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Register 239: USB Receive Byte Count Endpoint 15 (USBRXCOUNT15), offset OX1F8 ..............cccoceuniitn 979
Register 240: USB Host Transmit Configure Type Endpoint 1 (USBTXTYPE1), offset Ox11A ................... 981
Register 241: USB Host Transmit Configure Type Endpoint 2 (USBTXTYPE?2), offset 0x12A ................... 981
Register 242: USB Host Transmit Configure Type Endpoint 3 (USBTXTYPE3), offset 0x13A ................... 981
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Register 243: USB Host Transmit Configure Type Endpoint 4 (USBTXTYPE4), offset Ox14A ................... 981
Register 244: USB Host Transmit Configure Type Endpoint 5 (USBTXTYPES), offset OX15A ................... 981
Register 245: USB Host Transmit Configure Type Endpoint 6 (USBTXTYPESG), offset 0x16A ................... 981
Register 246: USB Host Transmit Configure Type Endpoint 7 (USBTXTYPE7), offset OX17A ................... 981
Register 247: USB Host Transmit Configure Type Endpoint 8 (USBTXTYPES), offset 0x18A ................... 981
Register 248: USB Host Transmit Configure Type Endpoint 9 (USBTXTYPE9), offset 0x19A ................... 981
Register 249: USB Host Transmit Configure Type Endpoint 10 (USBTXTYPE10), offset 0x1AA ............... 981
Register 250: USB Host Transmit Configure Type Endpoint 11 (USBTXTYPE11), offset OX1BA ............... 981
Register 251: USB Host Transmit Configure Type Endpoint 12 (USBTXTYPE12), offset OX1CA .............. 981
Register 252: USB Host Transmit Configure Type Endpoint 13 (USBTXTYPE13), offset O0x1DA .............. 981
Register 253: USB Host Transmit Configure Type Endpoint 14 (USBTXTYPE14), offset OX1EA ............... 981
Register 254: USB Host Transmit Configure Type Endpoint 15 (USBTXTYPE15), offset OX1FA ............... 981
Register 255: USB Host Transmit Interval Endpoint 1 (USBTXINTERVAL1), offset OX11B ............cccceee.... 983
Register 256: USB Host Transmit Interval Endpoint 2 (USBTXINTERVALZ2), offset 0x12B ..............c........ 983
Register 257: USB Host Transmit Interval Endpoint 3 (USBTXINTERVALS3), offset 0X13B ............ccccuunnee. 983
Register 258: USB Host Transmit Interval Endpoint 4 (USBTXINTERVAL4), offset 0x14B ....................... 983
Register 259: USB Host Transmit Interval Endpoint 5 (USBTXINTERVALDS), offset 0x15B ..............cccun.... 983
Register 260: USB Host Transmit Interval Endpoint 6 (USBTXINTERVALSG), offset 0x16B ....................... 983
Register 261: USB Host Transmit Interval Endpoint 7 (USBTXINTERVALY7), offset OX17B ..............c........ 983
Register 262: USB Host Transmit Interval Endpoint 8 (USBTXINTERVALS), offset 0X18B ............ccccuuen... 983
Register 263: USB Host Transmit Interval Endpoint 9 (USBTXINTERVALY9), offset OX19B ....................... 983
Register 264: USB Host Transmit Interval Endpoint 10 (USBTXINTERVAL10), offset OX1AB ................... 983
Register 265: USB Host Transmit Interval Endpoint 11 (USBTXINTERVAL11), offset Ox1BB ................... 983
Register 266: USB Host Transmit Interval Endpoint 12 (USBTXINTERVAL12), offset Ox1CB ................... 983
Register 267: USB Host Transmit Interval Endpoint 13 (USBTXINTERVAL13), offset 0x1DB ................... 983
Register 268: USB Host Transmit Interval Endpoint 14 (USBTXINTERVAL14), offset OX1EB ................... 983
Register 269: USB Host Transmit Interval Endpoint 15 (USBTXINTERVAL15), offset OX1FB ................... 983
Register 270: USB Host Configure Receive Type Endpoint 1 (USBRXTYPE1), offset Ox11C ................... 985
Register 271: USB Host Configure Receive Type Endpoint 2 (USBRXTYPE?2), offset 0x12C ................... 985
Register 272: USB Host Configure Receive Type Endpoint 3 (USBRXTYPE3), offset 0x13C ................... 985
Register 273: USB Host Configure Receive Type Endpoint 4 (USBRXTYPE4), offset 0x14C ................... 985
Register 274: USB Host Configure Receive Type Endpoint 5 (USBRXTYPES), offset 0x15C ................... 985
Register 275: USB Host Configure Receive Type Endpoint 6 (USBRXTYPE®G), offset 0x16C ................... 985
Register 276: USB Host Configure Receive Type Endpoint 7 (USBRXTYPE?Y), offset 0x17C ................... 985
Register 277: USB Host Configure Receive Type Endpoint 8 (USBRXTYPES), offset 0x18C ................... 985
Register 278: USB Host Configure Receive Type Endpoint 9 (USBRXTYPED9), offset 0x19C ................... 985
Register 279: USB Host Configure Receive Type Endpoint 10 (USBRXTYPE10), offset OX1AC ............... 985
Register 280: USB Host Configure Receive Type Endpoint 11 (USBRXTYPE11), offset 0x1BC ............... 985
Register 281: USB Host Configure Receive Type Endpoint 12 (USBRXTYPE12), offset 0x1CC ............... 985
Register 282: USB Host Configure Receive Type Endpoint 13 (USBRXTYPE13), offset 0x1DC ............... 985
Register 283: USB Host Configure Receive Type Endpoint 14 (USBRXTYPE14), offset OX1EC ............... 985
Register 284: USB Host Configure Receive Type Endpoint 15 (USBRXTYPE15), offset OX1FC ............... 985
Register 285: USB Host Receive Polling Interval Endpoint 1 (USBRXINTERVAL1), offset 0x11D ............. 987
Register 286: USB Host Receive Polling Interval Endpoint 2 (USBRXINTERVAL2), offset 0x12D ............ 987
Register 287: USB Host Receive Polling Interval Endpoint 3 (USBRXINTERVAL3), offset 0x13D ............ 987
Register 288: USB Host Receive Polling Interval Endpoint 4 (USBRXINTERVAL4), offset 0x14D ............ 987
Register 289: USB Host Receive Polling Interval Endpoint 5 (USBRXINTERVALS5), offset 0x15D ............ 987
Register 290: USB Host Receive Polling Interval Endpoint 6 (USBRXINTERVALSG), offset 0x16D ............ 987
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Register 291: USB Host Receive Polling Interval Endpoint 7 (USBRXINTERVALY), offset Ox17D ............ 987
Register 292: USB Host Receive Polling Interval Endpoint 8 (USBRXINTERVALS), offset 0x18D ............ 987
Register 293: USB Host Receive Polling Interval Endpoint 9 (USBRXINTERVALDY), offset 0x19D ............ 987
Register 294: USB Host Receive Polling Interval Endpoint 10 (USBRXINTERVAL10), offset 0x1AD ........ 987
Register 295: USB Host Receive Polling Interval Endpoint 11 (USBRXINTERVAL11), offset 0x1BD ......... 987
Register 296: USB Host Receive Polling Interval Endpoint 12 (USBRXINTERVAL12), offset Ox1CD ........ 987
Register 297: USB Host Receive Polling Interval Endpoint 13 (USBRXINTERVAL13), offset Ox1DD ........ 987
Register 298: USB Host Receive Polling Interval Endpoint 14 (USBRXINTERVAL14), offset OX1ED ........ 987
Register 299: USB Host Receive Polling Interval Endpoint 15 (USBRXINTERVAL15), offset Ox1FD ........ 987
Register 300: USB Request Packet Count in Block Transfer Endpoint 1 (USBRQPKTCOUNT1), offset

0 989
Register 301: USB Request Packet Count in Block Transfer Endpoint 2 (USBRQPKTCOUNT2), offset

L0001 P 989
Register 302: USB Request Packet Count in Block Transfer Endpoint 3 (USBRQPKTCOUNT3), offset

070U 989
Register 303: USB Request Packet Count in Block Transfer Endpoint 4 (USBRQPKTCOUNT4), offset

0 1 1 O 989
Register 304: USB Request Packet Count in Block Transfer Endpoint 5 (USBRQPKTCOUNTS), offset

0 T 989
Register 305: USB Request Packet Count in Block Transfer Endpoint 6 (USBRQPKTCOUNT®6), offset

06 B I 989
Register 306: USB Request Packet Count in Block Transfer Endpoint 7 (USBRQPKTCOUNT7), offset

06 ST 989
Register 307: USB Request Packet Count in Block Transfer Endpoint 8 (USBRQPKTCOUNTS8), offset

L0 721 0 PP 989
Register 308: USB Request Packet Count in Block Transfer Endpoint 9 (USBRQPKTCOUNTY9), offset

L0 989
Register 309: USB Request Packet Count in Block Transfer Endpoint 10 (USBRQPKTCOUNT10), offset

L0002 989
Register 310: USB Request Packet Count in Block Transfer Endpoint 11 (USBRQPKTCOUNT11), offset

107 7 O PP 989
Register 311: USB Request Packet Count in Block Transfer Endpoint 12 (USBRQPKTCOUNT12), offset

06 1 989
Register 312: USB Request Packet Count in Block Transfer Endpoint 13 (USBRQPKTCOUNT13), offset

0 1 989
Register 313: USB Request Packet Count in Block Transfer Endpoint 14 (USBRQPKTCOUNT14), offset

L0 X PP 989
Register 314: USB Request Packet Count in Block Transfer Endpoint 15 (USBRQPKTCOUNT15), offset

L0 X TR 989
Register 315: USB Receive Double Packet Buffer Disable (USBRXDPKTBUFDIS), offset 0x340 ............. 991
Register 316: USB Transmit Double Packet Buffer Disable (USBTXDPKTBUFDIS), offset 0x342 ............ 993
Register 317: USB External Power Control (USBEPC), offset OX400 ..........ccciiiiiiiiiii e 995
Register 318: USB External Power Control Raw Interrupt Status (USBEPCRIS), offset 0x404 ................. 998
Register 319: USB External Power Control Interrupt Mask (USBEPCIM), offset 0x408 ..............ccceeeenneeee. 999
Register 320: USB External Power Control Interrupt Status and Clear (USBEPCISC), offset 0x40C ....... 1000
Register 321: USB Device RESUME Raw Interrupt Status (USBDRRIS), offset 0x410 .............cccevneeees 1001
Register 322: USB Device RESUME Interrupt Mask (USBDRIM), offset 0x414 .........cccoiviiiiiiiiiiiiiiiieeees 1002
Register 323: USB Device RESUME Interrupt Status and Clear (USBDRISC), offset 0x418 .................. 1003
Register 324: USB General-Purpose Control and Status (USBGPCS), offset 0x41C .........cccooiviiiiiniees 1004
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Register 325: USB VBUS Droop Control (USBVDC), offset 0X430 ........ccevviiiiieiiiiiiieeeiiiie e 1005
Register 326: USB VBUS Droop Control Raw Interrupt Status (USBVDCRIS), offset 0x434 .................. 1006
Register 327: USB VBUS Droop Control Interrupt Mask (USBVDCIM), offset Ox438 ..........cccccoeeeiiineis 1007
Register 328: USB VBUS Droop Control Interrupt Status and Clear (USBVDCISC), offset 0x43C .......... 1008
Register 329: USB ID Valid Detect Raw Interrupt Status (USBIDVRIS), offset 0x444 ...............cccecevnneen. 1009
Register 330: USB ID Valid Detect Interrupt Mask (USBIDVIM), offset 0x448 .............ccooveiiiiiiiiieeinnen. 1010
Register 331: USB ID Valid Detect Interrupt Status and Clear (USBIDVISC), offset 0x44C .................... 1011
Register 332: USB DMA Select (USBDMASEL), offset OX450 ........cooiiiiiiiiiiiiiiie e 1012
PN B 1 LeTo I 09610 1T o =1 = 1 Lo ] PP PPPRPRR 1014
Register 1:  Analog Comparator Masked Interrupt Status (ACMIS), offset 0X000 .............ccoevevviiineenns 1020
Register 2:  Analog Comparator Raw Interrupt Status (ACRIS), offset Ox004 .............cooeiiiiiiiiiiinnan. 1021
Register 3:  Analog Comparator Interrupt Enable (ACINTEN), offset 0x008 ............c.coiiiiiiiiiiiiieis 1022
Register 4:  Analog Comparator Reference Voltage Control (ACREFCTL), offset OX010 ..................... 1023
Register 5:  Analog Comparator Status 0 (ACSTATO0), offset 0X020 ..........ccvveiiieiiiiiiieeee e 1024
Register 6:  Analog Comparator Status 1 (ACSTAT1), offset 0X040 ..........ccoveiriiiiiiiiiiieeiie e 1024
Register 7:  Analog Comparator Status 2 (ACSTAT2), offset OX060 ...........coveviiiiiieiiiiiiieeeiiieeeeeiieeees 1024
Register 8:  Analog Comparator Control 0 (ACCTLO), offset OX024 ..........c.oiiiiiiiiiiiii e, 1025
Register 9:  Analog Comparator Control 1 (ACCTL1), offset OX044 ..., 1025
Register 10: Analog Comparator Control 2 (ACCTL2), offset OX064 ...........oviviiiiiiiiiiieeiee e, 1025
Pulse Width Modulator (PWM) ... 1027
Register 1:  PWM Master Control (PWMCTL), offset 0X000 ..........ccoouuiiiiiiiiiieiii e 1042
Register 2:  PWM Time Base Sync (PWMSYNC), offset OX004 ..........coeiiiiiiiiiiiiiieieii e 1044
Register 3:  PWM Output Enable (PWMENABLE), offset 0X008 ............covviiiiiiiiiiiii e 1045
Register 4:  PWM Output Inversion (PWMINVERT), offset OX00C ..........cccooviiiiiiiiiiiiiieeeeeee e 1047
Register 5:  PWM Output Fault (PWMFAULT), offset OX010 .......coiiiiiiieiiiiie e 1049
Register 6: PWM Interrupt Enable (PWMINTEN), offset OX014 ..., 1051
Register 7:  PWM Raw Interrupt Status (PWMRIS), offset OX018 .........oooiiiiiiiiiii e, 1053
Register 8:  PWM Interrupt Status and Clear (PWMISC), offset OX01C ... 1056
Register 9:  PWM Status (PWMSTATUS), offset OX020 .......coouiiiiiiiiiieii e 1059
Register 10: PWM Fault Condition Value (PWMFAULTVAL), offset 0x024 ............ccoeeiiiiiiiiiiiiieceie, 1061
Register 11: PWM Enable Update (PWMENUPD), offset 0X028 ...........ccouviiiiiiiiiiieiiineeeeee e 1063
Register 12:  PWMO Control (PWMOCTL), offset OX040 .......couiiiiiiie e 1067
Register 13:  PWM1 Control (PWM1CTL), offset OX080 .......cooimiiiiiiiiiiiie e 1067
Register 14: PWM2 Control (PWM2CTL), offset OXOCO .......coiiiiiieiiiie e 1067
Register 15: PWM3 Control (PWM3CTL), offset OX100 .......coouiiiiiiiiieci e 1067
Register 16: PWMO Interrupt and Trigger Enable (PWMOINTEN), offset 0x044 ...............cooeeiviieinnnnnnn. 1072
Register 17: PWM1 Interrupt and Trigger Enable (PWM1INTEN), offset 0x084 ............ccoovviiiiiiiiinnens 1072
Register 18: PWMZ2 Interrupt and Trigger Enable (PWM2INTEN), offset OX0C4 ..........ccoooiiiiiiiiiineeenn. 1072
Register 19: PWMB3 Interrupt and Trigger Enable (PWM3INTEN), offset 0x104 .........cccoooiiiiiiiiiiinnenes 1072
Register 20: PWMO Raw Interrupt Status (PWMORIS), offset 0X048 ..........oooiiiiiiiiiiiiiiii e 1075
Register 21: PWM1 Raw Interrupt Status (PWM1RIS), offset OX088 .........c.covviiiiiiiiiiie e, 1075
Register 22: PWM2 Raw Interrupt Status (PWM2RIS), offset OXOC8 ...........ccooovniiiiiiiiiiiiiii e, 1075
Register 23: PWM3 Raw Interrupt Status (PWM3RIS), offset OX108 ..........cooeiiiiiiiiiiiiiieeei e 1075
Register 24: PWMO Interrupt Status and Clear (PWMOISC), offset OX04C ........ccooiiiiiiiiiiiiiieee 1077
Register 25: PWM1 Interrupt Status and Clear (PWM1ISC), offset OX08C ..........ccooeiiiiiiiiiiiiiiiiiiie. 1077
Register 26: PWM2 Interrupt Status and Clear (PWM2ISC), offset OXOCC .........ccoeiiiiiiiiiiiiiiiiiiiiiieeees 1077
Register 27: PWM3 Interrupt Status and Clear (PWM3ISC), offset OX10C ........c.vviiiiiiiiiiiiieieeees 1077
Register 28: PWMO0 Load (PWMOLOAD), offset OX050 ........ccouiiiiiiiiiiieeii e 1079
34 June 14, 2010

Texas Instruments-Advance Information



Stellaris® LM3S9B95 Microcontroller

Register 29: PWM1 Load (PWM1LOAD), offset OX090 .......ccooiiiiiiiiiiiie e 1079
Register 30: PWM2 Load (PWM2LOAD), offset OXODO .......ccoovuuiiiiiiiieeiiiie e 1079
Register 31: PWMS3 Load (PWM3LOAD), offset OX110 ....ceuniiiii e 1079
Register 32: PWMO Counter (PWMOCOUNT), offset 0X054 .........oiiiieiiiiiiiiii e 1080
Register 33: PWM1 Counter (PWM1COUNT), offset OX094 .........oiiiiiiiiiiiie e 1080
Register 34: PWM2 Counter (PWM2COUNT), offset OXOD4 ..........ooimiiiiiiiiii e 1080
Register 35: PWMS3 Counter (PWM3COUNT), offSet OX114 ..o 1080
Register 36: PWMO Compare A (PWMOCMPA), offset OX058 ...........iiiiiiiiiiiiiii e 1081
Register 37: PWM1 Compare A (PWM1CMPA), offset 0X098 ..o 1081
Register 38: PWM2 Compare A (PWM2CMPA), offset OXOD8 ..........ccooiiiiiiiiiiei e 1081
Register 39: PWMS3 Compare A (PWM3CMPA), offset OXT18 .....coniiiiiiii e, 1081
Register 40: PWMO Compare B (PWMOCMPB), offset 0X05C ..........coiiiiiiiiiiiiie e, 1082
Register 41: PWM1 Compare B (PWM1CMPB), offset OX09C ..........oiiiiiiiiiiiiiiii e 1082
Register 42: PWM2 Compare B (PWM2CMPB), offset OXODC ........covuiiiiiiiiiiiiiii e 1082
Register 43: PWMS3 Compare B (PWM3CMPB), offset OX11C ... 1082
Register 44: PWMO Generator A Control (PWMOGENA), offset 0X060 ..........ccoouiiiiiiiiiiiiiiiieeeeeie, 1083
Register 45: PWM1 Generator A Control (PWM1GENA), offset OX0AQ ........coeeveviiiiiiiiiiiiiieeee e, 1083
Register 46: PWM2 Generator A Control (PWM2GENA), offset OXOEQ ...........cccocoviiiiiiiiiiiiiiieeeie, 1083
Register 47: PWM3 Generator A Control (PWM3GENA), offset 0X120 ........ccooeviiiiiiiiiiiie e, 1083
Register 48: PWMO Generator B Control (PWMOGENB), offset 0X064 ...........cccoiiiiiiiiiiiiiiiiieeeeei, 1086
Register 49: PWM1 Generator B Control (PWM1GENB), offset OX0A4 ........ccooiiiiiiiiiiiiiiec e 1086
Register 50: PWM2 Generator B Control (PWM2GENB), offset OXOE4 ..........ccooiiiiiiiiiiiiiiiiieiciiieees 1086
Register 51: PWMS3 Generator B Control (PWM3GENB), offset O0X124 ..........ccoovviiiiiiiiiiiceie e 1086
Register 52: PWMO0 Dead-Band Control (PWMODBCTL), offset OX068 .............ccevviiiiiiiiiiiiieiiiieeeie, 1089
Register 53: PWM?1 Dead-Band Control (PWM1DBCTL), offset OX0AS8 .........ccevvviieiiiiiiieeiiii e 1089
Register 54: PWM2 Dead-Band Control (PWM2DBCTL), offset OXOE8 ..........ccoviiiiiiiiiiiiiiiiiieeiiieeees 1089
Register 55: PWMS3 Dead-Band Control (PWM3DBCTL), offset OX128 .........c.oooiiiiiiiiiiii e 1089
Register 56: PWMO0 Dead-Band Rising-Edge Delay (PWMODBRISE), offset OX06C ...............ccccuunneee. 1090
Register 57: PWM1 Dead-Band Rising-Edge Delay (PWM1DBRISE), offset OXOAC ...........cccviveennnnenn. 1090
Register 58: PWM2 Dead-Band Rising-Edge Delay (PWM2DBRISE), offset OXOEC ......................... 1090
Register 59: PWM3 Dead-Band Rising-Edge Delay (PWM3DBRISE), offset 0x12C ...........cccoeeiiiinnnnnn. 1090
Register 60: PWMO0 Dead-Band Falling-Edge-Delay (PWMODBFALL), offset OX070 ..........ccccoeeeevineees 1091
Register 61: PWM1 Dead-Band Falling-Edge-Delay (PWM1DBFALL), offset OXOBO ............ccceevuneeeens 1091
Register 62: PWM2 Dead-Band Falling-Edge-Delay (PWM2DBFALL), offset OXOFO .............ccoeevnneeees 1091
Register 63: PWM3 Dead-Band Falling-Edge-Delay (PWM3DBFALL), offset 0x130 .........cccoevvvveennnnnnn. 1091
Register 64: PWMO Fault Source 0 (PWMOFLTSRCO), offset OX074 .........ccovviiiiiiiiiiieeeeeeee e 1092
Register 65: PWM1 Fault Source 0 (PWM1FLTSRCO), offset OX0B4 ..........coveiiiiiiiiiiiiieeee e 1092
Register 66: PWM2 Fault Source 0 (PWM2FLTSRCO), offset OXOF4 .........c.ooiiiiiiiiiiiiiee e, 1092
Register 67: PWM3 Fault Source 0 (PWM3FLTSRCO), offset OX134 ......cooiiiiiiiiiie e 1092
Register 68: PWMO Fault Source 1 (PWMOFLTSRC1), offset OX078 .......ccooviiiiiiiiieeiiieee e 1094
Register 69: PWM1 Fault Source 1 (PWM1FLTSRC1), offset OXOB8 ..........c.oevviiiiiiiiiieei e 1094
Register 70: PWM2 Fault Source 1 (PWM2FLTSRC1), offset OXOF8 ...........cooiiviiiiiiiiii e 1094
Register 71: PWM3 Fault Source 1 (PWM3FLTSRC1), offset OX138 .....c.oviviiiiiiiiiiiii e 1094
Register 72:  PWMO Minimum Fault Period (PWMOMINFLTPER), offset OX07C ..........ccoveviiiiiiiiiiiinnenes 1097
Register 73:  PWM1 Minimum Fault Period (PWM1MINFLTPER), offset OXOBC ............cccooviiiiiiiinienen. 1097
Register 74: PWM2 Minimum Fault Period (PWM2MINFLTPER), offset OXOFC ...........ccccovviiiiiiiiiiinnnnn. 1097
Register 75: PWM3 Minimum Fault Period (PWM3MINFLTPER), offset OX13C .........cccoevviiiiiiiiieii, 1097
Register 76: PWMO Fault Pin Logic Sense (PWMOFLTSEN), offset 0x800 ............cccocovvveiiiieiineeiineee, 1098
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Register 77: PWM1 Fault Pin Logic Sense (PWM1FLTSEN), offset 0x880 ...........cccvvviiiiiiiiiniiiiiiineeees 1098
Register 78: PWM2 Fault Pin Logic Sense (PWM2FLTSEN), offset 0X900 ............ccciiiiiiiiiiiiiiiiiinneees 1098
Register 79: PWM3 Fault Pin Logic Sense (PWM3FLTSEN), offset 0X980 ...........cccoviiiiiiiiiiiiiiiiiieees 1098
Register 80: PWMO Fault Status 0 (PWMOFLTSTATO), offset 0X804 ..........uiiiiiiiiiieiiie e 1099
Register 81: PWM1 Fault Status 0 (PWM1FLTSTATO0), offset OX884 ..........cooviviiiiiiiiiiee e, 1099
Register 82: PWM2 Fault Status 0 (PWM2FLTSTATO), offset 0X904 ...........iiiiiiiiiiiiiiii e 1099
Register 83: PWM3 Fault Status 0 (PWM3FLTSTATO), offset 0X984 ..........oveiiiiiiiiiiiiiieeeeie e 1099
Register 84: PWMO Fault Status 1 (PWMOFLTSTAT1), offset OX808 ..........cooeiiiiiiiiiiiiiice e 1101
Register 85: PWM1 Fault Status 1 (PWM1FLTSTAT1), offset Ox888 ..........ooiiiiiiiiiiii e 1101
Register 86: PWM2 Fault Status 1 (PWM2FLTSTAT1), offset 0X908 ..........uoiiiiiiiiiiciie e 1101
Register 87: PWMS3 Fault Status 1 (PWM3FLTSTAT1), offset OX988 .........ccviiiiiiiiiiiee e, 1101
Quadrature Encoder Interface (QEI) .......ccooooiiiiiiiiinir e 1104
Register 1:  QEI Control (QEICTL), offset OX000 ..........uuuiiiiieeieiiiiiiie e e e e e e e e eeeeeeees 1111
Register 2:  QEI Status (QEISTAT), OffSet OX004 ........ooiiiiiiiii e 1114
Register 3:  QEI Position (QEIPOS), offset OX008 .........ccoeuiiiiiiiiiieee e 1115
Register 4:  QEI Maximum Position (QEIMAXPOS), offset OX00C ..........cccoimiiiiiiiiiiiiiiiiiiie e 1116
Register 5:  QEI Timer Load (QEILOAD), offset OX010 ........uiiiiiiiiiiiii e 1117
Register 6:  QEI Timer (QEITIME), offset OX014 ... 1118
Register 7:  QEI Velocity Counter (QEICOUNT), offset OX018 .......coooriiiiiiii e 1119
Register 8:  QEI Velocity (QEISPEED), offsSet OXOTC .. .couuiiiiiii e 1120
Register 9:  QEI Interrupt Enable (QEIINTEN), offset 0X020 ..........ccoouiiiiiiiiieei e 1121
Register 10: QEI Raw Interrupt Status (QEIRIS), offset 0X024 .............coooiiiiiiiiiiii e 1123
Register 11:  QEI Interrupt Status and Clear (QEIISC), offset OX028 ............cooiiiiiiiiiiii 1125
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Revision History

The revision history table notes changes made between the indicated revisions of the LM3S9B95
data sheet.

Table 1. Revision History

Date Revision [Description

June 2010 7299 m  Changed memory map ending address for EPI0 mapped peripheral and RAM from OxCFFF.FFFF
to OXDFFF.FFFF.

m  Removed 4.194304-MHz crystal as a source for the system clock and PLL.

m  Summarized ROM contents descriptions in the "Internal Memory" chapter and removed various
ROM appendices.

m  Clarified DMA channel terminology: changed name of DMA Channel Alternate Select (DMACHALT)
register to DMA Channel Assignment (DMACHASGN) register, changed CHALT bit field to CHASGN,
and changed terminology from primary and alternate channels to primary and secondary channels.

m Clarified EPI Main Baud Rate (EPIBAUD) equation.
m In Signal Tables chapter, added table "Connections for Unused Signals."
m In "Electrical Characteristics" chapter:

— In"Reset Characteristics" table, corrected Supply voltage (VDD) rise time.

—  Clarified figure "SDRAM Initialization and Load Mode Register Timing".

— Added BSELOn/BSEL1n to EPI timing diagrams.

May 2010 7164 m  Removed 100-MHz from LM3S9B95 as that is no longer an orderable part. This device is only
available in 80-MHz.

m  Added data sheets for five new Stellaris® Tempest-class parts: LM3S1R26, LM3S1621, LM3S1B21,
LM3S9781, and LM3S9B81.

m Additional minor data sheet clarifications and corrections.

May 2010 7101 m Added pin table "Possible Pin Assignments for Alternate Functions", which lists the signals based
on number of possible pin assignments. This table can be used to plan how to configure the pins
for a particular functionality.

m Additional minor data sheet clarifications and corrections.

March 2010 6983 m  Corrected reset for EPIHB8CFG, EPI_HB16CFG and EPIGPCFG registers.
m Extended TBRL bit field in GPTMTBR register.

m Additional minor data sheet clarifications and corrections.

March 2010 6912 m  Renamed the USER_DBG register to the BOOTCFG register in the Internal Memory chapter. Added
information on how to use a GPIO pin to force the ROM Boot Loader to execute on reset.

m Added three figures to the ADC chapter on sample phase control.

m Clarified configuration of USBOVBUS and USBOID in OTG mode.
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Table 1. Revision History (continued)

Date Revision |Description
February 2010 6790 m  Added 108-ball BGA package.
m In "System Control" chapter:
— Clarified functional description for external reset and brown-out reset.
— Clarified Debug Access Port operation after Sleep modes.
— Corrected the reset value of the Run-Mode Clock Configuration 2 (RCC2) register.
m In"Internal Memory" chapter, clarified wording on Flash memory access errors and added a section
on interrupts to the Flash memory description.
m In "External Peripheral Interface" chapter:
— Added clarification about byte selects and dual chip selects.
— Added timing diagrams for continuous-read mode (formerly SRAM mode).
— Corrected reset values of EPI Write FIFO Count (EPIWFIFOCNT) and EPI Raw Interrupt
Status (EPIRIS) registers.
m  Added clarification about timer operating modes and added register descriptions for the GPTM
Timer n Prescale Match (GPTMTnPMR) registers.
m Clarified register descriptions for GPTM Timer A Value (GPTMTAV) and GPTM Timer B Value
(GPTMTBV) registers.
m  Corrected the reset value of the ADC Sample Sequence Result FIFO n (ADCSSFIFOn) registers.
m Added ADC Sample Phase Control (ADCSPC) register at offset 0x24.
m Added caution note to the 12C Master Timer Period (I2CMTPR) register description and changed
field width to 7 bits.
m  In the "Controller Area Network" chapter, added clarification about reading from the CAN FIFO
buffer and clarified packet timestamps functional description.
m In the "Ethernet Controller" chapter:
— Corrected the reset value and the LED1 bit positions of the Ethernet MAC LED Encoding
(MACLED) register.
— Added clarification about the use of the NPR field in the Ethernet MAC Number of Packets
(MACNP) register.
— Corrected reset values for Ethernet PHY Management Register 0 — Control (MR0) and
Ethernet PHY Management Register 5 — Auto-Negotiation Link Partner Base Page Ability
(MRS5) registers.
m  Added Session Disconnect (DISCON) bit to the USB General Interrupt Status (USBIS) and
USB Interrupt Enable (USBIE) registers.
m  Made these changes to the Operating Characteristics chapter:
— Added storage temperature ratings to "Temperature Characteristics" table
— Added "ESD Absolute Maximum Ratings" table
m Made these changes to the Electrical Characteristics chapter:
— In"Flash Memory Characteristics" table, corrected Mass erase time
— Added sleep and deep-sleep wake-up times ("Sleep Modes AC Characteristics" table)
— In"Reset Characteristics" table, corrected units for supply voltage (VDD) rise time
— Modified the preliminary current consumption specification for Run mode 1 and Deep-Sleep
mode.
— Added table entry for VDD3ON power consumption to Table 27-8 on page 1207.
m Added additional DriverLib functions to appendix.
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Table 1. Revision History (continued)

Date

Revision

Description

October 2009

6458

Released new 1000, 3000, 5000 and 9000 series Stellaris® devices.

The IDCODE value was corrected to be 0x4BA0.0477.

Clarified that the NMISET bit in the ICSR register in the NVIC is also a source for NMI.
Clarified the use of the LDO.

To clarify clock operation, reorganized clocking section, changed the USEFRACT bit to the DIV400
bit and the FRACT bit to the SYSDIV2LSB bit in the RCC2 register, added tables, and rewrote
descriptions.

Corrected bit description of the DSDIVORIDE field in the DSLPCLKCFG register.
Removed the DSFLASHCFG register at System Control offset 0x14C as it does not function correctly.

Removed the MAXADC1SPD and MAXADCOSPD fields from the DCGCO as they have no function in
deep-sleep mode.

Corrected address offsets for the Flash Write Buffer (FWBn) registers.

Added Flash Control (FCTL) register at Internal memory offset 0xOF8 to help control frequent
power cycling when hibernation is not used.

Changed the name of the EPI channels for clarification: EPI0_TX became EPI0O_WFIFO and EPI0_RX
became EPI0_NBRFIFO. This change was also made in the DC7 bit descriptions.

Removed the DMACHIS register at DMA module offset 0x504 as it does not function correctly.
Corrected alternate channel assignments for the uDMA controller.

Major improvements to the EPI chapter.

EPISDRAMCFG2 register was deleted as its function is not needed.

Clarified CAN bit timing and corrected examples.

Added pseudo-code for MDI/MDIX operation.

Corrected reset value of the MR1 register to 0x7809.

Clarified PWM source for ADC triggering

Corrected ADDR field in the USBTXFIFOADD register to be 9 bits instead of 13 bits.

Changed SSI set up and hold times to be expressed in system clocks, not ns.

Updated Electrical Characteristics chapter with latest data. Changes were made to ADC and EPI
content.

Additional minor data sheet clarifications and corrections.

June 14, 2010
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Table 1. Revision History (continued)

Date

Revision

Description

July 2009

5930

Added "Non-Blocking Read Cycle", "Normal Read Cycle", and "Write Cycle" sections to EPI chapter.

Corrected values for MAXADCOSPD and MAXADC1SPD bits in DC1, RCGCO0, SCGCO0, and DCGCO0
registers.

Corrected figure "TI Synchronous Serial Frame Format (Single Transfer)".
Added description for Ethernet PHY power-saving modes.

Made a number of corrections to the Electrical Characteristics chapter:

Added missing ROM_I12SIntStatus function to ROM DriverLib Functions appendix.
Corrected ordering part numbers.

Additional minor data sheet clarifications and corrections.

Deleted Vgt and Vgepa parameters from and added footnotes to Recommended DC Operating
Conditions table.

Deleted Nominal and Maximum Current Specifications section.

Modified EPI SDRAM Characteristics table:

» Changed tgpg to tspramr and deleted values for 2-mA and 4-mA drive.
* Changed tgpr to tsprame @nd deleted values for 2-mA and 4-mA drive.

Changed values for tcoy, tco), and tcor parameters in EPI SDRAM Interface Characteristics
table.

Deleted SDRAM Read Command Timing, SDRAM Write Command Timing, SDRAM Write Burst
Timing, SDRAM Precharge Command Timing and SDRAM CAS Latency Timing figures and
replaced with SDRAM Read Timing and SDRAM Write Timing figures.

Modified Host-Bus 8/16 Mode Write Timing figure.
Modified General-Purpose Mode Read and Write Timing figure.

Modified values for tp,, and tp, parameters, and deleted to parameter from EPI General-Purpose
Interface Characteristics figure.

Major changes to ADC Characteristics tables, including adding additonal tables and diagram.
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Table 1. Revision History (continued)

Date Revision |Description
June 2009 5779 m In System Control chapter, clarified power-on reset and external reset pin descriptions in "Reset
Sources" section.
m Added missing comparator output pin bits to DC3 register; reset value changed as well.
m Clarified explanation of nonvolatile register programming in Internal Memory chapter.
m  Added explanation of reset value to FMPREO0/1/2/3, FMPPEO0/1/2/3, USER_DBG, and USER_REG0
registers.
m In Request Type Support table in DMA chapter, corrected general-purpose timer row.
m In General-Purpose Timers chapter, clarified DMA operation.
m  Added table "Preliminary Current Consumption" to Characteristics chapter.
m  Corrected Nom and Max values in EPI Characteristics table.
m  Added "CSn to output invalid" parameter to EPI table "EPI Host-Bus 8 and Host-Bus 16 Interface
Characteristics" and figure "Host-Bus 8/16 Mode Read Timing".
m Corrected INL, DNL, OFF and GAIN values in ADC Characteristics table.
m Updated ROM DriverLib appendix with RevCO functions.
m  Updated part ordering numbers.
m Additional minor data sheet clarifications and corrections.
May 2009 5285 Started tracking revision history.

June 14, 2010
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About This Document

About This Document

This data sheet provides reference information for the LM3S9B95 microcontroller, describing the
functional blocks of the system-on-chip (SoC) device designed around the ARM® Cortex™-M3
core.

Audience

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

About This Manual

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

Related Documents

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

m Stellaris® Errata

m ARM® Cortex™-M3 Errata

m ARM® CoreSight Technical Reference Manual

m ARM® Cortex™-M3 Technical Reference Manual

m ARM® v7-M Architecture Application Level Reference Manual
m Stellaris® Boot Loader User's Guide

m Stellaris® Graphics Library User's Guide

m Stellaris® Peripheral Driver Library User's Guide

m Stellaris® ROM User’s Guide

m Stellaris® USB Library User's Guide

The following related documents are also referenced:

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

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

This document uses the conventions shown in Table 2 on page 43.

Table 2. Documentation Conventions

Notation

Meaning

General Register Notation

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

bit A single bit in a register.

bit field Two or more consecutive and related bits.

offset Oxnnn

A hexadecimal increment to a register's address, relative to that module's base address as specified
in “Memory Map” on page 83.

Register N

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

reserved

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

yyxx

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

Register Bit/Field
Types

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

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

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

R/W Software can read or write this field.

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

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

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

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

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

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

Reset Value

0 Bit cleared to 0 on chip reset.

1

Bit set to 1 on chip reset.

Nondeterministic.

Pin/Signal Notation

[]

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

pin

Refers to the physical connection on the package.

signal

Refers to the electrical signal encoding of a pin.

June 14, 2010
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Table 2. Documentation Conventions (continued)

Notation

Meaning

assert a signal

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

deassert a signal

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

STGNAL

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

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

Numbers

X An uppercase X indicates any of several values is allowed, where X can be any legal pattern. For
example, a binary value of 0X00 can be either 0100 or 0000, a hex value of 0xX is 0x0 or Ox1, 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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1 Architectural Overview

Texas Instruments is the industry leader in bringing 32-bit capabilities and the full benefits of ARM®
Cortex-M3™-based microcontrollers to the broadest reach of the microcontroller market. For current
users of 8- and 16-bit MCUs, Stellaris® with Cortex-M3 offers a direct path to the strongest ecosystem
of development tools, software and knowledge in the industry. Designers who migrate to Stellaris®
benefit from great tools, small code footprint and outstanding performance. Even more important,
designers can enter the ARM ecosystem with full confidence in a compatible roadmap from $1 to
1 GHz. For users of current 32-bit MCUSs, the Stellaris® family offers the industry’s firstimplementation
of Cortex-M3 and the Thumb-2 instruction set. With blazingly-fast responsiveness, Thumb-2
technology combines both 16-bit and 32-bit instructions to deliver the best balance of code density
and performance. Thumb-2 uses 26 percent less memory than pure 32-bit code to reduce system
cost while delivering 25 percent better performance. The Texas Instruments 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 LM3S9B95 microcontroller has the following features:
m ARM® Cortex™-M3 Processor Core

— 80-MHz operation; 100 DMIPS performance

— ARM Cortex SysTick Timer

— Nested Vectored Interrupt Controller (NVIC)
= On-Chip Memory

— 256 KB single-cycle Flash memory up to 50 MHz; a prefetch buffer improves performance
above 50 MHz

— 96 KB single-cycle SRAM
— Internal ROM loaded with StellarisWare® software:
. Stellaris® Peripheral Driver Library
- Stellaris® Boot Loader
» Advanced Encryption Standard (AES) cryptography tables
* Cyclic Redundancy Check (CRC) error detection functionality
m External Peripheral Interface (EPI)
— 8/16/32-bit dedicated parallel bus for external peripherals
— Supports SDRAM, SRAM/Flash memory, FPGAs, CPLDs
m Advanced Serial Integration

— 10/100 Ethernet MAC and PHY with IEEE 1588 PTP hardware support
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— Two CAN 2.0 A/B controllers
— USB 2.0 OTG/Host/Device
— Three UARTs with IrDA and ISO 7816 support (one UART with full modem controls)
— Two I°C modules
— Two Synchronous Serial Interface modules (SSI)
— Integrated Interchip Sound (1°S) module
System Integration
— Direct Memory Access Controller (DMA)
— System control and clocks including on-chip precision 16-MHz oscillator
— Four 32-bit timers (up to eight 16-bit)
— Eight Capture Compare PWM pins (CCP)
— Real-Time Clock
— Two Watchdog Timers
* One timer runs off the main oscillator
» One timer runs off the precision internal oscillator
— Up to 65 GPIOs, depending on configuration
» Highly flexible pin muxing allows use as GPIO or one of several peripheral functions
* Independently configurable to 2, 4 or 8 mA drive capability
* Up to 4 GPIOs can have 18 mA drive capability
Advanced Motion Control
— Eight advanced PWM outputs for motion and energy applications
— Four fault inputs to promote low-latency shutdown
— Two Quadrature Encoder Inputs (QEI)

Analog

Two 10-bit Analog-to-Digital Converters (ADC) with sixteen analog input channels and sample
rate of one million samples/second

Three analog comparators

16 digital comparators

On-chip voltage regulator
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m JTAG and ARM Serial Wire Debug (SWD)
m 100-pin LQFP and 108-ball BGA package
m Industrial (-40°C to 85°C) Temperature Range

The LM3S9B95 microcontroller is targeted for industrial applications, including remote monitoring,
electronic point-of-sale machines, test and measurement equipment, network appliances and
switches, factory automation, HVAC and building control, gaming equipment, motion control, medical
instrumentation, and fire and security.

In addition, the LM3S9B95 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 LM3S9B95 microcontroller is code-compatible
to all members of the extensive Stellaris® family; providing flexibility to fit our customers' precise
needs.

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

Information” on page 1276 for ordering information for Stellaris® family devices.

1.1 Functional Overview

The following sections provide an overview of the features of the LM3S9B95 microcontroller. The
page number in parentheses indicates where that feature is discussed in detail. Ordering and support
information can be found in “Ordering and Contact Information” on page 1276.

111 ARM Cortex™-M3

The following sections provide an overview of the ARM Cortex™-M3 processor core and instruction
set, the integrated System Timer (SysTick) and the Nested Vectored Interrupt Controller.

1111 Processor Core (see page 70)

All members of the Stellaris® product family, including the LM3S9B95 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.

m 32-bit ARM® Cortex™-M3 v7M architecture optimized for small-footprint embedded applications
m Outstanding processing performance combined with fast interrupt handling

m  Thumb-2 mixed 16-/32-bit instruction set, delivers the high performance expected of a 32-bit
ARM core in a compact memory size usually associated with 8- and 16-bit devices; typically in
the range of a few kilobytes of memory for microcontroller-class applications

— Single-cycle multiply instruction and hardware divide

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

— Unaligned data access, enabling data to be efficiently packed into memory
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1.1.1.2

1.1.1.3

m Fast code execution permits slower processor clock or increases sleep mode time
m Harvard architecture characterized by separate buses for instruction and data

m Efficient processor core, system and memories

m Hardware division and fast multiplier

m Deterministic, high-performance interrupt handling for time-critical applications

= Memory protection unit (MPU) to provide a privileged mode for protected operating system
functionality

m Enhanced system debug with extensive breakpoint and trace capabilities

m Serial Wire Debug and Serial Wire Trace reduce the number of pins required for debugging and
tracing

m Migration from the ARM7™ processor family for better performance and power efficiency
m Optimized for single-cycle Flash memory usage

m Ultra-low power consumption with integrated sleep modes

m 80-MHz operation

m 1.25 DMIPS/MHz

“ARM Cortex-M3 Processor Core” on page 70 provides an overview of the ARM core; the core is
detailed in the ARM® Cortex™-M3 Technical Reference Manual.
System Timer (SysTick) (see page 80)

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

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

m A high-speed alarm timer using the system clock

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

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

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

Nested Vectored Interrupt Controller (NVIC) (see page 86)

The LM3S9B95 controller includes the ARM Nested Vectored Interrupt Controller (NVIC). The NVIC
and Cortex-M3 prioritize and handle all exceptions in Handler Mode. The processor state is
automatically stored to the stack on an exception and automatically restored from the stack at the

48

June 14, 2010
Texas Instruments-Advance Information



Stellaris® LM3S9B95 Microcontroller

end of the Interrupt Service Routine (ISR). The interrupt vector is fetched in parallel to the state
saving, enabling efficient interrupt entry. The processor supports tail-chaining, meaning that
back-to-back interrupts can be performed without the overhead of state saving and restoration.
Software can set eight priority levels on 7 exceptions (system handlers) and 53 interrupts.

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

m External non-maskable interrupt signal (NMI) available for immediate execution of NMI handler
for safety critical applications

m Dynamically reprioritizable interrupts
m Exceptional interrupt handling via hardware implementation of required register manipulations

“Interrupts” on page 86 provides an overview of the NVIC controller and the interrupt map. Exceptions
and interrupts are detailed in the ARM® Cortex™-M3 Technical Reference Manual.

1.1.2 On-Chip Memory

The following sections describe the on-chip memory modules.

11.21 SRAM (see page 210)

The LM3S9B95 microcontroller provides 96 KB of single-cycle on-chip SRAM. The internal SRAM
of the Stellaris® devices is located at offset 0x2000.0000 of the device memory map.

Because read-modify-write (RMW) operations are very time consuming, 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.

Data can be transferred to and from the SRAM using the Micro Direct Memory Access Controller
(UDMA).

1.1.2.2 Flash Memory (see page 212)

The LM3S9B95 microcontroller provides 256 KB of single-cycle on-chip Flash memory (above 50
MHz, the Flash memory can be accessed in a single cycle as long as the code is linear; branches
incur a one-cycle stall). The Flash memory is organized as a set of 2-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.

1.1.2.3 ROM (see page 210)
The LM3S9B95 ROM is preprogrammed with the following software and programs:

m Stellaris® Peripheral Driver Library
m Stellaris® Boot Loader

m Advanced Encryption Standard (AES) cryptography tables
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m Cyclic Redundancy Check (CRC) error-detection functionality

The Stellaris® Peripheral Driver Library is a royalty-free software library for controlling on-chip
peripherals with a boot-loader capability. The library performs both peripheral initialization and
control functions, with a choice of polled or interrupt-driven peripheral support. In addition, the library
is designed to take full advantage of the stellar interrupt performance of the ARM® Cortex™-M3
core. No special pragmas or custom assembly code prologue/epilogue functions are required. For
applications that require in-field programmability, the royalty-free Stellaris® Boot Loader can act as
an application loader and support in-field firmware updates.

The Advanced Encryption Standard (AES) is a publicly defined encryption standard used by the
U.S. Government. AES is a strong encryption method with reasonable performance and size. In
addition, it is fast in both hardware and software, is fairly easy to implement, and requires little
memory. The Texas Instruments encryption package is available with full source code, and is based
on lesser general public license (LGPL) source. An LGPL means that the code can be used within
an application without any copyleft implications for the application (the code does not automatically
become open source). Modifications to the package source, however, must be open source.

CRC (Cyclic Redundancy Check) is a technique to validate a span of data has the same contents
as when previously checked. This technique can be used to validate correct receipt of messages
(nothing lost or modified in transit), to validate data after decompression, to validate that Flash
memory contents have not been changed, and for other cases where the data needs to be validated.
A CRC is preferred over a simple checksum (e.g. XOR all bits) because it catches changes more
readily.

113 External Peripheral Interface (see page 360)
The External Peripheral Interface (EPI) provides access to external devices using a parallel path.
Unlike communications peripherals such as SSI, UART, and I2C, the EPI is designed to act like a
bus to external peripherals and memory.
The EPI has the following features:
m 8/16/32-bit dedicated parallel bus for external peripherals and memory
m  Memory interface supports contiguous memory access independent of data bus width, thus
enabling code execution directly from SDRAM, SRAM and Flash memory
m Blocking and non-blocking reads
m Separates processor from timing details through use of an internal write FIFO
m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Separate channels for read and write
— Read channel request asserted by programmable levels on the internal non-blocking read
FIFO (NBRFIFO)
— Write channel request asserted by empty on the internal write FIFO (WFIFO)
The EPI supports three primary functional modes: Synchronous Dynamic Random Access Memory
(SDRAM) mode, Traditional Host-Bus mode, and General-Purpose mode. The EPI module also
provides custom GPIOs; however, unlike regular GPIOs, the EPI module uses a FIFO in the same
way as a communication mechanism and is speed-controlled using clocking.
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m  Synchronous Dynamic Random Access Memory (SDRAM)

Supports x16 (single data rate) SDRAM at up to 50 MHz
Supports low-cost SDRAMs up to 64 MB (512 megabits)
Includes automatic refresh and access to all banks/rows
Includes a Sleep/Standby mode to keep contents active with minimal power draw

Multiplexed address/data interface for reduced pin count

m Host-bus

Traditional x8 and x16 MCU bus interface capabilities
Similar device compatibility options as PIC, ATmega, 8051, and others

Access to SRAM, NOR Flash memory, and other devices, with up to 1 MB of addressing in
unmultiplexed mode and 256 MB in multiplexed mode (512 MB in Host-Bus 16 mode with
no byte selects)

Support of both muxed and de-muxed address and data

Access to a range of devices supporting the non-address FIFO x8 and x16 interface variant,
with support for external FIFO (XFIFO) EMPTY and FULL signals

Speed controlled, with read and write data wait-state counters
Chip select modes include ALE, CSn, Dual CSn and ALE with dual CSn

Manual chip-enable (or use extra address pins)

m General Purpose

Wide parallel interfaces for fast communications with CPLDs and FPGAs
Data widths up to 32-bits

Data rates up to 150 MB/second

Optional “address” sizes from 4 bits to 20 bits

Optional clock output, read/write strobes, framing (with counter-based size), and clock-enable
input

m General parallel GPIO

1 to 32 bits, FIFOed with speed control

Useful for custom peripherals or for digital data acquisition and actuator controls

114 Serial Communications Peripherals

The LM3S9B95 controller supports both asynchronous and synchronous serial communications

with:

June 14, 2010

51
Texas Instruments-Advance Information



Architectural Overview

10/100 Ethernet MAC and PHY with IEEE 1588 PTP hardware support

Two CAN 2.0 A/B Controllers

USB 2.0 (full speed and low speed) OTG/Host/Device

Three UARTs with IrDA and ISO 7816 support (one UART with full modem controls)

Two I°C modules
Two Synchronous Serial Interface modules (SSI)

Integrated Interchip Sound (12S) Module

The following sections provide more detail on each of these communications functions.

1.1.41 Ethernet Controller (see page 814)
Ethernetis a frame-based computer networking technology for local area networks (LANs). Ethernet
has been standardized as IEEE 802.3. This specification defines a number of wiring and signaling
standards for the physical layer, two means of network access at the Media Access Control
(MAC)/Data Link Layer, and a common addressing format.
The Stellaris® Ethernet Controller consists of a fully integrated media access controller (MAC) and
network physical (PHY) interface and has the following features:
m Conforms to the IEEE 802.3-2002 specification
— 10BASE-T/100BASE-TX IEEE-802.3 compliant. Requires only a dual 1:1 isolation transformer
interface to the line
— 10BASE-T/100BASE-TX ENDEC, 100BASE-TX scrambler/descrambler
— Full-featured auto-negotiation
m  Multiple operational modes
— Full- and half-duplex 100 Mbps
— Full- and half-duplex 10 Mbps
— Power-saving and power-down modes
m Highly configurable
— Programmable MAC address
— LED activity selection
— Promiscuous mode support
— CRC error-rejection control
— User-configurable interrupts
m Physical media manipulation
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— MDI/MDI-X cross-over support through software assist

— Register-programmable transmit amplitude

— Automatic polarity correction and 10BASE-T signal reception
m |EEE 1588 Precision Time Protocol: Provides highly accurate time stamps for individual packets
m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)

— Separate channels for transmit and receive

— Receive channel request asserted on packet receipt

— Transmit channel request asserted on empty transmit FIFO

1.1.4.2 Controller Area Network (see page 762)

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

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

The LM3S9B95 microcontroller includes two CAN units with the following features:

m CAN protocol version 2.0 part A/B

m Bit rates up to 1 Mbps

m 32 message objects with individual identifier masks

m Maskable interrupt

m Disable Automatic Retransmission mode for Time-Triggered CAN (TTCAN) applications

m Programmable Loopback mode for self-test operation

m Programmable FIFO mode enables storage of multiple message objects

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

1143 USB (see page 875)

Universal Serial Bus (USB) is a serial bus standard designed to allow peripherals to be connected
and disconnected using a standardized interface without rebooting the system.

The LM3S9B95 controller supports three configurations in USB 2.0 full and low speed: USB Device,
USB Host, and USB On-The-Go (negotiated on-the-go as host or device when connected to other
USB-enabled systems).

The USB module has the following features:
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m Complies with USB-IF certification standards

m USB 2.0 full-speed (12 Mbps) and low-speed (1.5 Mbps) operation

m Integrated PHY

m 4 transfer types: Control, Interrupt, Bulk, and Isochronous

m 32 endpoints
— 1 dedicated control IN endpoint and 1 dedicated control OUT endpoint
— 15 configurable IN endpoints and 15 configurable OUT endpoints

m 4 KB dedicated endpoint memory: one endpoint may be defined for double-buffered 1023-byte
isochronous packet size

m VBUS droop and valid ID detection and interrupt
m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)

— Separate channels for transmit and receive for up to three IN endpoints and three OUT
endpoints

— Channel requests asserted when FIFO contains required amount of data

1144 UART (see page 584)
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 LM3S9B95 controller includes three fully programmable 16C550-type UARTSs. Although the
functionality is similar to a 16C550 UART, this UART design is not register compatible. The UART
can generate individually masked interrupts from the Rx, Tx, modem status, and error conditions.
The module generates a single combined interrupt when any of the interrupts are asserted and are
unmasked.
The three UARTs have the following features:
m Programmable baud-rate generator allowing speeds up to 5 Mbps for regular speed (divide by

16) and 10 Mbps for high speed (divide by 8)
m Separate 16x8 transmit (TX) and receive (RX) FIFOs to reduce CPU interrupt service loading
m Programmable FIFO length, including 1-byte deep operation providing conventional
double-buffered interface

m FIFO trigger levels of 1/8, 1/4, 1/2, 3/4, and 7/8
m Standard asynchronous communication bits for start, stop, and parity
m False-start bit detection
m Line-break generation and detection
m Fully programmable serial interface characteristics

54 June 14, 2010

Texas Instruments-Advance Information



Stellaris® LM3S9B95 Microcontroller

- 5,6, 7, or 8 data bits
— Even, odd, stick, or no-parity bit generation/detection
— 1 or 2 stop bit generation
m IrDA serial-IR (SIR) encoder/decoder providing
— Programmable use of IrDA Serial Infrared (SIR) or UART input/output
— Support of IrDA SIR encoder/decoder functions for data rates up to 115.2 Kbps half-duplex
— Support of normal 3/16 and low-power (1.41-2.23 pus) bit durations

— Programmable internal clock generator enabling division of reference clock by 1 to 256 for
low-power mode bit duration

m  Support for communication with ISO 7816 smart cards

m Full modem handshake support (on UART1)

m LIN protocol support

m Standard FIFO-level and End-of-Transmission interrupts

m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Separate channels for transmit and receive

— Receive single request asserted when data is in the FIFO; burst request asserted at
programmed FIFO level

— Transmit single request asserted when there is space in the FIFO; burst request asserted at
programmed FIFO level

1.1.4.5 I2C (see page 688)

The Inter-Integrated Circuit (12C) bus provides bi-directional data transfer through a two-wire design
(a serial data line SDA and a serial clock line SCL). The I2C bus interfaces to external 12C 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.

Each device on the 1°C bus can be designated as either a master or a slave. Each 1°C module
supports both sending and receiving data as either a master or a slave and can operate
simultaneously as both a master and a slave. Both the I1°C master and slave can generate interrupts.

The LM3S9B95 controller includes two 1°C modules with the following features:

m Devices on the I2C bus can be designated as either a master or a slave
— Supports both transmitting and receiving data as either a master or a slave
— Supports simultaneous master and slave operation

m Four I2C modes
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Master transmit

Master receive

Slave transmit

Slave receive

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

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

— Slave generates interrupts when data has been transferred or requested by a master or when
a START or STOP condition is detected

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

1.1.4.6 SSI (see page 646)
Synchronous Serial Interface (SSI) is a four-wire bi-directional communications interface that converts
data between parallel and serial. 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 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 TX and RX paths are buffered with separate internal FIFOs.
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.
The LM3S9B95 controller includes two SSI modules with the following features:
m Programmable interface operation for Freescale SPl, MICROWIRE, or Texas Instruments
synchronous serial interfaces
m Master or slave operation
m Programmable clock bit rate and prescaler
m Separate transmit and receive FIFOs, each 16 bits wide and 8 locations deep
m Programmable data frame size from 4 to 16 bits
m Internal loopback test mode for diagnostic/debug testing
m Standard FIFO-based interrupts and End-of-Transmission interrupt
m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Separate channels for transmit and receive
— Receive single request asserted when data is in the FIFO; burst request asserted when FIFO
contains 4 entries
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— Transmit single request asserted when there is space in the FIFO; burst request asserted
when FIFO contains 4 entries

1.1.4.7 Inter-Integrated Circuit Sound (I2S) Interface (see page 725)

The I2S interface is a configurable serial audio core that contains a transmit module and a receive
module. The module is configurable for the I°S as well as Left-Justified and Right-Justified serial
audio formats. Data can be in one of four modes: Stereo, Mono, Compact 16-bit Stereo and Compact
8-Bit Stereo.

The transmit and receive modules each have an 8-entry audio-sample FIFO. An audio sample can
consist of a Left and Right Stereo sample, a Mono sample, or a Left and Right Compact Stereo
sample. In Compact 16-Bit Stereo, each FIFO entry contains both the 16-bit left and 16-bit right
samples, allowing efficient data transfers and requiring less memory space. In Compact 8-bit Stereo,
each FIFO entry contains an 8-bit left and an 8-bit right sample, reducing memory requirements
further.

Both the transmitter and receiver are capable of being a master or a slave.

The Stellaris® 12S interface has the following features:
m Configurable audio format supporting 12S, Left-justification, and Right-justification
m Configurable sample size from 8 to 32 bits
m Mono and Stereo support
m 8-, 16-, and 32-bit FIFO interface for packing memory
m Independent transmit and receive 8-entry FIFOs
m Configurable FIFO-level interrupt and yDMA requests
m Independent transmit and receive MCLK direction control
m Transmit and receive internal MCLK sources
m Independent transmit and receive control for serial clock and word select
m MCLK and SCLK can be independently set to master or slave
m Configurable transmit zero or last sample when FIFO empty
m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Separate channels for transmit and receive
— Burst requests
— Channel requests asserted when FIFO contains required amount of data

11.5 System Integration

The LM3S9B95 controller provides a variety of standard system functions integrated into the device,
including:

m Micro Direct Memory Access Controller (uUDMA)
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m System control and clocks including on-chip precision 16-MHz oscillator

m ARM Cortex SysTick Timer

m Four 32-bit timers (up to eight 16-bit)

m Eight Capture Compare PWM pins (CCP)

m Real-Time Clock

m  Two Watchdog Timers

m Up to 65 GPIOs, depending on configuration
— Highly flexible pin muxing allows use as GPIO or one of several peripheral functions
— Independently configurable to 2, 4 or 8 mA drive capability
— Up to 4 GPIOs can have 18 mA drive capability

The following sections provide more detail on each of these functions.

1.1.51 Direct Memory Access (see page 246)

The LM3S9B95 microcontroller includes a Direct Memory Access (DMA) controller, known as
micro-DMA (uDMA). The uDMA controller provides a way to offload data transfer tasks from the
Cortex-M3 processor, allowing for more efficient use of the processor and the available bus
bandwidth. The uDMA controller can perform transfers between memory and peripherals. It has
dedicated channels for each supported on-chip module and can be programmed to automatically
perform transfers between peripherals and memory as the peripheral is ready to transfer more data.
The uDMA controller provides the following features:
m  ARM PrimeCell® 32-channel configurable uDMA controller
m Support for memory-to-memory, memory-to-peripheral, and peripheral-to-memory in multiple

transfer modes

— Basic for simple transfer scenarios

— Ping-pong for continuous data flow

— Scatter-gather for a programmabile list of arbitrary transfers initiated from a single request
m Highly flexible and configurable channel operation

— Independently configured and operated channels

— Dedicated channels for supported on-chip modules: GP Timer, USB, UART, Ethernet, ADC,

EPI, SSI, I°S

— Primary and secondary channel assignments

— One channel each for receive and transmit path for bidirectional modules

— Dedicated channel for software-initiated transfers

— Per-channel configurable bus arbitration scheme
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— Optional software-initiated requests for any channel
Two levels of priority

Design optimizations for improved bus access performance between uDMA controller and the
processor core

— MDMA controller access is subordinate to core access

— RAM striping

— Peripheral bus segmentation

Data sizes of 8, 16, and 32 bits

Transfer size is programmable in binary steps from 1 to 1024

Source and destination address increment size of byte, half-word, word, or no increment
Maskable peripheral requests

Interrupt on transfer completion, with a separate interrupt per channel

1.1.5.2 System Control and Clocks (see page 101)

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

Device identification information: version, part number, SRAM size, Flash memory size, and so
on

Power control
— On-chip fixed Low Drop-Out (LDO) voltage regulator
— Low-power options for microcontroller: Sleep and Deep-sleep modes with clock gating

— Low-power options for on-chip modules: software controls shutdown of individual peripherals
and memory

— 3.3-V supply brown-out detection and reporting via interrupt or reset
Multiple clock sources for microcontroller system clock

— Precision Oscillator (PIOSC): on-chip resource providing a 16 MHz £1% frequency at room
temperature

* 16 MHz £3% across temperature
» Software power down control for low power modes

— Main Oscillator (MOSC): 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.
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» External oscillator used with or without on-chip PLL: select supported frequencies from 1
MHz to 16.384 MHz.

» External crystal: from DC to maximum device speed

— Internal 30-kHz Oscillator: on chip resource providing a 30 kHz + 50% frequency, used during
power-saving modes

m Flexible reset sources
— Power-on reset (POR)
— Reset pin assertion
— Brown-out reset (BOR) detector alerts to system power drops
— Software reset

— Watchdog timer reset

— MOSC failure
1.1.5.3 Four Programmable Timers (see page 433)

Programmable timers can be used to count or time external events that drive the Timer input pins.

Each GPTM block provides two 16-bit timers/counters that can be configured to operate independently

as timers or event counters, or configured to operate as one 32-bit timer or one 32-bit Real-Time

Clock (RTC). Timers can also be used to trigger analog-to-digital (ADC) conversions.

The General-Purpose Timer Module (GPTM) contains four GPTM blocks with the following functional

options:

m Count up or down

m 16- or 32-bit programmable one-shot timer

m 16- or 32-bit programmable periodic timer

m 16-bit general-purpose timer with an 8-bit prescaler

m 32-bit Real-Time Clock (RTC) when using an external 32.768-KHz clock as the input

m Eight Capture Compare PWM pins (CCP)

m Daisy chaining of timer modules to allow a single timer to initiate multiple timing events

m ADC event trigger

m User-enabled stalling when the controller asserts CPU Halt flag during debug (excluding RTC
mode)

m 16-bit input-edge count- or time-capture modes

m 16-bit PWM mode with software-programmable output inversion of the PWM signal

m Ability to determine the elapsed time between the assertion of the timer interrupt and entry into
the interrupt service routine.
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m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Dedicated channel for each timer
— Burst request generated on timer interrupt

11.54 CCP Pins (see page 440)

Capture Compare PWM pins (CCP) can be used by the General-Purpose Timer Module to time/count
external events using the CCP pin as an input. Alternatively, the GPTM can generate a simple PWM
output on the CCP pin.

The LM3S9B95 microcontroller includes eight Capture Compare PWM pins (CCP) that can be
programmed to operate in the following modes:

m Capture: The GP Timer is incremented/decremented by programmed events on the CCP input.
The GP Timer captures and stores the current timer value when a programmed event occurs.

m Compare: The GP Timer is incremented/decremented by programmed events on the CCP input.
The GP Timer compares the current value with a stored value and generates an interrupt when
a match occurs.

m PWM: The GP Timer is incremented/decremented by the system clock. A PWM signal is generated
based on a match between the counter value and a value stored in a match register and is output
on the CCP pin.

1.1.5.5 Watchdog Timers (see page 481)

A 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
can generate an interrupt or a reset when a time-out value is reached. In addition, the Watchdog
Timer is ARM FiRM-compliant and 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.

The LM3S9B95 microcontroller has two Watchdog Timer modules: Watchdog Timer O uses the
system clock for its timer clock; Watchdog Timer 1 uses the PIOSC as its timer clock. The Stellaris®
Watchdog Timer module has the following features:

m 32-bit down counter with a programmable load register

m Separate watchdog clock with an enable

m Programmable interrupt generation logic with interrupt masking

m Lock register protection from runaway software

m Reset generation logic with an enable/disable

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

1.1.5.6 Programmable GPIOs (see page 304)

General-purpose input/output (GPIO) pins offer flexibility for a variety of connections. The Stellaris®
GPIO module is comprised of nine 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
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Microcontrollers specification) and supports 0-65 programmable input/output pins. The number of
GPIOs available depends on the peripherals being used (see “Signal Tables” on page 1129 for the

signals available to each GPIO pin).

m Up to 65 GPIOs, depending on configuration

m Highly flexible pin muxing allows use as GPIO or one of several peripheral functions

m 5-V-tolerant input/outputs

m Fast toggle capable of a change every two clock cycles

m Two means of port access: either Advanced High-Performance Bus (AHB) with better back-to-back
access performance, or the legacy Advanced Peripheral Bus (APB) for backwards-compatibility

with existing code

m Programmable control for GPIO interrupts
— Interrupt generation masking
— Edge-triggered on rising, falling, or both

— Level-sensitive on High or Low values

m Bit masking in both read and write operations through address lines

m Can be used to initiate an ADC sample sequence
m Pins configured as digital inputs are Schmitt-triggered
m Programmable control for GPIO pad configuration

— Weak pull-up or pull-down resistors

— 2-mA, 4-mA, and 8-mA pad drive for digital communication; up to four pads can be configured

with an 18-mA pad drive for high-current applications
— Slew rate control for the 8-mA drive
— Open drain enables
— Digital input enables

Advanced Motion Control

The LM3S9B95 controller provides motion control functions integrated into the device, including:

m Eight advanced PWM outputs for motion and energy applications
m Four fault input to promote low-latency shutdown
m Two Quadrature Encoder Inputs (QEI)

The following provides more detail on these motion control functions.
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1.1.6.1 PWM (see page 1027)
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. The LM3S9B95 PWM module consists of four PWM generator blocks and a
control block. Each PWM generator block contains one timer (16-bit down or up/down counter), two
comparators, a PWM signal generator, a dead-band generator, and an interrupt/ADC-trigger selector.
Each PWM generator block produces two PWM signals that can either be independent signals or
a single pair of complementary signals with dead-band delays inserted. PWM generator block has
the following features:
m Four fault-condition handling input to quickly provide low-latency shutdown and prevent damage
to the motor being controlled
m One 16-bit counter
— Runs in Down or Up/Down mode
— Output frequency controlled by a 16-bit load value
— Load value updates can be synchronized
— Produces output signals at zero and load value
m Two PWM comparators
— Comparator value updates can be synchronized
— Produces output signals on match
m PWM signal generator
— Output PWM signal is constructed based on actions taken as a result of the counter and
PWM comparator output signals
— Produces two independent PWM signals
m Dead-band generator
— Produces two PWM signals with programmable dead-band delays suitable for driving a half-H
bridge
— Can be bypassed, leaving input PWM signals unmodified
m Can initiate an ADC sample sequence
The control block determines the polarity of the PWM signals and which signals are passed through
to the pins. The output of the PWM generation blocks are managed by the output control block
before being passed to the device pins. The PWM control block has the following options:
s PWM output enable of each PWM signal
m Optional output inversion of each PWM signal (polarity control)
m Optional fault handling for each PWM signal
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m Synchronization of timers in the PWM generator blocks

m Synchronization of timer/comparator updates across the PWM generator blocks

m Synchronization of PWM output enables across the PWM generator blocks

m Interrupt status summary of the PWM generator blocks

m Extended fault capabilities with multiple fault signals, programmable polarities, and filtering

m PWM generators can be operated independently or synchronized with other generators

1.1.6.2 QEI (see page 1104)
A quadrature encoder, also known as a 2-channel incremental encoder, converts linear displacement
into a pulse signal. By monitoring both the number of pulses and the relative phase of the two signals,
the position, direction of rotation, and speed can be tracked. In addition, a third channel, or index
signal, can be used to reset the position counter. The Stellaris® quadrature encoder with index (QEI)
module interprets the code produced by a quadrature encoder wheel to integrate position over time
and determine direction of rotation. In addition, it can capture a running estimate of the velocity of
the encoder wheel. The input frequency of the QEI inputs may be as high as 1/4 of the processor
frequency (for example, 20 MHz for a 80-MHz system).
The LM3S9B95 microcontroller includes two QEI modules providing control of two motors at the
same time with the following features:
m Position integrator that tracks the encoder position
m Programmable noise filter on the inputs
m Velocity capture using built-in timer
m The input frequency of the QEI inputs may be as high as 1/4 of the processor frequency (for
example, 12.5 MHz for a 50-MHz system)
m Interrupt generation on:
— Index pulse
— Velocity-timer expiration
— Direction change
— Quadrature error detection
11.7 Analog
The LM3S9B95 controller provides analog functions integrated into the device, including:
m  Two 10-bit Analog-to-Digital Converters (ADC) with sixteen analog input channels and sample
rate of one million samples/second
m Three analog comparators
m 16 digital comparators
m On-chip voltage regulator
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The following provides more detail on these analog functions.

11.71 ADC (see page 506)

An analog-to-digital converter (ADC®) is a peripheral that converts a continuous analog voltage to a
discrete digital number. The Stellaris~ ADC module features 10-bit conversion resolution and supports
sixteen input channels plus an internal temperature sensor. Four buffered sample sequencers allow
rapid sampling of up to eight analog input sources without controller intervention. Each sample
sequencer provides flexible programming with fully configurable input source, trigger events, interrupt
generation, and sequencer priority. A digital comparator function is included that allows the conversion
value to be diverted to a comparison unit that provides 16 digital comparators.

The LM3S9B95 microcontroller provides two ADC modules with the following features:
m Sixteen analog input channels

m Single-ended and differential-input configurations

m  On-chip internal temperature sensor

m  Maximum sample rate of one million samples/second

m Optional phase shift in sample time programmable from 22.5° to 337.5°

m Four programmable sample conversion sequencers from one to eight entries long, with
corresponding conversion result FIFOs

m Flexible trigger control
— Controller (software)
— Timers
— Analog Comparators
- PWM
- GPIO
m Hardware averaging of up to 64 samples for improved accuracy
m Digital comparison unit providing sixteen digital comparators
m Converter uses an internal 3-V reference or an external reference
m Power and ground for the analog circuitry is separate from the digital power and ground
m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Dedicated channel for each sample sequencer
— ADC module uses burst requests for DMA

1.1.7.2 Analog Comparators (see page 1014)

An analog comparator is a peripheral that compares two analog voltages and provides a logical
output that signals the comparison result. The LM3S9B95 microcontroller provides three independent
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integrated analog comparators that can be configured to drive an output or generate an interrupt or
ADC event.

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

The LM3S9B95 microcontroller provides three independent integrated analog comparators with the
following functions:

m Compare external pin input to external pin input or to internal programmable voltage reference
m Compare a test voltage against any one of the following voltages:

— An individual external reference voltage

— A shared single external reference voltage

— A shared internal reference voltage

JTAG and ARM Serial Wire Debug (see page 89)

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 I/O pin observation and control, scan testing, and debugging. Texas
Instruments replaces the ARM SW-DP and JTAG-DP with the ARM CoreSight™-compliant Serial
Wire JTAG Debug Port (SWJ-DP) interface. The SWJ-DP interface combines the SWD and JTAG
debug ports into one module providing all the normal JTAG debug and test functionality plus real-time
access to system memory without halting the core or requiring any target resident code. See the
CoreSight™ Design Kit Technical Reference Manual for details on SWJ-DP. The SWJ-DP interface
has the following features:

m |EEE 1149.1-1990 compatible Test Access Port (TAP) controller
m Four-bit Instruction Register (IR) chain for storing JTAG instructions
m |EEE standard instructions: BYPASS, IDCODE, SAMPLE/PRELOAD, EXTEST and INTEST
m ARM additional instructions: APACC, DPACC and ABORT
m Integrated ARM Serial Wire Debug (SWD)
— 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
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1.2

1.3

— Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer
Packaging and Temperature
m Industrial-range 100-pin RoHS-compliant LQFP package
m Industrial-range 108-ball RoHS-compliant BGA package

Target Applications

The Stellaris® family is positioned for cost-conscious applications requiring significant control
processing and connectivity capabilities such as:

m Remote monitoring

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

m HVAC and building control

m  Gaming equipment

m Motion control

m Medical instrumentation

m Fire and security

m Power and energy

m Transportation

High-Level Block Diagram

Figure 1-1 depicts the features on the Stellaris® LM3S9B95 microcontroller. Note that there are two
on-chip buses that connect the core to the peripherals. The Advanced Peripheral Bus (APB) bus is
the legacy bus. The Advanced High-Performance Bus (AHB) bus provides better back-to-back
access performance than the APB bus.
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Figure 1-1. Stellaris® LM3S9B95 Microcontroller High-Level Block Diagram

PN Boot Loader
JTAG/SWD K——, ROM DriverLib
AES & CRC
NN\
ARM®

NV
Cortex™-M3 DCode bus Flash
(256 KB)
SN
System (80 MHz)

NV
Control and ICode bus

Clocks iT
(w/ Precis. Osc.) NVIC
ﬁSystem Bus

LM3S9B95 — <:> SRAM

— Bus Matrix (96 KB)

NN
= —

SYSTEM PERIPHERALS

PR A | Watchdog

DMA 1 = K| Timers
GPIOs )l A N general—
(65) ~———] Purpose
Timers (4)

N External
/| Peripheral

Interface

SERIAL PERIPHERALS

USB
(OTG)

AN UARTs

ssl
@

CAN
Controllers
(2

AN 12C

@

A—N| Ethernet
N—¥| MAC/PHY

Advanced Peripheral Bus (APB)

Advanced High-Performance Bus (AHB)

— 12S

ANALOG PERIPHERALS

Analog
Comparators «——/| Channels
[©)

16)

MOTION CONTROL PERIPHERALS

PWM
®)

RN QEI

N ¥ ()

ﬁ
PA_N ADC
?

68 June 14, 2010
Texas Instruments-Advance Information



Stellaris® LM3S9B95 Microcontroller

1.4 Additional Features
1.4.1 Memory Map (see page 83)

A memory map lists the location of instructions and data in memory. The memory map for the

LM3S9B95 controller can be found in “Memory Map” on page 83. 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.

1.4.2 Hardware Details

Details on the pins and package can be found in the following sections:
m “Pin Diagram” on page 1127

m “Signal Tables” on page 1129

m “Operating Characteristics” on page 1204

m “Electrical Characteristics” on page 1205

m “Package Information” on page 1278
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ARM Cortex-M3 Processor Core

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

32-bit ARM® Cortex™-M3 v7M architecture optimized for small-footprint embedded applications
Outstanding processing performance combined with fast interrupt handling

Thumb-2 mixed 16-/32-bit instruction set, delivers the high performance expected of a 32-bit
ARM core in a compact memory size usually associated with 8- and 16-bit devices; typically in
the range of a few kilobytes of memory for microcontroller-class applications

— Single-cycle multiply instruction and hardware divide

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

— Unaligned data access, enabling data to be efficiently packed into memory
Fast code execution permits slower processor clock or increases sleep mode time
Harvard architecture characterized by separate buses for instruction and data
Efficient processor core, system and memories

Hardware division and fast multiplier

Deterministic, high-performance interrupt handling for time-critical applications

Memory protection unit (MPU) to provide a privileged mode for protected operating system
functionality

Enhanced system debug with extensive breakpoint and trace capabilities

Serial Wire Debug and Serial Wire Trace reduce the number of pins required for debugging and
tracing

Migration from the ARM7™ processor family for better performance and power efficiency
Optimized for single-cycle Flash memory usage

Ultra-low power consumption with integrated sleep modes

80-MHz operation

1.25 DMIPS/MHz

The Stellaris® family of microcontrollers builds on this core to bring high-performance 32-bit computing
to cost-sensitive embedded microcontroller applications, such as factory automation and control,
industrial control power devices, building and home automation, and stepper motors.
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For more information on the ARM Cortex-M3 processor core, see the ARM® Cortex™-M3 Technical
Reference Manual. For information on SWJ-DP, see the ARM® CoreSight Technical Reference

Manual.

2.1 Block Diagram
Figure 2-1. CPU Block Diagram
Nested (=Interrupts Serial
Vectored ARM eria
Interrupt r¢—Sleep CM3 Core Cortex-M3 Wire
Controller¢—Debug Output
nstructions Data Trace
A 17 === | Trace Port
| Memory |
| Y Port |(SWO)
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T Unit
{ v A A
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P Patch and and Trace
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|I-code bus
| Bus >
P Matrix D-code bus >
Serial Wire JTAG o Debug . System bus
Debug Port "| Access Port v
2.2 Functional Description
Important: 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.

Texas Instruments implements the ARM Cortex-M3 core as shown in Figure 2-1 on page 71. The

Cortex-M3 uses the entire 16-bit Thumb instruction set and the base Thumb-2 32-bit instruction set.

In addition, as noted in the ARM® Cortex™-M3 Technical Reference Manual, several Cortex-M3

components are flexible in their implementation: SW/JTAG-DP, ETM, TPIU, the ROM table, the

MPU, and the Nested Vectored Interrupt Controller (NVIC). Each of these is addressed in the

sections that follow.

221 Programming Model

This section provides a brief overview of the programming model for the Cortex-M3 core. More

detailed information can be found in the ARM® Cortex™-M3 Technical Reference Manual.

m Privileged access and user access - Code can execute as privileged or unprivileged. Unprivileged
execution limits or excludes access to some resources. Privileged execution has access to all
resources. Handler mode is always privileged. Thread mode can be privileged or unprivileged.
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Thread mode is privileged out of reset, but you can change it to user or unprivileged by setting
the CONTROL][O] bit using the MSR instruction. User access prevents:

— Use of some instructions such as CPS to set FAULTMASK and PRIMASK

— Access to most registers in System Control Space (SCS)

When Thread mode has been changed from privileged to user, it cannot change itself back to
privileged. Only a Handler can change the privilege of Thread mode. Handler mode is always

privileged.

m Register set - The processor has the following 32-bit registers:

— 13 general-purpose registers, r0-r12

— Stack point alias of banked registers, SP_process and SP_main

— Link register, r14
— Program counter, r15

— One program status register, xPSR.

m Data types - The processor supports the following data types:

— 32-bit words
— 16-bit halfwords

— 8-bit bytes

m  Memory formats - The processor views memory as a linear collection of bytes numbered in
ascending order from 0. For example, bytes 0-3 hold the first stored word and bytes 4-7 hold the
second stored word. The processor accesses code and data in little-endian format, which means
that the byte with the lowest address in a word is the least-significant byte of the word. The byte
with the highest address in a word is the most significant. The byte at address 0 of the memory

system connects to data lines 7-0.

m Instruction set - The Cortex-M3 instruction set contains both 16 and 32-bit instructions. These
instructions are summarized in Table 2-1 on page 72 and Table 2-2 on page 74, respectively.

Table 2-1. 16-Bit Cortex-M3 Instruction Set Summary

Operation Assembler
Add register value and C flag to register value ADC <Rd>, <Rm>
Add immediate 3-bit value to register ADD <Rd>, <Rn>, #<immed_3>

Add immediate 8-bit value to register

ADD <Rd>,

#<immed_8>

Add low register value to low register value ADD <Rd>, <Rn>, <Rm>
Add high register value to low or high register value ADD <Rd>, <Rm>
Add 4* (immediate 8-bit value) with PC to register ADD <Rd>, PC, #<immed_8> * 4

Add 4* (immediate 8-bit value) with SP to register

ADD <Rd>,

SP, #<immed_8> * 4

Add 4* (immediate 7-bit value) to SP

ADD SP, #<immed_7> * 4

Bitwise AND register values

AND <Rd>,

<Rm>

Arithmetic shift right by immediate number

ASR <Rd>,

<Rm>, #<immed_5>
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Table 2-1. 16-Bit Cortex-M3 Instruction Set Summary (continued)

Operation

Assembler

Arithmetic shift right by number in register

ASR <Rd>, <Rs>

Branch conditional

B<cond> <target address>

Branch unconditional

B <target_address>

Bit clear

BIC <Rd>, <Rm>

Software breakpoint

BKPT <immed_8>

Branch with link BL <Rm>
Branch with link and exchange BLX <Rm>
Branch and exchange BX <Rm>

Compare not zero and branch

CBNZ <Rn> <label>

Compare zero and branch

CBZ <Rn>,<label>

Compare negation of register value with another register value

CMN <Rn>, <Rm>

Compare immediate 8-bit value

CMP <Rn>, #<immed_8>

Compare registers

CMP <Rn>, <Rm>

Compare high register to low or high register

CMP <Rn>, <Rm>

Change processor state

CPS <effect>, <iflags>

Copy high or low register value to another high or low register

CPY <Rd> <Rm>

Bitwise exclusive OR register values

EOR <Rd>, <Rm>

Condition the following instruction

IT <cond>

Condition the following two instructions

IT<x> <cond>

Condition the following three instructions

IT<x><y> <cond>

Condition the following four instructions

IT<x><y><z> <cond>

Multiple sequential memory word loads

LDMIA <Rn>!, <registers>

Load memory word from base register address + 5-bit immediate offset

LDR <Rd>, [<Rn>, #<immed_5> * 4]

Load memory word from base register address + register offset

LDR <Rd>, [<Rn>, <Rm>]

Load memory word from PC address + 8-bit immediate offset

LDR <Rd>, [PC, #<immed_8> * 4]

Load memory word from SP address + 8-bit immediate offset

LDR, <Rd>, [SP, #<immed_8> * 4]

Load memory byte [7:0] from register address + 5-bit immediate offset

LDRB <Rd>, [<Rn>, #<immed_5>]

Load memory byte [7:0] from register address + register offset

LDRB <Rd>, [<Rn>, <Rm>]

Load memory halfword [15:0] from register address + 5-bit immediate offset

LDRH <Rd>, [<Rn>, #<immed_5> * 2]

Load halfword [15:0] from register address + register offset

LDRH <Rd>, [<Rn>, <Rm>]

Load signed byte [7:0] from register address + register offset

LDRSB <Rd>, [<Rn>, <Rm>]

Load signed halfword [15:0] from register address + register offset

LDRSH <Rd>, [<Rn>, <Rm>]

Logical shift left by immediate number

LSL <Rd>, <Rm>, #<immed_5>

Logical shift left by number in register

LSL <Rd>, <Rs>

Logical shift right by immediate number

LSR <Rd>, <Rm>, #<immed_5>

Logical shift right by number in register

LSR <Rd>, <Rs>

Move immediate 8-bit value to register

MOQV <Rd>, #<immed_8>

Move low register value to low register

MOV <Rd>, <Rn>

Move high or low register value to high or low register

MOV <Rd>, <Rm>

Multiply register values

MUL <Rd>, <Rm>

Move complement of register value to register

MVN <Rd>, <Rm>

Negate register value and store in register

NEG <Rd>, <Rm>
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Table 2-1. 16-Bit Cortex-M3 Instruction Set Summary (continued)

Operation

Assembler

No operation

NOP <c>

Bitwise logical OR register values

ORR <Rd>, <Rm>

Pop registers from stack

POP <registers>

Pop registers and PC from stack

POP <registers, PC>

Push registers onto stack

PUSH <registers>

Push LR and registers onto stack

PUSH <registers, LR>

Reverse bytes in word and copy to register

REV <Rd>, <Rn>

Reverse bytes in two halfwords and copy to register

REV16 <Rd>, <Rn>

Reverse bytes in low halfword [15:0], sign-extend, and copy to register

REVSH <Rd>, <Rn>

Rotate right by amount in register

ROR <Rd>, <Rs>

Subtract register value and C flag from register value

SBC <Rd>, <Rm>

Send event

SEV <c>

Store multiple register words to sequential memory locations

STMIA <Rn>!, <registers>

Store register word to register address + 5-bit immediate offset

STR <Rd>, [<Rn>, #<immed_5> * 4]

Store register word to register address

STR <Rd>, [<Rn>, <Rm>]

Store register word to SP address + 8-bit immediate offset

STR <Rd>, [SP, #<immed_8> * 4]

Store register byte [7:0] to register address + 5-bit immediate offset

STRB <Rd>, [<Rn>, #<immed_5>]

Store register byte [7:0] to register address

STRB <Rd>, [<Rn>, <Rm>]

Store register halfword [15:0] to register address + 5-bit immediate offset

STRH <Rd>, [<Rn>, #<immed_5> * 2]

Store register halfword [15:0] to register address + register offset

STRH <Rd>, [<Rn>, <Rm>]

Subtract immediate 3-bit value from register

SUB <Rd>, <Rn>, #<immed_3>

Subtract immediate 8-bit value from register value

SUB <Rd>, #<immed_8>

Subtract register values

SUB <Rd>, <Rn>, <Rm>

Subtract 4 (immediate 7-bit value) from SP

SUB SP, #<immed_7> * 4

Operating system service call with 8-bit immediate call code

SVC <immed_8>

Extract byte [7:0] from register, move to register, and sign-extend to 32 bits

SXTB <Rd>, <Rm>

Extract halfword [15:0] from register, move to register, and sign-extend to 32 bits

SXTH <Rd>, <Rm>

Test register value for set bits by ANDing it with another register value

TST <Rn>, <Rm>

Extract byte [7:0] from register, move to register, and zero-extend to 32 bits

UXTB <Rd>, <Rm>10

Extract halfword [15:0] from register, move to register, and zero-extend to 32
bits

UXTH <Rd>, <Rm>

Wait for event WFE <c>
Wait for interrupt WFI| <c>
Table 2-2. 32-Bit Cortex-M3 Instruction Set Summary

Operation Assembler

Add register value, immediate 12-bit value, and C bit

ADC{S}.W <Rd>, <Rn>, #<modify_constant(immed_12>

Add register value, shifted register value, and C bit

ADC{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Add register value and immediate 12-bit value

ADD{S}.W <Rd>, <Rn>, #<modify_constant(immed_12)>

Add register value and shifted register value

ADD{S}.W <Rd>, <Rm>{, <shift>}

Add register value and immediate 12-bit value

ADDW.W <Rd>, <Rn>, #<immed_12>

Bitwise AND register value with immediate 12-bit value

AND{S}.W <Rd>, <Rn>, #<modify_constant(immed_12>
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Table 2-2. 32-Bit Cortex-M3 Instruction Set Summary (continued)

Operation

Assembler

Bitwise AND register value with shifted register value

AND{S}.W <Rd>, <Rn>, Rm>{, <shift>}

Arithmetic shift right by number in register

ASR({S}.W <Rd>, <Rn>, <Rm>

Conditional branch

B{cond}.W <label>

Clear bit field

BFC.W <Rd>, #<Isb>, #<width>

Insert bit field from one register value into another

BFI.W <Rd>, <Rn>, #<Isb>, #<width>

Bitwise AND register value with complement of immediate 12-bit value

BIC{S}.W <Rd>, <Rn>, #<modify_constant(immed_12)>

Bitwise AND register value with complement of shifted register value

BIC{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

address has had a request for an exclusive access.

Branch with link BL <label>
Branch with link (immediate) BL<c> <label>
Unconditional branch B.W <label>
Clear exclusive clears the local record of the executing processor that an CLREX <c>

Return number of leading zeros in register value

CLZ.W <Rd>, <Rn>

Compare register value with two’s complement of immediate 12-bit value

CMN.W <Rn>, #<modify_constant(immed_12)>

Compare register value with two’s complement of shifted register value

CMN.W <Rn>, <Rm>{, <shift>}

Compare register value with immediate 12-bit value

CMP.W <Rn>, #<modify_constant(immed_12)>

Compare register value with shifted register value

CMP.W <Rn>, <Rm>{, <shift>}

Data memory barrier

DMB <c>

Data synchronization barrier

DSB <c>

Exclusive OR register value with immediate 12-bit value

EOR{S}.W <Rd>, <Rn>, #<modify_constant(immed_12)>

Exclusive OR register value with shifted register value

EOR{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Instruction synchronization barrier

ISB <c>

Load multiple memory registers, increment after or decrement before

LDM{IA|DB}.W <Rn>{!}, <registers>

Memory word from base register address + immediate 12-bit offset

LDR.W <Rxf>, [<Rn>, #<offset_12>]

Memory word to PC from register address + immediate 12-bit offset

LDR.W PC, [<Rn>, #<offset_12>]

Memory word to PC from base register address immediate 8-bit offset,
postindexed

LDR.W PC, [Rn], #<+/-<offset_8>

Memory word from base register address immediate 8-bit offset, postindexed

LDR.W <Rxf>, [<Rn>], #+/—<offset_8>

Memory word from base register address immediate 8-bit offset, preindexed

LDR.W <Rxf>, [<Rn>, #<+/—<offset_8>]!
LDRT.W <Rxf>, [<Rn>, #<offset_8>]

Memory word to PC from base register address immediate 8-bit offset,
preindexed

LDR.W PC, [<Rn>, #+/—-<offset_8>]!

Memory word from register address shifted left by 0, 1, 2, or 3 places

LDR.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Memory word to PC from register address shifted left by 0, 1, 2, or 3 places

LDR.W PC, [<Rn>, <Rm>{, LSL #<shift>}]

Memory word from PC address immediate 12-bit offset

LDR.W <Rxf>, [PC, #+/—<offset_12>]

Memory word to PC from PC address immediate 12-bit offset

LDR.W PC, [PC, #+/—<offset_12>]

Memory byte [7:0] from base register address + immediate 12-bit offset

LDRB.W <Rxf>, [<Rn>, #<offset_12>]

Memory byte [7:0] from base register address immediate 8-bit offset,
postindexed

LDRB.W <Rxf>. [<Rn>], #+/-<offset_8>

Memory byte [7:0] from register address shifted left by 0, 1, 2, or 3 places

LDRB.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Memory byte [7:0] from base register address immediate 8-bit offset,
preindexed

LDRB.W <Rxf>, [<Rn>, #<+/—<offset_8>]!

Memory byte from PC address immediate 12-bit offset

LDRB.W <Rxf>, [PC, #+/—<offset_12>]

Memory doubleword from register address 8-bit offset 4, preindexed

LDRD.W <Rxf>, <Rxf2>, [<Rn>, #+/—<offset_8> * 4){I}

June 14, 2010

75

Texas Instruments-Advance Information



ARM Cortex-M3 Processor Core

Table 2-2. 32-Bit Cortex-M3 Instruction Set Summary (continued)

Operation

Assembler

Memory doubleword from register address 8-bit offset 4, postindexed

LDRD.W <Rxf>, <Rxf2>, [<Rn>], #+/—<offset_8> * 4

Load register exclusive calculates an address from a base register value and
an immediate offset, loads a word from memory, writes it to a register

LDREX<c> <Rt>,[<Rn>{#<imm>}]

Load register exclusive halfword calculates an address from a base register
value and an immediate offset, loads a halfword from memory, writes it to a
register

LDREXH<c> <Rt> [<Rn>{#<imm>}]

Load register exclusive byte calculates an address from a base register value
and an immediate offset, loads a byte from memory, writes it to a register

LDREXB<c> <Rt>,[<Rn>{#<imm>}]

Memory halfword [15:0] from base register address + immediate 12-bit offset

LDRH.W <Rxf>, [<Rn>, #<offset_12>]

Memory halfword [15:0] from base register address immediate 8-bit offset,
preindexed

LDRH.W <Rxf>, [<Rn>, #<+/—<offset_8>]!

Memory halfword [15:0] from base register address immediate 8-bit offset,
postindexed

LDRH.W <Rxf>. [<Rn>], #+/-<offset_8>

Memory halfword [15:0] from register address shifted left by 0, 1, 2, or 3 places

LDRH.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Memory halfword from PC address immediate 12-bit offset

LDRH.W <Rxf>, [PC, #+/—<offset_12>]

Memory signed byte [7:0] from base register address + immediate 12-bit offset

LDRSB.W <Rxf>, [<Rn>, #<offset_12>]

Memory signed byte [7:0] from base register address immediate 8-bit offset,
postindexed

LDRSB.W <Rxf>. [<Rn>], #+/-<offset_8>

Memory signed byte [7:0] from base register address immediate 8-bit offset,
preindexed

LDRSB.W <Rxf>, [<Rn>, #<+/—<offset_8>]!

Memory signed byte [7:0] from register address shifted left by 0, 1, 2, or 3
places

LDRSB.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Memory signed byte from PC address immediate 12-bit offset

LDRSB.W <Rxf>, [PC, #+/—<offset_12>]

Memory signed halfword [15:0] from base register address + immediate 12-bit
offset

LDRSH.W <Rxf>, [<Rn>, #<offset_12>]

Memory signed halfword [15:0] from base register address immediate 8-bit
offset, postindexed

LDRSH.W <Rxf>. [<Rn>], #+/-<offset_8>

Memory signed halfword [15:0] from base register address immediate 8-bit
offset, preindexed

LDRSH.W <Rxf>, [<Rn>, #<+/—<offset_8>]!

Memory signed halfword [15:0] from register address shifted left by 0, 1, 2,
or 3 places

LDRSH.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Memory signed halfword from PC address immediate 12-bit offset

LDRSH.W <Rxf>, [PC, #+/—<offset_12>]

Logical shift left register value by number in register

LSL{S}.W <Rd>, <Rn>, <Rm>

Logical shift right register value by number in register

LSR{S}.W <Rd>, <Rn>, <Rm>

Multiply two signed or unsigned register values and add the low 32 bits to a
register value

MLA.W <Rd>, <Rn>, <Rm>, <Racc>

Multiply two signed or unsigned register values and subtract the low 32 bits
from a register value

MLS.W <Rd>, <Rn>, <Rm>, <Racc>

Move immediate 12-bit value to register

MOV{S}.W <Rd>, #<modify_constant(immed_12)>

Move shifted register value to register

MOV{S}.W <Rd>, <Rm>{, <shift>}

Move immediate 16-bit value to top halfword [31:16] of register

MOVT.W <Rd>, #<immed_16>

Move immediate 16-bit value to bottom halfword [15:0] of register and clear
top halfword [31:16]

MOVW.W <Rd>, #<immed_16>

Move to register from status

MRS<c> <Rd>, <psr>

Move to status register

MSR<c> <psr>_<fields>,<Rn>

Multiply two signed or unsigned register values

MUL.W <Rd>, <Rn>, <Rm>

No operation

NOP.W
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Table 2-2. 32-Bit Cortex-M3 Instruction Set Summary (continued)

Operation

Assembler

Logical OR NOT register value with immediate 12-bit value

ORN({S}.W <Rd>, <Rn>, #<modify_constant(immed_12)>

Logical OR NOT register value with shifted register value

ORNJ[S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Logical OR register value with immediate 12-bit value

ORR{S}.W <Rd>, <Rn>, #<modify_constant(immed_12)>

Logical OR register value with shifted register value

ORR({S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Reverse bit order

RBIT.W <Rd>, <Rm>

Reverse bytes in word

REV.W <Rd>, <Rm>

Reverse bytes in each halfword

REV16.W <Rd>, <Rn>

Reverse bytes in bottom halfword and sign-extend

REVSH.W <Rd>, <Rn>

Rotate right by number in register

ROR{S}.W <Rd>, <Rn>, <Rm>

Rotate right with extend

RRX{S}.W <Rd>, <Rm>

Subtract a register value from an immediate 12-bit value

RSB{S}.W <Rd>, <Rn>, #<modify_constant(immed_12)>

Subtract a register value from a shifted register value

RSB{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Subtract immediate 12-bit value and C bit from register value

SBC{S}.W <Rd>, <Rn>, #<modify_constant(immed_12)>

Subtract shifted register value and C bit from register value

SBC{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Copy selected bits to register and sign-extend

SBFX.W <Rd>, <Rn>, #<Isb>, #<width>

Signed divide

SDIV<c> <Rd>,<Rn>,<Rm>

Send event

SEV<c>

Multiply signed words and add signed-extended value to 2-register value

SMLAL.W <RdLo>, <RdHi>, <Rn>, <Rm>

Multiply two signed register values

SMULL.W <RdLo>, <RdHi>, <Rn>, <Rm>

Signed saturate

SSAT.W <c> <Rd>, #<imm>, <Rn>{, <shift>}

Multiple register words to consecutive memory locations

STM{IA|DB}.W <Rn>{!}, <registers>

Register word to register address + immediate 12-bit offset

STR.W <Rxf>, [<Rn>, #<offset_12>]

Register word to register address immediate 8-bit offset, postindexed

STR.W <Rxf>, [<Rn>], #+/-<offset_8>

Register word to register address shifted by 0, 1, 2, or 3 places

STR.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Register word to register address immediate 8-bit offset, preindexed Store,
preindexed

STR.W <Rxf>, [<Rn>, #+/-<offset_8>{!}
STRT.W <Rxf>, [<Rn>, #<offset_8>]

Register byte [7:0] to register address immediate 8-bit offset, preindexed

STRB{T}L.W <Rxf>, [<Rn>, #+/—<offset 8>}

Register byte [7:0] to register address + immediate 12-bit offset

STRB.W <Rxf>, [<Rn>, #<offset_12>]

Register byte [7:0] to register address immediate 8-bit offset, postindexed

STRB.W <Rxf>, [<Rn>], #+/—<offset_8>

Register byte [7:0] to register address shifted by 0, 1, 2, or 3 places

STRB.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Store doubleword, preindexed

STRD.W <Rxf>, <Rxf2>, [<Rn>, #+/—<offset_8> * 4]{!}

Store doubleword, postindexed

STRD.W <Rxf>, <Rxf2>, [<Rn>, #+/—<offset_8> * 4]

Store register exclusive calculates an address from a base register value and
an immediate offset, and stores a word from a register to memory if the
executing processor has exclusive access to the memory addressed.

STREX <c> <Rd>,<Rt>,[<Rn>{#<imm>}]

Store register exclusive byte derives an address from a base register value,
and stores a byte from a register to memory if the executing processor has
exclusive access to the memory addressed

STREXB <c> <Rd> <Rt>,[<Rn>]

Store register exclusive halfword derives an address from a base register
value, and stores a halfword from a register to memory if the executing
processor has exclusive access to the memory addressed.

STREXH <c> <Rd>,<Rt>,[<Rn>]

Register halfword [15:0] to register address + immediate 12-bit offset

STRH.W <Rxf>, [<Rn>, #<offset_12>]

Register halfword [15:0] to register address shifted by 0, 1, 2, or 3 places

STRH.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Register halfword [15:0] to register address immediate 8-bit offset, preindexed

STRH{T}.W <Rxf>, [<Rn>, #+/—<offset_8>){!}
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Table 2-2. 32-Bit Cortex-M3 Instruction Set Summary (continued)

Operation

Assembler

Register halfword [15:0] to register address immediate 8-bit offset, postindexed

STRH.W <Rxf>, [<Rn>], #+/—<offset_8>

Subtract immediate 12-bit value from register value

SUB{S}.W <Rd>, <Rn>, #<modify_constant(immed_12)>

Subtract shifted register value from register value

SUB{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Subtract immediate 12-bit value from register value

SUBW.W <Rd>, <Rn>, #<immed_12>

Sign extend byte to 32 bits

SXTB.W <Rd>, <Rm>{, <rotation>}

Sign extend halfword to 32 bits

SXTH.W <Rd>, <Rm>{, <rotation>}

Table branch byte

TBB [<Rn>, <Rm>]

Table branch halfword

TBH [<Rn>, <Rm>, LSL #1]

Exclusive OR register value with immediate 12-bit value

TEQ.W <Rn>, #<modify_constant(immed_12)>

Exclusive OR register value with shifted register value

TEQ.W <Rn>, <Rm>{, <shift}

Logical AND register value with 12-bit immediate value

TST.W <Rn>, #<modify_constant(immed_12)>

Logical AND register value with shifted register value

TST.W <Rn>, <Rm>{, <shift>}

Copy bit field from register value to register and zero-extend to 32 bits

UBFX.W <Rd>, <Rn>, #<Isb>, #<width>

Unsigned divide

UDIV<c> <Rd>,<Rn><Rm>

Multiply two unsigned register values and add to a 2-register value

UMLAL.W <RdLo>, <RdHi>, <Rn>, <Rm>

Multiply two unsigned register values

UMULL.W <RdLo>, <RdHi>, <Rn>, <Rm>

Unsigned saturate

USAT <c> <Rd>, #<imm>, <Rn>{, <shift>}

Copy unsigned byte to register and zero-extend to 32 bits

UXTB.W <Rd>, <Rm>{, <rotation>}

Copy unsigned halfword to register a