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No Interrupt version

void KEY_Test (void)

{
while(1)
{
if(GPIO_ReadInputDataBit(GPIO_KEY, GPIO_KEY1_PIN) == Bit _SET) {
LED_On_Red();
} else {
LED_Off_Red();
b
if(GPIO_ReadInputDataBit(GPIO_KEY, GPIO_KEY2_PIN) == Bit_SET) {
LED_On_Yellow();
) else {
LED_Off_Yellow();
b
b
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Exception &

=IpN| Exception type Priority A

0 - - 2| Al A| vector table®| & entry
1 Reset —3 (highest) | Power up1} Warm resetA|.
2 ?&:}::;ikae::l) -2 pre-empted£| X| & =LC}.

3 Hard Fault -1 D= ==0| Fault

4 Memory Management |Configurable | MPU mismatch

5 Bus Fault Configurable |Pre-fetch, memory fault

6 Usage Fault Configurable |Undefined instruction
/~10 |- - Reserved

11 SVCall Configurable |System service @ =

12 Debug Monitor Configurable |not halting Debug monitor
13 - - Reserved

14 PendSV Configurable |Pendable request

15 SysTick Configurable |System tick timer.

16~

255

External Interrupt

Configurable

core gt Q| & interrupt (0~239)
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pre-emption &€l stack 23}

Old SP—»| <previous>

SP—»

e interrupt M Al CPU= Xt=2 2 processor?| &HEHE exception?
stackOfl &St iitH L= [ Interrupt Service Routine (ISR)2| £
HA =2 AHAZLL.

e (IO HN&ELZ= HINAEH=2 R0-3, R12, LR, PSR, PC S0|LC}.

o I=s2=2 0lddet F=E= Xclof 2= 2ol M generalet C &+
interrupt handler2 A& = U= 0|82 JLACH St s A0 IRQ X
A A2 S F=AH =L

o pre-emption0| 2 AEHHI ALl stacke BHat 2= f 1. xPSR
SH AMEHA 8IHe HIANAEHIN X2 MEEH /U= B

2
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STM32 Vector table

Exception number IRQ number Offset
a3 67

0Ox014C
Ox004C
18 2
0x0048
17 1
Ox0044
16 0
0Ox0040
15 -1
0x003C
14 -2
0Ox00238
13
12
11 -5
Ox002C
10
9
8
7
5] -10
0Ox0018
5 -11
Ox0014
4 -12
Ox0010
3 -13
Ox000C
2 -14
p 0Ox0008
Ox0004
0Ox0000

Vector

IRQ&67

IRQ2

IRQ1

IRQO

Systick

PendSV

Reserved

Reserved for Debug

SvcCall

Reserved

Usage fault

Bus fault

Memory management fault

Hard fault

NMI

Reset

Initial SP value
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System Control Space

OxEQOFFFFF OXFFFFFFFF

OXEOOFF000 ROM Table
0xE0042000 External PPB Vendor-specific
0xE0041000 ETM 0XE0 100000
R Ll Private peripheral bus - External OAEOUERREE
0XE0D40000

. Private peripheral bus - Internal e
OXEOO3FFFF e Ox
e 0 Address Core peripheral
0xE000E000 || System Control Space | perip

Reserved External device Hich K - T'
000 XEOOOEO010-0xEOO0OEO1F | System timer
0XE0002000 FPB :
OXE0001000 DWT OXEOOOE100-OXEQOOEAEF Nested vectored interrupt
0XE0000000 ™ ox controller
ox!
) @xEOOOEDOO-OxEOOOED3F System control block y
OxEOOOEDS0-0xEOOOEDS3 | MPU type register
External RAM 1.0GB
OXEOOOEE00-0xE000EEDa | Nested vectored interrupt
controller

#define SCS_BASE (OxEOOOEO0QO0) /*!1< System Control Space Base Address */

#define SysTick_BASE (SCS_BASE + 0x0010) /*!< SysTick Base Address */
#define NVIC_BASE (SCS_BASE + 0x0100) /*!< NVIC Base Address  */
#define SCB_BASE (SCS_BASE + 0x0DO00) /* System Control Block Base */

#define SysTick ((SysTick_Type *) SysTick_BASE) /* SysTick configuration struct */
#define NVIC ((NVIC_Type *) NVIC_BASE) /*!'< NVIC configuration struct */
#define SCB (SCB_Type *) SCB_BASE)  /*!< SCB configuration struct */
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NVIC_Configuration

void NVIC_Configuration(void)

{
NVIC_InitTypeDef NVIC_InitStructure;

#ifdef VECT_TAB_RAM /* Set the Vector Table base 0x20000000 */
NVIC_SetVectorTable(NVIC_VectTab_RAM, 0x0);

#else /* VECT_TAB_FLASH */ /* Set the Vector Table base 0x08000000 */
NVIC_SetVectorTable(NVIC_VectTab_FLASH, 0x0);

#endif

NVIC_PriorityGroupConfig(NVIC_PriorityGroup_1); /* one bit for preemption priority */

/* Enable the EXTIO Interrupt */
NVIC_InitStructure.NVIC_IRQChannel = EXTIO_IRQn;
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority
NVIC_InitStructure.NVIC_IRQChannelSubPriority = 0;
NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;
NVIC_Init(&NVIC_InitStructure);

Il
o

/* Enable the EXTI1 Interrupt */
NVIC_InitStructure.NVIC_IRQChannel = EXTI1_IRQn;
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;
NVIC_InitStructure.NVIC_IRQChannelSubPriority = 1;
NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;
NVIC_Init(&NVIC_InitStructure);
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NVIC Vector Table & &

#define NVIC_VectTab_RAM ((uint32_t)0x20000000)
#define NVIC_VectTab_FLASH ((uint32_t)0x08000000)

void NVIC_SetVectorTable(uint32_t NVIC_VectTab, uint32_t Offset)

1
SCB->VTOR = NVIC_VectTab

| (Offset & (uint32_t)Ox1FFFFF80);

e SCB= SCB_Type EOIH
e SCB €Y= 0xEOOOEDOO &
o System Control Blocke| J|2&Ql HXIAHS

e SCB, NVIC, SystickGil CHet —?‘——E—% PM0056. STM32F10xxx Cortex-

M3 programming manual &= & =20l Ot StCt,
e Vector Table Offset RegisterE & &dl= A&,
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Exception priority

Number of
Binary point pre-emption  Number of
PRIGROUP[2:0] position Pre-emptionfield Subpriority field priorities subpriorities
h0O0 bXXXXXXX.Y [7:1] [0] 128 2
b0O1 DXXXXXX.YY [7:2] [1:0] 64 4
b010 bXXXXX.VVY [7:3] [2:0] 32 8
hO11 bXXXX.yyyy [7:4] [3:0] 16 16
b100 bXXX.yyyyy [7:5] [4:0] 8 32
b101 bXX.vyyyyy [7:6] [5:0] 4 64
b110 bX.yyyyyyy (7] [6:0] 2 128
b111 b.yyyyyyyy Nonc [7:0] 0 256
Interrupt priority level value, PRI_N[7:4] Number of
PRIGROUP
[2:0] Binary Group priority Subpriority Group Sub
point(1) bits bits priorities priorities
0b100 |  Obxxx.y [7:5] [4) 8 2
0b101 Obxx.yy [7:6] [5:4] 4 4
0b110 Obx.yyy 7 [6:4] 2 8
Ob111 Ob.yyyy None [7:4] 1 16

http://cafe.naver.com/embeddedcrazyboys

10




External interrupt GPIO mapping

EXTIO[3:0] bits in AFIO_EXTICR1 register
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v

¥

N

PB0O O

pco O
PDO O

v

EXTIO

v

v

PE0 3

v

PFO O

*]

PGO

EXTI1[3:0] bits

e
,I
2

in AFIO_EXTICR1 register

|

PA1 O

o

PB1 O

v

PCi1 D
PD1 O

v

v

EXTH

L

PE1 O

v

PF1 O

PGI ———» 7

EXTI15[3:0] bits in AFIO_EXTICR4 register

PA1S O

PB1s ——m>

I

PC15 O

-
-

PD15 OO

EXTHS _

>
>

PE15 O

»
L

-

PF15 O

PGis O

http://cafe.naver.com/embeddedcrazyboys

11




EXTI line 16, 17, 18

o 2 T} HAZEE EXTI= 0~15JX = 16|
> GPIO Lineez 2™ 16 X 7 oA 1124

e 16,17,182 2/F0 Ol Lt2t/}U= 0| OtLlet LHEAH =2 eventf O
b I Ell ol= A.
> 0|2d=% External interrupt/event controller block2 &M 0l

e The three other EXTI lines are connected as follows:

» EXTI line 16 is connected to the PVD (programmable voltage
detector) output

» EXTI line 17 is connected to the RTC Alarm event
» EXTI line 18 is connected to the USB Wakeup event
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External interrupt

PVD through EXTI Line detection
1 8 | settable |PVD interrupt 0x0000_0044
6 | 13 | settable |EXTIO EXTI Line0 interrupt O0x0000_0058
7 | 14 | settable |EXTH EXTI Line1 interrupt 0x0000_005C
8 | 15 | settable [EXTI2 EXTI Line2 interrupt 0x0000_0060
9 | 16 | settable |EXTI3 EXTI Line3 interrupt 0x0000_0064
10 | 17 | settable |EXTI4 EXTI Line4 interrupt 0x0000_0068
23 | 30 | settable |EXTI9_S EXTI Line[9:5] interrupts 0x0000_009C
40 | 47 | settable |EXTHH5_10 EXTI Line[15:10] interrupts 0x0000_00EOQ
41 | 48 | settable |RTCAlarm e SRR e e 0X0000_00E4
nterrupt
42 | 49 | settable |USBWakeup LISB. waltoup: trom suspond thoughi | 5600, 00E8
EXTI line interrupt
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External interrupt/event controller block diagram

AMBA APB bus

:

PCLK2 —p Peripheral interface
A A
19 419 A 19 19 19
v v
Interrupt Pending Software Rising Falling
register register avent selection selection
register register register
A
To NVIC Interrupt 194 194 £19 A 19 A 19
Controller /——
19 \\._
2 / { Edge detect
— 1 Pulse | \_ < g' ; L[] Input
19 generator | 19 \__| 19 circuit Line
Event
mask
register
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IRQN_Type

typedef enum IRQn {
J¥¥*F**%K Cortex-M3 Processor Exceptions Numbers * ¥k aokokxorokskxokokxxokkx /

NonMaskableInt_IRQn = -14, /*!< 2 Non Maskable Interrupt */
MemoryManagement_IRQn = -12, /*I< 4 Memory Management Interrupt */
BusFault_IRQn =-11, /*!< 5 Cortex-M3 Bus Fault Interrupt */
UsageFault_IRQn = -10, /*!< 6 Cortex-M3 Usage Fault Interrupt */
SVCall_IRQn = -5, /*I< 11 Cortex-M3 SV Call Interrupt */
DebugMonitor_IRQn = -4, /*1< 12 Cortex-M3 Debug Monitor Interrupt */
PendSV_IRQn = -2, /*!< 14 Cortex-M3 Pend SV Interrupt */
SysTick_IRQn ==-1, /*!< 15 Cortex-M3 System Tick Interrupt */

/****** STM32 SpeCifiC Interrupt Numbers ************************/

EXTIO_IRQn = 6, /*¥!'< EXTI LineO Interrupt */
EXTI1_IRQn =7, /*1< EXTI Linel Interrupt */
EXTI2_IRQn = 8, /*1< EXTI Line2 Interrupt */
EXTI3_IRQn =9, /*1< EXTI Line3 Interrupt */
EXTI4_IRQn = 10, /*!< EXTI Line4 Interrupt */
EXTI9_5_IRQn = 23, /*!< External Line[9:5] Interrupts */
EXTI15_10_IRQn = 40, /*!< External Line[15:10] Interrupts */

} I RQ n—Type ! hitp://cafe.naver.com/embeddedcrazyboys
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startup_stm32f10x_md.s

MODULE ?cstartup Geperalptirs )
C/C++ Compiler
. i i Assembl ,
;; Forward declaration of sections. oi,stzrzt f:,nve,te, Config Library |input | Output| List | #define | Diagnosti
SECTION CSTACK:DATA:NOROOT(3) | customBuid
SECTION .intvec:CODE: NOROOT(Z) v Autormnatic runtime library selectio
Debugger Additional libraries: (one per
. Simulator
EXTERN __iar_program_start Angel
GDE Server
PUBLIC __ vector_table G |
J-Link{1-Trace [~ Override default program entry
LMI FTDI & |
DATA Macraigor £
RDI

___vector_table
DCD sfe(CSTACK) ; section end ...
DCD __lar_program_start 17 define memory mem with size = 4G;

18 define region ROM region mem: [from  ICFEDIT reg
19 define region RAM region mem: [from  ICFEDIT reg

DCD NMI_Handler : NMI Handlezo
2zl define block [@SyPiesi with alignment = 8, size =
DCD  HardFault_Handler ; Hard Faul 2z qefine piock HEAP with alignment = 8, size = _
23
.............................. B initiaiize by copy © reetwcite is
DCD SysTick Handler ; SYSTICk |25 do not initialize { section .noinit };
- 26
27 place at address wem: ICFEDIT intwvec start  { reac

z8

29 place in ROM region { readonly }:

30 place in RAMN region { readwrite,

bhlock CSTACK, bhlock HEAP }:;

; External Interrupts
DCD EXTIO_IRQHandler « EXTI Line u
DCD EXTI1_IRQHandler : EXTI Line 1
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EXTI_Configuration

void EXTI_Configuration(void) {
EXTI_InitTypeDef EXTI_InitStructure;

/* Configure gpio as input : Button Left-WKUP */ /* Connect EXTI Line to gpio pin */
GPIO_EXTILineConfig(GPIO_PORTSOURCE_KEY, GPIO_PINSOURCE_KEY1);

/* Configure EXTI Line to generate an interrupt */

EXTI_InitStructure.EXTI_Line = GPIO_EXTI_Line_KEY1;
EXTI_InitStructure.EXTI_Mode = EXTI_Mode_Interrupt; // or Event
EXTI_InitStructure.EXTI_Trigger = EXTI_Trigger_Falling; // or Rising, Rising_Falling
EXTI_InitStructure.EXTI_LineCmd = ENABLE;

EXTI_Init(&EXTI_InitStructure);

/* Configure gpio as input : Button Right-USER */ /* Connect EXTI Line to gpio pin */
GPIO_EXTILineConfig(GPIO_PORTSOURCE_KEY, GPIO_PINSOURCE_KEY2);

/* Configure EXTI Line to generate an interrupt */
EXTI_InitStructure.EXTI_Line = GPIO_EXTI_Line_KEY2;
EXTI_InitStructure.EXTI_Mode = EXTI_Mode_Interrupt;
EXTI_InitStructure.EXTI_Trigger = EXTI_Trigger_Falling;
EXTI_InitStructure.EXTI_LineCmd = ENABLE;
EXTI_Init(&EXTI_InitStructure);
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EXTIO_IRQHandler, EXTI1_IRQHandler

void EXTIO_IRQHandler(void)
{
if(EXTI_GetITStatus(GPIO_EXTI_Line_KEY1) I= RESET) {
printf("Left-WKUP Button Press\n");
EXTI_ClearITPendingBit(GPIO_EXTI_Line_KEY1);
OutPut_7_SEG_Number(0);

}

void EXTI1_IRQHandler(void)
{
if(EXTI_GetITStatus(GPIO_EXTI_Line_KEY2) !'= RESET) {
printf("Right-USER Button Press\n");
EXTI_ClearITPendingBit(GPIO_EXTI_Line_KEY2);
OutPut_7_SEG_Number(1);

¥
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