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6. Programmegszak²t§sok 

ARM Cortex - M0+ mikrovez®rlŲ 
programoz§sa 

KEIL MDK 5  
kºrnyezetben 



Felhaszn§lt anyagok, aj§nlott irodalom 
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Ç Joseph Yiu: The Definitive Guide to ARMϯ /ƻǊǘŜȄϯ-M0 and Cortex-M0+ 
Processors (2nd Ed.) 

Ç Joseph Yiu: The Anatomy of the ARM Cortex-M0+ Processor 

Ç Muhammad Ali Mazidi, Shujen Chen, Sarmad Naimi, Sepehr Naimi: Freescale 
ARM Cortex-M Embedded Programming 

Ç ARM University Program: Course/ Lab Material for Teaching Embedded 
Systems/MCUs (for the FRDM-KL25Z board) 

Ç ARM Information Center: Cortex-M0+ Devices Generic User Guide 

Ç Freescale: MKL25Z128VLK4 MCU datasheet    

Ç Freescale: KL25 Sub-Family Reference Manual 

Ç Freescale: FRDM-KL25Z User Manual 

 

 

http://infocenter.arm.com/help/topic/com.arm.doc.dui0662b/DUI0662B_cortex_m0p_r0p1_dgug.pdf
http://infocenter.arm.com/help/topic/com.arm.doc.dui0662b/DUI0662B_cortex_m0p_r0p1_dgug.pdf
http://infocenter.arm.com/help/topic/com.arm.doc.dui0662b/DUI0662B_cortex_m0p_r0p1_dgug.pdf
http://www.nxp.com/files/32bit/doc/data_sheet/KL25P80M48SF0.pdf
http://www.nxp.com/files/32bit/doc/data_sheet/KL25P80M48SF0.pdf
http://www.nxp.com/files/32bit/doc/ref_manual/KL25P80M48SF0RM.pdf
http://www.nxp.com/files/32bit/doc/ref_manual/KL25P80M48SF0RM.pdf
http://www.nxp.com/files/32bit/doc/ref_manual/KL25P80M48SF0RM.pdf
http://www.nxp.com/files/32bit/doc/ref_manual/KL25P80M48SF0RM.pdf
http://www.nxp.com/files/32bit/doc/ref_manual/KL25P80M48SF0RM.pdf
http://www.nxp.com/files/32bit/doc/ref_manual/KL25P80M48SF0RM.pdf
http://www.nxp.com/files/32bit/doc/ref_manual/KL25P80M48SF0RM.pdf
http://www.nxp.com/files/32bit/doc/ref_manual/KL25P80M48SF0RM.pdf
http://www.nxp.com/files/32bit/doc/user_guide/FRDMKL25ZUM.zip
http://www.nxp.com/files/32bit/doc/user_guide/FRDMKL25ZUM.zip
http://www.nxp.com/files/32bit/doc/user_guide/FRDMKL25ZUM.zip
http://www.nxp.com/files/32bit/doc/user_guide/FRDMKL25ZUM.zip
http://www.nxp.com/files/32bit/doc/user_guide/FRDMKL25ZUM.zip
http://www.nxp.com/files/32bit/doc/user_guide/FRDMKL25ZUM.zip
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Ç¢ǀōōǎȊƛƴǘǼ ǾŜƪǘƻǊƻǎ 
ƳŜƎǎȊŀƪƝǘłǎƪŜȊŜƭǃ (NVIC) 

Å aŜƎǎȊŀƪƝǘłǎ ǇǊƛƻǊƛȊłƭłǎ 

Å aŜƎǎȊŀƪƝǘłǎƻƪ ƳŀǎȊƪƻƭłǎŀ 

Å ¢ǀōōǎȊƛƴǘǼ ƳŜƎǎȊŀƪƝǘłǎ 

Å aŜƎǎȊŀƪƝǘłǎƻƪ ƭłƴŎƻƭłǎŀ 
(tail chaining & late arrival)  

 

ÇYǀƴƴȅǼ ƘŀǎȊƴłƭŀǘ 

Å aŜƎǎȊŀƪƝǘłǎƪŜȊŜƭǃ  
/ ƴȅŜƭǾŜƴ ƝǊƘŀǘƽ 

Å Automatikus hardveres 
ŀŘŀǘƳŜƴǘŞǎ όǾŜǊŜƳǘłǊōŀύ 

Å /a{L{ ŦǸƎƎǾŞƴȅŜƪ ŀȊ b±L/ 
ƪŜȊŜƭŞǎ ǘłƳƻƎŀǘłǎłǊŀ 

 
 



A programind²t§s folyamata 
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! ǾŜƪǘƻǊǘłōƭŀ Ŝƭǎǃ ƪŞǘ ŜƭŜƳŜ ŀ ǾŜǊŜƳǘłǊ Şǎ ŀ ŦǳǘǘŀǘŀƴŘƽ ǇǊƻƎǊŀƳ ƪŜȊŘǃŎƝƳŞǘ ǘŀǊǘŀƭƳŀȊȊŀΦ 
w9{9¢ ǳǘłƴ ŜȊŜƪ ŀǳǘƻƳŀǘƛƪǳǎŀƴ ōŜǘǀƭǘǃŘƴŜƪ ŀ ƳŜƎŦŜƭŜƭǃ ǊŜƎƛǎȊǘŜǊŜƪōŜ όwмо Şǎ wмрύΦ 
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1. .ŜŦŜƧŜȊǃŘƛƪ ŀȊ ŀƪǘǳłƭƛǎ ǳǘŀǎƝǘłǎ (Ƙŀ ƴŜƳ ǘǵƭ ƘƻǎǎȊǵΧ) 

2. YƻƴǘŜȄǘǳǎ ŜƭƳŜƴǘŞǎŜ (8  x 32-bitŜǎ ǎȊƽ) ŀȊ ŀƪǘǳłƭƛǎ ǾŜǊŜƳǘłǊōŀ 
(MSP vagy  PSP) 
ïxPSR, ǾƛǎǎȊŀǘŞǊŞǎƛ ŎƝƳ , LR (R14), R12, R3, R2, R1, R0 

3. #ǘƪŀǇŎǎƻƭłǎ handler/privilegƛȊłƭǘ mƽŘōŀ, MSP ƘŀǎȊƴłƭŀǘǊŀ 

4. t/ όǇǊƻƎǊŀƳǎȊłƳƭłƭƽύ ōŜǘǀƭǘŞǎŜ ŀ ǾŜƪǘƻǊǘłōƭŀ ƳŜƎŦŜƭŜƭǃ 
ǊƻǾŀǘłōƽƭ 

5. LR ŦŜƭǘǀƭǘŞǎŜ EXC_RETURN ƪƽŘŘŀƭ 

6. IPSR ŦŜƭǘǀƭǘŞǎŜ ŀ ƪƛǾŞǘŜƭκLwv  ǎȊłƳłǾŀƭ 

7. ! ƪƛǾŞǘŜƭκLwv ƪŜȊŜƭǃǇǊƻƎǊŀƳ ǾŞƎǊŜƘŀƧǘłǎŀ 

Latency: #ƭǘŀƭłōŀƴ мр ǳǘŀǎƝǘłǎŎƛƪƭǳǎ ŀ ƳŜƎǎȊŀƪƝǘłǎƛ ƪŞǊŜƭŜƳ 
ƳŜƎƧŜƭŜƴŞǎŞǘǃƭ ŀ ƳŜƎǎȊŀƪƝǘłǎǘ ƪƛǎȊƻƭƎłƭƽ ƪƽŘ Ŝƭǎǃ ǳǘŀǎƝǘłǎłƴŀƪ 
ƳŜƎƪŜȊŘŞǎŞƛƎΦ 

 



1. Az aktu§lis utas²t§s befejez®se 
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Å ! ƭŜƎǘǀōō ǳǘŀǎƝǘłǎ ǊǀǾƛŘ Şǎ ƎȅƻǊǎŀƴ ōŜŦŜƧŜȊǃŘƛƪ 

Å bŞƘłƴȅ ǳǘŀǎƝǘłǎ ŀȊƻƴōŀƴ ǎƻƪ ǳǘŀǎƝǘłǎŎƛƪƭǳǎƛƎ ǘŀǊǘ 

ï Load Multiple (LDM), Store Multiple (STM), Push, Pop, MULS (ƴŞƳŜƭȅ /t¦ ŜǎŜǘŞōŜƴ 
ŀƪłǊ он Ŏƛƪƭǳǎ ƛǎ ƭŜƘŜǘ) 

Å ! ǎƻƪŎƛƪƭǳǎǵ ǳǘŀǎƝǘłǎ ōŜŦŜƧŜȊŞǎŜ ƪŞǎƭŜƭǘŜǘƴŞ ŀ ƳŜƎǎȊŀƪƝǘłǎƻƪ ƪƛǎȊƻƭƎłƭłǎłǘΣ ŜȊŞǊǘ 
Ƙŀ ƛƭȅŜƴ ǳǘŀǎƝǘłǎ ǾŞƎǊŜƘŀƧǘłǎŀ Ǿŀƴ ŦƻƭȅŀƳŀǘōŀƴΣ ŀƳƛƪƻǊ ƳŜƎǎȊŀƪƝǘłǎƛ ƪŞǊŜƭŜƳ 
ŞǊƪŜȊƛƪΣ ŀƪƪƻǊ ŀ /t¦Υ 

ï9ƭŘƻōƧŀ ŀȊ ǳǘŀǎƝǘłǎǘ 

ïwŜŀƎłƭ ŀ ƳŜƎǎȊŀƪƝǘłǎǊŀ 

ï±ŞƎǊŜƘŀƧǘƧŀ ŀ ƳŜƎǎȊŀƪƝǘłǎǘ ƪƛǎȊƻƭƎłƭƽ ŜƭƧłǊłǎǘ 

ï±ƛǎǎȊŀǘŞǊ ŀ ƳŜƎǎȊŀƪƝǘłǎōƽƭ 

ï¨ƧǊŀƪŜȊŘƛ ŀȊ ŜƭŘƻōƻǘǘ ǳǘŀǎƝǘłǎǘ 



2. Kontextus ment®se 
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× YŞǘ ǾŜǊŜƳƳǳǘŀǘƽ Ǿŀƴ: Main (MSP), process (PSP) 

× ! ƳǼƪǀŘŞǎƛ ƳƽŘǘƽƭ ŦǸƎƎΣ ƘƻƎȅ ƳŜƭȅƛƪ ŀƪǘƝǾ: CONTROL regiszter bit 1 ƧŜƭǀƭƛ ƪƛ 

× ! ǾŜǊŜƳ ŀȊ ŀƭŀŎǎƻƴȅŀōō ŎƝƳŜƪ ŦŜƭŞ ƴǀǾŜƪǎȊƛƪ 

{t ƛŘŜ Ƴǳǘŀǘƻǘǘ ƳŜƎǎȊŀƪƝǘłǎ Ŝƭǃǘǘ 

{t ƛŘŜ Ƴǳǘŀǘ ƳŜƎǎȊŀƪƝǘłǎ ǳǘłƴ 

/ǎǀƪƪŜƴǃ 
mŜƳƽǊƛŀ- 
ŎƝƳŜƪ 
 



3. Ćtkapcsol§s Handler  m·dba  
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YŞǘ łƭƭŀǇƻǘΥ YƽŘŦǳǘǘŀǘłǎ κ ƴȅƻƳƪǀǾŜǘŞǎ 
YŞǘ ƳǼƪǀŘŞǎƛ ƳƽŘΥ YŜȊŜƭǃƛ ƳƽŘ όƳŜƎǎȊŀƪƝǘłǎ ƪƛǎȊƻƭƎłƭłǎύ κ tǊƻƎǊŀƳǎȊłƭ ƳƽŘ 
YŞǘ ǇǊƛǾƛƭŞƎƛǳƳ ǎȊƛƴǘΥ tǊƛǾƛƭŜƎƛȊłƭǘ κ bŜƳ ǇǊƛǾƛƭŜƎƛȊłƭǘ  

aǼƪǀŘŞǎƛ ƳƽŘƻƪΥ 

MSP-t ƘŀǎȊƴłƭƧŀΗ 



4. PC betºlt®se a vektort§bl§b·l 
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/ƝƳ Vektor IRQ tǊƛƻǊƛǘłǎ CƻǊǊłǎ wǀǾƛŘ ƭŜƝǊłǎ 

0x0000_0000 0 - - ARM core YŜȊŘŜǘƛ ǾŜǊŜƳƳǳǘŀǘƽ 

0x0000_0004 1 -  -3 ARM core YŜȊŘŜǘƛ ǇǊƻƎǊŀƳǎȊłƳƭłƭƽ 

0x0000_0008 2 -14 -2 ARM core Nem ƳŀǎȊƪƻƭƘŀǘƽ ƳŜƎǎȊŀƪƝǘłǎ όbaLύ 

0x0000_000C 3 -13 -1 ARM core Hardver hiba 

. . . - - . . . Fenntartva 

0x0000_002C 11 -5 łƭƭƝǘƘŀǘƽ ARM core Supervisor ƘƝǾłǎŀ ό{±/ύ 

. . . - - . . . Fenntartva 

0x0000_0038 14 -2 łƭƭƝǘƘŀǘƽ ARM core .ŜłƭƭƝǘƘŀǘƽ ƳŜƎǎȊŀƪƝǘłǎƪŞǊŜƭŜƳ  

0x0000_003C 15 -1 łƭƭƝǘƘŀǘƽ ARM core SysTick ƳŜƎǎȊŀƪƝǘłǎ 

! ǾŜƪǘƻǊǘłōƭŀ a ƳŜƳƽǊƛŀ ŜƭŜƧŞƴ ƘŜƭȅŜȊƪŜŘƛƪ ŜƭΣ ŀȊ Ŝƭǎǃ ƪŞǘ ǎȊƽ ƪƛǾŞǘŜƭŞǾŜƭ ŀ ƳŜƎǎȊŀƪƝǘłǎǘ 
ƪƛǎȊƻƭƎłƭƽ ŜƭƧłǊłǎ ōŜƭŞǇŞǎƛ ǇƻƴǘƧłǊŀ ƳǳǘŀǘƴŀƪΦ мс ǾŜƪǘƻǊ ŀȊ !wa Cortex M0+  
rendszermaghoz, 32 vektor pedig a (ƎȅłǊǘƽǎǇŜŎƛŦƛƪǳǎύ ǇŜǊƛŦŞǊƛłƪƘƻȊ ǘŀǊǘƻȊƛƪΦ 

! ǘłōƭŀ ŦƻƭȅǘŀǘƽŘƛƪ ŀ ƪǀǾŜǘƪŜȊǃ ƻƭŘŀƭƻƴΧ 



A perif®ri§s megszak²t§sok vektorai 
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IPR ŀȊ ŞǊƛƴǘŜǘǘ NVIC_IPRx ǊŜƎƛǎȊǘŜǊ ǎƻǊǎȊłƳŀ                          ! ǘłōƭŀ ŦƻƭȅǘŀǘƽŘƛƪ Χ 



NVIC regiszterek  
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/ƝƳ Regiszter CǳƴƪŎƛƽ 

0xE000E100 NVIC_ISER aŜƎǎȊŀƪƝǘłǎ ŜƴƎŜŘŞƭȅŜȊŞǎ όSet-enable) 

0xE000E180 NVIC_ICER aŜƎǎȊŀƪƝǘłǎ ǘƛƭǘłǎ όClear-enable) 

0xE000E200 NVIC_ISPR aŜƎǎȊŀƪƝǘłǎ ōŜłƭƭƝǘłǎ όSet-pending) 

0xE000E280 NVIC_ICPR aŜƎǎȊŀƪƝǘłǎ ǘǀǊƭŞǎ όClear-pending)  

0xE000E400 ς 
0xE000E41F 

NVIC_IPR0  ς 
NVIC_IPR7 

aŜƎǎȊŀƪƝǘłǎƻƪ ǇǊƛƻǊƛǘłǎŀ όInterrupt Priority 
Registers) 

NVIC_ISER, NVIC_ICER, NVIC_ISPR, NVIC_ICPR: ŀ ƳŜƎŦŜƭŜƭǃ ōƛǘ ΩмΩ-be łƭƭƝǘłǎŀ ǾŞƎȊƛ Ŝƭ ŀ 
ƪŞǊǘ ŦŜƭŀŘŀǘƻǘΦ 
NVIC_IPRx:  egy-ŜƎȅ он ōƛǘŜǎ ǊŜƎƛǎȊǘŜǊ ōłƧǘƻƴƪŞƴǘ ŜƎȅ-ŜƎȅ ƳŜƎǎȊŀƪƝǘłǎ ǇǊƛƻǊƛǘłǎłǘ łƭƭƝǘƧŀ 
ōŜΦ .łƧǘƻƴƪŞƴǘ Ŏǎŀƪ ŀ ƭŜƎŦŜƭǎǃ ƪŞǘ ōƛǘ Ǿŀƴ ƘŀǎȊƴłƭŀǘōŀƴΦ ! ƪƛǎŜōō ǎȊłƳ ƴŀƎȅƻōō ǇǊƛƻǊƛǘłǎǘ 
jelent. 

bŞƘłƴȅ ƪƛǾŞǘŜƭ ǇǊƛƻǊƛǘłǎŀ ǊǀƎȊƝǘŜǘǘΥ  
Å Reset: -3 όƭŜƎƳŀƎŀǎŀōō ǇǊƛƻǊƛǘłǎύ 
Å NMI: -2 
Å Hard Fault: -1 
! ǘǀōōƛ ƪƛǾŞǘŜƭ ǇǊƛƻǊƛǘłǎŀ ŀȊ SCB->SHP[0] Şǎ ŀȊ SCB->SHP[1] ǊŜƎƛǎȊǘŜǊōŜƴ łƭƭƝǘƘŀǘƽΦ 
[łǎŘΥ ARM Cortex-M0+ Devices Generic User Guide пΦоΦу ŀƭŦŜƧŜȊŜǘŞōŜƴΗ 

! ǇŜǊƛŦŞǊƛłƪ ƳŜƎǎȊŀƪƝǘłǎŀƛ ōŜłƭƭƝǘƘŀǘƽ ǇǊƛƻǊƛǘłǎǵŀƪ 
(az NVIC_IPRx ǊŜƎƛǎȊǘŜǊŜƪōŜ ƝǊǘ ŞǊǘŞƪŜƪƪŜƭύΥ 
лȄллΣ лȄплΣ лȄулΣ лȄ/л όƭŜƎŀƭŀŎǎƻƴȅŀōō ǇǊƛƻǊƛǘłǎύ 
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! Ƴŀƛ ŀƴȅŀƎǊŞǎȊōŜƴ ŀȊ ŜƭǃȊǃ ƻƭŘŀƭƻƴ Şǎ ƛǘǘ ǇƛǊƻǎ ƪŜǊŜǘŜȊŞǎǎŜƭ ƳŜƎƧŜƭǀƭǘ ƳŜƎǎȊŀƪƝǘłǎƻƪƪŀƭ 
foglalkozunk. 



CMSIS core  t§mogat§s 

Hobbielektronika csoport 2016/2017  Debreceni Megtestes¿l®s Pl®b§nia 13 

core_cmFunc.h 
Á __disable_irq() ς ƳŜƎǎȊŀƪƝǘłǎƻƪ Ǝƭƻōłƭƛǎ ǘƛƭǘłǎŀ 

Á __enable_irq() ς ƳŜƎǎȊŀƪƝǘłǎƻƪ Ǝƭƻōłƭƛǎ ŜƴƎŜŘŞƭȅŜȊŞǎŜ 

core_cm0plus.h 
Á NVIC_EnableIRQ(IRQn_Type IRQn) ς ŀŘƻǘǘ ƳŜƎǎȊŀƪƝǘłǎƛ ǾŜƪǘƻǊ ŜƴƎŜŘŞƭȅŜȊŞǎŜ 

Á NVIC_DisableIRQ(IRQn_Type IRQn) ς ŀŘƻǘǘ ƳŜƎǎȊŀƪƝǘłǎƛ ǾŜƪǘƻǊ ǘƛƭǘłǎŀ 

Á NVIC_GetPendingIRQ(IRQn_Type IRQn) ς IRQn ƳŜƎǎȊŀƪƝǘłǎ łƭƭŀǇƻǘłƴŀƪ ǾƛǎȊƎłƭŀǘŀ  

Á NVIC_SetPendingIRQ(IRQn_Type IRQn) ς IRQn ƳŜƎǎȊŀƪƝǘłǎƛ ƪŞǊŜƭŜƳ ŀƪǘƛǾłƭłǎŀ 

Á NVIC_ClearPendingIRQ(IRQn_Type IRQn) ς IRQn ƳŜƎǎȊŀƪƝǘłǎƛ ƪŞǊŜƭŜƳ ǘǀǊƭŞǎŜ  

Á NVIC_SetPriority(IRQn_Type IRQn, uint32_t priority) ς IRQn ǇǊƛƻǊƛǘłǎłƴŀƪ ōŜłƭƭƝǘłǎŀ 

Á NVIC_GetPriority(IRQn_Type IRQn) ς IRQn ǇǊƛƻǊƛǘłǎłƴŀƪ ƭŜƪŞǊŘŜȊŞǎŜ 

startup_MKL25Z4.s  ς ŜȊ ŀȊ łƭƭƻƳłƴȅ ǘŀǊǘŀƭƳŀȊȊŀ ŀ ǾŜƪǘƻǊǘłōƭłǘΣ ŀ 

ƳŜƎǎȊŀƪƝǘłǎƻƪŀǘ ƪƛǎȊƻƭƎłƭƽ ŦǸƎƎǾŞƴȅŜƪ ƴŜǾŜƛǘ Şǎ ŀ ƘƻȊȊłƧǳƪ ǊŜƴŘŜƭǘ ŀƭŀǇŞǊǘŜƭƳŜȊŜǘǘ 
ƪƛǎȊƻƭƎłƭƽ ǊǳǘƛƴǘΦ 9ȊŜƪ ώ²9!Yϐ όαƎȅŜƴƎŜέύ ŘŜŦƛƴƝŎƛƽƪΣ ǘŜƘłǘ ŦǀƭǸƭŘŜŦƛƴƛłƭƘŀǘƽƪΗ 

A CMSIS Core ƳƻŘǳƭ ŀȊ ŀƭłōōƛ ǘłƳƻƎŀǘƽƛ ŦǸƎƎǾŞƴȅŜƪŜǘ ƴȅǵƧǘƧŀ ŀ ƳŜƎǎȊŀƪƝǘłǎƻƪ 
ƪŜȊŜƭŞǎŞƘŜȊΦ ! ŘǳǇƭŀ ŀƭłƘǵȊłǎǎŀƭ ƪŜȊŘǃŘǃŜƪ ǵƴΦ intrinsic ŦǸƎƎǾŞƴȅŜƪΦ 



Megszak²t§s a GPIO portokkal 
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! DtLh ǇƻǊǘƻƪ ǎŜƎƝǘǎŞƎŞǾŜƭ ƪǸƭǎǃ ƧŜƭŜƪŜǘ ŀȊ NVIC (Şǎ Ƴłǎ ŜǎȊƪǀȊǀƪ) bemeneteire 
ǾŜȊŜǘƘŜǘǸƴƪΦ !Ȋ MKL25Z128VLK4 ƳƛƪǊƻǾŜȊŞǊƭǃ ŜǎŜǘŞōŜƴ Ŏǎŀƪ ŀȊ A Şǎ ŀ D porthoz 
ǘŀǊǘƻȊƽ ƪƛǾŜȊŜǘŞǎŜƪ ƘŀǎȊƴłƭƘŀǘƽƪ ǇǊƻƎǊŀƳƳŜƎǎȊŀƪƝǘłǎƻƪ ƪŜƭǘŞǎŞǊŜΦ 
 

!Ȋ ŞǊƛƴǘŜǘǘ ǊŜƎƛǎȊǘŜǊŜƪΥ 

Ç PORTx_PCRn ς tƻǊǘƪƛǾŜȊŜǘŞǎ ǾŜȊŞǊƭǃ ǊŜƎƛǎȊǘŜǊŜƪΥ  
ÁǇƻǊǘƻƴƪŞƴǘ 32 db. regiszter  
Á mindegyik regiszter megfelel egy-ŜƎȅ ƪƛǾŜȊŜǘŞǎƴŜƪΦ 

Ç PORTx_ISFR ς aŜƎǎȊŀƪƝǘłǎƧŜƭȊǃ ōƛǘŜƪΥ  
ÁǇƻǊǘƻƴƪŞƴǘ 1 db. regiszter 
Á Minden bit megfelel egy-ŜƎȅ ƪƛǾŜȊŜǘŞǎƴŜƪ  
Á! ōƛǘ ΩмΩ-be łƭƭΣ Ƙŀ ŀ ƳŜƎǎȊŀƪƝǘłǎƛ ŜǎŜƳŞƴȅ ōŜƪǀǾŜǘƪŜȊŜǘǘ Şǎ ƪƛǎȊƻƭƎłƭłǎǊŀ ǾłǊ 

 



A PORTx _PCRn regiszter  
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PS ς pull select (0: pull-down, 1: pull-up) 
PE ς pull enable (0: disable, 1: enable) 
SRE ς slew rate enable (0: fast, 1: slow) 
PFE ς passive filter enable (0: disable,  
          1: enable) 
DSE ς Drive Strength Enable (0: low, 1: high) 
MUX ς multiplexer select (0: analog, 1: GPIO,  
          2: Alt2, 3: Alt3, 4: Alt4, 5: Alt5, 6: Alt6, 
          7: Alt7 chip specific function selection) 

ISF ς ƳŜƎǎȊŀƪƝǘłǎƛ ƪŞǊŜƭŜƳ ŜǎŜǘŞƴ ΩмΩ 
IQRC ς ƳŜƎǎȊŀƪƝǘłǎƛ ƳƽŘ ǾŜȊŞǊƭŞǎΥ 
  лллл aŜƎǎȊŀƪƝǘłǎκ5a! ƪŞǊŜƭŜƳ ƭŜǘƛƭǘǾŀΦ 
  0001 DMA ƪŞǊŜƭŜƳ ŦŜƭŦǳǘƽ ŞƭǊŜ. 
  0010 DMA ƪŞǊŜƭŜƳ ŦŜƭŦǳǘƽ ŞƭǊŜ. 
  0011 DMA ƪŞǊŜƭŜƳ ōłǊƳŜƭȅ ŞƭǊŜ 
  1000 aŜƎǎȊŀƪƝǘłǎ ŀƭŀŎǎƻƴȅ ǎȊƛƴǘǊŜ. 
  1001 aŜƎǎȊŀƪƝǘłǎ ŦŜƭŦǳǘƽ ŞƭǊŜ. 
  1010 aŜƎǎȊŀƪƝǘłǎ ƭŜŦǳǘƽ ŞƭǊŜ. 
  1011 aŜƎǎȊŀƪƝǘłǎ ōłǊƳŜƭȅ ŞƭǊŜ. 
  1100 aŜƎǎȊŀƪƝǘłǎ ƳŀƎŀǎ ǎȊƛƴǘǊŜ. 

ISF: 5a! łǘǾƛǘŜƭ ǳǘłƴ ŀǳǘƻƳŀǘƛƪǳǎŀƴ ǘǀǊƭǃŘƛƪ 



Program6_1: megszak²t§s nyom·gombbal 
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#include  "MKL25Z4.h"  

void  delayMs (int n);  

int main( void ) {  

    __disable _irq ();            // Megszak²t§sok glob§lis tilt§sa 

    SIM->SCGC5 |= 0x400;        // PORTB enged®lyez®se (LED- ek )  

    PORTB- >PCR[18] = 0x100;     // PTB18 legyen GPIO m·dban 

    PORTB- >PCR[19] = 0x100;     // PTB19 legyen GPIO m·dban 

    PTB->PDDR |= 0xC0000;       // PTB18 ®s PTB19 legyen kimenet 

    PTB- >PDOR |= 0xC0000;       // LED- ek  lekapcsol§sa 

    SIM->SCGC5 |= 0x200;        // PORTA enged®lyez®se (nyom·gomb bemenetek) 

    PORTA- >PCR[12] |=  0x00100; // PTA12 legyen GPIO  

    PORTA->PCR[12] |=  0x00003; // PTA12 belsŖ felh¼z§s enged®lyez®se 

    PTA- >PDDR &= ~0x1000;       // PTA12 legyen bemenet  

    PORTA- >PCR[12] &= ~0xF0000; // Megszak²t§si be§ll²t§sok tºrl®se 

    PORTA- >PCR[12] |=  0xA0000; // Megszak²t§s aktiv§l§s lefut· ®lre 

    PORTA- >PCR[13] |=  0x00100; // PTA13 legyen GPIO  

    PORTA->PCR[13] |=  0x00003; // PTA13 belsŖ felh¼z§s enged®lyez®se 

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

    PORTA- >PCR[13] &= ~0xF0000; // Megszak²t§si be§ll²t§sok tºrl®se 

    PORTA- >PCR[13] |=  0xA0000; // Megszak²t§s aktiv§l§s lefut· ®lre     

    NVIC- >ISER[0] |= 0x40000000; // INT30 enged®lyez®se (ISER[0] bit30) 

    __enable _irq ();             // Megszak²t§sok glob§lis enged®lyez®se 

    while (1 ) {  

        PTB- >PTOR = 0x40000;    // Piros LED §llapotv§lt§s 

        delayMs (500);  

    }  

}  

PTA12 vagy PTA13 ōŜƳŜƴŜǘŜƴ ƭŜƘǵȊłǎǊŀ ōŜƪǀǘǀǘǘ ƴȅƻƳƽƎƻƳōōŀƭ 
ƳŜƎǎȊŀƪƝǘłǎǘ ƪŜƭǘǸƴƪ Şǎ ƪƛǎȊƻƭƎłƭłǎƪƻǊ ŀ ȊǀƭŘ LED-del 3-at villantunk 

PORTA IRQn = 30 
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// ----------------------------------------------------------  

// A PTA12 - re, vagy PTA13 -ra kºtºtt nyom·gombok aktiv§lj§k 

// ----------------------------------------------------------  

void  PORTA_IRQHandler ( void ) {  

    int i;  

    for  (i = 0; i < 3; i++) {  // Zºld LED felvillant§sa h§romszor  

        PTB->PDOR &= ~0x80000; // Zºld LED be 

        delayMs (500);  

        PTB->PDOR |= 0x80000;  // Zºld LED ki 

        delayMs (500);  

    }  

    PORTA- >ISFR |= 0x00003000;  // Megszak²t§sjelzŖ bitek tºrl®se 

}  

 

// --------------------------------------------------------------  

// K®sleltetŖ f¿ggv®ny alap®rtelmezett ·rajelhez (20.97152 MHz) 

// --------------------------------------------------------------  

void  delayMs (int n) {            

    int i, j;  

    for (i = 0 ; i < n; i++)  

        for  (j = 0; j < 3500; j++);  

}  

Program6_1: megszak²t§s nyom·gombbal 
! ƳŜƎǎȊŀƪƝǘłǎǘ ƪƛǎȊƻƭƎłƭƽ ŦǸƎƎǾŞƴȅ ƴŜǾŜ ƪǀǘǀǘǘ όŀ startup_MKL25Z4.s łƭƭƻƳłƴȅ ŘŜŦƛƴƛłƭƧŀ ς 
Ƴƛ ǇŜŘƛƎ ƛǘǘ ŦǀƭǸƭŘŜŦƛƴƛłƭƧǳƪύΣ ǎ ƳƛƴŘŜƴ PORTA-hoz ǘŀǊǘƻȊƽ ƳŜƎǎȊŀƪƝǘłǎƪƻǊ ƳŜƎƘƝǾłǎǊŀ 
ƪŜǊǸƭΦ YƛƭŞǇŞǎ Ŝƭǃǘǘ ƴŜ ŦŜƭŜŘƧǸƪ Ŝƭ ǘǀǊǀƭƴƛ ŀ ƳŜƎǎȊŀƪƝǘłǎƧŜƭȊǃ ōƛǘŜǘΗ 



Program6_2: megszak²t§s nyom·gombokkal 
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9Ȋ ŀ ǇǊƻƎǊŀƳ ŎǎǳǇłƴ ŀōōŀƴ ǘŞǊ Ŝƭ ŀȊ ŜƭǃȊǃǘǃƭΣ ƘƻƎȅ ŀ PTA12 Şǎ PTA13-Ǌŀ ƪǀǘǀǘǘ 
ƴȅƻƳƽƎƻƳōƻƪŀǘ ƳŜƎƪǸƭǀƴōǀȊǘŜǘƧǸƪΦ 9ȊŞǊǘ Ŏǎŀƪ ǊŜƭŜǾłƴǎ ǊŞǎȊŞǘ ƳǳǘŀǘƧǳƪ ōŜ ŀ ǇǊƻƎǊŀƳƴŀƪΦ 

void  PORTA_IRQHandler ( void ) {  

    int i;  

    while  (PORTA- >ISFR & 0x00003000) { // Van -e PTA12 vagy PTA13 megszak²t§s?  

        if (PORTA- >ISFR & 0x00001000) { // PTA12 megszak²t§s?  

            for  (i = 0; i < 3; i++) {  // Zºld LED felvillant§sa h§romszor  

                PTB->PDOR &= ~0x80000; // Zºld LED be 

                delayMs (500);  

                PTB->PDOR |= 0x80000;  // Zºld LED ki 

                delayMs (500);  

            }  

            PORTA- >ISFR |= 0x00001000;  // Megszak²t§sjelzŖ bit tºrl®se 

        }        

        if (PORTA- >ISFR & 0x00002000) { // PTA13 megszak²t§s?  

            for  (i = 0; i < 3; i++) {  // K®k LED felvillant§sa h§romszor  

                PTD->PDOR &= ~0x02;    // K®k LED be 

                delayMs (500);  

                PTD->PDOR |= 0x02;     // K®k LED ki 

                delayMs (500);  

            }  

            PORTA- >ISFR |= 0x00002000;  // Megszak²t§sjelzŖ bit tºrl®se 

        }  

    }   

}  



Program6_3: LED §tbillent®s minden ®lre  
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#include  "MKL25Z4.h "  

int main( void ) {  

    __disable _irq ();            // Megszak²t§sok glob§lis tilt§sa 

// ---  A k®k LED konfigur§l§sa -----------    

    SIM->SCGC5 |= 0x1000;       // PORTD enged®lyez®se 

    PORTD->PCR[1] = 0x100;      // PTD1 legyen GPIO m·dban 

    PTD- >PDDR |= 0x02;          // PTD1 kimenet legyen  

    PTD->PDOR |= 0x02;          // K®k LED lekapcsol§sa 

// ---  PTD4 megszak²t§s konfigur§l§sa ----  

    PORTD->PCR[4] |=  0x00100;  // PTD4 legyen GPIO m·dban 

    PORTD->PCR[4] |=  0x00003;  // Felh¼z§s enged®lyez®se 

    PTD- >PDDR &= ~0x0010;       // PTD4 legyen bemenet  

    PORTD- >PCR[4] &= ~0xF0000;  // Megszak²t§si be§ll²t§sok tºrl®se 

    PORTD- >PCR[4] |=  0xB0000;  // Mindk®t ®lre legyen ®rz®keny 

     

    NVIC- >ISER[0] |= 0x80000000; // INT31 enged®lyez®se (ISER[0] bit31) */ 

    __enable _irq ();             // Megszak²t§sok glob§lis enged®lyez®se 

 

    while (1) {                  // Nincs mit tenni!  

    }  

}  

 

void  PORTD_IRQHandler ( void ) {  

    if  (PORTD- >ISFR & 0x00000010) {  

        PTD- >PTOR = 0x0002;    // PTD1 (k®k LED) §tbillent®se 

        PORTD- >ISFR = 0x0010;  // A megszak²t§sjelzŖ bit tºrl®se 

    }  

}  

PORTD IRQn = 31 

aƻǎǘ ŀ ǾłƭǘƻȊŀǘƻǎǎłƎ ƪŜŘǾŞŞǊǘ ŀ PTD4 ōŜƳŜƴŜǘŜǘ ƘŀǎȊƴłƭƧǳƪ 
ƳŜƎǎȊŀƪƝǘłǎƘƻȊΣ ǎ ƳƛƴŘƪŞǘ ŞƭǊŜ ŞǊȊŞƪŜƴȅƝǘƧǸƪΧ 



UART0 ǾŜȊŞǊƭǃ ǊŜƎƛǎȊǘŜǊ 2 (UART0_C2) 

Å aŜƎǎȊŀƪƝǘłǎƻƪ ŜƴƎŜŘŞƭȅŜȊŞǎŜ 

ï TIE: aŜƎǎȊŀƪƝǘłǎ Ƙŀ ŀ ƪǸƭŘǃ ŀŘŀǘǊŜƎƛǎȊǘŜǊ ǸǊŜǎ 

ï TCIE: aŜƎǎȊŀƪƝǘłǎ ŀȊ łǘǾƛǘŜƭ ǾŞƎŞƴ 

ï RIE: aŜƎǎȊŀƪƝǘłǎ Ƙŀ Ǿŀƴ ōŜŞǊƪŜȊŜǘǘ ŀŘŀǘ 

ï ILIE: aŜƎǎȊŀƪƝǘłǎ Ƙŀ ǘŞǘƭŜƴ ŀ Ǿƻƴŀƭ 

Å Modul ŜƴƎŜŘŞƭȅŜȊŞǎ 

ï TE: !Řƽ όtransmitterύ ŜƴƎŜŘŞƭȅŜȊŞǎ 

ï RE: ±ŜǾǃ όǊeceiver) ŜƴƎŜŘŞƭȅŜȊŞǎ 

Å ¢ƻǾłōōƛŀƪΥ 

ï RWU: ŀ ǾŜǾǃǘ standby mƽŘōŀ ǘŜǎȊƛ, ŦŜƭŞōǊŜǎȊǘŞǎ ŀȊ ŜƭǃƝǊǘ ŦŜƭǘŞǘŜƭŜƪ ŜǎŜǘŞƴ 

ï SBK: Break ƪŀǊŀƪǘŜǊ όŎǎǳǇŀ ƴǳƭƭŀύ ƪǸƭŘŞǎŜ 
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UART0 programmegszak²t§sok 

UART0 IRQn = 12 



Program6_4: UART0 v®tel megszak²t§sban 
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Ez ŀ ǇǊƻƎǊŀƳ ŀ ƪƻǊłōōŀƴ ōŜƳǳǘŀǘƻǘǘ Program 4_2 ƳƛƴǘŀǇŞƭŘŀ ƳƽŘƻǎƝǘƻǘǘ ǾłƭǘƻȊŀǘŀΦ  
Most az UART0 ǾŞǘŜƭ ŀ ƳŜƎǎȊŀƪƝǘłǎǘ ƪƛǎȊƻƭƎłƭƽ ŦǸƎƎǾŞƴȅōŜ ƪŜǊǸƭǘ łǘΦ 

#include  <MKL25Z4.h>  

 

void  UART0_init ( void );               // UART0 Rx bemenet inicializ§l§s 

void  LED_init ( void );                 // RGB LED inicializ§l§s 

void  LED_set (int value );             // RGB LED sz²nbe§ll²t§s 

 

int main  ( void ) {  

    UART0_init ();                    // UART0 Rx bemenet inicializ§l§sa   

    LED_init ();                      // RGB LED inicializ§l§sa 

    while  (1) {  

       // Az UART0 v®tel a megszak²t§sba ker¿lt §t ... 

    }  

}  

 

// ------------------------------------  

// UART0 megszak²t§s kiszolg§l§sa 

// ------------------------------------  

void  UART0_IRQHandler ( void ) {  

    char  c;  

    c = UART0 - >D;                      // Beolvassuk a vett karaktert  

    LED_set (c);                        // ®s be§ll²tjuk a LED- et  

}  

Cƻƭȅǘŀǘłǎ ŀ ƪǀǾŜǘƪŜȊǃ ƭŀǇƻƴΧ 

!Ȋ ŀŘŀǘ ƪƛƻƭǾŀǎłǎŀ ǘǀǊƭƛ ŀ ƧŜƭȊǃōƛǘŜǘΚΗ 
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/* UART0 Rx inicializ§l§sa 9600 Baud §tviteli sebess®gre 

 * Baudrate  = UART0 clock  freq  / [OSR+1] / BDH:BDL  

 * Eset¿nkben 20.97 MHz / [15 + 1] / 0x00:0x88 =  9637 bps ,  

 * ami elfogadhat· elt®r®s a n®vlegestol.  

 */  

void  UART0_init ( void ) {  

    SIM->SCGC4 |= 0x0400;        // UART0 perif®ria enged®lyez®se 

    SIM->SOPT2 |= 0x04000000;    // MCGFLLCLK v§laszt§sa UART0 baudrate  ·rajelnek 

    UART0->C2 = 0;               // UART0 letilt§sa a konfigur§l§s idotartam§ra 

    UART0- >BDH = 0x00;           // Baudrate  = 9600 bps  (bit8 -  bit12)  

    UART0- >BDL = 0x88;           // Baudrate  = 9600 bps  (bit0 -  bit7)  

    UART0- >C4 = 0x0F;            // T¼lmintav®telez®si ar§ny = 16 

    UART0- >C1 = 0x00;            // 8 -bites adatform§tum 

    UART0- >C2 = 0x24;            // Adatfogad§s ®s megszak²t§s enged®lyez®se 

    NVIC- >ISER[0] |= 0x00001000; // INT12 enged®lyez®se (ISER[0] bit12)        

 

    SIM->SCGC5 |= 0x0200;        // PORTA enged®lyez®se 

    PORTA- >PCR[1] = 0x0200;      // PTA1 legyen UART0_ Rx ¿zemm·dban 

}  

Program6_4: UART0 v®tel megszak²t§sban 

tƛǊƻǎǎŀƭ ƪƛŜƳŜƭǘǸƪ ŀȊƻƪŀǘ ŀ ǎƻǊƻƪŀǘΣ ŀƳŜƭȅŜƪ ƪǸƭǀƴōǀȊƴŜƪ Program4_2-ǘǃƭΦ 

A LED-ek ƛƴƛŎƛŀƭƛȊłƭłǎǎŀƭ Şǎ ōŜłƭƭƝǘłǎłǾŀƭ ƪŀǇŎǎƻƭŀǘƻǎ ǇǊƻƎǊŀƳǎƻǊƻƪŀǘ ƛǘǘ Ƴƻǎǘ ƴŜƳ ǊŞǎȊƭŜǘŜȊȊǸƪΦ   

UART0 IRQn = 12 



Timer  megszak²t§sok 
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Az 5. fejezetben ƭŜƪŞǊŘŜȊŞǎǎŜƭ (polling) ƘŀǎȊƴłƭǘǳƪ  az ƛŘǃȊƝǘǃƪŜǘ. IŀǘŞƪƻƴȅŀōōŀƴ tudjuk 
ƘŀǎȊƴłƭƴƛ ezeket ƳŜƎǎȊŀƪƝǘłǎƻǎ ƳƽŘōŀƴ ς ŀƪłǊ ǘǀōō ƛŘǃȊƝǘǃǘ is futtathatunk ŜƎȅƛŘŜƧǼƭŜƎ. 
 
A ƳŜƎǎȊŀƪƝǘłǎ ŜƴƎŜŘŞƭȅŜȊŞǎŞƘŜȊ a TOIE (Timer Overflow Interrupt Enable) bitet kell Ω1Ω-be 
łƭƭƝǘŀƴƛ a TPMx_SC regiszterben. Minden ǘǵƭŎǎƻǊŘǳƭłǎƪƻǊ (amikor TOF ƧŜƭȊǃ Ω1Ω-be łƭƭύ 
ƳŜƎǎȊŀƪƝǘłǎ keletkezik.  
 
 
 
 
 
 
 
 
 
 
! млΦ ƻƭŘŀƭƻƴ ŀ ǇŜǊƛŦŞǊƛŀ ƳŜƎǎȊŀƪƝǘłǎƻƪ ǾŜƪǘƻǊǘłōƭłƧłōŀƴ ƭłǘƘŀǘƧǳƪΣ ƘƻƎȅ a TPM0, TPM1 Şǎ 
TPM2 ƛŘǃȊƝǘǃƪƘǀȊ ǊŜƴŘǊŜ ŀȊ IRQ17, IRQ18 Şǎ IRQ19 ƳŜƎǎȊŀƪƝǘłǎƻƪ ǘŀǊǘƻȊƴŀƪ.  

A TPMxψ{/ ǊŜƎƛǎȊǘŜǊ ōƛǘƪƛƻǎȊǘłǎŀ 
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#include  <MKL25Z4.H> 

int main ( void ) {  

    LED_init ();  

    __disable _irq ();             // Megszak²t§sok glob§lis tilt§sa    

    SIM->SOPT2 |= 0x01000000;    // MCGFLLCLK legyen a kºzºs TPM ·rajel     

    SIM->SCGC6 |= 0x01000000;    // TPM0 enged®lyez®se  

    TPM0->SC = 0;                // Konfigur§l§s idej®re letiltjuk 

    TPM0- >SC = 0x07;             // ElŖoszt· /128 legyen  

    TPM0->MOD = 0xFFFF;          // Maxim§lis modulo  ®rt®k 

    TPM0- >SC |= 0x80;            // TOF t¼lcsordul§sjelzŖ tºrl®se 

    TPM0->SC |= 0x40;            // Megszak²t§s enged®lyez®se 

    TPM0->SC |= 0x08;            // Sz§ml§l§s enged®lyez®se 

    NVIC->ISER[0] |= 0x00020000; // IRQ17 enged®lyez®se (ISER[0] bit17)  

    SIM->SCGC6 |= 0x02000000;    // TPM1 enged®lyez®se 

    TPM1->SC = 0;                // Konfigur§l§s idej®re letiltjuk 

    TPM1- >SC = 0x07;             // ElŖoszt· /128 legyen  

    TPM1- >MOD = 0x7FFF;          // Modulo  a maximum fele legyen!  

    TPM1->SC |= 0x40;            // Megszak²t§s enged®lyez®se 

    TPM1->SC |= 0x08;            // Sz§ml§l§s enged®lyez®se 

    NVIC->ISER[0] |= 0x00040000; // IRQ18 enged®lyez®se (ISER[0] bit18)    

    __enable _irq ();              // Megszak²t§sok glob§lis enged®lyez®se 

    while  (1) {  

        PTD->PTOR = 0x02;        // A k®k LED §tbillent®se 

        delayMs (1500);  

    }  

}  
TPM0 65536 * 128/20,97 MHz = 400 ms ƛŘǃƪǀȊǀƴƪŞƴǘ ŀŘ ƳŜƎǎȊŀƪƝǘłǎǘ 
TPM1 csak 32k-ƛƎ ǎȊłƳƻƭΣ ŜȊŞǊǘ ŦŜƭŜŀƴƴȅƛ όнлл msύ ƛŘǃƪǀȊǀƴƪŞƴǘ ƪŜƭǘ ƳŜƎǎȊŀƪƝǘłǎǘΦ 

A LED-ek ƛƴƛŎƛŀƭƛȊłƭłǎłǘ ƛǘǘ ƴŜƳ ǊŞǎȊƭŜǘŜȊȊǸƪΦ  
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// ---------------------------------  

// TPM0 megszak²t§sok kiszolg§l§sa 

// ---------------------------------  

void  TPM0_IRQHandler ( void ) {     // TPM0 a piros LED- et  villogtatja  

    PTB->PTOR = 0x40000;         // A piros LED §tbillent®se 

    TPM0- >SC |= 0x80;            // A t¼lcsordul§sjelzŖ bit tºrl®se 

}  

 

// ---------------------------------  

// TPM1 megszak²t§sok kiszolg§l§sa 

// ---------------------------------  

void  TPM1_IRQHandler ( void ) {     // TPM1 a zºld LED- et  villogtatja  

    PTB->PTOR = 0x80000;         // A zºld LED §tbillent®se  

    TPM1- >SC |= 0x80;            // A t¼lcsordul§sjelzŖ bit tºrl®se 

}  

 

// --------------------------------------------------------------  

// K®sleltetŖ f¿ggv®ny alap®rtelmezett ·rajelhez (20.97152 MHz) 

// --------------------------------------------------------------  

void  delayMs (int n) {            

    int i, j;  

    for (i = 0 ; i < n; i++)  

        for  (j = 0; j < 3500; j++);  

}  



SysTick  megszak²t§sok 
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A SysTick->CTRL ǾŜȊŞǊƭǃ Şǎ 
łƭƭŀǇƻǘƧŜƭȊǃ ǊŜƎƛǎȊǘŜǊ ōƛǘƧŜƛƴŜƪ 
ƪƛƻǎȊǘłǎŀΥ 

9Ǝȅ Ƴłǎƛƪ ƘŀǎȊƴƻǎ ƳŜƎǎȊŀƪƝǘłǎƛ ŦƻǊǊłǎ ŀ SysTick ƛŘǃȊƝǘǃΦ 

Int. Vector15 

COUNTFLAG ς ŀƭǳƭŎǎƻǊŘǳƭłǎ ƧŜƭȊǃ 

CLKSOURCE ς ƽǊŀƧŜƭ ǾłƭŀǎȊǘłǎ όмΥ /t¦ clock, 0: CPU clock / 16) 

TICKINT ς ŀƭǳƭŎǎƻǊŘǳƭłǎƪƻǊ ƳŜƎǎȊŀƪƝǘłǎ ŜƴƎŜŘŞƭȅŜȊŞǎ ό1: enged, 0: tilt) 

ENABLE ς {ȊłƳƭłƭłǎ ŜƴƎŜŘŞƭȅŜȊŞǎ όмΥ ŜƴƎŜŘΣ лΥ ǘƛƭǘύ 

aŜƎƧŜƎȅȊŞǎŜƪΥ  
× SysTick ŀ ǊŜƴŘǎȊŜǊ ƪƛǾŞǘŜƭŜƪ ƪǀȊŞ Ǿŀƴ ǎƻǊƻƭǾŀΣ ŜȊŞǊǘ ŜƴƎŜŘŞƭȅŜȊŞǎŞǘ Şǎ ǇǊƛƻǊƛǘłǎłǘ ƴŜƳ 

kezelik az NVIC regiszterei. Az SCB->SHP[1] ǊŜƎƛǎȊǘŜǊ омΥнпΦ ōƛǘƧŜƛ ǎȊŀōƧłƪ ƳŜƎ ŀ ǇǊƛƻǊƛǘłǎłǘΦ 
×! ƳŜƎǎȊŀƪƝǘłǎƧŜƭȊǃ ōƛǘŜǘ ƴŜƳ ƪŜƭƭ ǘǀǊǀƭƴƛ ŀ ƳŜƎǎȊŀƪƝǘłǎ ƪƛǎȊƻƭƎłƭłǎŀƪƻǊΦ 
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#include  <MKL25Z4.H> 

 

int main ( void ) {  

  __disable _irq ();              // A megszak²t§sok glob§lis tilt§sa 

  SIM- >SCGC5 |= 0x400;          // PORTB enged®lyez®se 

  PORTB- >PCR[18] = 0x100;       // PTB18 GPIO m·dba 

  PTB- >PDDR |= 0x40000;         // PTB18 kimenet legyen  

  SysTick - >LOAD = 20970000/16 - 1;// Đjratºlt®shez: 1s alatti ·ra¿t®sek sz§ma -  1 

  SysTick - >VAL  = 0;            // Kezd®shez alaphelyzetbe §llunk 

  SysTick - >CTRL = 3;            // SysTick  megszak²t§s enged®lyez®se,  

                                // alternat²v ·rajel v§laszt§sa 

  __enable _irq ();               // Megszak²t§sok glob§lis enged®lyez®se 

     

  while  (1) {                   // Megszak²t§sra v§runk  

  }  

}  

 

void  SysTick _Handler ( void ) {  

  PTB- >PTOR = 0x40000;          // A piros LED §tbillent®se 

}  

A SysTick ƛŘƻȊƝǘƻǘ ǵƎȅ ƪƻƴŦƛƎǳǊłƭƧǳƪΣ ƘƻƎȅ м IȊ ƎȅŀƪƻǊƛǎłƎƎŀƭ ŀŘƧƻƴ ƳŜƎǎȊŀƪƝǘłǎǘΦ 9ƘƘŜȊ ŀ 
κмс ƻǎȊǘłǎǵ ŀƭǘŜǊƴŀǘƝǾ ƽǊŀƧŜƭŜǘ ƪŜƭƭ ǾłƭŀǎȊǘŀƴǳƴƪ. ! ƳŜƎǎȊŀƪƝǘłǎōŀƴ ŀ ǇƛǊƻǎ [95 łƭƭŀǇƻǘłǘ 
łǘōƛƭƭŜƴǘƧǸƪΦ 
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9ōōŜƴ ŀ ǇǊƻƎǊŀƳōŀƴ ŀȊǘ ǾƛȊǎƎłƭƧǳƪΣ ƘƻƎȅ ŀ ƳŀƎŀǎŀōō ǇǊƛƻǊƛǘłǎǵ ƳŜƎǎȊŀƪƝǘłǎ ƘƻƎȅŀƴ ǎȊŀƪƝǘƧŀ 
ƳŜƎΣ ƛƭƭŜǘǾŜ ōƭƻƪƪƻƭƧŀ ŀȊ ŀƭŀŎǎƻƴȅŀōō ǇǊƛƻǊƛǘłǎǵ ƳŜƎǎȊŀƪƝǘłǎǘΦ ! ǇǊƻƎǊŀƳ ƳŜƎǎȊŀƪƝǘłǎ-
ƪƛǎȊƻƭƎłƭƽ ŦǸƎƎǾŞƴȅŜƛōŜƴ ƭłǘƘŀǘƽ ƪŞǎƭŜƭǘŜǘŞǎŜƪ ǘŜǊƳŞǎȊŜǘŜǎŜƴ ƴƻǊƳłƭƛǎ ǇǊƻƎǊŀƳƻƪōŀƴ 
ƪŜǊǸƭŜƴŘǃƪΣ ƛǘǘ ƛǎ ŎǎǳǇłƴ ŀ ƪƝǎŞǊƭŜǘŜȊŞǎƘŜȊ ƘŀǎȊƴłƭǘǳƪ ŜȊŜƪŜǘΦ 
  
TPM1 1 Hz-Ŝǎ ƎȅŀƪƻǊƛǎłƎƎŀƭ ƪŜƭǘ ƳŜƎǎȊŀƪƝǘłǎǘ.  A ƳŜƎǎȊŀƪƝǘłǎōŀƴ ŀ piros LED-et bekapcsoljuk, 
 majd 360 ms ƪŞǎƭŜƭǘŜǘŞǎ ǳǘłƴ ƪƛƪŀǇŎǎƻƭƧǳƪΦ 
  
TPM2 10 IȊ ƎȅŀƪƻǊƛǎłƎƎŀƭ ƪŜƭǘ ƳŜƎǎȊŀƪƝǘłǎǘΦ ! ƳŜƎǎȊŀƪƝǘłǎōŀƴ ŀ ƪŞƪ LED-et bekapcsoljuk,  
majd 20 ms ƪŞǎƭŜƭǘŜǘŞǎ ǳǘłƴ ƪƛƪŀǇŎǎƻƭƧǳƪΦ ! ƪŞƪ LED-del ŜƎȅǸǘǘ a PTD2 kimenetet is 
ōƛƭƭŜƎǘŜǘƧǸƪΣ ƻǎȊŎƛƭƭƻǎȊƪƽǇƻǎ ǾƛȊǎƎłƭŀǘƘƻȊΦ 
 
Iŀ ¢taм ǇǊƛƻǊƛǘłǎŀ ƴŀƎȅƻōō, akkor TPM2 ƳŜƎǎȊŀƪƝǘłǎŀƛǘ ōƭƻƪƪƻƭƧŀΥ ŀ ƪŞƪ [95 ƴŜƳ ǾƛƭƭƻƎΣ 
ŀƳƛƪƻǊ ŀ ǇƛǊƻǎ [95 ǾƛƭłƎƝǘΦ 
 
Iŀ ǇŜŘƛƎ ¢taн ǇǊƛƻǊƛǘłǎŀ ƳŀƎŀǎŀōōΣ akkor a TPM1 ƳŜƎǎȊŀƪƝǘłǎƻƪ ƪƛǎȊƻƭƎłƭłǎłǘ ǎȊŀƪƝǘƧłƪ 
ŦŞƭōŜ ¢taн ƳŜƎǎȊŀƪƝǘłǎŀƛΣ ŜƪƪƻǊ ŀ ƪŞƪ [95 folyamatosan villog. 
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#include  "MKL25Z4.h "  

void  Timer1_ init ( void );  

void  Timer2_ init ( void );  

void  delayMs (int n);  

 

int main ( void ) {  

    __disable _irq ();             // Megszak²t§sok glob§lis tilt§sa 

    SIM->SCGC5 |= 0x400;         // Port B enged®lyez®se 

    SIM->SCGC5 |= 0x1000;        // Port D enged®lyez®se 

    PORTB- >PCR[18] = 0x100;      // PTB18 legyen GPIO (MUX = 1)  

    PTB- >PDDR |= 0x40000;        // PTB18 legyen kimenet (bit18)  

    PTB- >PSOR = 0x40000;         // Piros LED ki  

    PORTD- >PCR[1] = 0x100;       // PTD1 legyen GPIO  (MUX = 1)  

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

    PORTD->PCR[2] = 0x100;       // PTD2 is legyen GPIO m·dban 

    PTD- >PDDR |= 0x04;           // PTD2 is legyen kimenet  

    PTD->PSOR = 0x06;            // K®k LED ®s PTD2 ki     

    Timer1_ init ();  

    Timer2_ init ();  

    __enable _irq ();              // Megszak²t§sok glob§lis enged®lyez®se 

 

    while (1) { }                 // Megszak²t§sra v§runk 

}  
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void  TPM1_IRQHandler ( void ) {  

    PTB- >PCOR = 0x40000;         // Piros LED be ( active  LOW 

    delayMs (350);  

    PTB- >PSOR = 0x40000;         // Piros LED ki  

    TPM1- >SC |= 0x80;            // T¼lcsordul§sjelzo bit tºrl®se 

}  

 

void  TPM2_IRQHandler ( void ) {  

    PTD->PCOR = 0x06;            // K®k LED ®s PTD2 be (active  LOW) 

    delayMs (50);  

    PTD->PSOR = 0x06;            // K®k LED ®s PTD2 ki 

    TPM2- >SC |= 0x80;            // T¼lcsordul§sjelzo bit tºrl®se 

}  

 

// ---  TPM1 ®s TPM2 megszak²t§sainak priorit§sa 0 ®s 3 kºzºtti sz§m lehet. 

#define  PRIOTPM1 2U              // TPM1 megszak²t§s priorit§sa 

#define  PRIOTPM2 3U              // TPM2 megszak²t§s priorit§sa 

 

// ---  K®slelteto f¿ggv®ny alap®rtelmezett ·rajelhez (20.97152 MHz) 

void  delayMs (int n) {            

    int i, j;  

    for (i = 0 ; i < n; i++)  

        for  (j = 0; j < 3500; j++);  

}  

9Ȋǘ ǾłƭǘƻȊǘŀǎǎǳƪ ƳŜƎΣ ǇƭΦ м-ǊŜΣ Şǎ 
fƛƎȅŜƭƧǸƪ ƳŜƎ ŀ ǾłƭǘƻȊłǎǘΗ 
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void  Timer1_ init ( void ) {  

    SIM->SCGC6 |= 0x02000000;    // TPM1 enged®lyez®se 

    SIM->SOPT2 |= 0x03000000;    // MCGIRCLK legyen a kºzºs TPM ·rajel 

     

    TPM1->SC = 0;                // Konfigur§l§shoz letiltjuk 

    TPM1->MOD = 32767;           // 1s alatti ·ra¿t®sek sz§ma -  1 

    TPM1- >SC |= 0x80;            // T¼lcsordul§sjelzo bit tºrl®se 

    TPM1->SC |= 0x48;            // Sz§ml§l§s ind²t§sa, megszak²t§s enged®lyez®se  

    // A bitek sz§molgat§sa helyett a CMSIS NVIC API f¿ggv®nyeket haszn§ljuk 

    NVIC_SetPriority (TPM1_IRQn,PRIOTPM1); // TPM1 megszak²t§s priorit§s be§ll²t§sa 

    NVIC_EnableIRQ (TPM1_IRQn);   // TPM1 megszak²t§sok enged®lyez®se 

}  

 

void  Timer2_ init ( void ) {  

    SIM->SCGC6 |= 0x04000000;    // TPM2 enged®lyez®se     

    TPM2->SC = 0;                // Konfigur§l§shoz letiltjuk 

    TPM2- >MOD = 3276;            // modulo  = 32768/10 - 1 

    TPM2- >SC |= 0x80;            // T¼lcsordul§sjelzo bit tºrl®se 

    TPM2->SC |= 0x48;            // Sz§ml§l§s ind²t§sa, megszak²t§s enged®lyez®se  

     // A bitek sz§molgat§sa helyett a CMSIS NVIC API f¿ggv®nyeket haszn§ljuk 

    NVIC_SetPriority (TPM2_IRQn,PRIOTPM2); // TPM2 megszak²t§s priorit§s be§ll²t§sa 

    NVIC_EnableIRQ (TPM2_IRQn);   // TPM1 megszak²t§sok enged®lyez®se 

}  
Az MCGIRCLK ƽǊŀƧŜƭ ƘŀǎȊƴłƭŀǘłƘƻȊ ŘŜŦƛƴƛłƭƴƛ ƪŜƭƭ az RTE system_MKL25Z4.h 
łƭƭƻƳłƴȅōŀƴ ŀ CLOCK_SETUP ƳŀƪǊƽǘ л ŞǊǘŞƪƪŜƭΗ 
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