040 ...........oiiiiiiiiiiiii e 99
Register 29: Software Reset Control 1 (SRCR1), offset OX044 .........ccoomiiiiiiii e 100
Register 30: Software Reset Control 2 (SRCR2), offsSet OX048 .........oeiveiiiiiiiii e 102
INtErNal MEMOIY ... r e n R R e e e e e e R nn e e e n e 103
Register 1:  Flash Memory Address (FMA), offset 0X000 ...........ccouiiiiiiiiiiiii e 109
Register 2:  Flash Memory Data (FMD), offset OX004 ........couiiiiiiie e 110
Register 3:  Flash Memory Control (FMC), offset OX008 .............ccoovniiiiiiiiiii e, 111
Register 4:  Flash Controller Raw Interrupt Status (FCRIS), offset OX00C ............cccooiiiiiiiiiiiiiie e, 113
Register 5:  Flash Controller Interrupt Mask (FCIM), offset OX010 ........coooiiiiiii e, 114
Register 6:  Flash Controller Masked Interrupt Status and Clear (FCMISC), offset 0x014 ..................... 115
Register 7 USec Reload (USECRL), OffSet OX140 .......uiiiiiiiiiei e 116
Register 8:  Flash Memory Protection Read Enable (FMPRE), offset 0X130 ........ccccoviviiiiiiiiieieeeeee, 117
Register 9:  Flash Memory Protection Program Enable (FMPPE), offset 0x134 ............cccooviiiiiiiicinnne, 118
General-Purpose Input/Outputs (GPIOS) .......cccccmrriiiiiiineirirr s s 119
Register 1:  GPIO Data (GPIODATA), offset OX000 .........cooiiiiiiiiieeeiee e 126
Register 2:  GPIO Direction (GPIODIR), offset O0X400 ...........oiiiiiiii e 127
Register 3:  GPIO Interrupt Sense (GPIOIS), offsSet OX404 .......ooiiriiiiiiii e 128
October 01, 2007 11

Preliminary



Table of Contents

Register 4:  GPIO Interrupt Both Edges (GPIOIBE), offset 0x408 ..........cooeiiiiiiiiiiiiiieeeee e 129
Register 5:  GPIO Interrupt Event (GPIOIEV), offset OX40C ........c.uiiiiiiiiiiii e 130
Register 6:  GPIO Interrupt Mask (GPIOIM), offset OX410 ... 131
Register 7: GPIO Raw Interrupt Status (GPIORIS), offset OX414 .......c.oiiiiiiiiiiii e 132
Register 8:  GPIO Masked Interrupt Status (GPIOMIS), offset OX418 ........ccoovviiiiiiiiiiieee e, 133
Register 9:  GPIO Interrupt Clear (GPIOICR), offset OX41C .....ovniiiiiii e 134
Register 10: GPIO Alternate Function Select (GPIOAFSEL), offset 0x420 ..........cccoiiiiiiiiiieiiiiieeeceine, 135
Register 11:  GPIO 2-mA Drive Select (GPIODR2R), offset 0X500 ..........cooeiiiiiiiiiiiiiiii e 137
Register 12:  GPIO 4-mA Drive Select (GPIODR4R), offset 0X504 ..........coiiiiiiiiiiii e 138
Register 13:  GPIO 8-mA Drive Select (GPIODRS8R), offset OX508 ..........ccooiiiiiiiiiiiii e 139
Register 14: GPIO Open Drain Select (GPIOODR), offset OX50C .........coivviiiiiiieiii e 140
Register 15:  GPIO Pull-Up Select (GPIOPUR), offset OX510 .......coouiiiiiiiiii e 141
Register 16:  GPIO Pull-Down Select (GPIOPDR), offsSet OX514 ......uiiiiiiiieiiiiieeeee e 142
Register 17:  GPIO Slew Rate Control Select (GPIOSLR), offset OX518 ..o, 143
Register 18:  GPIO Digital Enable (GPIODEN), offset OX51C ......oouiiiiiii e 144
Register 19:  GPIO Peripheral Identification 4 (GPIOPeriphlD4), offset OXFDO ............cccooviiiiiiiiiiiiiinienes 145
Register 20: GPIO Peripheral Identification 5 (GPIOPeriphID5), offset OXFD4 ...........cccoevviiviiiiiiiieeeie, 146
Register 21:  GPIO Peripheral Identification 6 (GPIOPeriphlD6), offset OXFD8 ..............cccoeviviiiiinieinnnnnen. 147
Register 22: GPIO Peripheral Identification 7 (GPIOPeriphlD7), offset OXFDC ...........ccccvviieeiiiiineeeiinnnnn. 148
Register 23:  GPIO Peripheral Identification 0 (GPIOPeriphIDO), offset OXFEOQ ............cccoiiiiiiiiiiiiiinnnnnnn. 149
Register 24:  GPIO Peripheral Identification 1 (GPIOPeriphlD1), offset OXFE4 ...........ccooiiiiiiiiiiiien. 150
Register 25:  GPIO Peripheral Identification 2 (GPIOPeriphlD2), offset OXFES8 ............cccoiiiiiiiiiiiiiiien. 151
Register 26: GPIO Peripheral Identification 3 (GPIOPeriphlD3), offset OXFEC .........cccoooviiiiiiiiiiiieees 152
Register 27: GPIO PrimeCell Identification 0 (GPIOPCellID0), offset OXFFO ............cceevviiiiiiiiiieei, 153
Register 28: GPIO PrimeCell Identification 1 (GPIOPCellID1), offset OXFF4 ..........coovviiiiiiiiiiiiiieiiieeeee 154
Register 29:  GPIO PrimeCell Identification 2 (GPIOPCellID2), offset OXFF8 ............oooiiiiiiiiiiiiiiiees 155
Register 30: GPIO PrimeCell Identification 3 (GPIOPCelllD3), offset OXFFC ...........coveiiiiiiiiiiiiii, 156
General-Purpose TIMEIS ... s 157
Register 1:  GPTM Configuration (GPTMCFG), offset 0X000 .........c.oiiiiiiiiii e 169
Register 2:  GPTM TimerA Mode (GPTMTAMR), offset 0X004 ..........cooouiiiiiiiiie e 170
Register 3:  GPTM TimerB Mode (GPTMTBMR), offset 0X008 ............coiiiiiiiiiiiiiiii e 172
Register 4:  GPTM Control (GPTMCTL), offset OX00C ........uoiiiniiiiiee e 174
Register 5: GPTM Interrupt Mask (GPTMIMR), offset OX018 ...........coouiiiiiiiiiiii e 177
Register 6:  GPTM Raw Interrupt Status (GPTMRIS), offset OX01C .......cooiiiiiiiiiiie e 179
Register 7:  GPTM Masked Interrupt Status (GPTMMIS), offset OX020 ............ccoovviiiiiiiiiiiiiieeei, 180
Register 8:  GPTM Interrupt Clear (GPTMICR), offset OX024 ...........ccooiiiiiiiii e 181
Register 9:  GPTM TimerA Interval Load (GPTMTAILR), offset OX028 ............ccooiiiiiiiiiiiii e, 183
Register 10: GPTM TimerB Interval Load (GPTMTBILR), offset 0X02C .........ccoieiiiiiiiiieee e, 184
Register 11: GPTM TimerA Match (GPTMTAMATCHR), offset 0X030 ..........ccoeiiiiiiiiiieeiccee e 185
Register 12: GPTM TimerB Match (GPTMTBMATCHR), offset 0X034 ........cccoiiiiiiiiiiiiiiiie e, 186
Register 13:  GPTM TimerA Prescale (GPTMTAPR), offset OX038 ..o, 187
Register 14: GPTM TimerB Prescale (GPTMTBPR), offset OX03C ..........ooiiiiiiiiiiiii e 188
Register 15: GPTM TimerA Prescale Match (GPTMTAPMR), offset 0X040 ..........ccccooveiiiiiiieiiiiieeeeeinnn. 189
Register 16: GPTM TimerB Prescale Match (GPTMTBPMR), offset 0X044 ...........ccccooviviiiiiiiiieiieeeees 190
Register 17: GPTM TimerA (GPTMTAR), offsSet OX048 ........couiiiiiiii e 191
Register 18: GPTM TimerB (GPTMTBR), OffSet OX04C ......coouiiiiiii e 192
L 4"z 12 4 e Lo Yo TN 1T 3 U= P 193
Register 1:  Watchdog Load (WDTLOAD), offset OX000 ...........coiiiiiiiiieii e 196

12

October 01, 2007
Preliminary



LM3S300 Microcontroller

Register 2:  Watchdog Value (WDTVALUE), offset OX004 ........ccoouuiiiiiiiiieeeeee e 197
Register 3:  Watchdog Control (WDTCTL), offset OX008 ..........ccoouiiiiiiiiiei e 198
Register 4:  Watchdog Interrupt Clear (WDTICR), offset OX00C ........ccoouiiiiiiiiiiiiii e, 199
Register 5:  Watchdog Raw Interrupt Status (WDTRIS), offset OX010 ........cooveeiiiiiiiiiiiiee e 200
Register 6:  Watchdog Masked Interrupt Status (WDTMIS), offset 0X014 ........ccoovnviiiiiiiiiiiii e 201
Register 7:  Watchdog Test (WDTTEST), offset OX418 ......oooriiiiiii e 202
Register 8:  Watchdog Lock (WDTLOCK), offset OXCO0 .......uuiiiiiiiiieiiiiii e 203
Register 9:  Watchdog Peripheral Identification 4 (WDTPeriphlD4), offset OXFDO ..........ccoocoeviiiiiiinnnnnen. 204
Register 10: Watchdog Peripheral Identification 5 (WDTPeriphlD5), offset OXFD4 ..........cccooiiiiiiiiiinnnnie. 205
Register 11:  Watchdog Peripheral Identification 6 (WDTPeriphlD6), offset OXFDS8 ..............cciiiiiiinnnnnnn. 206
Register 12: Watchdog Peripheral Identification 7 (WDTPeriphlD7), offset OXFDC .............ccoiveiniiennnnn. 207
Register 13:  Watchdog Peripheral Identification 0 (WDTPeriphIDO0), offset OXFEOQ ............ccccoveiinieinnnnnss 208
Register 14: Watchdog Peripheral Identification 1 (WDTPeriphlD1), offset OXFE4 ..............ccocviieerinnnnnn. 209
Register 15:  Watchdog Peripheral Identification 2 (WDTPeriphlD2), offset OXFES ...............ccooiiiiiinnnnnn. 210
Register 16: Watchdog Peripheral Identification 3 (WDTPeriphID3), offset OXFEC ..........c.cccoiiiiiiieennnnnne. 211
Register 17:  Watchdog PrimeCell Identification 0 (WDTPCelllD0), offset OXFFO .........cccooviiiiiiiiiiiiiiis 212
Register 18: Watchdog PrimeCell Identification 1 (WDTPCelllD1), offset OXFF4 ..........cccoeviiiiiiiein. 213
Register 19: Watchdog PrimeCell Identification 2 (WDTPCelllD2), offset OXFF8 ...............cciiiiieeinnnnnnn. 214
Register 20: Watchdog PrimeCell Identification 3 (WDTPCellID3 ), offset OXFFC ..........cooveiiiiiiiierinnnnnn. 215
Universal Asynchronous Receivers/Transmitters (UARTS) ......cccccciiiiiiiniincncssnscssscssssssssssssnnnns 216
Register 1:  UART Data (UARTDR), offset OX000 ...........ccovuiiiiiiiiiei e 223
Register 2:  UART Receive Status/Error Clear (UARTRSR/UARTECR), offset 0x004 ............ccccevvvvnnnen. 225
Register 3:  UART Flag (UARTFR), OffSet OX018 .....couuniiiiiiiee e 227
Register 4:  UART Integer Baud-Rate Divisor (UARTIBRD), offset 0X024 ............cccooiiiiiiiiiiiiiiiieicninnn, 229
Register 5:  UART Fractional Baud-Rate Divisor (UARTFBRD), offset 0x028 ............ccccoiiiiiiiiiiiiinnnnnnn. 230
Register 6:  UART Line Control (UARTLCRH), offset OX02C ........c..oiiiiiiiiiiiei e 231
Register 7:  UART Control (UARTCTL), offset OX030 ........ccouniiiiiiiiiieii e 233
Register 8:  UART Interrupt FIFO Level Select (UARTIFLS), offset 0X034 ..........cccoiieiiiiiineeiiiiieeeeeinnn. 234
Register 9:  UART Interrupt Mask (UARTIM), offset OX038 ........ccouiiiiiiiiiiii e 236
Register 10: UART Raw Interrupt Status (UARTRIS), offset OXO3C .........ooeiiiiiiiiiii e, 238
Register 11: UART Masked Interrupt Status (UARTMIS), offset OX040 .........c.cooiiiiiiiiiiiiiiie, 239
Register 12:  UART Interrupt Clear (UARTICR), offset 0X044 ........ccovniiiiiiii e 240
Register 13: UART Peripheral Identification 4 (UARTPeriphlD4), offset OXFDO .............cccoeeiiviiiiniiinnnnn. 242
Register 14: UART Peripheral Identification 5 (UARTPeriphID5), offset OXFD4 ........ccccoviviiiiiiiiieeeeiinnn. 243
Register 15: UART Peripheral Identification 6 (UARTPeriphID6), offset OXFD8 ...........ccooviiiiiiiiiiiiiiinnnnn. 244
Register 16: UART Peripheral Identification 7 (UARTPeriphlD7), offset OXFDC ..........ccccoiiiiiiiiiiiiinnnen. 245
Register 17:  UART Peripheral Identification 0 (UARTPeriphIDO0), offset OXFEO ...........ccccoveviiiiiiiiiinnens 246
Register 18: UART Peripheral Identification 1 (UARTPeriphID1), offset OXFE4 ............cooiiviiiiiiiieinne, 247
Register 19: UART Peripheral Identification 2 (UARTPeriphlD2), offset OXFES8 ..............cccooiiiiiiieinn, 248
Register 20: UART Peripheral Identification 3 (UARTPeriphlD3), offset OXFEC ............cccooeeiviiiiieniinnnnnn. 249
Register 21:  UART PrimeCell Identification 0 (UARTPCellIDO0), offset OXFFO ..........ccovviiiiiiiiiiiiieinn, 250
Register 22:  UART PrimeCell Identification 1 (UARTPCellID1), offset OXFF4 ........cccoooiiiiiiiiii, 251
Register 23: UART PrimeCell Identification 2 (UARTPCelllD2), offset OXFF8 ..........ccccoeeiiiiiiiiiiiiieeeeeeeas 252
Register 24: UART PrimeCell Identification 3 (UARTPCellID3), offset OXFFC .........ccoiviiiiiiiiiieeeie, 253
Synchronous Serial Interface (SSI) .......cccciiiiiiiii e —————— 254
Register 1:  SSI Control 0 (SSICRQ), Offset OX000 ........couuumiiiieeeiiiiiie e e e e e e eeeeaa e e eeeeeeees 266
Register 2:  SSI Control 1 (SSICR1), OffSEt OX004 .......coniiiiieei e e e eaen 268
Register 3:  SSI Data (SSIDR), OffSet OX008 .........covuiiiiii e e e e e 270
October 01, 2007 13

Preliminary



Table of Contents

Register 4:  SSI Status (SSISR), offset OX00C ........iiiiiiiieie e e e s 271
Register 5:  SSI Clock Prescale (SSICPSR), offset OX010 .......oooiiiiiiiiiiii e 273
Register 6:  SSI Interrupt Mask (SSIIM), offset OX014 ......coomiiiii e 274
Register 7:  SSI Raw Interrupt Status (SSIRIS), offset OX018 .........coiiiiiiiiii e 276
Register 8:  SSI Masked Interrupt Status (SSIMIS), offset OXO1C ......cooiiiiiiiiii e 277
Register 9:  SSI Interrupt Clear (SSIICR), offset 0X020 .........covuiiiiiiiii e 278
Register 10:  SSI Peripheral Identification 4 (SSIPeriphlD4), offset OXFDO ..........cccoiviiiiiiiiiiiiiiieeeieeee 279
Register 11:  SSI Peripheral Identification 5 (SSIPeriphlD5), offset OXFD4 ..........ccoiiiiiiiiiiiis 280
Register 12:  SSI Peripheral Identification 6 (SSIPeriphlD6), offset OXFDS8 ..........cccoooiiiiiiiiiiiis 281
Register 13:  SSI Peripheral Identification 7 (SSIPeriphID7), offset OXFDC ..........cccooiiiiiiiiiiiii, 282
Register 14: SSI Peripheral Identification 0 (SSIPeriphIDO0), offset OXFEQ ........ccccvviiiiiiiiiiiiiiecieeeie 283
Register 15:  SSI Peripheral Identification 1 (SSIPeriphiD1), offset OXFE4 ...........ccoiiviiiiiiiiiiieieeee 284
Register 16:  SSI Peripheral Identification 2 (SSIPeriphlD2), offset OXFES8 ..........cccoiiiiiiiiiiieiiieeeree, 285
Register 17:  SSI Peripheral Identification 3 (SSIPeriphlD3), offset OXFEC ...........cocoiiiiiiiiiiiii, 286
Register 18:  SSI PrimeCell Identification 0 (SSIPCelllD0), offset OXFFO ...........ooiiiiiiiiiii 287
Register 19:  SSI PrimeCell Identification 1 (SSIPCelllD1), offset OXFF4 ..o, 288
Register 20: SSI PrimeCell Identification 2 (SSIPCelllD2), offset OXFF8 ...........covviiiiiiiiiii e 289
Register 21:  SSI PrimeCell Identification 3 (SSIPCelllD3), offset OXFFC .........coovvniiiiiiiiiiee 290
Inter-Integrated Circuit (I2C) INtEIrfACE .........ccvcemruciieecieersieses e ses s s se s sss e s s ss s s snans 291
Register 1:  12C Master Slave Address (I2CMSA), offset 0X000 ............cccooveiueeeeeeeeeeeee e 305
Register 2:  12C Master Control/Status (I2CMCS), offset 0X004 ............ccooviieeeeeeeeeeeeeee e 306
Register 3:  12C Master Data (I2CMDR), 0ffset 0X008 .............coeoueieeeeeeeeeeeee e 310
Register 4:  12C Master Timer Period (I2CMTPR), offset OX00C .........c.coeeureueeeeeeeeeeeeeee e, 311
Register 5:  1°C Master Interrupt Mask (I2CMIMR), offset 0X010 .........c..ccveieeieieeieeee e 312
Register 6:  1°C Master Raw Interrupt Status (I2CMRIS), 0ffset OX014 .........c.cceeveeieeceiieeieeeeeeeeeenns 313
Register 7:  12C Master Masked Interrupt Status (I2CMMIS), offset OX018 ..........c.covveeeeeeeeeeeeeeeeeeeenn 314
Register 8:  12C Master Interrupt Clear (I2CMICR), 0ffset OXOTC .......covveeieeeeeeee oo 315
Register 9:  12C Master Configuration (I2CMCR), offset 0X020 .............cccoovieeeeeeeeeeeeeee e 316
Register 10:  12C Slave Own Address (I2CSOAR), offset 0X000 .............ccooeeieeeieeeeeeeeeee e 318
Register 11:  I12C Slave Control/Status (I2CSCSR), offset 0X004 ............ccoovieeeeeeeeeeeeeee e 319
Register 12:  I1°C Slave Data (I2CSDR), offset 0X008 ...........ceooueieeieeeee e e 321
Register 13:  12C Slave Interrupt Mask (I2CSIMR), offset OX00C ..........c..ccveiieeieeeeeieeee e 322
Register 14:  1°C Slave Raw Interrupt Status (I2CSRIS), offset OX010 .........c..covviiouieiiieeeeeeeeeeeeeee e, 323
Register 15:  |12C Slave Masked Interrupt Status (I2CSMIS), offset 0X014 .........coeovveeeeeeeeeeeeeeeeeeeeeeeees 324
Register 16:  12C Slave Interrupt Clear (I2CSICR), offset OX018 ..........cccovieieeeeeeeeeeeeee e 325
WX T= 1 [T TR0 o5 0T o - T 1 P 326
Register 1:  Analog Comparator Masked Interrupt Status (ACMIS), offset OX00 ...........ccooveviiiiiieiiiiinneens 332
Register 2:  Analog Comparator Raw Interrupt Status (ACRIS), offset OX04 ..., 333
Register 3:  Analog Comparator Interrupt Enable (ACINTEN), offset 0X08 ...........cccooeeiiiiiiiiiiiiinieiiiinnnn. 334
Register 4:  Analog Comparator Reference Voltage Control (ACREFCTL), offset 0x10 .............cccevvnneeee 335
Register 5:  Analog Comparator Status 0 (ACSTATO), offset 0X20 ........cccviiiiiiiiiieiii e 336
Register 6:  Analog Comparator Status 1 (ACSTAT1), offset 0X40 .........veeviiiiiiiiiiiiieeei e 336
Register 7:  Analog Comparator Status 2 (ACSTAT2), offset 0X60 ..........cceevviieiiiiiiiiiiiiii e 336
Register 8:  Analog Comparator Control 0 (ACCTLO), offset OX24 ..........ooiiiiiiiiiiii e, 337
Register 9:  Analog Comparator Control 1 (ACCTL1), offset 0X44 ........cooereiiiiiiii e 337
Register 10: Analog Comparator Control 2 (ACCTL2), offset OX64 .........coeuiiiiiiiiiiiiiieei e 337

14

October 01, 2007
Preliminary



LM3S300 Microcontroller

This data sheet provides reference information for the LM3S300 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
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 1 on page 15.

Table 1. 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 34.

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

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

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

that register.

Register Bit/Field
Types

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

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

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

R/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.

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 STGNAL
below).

deassert a signal

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

SI'GNAC

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.

0x Hexadecimal numbers have a prefix of Ox. For example, 0x00FF 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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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 LM3S300 microcontroller is targeted for industrial applications, including test and measurement
equipment, factory automation, HVAC and building control, motion control, medical instrumentation,
fire and security, and power/energy.

In addition, the LM3S300 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 LM3S300 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.

1.1 Product Features
The LM3S300 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
25-MHz operation
Hardware-division and single-cycle-multiplication

Integrated Nested Vectored Interrupt Controller (NVIC) providing deterministic interrupt
handling

21 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
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16 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

4 KB single-cycle SRAM

General-Purpose Timers

Three General-Purpose Timer Modules (GPTM), each of which provides two 16-bit
timer/counters. Each GPTM can be configured to operate independently as timers or event
counters as a single 32-bit timer, as one 32-bit Real-Time Clock (RTC) to event capture, or
for Pulse Width Modulation (PWM)

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

16-bit Timer modes

General-purpose timer function with an 8-bit prescaler
Programmable one-shot timer
Programmable periodic timer

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

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

18
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Reset generation logic with an enable/disable

User-enabled stalling when the controller asserts the CPU Halt flag during debug
Synchronous Serial Interface (SSI)

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

Two fully programmable 16C550-type UARTs

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

Programmable baud-rate generator with fractional divider

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
Analog Comparators

Three independent integrated analog comparators

Configurable for output to: drive an output pin or generate an interrupt

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
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GPIOs

8-36 GPIOs, depending on configuration

5-V-tolerant input/outputs

Programmable interrupt generation as either edge-triggered or level-sensitive

Bit masking in both read and write operations through address lines

Programmable control for GPIO pad configuration:

Power

Weak pull-up or pull-down resistors
2-mA, 4-mA, and 8-mA pad drive
Slew rate control for the 8-mA drive
Open drain enables

Digital input enables

On-chip Low Drop-Out (LDO) voltage regulator, with programmable output user-adjustable
from2.25V1t02.75V

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

20
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IEEE 1149.1-1990 compliant Test Access Port (TAP) controller
Debug access via JTAG and Serial Wire interfaces
Full JTAG boundary scan

Industrial-range 48-pin RoHS-compliant LQFP package

1.2 Target Applications
Factory automation and control
Industrial control power devices
Building and home automation
Stepper motors
Brushless DC motors
AC induction motors

1.3 High-Level Block Diagram

Figure 1-1 on page 22 represents the full set of features in the Stellaris® 300 series of devices; not
all features may be available on the LM3S300 microcontroller.
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Figure 1-1. Stellaris® 300 Series High-Level Block Diagram
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14 Functional Overview

The following sections provide an overview of the features of the LM3S300 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 377.
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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 28)

All members of the Stellaris® product family, including the LM3S300 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 28 provides an overview of the ARM core; the core is
detailed in the ARM® Cortex™-M3 Technical Reference Manual.

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.

Nested Vectored Interrupt Controller (NVIC)

The LM3S300 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 21 interrupts.

“Interrupts” on page 36 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 LM3S300 controller features Pulse Width Modulation (PWM) outputs.

PWM (see page 163)

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 LM3S300, PWM motion control functionality can be achieved through the motion control
features of the general-purpose timers (using the CCP pins).

CCP Pins (see page 163)

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.

14.3 Analog Peripherals
For support of analog signals, the LM3S300 microcontroller offers three analog comparators.
1.4.3.1 Analog Comparators (see page 326)
An analog comparator is a peripheral that compares two analog voltages, and provides a logical
output that signals the comparison result.
The LM3S300 microcontroller provides three independent integrated analog comparators that can
be configured to drive an output or generate an interrupt .
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 to cause it to start
capturing a sample sequence.
14.4 Serial Communications Peripherals
The LM3S300 controller supports both asynchronous and synchronous serial communications with:
Two fully programmable 16C550-type UARTs
One SSI module
One I°C module
1.4.41 UART (see page 216)
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 LM3S300 controller includes two fully programmable 16C550-type UARTSs that support data
transfer speeds up to 460.8 Kbps. (Although similar in functionality to a 16C550 UART, it is not
register-compatible.)
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.
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1.4.4.2

1.4.4.3

1.4.5
1.4.51

SSI (see page 254)
Synchronous Serial Interface (SSI) is a four-wire bi-directional communications interface.

The LM3S300 controller includes one SSI module that provides 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.

The 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.

The 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.

The 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 291)

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.

The LM3S300 controller includes one 1°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 I2C slave generates
interrupts when data has been sent or requested by a master.

System Peripherals

Programmable GPIOs (see page 119)
General-purpose input/output (GPIO) pins offer flexibility for a variety of connections.

The Stellaris® GPIO module is composed of five 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 8-36 programmable input/output pins.
The number of GPIOs available depends on the peripherals being used (see “Signal Tables” on page
340 for the signals available to each GPIO pin).

October 01, 2007 25

Preliminary



Architectural Overview

1.4.5.2

1.4.5.3

1.4.6

1.4.6.1

1.4.6.2

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.

Three Programmable Timers (see page 157)
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 timer/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).

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

Watchdog Timer (see page 193)

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.

Memory Peripherals
The LM3S300 controller offers both single-cycle SRAM and single-cycle Flash memory.

SRAM (see page 103)

The LM3S300 static random access memory (SRAM) controller supports 4 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 104)

The LM3S300 Flash controller supports 16 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.

26
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1.4.7
1.4.71

1.4.7.2

1.4.7.3

1.4.8

Additional Features

Memory Map (see page 34)

A memory map lists the location of instructions and data in memory. The memory map for the
LM3S300 controller can be found in “Memory Map” on page 34. 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 38)

The Joint Test Action Group (JTAG) port provides a standardized serial interface for controlling the
Test Access Port (TAP) and associated test logic. The TAP, JTAG instruction register, and JTAG
data registers can be used to test the interconnects of assembled printed circuit boards, obtain
manufacturing information on the components, and observe and/or control the inputs and outputs
of the controller during normal operation. The JTAG port provides a high degree of testability and
chip-level access at a low cost.

The JTAG port is comprised 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 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.

System Control and Clocks (see page 48)

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.

Hardware Details
Details on the pins and package can be found in the following sections:
“Pin Diagram” on page 339
“Signal Tables” on page 340
“Operating Characteristics” on page 347
“Electrical Characteristics” on page 348

“Package Information” on page 358
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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.

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

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.

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.
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2.1

2.2

2.21

Block Diagram

Figure 2-1. CPU Block Diagram
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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.

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.

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.

Luminary Micro has implemented the ARM Cortex-M3 core as shown in Figure 2-1 on page 29. 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.
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2.2.2 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 30.
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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APB
APB
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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 LM3S300 controller and supports the standard
ARMvV7 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
Controls power management
Implements system control registers
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2.2.6.1

2.2.6.2

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.

All NVIC registers and system debug registers are little endian regardless of the endianness state
of the processor.

Interrupts

The ARM® Cortex™-M3 Technical Reference Manual describes the maximum number of interrupts
and interrupt priorities. The LM3S300 microcontroller supports 21 interrupts with eight priority levels.

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 |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 |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 [1=counting down to 0 pends the SysTick handler.

0 = counting down to 0 does not pend the SysTick handler. Software can use the
COUNTFLAG to determine if ever counted to 0.

0 ENABLE R/W | 0 |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.

0 = counter disabled.

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
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.
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Bit/Field| Name |Type

Reset

Description

23:0 |RELOAD|W1C

- | 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 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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Memory Map

The memory map for the LM3S300 controller is provided in Table 3-1 on page 34.

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.

In Table 3-1 on page 34, addresses not listed are reserved.

Table 3-1. Memory Map®

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

Memory

0x0000.0000 0x0000.3FFF On-chip flash b 108

0x2000.0000 0x2000.0FFF Bit-banded on-chip SRAM° 108

0x2010.0000 0x200F.FFFF Reserved -

0x2200.0000 0x22001.FFFF Bit-band alias of 0x2000.0000 through 0x200F.FFFF 103

0x2202.0000 0x23FF.FFFF Reserved -

FiRM Peripherals

0x4000.0000 0x4000.0FFF Watchdog timer 195

0x4000.4000 0x4000.4FFF GPIO Port A 125

0x4000.5000 0x4000.5FFF GPIO Port B 125

0x4000.6000 0x4000.6FFF GPIO Port C 125

0x4000.7000 0x4000.7FFF GPIO Port D 125

0x4000.8000 0x4000.8FFF SSI0 265

0x4000.C000 0x4000.CFFF UARTO 222

0x4000.D000 0x4000.DFFF UART1 222

Peripherals

0x4002.0000 0x4002.07FF I12C Master 0 304

0x4002.0800 0x4002.0FFF I12C Slave 0 317

0x4002.4000 0x4002.7FFF GPIO Port E 125

0x4003.0000 0x4003.0FFF Timer0 168

0x4003.1000 0x4003.1FFF Timer1 168

0x4003.2000 0x4003.2FFF Timer2 168

0x4003.C000 0x4003.CFFF Analog Comparators 326

0x400F.D0O00 0x400F.DFFF Flash control 108

0x400F.E000 0x400F.FFFF System control 56

0x4200.0000 0x43FF.FFFF Bit-banded alias of 0x4000.0000 through 0x400F.FFFF -

Private Peripheral Bus
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Start End Description For details on
registers, see
page ...

0xE000.0000 0xEO000.0FFF Instrumentation Trace Macrocell (ITM) ARM®

0xE000.1000 OXE000.1FFF Data Watchpoint and Trace (DWT) ?eoc’;en’j;zl"”:’
0xE000.2000 0xE000.2FFF Flash Patch and Breakpoint (FPB) Reference
0xE000.3000 0XE000.DFFF Reserved Manual
0xE000.E000 0xEO000.EFFF Nested Vectored Interrupt Controller (NVIC)

0xE000.F000 O0xEO003.FFFF Reserved

0xE004.0000 0xE004.0FFF Trace Port Interface Unit (TPIU)

0xE004.1000 0xE004.1FFF Reserved -

0xE004.2000 OxEOOF.FFFF Reserved -

0xE010.0000 OxFFFF.FFFF Reserved for vendor peripherals -

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

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

c. The unavailable SRAM will bus fault throughout this range.
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Interrupts

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 36 lists all the exceptions. Software can set eight priority levels on seven of these
exceptions (system handlers) as well as on 21 interrupts (listed in Table 4-2 on page 37).

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 can also group priorities by splitting priority levels into pre-emption priorities
and subpriorities. All 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 the
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.

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.

In Table 4-2 on page 37 interrupts not listed are reserved.

Table 4-1. Exception Types

Exception Type Position Priority® |Description

- 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.

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.
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Exception Type Position Priority® |Description

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 NVIC

above (prioritized). These are all asynchronous. Table 4-2 on page 37 lists the

interrupts on the LM3S300 controller.

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

Table 4-2. Interrupts

Interrupt (Bit in Interrupt Registers) |Description
0 GPIO Port A
1 GPIO Port B
2 GPIO Port C
3 GPIO Port D
4 GPIO Port E
5 UARTO
6 UART1
7 SSI0
8 12C0
18 Watchdog timer
19 Timer0 A
20 Timer0 B
21 Timer1 A
22 Timer1 B
23 Timer2 A
24 Timer2 B
25 Analog Comparator 0
26 Analog Comparator 1
27 Analog Comparator 2
28 System Control
29 Flash Control
30-31 Reserved

October 01, 2007
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JTAG Interface

The Joint Test Action Group (JTAG) port is an IEEE standard that defines a Test Access Port and
Boundary Scan Architecture for digital integrated circuits and provides a standardized serial interface
for controlling the associated test logic. The TAP, Instruction Register (IR), and Data Registers (DR)
can be used to test the interconnections of assembled printed circuit boards and obtain manufacturing
information on the components. The JTAG Port also provides a means of accessing and controlling
design-for-test features such as 1/0O pin observation and control, scan testing, and debugging.

The JTAG port is comprised of 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 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 Block Diagram
Figure 5-1. JTAG Module Block Diagram
TRST > >
TCK > > TAP Controller
TMS > > |
\
TDI > =I Instruction Register (IR) I—
I
Y \/
—| BYPASS Data Register
T ™o
—>| Boundary Scan Data Register I— !
| IDCODE Data Register |—|_i
> ABORT Data Register |—,_:
—>| DPACC Data Register I—
—>| APACC Data Register
L »}— | Cortex-M3
»1—» > Debug
> > Port
5.2 Functional Description
A high-level conceptual drawing of the JTAG module is shown in Figure 5-1 on page 39. 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 44 for a list of implemented instructions).
See “JTAG and Boundary Scan” on page 353 for JTAG timing diagrams.
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5.21

5.2.1.1

5.2.1.2

5.21.3

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 40. Detailed information on each pin
follows.

Table 5-1. JTAG Port Pins Reset State

Pin Name Data Direction Internal Pull-Up |Internal Pull-Down| Drive Strength Drive Value

RS Input Enabled Disabled N/A N/A

TCK Input Enabled Disabled N/A N/A

TV Input Enabled Disabled N/A N/A

TDI Input Enabled Disabled N/A N/A

TDO Output Enabled Disabled 2-mA driver High-Z

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 42.
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5214

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 42. 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 44.

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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5.2.4.1

5.2.4.2

5.3

GPIO Functionality

When the controller is reset with either a POR or RST, the JTAG port pins default to their JTAG
configurations. The default configuration includes enabling the pull-up resistors (setting GPIOPUR
to 1 for PB7 and PC[ 3: 0] ) and enabling the alternate hardware function (setting GPIOAFSEL to
1 for PB7 and P 3: 0] ) on the JTAG pins.

It is possible for software to configure these pins as GPIOs after reset by writing Os to PB7 and
PC 3: 0] in the GPIOAFSEL register. If the user does not require the JTAG port for debugging or
board-level testing, this provides five more GPIOs for use in the design.

Caution — If the JTAG pins are used as GPIOs in a design, PB7 and PC2 cannot have external pull-down
resistors connected to both of them at the same time. If both pins are pulled Low during reset, the
controller has unpredictable behavior. If this happens, remove one or both of the pull-down resistors,
and apply RST or power-cycle the part.

In addition, 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.

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, Capture IR, Exit1 IR, Update IR, Run Test
Idle, Select DR, Select IR, Capture IR, Exit1 IR, Update IR, Run Test Idle, Select DR, Select IR,
and Test-Logic-Reset states.

Stepping through the JTAG TAP Instruction Register (IR) load sequences of the TAP state machine
twice without shifting in a new instruction 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.

Initialization and Configuration

After a Power-On-Reset or an external reset (RST), the JTAG pins are automatically configured for
JTAG communication. No user-defined initialization or configuration is needed. However, if the user
application changes these pins to their GPIO function, they must be configured back to their JTAG
functionality before JTAG communication can be restored. This is done by enabling the five JTAG
pins (PB7 and PC[ 3: 0] ) for their alternate function using the GPIOAFSEL register.
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5.4

5.4.1

54.1.1

5.4.1.2

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 44. 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,
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.
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54.1.3

54.1.4

5.4.1.5

5.4.1.6

5.4.1.7

SAMPLE/PRELOAD Instruction

The SAMPLE/PRELOAD instruction connects the Boundary Scan Data Register chain between
TDI and TDOQ. 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 46 for more information.

ABORT Instruction

The ABORT instruction connects the associated ABORT Data Register chain between TDI and
TDOQ. 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 47 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 47 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
register allows read and write access to internal components and buses through the Debug Port.
Please see “APACC Data Register” on page 47 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 46 for more
information.

October 01, 2007 45

Preliminary



JTAG Interface

5.4.1.8

5.4.2

5.4.2.1

5.4.2.2

5.4.2.3

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 46 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 46. 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 0x1BA00477. 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

a1 28 97 12 1 10
TD! puef  orsion Part Humber hisnufacturer |0 1 (100

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 46. The standard requires that every JTAG-compliant device implement either
the BYPASS instruction or the IDCODE instruction as the default instruction. The LSB of the BYPASS
Data Register is defined to be a 0 to distinguish it from the IDCODE instruction, which has an LSB
of 1. This allows auto configuration test tools to determine which instruction is the default instruction.

Figure 5-4. BYPASS Register Format

0
1Ol ._|: |TIIIIII-

Boundary Scan Data Register

The format of the Boundary Scan Data Register is shown in Figure 5-5 on page 47. 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

46
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5.4.2.4

54.2.5

5.4.2.6

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

11w ey 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 48
Local control, such as reset (see “Reset Control” on page 48), power (see “Power
Control” on page 51) and clock control (see “Clock Control” on page 51)
System control (Run, Sleep, and Deep-Sleep modes), see “System Control” on page 54
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.
6.1.2.1 Reset Sources
The controller has six sources of reset:
External reset input pin (RST) assertion, see “RST Pin Assertion” on page 48.
Power-on reset (POR), see “Power-On Reset (POR)” on page 49.
Internal brown-out (BOR) detector, see “Brown-Out Reset (BOR)” on page 49.
Software-initiated reset (with the software reset registers), see “Software Reset” on page 50.
A watchdog timer reset condition violation, see “Watchdog Timer Reset” on page 51.
Internal low drop-out (LDO) regulator output
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 external reset
is the cause, and then all the other bits in the RESC register are cleared.
The main oscillator is used for external resets and power-on resets; the internal oscillator
is used during the internal process by internal reset and clock verification circuitry.
6.1.2.2 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 38). The external reset sequence is as
follows:
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6.1.2.3

6.1.2.4

The external reset pin (RST) is asserted and then de-asserted.

After RST is de-asserted, the main crystal oscillator is allowed to settle and there is an internal
main oscillator counter that takes from 15-30 ms to account for this. During this time, internal
reset to the rest of the controller is held active.

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

The external reset timing is shown in Figure 18-9 on page 356.

Power-On Reset (POR)

The Power-On Reset (POR) circuitry detects a rise in power-supply voltage (Vpp) and generates
an on-chip reset pulse. To use the on-chip circuitry, 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 specified operating parameters include supply voltage,
frequency, temperature, and so on. If the operating conditions are not met at the point of POR end,
the Stellaris® controller does not operate correctly. In this case, the reset must be extended using
external circuitry. The RST input may be used with the circuit as shown in Figure 6-1 on page 49.

Figure 6-1. External Circuitry to Extend Reset

g Stellaris

WV RST

The R4 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.

After the resets are inactive, the main crystal oscillator is allowed to settle and there is an internal
main oscillator counter that takes from 15-30 ms to account for this. During this time, internal
reset to the rest of the controller is held active.

The internal reset is released and the core fetches and loads 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 18-10 on page 356.

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

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.
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6.1.2.5

The system provides a brown-out detection circuit that triggers if the power supply (Vpp) drops
below a brown-out threshold voltage (V). The circuit is provided to guard against improper
operation of logic and peripherals that operate off the power supply voltage (Vpp) and not the LDO
voltage. If a brown-out condition is detected, the system may generate a controller interrupt or a
system reset. The BOR circuit has a digital filter that protects against noise-related detection for the
interrupt condition. This feature may be optionally enabled.

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 sequence is as follows:
When Vpp drops below Vg, an internal BOR condition is set.

If the BORWI bit in the PBORCTL register is set and BORI OR is not set, the BOR condition is
resampled again, after a delay specified by BORTI M to determine if the original condition was
caused by noise. If the BOR condition is not met the second time, then no further action is taken.

If the BOR condition exists, an internal reset is asserted.

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

The internal BOR condition is reset after 500 ps to prevent another BOR condition from being
set before software has a chance to investigate the original cause.

The internal Brown-Out Reset timing is shown in Figure 18-11 on page 357.

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 54). 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 18-12 on page 357.
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6.1.2.6 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.
The watchdog reset timing is shown in Figure 18-13 on page 357.
6.1.2.7 Low Drop-Out
A reset can be initiated when the internal low drop-out (LDO) regulator output goes unregulated.
This is initially disabled and may be enabled by software. LDO is controlled with the LDO Power
Control (LDOPCTL) register. The LDO reset sequence is as follows:
LDO goes unregulated and the LDOARST bit in the LDOARST register is set.
An internal reset is asserted.
The internal reset is released and the controller fetches and loads the initial stack pointer, the
initial program counter, the first instruction designated by the program counter, and begins
execution.
The LDO reset timing is shown in Figure 18-14 on page 357.
6.1.3 Power Control
The Stellaris® microcontroller provides an integrated LDO regulator that is used to provide power
to the majority of the controller's internal logic. The LDO regulator provides software a mechanism
to adjust the regulated value, in small increments (VSTEP), over the range of 2.25V t0 2.75V
(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.
6.1.4 Clock Control
System control determines the control of clocks in this part.
6.1.4.1 Fundamental Clock Sources
There are two 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%.
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6.1.4.2

Applications that do not depend on accurate clock sources may use this clock source to reduce
system cost.

Main Oscillator: 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. The crystal value allowed
depends on whether the main oscillator is used as the clock reference source to the PLL. If so,
the crystal 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 in
the RCC register (see page 66).

The internal system clock (sysclk), is derived from any of the two sources plus two others: the output
of the 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).

Nearly all of the control for the clocks is provided by the Run-Mode Clock Configuration (RCC)
register.

Figure 6-2 on page 52 shows the logic for the main clock tree. The peripheral blocks are driven by
the system clock signal and can be programmatically enabled/disabled.

Figure 6-2. Main Clock Tree

USESYSDIV?

0sC1 |X’— Main
Osc
0SC2 |X’_ 1-8 MHz

T ﬂ System Clock
SYSDIV? Y

Internal PLL
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I
| OSCSRC? OEN? BYPASS®
XTAL®
PWRDN?

a. These are bit fields within the Run-Mode Clock Configuration (RCC) register.

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 66) 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

6.1.4.6

PLL Frequency Configuration

The PLL is disabled by default during power-on reset and is enabled later by software if required.
Software configures the PLL input reference clock source, specifies the output divisor to set the
system clock frequency, and enables the PLL to drive the output.

If the main oscillator provides the clock reference to the 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 70). The internal translation provides a translation within + 1% of the targeted
PLL VCO frequency.

The XTAL bit in the RCC register (see page 66) 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 register fields (see page 66).

PLL Operation

If the 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
18-6 on page 350). During this time, the 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 register is switched to use the PLL.

Clock Verification Timers

There are three identical clock verification circuits that can be enabled though software. The circuit
checks the faster clock by a slower clock using timers:

The main oscillator checks the PLL.
The main oscillator checks the internal oscillator.
The internal oscillator divided by 64 checks the main oscillator.

If the verification timer function is enabled and a failure is detected, the main clock tree is immediately
switched to a working clock and an interrupt is generated to the controller. Software can then
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6.2

determine the course of action to take. The actual failure indication and clock switching does not
clear without a write to the CLKVCLR register, an external reset, or a POR reset. The clock
verification timers are controlled by the PLLVER, | OSCVER, and MOSCVER bits in the RCC register.

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. The DC1, DC2 and DC4 registers act as a write mask for the RCGCn , SCGCn,
and DCGCn registers.

In Run mode, the controller is actively executing code. In Sleep mode, the clocking of the device is
unchanged but the controller no longer executes code (and is no longer clocked). In Deep-Sleep
mode, the clocking of the device may change (depending on the Run mode clock configuration)
and the controller no longer executes code (and is no longer clocked). An interrupt returns the device
to Run mode from one of the sleep modes. Each mode is described in more detail in this section.

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 (Wait 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 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.

Initialization and Configuration

The PLL is configured using direct register writes to the RCC register. 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 PWRDN and CEN
bits in RCC. Setting the XTAL field automatically pulls valid PLL configuration data for the
appropriate crystal, and clearing the PARDN and CEN bits powers and enables the PLL and its
output.

Select the desired system divider (SYSDI V) in RCC and set the USESYS bitin 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.

If the BYPASS bit is cleared before the PLL locks, it is possible to render the device unusable.

Register Map

Table 6-1 on page 55 lists the System Control registers, grouped by function. The offset listed is a
hexadecimal increment to the register’s address, relative to the System Control base address of
0x400F.EQ00.

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 psazee
0x000  DIDO RO - Device Identification 0 57
0x004 DID1 RO - Device Identification 1 74
0x008 DCO RO 0x000F.0007 Device Capabilities 0 76
0x010 DC1 RO 0x0000.709F Device Capabilities 1 77
0x014  DC2 RO 0x0707.1013 Device Capabilities 2 79
0x018 DC3 RO 0x3F00.7FCO Device Capabilities 3 81
0x01C  DC4 RO 0x0000.001F Device Capabilities 4 83
0x030 | PBORCTL R/wW 0x0000.7FFD Power-On and Brown-Out Reset Control 59
0x034 | LDOPCTL R/W 0x0000.0000 LDO Power Control 60
0x040 ' SRCRO R/W 0x00000000 Software Reset Control 0 99
0x044  SRCR1 R/wW 0x00000000 Software Reset Control 1 100
0x048 | SRCR2 R/W 0x00000000 Software Reset Control 2 102
0x050 RIS RO 0x0000.0000 Raw Interrupt Status 61
0x054 IMC R/W 0x0000.0000 Interrupt Mask Control 62
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Offset Name Type Reset Description :;;Z
0x058 MISC R/W1C 0x0000.0000 Masked Interrupt Status and Clear 64
0x05C | RESC R/wW - Reset Cause 65
0x060 RCC R/W 0x07A0.3AD1 Run-Mode Clock Configuration 66
0x064 @ PLLCFG RO - XTAL to PLL Translation 70
0x100 RCGCO R/W 0x00000040 Run Mode Clock Gating Control Register 0 84
0x104 RCGC1 R/W 0x00000000 Run Mode Clock Gating Control Register 1 87
0x108 ' RCGC2 R/W 0x00000000 Run Mode Clock Gating Control Register 2 93
0x110 | SCGCO R/W 0x00000040 Sleep Mode Clock Gating Control Register 0 85
0x114 | SCGC1 R/W 0x00000000 Sleep Mode Clock Gating Control Register 1 89
0x118 SCGC2 R/W 0x00000000 Sleep Mode Clock Gating Control Register 2 95
0x120  DCGCO R/W 0x00000040 Deep Sleep Mode Clock Gating Control Register 0 86
0x124 DCGCA1 R/W 0x00000000 Deep Sleep Mode Clock Gating Control Register 1 91
0x128 DCGC2 R/W 0x00000000 Deep Sleep Mode Clock Gating Control Register 2 97
0x144 DSLPCLKCFG R/W 0x0780.0000 Deep Sleep Clock Configuration 71
0x150 | CLKVCLR R/W 0x0000.0000 Clock Verification Clear 72
0x160  LDOARST R/W 0x0000.0000 Allow Unregulated LDO to Reset the Part 73
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 (DIDOQ)

Base 0x400F.E000
Offset 0x000
Type RO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 1 1 1 I I I I I 1 1
reserved VER 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 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 0x0 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
0x0 Initial DIDO register format definition for Stellaris®
Sandstorm-class devices.

27:16 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

15:8 MAJOR RO - 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.
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Bit/Field Name Type Reset Description
7:0 MINOR RO - Minor Revision

This 