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2443 MCG Internal RETErENCE CIOCKS. ... ..c.iiiiiitiiiieti bbb 531
2444  EXternal RETErENCE CIOCK. ..ottt 532
2445  MCG FiXed FreqUENCY CIOCK .....viiiiiieieiciesie ettt na e nees e sae e aeseenae e nrees 532
24.4.6 Y (O N = I oo} PR 533
24.4.7 MCG AULO TRIM (ATIM) ettt h et et et et b et et nn b bbb 533
24.5 Initialization / Application INFOrMALION.........ccviiieiiii et ne e sre e 534
2451  MCG Module INItialiZation SEQUENCE. ......c..ciitiiieiriiieiiete ettt 534
24.5.2  USING @ 32.768 KHZ REFEIEINCE........eiie ittt e e te e ee s e e sbeesaeesteeneeens 536
24.5.3  MCG MOAE SWITCNING. ... eieiiiiiie ettt e s e e e s et e e ae e et e seesrenaeneenrees 537
Chapter 25
Oscillator (OSC)
25. 1 INMEFOUUCTION. .....euiieietiieete e bRt R Rt R bR R e e Rt R ettt r Rt 547
25.2  FEALUIES QNG IMOUES. ...ttt bbb bbbt b bbbt b bt b e 547
PTG T = [0 Tod [ B T To [ - PSSP S PR 548
AT @ TGRS T | = LI I 1= Yol o o] 1RSSR 548
25.5 External Crystal / RESONALOr CONMNMECLIONS. .......evitiieiiitiieiiteiisi ettt bbbttt 549
25.6  EXErnal ClOCK COMNECTIONS. ...ttt b et ettt n e 550
25.7  Memory Map/Register DEfiNITIONS. ......c.uiiiiiiiiiie ettt e et e e sae e et e seeneeneeseenrenen 551
25.7.1  OSC Memory Map/Register DefiNitioN............cooviiriiiiiiiiicie s 551
25.8  FUNCLIONAI DESCIIPLION. ... ettt sttt ettt s et h e s e bt bt e bt e bt h £ e b bt bt e b £ e bt e bt e bt et e e bt b et et ebe e 552
25.8.1  OSC MOUUIE SEALES. .....cuevveririireieieesrei ettt 552
25.8.2  OSC MOUUIE IMOUES. .....ecveeetiiteiietee ettt bbb bbbt bbbt bbb bbbt b e b e b e b 554
25.8.3  COUNTET ... .ottt bbb 556
25.8.4  Reference CIOCK Pin REGUITEMENTS. ......ciuiiiieieeieieiesiese e stesae e e sae e saesresteanaesae s esaeseessesresneenaenseseeseenees 556
25.9 RSBttt R R R R R e R R R R bt h ettt 556
25.10 LOW POWET MOUES OPEIALION. ....cueitietieiieiietiet ettt ettt eb bbbk bbbt bbbt bbb et e st e s e et e b e b e b et et e nb et e nbe b b 557
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Chapter 26
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26.1  INEFOTUCTION. ..ottt R e R Rt R Rt e Rt ne Rt e e r et 559
26.1.1  FEALUIES BNU IMIOUES. .....c.eiiiititiieii ittt b et bbb bbbttt b bbbttt 559
p I A = 1 0 Tod [ D I T- Vo | - 1y o OSSP USSR 559
P = O] T | - I I 1= Yol o o] 1SS 560
26.2.1  EXTALS32 — OSCHIAION INPUL. ...ttt bbbt 560
26.2.2  XTAL32 — OSCHIALOI OULPUL. .....eiutiieeeeiteite sttt bbb bbbt nn et b nre e 560
26.3  EXtrnal Crystal CONMNEBCLIONS. ........cieiiiiiieeteiesiee ettt e e e et et e s testeeseeseese et e e e saentesteatenteaneaneereeneeseeneenen 561
26.4  Memory Map/RegiSter DESCIIPIIONS. ........iiitiiitiieiitet ittt bbbt b bbbt bttt 561
26.5  FUNCLIONAI DESCIIPLION. ... ittt e ettt et h e b e st e st e bRt e bt e b £ e bt e bt e bt e bt e bt eb e e bt b b e bbb e 561
26.6  RESEE OVEIVIBW.....coiuiiiciisiitei ettt e e bRt e Rt E et n Rt n et n e 562
26.7  INEEITUDES. ...ttt h bbb bbb b E b bbb b e E b b E e b b h bR h b b r b s 562
Chapter 27
Flash Memory Controller (FMC)
27. 1 INEFOOUCTION. ...tttk bbbk bbbk bbb bbb bbbttt 563
27.1.1 OVBIVIBW ...ttt et bbb bbb bbb bbb bbb bkt e bbb b b ekt e b b e b b e bt b s bt b e be bbb e 563
27. 1.2 FRAIUIES... .ottt et R e R R R Rttt 563
27.2  IMIOUES OF OPEIATION. ... vttt ettt bbb bbb b E bbbt bbbt b ettt bt b e 564
27.3  EXTErnal SIGNaAL OESCIIPLION. .. .c.viiiiii ittt ettt b bbb bbb et e et et eh e e bt e bt e bt e bt b e bt s benbenaen 564
27.4  Memory map and regiSter QESCIIPIIONS. ... cviieieiet et ete et e ee et e e e et s e e reere e e e seere e e s seerearesseasesresressenresresnesresresrenen 564
27.4.1  Flash Access Protection Register (FMC_PFAPR)........coiiiiiiiieieieieste et 571
27.4.2  Flash Bank 0 Control Register (FMC_PFBOCR).......cccciiiiiiiiiiiecie ettt sreenaeene e 574
27.4.3  Flash Bank 1 Control Register (FIMC_PFBLCR)......cccciiiiiiiieieiiese et sie e aesie e sve e enee e sns e enaesaenes 576
27.4.4  Cache Tag Storage (FMC_TAGVDWOSN)........couiiiiiitiiiiitiieeiesie ettt 578
27.45  Cache Tag Storage (FMC_TAGVDWISN)......ccoiiiiiiectee et ste et saeesae e ansesraenneens 579
27.4.6  Cache Tag Storage (FMC_TAGVDW2SN).....ccoiiiiiiieieiesiesesiese e stes e sseeeeseeseessesse e ssassesnaessessensessessesses 580
27.4.7  Cache Tag Storage (FMC_TAGVDW3SN).....cc.ciiiiiiiiiriiiiiiieisie ettt 581
27.4.8  Cache Data Storage (upper word) (FMC_DATAWOSNU)........ccccuiiiiiiiiiiaieieeieeee e 582
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27.4.9  Cache Data Storage (lower word) (FMC_DATAWOSNL) ..ottt 583
27.4.10 Cache Data Storage (upper word) (FMC_DATAWISNU) ..ot e 584
27.4.11 Cache Data Storage (lower word) (FMC_DATAWILSNL).....cccviviiriieieiese e sese e seees 585
27.4.12  Cache Data Storage (upper word) (FMC_DATAW2SNU)........ceoiiiiiiiiiiinieinieesie s 586
27.4.13 Cache Data Storage (lower word) (FMC _DATAW2Z2SNL).....c.ccoiiiiiieie ettt sre e sva e 587
27.4.14 Cache Data Storage (upper word) (FMC_DATAWSSNU).......cccoviiiieiieieeeieeseeieseensee e saessese e snesees 588
27.4.15 Cache Data Storage (lower word) (FMC_DATAWI3SNL)......oiiiiiiiiiiiiieeeine et 589

27.5  FUNCHONAI HESCIIPIION. ...ttt etttk b bbbt bbbtk e b et e e e st eh e e st e bt e bt et e b e bt e benbenre 589

Chapter 28
Flash Memory Module (FTFL)

28. L INITOOUCTION. ...tttk e bbb R bbbt Rt bbbt bbb 591
28. 1.1 FRAIUIES ...ttt R R R R R ettt nn s 592
28.1.2  BIOCK DIBGIAM......etiiiitiieitiiteiett etttk b bbb bbb bbbtttk b bbbttt bt 592
A T e T €] (01517 1 V2SSOSR UOROR 593

P = (= g U o g DTSt ] o] o] S 594

28.3  MEMOIY MapP ANU REGISTEIS. ... itttk bbbt b bbbt b bbb bbbttt 595
28.3.1  Flash Configuration Field DeSCrIPLION. .......c.oiuiiiiiiiieeeee bbb 595
P2 T o (0o | Ly T o T G 1 T 595
28.3.3  REQISIEI DESCIIPIIONS. ...ttt ettt bbb bbb bbbttt bbbt 596

28.4  FUNCLIONAI DESCIIPLION. ... ettt sttt ettt ettt s et h e b e bt bt e b e bt Rt e b e bt e b e e b £ e bt e bt e bt e bt e b e bt b et ebe b 605
28.4.1  Program FIash MEMOIY SWaP.......cceiueieiiieiteisesestesestesteieseeseessesesseasesses e ssesaestessessessessessesseseaneansnsessessens 605
28.4.2 BT TUDES. .. E e E bbb bbbt 606
28.4.3  Flash Operation in LOW-POWET IMOUES. ........ccuiieiiiiieiie ittt 606
28.4.4  Functional Modes OF OPEIAtION.........ccviieieiieiieriire e ste e e et e e sae sttt reese e e e e e teseestesreeneeneeneeseeseenees 607
28.4.5  Flash Reads and 1gNOred WITES. ........c.oiuiiiiiiiiitiieiest ettt 607
28.4.6 Read WHiIle WIITE (RVWWV).....ocuiiiiieiiie ettt ettt e b bbbttt nb s 607
28.4.7  Flash Program @n0 EFaSE.........cccierieriiieiesieetsesiesestes e st e e ae e sasseaseste e ssesaestestenseseesesaessesaaneanensessensens 607
28.4.8  FTFL COMMANG OPEIALIONS. ... .cuiveiiitieetirteseatint et stee ettt et ab et bbbt s bbb bbbt et 608
28.4.9  Margin Read COMMANGS.......ccuiiuiiieiieitieie ettt ste st et e et e s st e s te e beebeestessaesseestaesteeseenneaneeassesseenseens 613
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28.4.10  FTFL COMMANG DESCIIPLION. ......viuiitiietiitiiitiit etttk 614
2T R 1= ot U 1 YO ST U R TP PP 636
28.4.12  RESEE SEOUBIICE. .. uvieuieeuieitiesteeteestesteesteesteesteeeeaseesseeaseeseeaseeas s easeesseesseeseeeseesreesaeesaeaseeaneeaseenseenseaneeansenseenseans 638

Chapter 29
External Bus Interface (FlexBus)

29.1  INEFOTUCTION. .....cuiieeeteie ettt R Rt R Rt E R e Rt Rt ne e rer et ren e 639
20. 1.1 OVEIVIBW. ..ttt ettt ettt bbbt bbb bbb 8 h e E 8 h b8 h b bR b bttt bt 639
20.1.2  FRAMUIES. ..ottt 639
29.1.3  MOUES OF OPEIALION. .. ..ecuiieieiiieieseste ettt r e e e sae st e te s reereeseese e e et e aeseestesneenaeneeneeneenrenns 640

29.2  SIGNAI DESCIIPTIONS. ...tttk btk bbb bbbk E bbb bbb st b bbbttt 640
29.2.1  Address and Data Buses (FB_AN, FB_DN, FB_ADN)........cccoiiiiiiietiie sttt ra e 641
29.2.2  Chip SEIECtS (FB_CS[5 0] veverreereareareeieriisiesiestestesseaseaseesseseessessessessessesssssesssessessessessessessessesssssssnsessessesses 641
29.2.3  Byte Enables (FB_BE_31_24, FB_BE_23 16, FB_BE_15 8, FB_BE_7_0)..cocceeoesivrsieererrrerresseessreennes 642
29.2.4  OULPUL ENADIE (FB_OE).........ioeeoiceeeeeeeeeeeeseeeseeeesee s s s 642
A T = (- Lo A AV ) (o = T 2 AT ) TS 642
29.2.6  Transfer Start/Address Latch Enable (FB_TS/FB_ALE).........ccccccuriiiiiiieiieieise et 642
29.2.7  TranSfer Size (FB_TSIZLI0]). . . eoueeeiuieeeieie ittt sttt et bbbttt e bbbt et e e nne e 643
29.2.8  TranSfer BUISt (FB _TBST) ... iiiiiiiie i sttt ste et se ettt sttt teenaete e e esaesa e e e e e e enteneenreen 643
29.2.9  Transfer ACKNOWIEAGE (FB_TA) ... ittt bbb 644

29.3  Memory Map/RegiSter DEFINITION. .........cuiiiiiiiiie ettt ettt ettt eb et st ebe e 644
29.3.1  Chip select address register (FB_CSARN).......cii ettt sttt sre e snesre e 646
29.3.2  Chip select mask register (FB_CSIMRN)........coiiiiiiiiiiiei et 647
29.3.3  Chip select control register (FB_CSCRIN)......couiiiiiiiieiee ettt bbb 648
29.3.4  Chip select port multiplexing control register (FB_CSPMUCR)......ccccoviiiiiiiieiiereesese e 651

29.4  FUNCLIONAI DESCIIPTION. ...tttk bbbk b bbb bbbt b ettt 652
29.4.1  ChIP-SEIECE OPEIALION. ... cuiitiitiiti ittt bbb bt bbb bbbt bbb bbb bbb b e 652
29.4.2  Data TranSTer OPEIALION.......cc.civiiieieeeieesie st s e e st st e e e e e e e e e e ere e e e sestesteseestestesaeseseeseesaeneeseaneaneesesrenrens 654
29.4.3  Data Byte Alignment and PhySical CONNECLIONS..........cciiiiiiiiiiiiiiiiee s 654
29.4.4  Address/Data BUS MUIIPIEXING........eiiiiiiiiiiiie i 655
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29.4.5  BUS CYCIE EXECULION. .....cviiiitiietiie ettt b bbb bbbttt bbbt 656
29.4.6  FIexBus TimMiNG EXAMPIES. ......coiiiiiiiiie bbb bbb bbb bbb bbb e 658
FA TR N = 10 £ 3 o - TS 676
29.4.8  Extended Transfer Start/Address Latch ENADIE............cooiiiiiiiiiiiie s 685
20.4.9  BUS EITOIS.. ..ot 685
29.5 Initialization/Application INFOrMALION. .......cciiiiiie it na e e e nrenes 686
29.5.1  INitialiZiNg @ CHIP SEIECT......c.viiiiciiite bbbt 686
29.5.2  Reconfiguring @ CHIP SEIECT.......cc.i it bbbttt nas 686
Chapter 30
EzPort
30,1 OVBIVIBW. ...ttt b ke ke h bk b8 8t E bR R Rt Rt Rt 687
30. 1.1 INEFOGUCTION. .. ccvietieet et r e 687
30.1.2  FRALUMES. ...ttt R R Rttt e 688
11 I T |V (oo (XS o) B @] o< LA o] FO OSSO PR TP RPTPP 688
30.2  EXternal SigNal DeSCIIPIION. . ..uiiiieeeteieie ettt sttt e st e te e s e e seeseesees s eseesees s e e e e entesee st e eeneenee e es 689
30.2.1 Ao O (oo [ (=7 = 1 - TP 689
30.2.2  EZPOrt Chip SEIECE (EZP_CS)...ouvvoeiveeieeeeeeeeeeeeeseeeeeeeesesesee s s essee s ssee e 689
30.2.3  EzPort Serial Data IN (EZP_D)....cooiieiiiiie sttt ettt et nn et nenne s 690
30.2.4  EzPort Serial Data OUL (EZP_Q)......uiuiiiiiiiiiiiisi et 690
30.3  COMMEANG DEFINITION.....c.citiiiiiitiieii bbbt b bbbt r ekt b e 690
T 04 A O o =V o I I 1= od 4 4 T LS 691
30.4  Flash Memory Map TOr EZPOIT ACCESS.......cviuiieiiiteiate ettt sttt bbbt bt bbbt bbbttt b et ab et 695
Chapter 31
Cyclic redundancy check (CRC)
13 A [ 01 (oo U o] TSSOSO OSSO ST SOT SOV UR PSPPI 697
311D FRALUMES.....iei it 697
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31,13 MOTES OF OPEIALION. .....c.eeititetetit etttk b bbbttt bbb 698
31.2  Memory map and regiSter QESCIIPIIONS. .....c.ui ittt bbbt bbbt bbbt bt bbb bbb e 698
31.2.1  CRC Data RegiSter (CRC_CRC).....ciiieieieieie e se st sa st as e sae e este e sesae e tasbessaanaesaanseseeneenseseessensenes 699
31.2.2  CRC Polynomial Register (CRC_GPOLY).....coiiiiiiiiiiiiteisieiet et 700
31.2.3  CRC Control RegiSter (CRC_CTRL).....iiieiieii ettt sttt sttt a et staesaeesaesnaesnes 701
N G T w01 o Tox 1 o 0 = I [Tl T T S 702
31.3.1  CRC initialization/re-iNItialiZALION. ..........ceiiiiiiiieie bbb 702
31.3.2  CREC CAICUIALIONS. ...ttt bbbt b ettt 702
NI T T I -V ] 0T ST £ LU SRS 703
31.3.4  CRC reSUlt COMPIBMENT. .......iiiiiiieit et b bbbttt 705
Chapter 32
Analog-to-Digital Converter (ADC)
321 INEFOUUCTION. ...ttt ettt bbbtk b bbb h bbb b bbbt b R b e bt e bt e bbbt b et bbb 707
32,11 FRALUIMES.....cei ittt 707
7 7 =1 o Tod o [ T o =V 708
32.2  ADC SigNAl DESCIIPIIONS. ...ttt ettt ettt b bbbt bbb bbb b bbbt bbbttt 709
32.2.1  ANAIOG POWET (WDDA) .. .ttt ettt et h btk b bt bbbt bbbt bt bt bbbt bbbt e 710
32,22 ANAIOG GrOUNG (VSSA) .. ittt e sttt e et e et e s e s e seess e s e e seeRe et e e seeseeteerease et e nbeaneabenresneneeneenne 710
32.2.3  VOltage refereNCE SEIECT........ it 710
32.2.4  Analog ChanNEl INPULS (ADX).....eiiiiieiteitesie ettt bbb e bbbt bbbt e e e e b e 711
32.25  Differential analog channel INPULS (DADX)......cveieieieeieieiieieieeseeie e seee e seesae e saesie s seesseseessesseseessessenes 711
32,3 REQISIEN DETINMITION. ... ettt b bbbt bbbt bbb bbbt b et b et b et 711
32.3.1  ADC status and control registers 1 (ADCX_SCLN).....ccuciiiiiiieieiieste et sre e e sre s 714
32.3.2  ADC configuration register 1 (ADCX_CFGL)...cciiiviieiiriiesieeieseeieieesiesie ettt sre e e esae e eneeseessense s 717
32.3.3  Configuration register 2 (ADCX_CFG2).......couiiiiiiiiiitiiiteeeie ettt 719
32.3.4  ADC data result regiSter (ADCX _RN). ..ottt sta et e e st et e be e sraesreeaeeraennes 720
32.3.5  Compare value registers (ADCX_CVN)....ici et eeesiese st se et e sttt anaesae e e e e snesteanaeneeseeneenes 721
32.3.6  Status and control register 2 (ADCX_SC2)........ccuiiriiiriieiieisiesi et 722
32.3.7  Status and control register 3 (ADCX_SC3)......cciiiiiieiieii ettt et ae e 724
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32.3.8  ADC offset correction regiSter (ADCX_OFS)......ccuriiiiriirieirieisieisie et 725
32.3.9  ADC plus-side gain register (ADCX_PG).....couiiiiiiiiieiie ittt 726
32.3.10 ADC minus-side gain register (ADCX_IMG).....cccoeiiiiiieieiesesie s eeesie et e et a e aesneerae e e s 726
32.3.11 ADC plus-side general calibration value register (ADCX_CLPD).......cccccuiiiiiiiiiiiinieneeseseee e 727
32.3.12 ADC plus-side general calibration value register (ADCX_CLPS).......ccccoctiiiiiiiiiiiieieeeece e 728
32.3.13 ADC plus-side general calibration value register (ADCX_CLPA4).......ccccvviiieiiiiiirceeiese e 728
32.3.14 ADC plus-side general calibration value register (ADCX_CLP3)......cccccuriiiiiiiiiieeineeese e 729
32.3.15 ADC plus-side general calibration value register (ADCX_CLP2).......cccooiiiiiiiiiiiiiiee e 729
32.3.16 ADC plus-side general calibration value register (ADCX_CLPL)....c.ccccoiiiiiieiiireieieere e 730
32.3.17 ADC plus-side general calibration value register (ADCX_CLPO).......ccccoriiiiriiiiieieineneese e 730
32.3.18  ADC PGA TeGiStEr (ADCX_PGA)......veeiveeeeeeeeeeeeeeeesseseeeeseeeseesseesseeeseeeseesseesseesseeeseesseesseeeseessesseesseesseesseon 731
32.3.19 ADC minus-side general calibration value register (ADCX_CLMD).......cccoeiireienenie e 732
32.3.20 ADC minus-side general calibration value register (ADCX_CLMS)........ccoouriiiiiiiininenese e 733
32.3.21 ADC minus-side general calibration value register (ADCX_CLMA4)........c.ccovoiiiiiieie e 733
32.3.22 ADC minus-side general calibration value register (ADCX_CLM3)......cccccooviiiiininereieeneeesiese e seees 734
32.3.23  ADC minus-side general calibration value register (ADCX_CLM2).......cccoeoiiiniininiieseee s 734
32.3.24  ADC minus-side general calibration value register (ADCX_CLMIL).......cccooviiiiiiiiie e 735
32.3.25 ADC minus-side general calibration value register (ADCX_CLMO)........ccccovrvrererererienieeeiesesesese e 735

324 FUNCLIONAT HESCIIPIION. ...ttt bbb bbb bbb bbbttt 736
3241 PGA TUNCLIONAL ESCIIPIION. .. .evitiie ittt ettt b bbbt bbbt bbbt e 736
32.4.2  Clock select and diVIAe CONIOL...........ciiiiiiiiiieie e 737
32.4.3  Voltage referenCe SEIECTION. ... ..ottt bbbt 737
32.4.4  Hardware trigger and Channel SEIECES...........coviiiiiieie et 738
32,45 CONVEISION CONTIOL....iuiiiiiiiiiieiii ettt 739
3246  AULOMALIC COMPAIE TUNCTION. ......uiiitiiitit ettt bttt 746
32,47 Calibration FUNCLION........ccuiiiiiii ettt 747
32.4.8  User defined OffSEt TUNCLION. ... 749
32.4.9  TEMPEIALUIE SENSO ... cuteiierteetesietete sttt ettt sb b r bbb b bbb bbb et b bt e et et et et e e e e e ar b nen e 750
32410  MCU Wait MOUE OPEIALION. ... .evitiieititete ittt ettt ettt s e b e bt bt ekt e bt bt e bt e bt et e et e be bt b e b b e b e 750
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32.4.11  MCU Normal Stop MOGE OPEIALION. ........cueitiiititiiirieieiint etttk bbbt 751
32.4.12 MCU Low Power StOP MOUE OPEIALION.......c.eiuiiiiiiieiietieieeii ettt bbbt eb e sn e 752

325 INitialization INFOIMATION. ..ottt r s 752
325.1  ADC module initialization eXamPIE.........ccoiiiiiiii e 753

32.6  APPHCALION INTOIMELION. ...ttt ettt s bt h e st b et h £ b bt bt e bt bt e bt bt bbbt bbb b 755
32.6.1  EXtErnal PinS NG FOULING. ... cvevirieieitesie st se st e e e et ettt st besteebe et e e neereeseensesee s eneeseenee e ns 755
32.6.2  SOUICES OF BITON ... etttk bbbt bbb bbbt bbb bbb 757

Chapter 33
Comparator (CMP)

331 INEFOUUCTION. ...ttt b bbb bbb bbb bbbt e b e b e bt bt e bt b et b et bbb 763

332 CIMIP FRALUIES.....cuiitiiti ittt bbb b e bbb bbb bbbt 763

33.3  6-Dit DAC KEY FRAIUIES. .. ..eeuviieteiieitestese st tee e et et et e e te st et ste st e s te s seeteeseeseesee e esseeeseeeseeebenbeaseereaneansenee e eneeseeneeeenes 764

334 ANMUX KEY FRATUIES. ......iuiiuieiieitit ittt e st b e e h bbbt b e bbb bt et et e s et et n e en e n s 765

33.5 CMP, DAC, and ANMUX DIBQIAIM....c.uitiieieieieteieiee ettt e et e et as e bt b e bttt beabe et e e beabe bt s besbeabeabeabeabeabesbeabennes 765
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33.7  Memory Map/RegiSter DEFINITIONS. .........ciiiiiiiie bbbttt 768
33.7.1  CMP Control Register 0 (CMPX_CRO).......ccuiiiiiieiieite sttt sttt e e e ste e a e ae b e enaesraesraesres 769
33.7.2  CMP Control RegiSter 1 (CIMPX_CRL)....ccuiiiiiiieieieiiestes e ste e see et se e e stesnesna e esaesaesaessesneenaeeensenes 770
33.7.3  CMP Filter Period RegiSter (CIMPX_FPR)........couiiiiiiiiiciie e 771
33.7.4  CMP Status and Control RegiSter (CIMPX_SCR)........cceiioiiiiciieie sttt 772
33.7.5  DAC Control Register (CMPX_DACCR).......ccouiiiiiiaieieeieiestesesestesie e ste e sse e srassaeseeeenseseessenseseessessenes 773
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Chapter 1

About This Document

1.1 Overview

1.1.1 Purpose

This document describes the features, architecture, and programming model of the

Freescale K10 microcontroller.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using the K10 microcontroller in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix

Identifies a

Binary number. For example, the binary equivalent of the
number 5 is written 101b. In some cases, binary numbers are
shown with the prefix Ob.

Decimal number. Decimal numbers are followed by this suffix
only when the possibility of confusion exists. In general,
decimal numbers are shown without a suffix.

Hexadecimal number. For example, the hexadecimal
equivalent of the number 60 is written 3Ch. In some cases,
hexadecimal numbers are shown with the prefix Ox.
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cunventions

1.2.2 Typographic notation
The following typographic notation is used throughout this document:

Example Description

placeholder, x Items in italics are placeholders for information that you provide. Italicized text is also used
for the titles of publications and for emphasis. Plain lowercase letters are also used as
placeholders for single letters and numbers.

code Fixed-width type indicates text that must be typed exactly as shown. It is used for instruction
mnemonics, directives, symbols, subcommands, parameters, and operators. Fixed-width
type is also used for example code. Instruction mnemonics and directives in text and tables
are shown in all caps; for example, BSR.

SR[SCM] A mnemonic in brackets represents a named field in a register. This example refers to the
Scaling Mode (SCM) field in the Status Register (SR).

REVNOI6:4], XAD[7:0] Numbers in brackets and separated by a colon represent either:
« A subset of a register's named field

For example, REVNO[6:4] refers to bits 6—4 that are part of the COREREYV field that
occupies bits 6-0 of the REVNO register.

» A continuous range of individual signals of a bus

For example, XAD[7:0] refers to signals 7—-0 of the XAD bus.

1.2.3 Special terms

The following terms have special meanings:

Term Meaning

asserted Refers to the state of a signal as follows:
* An active-high signal is asserted when high (1).
» An active-low signal is asserted when low (0).

deasserted Refers to the state of a signal as follows:
* An active-high signal is deasserted when low (0).
« An active-low signal is deasserted when high (1).

In some cases, deasserted signals are described as
negated.

reserved Refers to a memory space, register, or field that is either
reserved for future use or for which, when written to, the
module or chip behavior is unpredictable.
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Chapter 2
Introduction

2.1 Overview

This chapter provides an overview of the Kinetis portfolio and K10 family of products. It
also presents high-level descriptions of the modules available on the devices covered by
this document.

2.2 K10 Family Introduction

The K10 family is the entry point into the Kinetis portfolio. Devices start from 32 KB of
flash in a small-footprint 5 x 5 mm 32 QFN package extendingupto 1 MB in a
144MAPBGA package with a rich suite of analog, communication, timing and control
peripherals. High memory density K10 family devices include a single precision floating
point unit and NAND flash controller. Additionally, pin compatibility, flexible low-
power capabilities and innovative FlexMemory help to solve many of the major pain
points for system implementation.

2.3 Module Functional Categories

The modules on this device are grouped into functional categories. The following
sections describe the modules assigned to each category in more detail.

Table 2-1. Module functional categories

Module category Description

ARM Cortex-M4 core e 32-bit MCU core from ARM’s Cortex-M class adding DSP instructions, 1.25
DMIPS/MHz, based on ARMv7 architecture

Table continues on the next page...
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Table 2-1. Module functional categories (continued)

Module category Description

System » System integration module
« Power management and mode controllers
» Multiple power modes available based on run, wait, stop, and power-
down modes
« Low-leakage wakeup unit
» Miscellaneous control module
» Crossbar switch
* Memory protection unit
» Peripheral bridge
» Direct memory access (DMA) controller with multiplexer to increase
available DMA requests
« External watchdog monitor
» Watchdog

Memories « Internal memories include:

» Program flash memory

* Programming acceleration RAM

* SRAM
» External memory or peripheral bus interface: FlexBus
» Serial programming interface: EzPort

Clocks » Multiple clock generation options available from internally- and externally-
generated clocks

» System oscillator to provide clock source for the MCU

* RTC oscillator to provide clock source for the RTC

Security » Cyclic Redundancy Check module for error detection
Analog » High speed analog-to-digital converter with integrated programmable gain
amplifier

« Comparator
« Digital-to-analog converter
« Internal voltage reference

Timers * Programmable delay block
* FlexTimers

 Periodic interrupt timer

* Low power timer

 Carrier modulator transmitter
« Independent real time clock

Communications « CAN

« Serial peripheral interface

« Inter-integrated circuit (12C)

* UART

» Secured Digital host controller
« Integrated interchip sound (I12S)

Human-Machine Interfaces (HMI) » General purpose input/output controller
» Capacitive touch sense input interface enabled in hardware

2.3.1 ARM Cortex-M4 Core Modules

The following core modules are available on this device.
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Table 2-2. Core modules

Module Description

ARM Cortex-M4 The ARM Cortex-M4 is the newest member of the Cortex M Series of processors
targeting microcontroller cores focused on very cost sensitive, deterministic,
interrupt driven environments. The Cortex M4 processor is based on the ARMv7
Architecture and Thumb®-2 ISA and is upward compatible with the Cortex M3,
Cortex M1, and Cortex MO architectures. Cortex M4 improvements include an
ARMvV7 Thumb-2 DSP (ported from the ARMv7-A/R profile architectures) providing
32-bit instructions with SIMD (single instruction multiple data) DSP style multiply-
accumulates and saturating arithmetic.

NVIC The ARMv7-M exception model and nested-vectored interrupt controller (NVIC)
implement a relocatable vector table supporting many external interrupts, a single
non-maskable interrupt (NMI), and priority levels.

The NVIC replaces shadow registers with equivalent system and simplified
programmability. The NVIC contains the address of the function to execute for a
particular handler. The address is fetched via the instruction port allowing parallel
register stacking and look-up. The first sixteen entries are allocated to ARM
internal sources with the others mapping to MCU-defined interrupts.

AWIC The primary function of the Asynchronous Wake-up Interrupt Controller (AWIC) is
to detect asynchronous wake-up events in stop modes and signal to clock control
logic to resume system clocking. After clock restart, the NVIC observes the
pending interrupt and performs the normal interrupt or event processing.

Debug interfaces Most of this device's debug is based on the ARM CoreSight™ architecture. Four
debug interfaces are supported:

* |EEE 1149.1 JTAG

* |IEEE 1149.7 JTAG (cJTAG)
 Serial Wire Debug (SWD)

* ARM Real-Time Trace Interface

2.3.2 System Modules

The following system modules are available on this device.

Table 2-3. System modules

Module Description
System integration module (SIM) The SIM includes integration logic and several module configuration settings.
Mode controller The MC provides control and protection on entry and exit to each power mode,

control for the Power management controller (PMC), and reset entry and exit for
the complete MCU.

Power management controller (PMC) The PMC provides the user with multiple power options. Ten different modes are
supported that allow the user to optimize power consumption for the level of
functionality needed. Includes power-on-reset (POR) and integrated low voltage
detect (LVD) with reset (brownout) capability and selectable LVD trip points.

Low-leakage wakeup unit (LLWU) The LLWU module allows the device to wake from low leakage power modes (LLS
and VLLS) through various internal peripheral and external pin sources.

Miscellaneous control module (MCM) The MCM includes integration logic and embedded trace buffer details.

Table continues on the next page...
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Table 2-3. System modules (continued)

Module Description

Crossbar switch (XBS) The XBS connects bus masters and bus slaves, allowing all bus masters to
access different bus slaves simultaneously and providing arbitration among the
bus masters when they access the same slave.

Memory protection unit (MPU) The MPU provides memory protection and task isolation. It concurrently monitors
all bus master transactions for the slave connections.

Peripheral bridges The peripheral bridge converts the crossbar switch interface to an interface to
access a majority of peripherals on the device.

DMA multiplexer (DMAMUX) The DMA multiplexer selects from many DMA requests down to 16 for the DMA
controller.

Direct memory access (DMA) controller | The DMA controller provides programmable channels with transfer control
descriptors for data movement via dual-address transfers for 8-, 16-, 32- and 128-
bit data values.

External watchdog monitor (EWM) The EWM is a redundant mechanism to the software watchdog module that
monitors both internal and external system operation for fail conditions.

Software watchdog (WDOG) The WDOG monitors internal system operation and forces a reset in case of
failure. It can run from an independent 1 KHz low power oscillator with a
programmable refresh window to detect deviations in program flow or system
frequency.

2.3.3 Memories and Memory Interfaces

The following memories and memory interfaces are available on this device.

Table 2-4. Memories and memory interfaces

Module Description

Flash memory » Program flash memory — non-volatile flash memory that can execute
program code
» FlexMemory — encompasses the following memory types:
* Programming acceleration RAM — RAM memory that accelerates
flash programming

Flash memory controller Manages the interface between the device and the on-chip flash memory.

SRAM Internal system RAM. Partial SRAM kept powered in VLLS2 low leakage mode.

SRAM controller Manages simultaneous accesses to system RAM by multiple master peripherals
and core.

System register file 32-byte register file that is accessible during all power modes and is powered by
VDD.

VBAT register file 32-byte register file that is accessible during all power modes and is powered by
VBAT.

Serial programming interface (EzPort) Same serial interface as, and subset of, the command set used by industry-
standard SPI flash memories. Provides the ability to read, erase, and program
flash memory and reset command to boot the system after flash programming.

Table continues on the next page...
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Table 2-4. Memories and memory interfaces (continued)

Module Description

FlexBus External bus interface with multiple independent, user-programmable chip-select
signals that can interface with external SRAM, PROM, EPROM, EEPROM, flash,
and other peripherals via 8-, 16- and 32-bit port sizes. Configurations include
multiplexed or non-multiplexed address and data buses using 8-bit, 16-bit, 32-bit,
and 16-byte line-sized transfers.

2.3.4 Clocks

The following clock modules are available on this device.
Table 2-5. Clock modules

Module Description

Multi-clock generator (MCG) The MCG provides several clock sources for the MCU that include:

» Phase-locked loop (PLL) — Voltage-controlled oscillator (VCO)

» Frequency-locked loop (FLL) — Digitally-controlled oscillator (DCO)

« Internal reference clocks — Can be used as a clock source for other on-chip
peripherals

System oscillator The system oscillator, in conjunction with an external crystal or resonator,
generates a reference clock for the MCU.

Real-time clock oscillator The RTC oscillator has an independent power supply and supports a 32 kHz
crystal oscillator to feed the RTC clock. Optionally, the RTC oscillator can replace
the system oscillator as the main oscillator source.

2.3.5 Security and Integrity modules

The following security and integrity modules are available on this device:

Table 2-6. Security and integrity modules

Module Description

Cyclic Redundancy Check (CRC) Hardware CRC generator circuit using 16/32-bit shift register. Error detection for
all single, double, odd, and most multi-bit errors, programmable initial seed value,

and optional feature to transpose input data and CRC result via transpose register.

2.3.6 Analog modules

The following analog modules are available on this device:
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Table 2-7. Analog modules

Module

Description

16-bit analog-to-digital converters (ADC)
and programmable-gain amplifiers
(PGA)

16-bit successive-approximation ADC designed with integrated programmable
gain amplifiers (PGA)

Analog comparators

Compares two analog input voltages across the full range of the supply voltage.

6-bit digital-to-analog converters (DAC)

64-tap resistor ladder network which provides a selectable voltage reference for
applications where voltage reference is needed.

12-bit digital-to-analog converters (DAC)

Low-power general-purpose DAC, whose output can be placed on an external pin
or set as one of the inputs to the analog comparator or ADC.

Voltage reference (VREF)

Supplies an accurate voltage output that is trimmable in 0.5 mV steps. The VREF
can be used in medical applications, such as glucose meters, to provide a
reference voltage to biosensors or as a reference to analog peripherals, such as
the ADC, DAC, or CMP.

2.3.7 Timer modules

The following timer modules are available on this device:

Table 2-8. Timer modules

Module

Description

Programmable delay block (PDB)

 16-bit resolution

« 3-hit prescaler

» Positive transition of trigger event signal initiates the counter

» Supports two triggered delay output signals, each with an independently-
controlled delay from the trigger event

» Outputs can be OR'd together to schedule two conversions from one input
trigger event and can schedule precise edge placement for a pulsed output.
This feature is used to generate the control signal for the CMP windowing
feature and output to a package pin if needed for applications, such as
critical conductive mode power factor correction.

» Continuous-pulse output or single-shot mode supported, each output is
independently enabled, with possible trigger events

» Supports bypass mode

e Supports DMA

Table continues on the next page...
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Table 2-8. Timer modules (continued)

Module Description
Flexible timer modules (FTM) » Selectable FTM source clock, programmable prescaler
» 16-bit counter supporting free-running or initial/final value, and counting is up
or up-down
* Input capture, output compare, and edge-aligned and center-aligned PWM
modes

» Operation of FTM channels as pairs with equal outputs, pairs with
complimentary outputs, or independent channels with independent outputs

» Deadtime insertion is available for each complementary pair

» Generation of hardware triggers

» Software control of PWM outputs

« Up to 4 fault inputs for global fault control

» Configurable channel polarity

» Programmable interrupt on input capture, reference compare, overflowed
counter, or detected fault condition

* Quadrature decoder with input filters, relative position counting, and interrupt
on position count or capture of position count on external event

« DMA support for FTM events

Periodic interrupt timers (PIT) « Four general purpose interrupt timers

* Interrupt timers for triggering ADC conversions
» 32-bit counter resolution

» Clocked by system clock frequency

* DMA support

Low-power timer (LPTimer)  Selectable clock for prescaler/glitch filter of 1 kHz (internal LPO), 32.768 kHz
(external crystal), or internal reference clock

» Configurable Glitch Filter or Prescaler with 16-bit counter

» 16-bit time or pulse counter with compare

« Interrupt generated on Timer Compare

» Hardware trigger generated on Timer Compare

Carrier modulator timer (CMT) * Four CMT modes of operation:
« Time with independent control of high and low times
» Baseband
» Frequency shift key (FSK)
« Direct software control of CMT_IRO pin
» Extended space operation in time, baseband, and FSK modes
» Selectable input clock divider
« Interrupt on end of cycle with the ability to disable CMT_IRO pin and use as
timer interrupt
» DMA support

Real-time clock (RTC) * Independent power supply, POR, and 32 kHz Crystal Oscillator

» 32-bit seconds counter with 32-bit Alarm

» 16-bit Prescaler with compensation that can correct errors between 0.12
ppm and 3906 ppm

2.3.8 Communication interfaces

The following communication interfaces are available on this device:
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Table 2-9. Communication modules

Module
Controller Area Network (CAN)

Description

Supports the full implementation of the CAN Specification Version 2.0, Part B

Serial peripheral interface (SPI) Synchronous serial bus for communication to an external device

Inter-integrated circuit (12C) Allows communication between a number of devices. Also supports the System

Management Bus (SMBus) Specification, version 2.

Universal asynchronous receiver/
transmitters (UART)

Asynchronous serial bus communication interface with programmable 8- or 9-bit
data format and support of ISO 7816 smart card interface

Secure Digital host controller (SDHC) Interface between the host system and the SD, SDIO, MMC, or CE-ATA cards.
The SDHC acts as a bridge, passing host bus transactions to the cards by sending
commands and performing data accesses to/from the cards. It handles the SD,

SDIO, MMC, and CE-ATA protocols at the transmission level.

12S The 12S is a full-duplex, serial port that allows the chip to communicate with a
variety of serial devices, such as standard codecs, digital signal processors
(DSPs), microprocessors, peripherals, and audio codecs that implement the inter-

IC sound bus (12S) and the Intel® AC97 standards

2.3.9 Human-machine interfaces

The following human-machine interfaces (HMI) are available on this device:
Table 2-10. HMI modules

Module Description

General purpose input/output (GPIO) All general purpose input or output (GPIO) pins are capable of interrupt and DMA

request generation. All GPIO pins have 5 V tolerance.

Capacitive touch sense input (TSI) Contains up to 16 channel inputs for capacitive touch sensing applications.

Operation is available in low-power modes via interrupts.

2.4 Orderable part numbers

The following table summarizes the part numbers of the devices covered by this
document.

Table 2-11. Orderable part numbers summary

Freescale part number CPU Pin Package Total Program | EEPROM| SRAM GPIO
count flash flash
frequenc
memory
y

MK10DN512ZVLK10 100 MHz |80 LQFP 512 KB 512 KB — 128 KB 56
MK10DN512ZVMB10 100 MHz |81 MAPBGA | 512 KB 512 KB — 128 KB 56
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Chapter 3
Chip Configuration

3.1 Introduction

This chapter provides details on the individual modules of the microcontroller. It
includes:

» module block diagrams showing immediate connections within the device,

« specific module-to-module interactions not necessarily discussed in the individual
module chapters, and

e links for more information.

3.2 Core modules

3.2.1 ARM Cortex-M4 Core Configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at http://
WWW.arm.com.
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Debug Interrupts

SRAM
Upper

Crossbar ARM Cortex-M4
switch Core

PPB

PPB Modules

SRAM
Lower

Figure 3-1. Core configuration

Table 3-1. Reference links to related information

Topic Related module Reference
Full description ARM Cortex-M4 core, http://www.arm.com
rop0
System memory map System memory map
Clocking Clock distribution
Power management Power management
System/instruction/data Crossbar switch Crossbar switch
bus module
System/instruction/data SRAM SRAM
bus module
Debug IEEE 1149.1 JTAG Debug
IEEE 1149.7 JTAG
(cIJTAG)
Serial Wire Debug
(SWD)
ARM Real-Time Trace
Interface
Interrupts Nested Vectored NVIC
Interrupt Controller
(NVIC)
Private Peripheral Bus | Miscellaneous Control MCM
(PPB) module Module (MCM)

3.2.1.1 Buses, interconnects, and interfaces
The ARM Cortex-M4 core has four buses as described in the following table.
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Bus name Description

Instruction code (ICODE) bus | The ICODE and DCODE buses are muxed. This muxed bus is called the CODE bus and is
D de (DCODE) b connected to the crossbar switch via a single master port. In addition, the CODE bus is also
ata code ( ) bus tightly coupled to the lower half of the system RAM (SRAM_L).

System bus The system bus is connected to a separate master port on the crossbar. In addition, the
system bus is tightly coupled to the upper half system RAM (SRAM_U).

Private peripheral (PPB) bus | The PPB provides access to these modules:
« ARM modules such as the NVIC, ETM, ITM, DWT, FBP, and ROM table
» Freescale Miscellaneous Control Module (MCM)

3.2.1.2 System Tick Timer

The System Tick Timer's clock source is always the core clock, FCLK. This results in the
following:

» The CLKSOURCE bit in SysTick Control and Status register is always set to select
the core clock.

» Because the timing reference (FCLK) is a variable frequency, the TENMS bit in the
SysTick Calibration Value Register is always zero.

» The NOREF bit in SysTick Calibration Value Register is always set, implying that
FCLK is the only available source of reference timing.

3.2.1.3 Debug facilities

This device has extensive debug capabilities including run control and tracing
capabilities. The standard ARM debug port that supports JTAG and SWD interfaces.
Also the cJTAG interface is supported on this device.

3.2.1.4 Core privilege levels

The ARM documentation uses different terms than this document to distinguish between
privilege levels.

If you see this term... it also means this term...
Privileged Supervisor
Unprivileged or user User

K10 Sub-Family Reference Manual, Rev. 6, Nov 2011

Freescale Semiconductor, Inc. 63




A
4

4
A

cure modules

3.2.2 Nested Vectored Interrupt Controller (NVIC) Configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at http://
WWW.arm.com.

Interrupts
; —
x
gy PPB Nested Vectore odul
88 Interrupt Controller . -
= (NVIC) : :
< ] Module |

Figure 3-2. NVIC configuration

Table 3-2. Reference links to related information

Topic Related module Reference

Full description Nested Vectored http://www.arm.com
Interrupt Controller
(NVIC)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Private Peripheral Bus | ARM Cortex-M4 core ARM Cortex-M4 core
(PPB)

3.2.2.1 Interrupt priority levels

This device supports 16 priority levels for interrupts. Therefore, in the NVIC each source
in the IPR registers contains 4 bits. For example, IPRO is shown below:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

R o|lo|o]|o o|lo|o]|o o|lo|o]|o o|lo|o]o
IRQ3 IRQ2 IRQ1 IRQO

3.2.2.2 Non-maskable interrupt

The non-maskable interrupt request to the NVIC is controlled by the external NMI signal.
The pin the NMI signal is multiplexed on, must be configured for the NMI function to
generate the non-maskable interrupt request.
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3.2.2.3 Interrupt channel assignments
The interrupt source assignments are defined in the following table.

* Vector number — the value stored on the stack when an interrupt is serviced.
» IRQ number — non-core interrupt source count, which is the vector number minus
16.

The IRQ number is used within ARM's NVIC documentation.

Table 3-4. Interrupt vector assignments

Address Vector IRQ? NVIC NVIC Source module Source description

non-IPR IPR

register | register

number | number

2 3
ARM Core System Handler Vectors
0x0000_0000 0 - - - ARM core Initial Stack Pointer
0x0000_0004 1 - - - ARM core Initial Program Counter
0x0000_0008 2 - - - ARM core Non-maskable Interrupt (NMI)
0x0000_000C 3 — — — ARM core Hard Fault
0x0000_0010 4 - - - ARM core MemManage Fault
0x0000_0014 5 - - - ARM core Bus Fault
0x0000_0018 6 - - - ARM core Usage Fault
0x0000_001C 7 - - - — —
0x0000_0020 8 - - - — —
0x0000_0024 9 - - - — —
0x0000_0028 10 - - — — —
0x0000_002C 11 - - - ARM core Supervisor call (SVCall)
0x0000_0030 12 - - - ARM core Debug Monitor
0x0000_0034 13 - - - — —
0x0000_0038 14 - - - ARM core Pendable request for system service
(PendableSrvReq)

0x0000_003C 15 - - - ARM core System tick timer (SysTick)
Non-Core Vectors
0x0000_0040 16 0 0 0 DMA DMA channel 0 transfer complete
0x0000_0044 17 1 0 0 DMA DMA channel 1 transfer complete
0x0000_0048 18 2 0 0 DMA DMA channel 2 transfer complete
0x0000_004C 19 3 0 0 DMA DMA channel 3 transfer complete
0x0000_0050 20 4 0 1 DMA DMA channel 4 transfer complete

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)

Address Vector IRQ? NVIC NVIC Source module Source description
non-IPR IPR
register | register
number | number
2 3
0x0000_0054 21 5 0 1 DMA DMA channel 5 transfer complete
0x0000_0058 22 6 0 1 DMA DMA channel 6 transfer complete
0x0000_005C 23 7 0 1 DMA DMA channel 7 transfer complete
0x0000_0060 24 8 0 2 DMA DMA channel 8 transfer complete
0x0000_0064 25 9 0 2 DMA DMA channel 9 transfer complete
0x0000_0068 26 10 0 2 DMA DMA channel 10 transfer complete
0x0000_006C 27 11 0 2 DMA DMA channel 11 transfer complete
0x0000_0070 28 12 0 3 DMA DMA channel 12 transfer complete
0x0000_0074 29 13 0 3 DMA DMA channel 13 transfer complete
0x0000_0078 30 14 0 3 DMA DMA channel 14 transfer complete
0x0000_007C 31 15 0 3 DMA DMA channel 15 transfer complete
0x0000_0080 32 16 0 4 DMA DMA error interrupt channels 0-15
0x0000_0084 33 17 0 4 MCM Normal interrupt
0x0000_0088 34 18 0 4 Flash memory Command complete
0x0000_008C 35 19 0 4 Flash memory Read collision
0x0000_0090 36 20 0 5 Mode Controller Low-voltage detect, low-voltage warning
0x0000_0094 37 21 0 5 LLWU Low Leakage Wakeup
NOTE: The LLWU interrupt must not
be masked by the interrupt
controller to avoid a scenario
where the system does not fully
exit stop mode on an LLS
recovery.
0x0000_0098 38 22 0 5 WDOG Watchdog interrupt
0x0000_009C 39 23 0 5 — —
0x0000_00AO 40 24 0 6 12Co —
0x0000_00A4 41 25 0 6 12C1 —
0x0000_00A8 42 26 0 6 SPIO Single interrupt vector for all sources
0x0000_00AC 43 27 0 6 SPI1 Single interrupt vector for all sources
0x0000_00B0O 44 28 0 7 — —
0x0000_00B4 45 29 0 7 CANO OR'ed Message buffer (0-15)
0x0000_00B8 46 30 0 7 CANO Bus Off
0x0000_00BC 47 31 0 7 CANO Error
0x0000_00C0 48 32 1 8 CANO Transmit Warning

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)
Address Vector | IRQ!? NVIC NVIC Source module Source description
non-IPR IPR
register | register
number | number
2 3
0x0000_00C4 49 33 1 8 CANO Receive Warning
0x0000_00C8 50 34 1 8 CANO Wake Up
0x0000_00CC 51 35 1 8 — —
0x0000_00D0 52 36 1 9 — —
0x0000_00D4 53 37 1 9 CAN1 OR'ed Message buffer (0-15)
0x0000_00D8 54 38 1 9 CAN1 Bus off
0x0000_00DC 55 39 1 9 CAN1 Error
0x0000_00EO 56 40 1 10 CAN1 Transmit Warning
0x0000_00E4 57 41 1 10 CAN1 Receive Warning
0x0000_00E8 58 42 1 10 CAN1 Wake Up
0x0000_00EC 59 43 1 10 — —
0x0000_00F0 60 44 1 11 — —
0x0000_00F4 61 45 1 11 UARTO Single interrupt vector for UART status
sources
0x0000_00F8 62 46 1 11 UARTO Single interrupt vector for UART error
sources
0x0000_00FC 63 47 1 11 UART1 Single interrupt vector for UART status
sources
0x0000_0100 64 48 1 12 UART1 Single interrupt vector for UART error
sources
0x0000_0104 65 49 1 12 UART2 Single interrupt vector for UART status
sources
0x0000_0108 66 50 1 12 UART2 Single interrupt vector for UART error
sources
0x0000_010C 67 51 1 12 UART3 Single interrupt vector for UART status
sources
0x0000_0110 68 52 1 13 UART3 Single interrupt vector for UART error
sources
0x0000_0114 69 53 1 13 — —
0x0000_0118 70 54 1 13 — —
0x0000_011C 71 55 1 13 — —
0x0000_0120 72 56 1 14 — —
0x0000_0124 73 57 1 14 ADCO —
0x0000_0128 74 58 1 14 ADC1 —
0x0000_012C 75 59 1 14 CMPO —

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)

Address Vector IRQ? NVIC NVIC Source module Source description
non-IPR IPR
register | register
number | number
2 3
0x0000_0130 76 60 1 15 CMP1 —
0x0000_0134 77 61 1 15 CMP2 —
0x0000_0138 78 62 1 15 FTMO Single interrupt vector for all sources
0x0000_013C 79 63 1 15 FTM1 Single interrupt vector for all sources
0x0000_0140 80 64 2 16 FTM2 Single interrupt vector for all sources
0x0000_0144 81 65 2 16 CMT —
0x0000_0148 82 66 2 16 RTC Alarm interrupt
0x0000_014C 83 67 2 16 — —
0x0000_0150 84 68 2 17 PIT Channel 0
0x0000_0154 85 69 2 17 PIT Channel 1
0x0000_0158 86 70 2 17 PIT Channel 2
0x0000_015C 87 71 2 17 PIT Channel 3
0x0000_0160 88 72 2 18 PDB —
0x0000_0164 89 73 2 18 — —
0x0000_0168 90 74 2 18 — —
0x0000_016C 91 75 2 18 — —
0x0000_0170 92 76 2 19 — —
0x0000_0174 93 7 2 19 — —
0x0000_0178 94 78 2 19 — —
0x0000_017C 95 79 2 19 1250 —
0x0000_0180 96 80 2 20 SDHC —
0x0000_0184 97 81 2 20 DACO —
0x0000_0188 98 82 2 20 — —
0x0000_018C 99 83 2 20 TSI Single interrupt vector for all sources
0x0000_0190 100 84 2 21 MCG —
0x0000_0194 101 85 2 21 Low Power Timer |—
0x0000_0198 102 86 2 21 — —
0x0000_019C 103 87 2 21 Port control Pin detect (Port A)
module
0x0000_01A0 104 88 2 22 Port control Pin detect (Port B)
module
0x0000_01A4 105 89 2 22 Port control Pin detect (Port C)
module

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)

Address Vector IRQ? NVIC NVIC Source module Source description
non-IPR IPR
register | register
number | number
2 3
0x0000_01A8 106 90 2 22 Port control Pin detect (Port D)
module
0x0000_01AC 107 91 2 22 Port control Pin detect (Port E)
module
0x0000_01B0 108 92 2 23 — —
0x0000_01B4 109 93 2 23 — —
0x0000_01B8 110 94 2 23 Software Software interrupt?
1. Indicates the NVIC's interrupt source number.
2. Indicates the NVIC's ISER, ICER, ISPR, ICPR, and IABR register number used for this IRQ. The equation to calculate this
value is: IRQ div 32
3. Indicates the NVIC's IPR register number used for this IRQ. The equation to calculate this value is: IRQ div 4
4. This interrupt can only be pended or cleared via the NVIC registers.

3.2.2.3.1 Determining the bitfield and register location for configuring a

particular interrupt

Suppose you need to configure the low-power timer (LPTMR) interrupt. The following
table is an excerpt of the LPTMR row from Interrupt channel assignments.

Table 3-5. LPTMR interrupt vector assignment

Address Vector IRQ? NVIC NVIC Source module Source description
non-IPR IPR
register | register

number | number
2 3

0x0000_0194 101 85 2 21 Low Power Timer |—

Indicates the NVIC's interrupt source number.
Indicates the NVIC's ISER, ICER, ISPR, ICPR, and IABR register number used for this IRQ. The equation to calculate this

value is: IRQ div 32
Indicates the NVIC's IPR register number used for this IRQ. The equation to calculate this value is: IRQ div 4

» The NVIC registers you would use to configure the interrupt are:
* NVICISER2
NVICICER2
NVICISPR2
NVICICPR2
NVICIABR2
NVICIPR21
* To determine the particular IRQ's bitfield location within these particular registers:
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* NVICISER2, NVICICER2, NVICISPR2, NVICICPR2, NVICIABR2 bit

location = IRQ mod 32 = 21
* NVICIPR21 bitfield starting location =8 * (IRQ mod 4) + 4 = 12

Since the NVICIPR bitfields are 4-bit wide (16 priority levels), the NVICIPR21
bitfield range is 12-15

Therefore, the following bitfield locations are used to configure the LPTMR interrupts:

« NVICISER2[21]
NVICICER2[21]
NVICISPR2[21]
NVICICPR2[21]
NVICIABR2[21]
NVICIPR21[15:12]

3.2.3 Asynchronous Wake-up Interrupt Controller (AWIC)
Configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at http://

WWW.arm.com.

Clock logic

Wake-up
requests

Asynchronous
Wake-up Interrupt

Controller (AWIC) :
Module

Nested vectored
interrupt controller
(NVIC)

Figure 3-3. Asynchronous Wake-up Interrupt Controller configuration

Table 3-6. Reference links to related information

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Power management Power management
Nested Vectored NVIC
Interrupt Controller
(NVIC)

Table continues on the next page...
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Table 3-6. Reference links to related information (continued)

Topic Related module Reference

Wake-up requests AWIC wake-up sources

3.2.3.1 Wake-up sources
The device uses the following internal and external inputs to the AWIC module.
Table 3-7. AWIC Stop and VLPS Wake-up Sources

Wake-up source Description
Available system resets RESET pin and WDOG when LPO is its clock source, and JTAG
Low-voltage detect Mode Controller
Low-voltage warning Mode Controller
Pin interrupts Port Control Module - Any enabled pin interrupt is capable of waking the system
ADCx The ADC is functional when using internal clock source
CMPx Since no system clocks are available, functionality is limited
12C Address match wakeup
UART Active edge on RXD
LPTMR Functional in Stop/VLPS modes
RTC Functional in Stop/VLPS modes
SDHC Wakeup
12S Wakeup
TSI
CAN

3.2.4 JTAG Controller Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.
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JTAG controller

cJTAG

Signal multiplexing

Figure 3-4. JTAGC Controller configuration

Table 3-8. Reference links to related information

Topic

Related module

Reference

Full description

JTAGC

JTAGC

Signal multiplexing

Port control

Signal multiplexing

3.3 System modules

3.3.1 SIM Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

System integration
module (SIM)

Figure 3-5. SIM configuration

Table 3-9. Reference links to related information

Topic

Related module

Reference

Full description

SIM

SIM

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management
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3.3.2 Mode Controller Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Resets

Mode controller

Power management
controller (PMC)

Figure 3-6. Mode controller configuration

Table 3-10. Reference links to related information

Topic Related module Reference
Full description Mode Controller Mode Controller
System memory map System memory map
Power management Power management
Power management PMC
controller (PMC)

3.3.3 PMC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge

Register
access

Power management
controller (PMC)

Mode controller

Figure 3-7. PMC configuration

Table 3-11. Reference links to related information

Topic Related module Reference
Full description PMC PMC
System memory map System memory map
Power management Power management
Full description Mode Controller Mode Controller
Low-Leakage Wakeup LLWU
Unit (LLWU)

3.3.4 Low-Leakage Wake-up Unit (LLWU) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0
Register
access
Wake-up
g __ requests
23 :
Sz
[}
g Low-Leakage Wake-up
gL .
] Unit (LLWU) : .
E E L] o
i
o

Figure 3-8. Low-Leakage Wake-up Unit configuration

Table 3-12. Reference links to related information

Topic Related module Reference
Full description LLWU LLWU
System memory map System memory map

Table continues on the next page...
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Table 3-12. Reference links to related information (continued)

Topic Related module Reference

Clocking Clock distribution

Power management Power management chapter

Power Management
Controller (PMC)

Power Management Controller (PMC)

Mode Controller Mode Controller

Wake-up requests LLWU wake-up sources

3.3.4.1 Wake-up Sources

This chip uses the following internal peripheral and external pin inputs as wakeup
sources to the LLWU module:

o LLWU _PO0-15 are external pin inputs. See the chip's signal multiplexing table for the
individual input signal options.
o LLWU_MOIF-MT7IF are connections to the internal peripheral interrupt flags.

NOTE
RESET is also a wakeup source, depending on the bit setting in
the LLWU_CS register. On devices where RESET is not a
dedicated pin, it must also be enabled in the explicit port mux

control.
Table 3-13. Wakeup sources for LLWU inputs
Input Wakeup source Input Wakeup source
LLWU_PO |PTE1/LLWU_PO pin LLWU_P12  |PTDO/LLWU_P12 pin
LLWU_P1 |PTE2/LLWU_P1 pin LLWU_P13 |PTD2/LLWU_P13 pin
LLWU_P2 PTE4/LLWU_P2 pin LLWU_P14 PTD4/LLW14_PO pin
LLWU_P3 PTA4/LLWU_P3 pin! LLWU_P15 PTD6/LLWU_P15 pin
LLWU_P4 PTA13/LLWU_P4 pin LLWU_MOIF |LPTMR?
LLWU_P5 |PTBO/LLWU_P5 pin LLWU_M1IF |CMP0?
LLWU_P6 |PTCL/LLWU_P6 pin LLWU_M2IF |CMP12
LLWU_P7 |PTC3/LLWU_P7 pin LLWU_M3IF |CMP22
LLWU_PS8 PTC4/LLWU_PS8 pin LLWU_MA4IF TSI?
LLWU_P9 PTC5/LLWU_P9 pin LLWU_MSIF | RTC Alarm?
LLWU_P10 |PTC6/LLWU_P10 pin LLWU_M6IF | Reserved
LLWU_P11 |PTC11/LLWU_P11 pin LLWU_MTYIF | Error Detect - wake-up source unknown

1. Afalling edge input that remains low on this pin when waking up the MCU from VLLSx modes with the EzPort enabled
causes entry into EzPort mode during the reset sequence. A falling edge input that remains low on this pin when waking
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up the MCU from any non-VLLSx mode with the NMI function selected in its port control register asserts an NMI exception
on low power mode recovery. The same occurs when recovering from VLLSx modes if EzPort is disabled; otherwise,
EzPort mode is entered. See the "EzPort Configuration" section in this chapter for more information.

2. Requires the peripheral and the peripheral interrupt to be enabled. The LLWU's WUME bit enables the internal module flag
as a wakeup input. After wakeup, the flags are cleared based on the peripheral clearing mechanism.

3.3.5 MCM Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

<

=

g, PP Miscellaneous

88 _—— Control Module
ransrers

é (MCM)

Figure 3-9. MCM configuration

Table 3-14. Reference links to related information

Topic Related module Reference
Full description Miscellaneous control MCM
module (MCM)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Transfers ARM Cortex-M4 core ARM Cortex-M4 core

Private Peripheral Bus
(PPB)

3.3.6 Crossbar Switch Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-10. Crossbar switch integration

Table 3-15. Reference links to related information

Topic

Related module

Reference

Full description

Crossbar switch

Crossbar Switch

System memory map

System memory

map

Clocking

Clock Distribution

Memory protection

MPU

MPU

Crossbar switch master

ARM Cortex-M4 core

ARM Cortex-M4

core

Crossbar switch master

DMA controller

DMA controller

Crossbar switch master EzPort EzPort
Crossbar switch master SDHC SDHC
Crossbar switch slave Flash Flash

Crossbar switch slave

SRAM backdoor

SRAM backdoor

Crossbar switch slave

Peripheral bridges

Peripheral bridge

Crossbar switch slave

GPIO controller

GPIO controller

Table continues on the next page...
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Table 3-15. Reference links to related information (continued)

Topic Related module Reference

Crossbar switch slave FlexBus FlexBus

3.3.6.1 Crossbar Switch Master Assignments

The masters connected to the crossbar switch are assigned as follows:

Master module Master port number
ARM core code bus 0
ARM core system bus 1
DMA/EzPort 2
SDHC 5
NOTE

The DMA and EzPort share a master port. Since these modules
never operate at the same time, no configuration or arbitration
explanations are necessary.

3.3.6.2 Crossbar Switch Slave Assignments

The slaves connected to the crossbar switch are assigned as follows:

Slave module Slave port number Protected by MPU?
Flash memory controller Yes
SRAM backdoor Yes

Peripheral bridge 0! No. Protection built into bridge.
Peripheral bridge 1/GP10?

FlexBus

No. Protection built into bridge.

AlW|[N|FP,|O

Yes

1. See System memory map for access restrictions.

3.3.6.3 PRS register reset values
The AXBS_PRSn registers reset to 0054 3210h.

3.3.7 Memory Protection Unit (MPU) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge 0

Register
access
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Master

Logical
Master

Logical
Master

Memory Protection
Unit (MPU)

Transfers
|

lje——> Slave

Figure 3-11. Memory Protection Unit configuration

Table 3-16. Reference links to related information

Topic

Related module

Reference

Full description

Memory Protection Unit
(MPU)

MPU

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Logical masters

Logical master assignments

Slave modules

Slave module assignments

3.3.7.1 MPU Slave Port Assignments
The memory-mapped resources protected by the MPU are:

Table 3-17. MPU Slave Port Assignments

Source

MPU Slave Port Assighment

Destination

Crossbar slave port O

MPU slave port 0

Flash Controller

Crossbar slave port 1

MPU slave port 1

SRAM backdoor

Code Bus

MPU slave port 2

SRAM_L frontdoor

System Bus

MPU slave port 3

SRAM_U frontdoor

Crossbar slave port 4

MPU slave port 4

FlexBus
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3.3.7.2 MPU Logical Bus Master Assignments
The logical bus master assignments for the MPU are:

Table 3-18. MPU Logical Bus Master Assignments

MPU Logical Bus Master Number Bus Master

Core

Debugger
DMA

none

none

SDHC

none

N~Njfo|loa| b~ W[N] | O

none

3.3.7.3 MPU Access Violation Indications

Access violations detected by the MPU are signaled to the appropriate bus master as
shown below:

Table 3-19. Access Violation Indications

Bus Master Core Indication

Core Bus fault (interrupt vector #5) Note: To enable bus faults set the core's System
Handler Control and State Register's BUSFAULTENA bit. If this bit is not set, MPU
violations result in a hard fault (interrupt vector #3).

Debugger The STICKYERROR flag is set in the Debug Port Control/Status Register.
DMA Interrupt vector #32
SDHC Interrupt vector #96

3.3.7.4 Reset Values for RGDO Registers

At reset, the MPU is enabled with a single region descriptor (RGDO) that maps the entire
4 GB address space with read, write and execute permissions given to the core, debugger
and the DMA bus masters.

The following table shows the chip-specific reset values for RGDO and RGDAACO.
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Table 3-20. Reset Values for RGDO Registers

Register Reset value
RGDO_WORDO 0000_0000h
RGDO_WORD1 FFFF_FFFFh
RGDO_WORD2 0061_F7DFh
RGDO_WORD3 0000_0001h
RGDAACO 0061_F7DFh

3.3.7.5 Write Access Restrictions for RGDO Registers

In addition to configuring the initial state of RGDO, the MPU implements further access
control on writes to the RGDO registers. Specifically, the MPU assigns a priority scheme
where the debugger is treated as the highest priority master followed by the core and then
all the remaining masters.

The MPU does not allow writes from the core to affect the RGDO start or end addresses
nor the permissions associated with the debugger; it can only write the permission fields
associated with the other masters.

These protections (summarized below) guarantee that the debugger always has access to
the entire address space and those rights cannot be changed by the core or any other bus
master.

Table 3-21. Write Access to RGDO Registers

Bus Master Write Access?

Core Partial. The Core cannot write to the following registers or
register fields:
« RGDO_WORDO, RGDO_WORD1, RGD0O_WORD3
« RGDO_WORD2[M1SM, M1UM]
« RGDAACO[M1SM, M1UM]

NOTE: Changes to the RGDO_WORD?2 alterable fields
should be done via a write to RGDAACO.

Debugger Yes

All other masters No

3.3.8 Peripheral Bridge Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Transfers AIPS-Lite Transfers
peripheral bridge

Crossbar switch
Peripherals

Figure 3-12. Peripheral bridge configuration

Table 3-22. Reference links to related information

Topic Related module Reference
Full description Peripheral bridge Peripheral bridge (AIPS-Lite)
(AIPS-Lite)
System memory map System memory map
Clocking Clock Distribution
Crossbar switch Crossbar switch Crossbar switch

3.3.8.1 Number of peripheral bridges

This device contains two identical peripheral bridges.

3.3.8.2 Memory maps

The peripheral bridges are used to access the registers of most of the modules on this
device. See AIPSO Memory Map and AIPS1 Memory Map for the memory slot
assignment for each module.

3.3.8.3 MPRA register

Each of the two peripheral bridges supports up to 8 crossbar switch masters, each
assigned to a MPROTX field in the MPRA register. However, fewer are supported on this
device. See Crossbar switch for details of the master port assignments for this device.

3.3.8.4 AIPS_Lite MPRA register reset value
» AIPSx_MPRA reset value is 0x7770_0000

Therefore, masters 0, 1, and 2 are trusted bus masters after reset.
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3.3.8.5 PACR registers

Each of the two peripheral bridges support up to 128 peripherals each assigned to an
PACRX field within the PACRA-PACRP registers. However, fewer peripherals are
supported on this device. See AIPSO Memory MapandAIPS1 Memory Map for details of
the peripheral slot assignments for this device. Unused PACRX fields are reserved.

3.3.8.6 AIPS_Lite PACRE-P register reset values

The AIPSx_PACRE-P reset values depend on if the module is available on your
particular device. For each populated slot in slots 32-127 in Peripheral Bridge 0 (AIPS-
Lite 0) Memory Map and Peripheral Bridge 1 (AIPS-Lite 1) Memory Map, the
corresponding module's PACR[32:127] field resets to 0x4.

3.3.9 DMA request multiplexer configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0
Register
access
Requests Module
% Channel -u
£ | reauest DMA Request
S Multiplexer : :
=
:

Figure 3-13. DMA request multiplexer configuration

Table 3-23. Reference links to related information

Topic Related module Reference
Full description DMA request DMA Mux
multiplexer
System memory map System memory map
Clocking Clock distribution
Power management Power management
Channel request DMA controller DMA Controller
Requests DMA request sources

K10 Sub-Family Reference Manual, Rev. 6, Nov 2011

Freescale Semiconductor, Inc. 83



h o
g |

Sysiwem modules

3.3.9.1 DMA MUX request sources

This device includes a DMA request mux that allows up to 63 DMA request signals to be
mapped to any of the 16 DMA channels.

Because of the mux there is not a hard correlation between any of the DMA request
sources and a specific DMA channel.

Table 3-24. DMA request sources - MUX 0

Source Source module Source description
number
0 — Channel disabled?!
1 Reserved Not used
2 UARTO Receive
3 UARTO Transmit
4 UART1 Receive
5 UART1 Transmit
6 UART2 Receive
7 UART2 Transmit
8 UART3 Receive
9 UART3 Transmit
10 Reserved Receive
11 Reserved Transmit
12 Reserved —
13 Reserved —
14 12S0 Receive
15 12S0 Transmit
16 SPIO Receive
17 SPIO Transmit
18 SPI1 Receive
19 SPI1 Transmit
20
21
22 12Co —
23 12c1 —
24 FTMO Channel 0
25 FTMO Channel 1
26 FTMO Channel 2

Table continues on the next page...
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Table 3-24. DMA request sources - MUX 0 (continued)

Source Source module Source description
number
27 FTMO Channel 3
28 FTMO Channel 4
29 FTMO Channel 5
30 FTMO Channel 6
31 FTMO Channel 7
32 FTM1 Channel 0
33 FTM1 Channel 1
34 FTM2 Channel 0
35 FTM2 Channel 1
36 FTM3 Channel 0
37 FTM3 Channel 1
38 FTM3 Channel 2
39 FTM1 Channel 3
40 ADCO —
41 ADC1 -
42 CMPO —
43 CMP1 —
44 CMP2 —
45 DACO —
46 Reserved —
47 CMT —
48 PDB —
49 Port control module Port A
50 Port control module Port B
51 Port control module Port C
52 Port control module Port D
53 Port control module Port E
54 FTM3 Channel 4
55 FTM3 Channel 5
56 FTM3 Channel 6
57 FTM3 Channel 7
58 DMA MUX Always enabled
59 DMA MUX Always enabled
60 DMA MUX Always enabled

Table continues on the next page...
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Table 3-24. DMA request sources - MUX 0 (continued)

Source Source module Source description
number
61 DMA MUX Always enabled
62 DMA MUX Always enabled
63 DMA MUX Always enabled

1. Configuring a DMA channel to select source 0 or any of the reserved sources disables that DMA channel.

3.3.9.2 DMA transfers via PIT trigger

The PIT module can trigger a DMA transfer on the first four DMA channels. The
assignments are detailed at PIT/DMA Periodic Trigger Assignments .

3.3.10 DMA Controller Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge O

Register
access

Transfers

Crossbar switch

DMA Controller

Requests

DMA Multiplexer

Figure 3-14. DMA Controller configuration

Table 3-25. Reference links to related information

Topic

Related module

Reference

Full description

DMA Controller

DMA Controller

System memory map

System memory map

Register access

Peripheral bridge
(AIPS-Lite 0)

AIPS-Lite 0

Clocking

Clock distribution

Power management

Power management

Transfers

Crossbar switch

Crossbar switch
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3.3.11 External Watchdog Monitor (EWM) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0

Register
access

External Watchdog Module signals
Monitor (EWM)

Signal multiplexing

Figure 3-15. External Watchdog Monitor configuration

Table 3-26. Reference links to related information

Topic Related module Reference
Full description External Watchdog EWM
Monitor (EWM)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port Control Module Signal multiplexing

3.3.11.1 EWM clocks
This table shows the EWM clocks and the corresponding chip clocks.

Table 3-27. EWM clock connections

Module clock Chip clock

Low Power Clock 1 kHz LPO Clock

3.3.11.2 EWM low-power modes

This table shows the EWM low-power modes and the corresponding chip low-power
modes.
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Table 3-28. EWM low-power modes

Module mode Chip mode
Wait Wait, VLPW
Stop Stop, VLPS, LLS
Power Down VLLS3, VLLS2, VLLS1

3.3.11.3 EWM_OUT pin state in low power modes

During Wait, Stop and Power Down modes the EWM_OUT pin enters a high-impedance
state. A user has the option to control the logic state of the pin using an external pull
device or by configuring the internal pull device. When the CPU enters a Run mode from
Wait or Stop recovery, the pin resumes its previous state before entering Wait or Stop
mode. When the CPU enters Run mode from Power Down, the pin returns to its reset
state.

3.3.12 Watchdog Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0

Register
access

WDOG

Mode Controller

Figure 3-16. Watchdog configuration

Table 3-29. Reference links to related information

Topic Related module Reference
Full description Watchdog Watchdog
System memory map System memory map
Clocking Clock distribution
Power management Power management
Mode Controller (MC) Mode Controller
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3.3.12.1 WDOG clocks

This table shows the WDOG module clocks and the corresponding chip clocks.
Table 3-30. WDOG clock connections

Module clock

Chip clock

LPO Oscillator

1 kHz LPO Clock

Alt Clock Bus Clock
Fast Test Clock Bus Clock
System Bus Clock Bus Clock

3.3.12.2 WDOG low-power modes

This table shows the WDOG low-power modes and the corresponding chip low-power

modes.
Table 3-31. WDOG low-power modes
Module mode Chip mode
Wait Wait, VLPW
Standby Stop, VLPS
Stop Stop, VLPS
Power Down LLS, VLLSx
NOTE

To enable the WDOG module when the chip is in Stop mode,
write ones to both the STNDBYEN bit and the STOPEN bit of
the Watchdog Status and Control Register High.

3.4 Clock Modules

3.4.1 MCG Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
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RTC

System integration
module (SIM)

Figure 3-17. MCG configuration

Table 3-32. Reference links to related information

Topic Related module Reference
Full description MCG MCG
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.4.2 OSC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Module signals

MCG

System oscillator

Signal multiplexing

Figure 3-18. OSC configuration

Table 3-33. Reference links to related information

Topic Related module Reference
Full description oscC OoSsC
System memory map System memory map
Clocking Clock distribution

Table continues on the next page...
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Table 3-33. Reference links to related information (continued)

Topic Related module Reference
Power management Power management
Signal multiplexing Port control Signal multiplexing

Full description MCG MCG

3.4.2.1 OSC modes of operation with MCG

The MCG's C2 register bits configure the oscillator frequency range. See the OSC and
MCG chapters for more details.

3.4.3 RTC OSC configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Module signals

MCG

32-kHz RTC oscillator

Signal multiplexing

Figure 3-19. RTC OSC configuration

Table 3-34. Reference links to related information

Topic Related module Reference
Full description RTC OSC RTC OSC
Signal multiplexing Port control Signal multiplexing
Full description MCG MCG

3.5 Memories and Memory Interfaces

3.5.1 Flash Memory Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Flash memory
controller

Figure 3-20. Flash memory configuration

Table 3-35. Reference links to related information

Topic Related module Reference
Full description Flash memory Flash memory
System memory map System memory map
Clocking Clock Distribution
Transfers Flash memory Flash memory controller
controller
Register access Peripheral bridge Peripheral bridge

3.5.1.1 Flash memory types
This device contains the following types of flash memory:

 Program flash memory — non-volatile flash memory that can execute program code
» FlexMemory — encompasses the following memory types:
» Programming acceleration RAM — RAM memory that accelerates flash
programming

3.5.1.2 Flash Memory Sizes
The devices covered in this document contain:

* 2 blocks of program flash consisting of 2 KB sectors

The amounts of flash memory for the devices covered in this document are:

Device Program flash (KB) Block 0 (P-Flash) Block 1 (P-Flash)
address rangel address rangel
MK10DN512ZVLK10 512 0x0000_0000 — 0x0004_0000 —
0x0003_FFFF 0x0007_FFFF

Table continues on the next page...
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Device Program flash (KB) Block 0 (P-Flash) Block 1 (P-Flash)
address range! address range!
MK10DN512ZVMB10 512 0x0000_0000 — 0x0004_0000 —
0x0003_FFFF 0x0007_FFFF

1. The addresses shown assume program flash swap is disabled (default configuration).

3.5.1.3 Flash Memory Map

The various flash memories and the flash registers are located at different base addresses
as shown in the following figure. The base address for each is specified in System
memory map.

Flash memory base address
Registers

Program flash base address ) o
Flash configuration field

Program flash

Programming acceleration
RAM base address

RAM

Figure 3-21. Flash memory map

3.5.1.4 Flash Security

How flash security is implemented on this device is described in Chip Security.

3.5.1.5 Flash Modes

The flash memory operates in NVM normal and NVM special modes. The flash memory
enters NVM special mode when the EzPort is enabled (EZP_CS asserted during reset), or
the system is under debug mode. Otherwise, flash memory operates in NVM normal
mode.

3.5.1.6 Erase All Flash Contents

In addition to software, the entire flash memory may be erased external to the flash
memory in two ways:
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1. Viathe EzPort by issuing a bulk erase (BE) command. See the EzPort chapter for

more details.
2. Via the SWJ-DP debug port by setting DAP_CONTROL[0]. DAP_STATUSJO] is set
to indicate the mass erase command has been accepted. DAP_STATUS[O0] is cleared

when the mass erase completes.

3.5.1.7 FTFL_FOPT Register

The flash memory's FTFL_FOPT register allows the user to customize the operation of
the MCU at boot time. See FOPT boot options for details of its definition.

3.5.2 Flash Memory Controller Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 0

Register

access
5 s

2 £

g gE Transfers Flash memory Transfers g
8 g controller P=
%] o =
= qg) E
© =

Figure 3-22. Flash memory controller configuration

Table 3-36. Reference links to related information

Topic Related module Reference
Full description Flash memory Flash memory controller
controller
System memory map System memory map

Clocking Clock Distribution
Transfers Flash memory Flash memory
Transfers MPU MPU
Transfers Crossbar switch Crossbar Switch

Register access Peripheral bridge Peripheral bridge

K10 Sub-Family Reference Manual, Rev. 6, Nov 2011
94 Freescale Semiconductor, Inc.




g |

Chapter 3 Chip Configuration

3.5.2.1 Number of masters

The Flash Memory Controller supports up to eight crossbar switch masters. However,
this device has a different number of crossbar switch masters. See Crossbar Switch

Configuration for details on the master port assignments.

3.5.2.2 Program Flash Swap

On devices that contain program flash memory only, the program flash memory blocks

may swap their base addresses.

While not using swap:

 FMC_PFBOCR controls the lower code addresses (block 0)
* FMC_PFBI1CR controls the upper code addresses (block 1)

If swap is used, the opposite is true:

 FMC_PFBOCR controls the upper code addresses (now in block 0)
 FMC_PFBI1CR controls the lower code addresses (now in block 1)

3.5.3 SRAM Configuration

This section summarizes how the module has been configured in the chip.

Cortex-M4 MPU
core |«
Cro;sbar MPU
switch

SRAM controller

Transfers

SRAM upper

SRAM lower

Figure 3-23. SRAM configuration

Table 3-37. Reference links to related information

Topic Related module

Reference

Full description SRAM

SRAM

System memory map

System memory map

Clocking

Clock Distribution

Transfers SRAM controller

SRAM controller

ARM Cortex-M4 core

ARM Cortex-M4 core

Memory protection unit

Memory protection unit
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3.5.3.1 SRAM sizes

This device contains SRAM tightly coupled to the ARM Cortex-M4 core. The amount of
SRAM for the devices covered in this document is shown in the following table.

Device SRAM (KB)
MK10DN512ZVLK10 128
MK10DN512ZVMB10 128

3.5.3.2 SRAM Arrays

The on-chip SRAM is split into two equally-sized logical arrays, SRAM_L and
SRAM_U.

The on-chip RAM is implemented such that the SRAM_L and SRAM_U ranges form a
contiguous block in the memory map. As such:

 SRAM_L is anchored to Ox1FFF_FFFF and occupies the space before this ending

address.
 SRAM_U is anchored to 0x2000_0000 and occupies the space after this beginning

address.
Valid address ranges for SRAM_L and SRAM U are then defined as:

* SRAM_L =[0x2000_0000-(SRAM _size/2)] to Ox1FFF_FFFF
« SRAM_U = 0x2000_0000 to [0x2000_0000+(SRAM _size/2)-1]

This is illustrated in the following figure.

0x2000_0000 — SRAM_size/2
A
(O]

N

4 SRAM L
z —
<

&

Ox1FFF_FFFF
~ 0x2000_0000
©
N
9 SRAM U
= i
o
ey

0x2000 0000 + SRAM size/2 -1
Figure 3-24. SRAM blocks memory map
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For example, for a device containing 64 KB of SRAM the ranges are:

« SRAM_L: OXLFFF_8000 — OX1FFF_FFFF
« SRAM_U: 0x2000_0000 — 0x2000_7FFF

3.5.3.3 SRAM retention in low power modes
The SRAM is retained down to VLLS3 mode.
In VLLS2 the 4 KB region of SRAM_U from 0x2000_0000 is powered.

In VLLS1 no SRAM is retained. However, the 32-byte register file is available in
VLLS1.

3.5.3.4 SRAM accesses

The SRAM is split into two logical arrays that are 32-bits wide.
« SRAM_L — Accessible by the code bus of the Cortex-M4 core and by the backdoor
port.

« SRAM_U — Accessible by the system bus of the Cortex-M4 core and by the
backdoor port.

The backdoor port makes the SRAM accessible to the non-core bus masters (such as
DMA).

The following figure illustrates the SRAM accesses within the device.

SRAM_L

Cortex-M4 core Crossbar switch
non-core master
Frontdoor Backdoor

Code bus non-core master

MPU SRAM controller MPU °

System bus (3

[
non-core master

SRAM_U

Figure 3-25. SRAM access diagram

The following simultaneous accesses can be made to different logical halves of the
SRAM:

 Core code and core system
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e Core code and non-core master
 Core system and non-core master

NOTE
Two non-core masters cannot access SRAM simultaneously.
The required arbitration and serialization is provided by the
crossbar switch. The SRAM_{L,U} arbitration is controlled by
the SRAM controller based on the configuration bits in the
MCM module.

NOTE
Burst-access cannot occur across the 0x2000_0000 boundary
that separates the two SRAM arrays. The two arrays should be
treated as separate memory ranges for burst accesses.

3.5.3.5 SRAM arbitration and priority control

The MCM's SRAMAP register controls the arbitration and priority schemes for the two
SRAM arrays.

3.5.4 SRAM Controller Configuration

This section summarizes how the module has been configured in the chip.

Cortex-M4 MPU <§t g

core || . T g

0 S

SRAM controller Transfers  --------

E —

Crossbar < c';)
[ D:

switch MPU » 2

Figure 3-26. SRAM controller configuration

Table 3-38. Reference links to related information

Topic Related module Reference
System memory map System memory map
Power management Power management
Power management PMC

controller (PMC)

Table continues on the next page...
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Table 3-38. Reference links to related information (continued)

Topic Related module Reference
Transfers SRAM SRAM
ARM Cortex-M4 core ARM Cortex-M4 core
MPU Memory protection unit
Configuration MCM MCM

3.5.5 System Register File Configuration

This section summarizes how the module has been configured in the chip.

Peripheral
bridge 0

Register
access

Register file

Figure 3-27. System Register file configuration

Table 3-39. Reference links to related information

Topic Related module Reference
Full description Register file Register file
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.5.5.1 System Register file
This device includes a 32-byte register file that is powered in all power modes.

Also, it retains contents during low-voltage detect (LVD) events and is only reset during
a power-on reset.
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3.5.6 VBAT Register File Configuration

This section summarizes how the module has been configured in the chip.

Peripheral
bridge

Register
access

VBAT register file

Figure 3-28. VBAT Register file configuration

Table 3-40. Reference links to related information

Topic Related module Reference
Full description VBAT register file VBAT register file
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.5.6.1 VBAT register file

This device includes a 32-byte register file that is powered in all power modes and is
powered by VBAT.

It is only reset during VBAT power-on reset.

3.5.7 EzPort Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Transfers Module signals

EzPort

Signal multiplexing

Crossbar switch

Figure 3-29. EzPort configuration

Table 3-41. Reference links to related information

Topic Related module Reference
Full description EzPort EzPort
System memory map System memory map
Clocking Clock Distribution
Transfers Crossbar switch Crossbar switch
Signal Multiplexing Port control Signal Multiplexing

3.5.7.1 JTAG instruction

The system JTAG controller implements an EZPORT instruction. When executing this
instruction, the JTAG controller resets the core logic and asserts the EzPort chip select
signal to force the processor into EzPort mode.

3.5.7.2 Flash Option Register (FOPT)

The FOPT[EZPORT _DIS] bit can be used to prevent entry into EzPort mode during
reset. If the FOPT[EZPORT _DIS] bit is cleared, then the state of the chip select signal
(EZP_CS) is ignored and the MCU always boots in normal mode.

This option is useful for systems that use the EZP_CS/NMI signal configured for its NMI
function. Disabling EzPort mode prevents possible unwanted entry into EzPort mode if
the external circuit that drives the NMI signal asserts it during reset.

The FOPT register is loaded from the flash option byte. If the flash option byte is
modified the new value takes effect for any subsequent resets, until the value is changed
again.

3.5.8 FlexBus Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge 0

Register
access

Transfers Module signals
FlexBus

Crossbar switch
Memory protection
unit

Signal multiplexing

Figure 3-30. FlexBus configuration

Table 3-42. Reference links to related information

Topic Related module Reference
Full description FlexBus FlexBus
System memory map System memory map
Clocking Clock distribution
Power management Power management
Transfers Memory protection unit Memory protection unit (MPU)
(MPU)
Signal multiplexing Port control Signal multiplexing

3.5.8.1 FlexBus clocking

The system provides a dedicated clock source to the FlexBus module's external
FB_CLKOUT. Its clock frequency is derived from a divider of the MCGOUTCLK. See
Clock Distribution for more details.

3.5.8.2 FlexBus signal multiplexing

The multiplexing of the FlexBus address and data signals is controlled by the port control
module. However, the multiplexing of some of the FlexBus control signals are controlled
by the port control and FlexBus modules. The port control module registers control
whether the FlexBus or another module signals are available on the external pin, while
the FlexBus's CSPMCR register configures which FlexBus signals are available from the
module. The control signals are grouped as illustrated:
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Port Control Module

FlexBus

Suld [eula1x3

Group2

Group3

Group4

CSPMCR

FB_TSIZ0

Reserved

FB_BE_31 24

Reserved
FB_TSIZ1

FB_BE_23 16

Reserved
FB_TBST

FB_BE_15_8

Reserved

Reserved

Figure 3-31. FlexBus control signal multiplexing
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Therefore, use the CSPMCR and port control registers to configure which control signal
is available on the external pin. All control signals, except for FB_TA, are assigned to the
ALTS5 function in the port control module. Since, unlike the other control signals, FB_TA
IS an input signal, it is assigned to the ALT6 function.

3.5.8.3 FlexBus CSCRO reset value

On this device the CSCRO resets to 0x003F_FCO00. Configure this register as needed
before performing any FlexBus access.

3.5.8.4 FlexBus Security

When security is enabled on the device, FlexBus accesses may be restricted by
configuring the FBSEL field in the SIM's SOPT2 register. See System Integration
Module (SIM) for details.

3.5.8.5 FlexBus line transfers

Line transfers are not possible from the ARM Cortex-M4 core. Ignore any references to
line transfers in the FlexBus chapter.

3.6 Security

3.6.1 CRC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge

Register
access

CRC

Figure 3-32. CRC configuration

Table 3-43. Reference links to related information

Topic Related module Reference
Full description CRC CRC
System memory map System memory map
Power management Power management
3.7 Analog

3.7.1 16-bit SAR ADC with PGA Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 0

Register
access

j=2]
£
3
Transfers . Module signals | &
Other peripherals 16-bit SAR ADC E
©
c
R=
%)

Figure 3-33. 16-bit SAR ADC with PGA configuration

Table 3-44. Reference links to related information

Topic Related module Reference
Full description 16-bit SAR ADC with 16-bit SAR ADC with PGA
PGA

Table continues on the next page...
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Table 3-44. Reference links to related information (continued)
Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.7.1.1 ADC instantiation information

This device contains two ADCs. Each ADC contains a PGA channel for a total of two
separate PGAs.

3.7.1.1.1 Number of ADC channels

The number of ADC channels present on the device is determined by the pinout of the
specific device package. For details regarding the number of ADC channel available on a
particular package, refer to the signal multiplexing chapter of this MCU.

3.7.1.2 DMA Support on ADC

Applications may require continuous sampling of the ADC (4K samples/sec) that may
have considerable load on the CPU. Though using PDB to trigger ADC may reduce some
CPU load, The ADC supports DMA request functionality for higher performance when
the ADC is sampled at a very high rate or cases were PDB is bypassed. The ADC can
trigger the DMA (via DMA req) on conversion completion.

3.7.1.3 ADCO Connections/Channel Assignment

NOTE
As indicated by the following sections, each ADCx_DPx input
and certain ADCx_DMx inputs may operate as single-ended
ADC channels in single-ended mode.
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3.7.1.3.1 ADCO Channel Assignment for 80/81-Pin Packages

ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)
00000 DADO ADCO_DPO0 and ADCO_DMO0?! | ADCO_DP0?
00001 DAD1 Reserved Reserved
00010 DAD2 PGAOQO_DP and PGAO_DM PGAO_DP
00011 DAD3 ADCO_DP3 and ADCO_DM33 | ADCO_DP34
00100° AD4a Reserved ADCO_SE4a
00101° AD5a Reserved ADCO_SEba
00110° AD6a Reserved ADCO_SE6a
001115 AD7a Reserved ADCO_SE7a
00100° AD4b Reserved ADCO_SE4b
00101° AD5b Reserved ADCO_SE5b
00110° ADG6b Reserved ADCO_SE6b
001115 AD7Db Reserved ADCO_SE7b
01000 ADS8 Reserved ADCO_SES8®
01001 AD9 Reserved ADCO_SE9’
01010 AD10 Reserved Reserved
01011 AD11 Reserved Reserved
01100 AD12 Reserved ADCO_SE12
01101 AD13 Reserved ADCO_SE13
01110 AD14 Reserved ADCO_SE14
01111 AD15 Reserved ADCO_SE15
10000 AD16 Reserved Reserved
10001 AD17 Reserved Reserved
10010 AD18 Reserved Reserved
10011 AD19 Reserved ADCO_DM08
10100 AD20 Reserved Reserved
10101 AD21 Reserved
10110 AD22 Reserved
10111 AD23 Reserved 12-bit DACO Output
11000 AD24 Reserved Reserved
11001 AD25 Reserved Reserved
11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)
11011 AD27 Bandgap (Diff)? Bandgap (S.E)?
11100 AD28 Reserved Reserved
11101 AD29 -VREFH (Diff) VREFH (S.E)
11110 AD30 Reserved VREFL
11111 AD31 Module Disabled Module Disabled

PonNPE

Interleaved with ADC1_DP3 and ADC1_DM3
Interleaved with ADC1_DP3
Interleaved with ADC1_DPO and ADC1_DMO
Interleaved with ADC1_DPO
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5. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter
for details.

Interleaved with ADC1_SES8

Interleaved with ADC1_SE9

Interleaved with ADC1_DM3

This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this
ADC channel, ensure that you enable the bandgap buffer by setting the PMC_REGSC[BGBE] bit. Refer to the device data
sheet for the bandgap voltage (Vgg) specification.

© N

3.7.1.4 ADC1 Connections/Channel Assignment

NOTE
As indicated in the following tables, each ADCx_DPx input
and certain ADCx_DMXx inputs may operate as single-ended
ADC channels in single-ended mode.

3.7.1.4.1 ADC1 Channel Assignment for 80/81-Pin Packages

ADC Channel Channel Input signal Input signal
(SC1n[ADCHY]) (SC1n[DIFF]=1) (SC1n[DIFF]=0)

00000 DADO ADC1_DPO and ADC1_DMO0! | ADC1_DP0?
00001 DAD1 Reserved Reserved
00010 DAD2 PGA1_DP and PGA1_DM PGA1_DP
00011 DAD3 ADC1_DP3 and ADC1_DM33| ADC1_DP3*
00100° AD4a Reserved ADC1_SE4a
001015 AD5a Reserved ADC1_SEb5a
00110° AD6a Reserved ADC1_SE6a
001115 AD7a Reserved ADC1_SE7a
00100° AD4b Reserved ADC1_SE4b
001