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Interrupts

Figure 2.2. Vector table

Exception number IRQ number Offset YVector
IRQ  Source n+16 n-1 IRQ(n-1)
0x040+ 4x{n-1)
0O DMA
1 GPIO_EVEN )
- 0x004C
18 2 0x0048 Ra2
X
16 0 0x0044 Ra0
3 USARTO_RX 0x0040
15 -1 Systick
14 2 0x003C Pend 3V
- n
4 USARTO_TX 0x0038
13 Reserved
5 USB 12 Reserved for Debug
11 -a SvCall
7 ADCO 10 0x0D02C
9
8 DACO o Reserved
9 12C0 7
3] -10 0x0018 Usage fault
X
10 12C1 ] =11 Bus fault
Ox0014
4 -12 Memory management fault
11 GPIO_ODD 0x0010
- 3 -13 Hard fault
0x000C
2 -14 MNMI
0x0008
1 Reset
Ox0004
Initial SP value
0x0000




Interrupt Activation
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Clearing Interrupt Flag
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Interrupt Example

vold enableTimerInterrupts (void)

{
/* Interrupt flags can be OR'ed together */

uint32 t enabledFlags = TIMER IEN OF | TIMER IEN CCO;

/* Make TIMER2 generate IRQs */
TIMER IntEnable (TIMERZ, enabledFlags);

/* Enable interrupts on IRQ events from TIMER2 */
NVIC EnableIRQ(TIMERZ IROnN) ;



Interrupt Example Continued

vold TIMERZ IRQHandler (void)

{
uint32 t flags = TIMERZ IntGet();

TIMERZ IntClear(flags);

if ( flags & TIMER IF OF ) {
/* Overflow event occured */

}

if ( flags & TIMER IF CCO ) {
/* CCO event occured */

}



Energy Modes

EMO EM2 EM3 EM4
Run Mode Deep Sleep Stop Mode Shutoff Mode

Current consumption 150 pA/MHz 45 pA/MHz 0.9 pA 0.6 pA 20 nA
Wake-up time - 0 2 us 2us 160 ps
CPU (Cortex-M3/M0) On - - - -

High frequency peripherals Available Available - - -

Low frequency peripherals Available Available Available - -
Asynchronous peripherals Available Available Available Available -

Full CPU and SRAM retention On On On On -
Power-on Reset/Brown-out Detector On On On On On

Async IRQ, 12C slave
Wake-up events Any Any 32 kHz peripherals = Analog Comparators
Voltage Comparators

Reset, GPIO rising/
falling edge



Enter/Exit Energy Modes

» Enter any low energy
mode from software

» Any event wakes up the
CPU (enters EMO)

» In EM4 MCU has to go
through reset to wake up
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Entering a Low Energy Mode
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LF N Write EM4
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running? EMACTRL




Energy Modes emlib AP

vold EMU_EnterEMl(void);
volid EMU EnterEM2 (bool restore);
vold EMU EnterEM3 (bool restore);

vold EMU_EnterEM4(void);



Peripherals and Energy Modes
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CPU and Memory Clock Management Energy Management
_ Memory Embedded High Freq High Freq Voltage Voltage
ARM Cortex-M Protection Trace Crystal Osc RC Osc Regulator Comparator
processor Unit Macrocell
Low Freq Low Freq Brown-out Power-on
Crystal Osc RC Osc Detector Reset
Flash
RAM Debu
Program Memory Interfage DMA Ultra Low Freq Auxiliary B
Memory RC Osc RC Osc goor:’:i';]

32-bit bus
_ — Peripheral Reflex System | _ -
Serial Interfaces I/O Ports Timers and Triggers Analog Modules Security

External TET Timer/ Low Energy
USART Bus Driver Counter Sensor IF ADC DAC AES
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enera i .
,ol Timer Counter LCD Operational
IIrE1)t(:Iru t IR Controller Apmplifier '
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—" Counter Timer
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Program Flow — Sleep and Interrupt
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Program Flow Sleep-on-Exit
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Note: SLEEPONEXIT bit in SCR must be set!
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Interrupt Priority

Higher priority
» 3 high-priority interrupts A
» 8 configurable levels RESET —+ -3
> Default level is 0 NMI - -2
> Interrupt preemption s S 'g
+ 1
Configurable + 2
priorities 4+ 3
/* Set lowest priority 5 7
* for TIMERO interrupt */ T

NVIC SetPriority(TIMERO IRQOn, 7/); Lower priority



Interrupt Preemption
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Wakeup Latency

IRQ
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from
EM1

Wakeup
from
EM2
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EM1 Push ISR Pop
B S -
12 cycles 12 cycles
EM2 Wakeup [ Push ISR Pop
2 us 12 cycles 12 cycles




Interrupt Tailchaining
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IRQ1

IRQ2

Cortex-M3
Tailchaining

Push ISR1 ISR2 Pop
- - -
12 cycles 6 cycles 12 cycles

tailchaining




Late Arrival

IRQ1
IRQ2
Cortex-M3 P
Late arrival Push ISR ISR2 op
- - 2
12 cycles 6 cycles 12 cycles
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tailchaining
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