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Register 79:  Universal Asynchronous Receiver/Transmitter Sleep Mode Clock Gating Control

(SCGCUART), OffSEE OXT T8 ..ottt ettt e e e e ettt e e e e e e e eeebta e e e eaaaeeees 373
Register 80: Synchronous Serial Interface Sleep Mode Clock Gating Control (SCGCSSI), offset

0 SO 375
Register 81: Inter-Integrated Circuit Sleep Mode Clock Gating Control (SCGCI2C), offset 0x720 ........... 377
Register 82: Universal Serial Bus Sleep Mode Clock Gating Control (SCGCUSB), offset 0x728 ............. 379
Register 83: Controller Area Network Sleep Mode Clock Gating Control (SCGCCAN), offset 0x734 ....... 380
Register 84: Analog-to-Digital Converter Sleep Mode Clock Gating Control (SCGCADC), offset

L0 USRI 381
Register 85: Analog Comparator Sleep Mode Clock Gating Control (SCGCACMP), offset 0x73C .......... 382
Register 86: Pulse Width Modulator Sleep Mode Clock Gating Control (SCGCPWM), offset 0x740 ........ 383
Register 87: Quadrature Encoder Interface Sleep Mode Clock Gating Control (SCGCQEI), offset

0 384
Register 88: EEPROM Sleep Mode Clock Gating Control (SCGCEEPROM), offset 0x758 ..................... 385
Register 89: 32/64-Bit Wide General-Purpose Timer Sleep Mode Clock Gating Control (SCGCWTIMER),

L0 £=T=1 B0 ) a5 PP 386
Register 90: Watchdog Timer Deep-Sleep Mode Clock Gating Control (DCGCWD), offset 0x800 .......... 388
Register 91:  16/32-Bit General-Purpose Timer Deep-Sleep Mode Clock Gating Control (DCGCTIMER),

(o)1 ET= A 0T P 389
Register 92:  General-Purpose Input/Output Deep-Sleep Mode Clock Gating Control (DCGCGPIO), offset

L0 1 391
Register 93: Micro Direct Memory Access Deep-Sleep Mode Clock Gating Control (DCGCDMA), offset

0 LS 394
Register 94: Hibernation Deep-Sleep Mode Clock Gating Control (DCGCHIB), offset 0x814 .................. 395
Register 95:  Universal Asynchronous Receiver/Transmitter Deep-Sleep Mode Clock Gating Control

(DCGCUART), OffSEE OXB18 ...ttt eeaaenee 396
Register 96: Synchronous Serial Interface Deep-Sleep Mode Clock Gating Control (DCGCSSI), offset

10 TP 398
Register 97: Inter-Integrated Circuit Deep-Sleep Mode Clock Gating Control (DCGCI2C), offset

L0 74 TSR 400
Register 98: Universal Serial Bus Deep-Sleep Mode Clock Gating Control (DCGCUSB), offset

L0 17 402
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Register 99:  Controller Area Network Deep-Sleep Mode Clock Gating Control (DCGCCAN), offset

OXB B ..ttt ettt e e e et e e e e e 403
Register 100: Analog-to-Digital Converter Deep-Sleep Mode Clock Gating Control (DCGCADC), offset

10 1 USSR 404
Register 101: Analog Comparator Deep-Sleep Mode Clock Gating Control (DCGCACMP), offset

0 1 2SO 405
Register 102: Pulse Width Modulator Deep-Sleep Mode Clock Gating Control (DCGCPWM), offset

L0 72 406
Register 103: Quadrature Encoder Interface Deep-Sleep Mode Clock Gating Control (DCGCQEI), offset

OXBA4 ... et 407
Register 104: EEPROM Deep-Sleep Mode Clock Gating Control (DCGCEEPROM), offset 0x858 ........... 408
Register 105: 32/64-Bit Wide General-Purpose Timer Deep-Sleep Mode Clock Gating Control

(DCGCWTIMER), OffSet OX85C ... .iiiiiiiiiie et 409
Register 106: Watchdog Timer Peripheral Ready (PRWD), offset OXAOO ..........coooviiiiiiiiiiiiiicieecei, 411
Register 107: 16/32-Bit General-Purpose Timer Peripheral Ready (PRTIMER), offset 0XA04 ................... 412
Register 108: General-Purpose Input/Output Peripheral Ready (PRGPIO), offset 0XA08 .............c.cceunee.. 414
Register 109: Micro Direct Memory Access Peripheral Ready (PRDMA), offset OXAOC ..........cccoeevvvennnnns 417
Register 110: Hibernation Peripheral Ready (PRHIB), offset OXA14 .........ccoviiiiiiiii e 418
Register 111: Universal Asynchronous Receiver/Transmitter Peripheral Ready (PRUART), offset

L0y PP PPPTTR 419
Register 112: Synchronous Serial Interface Peripheral Ready (PRSSI), offset OXA1C .........ccoeviiiiiiiinnnnen. 421
Register 113: Inter-Integrated Circuit Peripheral Ready (PRI2C), offset OXA20 ..., 423
Register 114: Universal Serial Bus Peripheral Ready (PRUSB), offset OXA28 ..........ccocoiiiiiiiiiiiinieiiiie, 425
Register 115: Controller Area Network Peripheral Ready (PRCAN), offset OXA34 ...........ccovviiiiiiiieeinnns 426
Register 116: Analog-to-Digital Converter Peripheral Ready (PRADC), offset 0XA38 ...........cccocevveeinnnnnnn. 427
Register 117: Analog Comparator Peripheral Ready (PRACMP), offset OXA3C .......ccocoviiiiiiiiiiiieeiiiiieees 428
Register 118: Pulse Width Modulator Peripheral Ready (PRPWM), offset OXA40 ...........ccccoveiiiiiiiiiiinnnnnn. 429
Register 119: Quadrature Encoder Interface Peripheral Ready (PRQEI), offset OxA44 ................cceeeieneen. 430
Register 120: EEPROM Peripheral Ready (PREEPROM), offset OXAS8 ..........ooiiiiiiiiiiiiiieeee, 431
Register 121: 32/64-Bit Wide General-Purpose Timer Peripheral Ready (PRWTIMER), offset OXA5C ...... 432
Register 122: Device Capabilities 0 (DCO), offset OX008 .........ccovuiiiiiieiiei e 434
Register 123: Device Capabilities 1 (DC1), offset OX010 ....ccovviieiiiiiiee e 436
Register 124: Device Capabilities 2 (DC2), offset OX014 .....coouiiiiiiii e 439
Register 125: Device Capabilities 3 (DC3), offset OX018 ......c.uiiiiiiii e 442
Register 126: Device Capabilities 4 (DC4), offset OX0TC .....coovuiiiiiiiiii e 446
Register 127: Device Capabilities 5 (DC5), Offset OX020 ......couieineiiiiieiii e eaa e 449
Register 128: Device Capabilities 6 (DCB), OffSet OX024 ..........covniiiiiieii e 451
Register 129: Device Capabilities 7 (DC7), offset OX028 .........oiiiiiiiiieiiiie e 452
Register 130: Device Capabilities 8 (DCB8), offset OX02C ..........viiiiiiiiiiiiiii e 455
Register 131: Software Reset Control 0 (SRCRO), offset OX040 .........ccoouuiiiiiiiiiiii e 458
Register 132: Software Reset Control 1 (SRCR1), offset OX044 .........cooomriiiiiiiiii e 460
Register 133: Software Reset Control 2 (SRCR2), offset OX048 .........oiveiiiiiiii e 463
Register 134: Run Mode Clock Gating Control Register 0 (RCGCO0), offset 0X100 ..........ccceevvviiiiineernnnnnnn. 465
Register 135: Run Mode Clock Gating Control Register 1 (RCGC1), offset 0x104 ..........cccoeevveiiieiiiiinienes 469
Register 136: Run Mode Clock Gating Control Register 2 (RCGC2), offset 0X108 ..........ccooevviiiiiiiiiininnens 473
Register 137: Sleep Mode Clock Gating Control Register 0 (SCGCO0), offset OX110 ..........cooeveiviiiiiiiiinienes 476
Register 138: Sleep Mode Clock Gating Control Register 1 (SCGC1), offset OX114 .........coooviiiiiiiiiiinienes 479
Register 139: Sleep Mode Clock Gating Control Register 2 (SCGC2), offset 0x118 ........c.coevviiiiiieinnnnnn. 483
Register 140: Deep Sleep Mode Clock Gating Control Register 0 (DCGCO0), offset 0x120 ...........ccccceunneees 486
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Register 141: Deep-Sleep Mode Clock Gating Control Register 1 (DCGC1), offset 0x124 ..............c........ 489
Register 142: Deep Sleep Mode Clock Gating Control Register 2 (DCGC2), offset 0x128 ..........c....cee..e. 493
Register 143: Device Capabilities 9 (DC9), offset OX190 ......c.uuiiiiiiiiiii e 496
Register 144: Non-Volatile Memory Information (NVMSTAT), offset OXTAO ........cooeiiiiiiiiiiiieceee, 498
System EXception MoOdUIe ...........oooeiiiiiiiiiieiiieee e e s s s s s e e s e s e s s e s s e e e s e e e s e e e e e e e e e e e s s eessnesssnssssssnees 499
Register 1:  System Exception Raw Interrupt Status (SYSEXCRIS), offset 0x000 .............ccoeeviiiiinnnnnn. 500
Register 2:  System Exception Interrupt Mask (SYSEXCIM), offset 0x004 ...........cccooviiiiiiiiiiiiiiieieiie, 502
Register 3:  System Exception Masked Interrupt Status (SYSEXCMIS), offset Ox008 .............cccceeeennnies 504
Register 4:  System Exception Interrupt Clear (SYSEXCIC), offset OX00C ..........c.ccoooiiiiiiiiiiiieiieeeis 506
Hibernation Module ..o ———— 507
Register 1:  Hibernation RTC Counter (HIBRTCC), offset OX000 ..........coovviiiiiiiiiiiiieee e 521
Register 2:  Hibernation RTC Match 0 (HIBRTCMO), offset 0X004 .............ooeiiiiiiiieiiieeeeee e 522
Register 3:  Hibernation RTC Load (HIBRTCLD), offset OX00C .........ccuiiiiiiiiiiiieie e 523
Register 4:  Hibernation Control (HIBCTL), offset OX010 ... 524
Register 5:  Hibernation Interrupt Mask (HIBIM), offset OX014 ..., 528
Register 6:  Hibernation Raw Interrupt Status (HIBRIS), offset OX018 .........ccooiiiiiiiiii 530
Register 7:  Hibernation Masked Interrupt Status (HIBMIS), offset OX01C .........ccoiiiiiiiiiiiiiies 532
Register 8:  Hibernation Interrupt Clear (HIBIC), offset OX020 ..........ccooviiiiiiiiii e, 534
Register 9:  Hibernation RTC Trim (HIBRTCT), offset 0X024 ..........ccooiiiiiiieiiiiieeeei e 535
Register 10: Hibernation RTC Sub Seconds (HIBRTCSS), offset OX028 ............ccooviiiiiiiiiniiiiiiieceein, 536
Register 11:  Hibernation Data (HIBDATA), offset OX030-0X06F ..........cc.uiiiiiiiiiiiiiiieee e 537
INterNal MEMOTKY ... 538
Register 1:  Flash Memory Address (FMA), offset OX000 ... 556
Register 2:  Flash Memory Data (FMD), offset OX004 ...........i i 557
Register 3:  Flash Memory Control (FMC), offset OX008 ..........ccoouuiiiiiiii e 558
Register 4:  Flash Controller Raw Interrupt Status (FCRIS), offset OX00C ..........ccoooviiiiiiiiiiiireeees 560
Register 5:  Flash Controller Interrupt Mask (FCIM), offset OX010 .........coiiiiiiiiiiiiii e 563
Register 6:  Flash Controller Masked Interrupt Status and Clear (FCMISC), offset 0x014 ..................... 565
Register 7:  Flash Memory Control 2 (FMC2), offset OX020 .........couiiiiiii e 568
Register 8:  Flash Write Buffer Valid (FWBVAL), offset 0X030 ..........ccouuiiiiiiiiiiiiieee e 569
Register 9:  Flash Write Buffer n (FWBnN), offset 0X100 - OX17C ......ooiiiiiiiii e 570
Register 10: Flash Size (FSIZE), offset OXFCO .......coviiiiiiii e e e 571
Register 11: SRAM Size (SSIZE), offSEt OXFC4 ......cooniii e 572
Register 12: ROM Software Map (ROMSWMAP), offset OXFCC .........coviiiiiiiiiieieiiieeeee e 573
Register 13: EEPROM Size Information (EESIZE), offset OX000 ............ooviiiiiiiiiiii e 574
Register 14: EEPROM Current Block (EEBLOCK), offset OX004 .........cc.uiiiiiiiiiiiiii e 575
Register 15: EEPROM Current Offset (EEOFFSET), offset 0X008 ...........ccooiiiiiiiiiii e 576
Register 16: EEPROM Read-Write (EERDWR), offset OX010 ......ccvvuiiiiiii e 577
Register 17: EEPROM Read-Write with Increment (EERDWRINC), offset 0x014 ...........cccocoiieiinieiennnnns 578
Register 18: EEPROM Done Status (EEDONE), offset OX018 ........cooiiiiiiieiiiie e 579
Register 19: EEPROM Support Control and Status (EESUPP), offset OX01C ..o 581
Register 20: EEPROM Unlock (EEUNLOCK), offset OX020 ...........oiiiiiiiiiiiii e 583
Register 21: EEPROM Protection (EEPROT), offset OX030 .......cccuuiiiiiiiiiieii e 584
Register 22: EEPROM Password (EEPASSO0), offset OX034 ........covuiiiiiiii e 586
Register 23: EEPROM Password (EEPASS1), offset OX038 .........coiiiiiiii e 586
Register 24: EEPROM Password (EEPASS2), offset 0X03C ..........oiiiiiiiiiiiiie e 586
Register 25: EEPROM Interrupt (EEINT), offset OX040 ... 587
Register 26: EEPROM Block Hide (EEHIDE), offset OX050 .........c.uiiiiiiiiiiiiii e 588
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Register 27: EEPROM Debug Mass Erase (EEDBGME), offset 0X080 ...........cccooeviviiieiiiiiiieeiciiieeeeeinnnn 589
Register 28: EEPROM Peripheral Properties (EEPROMPP), offset OXFCO ..........cccoiiiiiiiiiiiiiiiiiieceienn. 590
Register 29: ROM Control (RMCTL), offset OXOFO .........uniiiiiiieiii e 591
Register 30: Flash Memory Protection Read Enable 0 (FMPREDO), offset 0x130 and 0x200 ................... 592
Register 31: Flash Memory Protection Read Enable 1 (FMPRE1), offset 0x204 ............cccccoiiiviiiieinnns 592
Register 32: Flash Memory Protection Read Enable 2 (FMPRE2), offset 0x208 ............c.cccceveiiiiiiinnnnnn. 592
Register 33: Flash Memory Protection Read Enable 3 (FMPRES3), offset 0x20C ...........cccooeiviiiiieeiinnnnnn. 592
Register 34: Flash Memory Protection Program Enable 0 (FMPPEDO), offset 0x134 and 0x400 ............... 593
Register 35: Flash Memory Protection Program Enable 1 (FMPPE1), offset 0x404 ............ccccooiiiiiinnnnnn. 593
Register 36: Flash Memory Protection Program Enable 2 (FMPPE2), offset 0x408 ............cccoeivieiinnnnnn. 593
Register 37: Flash Memory Protection Program Enable 3 (FMPPE3), offset 0x40C ............cccoevvvieennnnnen. 593
Register 38: Boot Configuration (BOOTCFG), offset OX1DO0 ........ccivuiiiiiiii e 595
Register 39: User Register 0 (USER_REGO), offset OXTEOQ ......coovviiiiiiiiii e 598
Register 40: User Register 1 (USER_REG1), offset OXTE4 ... 598
Register 41:  User Register 2 (USER_REG2), offset OXTES ... 598
Register 42: User Register 3 (USER_REGS3), offset OXTEC ... 598
Micro Direct Memory Access (MDMA) ... s 599
Register 1:  DMA Channel Source Address End Pointer (DMASRCENDP), offset 0x000 ...................... 623
Register 2:  DMA Channel Destination Address End Pointer (DMADSTENDP), offset 0x004 ................ 624
Register 3:  DMA Channel Control Word (DMACHCTL), offset OX008 ..........c.coeiiiiiiiiieiieee e 625
Register 4:  DMA Status (DMASTAT), offset OX000 ..........ooouniiiiiiiii e 630
Register 5: DMA Configuration (DMACFG), offset OX004 ........coooiiiiiiiiiee e 632
Register 6: DMA Channel Control Base Pointer (DMACTLBASE), offset OX008 ............coocoiiiiiiiinnnnen. 633
Register 7:  DMA Alternate Channel Control Base Pointer (DMAALTBASE), offset 0x00C .................... 634
Register 8:  DMA Channel Wait-on-Request Status (DMAWAITSTAT), offset 0x010 ...........cccceeeeeeennnnen. 635
Register 9:  DMA Channel Software Request (DMASWREQ), offset OX014 .........ccooiiiiiiiiiiiiiiiiieeeinn, 636
Register 10: DMA Channel Useburst Set (DMAUSEBURSTSET), offset O0X018 ..........cccoooviiiiiiiineeennn. 637
Register 11: DMA Channel Useburst Clear (DMAUSEBURSTCLR), offset 0X01C .........cccoeeviviiieerinnnnnnn. 638
Register 12: DMA Channel Request Mask Set (DMAREQMASKSET), offset 0x020 ............cccccovevevnnnnen. 639
Register 13: DMA Channel Request Mask Clear (DMAREQMASKCLR), offset 0x024 ...............ccccuunneee. 640
Register 14: DMA Channel Enable Set (DMAENASET), offset OX028 ............ooiiiiiiiiiiiii e 641
Register 15: DMA Channel Enable Clear (DMAENACLR), offset OX02C ..........coceviiiiiiiiiiiiiiii e 642
Register 16: DMA Channel Primary Alternate Set (DMAALTSET), offset 0X030 ..........ccccoveiiiieiinieiinnnnss 643
Register 17: DMA Channel Primary Alternate Clear (DMAALTCLR), offset 0x034 ..........cccoeeviiiieeiennnnnn. 644
Register 18: DMA Channel Priority Set (DMAPRIOSET), offset OX038 ...........coiiiiiiiiiiiee, 645
Register 19: DMA Channel Priority Clear (DMAPRIOCLR), offset OX03C .........ccooiiiiiiiiiiiii e, 646
Register 20: DMA Bus Error Clear (DMAERRCLR), offset OX04C .......c..oiiiiiiiiiiiiiiiee e 647
Register 21: DMA Channel Assignment (DMACHASGN), offset OX500 ..........ccoovviiiiiiiiiiiiicie e 648
Register 22: DMA Channel Interrupt Status (DMACHIS), offset OX504 ...........cccooeviiiiiiiiiie e 649
Register 23: DMA Channel Map Select 0 (DMACHMAPO), offset 0X510 .........coveviiiiiieiiiiiieeiiie e, 650
Register 24: DMA Channel Map Select 1 (DMACHMAP1), offset OX514 ......c.oiiiiiiiiiiiiii e, 651
Register 25: DMA Channel Map Select 2 (DMACHMAP2), offset OX518 .........oiiiiiiiiiiiiiiieece, 652
Register 26: DMA Channel Map Select 3 (DMACHMAP3), offset OX51C ........iiiiiiiiiiiiiiieiieeceei 653
Register 27: DMA Peripheral Identification 0 (DMAPeriphIDO0), offset OXFEO .............cccovvviiviiiiiiiieiis 654
Register 28: DMA Peripheral Identification 1 (DMAPeriphID1), offset OXFE4 ............cccoooviiiiiiiiiiiie, 655
Register 29: DMA Peripheral Identification 2 (DMAPeriphlD2), offset OXFES8 ............ccooviiiiiiiiiiieiine. 656
Register 30: DMA Peripheral Identification 3 (DMAPeriphID3), offset OXFEC ............ocooiiiiiiiiiiiiiiiinnnn. 657
Register 31: DMA Peripheral Identification 4 (DMAPeriphlD4), offset OXFDO ............cccoviiiiiiiiiiiiiiinienes 658
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Register 32: DMA PrimeCell Identification 0 (DMAPCellID0), offset OXFFO ............ccooeeviiiiiiiiiiiieeeceinnn. 659
Register 33: DMA PrimeCell Identification 1 (DMAPCellID1), offset OXFF4 ..........ccoiiiiiiiiiiin, 660
Register 34: DMA PrimeCell Identification 2 (DMAPCelllD2), offset OXFF8 ...........ccooiiiiiiiiiiiiinn. 661
Register 35: DMA PrimeCell Identification 3 (DMAPCellID3), offset OXFFC ...........ccooiiiiiiiiiiiiie 662
General-Purpose Input/Outputs (GPIOS) ... 663
Register 1:  GPIO Data (GPIODATA), offset OX000 .........cooiiiiiiiiiiiii e 679
Register 2:  GPIO Direction (GPIODIR), Offset OX400 .......couuiiiiiiiieei e 681
Register 3:  GPIO Interrupt Sense (GPIOIS), offSet OX404 .........overniiiii i 682
Register 4:  GPIO Interrupt Both Edges (GPIOIBE), offset 0x408 .............coeiiiiiiiiiiiieeieeee e 684
Register 5:  GPIO Interrupt Event (GPIOIEV), offset OX40C ..........oiiiiiiiiiieiiiiie e 686
Register 6:  GPIO Interrupt Mask (GPIOIM), offset OX410 .......c.. i 687
Register 7:  GPIO Raw Interrupt Status (GPIORIS), offset OX414 ... 688
Register 8:  GPIO Masked Interrupt Status (GPIOMIS), offset OX418 .......ccooviiiiiiiiii e 690
Register 9:  GPIO Interrupt Clear (GPIOICR), offset OX41C ....covniiiii e 692
Register 10: GPIO Alternate Function Select (GPIOAFSEL), offset 0x420 ..........ccooeviviiiiiiiiiiiieiieeeis 693
Register 11:  GPIO 2-mA Drive Select (GPIODR2R), offset 0X500 ..........coeeiiiiiiiiiiiiiieeeiiieeecee e 695
Register 12:  GPIO 4-mA Drive Select (GPIODR4R), offset 0X504 ..........cooiiiiiiiiiiiie e 696
Register 13:  GPIO 8-mA Drive Select (GPIODRS8R), offset OX508 ..........coooiiiiiiiiii e 697
Register 14:  GPIO Open Drain Select (GPIOODR), offset OX50C ..........oieiiiiiiiiiiiieeeci e 699
Register 15:  GPIO Pull-Up Select (GPIOPUR), offset OX510 ......ccooviiiiiiii e 700
Register 16:  GPIO Pull-Down Select (GPIOPDR), offset OX514 .........ccooviiiiiiiiiieee e, 702
Register 17: GPIO Slew Rate Control Select (GPIOSLR), offset OX518 .........coovvviiiiiiiiiiiieee e 704
Register 18: GPIO Digital Enable (GPIODEN), offset OX51C ... 705
Register 19:  GPIO Lock (GPIOLOCK), Offset OX520 ........uuuiiiieeiiieiiiii e eeeeeeeees 707
Register 20: GPIO Commit (GPIOCR), OffSet OX524 ........uuiiiii it e e 708
Register 21:  GPIO Analog Mode Select (GPIOAMSEL), offset 0X528 ..........cccviiiiiiiiiiiiiiieeee e 710
Register 22:  GPIO Port Control (GPIOPCTL), offset OX52C ........ccovviiiiiiiie e 712
Register 23:  GPIO ADC Control (GPIOADCCTL), offset OX530 ......uviiiiiiiieeieiiie e 714
Register 24: GPIO DMA Control (GPIODMACTL), offset OX534 ........cooimiiiiiiiie e 715
Register 25:  GPIO Select Interrupt (GPIOSI), offset OX538 ......ccooriiiiii e 716
Register 26: GPIO Peripheral Identification 4 (GPIOPeriphlD4), offset OXFDO ...........ccccviieeiiiiiieiiiinnnen. 717
Register 27: GPIO Peripheral Identification 5 (GPIOPeriphID5), offset OXFD4 ...........ccocoviveviiiiiiiiieii, 718
Register 28: GPIO Peripheral Identification 6 (GPIOPeriphlD6), offset OXFDS8 ..............cccoeeiviiiiiiiieinnnn, 719
Register 29: GPIO Peripheral Identification 7 (GPIOPeriphlD7), offset OXFDC ...........ccccviieeiiiiineeeiinnnnn. 720
Register 30: GPIO Peripheral Identification 0 (GPIOPeriphlDO0), offset OXFEOQ ............ccciiiiiiiiiiiiiininnen. 721
Register 31:  GPIO Peripheral Identification 1 (GPIOPeriphlD1), offset OXFE4 ............ccoiiiiiiiiiiiiin. 722
Register 32: GPIO Peripheral Identification 2 (GPIOPeriphlD2), offset OXFES8 ............ccoiiiiiiiiiiiiiinnnn. 723
Register 33: GPIO Peripheral Identification 3 (GPIOPeriphlD3), offset OXFEC ..........cccooviiiiiiiiiiiieeenns 724
Register 34: GPIO PrimeCell Identification 0 (GPIOPCellIDO0), offset OXFFO ............ccoeviviiiiiiiiiiieeiin, 725
Register 35: GPIO PrimeCell Identification 1 (GPIOPCellID1), offset OXFF4 ..........coovviiiiiiiiiiiiieieiieeees 726
Register 36: GPIO PrimeCell Identification 2 (GPIOPCellID2), offset OXFF8 ............oooviiiiiiiiiiiiiiies 727
Register 37:  GPIO PrimeCell Identification 3 (GPIOPCelllD3), offset OXFFC ...........coviiiiiiiiiiiiiieii, 728
General-Purpose TIMErS ... s 729
Register 1:  GPTM Configuration (GPTMCFG), offset 0X000 ..........cooiimiiiiiiiiii e 753
Register 2:  GPTM Timer A Mode (GPTMTAMR), offset OX004 ........ccouuiiiiiii e 755
Register 3:  GPTM Timer B Mode (GPTMTBMR), offset OX008 ..........c.ooiiiiiiiiiiiii e 759
Register 4:  GPTM Control (GPTMCTL), offset OX00C .........uiiiiiiiiiiei e e 763
Register 5: GPTM Synchronize (GPTMSYNC), offset OX010 ..........ccovuiiiiiiiiiei e 767
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Register 6: GPTM Interrupt Mask (GPTMIMR), offset 0X018 .........cccoiiiiiiieiiiiieeeeie e 771
Register 7:  GPTM Raw Interrupt Status (GPTMRIS), offset OX01C ..., 774
Register 8:  GPTM Masked Interrupt Status (GPTMMIS), offset 0X020 ............cooeviiiiiiiiiiiieiieei, 777
Register 9:  GPTM Interrupt Clear (GPTMICR), offset OX024 ...........coouiiiiiiiii e 780
Register 10: GPTM Timer A Interval Load (GPTMTAILR), offset 0X028 ...........ccceeviiiiiiiiiiiiecieeceeeen, 782
Register 11: GPTM Timer B Interval Load (GPTMTBILR), offset 0X02C ............cccooeiiiiiiiiieiiieeeeeei, 783
Register 12:  GPTM Timer A Match (GPTMTAMATCHR), offset 0X030 ...........coveviiiiiieiiiiiie e 784
Register 13:  GPTM Timer B Match (GPTMTBMATCHR), offset O0X034 ...........coiiiiiiiii e, 785
Register 14: GPTM Timer A Prescale (GPTMTAPR), offset OX038 ..........cooiiiiiiiiiiiiie e 786
Register 15: GPTM Timer B Prescale (GPTMTBPR), offset 0X03C ........ccooiiiiiiiiiiiiiiei e 787
Register 16: GPTM TimerA Prescale Match (GPTMTAPMR), offset 0X040 .........cccooeviiiiiiiiieiiiieci e, 788
Register 17: GPTM TimerB Prescale Match (GPTMTBPMR), offset 0X044 .............cccoeveiiiiiiiiieiiieeeiis 789
Register 18: GPTM Timer A (GPTMTAR), OffSet OX048 ......covuiiiiiiii e 790
Register 19:  GPTM Timer B (GPTMTBR), offsSet OX04C ........uiiiiiii e 791
Register 20: GPTM Timer A Value (GPTMTAV), offset OX050 ........cooiiiiiiiiiiiiiec e 792
Register 21:  GPTM Timer B Value (GPTMTBV), offset 0X054 ..........coooiiiiiiiiiiii e 793
Register 22: GPTM RTC Predivide (GPTMRTCPD), offset OX058 ..........ccovviiiiiiieiiieceeeeee e, 794
Register 23: GPTM Timer A Prescale Snapshot (GPTMTAPS), offset OX05C ............cooeiiiiiiiiiiiiieeiis 795
Register 24: GPTM Timer B Prescale Snapshot (GPTMTBPS), offset 0X060 ...........c.cceevviieeriiiineerennnnnn. 796
Register 25: GPTM Timer A Prescale Value (GPTMTAPV), offset 0X064 ............cccoiiiiiiiiniiiiiiiieeceennn, 797
Register 26: GPTM Timer B Prescale Value (GPTMTBPV), offset 0X068 ............ccccooiiiiiiiiiiiiiiiiiieie, 798
Register 27: GPTM Peripheral Properties (GPTMPP), offset OXFCO .......cooviiiiiiiiii e 799
L = Lo [T I 3 = 800
Register 1:  Watchdog Load (WDTLOAD), offset OX000 .........cooirriiiiiiiiieeeie e 804
Register 2:  Watchdog Value (WDTVALUE), offset OX004 ........coouiiiiiiii e 805
Register 3:  Watchdog Control (WDTCTL), offset OX008 ........cooviiiiiieii e e e 806
Register 4:  Watchdog Interrupt Clear (WDTICR), offset O0X00C ..........c.coeiiiiiiiiiii e, 808
Register 5: Watchdog Raw Interrupt Status (WDTRIS), offset OX010 .......coovviiiiiiiiiiiiiiieee e 809
Register 6:  Watchdog Masked Interrupt Status (WDTMIS), offset OX014 ..., 810
Register 7:  Watchdog Test (WDTTEST), offset OX418 ... 811
Register 8:  Watchdog Lock (WDTLOCK), offset OXCO0 ........uuiiiiiiiiiieiiie e 812
Register 9:  Watchdog Peripheral Identification 4 (WDTPeriphlD4), offset OXFDO ...........cccceivviiiiiinnnns 813
Register 10: Watchdog Peripheral Identification 5 (WDTPeriphlD5), offset OXFD4 ..............ccoeeeiveiinnnnis 814
Register 11:  Watchdog Peripheral Identification 6 (WDTPeriphlD6), offset OXFD8 .............ccoevviiieiennnnnnn. 815
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Register 35: USB Transmit Functional Address Endpoint 6 (USBTXFUNCADDRSG), offset 0x0BO ......... 1185
Register 36: USB Transmit Functional Address Endpoint 7 (USBTXFUNCADDRY), offset 0x0BS ......... 1185
Register 37: USB Transmit Hub Address Endpoint 0 (USBTXHUBADDRO), offset 0x082 ..................... 1186
Register 38: USB Transmit Hub Address Endpoint 1 (USBTXHUBADDRH1), offset OX08A .................... 1186
Register 39: USB Transmit Hub Address Endpoint 2 (USBTXHUBADDR?2), offset 0x092 ..................... 1186
Register 40: USB Transmit Hub Address Endpoint 3 (USBTXHUBADDRS3), offset OX09A .................... 1186
Register 41: USB Transmit Hub Address Endpoint 4 (USBTXHUBADDRA4), offset 0x0A2 .................... 1186
Register 42: USB Transmit Hub Address Endpoint 5 (USBTXHUBADDRS), offset Ox0AA .................... 1186
Register 43: USB Transmit Hub Address Endpoint 6 (USBTXHUBADDRS), offset OxOB2 .................... 1186
Register 44: USB Transmit Hub Address Endpoint 7 (USBTXHUBADDRY7), offset OXOBA .................... 1186
Register 45: USB Transmit Hub Port Endpoint 0 (USBTXHUBPORTO), offset 0x083 .............ccccvuneeeee 1187
Register 46: USB Transmit Hub Port Endpoint 1 (USBTXHUBPORT1), offset OX08B ...............cccceeeeee. 1187
Register 47: USB Transmit Hub Port Endpoint 2 (USBTXHUBPORT2), offset 0x093 ............cccceevnnenen. 1187
Register 48: USB Transmit Hub Port Endpoint 3 (USBTXHUBPORT3), offset OX09B .............c....c....... 1187
Register 49: USB Transmit Hub Port Endpoint 4 (USBTXHUBPORT4), offset 0X0A3 .........c.ccccvviieerene. 1187
Register 50: USB Transmit Hub Port Endpoint 5 (USBTXHUBPORTS), offset OXO0AB ............ccccevuieees 1187
Register 51:  USB Transmit Hub Port Endpoint 6 (USBTXHUBPORT®6), offset 0xOB3 ..............cccccceeeee. 1187
Register 52: USB Transmit Hub Port Endpoint 7 (USBTXHUBPORT7), offset OX0BB ..............ccceeeee.. 1187
Register 53: USB Receive Functional Address Endpoint 1 (USBRXFUNCADDRH1), offset 0x08C ......... 1188
Register 54: USB Receive Functional Address Endpoint 2 (USBRXFUNCADDR?2), offset 0x094 ......... 1188
Register 55: USB Receive Functional Address Endpoint 3 (USBRXFUNCADDR3), offset 0x09C ......... 1188
Register 56: USB Receive Functional Address Endpoint 4 (USBRXFUNCADDRA4), offset 0x0A4 ......... 1188
Register 57: USB Receive Functional Address Endpoint 5 (USBRXFUNCADDRS), offset OX0AC ......... 1188
Register 58: USB Receive Functional Address Endpoint 6 (USBRXFUNCADDRG6), offset 0x0B4 ......... 1188
Register 59: USB Receive Functional Address Endpoint 7 (USBRXFUNCADDRY7), offset OxOBC ......... 1188
Register 60: USB Receive Hub Address Endpoint 1 (USBRXHUBADDRH1), offset Ox08E ..................... 1189
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Register 61: USB Receive Hub Address Endpoint 2 (USBRXHUBADDR?2), offset 0x096 ..................... 1189
Register 62: USB Receive Hub Address Endpoint 3 (USBRXHUBADDRS), offset OX09E ..................... 1189
Register 63: USB Receive Hub Address Endpoint 4 (USBRXHUBADDRA4), offset OX0A6 ..................... 1189
Register 64: USB Receive Hub Address Endpoint 5 (USBRXHUBADDRS5), offset OXOAE .................... 1189
Register 65: USB Receive Hub Address Endpoint 6 (USBRXHUBADDRSG), offset 0x0B6 ..................... 1189
Register 66: USB Receive Hub Address Endpoint 7 (USBRXHUBADDRY7), offset OXOBE .................... 1189
Register 67: USB Receive Hub Port Endpoint 1 (USBRXHUBPORT1), offset 0X08F ..............ccccuuuneeee. 1190
Register 68: USB Receive Hub Port Endpoint 2 (USBRXHUBPORT?2), offset 0X097 ..........ccooevvvinneens 1190
Register 69: USB Receive Hub Port Endpoint 3 (USBRXHUBPORT?3), offset OX09F .............ccccceevunen. 1190
Register 70: USB Receive Hub Port Endpoint 4 (USBRXHUBPORT4), offset OXOA7 ........ccevvveviveennnnnn. 1190
Register 71: USB Receive Hub Port Endpoint 5 (USBRXHUBPORTS5), offset OXOAF ...........cccceevvnneneen. 1190
Register 72: USB Receive Hub Port Endpoint 6 (USBRXHUBPORT®6), offset OX0B7 ............c.c.cceuneeee. 1190
Register 73: USB Receive Hub Port Endpoint 7 (USBRXHUBPORTY), offset OXOBF ..............cccceeeeee. 1190
Register 74: USB Maximum Transmit Data Endpoint 1 (USBTXMAXP1), offset 0x110 ............cccvueeenne 1191
Register 75:  USB Maximum Transmit Data Endpoint 2 (USBTXMAXP2), offset 0x120 ............ccceuuen 1191
Register 76: USB Maximum Transmit Data Endpoint 3 (USBTXMAXP3), offset 0x130 ...........ccccuuneees 1191
Register 77: USB Maximum Transmit Data Endpoint 4 (USBTXMAXP4), offset 0x140 ..........c...cceuveeee. 1191
Register 78: USB Maximum Transmit Data Endpoint 5 (USBTXMAXP5), offset 0x150 ..........c...cc........ 1191
Register 79:  USB Maximum Transmit Data Endpoint 6 (USBTXMAXPG6), offset 0x160 ........................ 1191
Register 80: USB Maximum Transmit Data Endpoint 7 (USBTXMAXP?7), offset 0x170 ... 1191
Register 81: USB Control and Status Endpoint 0 Low (USBCSRLO), offset Ox102 ...........ccccoveiiiinienens 1192
Register 82: USB Control and Status Endpoint 0 High (USBCSRHO), offset Ox103 ..........ccccoeeiiiiiiiees 1196
Register 83: USB Receive Byte Count Endpoint 0 (USBCOUNTO), offset Ox108 ..........c.ccovevviiieennnnn. 1198
Register 84: USB Type Endpoint 0 (USBTYPEQ), offset OXT0A ......cooviiiiiiii e 1199
Register 85: USB NAK Limit (USBNAKLMT), offset OXTO0B .......ccouuiuiiiiiieiiiiiiiiii e 1200
Register 86: USB Transmit Control and Status Endpoint 1 Low (USBTXCSRL1), offset O0x112 ............. 1201
Register 87: USB Transmit Control and Status Endpoint 2 Low (USBTXCSRL2), offset 0x122 ............. 1201
Register 88: USB Transmit Control and Status Endpoint 3 Low (USBTXCSRL3), offset 0x132 ............. 1201
Register 89: USB Transmit Control and Status Endpoint 4 Low (USBTXCSRL4), offset 0x142 ............. 1201
Register 90: USB Transmit Control and Status Endpoint 5 Low (USBTXCSRL5), offset 0x152 ............. 1201
Register 91:  USB Transmit Control and Status Endpoint 6 Low (USBTXCSRLG), offset 0x162 ............. 1201
Register 92:  USB Transmit Control and Status Endpoint 7 Low (USBTXCSRLY7), offset 0x172 ............. 1201
Register 93: USB Transmit Control and Status Endpoint 1 High (USBTXCSRH1), offset 0x113 ............ 1205
Register 94: USB Transmit Control and Status Endpoint 2 High (USBTXCSRH2), offset 0x123 ........... 1205
Register 95: USB Transmit Control and Status Endpoint 3 High (USBTXCSRH3), offset 0x133 ........... 1205
Register 96: USB Transmit Control and Status Endpoint 4 High (USBTXCSRH4), offset 0x143 ........... 1205
Register 97: USB Transmit Control and Status Endpoint 5 High (USBTXCSRH5), offset 0x153 ........... 1205
Register 98: USB Transmit Control and Status Endpoint 6 High (USBTXCSRHS6), offset 0x163 ........... 1205
Register 99: USB Transmit Control and Status Endpoint 7 High (USBTXCSRHY7), offset 0x173 ........... 1205
Register 100: USB Maximum Receive Data Endpoint 1 (USBRXMAXP1), offset Ox114 ...........ccciieees 1209
Register 101: USB Maximum Receive Data Endpoint 2 (USBRXMAXP2), offset 0x124 ...............ccenee. 1209
Register 102: USB Maximum Receive Data Endpoint 3 (USBRXMAXP3), offset 0x134 ..............ccouneee. 1209
Register 103: USB Maximum Receive Data Endpoint 4 (USBRXMAXP4), offset 0x144 ... 1209
Register 104: USB Maximum Receive Data Endpoint 5 (USBRXMAXPS5), offset 0x154 ............ccccceeeeee 1209
Register 105: USB Maximum Receive Data Endpoint 6 (USBRXMAXPG6), offset 0x164 .............cc....c.c. 1209
Register 106: USB Maximum Receive Data Endpoint 7 (USBRXMAXP7), offset 0x174 ............cccoieeeee 1209
Register 107: USB Receive Control and Status Endpoint 1 Low (USBRXCSRL1), offset 0x116 ............. 1210
Register 108: USB Receive Control and Status Endpoint 2 Low (USBRXCSRL?2), offset 0x126 ............. 1210
June 12, 2014 33

Texas Instruments-Production Data



Table of Contents

Register 109:
Register 110:
Register 111:
Register 112:
Register 113:
Register 114:
Register 115:
Register 116:
Register 117:
Register 118:
Register 119:
Register 120:
Register 121:
Register 122:
Register 123:
Register 124:
Register 125:
Register 126:
Register 127:
Register 128:
Register 129:
Register 130:
Register 131:
Register 132:
Register 133:
Register 134:
Register 135:
Register 136:
Register 137:
Register 138:
Register 139:
Register 140:
Register 141:
Register 142:
Register 143:
Register 144:
Register 145:
Register 146:
Register 147:
Register 148:
Register 149:
Register 150:
Register 151:
Register 152:
Register 153:
Register 154:
Register 155:

USB Receive Control and Status Endpoint 3 Low (USBRXCSRL3), offset 0x136 ............. 1210
USB Receive Control and Status Endpoint 4 Low (USBRXCSRL4), offset 0x146 ............. 1210
USB Receive Control and Status Endpoint 5 Low (USBRXCSRLYS), offset 0x156 ............. 1210
USB Receive Control and Status Endpoint 6 Low (USBRXCSRLG6), offset 0x166 ............. 1210
USB Receive Control and Status Endpoint 7 Low (USBRXCSRLY7), offset 0x176 ............. 1210
USB Receive Control and Status Endpoint 1 High (USBRXCSRH1), offset 0x117 ............ 1215
USB Receive Control and Status Endpoint 2 High (USBRXCSRH2), offset 0x127 ............ 1215
USB Receive Control and Status Endpoint 3 High (USBRXCSRH3), offset 0x137 ............ 1215
USB Receive Control and Status Endpoint 4 High (USBRXCSRH4), offset 0x147 ............ 1215
USB Receive Control and Status Endpoint 5 High (USBRXCSRH5), offset 0x157 ............ 1215
USB Receive Control and Status Endpoint 6 High (USBRXCSRHG6), offset 0x167 ............ 1215
USB Receive Control and Status Endpoint 7 High (USBRXCSRH7), offset 0x177 ............ 1215
USB Receive Byte Count Endpoint 1 (USBRXCOUNT1), offset 0x118 ...........ccccvvvveerennnn.. 1219
USB Receive Byte Count Endpoint 2 (USBRXCOUNT2), offset 0x128 ...........ccccceveveennnnn. 1219
USB Receive Byte Count Endpoint 3 (USBRXCOUNT3), offset 0x138 ...........cccciveveennnnn. 1219
USB Receive Byte Count Endpoint 4 (USBRXCOUNT4), offset 0x148 ..........cccovevnvevnnnnnen. 1219
USB Receive Byte Count Endpoint 5 (USBRXCOUNTS5), offset OX158 ..........ccccevvvevnnnnnen. 1219
USB Receive Byte Count Endpoint 6 (USBRXCOUNT®6), offset OX168 ..............c.ceeevnnenen. 1219
USB Receive Byte Count Endpoint 7 (USBRXCOUNT7), offset OX178 ..........ccccvveevvennnnn. 1219
USB Host Transmit Configure Type Endpoint 1 (USBTXTYPE1), offset Ox11A ................. 1220
USB Host Transmit Configure Type Endpoint 2 (USBTXTYPE2), offset Ox12A ................. 1220
USB Host Transmit Configure Type Endpoint 3 (USBTXTYPES3), offset OX13A ................. 1220
USB Host Transmit Configure Type Endpoint 4 (USBTXTYPE4), offset Ox14A ................. 1220
USB Host Transmit Configure Type Endpoint 5 (USBTXTYPEDS), offset Ox15A ................. 1220
USB Host Transmit Configure Type Endpoint 6 (USBTXTYPESG), offset OX16A ................. 1220
USB Host Transmit Configure Type Endpoint 7 (USBTXTYPE7), offset OX17A ................. 1220
USB Host Transmit Interval Endpoint 1 (USBTXINTERVAL1), offset Ox11B ..................... 1222
USB Host Transmit Interval Endpoint 2 (USBTXINTERVALZ2), offset 0x12B ..................... 1222
USB Host Transmit Interval Endpoint 3 (USBTXINTERVALS3), offset 0x13B ..................... 1222
USB Host Transmit Interval Endpoint 4 (USBTXINTERVAL4), offset 0x14B ..................... 1222
USB Host Transmit Interval Endpoint 5 (USBTXINTERVALDS), offset 0x15B ..................... 1222
USB Host Transmit Interval Endpoint 6 (USBTXINTERVALG), offset 0x16B ..................... 1222
USB Host Transmit Interval Endpoint 7 (USBTXINTERVALY7), offset OX17B ..................... 1222
USB Host Configure Receive Type Endpoint 1 (USBRXTYPE1), offset 0x11C ................. 1223
USB Host Configure Receive Type Endpoint 2 (USBRXTYPE2), offset 0x12C ................. 1223
USB Host Configure Receive Type Endpoint 3 (USBRXTYPE3), offset 0x13C ................. 1223
USB Host Configure Receive Type Endpoint 4 (USBRXTYPE4), offset 0x14C ................. 1223
USB Host Configure Receive Type Endpoint 5 (USBRXTYPES), offset 0x15C ................. 1223
USB Host Configure Receive Type Endpoint 6 (USBRXTYPE®G), offset 0x16C ................. 1223
USB Host Configure Receive Type Endpoint 7 (USBRXTYPEY), offset 0x17C ................. 1223
USB Host Receive Polling Interval Endpoint 1 (USBRXINTERVAL1), offset 0x11D ........... 1225
USB Host Receive Polling Interval Endpoint 2 (USBRXINTERVALZ2), offset 0x12D ........... 1225
USB Host Receive Polling Interval Endpoint 3 (USBRXINTERVAL3), offset 0x13D ........... 1225
USB Host Receive Polling Interval Endpoint 4 (USBRXINTERVAL4), offset 0x14D ........... 1225
USB Host Receive Polling Interval Endpoint 5 (USBRXINTERVALS), offset 0x15D ........... 1225
USB Host Receive Polling Interval Endpoint 6 (USBRXINTERVALG), offset 0x16D ........... 1225
USB Host Receive Polling Interval Endpoint 7 (USBRXINTERVALY7Y), offset 0x17D ........... 1225
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Register 156:

USB Request Packet Count in Block Transfer Endpoint 1 (USBRQPKTCOUNT1), offset

106 1SR PT TP 1226
Register 157: USB Request Packet Count in Block Transfer Endpoint 2 (USBRQPKTCOUNT2), offset

100610 PR 1226
Register 158: USB Request Packet Count in Block Transfer Endpoint 3 (USBRQPKTCOUNT3), offset

06 11O 1226
Register 159: USB Request Packet Count in Block Transfer Endpoint 4 (USBRQPKTCOUNT4), offset

0 B 1226
Register 160: USB Request Packet Count in Block Transfer Endpoint 5 (USBRQPKTCOUNTS), offset

X34 ittt n s 1226
Register 161: USB Request Packet Count in Block Transfer Endpoint 6 (USBRQPKTCOUNTS6), offset

L0 e K T PP PP 1226
Register 162: USB Request Packet Count in Block Transfer Endpoint 7 (USBRQPKTCOUNT7), offset

106 & PP SPUPPPRPPIN 1226
Register 163: USB Receive Double Packet Buffer Disable (USBRXDPKTBUFDIS), offset 0x340 ........... 1227
Register 164: USB Transmit Double Packet Buffer Disable (USBTXDPKTBUFDIS), offset 0x342 .......... 1228
Register 165: USB External Power Control (USBEPC), offset 0X400 ............oviiiiiiiiiiiiiiei e 1229
Register 166: USB External Power Control Raw Interrupt Status (USBEPCRIS), offset 0x404 ............... 1232
Register 167: USB External Power Control Interrupt Mask (USBEPCIM), offset 0x408 .......................... 1233
Register 168: USB External Power Control Interrupt Status and Clear (USBEPCISC), offset 0x40C ....... 1234
Register 169: USB Device RESUME Raw Interrupt Status (USBDRRIS), offset 0x410 ............ccccvvieees 1235
Register 170: USB Device RESUME Interrupt Mask (USBDRIM), offset 0x414 .........cccoiiiiiiiiiiiiiiiiieeees 1236
Register 171: USB Device RESUME Interrupt Status and Clear (USBDRISC), offset 0x418 .................. 1237
Register 172: USB General-Purpose Control and Status (USBGPCS), offset 0x41C ..........ccoceeviveinnnnenn. 1238
Register 173: USB VBUS Droop Control (USBVDC), offset 0X430 .........ccoiiiiiiiiiiiiiieeieee e 1239
Register 174: USB VBUS Droop Control Raw Interrupt Status (USBVDCRIS), offset 0x434 .................. 1240
Register 175: USB VBUS Droop Control Interrupt Mask (USBVDCIM), offset Ox438 ..........ccccooeeeiniiees 1241
Register 176: USB VBUS Droop Control Interrupt Status and Clear (USBVDCISC), offset 0x43C .......... 1242
Register 177: USB ID Valid Detect Raw Interrupt Status (USBIDVRIS), offset 0x444 ..., 1243
Register 178: USB ID Valid Detect Interrupt Mask (USBIDVIM), offset O0x448 ...........cccoovveveiiiiiiiiineiine, 1244
Register 179: USB ID Valid Detect Interrupt Status and Clear (USBIDVISC), offset 0x44C .................... 1245
Register 180: USB DMA Select (USBDMASEL), OffSet OX450 ......ocviiiiiiiiiiiiiee e 1246
Register 181: USB Peripheral Properties (USBPP), offset OXFCO ...........coooiiiiiiiiiiiiiiciii e, 1248
PN B 1 LeTo I 09610 1T o -1 = 1 Lo ] PP PPPRPRR 1249
Register 1:  Analog Comparator Masked Interrupt Status (ACMIS), offset 0X000 .............ccoevevviiinreenns 1256
Register 2:  Analog Comparator Raw Interrupt Status (ACRIS), offset 0x004 .............cooiiiiiiiiiiiiina. 1257
Register 3:  Analog Comparator Interrupt Enable (ACINTEN), offset 0x008 ............c.cooiiiiiiiiiiiiiinns 1258
Register 4:  Analog Comparator Reference Voltage Control (ACREFCTL), offset OX010 ..................... 1259
Register 5:  Analog Comparator Status 0 (ACSTATO0), offset 0X020 ..........cceveviieiiiiiiiiieeec e 1260
Register 6:  Analog Comparator Status 1 (ACSTAT1), offset 0X040 ..........ccoviiiiiiiiiiiiiieiii e 1260
Register 7:  Analog Comparator Status 2 (ACSTAT2), offset OX060 ...........coveviiiiiieiiiiiiieeeiiieee e 1260
Register 8:  Analog Comparator Control 0 (ACCTLO), offset OX024 ..........c.oiiiiiiiiiiiii e, 1261
Register 9:  Analog Comparator Control 1 (ACCTL1), offset OX044 ..., 1261
Register 10: Analog Comparator Control 2 (ACCTL2), offset OX064 ............oviveiiiiiiiiiieeieee e, 1261
Register 11:  Analog Comparator Peripheral Properties (ACMPPP), offset OXFCO ............ccooevviiivnnnn. 1263
Pulse Width Modulator (PWM) ... s ssssssssss s sssssss s s s ssssnnnes 1265
Register 1:  PWM Master Control (PWMCTL), offset 0X000 ..........ccoeuuiiiiiiiiiieiiieece e 1280
Register 2:  PWM Time Base Sync (PWMSYNC), offset 0X004 ..........ccouiiieiiiiiiieiii e 1282
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Register 3:  PWM Output Enable (PWMENABLE), offset 0X008 ...........c.ccuoiiiiiiiiiiiiiiie e 1283
Register 4:  PWM Output Inversion (PWMINVERT), offset OX00C ..........cccuiiiiiiiiiiiiiiiie e, 1285
Register 5:  PWM Output Fault (PWMFAULT), offset OX010 ........cooiiiiiii e 1287
Register 6:  PWM Interrupt Enable (PWMINTEN), offset OX014 .........oooiiiiiiiii e 1289
Register 7: PWM Raw Interrupt Status (PWMRIS), offset OX018 .........ccoiviiiiiiiiiiii e 1291
Register 8:  PWM Interrupt Status and Clear (PWMISC), offset OX01C .........ccoiiiiiiiiiiiiiiiieeeee, 1294
Register 9:  PWM Status (PWMSTATUS), offset 0X020 .......ccoviiuiiiiiiiiie e 1297
Register 10: PWM Fault Condition Value (PWMFAULTVAL), offset 0X024 ............ccooviiiiiiiiiiiiiiiiinieeen, 1299
Register 11: PWM Enable Update (PWMENUPD), offset 0X028 ...........ccoouiiiiiiiiiiiiieeiieeecei e 1301
Register 12: PWMO Control (PWMOCTL), OffSet OX040 .......ccoiiiiiiiiiiii e 1305
Register 13: PWM1 Control (PWM1CTL), offset OX080 ........ccuiiieiiiiiiiiii e, 1305
Register 14: PWM2 Control (PWM2CTL), offset OXOCO .......ccovniiiiiiiii e 1305
Register 15: PWMS3 Control (PWM3CTL), OffSEt OXT100 .....uuiiiiiiiiieiiiii et e e e eees 1305
Register 16:  PWMO Interrupt and Trigger Enable (PWMOINTEN), offset 0x044 .............ccooiiiiiiiiiinneees 1310
Register 17:  PWM1 Interrupt and Trigger Enable (PWM1INTEN), offset 0X084 .............ccooiiiiiiiiinnnees 1310
Register 18: PWM2 Interrupt and Trigger Enable (PWM2INTEN), offset OX0C4 ...........ccooeeviiiiiiievinnnnnn. 1310
Register 19: PWM3 Interrupt and Trigger Enable (PWMS3INTEN), offset 0x104 ...........ccoevviviiiiieinnnne. 1310
Register 20: PWMO0 Raw Interrupt Status (PWMORIS), offset 0X048 ..........c.coeeiviiiiiiiiieeieeceeeee, 1313
Register 21: PWM1 Raw Interrupt Status (PWM1RIS), offset OX088 ............cccvvviiiiiiiiiiiiiiiiiiieeeeiieeees 1313
Register 22: PWM2 Raw Interrupt Status (PWM2RIS), offset OX0CS8 ...........cooeiiiiiiiiiiiiiic e 1313
Register 23: PWMS3 Raw Interrupt Status (PWM3RIS), offset OX108 ...........oviiiiiiiiiiiii e 1313
Register 24: PWMO Interrupt Status and Clear (PWMOISC), offset OX04C .........ccooiiiiiiiiiiiiiiiieeeii, 1315
Register 25: PWM1 Interrupt Status and Clear (PWM1ISC), offset OX08C ..........ccocevviiiiiiiiiiiiiiiiiceies 1315
Register 26: PWM2 Interrupt Status and Clear (PWM2ISC), offset OXOCC ..........ccoviviiiiiiiiiiiiiiieeiie, 1315
Register 27: PWM3 Interrupt Status and Clear (PWM3ISC), offset OX10C .........ccovieiiiiiieeiiiiieeeeiine, 1315
Register 28: PWMO Load (PWMOLOAD), offset OX050 .........ooiiiuiiiiiiiiiieeeii e 1317
Register 29: PWM1 Load (PWM1LOAD), offset OX090 .........oiiiiiiiiiiiiiieee e 1317
Register 30: PWM2 Load (PWM2LOAD), offset OX0DO0 ........ccevuumiiieeeieieeiiiiae e e e e 1317
Register 31: PWMS3 Load (PWM3LOAD), OffSet OX110 ....ccovniiiiieii e 1317
Register 32: PWMO Counter (PWMOCOUNT), offset OX054 ..........ooivmniiiiiiiiieee e 1318
Register 33: PWM?1 Counter (PWM1COUNT), offset 0X094 .........cooiiiiiieiiiii e 1318
Register 34: PWM2 Counter (PWM2COUNT), offset OXOD4 ..........ooeiiiiiieieiie e 1318
Register 35: PWMS3 Counter (PWM3COUNT), offset OX114 ... 1318
Register 36: PWMO Compare A (PWMOCMPA), offset 0X058 .........cccoviiiiiiiiiiiiii e 1319
Register 37: PWM1 Compare A (PWM1CMPA), offset 0X098 .........ccovniiiiiiiiiiiiiie e 1319
Register 38: PWM2 Compare A (PWM2CMPA), offset OXODS8 .........c.oeiiiiiiiiiiiieceeeeeeeeeee e, 1319
Register 39: PWMS3 Compare A (PWM3CMPA), offset OXT18 .....niiiiiii e 1319
Register 40: PWMO Compare B (PWMOCMPB), offset OX05C ...........uiviiiiiiiiiiiiiiieciiii e 1320
Register 41: PWM1 Compare B (PWM1CMPB), offset OX09C ............oiiiiiiiiiiiii e 1320
Register 42: PWM2 Compare B (PWM2CMPB), offset OXODC .........couiiiiiiiiiiiiiiiie e 1320
Register 43: PWMS3 Compare B (PWM3CMPB), offset OX11C .......iiiiiiieiiiii e 1320
Register 44: PWMO Generator A Control (PWMOGENA), offset OX060 ............cooviiiiiiiiieiiiiieieeeiies 1321
Register 45: PWM1 Generator A Control (PWM1GENA), offset OX0AO ........c.ccoviviiieiiiiiiieeiiii e 1321
Register 46: PWM2 Generator A Control (PWM2GENA), offset OXOEOQ ...........ccouuiiiiiiiiiiiiiiiieciiieees 1321
Register 47: PWMS3 Generator A Control (PWM3GENA), offset 0X120 .........ccooeiiiiiiiiiiiiiee, 1321
Register 48: PWMO Generator B Control (PWMOGENB), offset 0X064 ...........ccoovviiiiiiiiiiiiiiiiieeeeei, 1324
Register 49: PWM1 Generator B Control (PWM1GENB), offset OX0A4 .........cooovniiiiiiiiiieii e 1324
Register 50: PWM2 Generator B Control (PWM2GENB), offset OX0E4 ...........cccooeiiiiiiiiiiiiiieee 1324
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Register 51: PWM3 Generator B Control (PWM3GENB), offset 0X124 .........cccooveiiiiiiiiiiieeeeeeeeeei, 1324
Register 52: PWMO0 Dead-Band Control (PWMODBCTL), offset OX068 ............cccoviviiiiiiiiiiiiiiieecciie, 1327
Register 53: PWM1 Dead-Band Control (PWM1DBCTL), offset OX0AS8 .........ccoouiiiiiiiiiiiiieieeeiieeees 1327
Register 54: PWM2 Dead-Band Control (PWM2DBCTL), offset OX0ES ...........cooeeiiviiiiiiiiiiieeeeeeeiiinn, 1327
Register 55: PWMS3 Dead-Band Control (PWM3DBCTL), offset OX128 ..........ccoevviiiiiiiiiiieeii e, 1327
Register 56: PWMO0 Dead-Band Rising-Edge Delay (PWMODBRISE), offset Ox06C ...............cccccevnneee. 1328
Register 57: PWM1 Dead-Band Rising-Edge Delay (PWM1DBRISE), offset OXOAC ..........cccoeevvivnneenes 1328
Register 58: PWM2 Dead-Band Rising-Edge Delay (PWM2DBRISE), offset OXOEC ...............ccceviies 1328
Register 59: PWMS3 Dead-Band Rising-Edge Delay (PWM3DBRISE), offset 0x12C ..........ccccooeiiiiinnein. 1328
Register 60: PWMO0 Dead-Band Falling-Edge-Delay (PWMODBFALL), offset OX070 ..........ccccoeveeeineees 1329
Register 61: PWM1 Dead-Band Falling-Edge-Delay (PWM1DBFALL), offset OX0BO .............ccccccevnneneen. 1329
Register 62: PWM2 Dead-Band Falling-Edge-Delay (PWM2DBFALL), offset OXOFOQ ..............cccccovneeeee. 1329
Register 63: PWM3 Dead-Band Falling-Edge-Delay (PWM3DBFALL), offset OX130 ........ccccoevvvviiinenns 1329
Register 64: PWMO Fault Source 0 (PWMOFLTSRCO), offset OX074 .......cccouiiiiiiiiiiiii e, 1330
Register 65: PWM1 Fault Source 0 (PWM1FLTSRCO), offset OX0B4 ...........oviiiiiiiiiiiiiiei e 1330
Register 66: PWM2 Fault Source 0 (PWM2FLTSRCO), offset OXOF4 ..........oovvueiiiiieiiiieiiiciee e 1330
Register 67: PWMS3 Fault Source 0 (PWM3FLTSRCO), offset 0X134 ........coovvniiiiiiiiiieee e 1330
Register 68: PWMO Fault Source 1 (PWMOFLTSRC1), offset OX078 ........cccovviiiiiiiiiiiiiece e 1332
Register 69: PWM1 Fault Source 1 (PWM1FLTSRC1), offset OXOB8 ..........cooeviiiiiiiiiiiieeee e 1332
Register 70: PWM2 Fault Source 1 (PWM2FLTSRC1), offset OXOF8 ............ooiiiiiiiiiiiii e, 1332
Register 71:  PWMS3 Fault Source 1 (PWM3FLTSRC1), offset OX138 ......ccooviiiiiii e, 1332
Register 72:  PWMO Minimum Fault Period (PWMOMINFLTPER), offset OX07C .........cccoveiiiiiiiiiiiinees 1335
Register 73: PWM1 Minimum Fault Period (PWM1MINFLTPER), offset OXOBC ...........ccocoivviiiiiiinnen. 1335
Register 74: PWM2 Minimum Fault Period (PWM2MINFLTPER), offset OXOFC ............cooviiiiiiiiiiiinnnnn, 1335
Register 75: PWMS3 Minimum Fault Period (PWM3MINFLTPER), offset 0x13C .........cccoovviiiiiieiiiinnes 1335
Register 76: PWMO Fault Pin Logic Sense (PWMOFLTSEN), offset 0X800 ............cccoiiiiiiiiiiieiiiiinieees 1336
Register 77: PWM1 Fault Pin Logic Sense (PWM1FLTSEN), offset 0x880 ...........cccciiiiiiiiiiiiiiiiinieees 1336
Register 78: PWM2 Fault Pin Logic Sense (PWM2FLTSEN), offset 0X900 ...........cccciiiiiiiiiiiiiiiiinieees 1336
Register 79: PWM3 Fault Pin Logic Sense (PWM3FLTSEN), offset 0X980 ..........cccoovvviiveiiiieiiineeiieeen, 1336
Register 80: PWMO Fault Status 0 (PWMOFLTSTATO), offset 0X804 ...........oviiiiiiiiiiiiiiii e 1337
Register 81: PWM1 Fault Status 0 (PWM1FLTSTATO), offset 0X884 ..........coeviiiiiiiiiiiiieiieieeeee e 1337
Register 82: PWM2 Fault Status 0 (PWM2FLTSTATO), offset 0X904 ..........oiiiiiiiiiiiiiiieeeei e 1337
Register 83: PWM3 Fault Status 0 (PWM3FLTSTATO), offset 0X984 ..........uiiiiiieiiiieiee e 1337
Register 84: PWMO Fault Status 1 (PWMOFLTSTAT1), offset 0X808 ..........uciiiieiiiiiiiiiie e 1339
Register 85: PWM1 Fault Status 1 (PWM1FLTSTAT1), offset OX888 ........cccvviiiiiiiiiiiieeee e, 1339
Register 86: PWM2 Fault Status 1 (PWM2FLTSTAT1), offset 0X908 ...........oiviiiiiiiiiiiiiieeceeei 1339
Register 87: PWM3 Fault Status 1 (PWM3FLTSTAT1), offset 0X988 ..........oveiiiiiiiiiiiieeeeeeeeee e 1339
Register 88: PWM Peripheral Properties (PWMPP), offset OXFCO ...........couoiiiiiiiiiiiiiie e 1342
Quadrature Encoder Interface (QEI) .........ooocoimmiiiiiiicerrr e e 1344
Register 1:  QEI Control (QEICTL), offset OX000 .........uuuuiiiieiiiiiiiiiee et eeeeees 1351
Register 2:  QEI Status (QEISTAT), offsSet OX004 ... e 1354
Register 3:  QEI Position (QEIPOS), offset OX008 ..........coouuiiiiiiiii e 1355
Register 4:  QEI Maximum Position (QEIMAXPOS), offset OX00C ..........ccooeuiiiiiiiiieeieieiicee e 1356
Register 5:  QEI Timer Load (QEILOAD), offset OX010 ....c.uuniiiiiiiiieiii e 1357
Register 6:  QEI Timer (QEITIME), offSet OX014 .. .oouniiiiiie e 1358
Register 7:  QEI Velocity Counter (QEICOUNT), offset OX018 ........uiiiiiiiiiiiiiii e 1359
Register 8:  QEI Velocity (QEISPEED), offset OX0TC .....oouiiiii e 1360
Register 9:  QEI Interrupt Enable (QEIINTEN), offset 0X020 ..........ccoouiiiiiiiiiiii e 1361
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Register 10: QEI Raw Interrupt Status (QEIRIS), offset 0X024 .............ccooiiiiiiiiiiiiei e 1363
Register 11:  QEI Interrupt Status and Clear (QEIISC), offset OX028 ............cooiiiiiiiiiiii e, 1365
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Revision History

The revision history table notes changes made between the indicated revisions of the
TM4C123GH6ZRB data sheet.

Table 1. Revision History

Date

Revision

Description

June 2014

15842.2741

In System Control Chapter, corrected description for MINSYSDIYV bitfield in Device Capabilities 1
(DC1) legacy register.

In Timers chapter, removed erroneous references to TCACT bit field.
In SSI chapter, corrected that during idle periods the transmit data line SSInTx is tristated.

In Electrical Characteristics chapter, added Data Retention parameter for extended temperature
devices to Flash Memory Characteristics table.

In Package Information appendix:

— Corrected Key to Part Numbers diagram.

— Moved Orderable Part Numbers table to addendum.

— Deleted Packaging Materials section and put into separate packaging document.

Additional minor data sheet clarifications and corrections.

March 2014

15741.2722

In the Internal Memory chapter, in the EEPROM section:
— Added section on soft reset handling.
— Added important information on EEPROM initialization and configuration.

In the DMA chapter, added information regarding interrupts and transfers from the UART or SSI
modules.

In the Hibernation chapter, noted that the EXTW bit is set in the HIBRIS register regardless of the
PINWEN setting in the HIBCTL register.

In the GPIO chapter:
— Corrected table GPIO Pins with Special Considerations.
— Added information on preventing false interrupts.

In the Timer chapter:

— Clarified initialization and configuration for Input-Edge Count mode.

— Clarified behavior of TnMIE and TnCINTD bits in the GPTM Timer n Mode (GPTMTnMR)
register.

In the USB chapter, added note to SUSPEND section regarding bus-powered devices.

In the Electrical Characteristics chapter:

— In table Reset Characteristics, clarified internal reset time parameter values.

— Intable Hibernation Oscillator Input Characteristics, added parameter C\\se Input capacitance.

— In tables Hibernation Oscillator Input Characteristics and Main Oscillator Input Characteristics,
removed parameter CO Crystal shunt capacitance.

— Updated table Crystal Parameters.

— Intable GPIO Module Characteristics, added parameter Cgp o GPIO Digital Input Capacitance.

— Added table PWM Timing Characteristics.

In the Package Information appendix:
— Updated Orderable Devices section to reflect silicon revision 7 part numbers.
— Added Tape and Reel pin 1 location.

Additional minor data sheet clarifications and corrections.

November 2013

15553.2700

In System Control chapter, clarified PIOSC features and accuracy.

June 12, 2014
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Table 1. Revision History (continued)

Date

Revision

Description

In Hibernation Module chapter:

— Corrected figures "Using a Crystal as the Hibernation Clock Source with a Single Battery Source"
and "Using a Regulator for Both VDD and VBAT".

— Replaced RTC Trim tables with two new figures "Counter Behavior with a TRIM Value of 0x8002"
and "Counter Behavior with a TRIM Value of Ox7FFC".

— Clarified Hibernation Data (HIBDATA) register description.

In Watchdog Timers chapter, clarified Watchdog Control (WDTCTL) register description.

In ADC chapter:

—  Clarified functionality when using an ADC digital comparator as a fault source.

— Clarified signals used for ADC voltage reference.

— Clarified ADC Trigger Source Select (ADCTSSEL) register description.

— Corrected VREF bit in ADC Control (ADCCTL) register from 2-bit field [1:0] to 1-bit field [O].
In UART chapter, clarified DMA operation.

In SSI chapter:

— Corrected timing guidelines in figures "Freescale SPI Frame Format (Continuous Transfer) with
SPO=1 and SPH=0" and "Freescale SPI Format (Continuous Transfer) with SPO=0 and SPH=0".

— Clarified SSI Initialization and Configuration.

— Corrected bit 3 in SSI Control 1 (SSICR1) register from SOD (SSI Slave Mode Output Disable)
to reserved.

In PWM chapter, added clarifications to PWMO0 Control (PWMOCTL), PWMO Interrupt Status and
Clear (PWMOISC), PWMO Counter (PWMOCOUNT), PWMO Fault Status 0 (PWMOFLTSTATO),
and PWMO Fault Status 1 (PWMOFLTSTAT1) registers.

In Signal Tables chapter:

— In Unused Signals table, corrected preferred and acceptable practices for RST pin.

— Clarified GNDX pin description.

In Electrical Characteristics chapter:

- InPower-On and Brown-Out Levels table, corrected Typpc_rise parameter min and max values.

— In PIOSC Clock Characteristics table, clarified Fp,ogc parameter values by defining values for
both factory calibration and recalibration. Also added PIOSC startup time parameter to table.

— In Main Oscillator Specifications section, corrected minimum value for External load capacitance
on 0SCO, 0SC1 pins. Also added two 25-MHz crystals to Crystal Parameters table.

— Corrected figure "Master Mode SSI Timing for SPI Frame Format (FRF=00), with SPH=1".

— In I’C Characteristics table, clarified Ty, data hold time parameter values by defining values
for both slave and master. In addition, added parameter 110 Tp,, data valid.

— Modified figure "I2C Timing" to add new parameter 110.

In Packaging Information appendix, added Packaging Materials figures.

July 16, 2013

15033.2672

In the Electrical Characteristics chapter:
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Table 1. Revision History (continued)

Date Revision |Description

— Added maximum junction temperature to Maximum Ratings table. Also moved Unpowered
storage temperature range parameter to this table.

— In SSI Characteristics table, corrected values for Trypms: Trxpmn: @nd Trxpssu- Also clarified
footnotes to table.

— Corrected parameter numbers in figures "Master Mode SSI Timing for SPI Frame Format
(FRF=00), with SPH=1" and "Slave Mode SSI Timing for SPI Frame Format (FRF=00), with
SPH=1".

Additional minor data sheet clarifications and corrections.

July 2013 14995.2667 Deleted erroneous references to the PWM Peripheral Configuration (PWMPC) register.

In the System Control chapter, corrected resets for bits [7:4] in System Properties (SYSPROP)
register.

In the Hibernation Module chapter:

— Corrected figures "Using a Crystal as the Hibernation Clock Source with a Single Battery Source"
and "Using a Dedicated Oscillator as the Hibernation Clock Source with VDD3ON Mode".

—  Clarified when the Hibernation module can generate interrupts.

In the Internal Memory chapter, removed the INVPL bit from the EEPROM Done Status (EEDONE)
register.

In the uDMA chapter, in the uDMA Channel Assignments table, corrected names of timers 6-11 to
wide timers 0-5.

In the Timers chapter:

— Clarified that the timer must be configured for one-shot or periodic time-out mode to produce
an ADC trigger assertion and that the GPTM does not generate triggers for match, compare
events or compare match events.

— Added a step in the RTC Mode initialization and configuration: If the timer has been operating
in a different mode prior to this, clear any residual set bits in the GPTM Timer n Mode
(GPTMTnMR) register before reconfiguring.

In the Watchdog Timer chapter, added a note that locking the watchdog registers using the
WDTLOCK register does not affect the WDTICR register and allows interrupts to always be serviced.

In the SSI chapter, clarified note in Bit Rate Generation section to indicate that the System Clock
or the PIOSC can be used as the source for SSICIK. Also corrected to indicate maximum SSICIk
limit in SSI slave mode as well as the fact that SYSCLK has to be at least 12 times that of SSICLk.

In the PWM chapter, clarified that the PWM has two clock sources, selected by the USPWMDIV bit
in the Run-Mode Clock Configuration (RCC) register.

In the QEI chapter, noted that the INTERROR bit is only applicable when the QEI is operating in
quadrature phase mode (SIGMODE=0) and should be masked when SIGMODE=1. Similarly, the
INTDIR bit is only applicable when the QEl is operating in clock/direction mode (SIGMODE=1) and
should be masked when SIGMODE=0.

In the Electrical Characteristics chapter:
— Moved Maximum Ratings and ESD Absolute Maximum Ratings to the front of the chapter.

— Added Vgarrip Parameter to Maximum Ratings and Hibernation Module Battery Characteristics
tables.

June 12, 2014
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Table 1. Revision History (continued)

Date

Revision

Description

Added ambient and junction temperatures to Temperature Characteristics table and clarified
values in Thermal Characteristics table.

Added clarifying footnote to Vypp pok parameter in Power-On and Brown-Out Levels table.
Corrected GPIO Package Side Assignments table.

In the Flash Memory and EEPROM Characteristics tables, added a parameter for page/mass
erase times for 10k cycles and corrected existing values for all page and mass erase parameters.

Corrected DNL max value in ADC Electrical Characteristics table.

In the SSI Characteristics table, changed parameter names for S7-S14, provided a max number
instead of a min for S7, and corrected values for S9-S14.

Replaced figure "SSI Timing for SPI Frame Format (FRF=00), with SPH=1" with two figures,
one for Master Mode and one for Slave Mode.

Updated and added values to the table Table 24-41 on page 1462.

m In the Package Information appendix, moved orderable devices table from addendum to appendix,
clarified part markings and moved packaging diagram from addendum to appendix.

m Additional minor data sheet clarifications and corrections.
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About This Document

This data sheet provides reference information for the TM4C123GHG6ZRB microcontroller, describing
the functional blocks of the system-on-chip (SoC) device designed around the ARM® Cortex™-M4F
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 Tiva™ C Series web site at
http://www.ti.com/tiva-c:

Tiva™ C Series TM4C123x Silicon Errata (literature number SPMZ849)

TivaWare™ Boot Loader for C Series User's Guide (literature number SPMU301)
TivaWare™ Graphics Library for C Series User's Guide (literature number SPMU300)
TivaWare™ for C Series Release Notes (literature number SPMU299)

TivaWare™ Peripheral Driver Library for C Series User's Guide (literature number SPMU298)
TivaWare™ USB Library for C Series User's Guide (literature number SPMU297)

Tiva™ C Series TM4C123x ROM User’s Guide (literature number SPMU367)

The following related documents may also be useful:

ARM® Cortex™-M4 Errata (literature number SPMZ637)
ARM® Cortex™-M4 Technical Reference Manual

ARM® Debug Interface V5 Architecture Specification

ARM® Embedded Trace Macrocell Architecture Specification

Cortex™-M4 instruction set chapter in the ARM® Cortex™-M4 Devices Generic User Guide
(literature number ARM DUI 0553A)

IEEE 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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About This Document

Documentation Conventions

This document uses the conventions shown in Table 2 on page 44.

Table 2. Documentation Conventions

Notation Meaning

General Register Notation

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

bit A single bit in a register.
bit field Two or more consecutive and related bits.
offset Oxnnn A hexadecimal increment to a register's address, relative to that module's base address as specified

in Table 2-4 on page 93.

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

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

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

Register Bit/Field This value in the register bit diagram indicates whether software running on the controller can

Types change the value of the bit field.

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

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

RW Software can read or write this field.

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

RwW1C 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.

RW1S Software can read or write a 1 to this field. A write of a 0 to a RW1S bit does not affect the bit value
in the register.

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

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

WO Only a write by software is valid; a read of the register returns no meaningful data.
Register Bit/Field This value in the register bit diagram shows the bit/field value after any reset, unless noted.
Reset Value

0 Bit cleared to 0 on chip reset.

1 Bit set to 1 on chip reset.

- Nondeterministic.

Pin/Signal Notation

[] Pin alternate function; a pin defaults to the signal without the brackets.
pin Refers to the physical connection on the package.
signal Refers to the electrical signal encoding of a pin.
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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.

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

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

Numbers

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

0x Hexadecimal numbers have a prefix of Ox. For example, OxO0FF 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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1.1

Architectural Overview

Texas Instrument's Tiva™ C Series microcontrollers provide designers a high-performance ARM®
Cortex™-M-based architecture with a broad set of integration capabilities and a strong ecosystem
of software and development tools. Targeting performance and flexibility, the Tiva™ C Series
architecture offers a 80 MHz Cortex-M with FPU, a variety of integrated memories and multiple
programmable GPIO. Tiva™ C Series devices offer consumers compelling cost-effective solutions
by integrating application-specific peripherals and providing a comprehensive library of software
tools which minimize board costs and design-cycle time. Offering quicker time-to-market and cost
savings, the Tiva™ C Series microcontrollers are the leading choice in high-performance 32-bit
applications.

This chapter contains an overview of the Tiva™ C Series microcontrollers as well as details on the
TM4C123GH6ZRB microcontroller:

“Tiva™ C Series Overview” on page 46

“TM4C123GH6ZRB Microcontroller Overview” on page 47
“TM4C123GH6ZRB Microcontroller Features” on page 50
“TM4C123GH6ZRB Microcontroller Hardware Details” on page 69
“Kits” on page 69

“Support Information” on page 69

Tiva™ C Series Overview

The Tiva™ C Series ARM Cortex-M4 microcontrollers provide top performance and advanced
integration. The product family is positioned for cost-conscious applications requiring significant
control processing and connectivity capabilities such as:

Low power, hand-held smart devices
Gaming equipment

Home and commercial site monitoring and control
Motion control

Medical instrumentation

Test and measurement equipment
Factory automation

Fire and security

Smart Energy/Smart Grid solutions
Intelligent lighting control
Transportation

For applications requiring extreme conservation of power, the TM4C123GH6ZRB microcontroller
features a battery-backed Hibernation module to efficiently power down the TM4C123GH6ZRB to
a low-power state during extended periods of inactivity. With a power-up/power-down sequencer,
a real-time counter (RTC), multiple wake-from-hibernate options, and dedicated battery-backed
memory, the Hibernation module positions the TM4C123GH6ZRB microcontroller perfectly for
battery applications.

In addition, the TM4C123GH6ZRB 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, much of the TM4C123GH6ZRB microcontroller
code is compatible to the Tiva™ C Series product line, providing flexibility across designs.
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1.2

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.

TM4C123GH6ZRB Microcontroller Overview

The TM4C123GH6ZRB microcontroller combines complex integration and high performance with

the features shown in Table 1-1.

Table 1-1. TM4C123GH6ZRB Microcontroller Features

Feature Description
Performance
Core ARM Cortex-M4F processor core
Performance 80-MHz operation; 100 DMIPS performance
Flash 256 KB single-cycle Flash memory
System SRAM 32 KB single-cycle SRAM
EEPROM 2KB of EEPROM
Internal ROM Internal ROM loaded with TivaWare™ for C Series software
Security

Communication Interfaces

Universal Asynchronous Receivers/Transmitter
(UART)

Eight UARTs

Synchronous Serial Interface (SSI)

Four SSI modules

Inter-Integrated Circuit (12C)

Six I2C modules with four transmission speeds including high-speed
mode

Controller Area Network (CAN)

Two CAN 2.0 A/B controllers

Universal Serial Bus (USB)

USB 2.0 OTG/Host/Device

System Integration

Micro Direct Memory Access (UDMA)

ARM® PrimeCell® 32-channel configurable uDMA controller

General-Purpose Timer (GPTM)

Six 16/32-bit GPTM blocks and six 32/64-bit Wide GPTM blocks

Watchdog Timer (WDT)

Two watchdog timers

Hibernation Module (HIB)

Low-power battery-backed Hibernation module

General-Purpose Input/Output (GPIO)

15 physical GPIO blocks

Advanced Motion Control

Pulse Width Modulator (PWM)

Two PWM modules, each with four PWM generator blocks and a
control block, for a total of 16 PWM outputs.

Quadrature Encoder Interface (QEI)

Two QEI modules

Analog Support

Analog-to-Digital Converter (ADC)

Two 12-bit ADC modules, each with a maximum sample rate of one
million samples/second

Analog Comparator Controller

Three independent integrated analog comparators

Digital Comparator

16 digital comparators

JTAG and Serial Wire Debug (SWD)

One JTAG module with integrated ARM SWD

Package Information

Package

157-ball BGA

Operating Range (Ambient)

Industrial (-40°C to 85°C) temperature range
Extended (-40°C to 105°C) temperature range

June 12, 2014
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Figure 1-1 on page 49 shows the features on the TM4C123GH6ZRB 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. Tiva™ TM4C123GH6ZRB Microcontroller High-Level Block Diagram
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1.3

1.3.1

1.3.1.1

TM4C123GH6ZRB Microcontroller Features

The TM4C123GH6ZRB microcontroller component features and general function are discussed in
more detail in the following section.

ARM Cortex-M4F Processor Core

All members of the Tiva™ C Series, including the TM4C123GH6ZRB microcontroller, are designed
around an ARM Cortex-M processor core. The ARM Cortex-M 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.

Processor Core (see page 70)

32-bit ARM Cortex-M4F architecture optimized for small-footprint embedded applications
80-MHz operation; 100 DMIPS performance
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
IEEE754-compliant single-precision Floating-Point Unit (FPU)

16-bit SIMD vector processing unit

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 digital-signal-processing orientated multiply accumulate
Saturating arithmetic for signal processing

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
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m Migration from the ARM7™ processor family for better performance and power efficiency

m Optimized for single-cycle Flash memory usage up to specific frequencies; see “Internal
Memory” on page 538 for more information.

m Ultra-low power consumption with integrated sleep modes

1.3.1.2 System Timer (SysTick) (see page 125)
ARM Cortex-M4F 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 An internal clock-source control based on missing/meeting durations
1.3.1.3 Nested Vectored Interrupt Controller (NVIC) (see page 126)
The TM4C123GH6ZRB controller includes the ARM Nested Vectored Interrupt Controller (NVIC).
The NVIC and Cortex-M4F prioritize and handle all exceptions in Handler Mode. The processor
state is automatically stored to the stack on an exception and automatically restored from the stack
at the end of the Interrupt Service Routine (ISR). The 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 104 interrupts.
m Deterministic, fast interrupt processing: always 12 cycles, or just 6 cycles with tail-chaining (these
values reflect no FPU stacking)
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
1.3.1.4  System Control Block (SCB) (see page 127)
The SCB provides system implementation information and system control, including configuration,
control, and reporting of system exceptions.
1.3.1.5 Memory Protection Unit (MPU) (see page 127)
The MPU supports the standard ARM7 Protected Memory System Architecture (PMSA) model. The
MPU provides full support for protection regions, overlapping protection regions, access permissions,
and exporting memory attributes to the system.
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1.3.1.6

1.3.2

1.3.21

1.3.2.2

Floating-Point Unit (FPU) (see page 132)

The FPU fully supports single-precision add, subtract, multiply, divide, multiply and accumulate,
and square root operations. It also provides conversions between fixed-point and floating-point data
formats, and floating-point constant instructions.

m 32-bit instructions for single-precision (C float) data-processing operations
m  Combined multiply and accumulate instructions for increased precision (Fused MAC)

m Hardware support for conversion, addition, subtraction, multiplication with optional accumulate,
division, and square-root

m Hardware support for denormals and all IEEE rounding modes
m 32 dedicated 32-bit single-precision registers, also addressable as 16 double-word registers
m Decoupled three stage pipeline

On-Chip Memory

The TM4C123GH6ZRB microcontroller is integrated with the following set of on-chip memory and
features:

m 32 KB single-cycle SRAM

m 256 KB Flash memory

m 2KB EEPROM

m Internal ROM loaded with TivaWare™ for C Series software:
— TivaWare™ Peripheral Driver Library
TivaWare Boot Loader
Advanced Encryption Standard (AES) cryptography tables
Cyclic Redundancy Check (CRC) error detection functionality

SRAM (see page 539)

The TM4C123GH6ZRB microcontroller provides 32 KB of single-cycle on-chip SRAM. The internal
SRAM of the device 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 Cortex-M4F 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 SRAM by the following masters:
= pDMA
s USB

Flash Memory (see page 542)

The TM4C123GH6ZRB microcontroller provides 256 KB of single-cycle on-chip Flash memory. The
Flash memory is organized as a set of 1-KB blocks that can be individually erased. Erasing a block
causes the entire contents of the block to be reset to all 1s. These blocks are paired into a set of
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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.

1.3.2.3 ROM (see page 540)
The TM4C123GH6ZRB ROM is preprogrammed with the following software and programs:

m TivaWare Peripheral Driver Library

m TivaWare Boot Loader

m Advanced Encryption Standard (AES) cryptography tables

m Cyclic Redundancy Check (CRC) error-detection functionality

The TivaWare 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-M4F core.
No special pragmas or custom assembly code prologue/epilogue functions are required. For
applications that require in-field programmability, the royalty-free TivaWare 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 (for example, XOR all bits) because it catches changes
more readily.

1.3.24 EEPROM (see page 548)
The TM4C123GH6ZRB microcontroller includes an EEPROM with the following features:

m 2Kbytes of memory accessible as 512 32-bit words
m 32 blocks of 16 words (64 bytes) each

m Built-in wear leveling

m Access protection per block

m Lock protection option for the whole peripheral as well as per block using 32-bit to 96-bit unlock
codes (application selectable)
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m Interrupt support for write completion to avoid polling

m Endurance of 500K writes (when writing at fixed offset in every alternate page in circular fashion)
to 15M operations (when cycling through two pages ) per each 2-page block.

1.3.3 Serial Communications Peripherals
The TM4C123GH6ZRB controller supports both asynchronous and synchronous serial
communications with:
m Two CAN 2.0 A/B controllers
m USB 2.0 OTG/Host/Device
m Eight UARTs with IrDA, 9-bit and ISO 7816 support.
m Six I°C modules with four transmission speeds including high-speed mode
m Four Synchronous Serial Interface modules (SSI)
The following sections provide more detail on each of these communications functions.
1.3.31 Controller Area Network (CAN) (see page 1082)
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 TM4C123GH6ZRB microcontroller includes two CAN units with the following features:
m CAN protocol version 2.0 part A/B
m Bitrates 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 CANNnTX and CANNnRX signals
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1.3.3.2 Universal Serial Bus (USB) (see page 1133)
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 TM4C123GHG6ZRB microcontroller 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:
m Complies with USB-IF (Implementer's Forum) certification standards
m USB 2.0 full-speed (12 Mbps) and low-speed (1.5 Mbps) operation with integrated PHY
m 4 transfer types: Control, Interrupt, Bulk, and Isochronous
m 16 endpoints
— 1 dedicated control IN endpoint and 1 dedicated control OUT endpoint
— 7 configurable IN endpoints and 7 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
1.3.3.3 UART (see page 925)
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 TM4C123GH6ZRB microcontroller includes eight 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 flow control, modem
status, and error conditions. The module generates a single combined interrupt when any of the
interrupts are asserted and are unmasked.
The eight 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
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m Standard asynchronous communication bits for start, stop, and parity
m Line-break generation and detection
m Fully programmable serial interface characteristics
- 5,6, 7, or 8 data bits
— Even, odd, stick, or no-parity bit generation/detection
— 1 or 2 stop bit generation
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  Modem flow control and status (on UART1)

m EIA-485 9-bit 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

1.3.3.4  I2C (see page 1031)

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 1C bus can be designated as either a master or a slave. I°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 TM4C123GH6ZRB microcontroller includes six I°C modules with the following features:

m Devices on the I2C bus can be designated as either a master or a slave
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— Supports both transmitting and receiving data as either a master or a slave
— Supports simultaneous master and slave operation
m Four I°C modes
— Master transmit
— Master receive
— Slave transmit
— Slave receive
m Four transmission speeds:
— Standard (100 Kbps)
— Fast-mode (400 Kbps)
— Fast-mode plus (1 Mbps)
— High-speed mode (3.33 Mbps)
m Clock low timeout interrupt
m Dual slave address capability
m Glitch suppression
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

1.3.3.5 SSI (see page 986)

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 TM4C123GH6ZRB microcontroller includes four SSI modules with the following features:
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Programmable interface operation for Freescale SPI, MICROWIRE, or Texas Instruments
synchronous serial interfaces

Master or slave operation

Programmable clock bit rate and prescaler

Separate transmit and receive FIFOs, each 16 bits wide and 8 locations deep
Programmable data frame size from 4 to 16 bits

Internal loopback test mode for diagnostic/debug testing

Standard FIFO-based interrupts and End-of-Transmission interrupt

Efficient transfers using Micro Direct Memory Access Controller (WUDMA)

— Separate channels for transmit and receive

— Receive single request asserted when data is in the FIFO; burst request asserted when FIFO
contains 4 entries

— Transmit single request asserted when there is space in the FIFO; burst request asserted
when four or more entries are available to be written in the FIFO

1.3.4 System Integration

The TM4C123GH6ZRB microcontroller provides a variety of standard system functions integrated
into the device, including:

Direct Memory Access Controller (DMA)

System control and clocks including on-chip precision 16-MHz oscillator
Six 32-bit timers (up to twelve 16-bit)

Six wide 64-bit timers (up to twelve 32-bit)

Twelve 32/64-bit Capture Compare PWM (CCP) pins

Lower-power battery-backed Hibernation module

Real-Time Clock in Hibernation module

Two Watchdog Timers
— One timer runs off the main oscillator
— One timer runs off the precision internal oscillator

Up to 120 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.

58

June 12, 2014
Texas Instruments-Production Data



Tiva'" TM4C123GH6ZRB Microcontroller

1.3.4.1 Direct Memory Access (see page 599)

The TM4C123GH6ZRB 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-M4F 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:

ARM PrimeCell® 32-channel configurable uDMA controller

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 up to 256 arbitrary transfers initiated from a single
request

Highly flexible and configurable channel operation

— Independently configured and operated channels

— Dedicated channels for supported on-chip modules

— Flexible channel assignments

— One channel each for receive and transmit path for bidirectional modules
— Dedicated channel for software-initiated transfers

— Per-channel configurable priority scheme

— 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
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m Interrupt on transfer completion, with a separate interrupt per channel

1.3.4.2 System Control and Clocks (see page 214)
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.
m Device identification information: version, part number, SRAM size, Flash memory size, and so
on
m Power control
— On-chip fixed Low Drop-Out (LDO) voltage regulator
— Hibernation module handles the power-up/down 3.3 V sequencing and control for the core
digital logic and analog circuits
— 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
m  Multiple clock sources for microcontroller system clock. The following clock sources are provided
to the TM4C123GH6ZRB microcontroller:
— Precision Internal Oscillator (PIOSC) providing a 16-MHz frequency
* 16 MHz +3% across temperature and voltage
» Can be recalibrated with 7-bit trim resolution to achieve better accuracy (16 MHz +1%)
» 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 0SCO input and OSC1 output pins.
— Low Frequency Internal Oscillator (LFIOSC): On-chip resource used during power-saving
modes
— Hibernate RTC oscillator (RTCOSC) clock that can be configured to be the 32.768-kHz
external oscillator source from the Hibernation (HIB) module or the HIB Low Frequency clock
source (HIB LFIOSC), which is located within the Hibernation Module.
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
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MOSC failure

1.34.3 Programmable Timers (see page 729)

Programmable timers can be used to count or time external events that drive the Timer input pins.
Each 16/32-bit 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). Each 32/64-bit Wide GPTM block provides two 32-bit timers/counters that
can be configured to operate independently as timersor event counters, or configured to operate
as one 64-bit timer or one 64-bit Real-Time Clock (RTC). Timers can also be used to trigger
analog-to-digital (ADC) conversions and DMA transfers.

The General-Purpose Timer Module (GPTM) contains six 16/32-bit GPTM blocks and six 32/64-bit
Wide GPTM blocks with the following functional options:

m 16/32-bit operating modes:

16- or 32-bit programmable one-shot timer

16- or 32-bit programmable periodic timer

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

32-bit Real-Time Clock (RTC) when using an external 32.768-KHz clock as the input
16-bit input-edge count- or time-capture modes with an 8-bit prescaler

16-bit PWM mode with an 8-bit prescaler and software-programmable output inversion of the
PWM signal

m 32/64-bit operating modes:

32- or 64-bit programmable one-shot timer

32- or 64-bit programmable periodic timer

32-bit general-purpose timer with a 16-bit prescaler

64-bit Real-Time Clock (RTC) when using an external 32.768-KHz clock as the input
32-bit input-edge count- or time-capture modes with a16-bit prescaler

32-bit PWM mode with a 16-bit prescaler and software-programmable output inversion of the
PWM signal

m Count up or down

m Twelve 16/32-bit Capture Compare PWM pins (CCP)

m Twelve 32/64-bit Capture Compare PWM pins (CCP)

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

m Timer synchronization allows selected timers to start counting on the same clock cycle

m ADC event trigger
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m User-enabled stalling when the microcontroller asserts CPU Halt flag during debug (excluding
RTC mode)

m Ability to determine the elapsed time between the assertion of the timer interrupt and entry into
the interrupt service routine

m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Dedicated channel for each timer

— Burst request generated on timer interrupt

1.34.4 CCP Pins (see page 738)

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 TM4C123GH6ZRB microcontroller includes twelve 16/32-bit CCP pins 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.

1.3.4.5 Hibernation Module (HIB) (see page 507)

The Hibernation module provides logic to switch power off to the main processor and peripherals

and to wake on external or time-based events. The Hibernation module includes power-sequencing

logic and has the following features:

m 32-bit real-time seconds counter (RTC) with 1/32,768 second resolution and a 15-bit sub-seconds
counter
— 32-bit RTC seconds match register and a 15-bit sub seconds match for timed wake-up and

interrupt generation with 1/32,768 second resolution
— RTC predivider trim for making fine adjustments to the clock rate

m Two mechanisms for power control
— System power control using discrete external regulator
— On-chip power control using internal switches under register control

m Dedicated pin for waking using an external signal

m RTC operational and hibernation memory valid as long as Vpp or Vgt is valid

m Low-battery detection, signaling, and interrupt generation, with optional wake on low battery
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m GPIO pin state can be retained during hibernation
m Clock source from a 32.768-kHz external crystal or oscillator
m Sixteen 32-bit words of battery-backed memory to save state during hibernation
m Programmable interrupts for:
— RTC match
— External wake
— Low battery

1.3.4.6 Watchdog Timers (see page 800)

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 TM4C123GH6ZRB Watchdog
Timer can generate an interrupt, a non-maskable 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 microcontroller on its first time-out, and to generate a reset signal on its second
timeout. Once the Watchdog Timer has been configured, the lock register can be written to prevent
the timer configuration from being inadvertently altered.

The TM4C123GH6ZRB microcontroller has two Watchdog Timer modules: Watchdog Timer 0 uses
the system clock for its timer clock; Watchdog Timer 1 uses the PIOSC as its timer clock. The
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 and optional NMI function
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

1.3.4.7 Programmable GPIOs (see page 663)

General-purpose input/output (GPIO) pins offer flexibility for a variety of connections. The
TM4C123GH6ZRB GPIO module is comprised of 15 physical GPIO blocks, each corresponding to
an individual GPIO port. The GPIO module is FiRM-compliant (compliant to the ARM Foundation
IP for Real-Time Microcontrollers specification) and supports 0-120 programmable input/output pins.
The number of GPIOs available depends on the peripherals being used (see “Signal

Tables” on page 1368 for the signals available to each GPIO pin).

m Up to 120 GPIOs, depending on configuration
m Highly flexible pin muxing allows use as GPIO or one of several peripheral functions
m 5-V-tolerant in input configuration

m Fast toggle capable of a change every clock cycle for ports on AHB, every two clock cycles for
ports on APB
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1.3.5

1.3.5.1

m Programmable control for GPIO interrupts

— Interrupt generation masking

— Edge-triggered on rising, falling, or both

— Level-sensitive on High or Low values

— Per-pin interrupts available on Port P and Port Q
m Bit masking in both read and write operations through address lines
m Can be used to initiate an ADC sample sequence or a uDMA transfer
m Pin state can be retained during Hibernation mode
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 sink 18-mA
for high-current applications

— Slew rate control for 8-mA pad drive
— Open drain enables

— Digital input enables

Advanced Motion Control

The TM4C123GHG6ZRB microcontroller provides motion control functions integrated into the device,
including:

m  Two PWM modules, with a total of 16 advanced PWM outputs for motion and energy applications
m Eight fault inputs to promote low-latency shutdown

m  Two Quadrature Encoder Inputs (QEI)

The following provides more detail on these motion control functions.

PWM (see page 1265)

The TM4C123GH6ZRB microcontroller contains two PWM modules, each with four PWM generator
blocks and a control block, for a total of 16 PWM outputs. 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. Each
TM4C123GH6ZRB PWM module consists of four PWM generator block 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.
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Each PWM generator has the following features:

Four fault-condition handling inputs to quickly provide low-latency shutdown and prevent damage
to the motor being controlled, for a total of eight inputs

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
Two PWM comparators

— Comparator value updates can be synchronized
— Produces output signals on match

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
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

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:

PWM output enable of each PWM signal

Optional output inversion of each PWM signal (polarity control)

Optional fault handling for each PWM signal

Synchronization of timers in the PWM generator blocks

Sy