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K°rnyeze
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29 void Delay(uintds ® S
3051
: [ 3 | whilefaCount-cl
e.f@e e 1
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Intelligent Processors by ARM"

6. Programmegszak?t
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C JosephYiu TheDefinitive Guideto ARME /2 MO &EGortexMO+
Processorg2ndEd)

C JosephYiu The Anatomy of the ARM CorteMO+ Processor

C MuhammadAliMazidi ShujenChen SarmadNaimi SepehmNaimt Freescale
ARMCortexM EmbeddedProgramming

'Q)

ARM University ProgranCoursé LabMaterial for Teaching Embedded
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ARMInformation Center:CortexM0O+ Devices Generic User Guide
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A programind?2t §s

I gS108MNAt oF B0 SEtSYS I GSNBYGL NI sa FNFe
wo{9¢ daidzy2 B &A1 dza Iy YE)SEIU'-FISEqu'fR)/S\I[BEI?\ a b S
Program
memory <® D)
Interrupt vectors — ®)) Z
“©
0x00000040 < —
SysTick vector 0x0000003C )
NS A
./ PendSV vector Ox00000038 (-
| reserved Ur o
Q B
| SVC vector 0x0000002C | o
| e < 8
Program reserved g
image >— LL]
| Hard fault vector | 0x0000000C N—r
| NMI vector 0x00000008 __
Vector table Reset vector Ox00000004
0x00000000 \ Initial MSP value | 0x00000000
Read address
Read address Read address -
0x00000000 0x00000004 indicated by _ Subsequent
Reset reset vector instruction fetches

Fetch initial - Fetch reset -~ 1st instruction | [ :
value for MSP vector fetch : : [
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A programmegszak?2t §

1. . 8FS828T 1 RA]l IKIIVEud & 6&z8B:
2. Y2y (SEGdza(B8R2WSENBER S 1lGdz f A &

(MSPvagy PSP)
i xPSROA aal I {, SRAERBARID RY R2, R1, RO
3. # (1 I LiDsddet/privilegh | int RIOMISPK | & T v+ £ | (i
4.t/ OLINBIANI YAT L YEtL 50 Sulftjs_
NP O it 05 ¢
5. LRF St (0 EXCOREAWRNs RR I €
6. IPSFSt G1 ftGSasS | 1AQGSUStKLwyv
7.0 1AQSOStkLwyv 1STSE! LINRPIANFY
Latency# £ G I € tdAil ya Nnaild aYOS\ & Idral NGt an
YyS3estSysasa!t | yYS3aillF (NGt ai

YS3I1TSI RSasSA3IP
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1. Az aktu8lis utze
Al £S30G1 00 dzil aNGt & NI GAR Sa& 3ez2NAL
AbsKtye dzitaNGta tT2yoty a2l dzit aNd

i Load Multiple (LDM), Store Multiple (STM), Push, Pop, MJISSY St & / t !
F 1t NJ oH OA{ fdza A& fSKS

A1 a210A1ftdzag dzil aNGt a o0SFSe2 sas |
KI AfeSy dzi aNGt & OSANBKE2Gt al Gl y
$NJ[ST7\‘[Z F112NF /T t!'Y
i 9t R2oal |1 dzilFaNGt aid
i wSIF3tft | yS3aail kNIt aN
i +SANBKF2G2F | YS3all { NGt adg (A&l 2€¢ 3t f
i +Aaal FGSNIF YS3all { NGt aos ¢
i "2NF 1STRA 1T StR2020G0G dzilF aNGt &
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2 . Kont ext us m e

<previous> <«— {t ARS Ydzil (2701

SP + Ox1C xPSR
/é|11éy5!P+0"18 PC
mé Y5 NI SP + 0x14 LR
ONY S| SP + 0x10 R12

SP + 0Ox0C R3

SP + Ox08 R2

SP + 0x04 R1

SP + 0x00 RO —{t ARS Ydzil G Y!
x YSU @SNB YT (MER), prddess (PSP)
x 1 YAl RSaA YsRisf{ :TONTREgiHKe? Hacs FESIE & A
x | @GSNBY |1l |tlFrOazyel o6 ONYS] FStS

Debreceni
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3. Ct k apHasdel s db a

afll RSaA YsR21Y

YSO + ¥EREMEZNI Gt A k yeéez2Yll gSasa
YSO YAI RSABSEYSARYWsR oYS3all{ Nat a 1.
YSO LINAGAEt SE®HASAARNVIOY Kk bSY LINRAR DAL

/ Thumb State B

Exception Handler Mode \
request Executing exception —

/V handler Exception Debu g State

. | swsst | 0ot | e pucesorio
Thread Mode ‘/ \ / executing instruction)
Executing normal E—

Start — code in Privileged | Exception Dsbug omsratior Dﬁ?
level return | -
T - N — . possible when debugger is
Software “ Thread Mode . connected.
switch i Executing normal
\ code in Unprivileged !

\- ‘>“'--...__ Optional in the Cortex-M0+

processor, and not available in
Cortex-MO processor

Normal operation —the processor is
running Thumb/Thumb-2 instructions

Hobbielektronika csoport 2016/2017

Debreceni Megt est



4 PC bet©°] t ®s e a

| @S| lendivsofiREasy KSt2asST 1SRA1 StrB3IET | § N
lAal 2t 3tfs Sft2t NI & 0Sf SLISE Lorted®I@hiii 2+ NI Y d
rendszermaghoz, 32 vektor pedigh& t NI 5 éL’)LJSLd@\NEP\)\ﬂ&nm} 1 K21 Gt

N ) O R T T T

0x0000_0000 ARMcore YST RS A @SNBYYdzi

0x0000_0004 1 - -3 ARMcore YST RSGA LINPINI Ya

0x0000_0008 2 -14 -2 ARMcore NemY I &l 1 2viSkalad s 1 N

0x0000_000C 3 -13 -1 ARMcore Hardver hiba

. - - - Fenntartva

0x0000_002C 11 5 + £ £ N ARMcore SupervisoK N@t al o { £/ (
- - - Fenntartva

0x0000_0038 14 2 +ff N ARMcore . St f t WSIXKA TdIs1 NGt &
0x0000_003C 15 -1 + ff N ARMcore SysTickkS3al I { NGt a

| Grotlr FtedrdsRAl b (|
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A peri f®ri1 8s megsza

Non-Core Vectors Vector IRQ  IPR Source Source description
Ox0000_0040 16 0 0 DMA DMA channel O transfer complete and error
Ox0000_0044 17 1 0 DMA DMA channel 1 transfer complete and error
Ox0000_0048 18 2 0 DMA DMA channel 2 transfer complete and error
Ox0000_004C 19 3 0 DMA DMA channel 3 transfer complete and error
Ox0000_0050 20 4 1 — —
Ox0000_0054 21 5 1 FTFA Command complete and read collision
Ox0000_0058 22 B 1 PMC Low-voltage detect, low-voltage waming
Ox0000_005C 23 T 1 LLWL Low Leakage Wakeup
0x0000_0060 24 8 2 I2Co
0x0000_0064 25 g 2 I2C1
Ox0000_0068 26 10 2 SPID Single interrupt vector for all sources
0x0000_006C 27 11 2 sSPH Single interrupt vector for all sources
0x0000_0070 28 12 3 UARTO Status and error I]
0x0000_0074 29 13 3 UART1 Status and error
0x0000_0078 30 14 3 UART2 Status and error
0x0000_007C 3 15 3 ADCO
0x0000_0080 32 16 4 CMPO
6}:{]{10{}_0{}84 33 17 4 TEMOD
0x0000_0088 34 18 4 TPMA1
(0x0000_008C 35 19 4 TPM2

IPRF T SNWICIPRAIBIA AT GSNI a2NET t Y

Hobbielektronika csoport 2016/2017 Debreceni Megt est



NVIC reqgiszterek

OXEOOOE100 NVIC_ISER aS3Ial Il { NGt & S&shabBR S f
OXEOOOE180 NVIC_ICER aS3ail | 1 NGidargnahleh f Gt &
OXEOOOE200 NVIC_ISPR aS3al I 1 NGSetpeadisg f £ N
OXEOOOE280 NVIC_ICPR aS3al I 1 N CleasipendihgNI S &
OXEOOOE40Q NVIC_IPRQ aS3ail I 1 NGt alRSrruptBNGYi N.
OXEOOOE41F NVIC_IPR7 Registery

NVIC_ISER, NVIC_ICER, NVIC_ISPR,NVIC ICPRE I FSt-ef § f NAtialQOmo
1SN FStFRFEG20Gd

NVICIPR: egyS3& oH o60AGSa NPEJIHEB] ¥SWad 3 NAY RSy
0S® .tad2y1Syd Oalr{ I tS3IFStar! {Sa oAl
jelent.

f\

~

b SKt yeé 1)\®$\I I AN%M ggﬁk A s .
. Y&3al 1 Ni
ﬁsﬁﬂﬁetzsofsaw 3t O(aH SRR 297 4 &8NE 5108 NI
' E 2 E S nkE 2 E
A Hard Fault:1 nEAN e AERA ynz nEl.
I 01 60A 1 AJSCHESHPDBNA SOWSHP[ING AATAT G SND S y
[ I 3ARMCortexMO0+DevicesGenericUserGuiden ®o @y | £ FS2S1T S S0
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A per |

f ®r

| 8§ S

megsza

Address Vector IRQ’ NVIC Source module Source description
IPR

register

number?
0x0000_0090 36 20 5 RTC Alarm interrupt
0x0000_0094 37 21 5 RTC Seconds interrupt
0x0000_0098 38 22 5 PIT Single interrupt vector for all channels
0x0000_009C 39 23 5 — —
0x0000_00AO 40 24 6 USB OTG
0x0000_00A4 41 25 6 DACO
0x0000_00A8 42 26 6 TSIO
0x0000_00AC 43 27 6 MCG
0x0000_00B0 44 28 7 LPTMRO
0x0000_00B4 45 29 7 —
(0x0000_00B8 46 30 7 Port control module | Pin detect (Port A) )
0x0000_00BC 47 31 7 Port control module | Pin detect ( Port D ) )

Il Y A
foglalkozunk.

Fyel ANBal oSy

Sf

—)

2f RIft 2y Sa
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CMSIS coret Smogat 8s
S

ACI\{ISIS:oreYEIV?dzfA T £t 00A [’Hvzgll-ﬁs)\ F N
1ST St SAaSKST & | RdzLX lintrindicF KBS B 6 1

core_ cmFunc.h

A _disableirg)cYS3al I { NGt a21 3Jft 20t tAa GAf a
A _enableirg)cYS3al I { NGt az2] 3Jt206tfAa SYyaSRSH
core_cmOplus.h

A NVICEnableIROQROQnTypelRQDcl R2 G0 YS3all I NGt &ax @S]
NVIC DisablelRQROQnTypelRQDcl R2 G0 YSIaTdAINGHE&IA @S]
NVIC GetPendingIRQRON TypelRQN¢IRQnY S 3 al I { NGt ®A AT 8 £
NVIC SetPendinglRQRONTypelRQNCIRQNY ST AT | { NGt A 1 SNBf

NVIC ClearPendinglRERQNTypelRQNCIRQNY ST AT | { NGt &A {1 SNBH
NVIC SetPriority(IRQn TypelRQn uint32_tpriority) ¢ IRQNLINRA 2 NR Gt &t y I |
NVIC GetPriority(IRQn TypelRQHCIRQNLINA 2 NRA (0t at vy { € S{ SNFR
startup_MKL25Z4.8ST 1T ttt2ytye GFNGFEYFTTI

Y33§Tr1Npié21rﬂ 1Aal2t3t s FTNIIAPSyesS]
1A&al 2t APE ST NBAAYVU® o003T2SyISE0D RSTAYNOATS

v v v v D D> D
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Megszak?t8s a GPI

! DtLh LENLI2] aSINNVEGASOTS G )Bﬁrfbm@ﬂbmee$
BST S KSMKU3EZIEBVLKAA | NB 4ST SNI | ASaDidgitos y
GF NI21Ts5 1AGST1SGSasS]y KFalytf KFas 1  LIN

T SNAYGOGSGG NBIAAl GSNBY

C PORX PCRct 2 NI | A@SIT $Nifs!a NBFIAal GSNB1Y
A LJ2 NI 2 32 HbSrggiszter )
A mindegyik regiszter megfelelegy3 & 1 A GST SG1SayS| o

C PORTXISFRRaS3ail | { NGt aasti! oAGS1Y
A LJ2 NI 2 Ydb.Qegiszter
A Minden bit megfeleleggg 38 1 A GST SiSaysSy
Al 0 Aét fOfmX2 KI  YS3all{NGtaA SasSysye
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A PORTx PCRn reglszter

24 | 23 16

R 0

W

Reset

ISF 0
IRQC

wic

i

Reset
* Notes:

* x = Undefined at reset.

0011DMA]l SNBt SY o

1000a S 34| I-‘[J\Iu’r a
1001a S3al I { NGt .3
1010a S3ail I { NGt &
1011a S3al F {1 NGt &
1100a S3ail 1 NGt a.

ISkgyS3al U NGt aa 18
QRGYSIal F I NGHEAA Y5
nnnn aS3all { NGt ax

0001DMA1 SNBf SY FSft Td
0010DMA] SNEf SY FSf Fd
NI S §
doEr

FSE

f ST
0t N

H il
x* x*

56 setedt(S: pus-gowrRaall-up)
@E@Sllle@ué(cﬁmﬁétble l:enablg
8RR sle@r&t@ehaﬁléﬂo fash Ltlofyi DI @
JPEFEc §afs§hk@lter enable(0: disable
i 5 §énbids

(ESEq DrivéstrengthEnable(0: low, 1:high)
D 1d (2XY multipldxérgélecdanalog 1: GPIO
dzi 2: ARf 3NAK3, 4: Alt4, 5: Alt5, 6: Alt6
Zu 5 7: $\I&7Naﬁ‘aspe0|f|cfunctlon selection

Y I 3l

St & StNBS
I%FSaaI')\yuuNg)\qu dziit vy I

(
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Program6 1: megszak?2t &

#include  "MKL25Z4.h" = &yvEAaLvaHa A ATl 5N @
void  delayMs (int n): PTA12/agyPTA1D SYSY SuUSYy t SKgIl t aNJ 0

int . main( void ) { yS3aal F I NGt ad 1St dNyHRBdeS3:at vilaktank

__disable _irg (); /'l Megszak?t8sok globs8lis tildt?¢
SIM->SCGC5 | = 0x400; /| POUHEDBK)enged®l yez®s
PORTB>PCRJ[18] = 0x100; //PTB18 legyen GPIO m- dban
PORTB>PCRJ[19] = 0x100; //PTB19 legyen GPIO m- dban

PTB>PDDR | = 0xCO0000O0; /'l PTB18 ®s PTB19 |l eg
PTB- >PDOR |= 0xC0000; Il LED-ek | ekapcsol §8§sa

SIM->SCGC5 | = 0x200; /'l PORTA enged®l yez®s
PORTA>PCRJ[12] |= 0x00100; // PTA12 legyen GPIO

PORTA>PCR[ 12] | = O0x00003; // PTA1l2 belsR fel hvzs§

PTA >PDDR &= ~0x1000; Il PTA12 legyen bemenet
PORTA>PCR[12] &= ~0xF0000; /'l Megszak?t8si be8ll2t8sok t©°or

PORTA>PCRJ[12] |= 0xA0000; /'l Megszak?t8s aktivsglg8s | efut -
PORTA>PCRJ[13] |= 0x00100; // PTA13 legyen GPIO
PORTA>PCR[ 13] | = O0Ox00003; // PTA13 bel sR fel hvzsg

PTA >PDDR &= ~0x2000; /I PTA13 legyen bemenet

PORTA>PCR[13] &= ~0xF0000; /'l Megszak?t8si be8ll2t8sok t©°or
PORTA>PCR[13] |= 0xA0000; /'l Megszak2t8s akti ®8Ir&s |l efut -
NVIC- >ISER[0] |= 0x40000000; ['/ 1 NT30 enged®l yez®se (| SER[ 0]
enable _irqg (); /| / Megszak?t 8s o0kengdeod®llyiesz®s e

while (1){
PTB- >PTOR = 0x40000;
delayMs (500);

8l Il apotvsg8lt$§8s
PORTARQM= 30
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for (j=0;)<3500; j++);

Programb6 1: megszak?2t &
I YS3al I NGt &b yISKs] Qlfistaiilhriﬁlu}(I:EMElsE[Qingély ¢ RS
YA LISRAI Add T { PORRBAA YN Sdz|YI5X ad | T AWIR S
ILSNNf o YAfSLISa Sf!ada yS FSfSR2N] St dIN
[l m e -
Il APTA12 -re,vagy PTA13 ra k°t°tt nyom-gombok aktivsglj 8k
[l e e -
void PORTAIRQHandler (void ) {
int i;
for (i = 0; 1 < 3; i++) | [/ Z°1l d LED felvillant
PTB>PDOR &= ~0x80000; [// zZ°l d LED be
delayMs (500);
PTBB>PDOR | = 0x80000; /1l zZ°1d LED Kki
delayMs (500);
}
PORTA>ISFR |= 0x00003000; /'l Megszak?2t8sjelzR bitek| tor] ¢
}
J[ e
I K®s | el tfeggigv®ny al ap®rtel mezett -rajelhez (120.97
J[ e
void delayMs (intn) {
inti, j;
for (i=0;i<n;i++)
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Programé6 2 megszak?t 8s
9T I LINPINIY OadzZLdt y |6 Pd'Al%@U’Aamﬂ] S Il G8f !
yez2Ys32yYoz21ld YSIINtIlyollTdSieN]ld 91 SNI
void PORTAIRQHandler (void ) {

inti;

— while (PORTA >ISFR & 0x00003000) { //Van -e PTA12 vagy PTA13 melg
if (PORTA >ISFR & 0x00001000) { /'l PTA12 megszak?2t8s?
for (i = 0; i < 3; i++) { // Z°1l d LED f el vji
PTBB>PDOR &= ~0x80000; [/ °l d LED be
delayMs (500);
PTIB>PDOR | = 0x80000; [/ Z°1l d LED ki
delayMs (500);
}
PORTA>ISFR |= 0x00001000; /'l Megszak?2t8sjelzR bit t
}
if (PORTA >ISFR & 0x00002000) { /'l PTA13 megszak?2?t8§s?
for (i = 0; [ < 3; I ++) | /|l K®k LED felvill
PTDb>PDOR &= ~0x02; [/ K®k LED be
delayMs (500);
PTIDOD>PDOR | = 0x02; [/ K®k LED ki
delayMs (500);
}
PORTA>ISFR |= 0x00002000; II' Megszak?t8djiel 2Rr | ®s e
}
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Program6 3: LED 8tbillen

sinclude  "MKL2574.h * & 2 au I- gt £ U2l IPMEEI(‘ﬁ%YSEly VLB?RL@SF@FN&
int main( void ) { YS3al I NGt akK21T 2 a YAYR]1SUO Sf
__disable _irq (); // Megszak?t8sok glob8lis tilt§8sa
Il -- A k®k LED konf i-g-u-r-81 8§s a
SIM->SCGC5 | = 0x1000; /'l PORTD enged®l| yez®se
PORTD>PCR[ 1] = 0x100; [/ PTD1 | egyen GPI O m:-dba
PTD >PDDR |= 0x02; // PTD1 kimenet legyen
PTD>PDOR | = 0x02; |l ek ApcEKE®k 88 &D
I/ -- PTD4 megszak?2t8s konfigur8l 8sa
PORTD> P CR|[ 4] | = 0x00100; [/ PTD4 | egyen GPI O m-dba
PORTE>PCR]J[ 4] | = 0x00003; /'l Fel h¥%z8s enged®l yez®se

PTD >PDDR &= ~0x0010; [l PTD4 legyen bemenet
PORTB>PCR[4] &= ~0xF0000; /'l Megszak?2t 8si be8l |l 2t8sok t°r]| ®s
PORTD>PCR[4] |[= 0xB00O0O; /'l Mindk®t ®l re | egyen ®rz®keny

NVIC- >ISER][0] |= 0x80000000;
__enable _irg ();

| SER[ 0] ©bi
S enged®l vy

S~ S~

/I I NT31 enged®l yez®se
/ [

Megszak?2t8sok gl obs8l i

while (1) { // Nincs mit tennit

}
} PORTDRQr= 31

void PORTDIRQHandler (void ) {
if (PORTD >ISFR & 0x00000010) {
PTD >PTOR = 0x0002; /I PTD1 (k®k LED) 8tbillent ®se
PORTD>ISFR = 0x0010; A megszak?t 8djiel 2Rr | ®s e
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UARTO programmegs
UARDO ST SNI ! 2 (NISRTA &) (0 S NJ

Bit 7 g 5 4 3 2 1 ]
Read

Write TIE TCIE RIE ILIE ] TE RE RWU SBK
Reset 0 0 0 0 0 0 0 0

(A a83al I NiGtaz] SyasSrRytesisas

i TIEaS3al I NGta KF F {NEfR! FRFGNBIAAT
i TCIEaS3al I NGt a T +tGgdAGSt @sS3aSy
i RIEaS3al I { NGt a KI GFry| oSSNYISTSGd FRIG
i ILIEaS3aill ] NGtAa KIFI GS¥Ut Sy | @2y f
ModulSY3SRSf &SIl Sa UARTORQ= 12
i TE:! Ridrangmiterty Sy ISRSt &S
i REx S Q@éceey ISRSt &8ST Sa
Ac2dtooAl Y

i RWUI @Stehdbyns Ro I, TiSStadaaNB al dsa T Sf! NN

i SBKBreak] ' N} { 6 SNJ 0 0adzLJ ydzt £ I 0 \

-
A

)
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Programb6 4: UARTO v ®t el

Ezk LINPINF Y | | 2 Riogiaind gY A0ySivdridg tiRH®E Yis (Re21 al Nl
MostazUART@®S G St + YSI&AT I NGH&AG (1Aalz2f3tts
#include  <MKL25Z4.h>
void UARTO Init (void ); II' UARTORXx bemenet inicializ8l 8§
void LED_init (void ); ' RGB LED inicializ8l 8s
void LED set (int value ); ' RGB LED sz2nbe8l 1l 2t §8s
int main (void ){
UARTO init  (); II' UARTORXx bemenet inicializ8l 8§
LED init (); ' RGB LED inicializ8l 8sa
while (1) {
I Az UARTO v®tel a megszak2t8sba kerg¢lt 8§t
}
}
e
'l UARTO megszak?2t8s kiszol g8l §sa
/| =memmememe e A ~ “ £ - .
void UARTO IRQHandler (void ) { b1 FRIEG 1TAZ2T Ol at al
char c;
¢ = UARTO - >D; // Beolvassuk a vett karaktert
LED set ( ¢ ) ; LED-e®s bes8l | 2t ju
} N % ~ S A AT
cztedldta | 11 8SulSlI!
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Programb6 4: UARTO v ®t el

t ANR&AaFE 1ASYStGN] 1 21! RroglamdaZ NB Pl = | Y

FUARTO Rx i niciali z8] 8Baud 960Dt eli sebess®gre

* Baudrate =UARTO clock freq /[OSR+1]/BDH:BDL

* Eset¢nkben 20.97 MHz [/ [15 + 1]bpsf, O0Ox00: 0x88 =
* ami el fogadhat -n®@vit® ®St @l

*/

void UARTO init (void ) {

SIM->SCGC4 | = 0x0400; /'l UARTO perif ®ria e
SIM->SOPT2 | = 0x04000000; /I MCGFL baGdrate v § lag =4 tr
UARTG>C2 = 0, /1 UARTO | efidlot 85 & aaé
UARTOG >BDH = 0x00; /l Baudrate =9600 bps (bit8 - bitl2)

UARTG >BDL = 0x88; Il Baudrate =9600 bps (bit0O - bit7)

UARTG >C4 = OxOF; /l T%l mi nt av®t ealr88m@si= 16

UARTOG >C1 = 0x00; /18 -bites adatform8tum

UARTO >C2 = 0x24; /'l Adatfogad8s ®s megszak?2t8s
NVIC- >ISERJ[0] |= 0x00001000; /'l I NT12 enged®l yez®se (I SER[ O
SIM->SCGC5 | = 0x0200; /'l PORTA enged®l yez®
PORTA>PCRJ[1] = 0x0200; // PTAl legyen UARTO_ Rx ¢ zemm- dban

}

UARTORQnm= 12
ALEDekA Y AOA L f AT+ttt aalrt Sa oSttt NIGtatort 11
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Timer megszak2t 8s

Az5. fejezetbent S 1 S NR@dIiggRraISE T v taZ AGRIZIT NIGH 4 $102 ¥ @idjuk 6
KIal gzekbty @3 al I YNRDOE A& NB ®! lisfutiathatunkS 3 & A RS 2 A
AYS3al ISYMIBIRS t &&STOR@igdGverflow Interrupt Enablebitet kell QGhe

} £ £ MITPMK SCregisterben. Minden (i g £ O & 2 N@nlikort TOR 29\iQHe + f f
YS$3a1 kelefazik &

Bit 15 14 13 12 1 10 9 & 7 i 5 4 3 2 1 0

DMA TOIE CMOD P35

CPWMS

wic

Heset O 0 0 ] 0 0 ] ]

0 0 0 0
ATPMxp{/ NBIAAT GSNI oAG LAzal Gt al

I mn® 2ERFEE2Y | LISNAFSNRALF YS
TPM2A R! T NG ! 1 KIRQ17ROABRIMB1or I3 al | |
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Programb 5: TPMO ®s TPMI1

< > = = p .

e a1 ALEBekA YA OA Lt AT+ €+ at a| AdGd v

LED_ init ();

__disable _irg () ; /'l Megszakit §8sla gl ob 8§l
SIM->SOPT?2 |= O0x01000000; /'l MCGFLLCLH] kEEgyen
SIM->SCGC6 | = 0x01000000; [/ TPMO enged®l yez®s
TPM@>SC = O0; /'l Konfigur 8l 8s i dej
TPMQG >SC = 0x07, Il El Ro s Z128 legyen
TPMG>MOD = OxFFFF; moduld ®Wa x®kmS8 | i s
TPMG >SC |= 0x80; Il TOF t Yal csordul 8ts9 rell @Re
TPMOG>SC | = 0x40; /'l Megszak?t8s enged
TPM@>SC | = 0x08; I/ Sz8ml 81 8s enged®l
NVIC->1 SER[ 0] | = 0x00020000; [// 1RQ1l7 enged®l yez®
SIM->SCGC6 | = 0x02000000; /'l TPM1 enged®l|l yez®s
TPM:>SC = 0; /'l Konfigur 8l 8s i dej
TPMZX >SC = 0x07, Il El Ro s Z128 legyen
TPMZE >MOD = Ox7FFF; Il Modulo a maximum fele legyen!
TPME>SC | = 0x40; /'l Megszak?t8s enged
TPME>SC | = 0x08, /'l Sz8ml 81 8s enged®l
NVIC->1 SER[ 0] | = 0x00040000; // 1RQ18 enged®l yez®
__enable _irq () ; /'l Megszakid&8ds®lky gd @Dbes |
while (1) {

PTID>PTOR = 0x02; /'l A k®k LED 8tbillen

delayMs (1500);

ly1Syiu FR Y§3

TPM065536 * 128/20,97 MHz = 408sA R! 1 |
S |n$le RIST IS lyyWies\y B[H

TPMilcsak 32kh 3 ait Y2f X
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Programb 5: TPMO ®s TPM1

[ e

/'l TPMO megszak2?t8sok kiszol g8l §8§sa

[ mmmmm e

void TPMO IRQHandler (void ) { /I TPMO a piros LED- et Vvillogtatja
PTIB>PTOR = 0x40000; /'l A piros LED §tbil
TPMO >SC |= 0x80; A t Yal csordul 8ijtel zRr | ®s e

}

| mmmmm e

/'l TPM1 megszak?2t8sok kiszol g8l §8§sa

I e

void TPM1 IRQHandler (void ){ // TPMla z ° | HED et villogtatja
PTB>PTOR = 0x80000; /'l A z°l d LED 8tbill
TPMZX >SC |= 0x80; II'A t 4l csordul SijtelzRr | ®s e

}

J e

I K®s | el tfeggrgv®ny al ap®rtel mezett -rajelhez (20.97
J e
void delayMs (intn) {
inti, j;
for (i=0;i<n;i++)
for (j=0;)<3500; j++);
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SysTick megszak?2t §sok

938 YV &aA]l KIATly2 BysARFRAUTIINONGR 84 F2NNI & |

CLK_SRC

STRELOAD o Liebos

|_+|(, 0 ¥ INTEN—— >— Int. Vectorl5
System clock __>_

=1

. STCURRENT »| count

« 16 2 1
a
bEErL2aeStT ! NBIAAT USN] pAd2SAYSI
1A2al Gt aly

< . ~ +,\— Count +— Enable

CLKSOURGE NJ 2S5t @t fdoekio:CP@locks 16y / t ! Clk Source
TICKINEIl £ dzf O&a2 NRdzf + 41 2 NJ Y&ahgddotiNGt &8 Sy 3aISRS
ENABLE{ T+ Yft fta SyaSRSftesSI sa omY SyaSRI 7
aS32S53&1sasly )
x SysTick NBYR&I SNJ 1AQGSUStS]T 111S Gy &2N2f
kezelik alNVICregiszterei. ABCB>SHP[INE IA &1 G SNJ oMYHN ® ©
x 1 YSIal I I NVEX2E61IH YVIAMMBIUWANG & (T AET 2

ASysTickCTRBBST SNI ! S
E|

L1 <
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Program6_6:

ASysTickh R 2 IgN®2 { 2
kmc 2aldatag MfS
FGoAft SyiaN] @

#include  <MKL25Z4.H>

int main ( void ) {
__disable _irq ();
SIM- >SCGCS5 |= 0x400;
PORTB >PCRJ[18] = 0x100;
PTB- >PDDR |= 0x40000;
SysTick ->LOAD =20970000/16
SysTick ->VAL =0;
SysTick ->CTRL = 3;

__enable _irg ();

while (1) {
}
}

void SysTick Handler (void ) {
PTB- >PTOR = 0x40000;

}

SysTick megs z ak?

Y ¥ A 3 dzN3 & [elaz N SKIEHBlalvl 17 a2 o

~

i § NJOH (N @Y S diait aot y b

/'l A megszalkltoPpsgsdk s ti |l t §8s a
/'l PORTB enged®l yez®se
/'l PTB18 GPI O m-dba
/[ PTB18 kimenet legyen

-1;// bjrat°lt®shez: 1s alatti --X ag¢
I Kezd®shez al aphelyzetbe 8§l 1 un
/[ SysTick megszak?2?t8s enged®|l yez®s
I ' al ternatrlavy 181 aszt §8s a
I Megszak?2t8sok glob8lis engedR®a

I Megszak?2t8sra v8runk

Il A piros LED 8tbillent ®se
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Program6 7: egym8sba &
megszak?2t8sok vi zsg:¢
9606SYy I LINPIANYYOSlLY TG OAT&a3at tedzlz Kz23e
YS3az AftftSG@S ot2112€t2F 1 |t 0azyeéel-00 L
lLAal 2t 3t ts FNIIGSYyeSAoSy ttiaKkas (saf St
1SNNf SYyR! 1= AG0G Aa OadzZdry I {1 NaSNISGSI S
TPM11HzS & &l 1 2NA &t 3 ILAY SERM ¢ | Yitich BElsdt hehadckofuis,
majd360ms] Saf St 4 SiSa dzity (A1l LIO&AzZ2E 2dz] @

TPM2101 T 3@ {1 2NRA &t IIPT! ‘[S?SHaIY‘[ISﬂiEBBHbd@MSMJlﬂ(U
majd20ms] Sat Sf G4 S0 Sa dzitL¥DdlS J & ARDEEnfe@tlisd | |
oAffSTIGSUeN| > 2al OAtt2al {sL2a Al a3at
| I ¢t am LINA 2 NBarTPEM2Y SyAlad & A gNait at S0 poalyst
FYA1L 2N LIANR& [95 OQOAftt INGOD

I LISRAI ¢t awH Ll\akkarmpm\r&laa\rualj\laJHcaml 1 A&l
FStoSvyé&aaml { NGt &l Af@lyarBaiodadviNdg. 1 S1 [ 95
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Programb6 7: egym8sba &
megszak?2t8sok vizsg:¢

#include  "MKL25Z4.h "
void Timerl_ init (void );
void Timer2_ init (void );
void delayMs (int n);

int main ( void ) {

__disable _irg () ; /'l Megszakit §8§acsla gl obs§lI i
SIM->SCGC5 | = 0x400; /'l Port B enged®l yez
SIM->SCGC5 | = 0x1000; /'l Port D enged®l yez

PORTB>PCR[18] = 0x100; // PTB18 legyen GPIO (MUX =1)
PTB >PDDR |= 0x40000; // PTB18 legyen kimenet (bit18)
PTB >PSOR = 0x40000; I/ Piros LED Kki

PORTB>PCRJ[1] = 0x100; /[ PTD1 legyen GPIO (MUX =1)

PTD >PDDR |= 0x02; /[ PTD1 legyen GPIO (MUX = 1)

PORTB>PCR[ 2] = 0x100; /'l PTD2 is | egyen GPI
PTD >PDDR |= 0x04; // PTD2 is legyen kimenet

PTDD>PSOR = 0x06; /'l K®k LED ®s PTD2 k

Timerl _init ();
Timer2_ init  ();
__enable _irq () ; /'l Megszak?2?t8sok gl ob§gl

while (1){ } /'l Megszak?2t8sra v8runk
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Programb6 7: egym8sba &
megszak?2t8sok vizsg:¢

void TPM1 IRQHandler (void ){
PTB >PCOR = 0x40000; I/ Piros LED be ( active LOW
delayMs (350);
PTB >PSOR = 0x40000; // Piros LED ki

TPMZX >SC |= 0x80; Il T%l csordul 8bijtel tzDr | ®s e
}
void TPM2 IRQHandler (void ) {
PTDD>PCOR = 0x06; / |  Katwe LEOW) ®s PTD2 b
delayMs (50);
PTDD>PSOR = 0x06; /'l K®k LED ®s PTD2 k
TPM2 >SC |= 0x80; I TY%l csordul 8ijtel tz%r | ®s e
}
Il —-- TPM1 ®s TPM2 megszak?2t8sainak priorit8sa 0 ®s
#define PRI OTPM1 2U /'l TPM1 megszak2t 8s
#define PRI OTPM 3 U /'l TPM2 megszak2t §8s

Il -—- K®s | el tfegggv ®
void delayMs (intn) {
inti, J;

alap®rtel mezett -rajelhez (20. ¢

for (i=0;i<n;i++) | of 4 ot ta21 G-NBREJIDPAY
} for (1= 0;]<3500; j++); fAdesSteN] YS3I | Ot f
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7: egym8sba &
2

Progr amo
Sz a t 8sok Vvi zsgg:¢

me ¢

void Timerl init (void ){

SIM->SCGC6 | = 0x02000000; /'l TPM1 enged®|l yez ®s
SIM->SOPT2 | = 0x03000000; /'l MCGI RCLK | egyen a
TPM:>SC = O0; /'l Konfigur 8l 8shoz 1| e
TPM:> MOD = 32767; [/ 1s al-atti - ra¢t ®s e
TPMZ >SC |= 0x80; Il TY%l csordul 8ijtel z%r | ®s e

TPM:E>SC | = 0x48; /1
[l A bitek sz8mol gat8sa helye
NVIC_SetPriority  (TPM1_IRQn,PRIOTPM1) : [/ / TP

Sz8ml 81 8s ind?t8sa
tt a CMSI S NVIC API
M1 megprziakritt8&8§ I | 2t
g

NVIC_EnablelIRQ (TPM1_IRQn) ; /'l TPM1 megszak?t8sok enged®l|
}
void Timer2_ init (void ) {
SIM->SCGC6 | = 0x04000000; /'l TPM2 enged®l yez ®s
TPM2>SC = O0; /'l Konfigur 8l 8shoz 1| e
TPM2 >MOD = 3276; Il modulo =32768/10 -1
TPM2 >SC |= 0x80; I TYl csordul 8sijtel tzr | ®s e
TPM2>SC | = 0x48,; [/ Sz8ml 81 8s i nd?2t 8sa
/'l A bitek sz8molgat8sa helyett a CMSIS NVIC AP
NVIC _SetPriority (TPM2_IRQn,PRIOTPM2); /I TPM2 megszapkitogs be8SI | 2t
NVIC_ EnablelIRQ (TPM2_IRQn) ; /'l TPM1 megszak?t8sok enged®]
}

AZMCGIRCLEK N} 2Sf KI al yt f laaRTEsystdm MKE2BZAYT A + f Vv A
FEf2Y1 CBOTKWETVR { N3O n SNIS11SftH
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o >TD6 _ DA Tx UARTL ey 5
SDA_PTDS r . : '
3v3 1 — :
|o‘ ..... DTD D

PTA20 RESETH O &€ — :

S DO o0
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GND iO( e

GND D€
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A0  PTBO H JE m— .
A1‘PTBll oy ¢ bTAA | DA
A2 PTB2 o ¢ D
A3  PTB3 I o N ¢ pTD4 D
A4 [PTC2 | PwM o N ¢ X OARTO HTA D

|

Hobbielektronika csoport 2016/2017 Debreceni Megt est



Megt est

.ro.?cuocoooooi

»o@@'..‘.'..,

Debreceni

freescale
MMAB451Q
Accelerometer

‘-
-
-~

Capacitive Touch Slider

®

‘e

&
fo‘f&

p2
freescale

FRDM-KL25Z
Additional Peripherals

N~
i
o
N
S~
(o]
-
o
(V)
)
.
o
Q.
(@]
0
(&)
@©
=
c
(@]
e
)
4
Q
Q
®)
®)
o
I



