@ CHALMERS Maskinorienterad programmering

Externa avbrott

Ur innehallet:
Avbrottsvippa med programstyrd aterstéllning
Pulsgenerator for periodiska avbrott
EXTI - External Interrupt Configuration
NVIC - Nested Vectored Interrupt Controller

Lasanvisningar:
Arbetsbok kap 6.5-6.7

Malsattningar:
Konfigurera portpinne som en avbrottsingang
Programmera extern avbrottsvippa, och hantera vektoriserade
avbrott
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EXte rn a aVb rOtt ST32F407 - microcontroller
SysTick CORTEX M4
processor
En portpinne kan konfigureras som PH:T _ p| NVIC
avbrottsingang via EXTI-modulen erert- >
. ts >
(External interrupt/event controller) — ] ] system
:_ Exceptions
venpe iy o E}{TI IRQn
Detta mojliggor avbrott fran enheter
utanfor enchipsdatorn, externa avbrott
/
6 [ seftable [SysTick System tick timer
0 | 7 | settable \WWDG Window Watchdog interrupt
1 | 8 | settable |PVD FVD through EXTI line detection interrupt
2 | 9| settable [TAMP_STAMP Tamper and TimeStamp interrupts through the EXTI line
3 | 10| settable |RTC_WKUP RTC Wakeup interrupt through the EXTI line
4 | 11| settable [FLASH Flash global interrupt
5 | 12| settable |RCC RCC global interrupt
6 | 13| settable [EXTIO EXTI Linel interrupt
7 | 14| settable [EXTI1 EXTI Line1 interrupt
8 | 15| settable [EXTIZ EXTI Line2 interrupt
9 | 16| settable EXTI3 EXTI Line3 interrupt
10 [ 17| settable EXTI4 EXTI Line4 interrupt
11 [ 18] settable DMA1_Stream( DMA1 Stream0 global interrupt
17 114Gl eattahla MMA1 Streamd N1 Streamd nlnhal interrint
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Externa avbrottskallor

ST32F407 - microcontroller
Avbrottsingangar konfigureras i tre steg SveTick CORTEX WA
e SYSCFG-modulen anvénds for att koppla en GPIO-pinne progessor
fran nagon port till en specifik avbrottslina (1 av 16) . —— [ nviC
Periferi-
e EXTI-modulen programmeras. krets q <
. — System
e NVIC-modulen (Nested vectored interrupt controller) | Exceptions
programmeras for att hantera avbrott fran denna [O-por EXTI || RGN
-
avbrottsvektor (NVIC_ISERX).
10-port —— -
Irg Hanteringsrutin Beskrivning
EXTIO_IRQn EXTIO_IRQHandler fér |O-pinnar anslutna till avbrottslina 0
EXTI1_IRQn EXTIM_IRQHandler for 10-pinnar anslutna till avbrottslina 1
EXTIZ2_IRQn EXTIZ2_IRQHandler for 10-pinnar anslutna till avbrottslina 2
EXTI3_IRQn EXTI3_IRQHandler for 10-pinnar anslutna till avbrottslina 3
EXTI4_IRQn EXTI4_IRQHandler fér |O-pinnar anslutna till avbrottslina 4
EXTI9_5_IRQn EXTI9_5_IRQHandler for 10-pinnar anslutna till avbrottslinor 5 till 9
EXTI15_10_IRQn EXTI15_10_IRQHandler for 10-pinnar anslutna till avbrottslinor 10 till 15
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EXTICRx anvands for att koppla IO-pinnar

SYSCFG till processorns avbrottssystem

offset 31|30(29)|28|27|26|25|24)23]|22(21|120{ 1918 [17|16]15([14[13[12|11[10| 9 | & | 7 (6|5 |4 |3 [2|1]0 Register

0 SYSCFG_MEMRMP

4 e

4 SYSCFG_EXTICR1

0xC SYSCFG_ EXTICR?
0x10 SYSCFG_EXTICR3

Ox14 SYSCFG_EXTICR4 y
0x20 | SYSere—ehPeR—

EXTICRX ar fyra kontrollregister med samma struktur:
offset |15 | 1|32 [n]laelsa|7]6]s{a[a]2a]1]o Register
8 EXTI3E0] EXTIZ30] EXTH[Z0] EXTIOR0] SYSCFG_EXTICR1
w [ rw [ rw [ rw [ rw | ow | ow [ ow [ ow [ ow [ ew [rw [ rw [ rw ]| w|w

Bitarna i EXTICRx bestammer hur en 10-pinne dirigeras till nAgon av de 16 avbrottslinorna
EXTIO..EXTI15 genom att motsvarande falt skrivs med fyra bitar.
Undantag: PK[15:8] anvands ej.

0000: PA[x] | 0001:PB[x] | 0010: PC[x] | 0011:PD[x] | 0100: PE[x] 0101: PF[x]
0110: PG[x] | 0111: PH[x] | 1000: Pl[x] 1001: PJ[x] 1010: PK[x]
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Exem pel : Koppla pinne PCO till “Extern avbrott 0"

=-vma [Opor | —'! |—

A i & I 5 |12 settable | RCC RCC global interrupt 0x0000 0054

1] 13 seftable | EXTIO EXTI LineQ internupt (<0000 0058

|D'[}0rt i 14 aattahla | FXTI FXTI 1 ina1 intarmint T THN0 QIO
—

offset | 15|14 |a|2|v[o]ela| 765 afla]2]1]o0 Register
8 EXTI330] EXTIZ30] EXTH0] EXTIOR0] SYSCFG_EXTICRA
e [ ow [ rw [ rw [rw [ rw [ ow [ ow [ ew [ ow [ ow [ ew] e [ rw | rw | orw

0000: PA[x] | 0001-PB[x] | 0010:PC[x] ||0011:PDx] | 0100: PE[] | 0101: PF[
0110: PG[x] | 0111: PH[x] [ TO00:PI] | 1001: PJ[x] | 1010: PK[x]

*SYSCFG_EXTICR1 &= OXFFFO; /* Nollstall bitfaltet */
*SYSCFG_EXTICR1 |= 0x0002; /* 0010 -> EXTI0[3:0] */
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Totalt finns det 23 olika majliga avbrottslinor i EXTI-modulen, i
EXTl-mOd U| STM32F407 anvands de 16 forsta for externa avbrott. Nagra av
dessa har gemensam avbrottsvektor.

Irq Hanteringsrutin Beskrivning
EXTIO_IRQn EXTI0_IRQHandler for |O-pinnar anslutna till avbrottslina 0 ST32F407 - microcontroller
EXTH_IRQn EXTH_IRQHandler far |0-pinnar anslutna till avbrottslina 1 .
EXTI2_IRQn EXTI2_IRQHandler for I0-pinnar anslutna fill avbrottslina 2 SysTick Corgfs);;“r""f
EXTI3_IRQn EXTI3_IRQHandler for 10-pinnar anslutna till avbrottslina 3 P
EXTI4_IRQn EXTI4_IRQHandler for 10-pinnar anslutna till avbrottslina 4 NVIC
EXTI9_5_IRQn EXTI9_5_IRQHandler far 10-pinnar anslutna till avbrottslinor 5 till 9 3
EXTIM5_10_IRQn EXTI15_10_IRQHandler for 0-pinnar anslutna till avbrottsliner 10 till 15 > -
, System
Exceptions
Irq Beskrivning || IHon
EXTI6 PVD utgang fast ansluten till EXTIO16 —
EXTIY RTC "Alarm event' fast ansluten till EXTIO17
EXTI18 USB OTG FS "Wakeup event" fast ansluten till EXTIO18 —
EXTI19 Ethernet "Wakeup event" fast ansluten till EXTIO19 /
EXTIZ20 USB OTG HS "Wakeup event” fast ansluten till EXTIO20
EXTI21 RTC "Tamper and TimeStamp" fast ansluten till EXTIO21
EXTI22 RTC "Wakeup event" fast ansluten fill EXTIO22
offset 31|30(29|28|27|28|25(24023|22|21|20(1918[ 17|16} 15 14]13|12[11[10| o {a | 7|6 {5 |4 |3 {2 [ 1|0 Register
{0 EXTI_IMR
4 EXTI_EMR
a4 EXTI_RTSR
0xC EXTI_FTSR
Ox10 EXTI_SWIER
Ox14 \'\ j EXTI_FR

Port pinnar Px 15 .. Px 0 (x=A,B,C,D,E,F)
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EXTI- registren har samma struktur

Pending request
reqgister
EXTI_PR

Interrupt mask Software interupt Rising trigger Falling trigger
register evenl register selection register selection register
Till

EXTI_IMR EXTI_SWIER EXTI_RTSR EXTI_FTSR
NVIC interrupt

controller —
-4 ( — Ingang

- g;g:::or ( —‘ @ Edge detect circuit _|“|

Event mask
register
EXTI_EMR

EXTI_IMR (0x40013C00) Interrupt Mask Register

offset  [31|30fe0|2sfer|2s)es|2alzal22k2120) 19 18] 17 16] 1514 13)12]11|10) o | 8 | 7 | 6 | 5 |4 | 3| 2] 1 |0 mnemonic
0 rodronedrordraradraqrirwirsradeadraegradnadraradrardraood EXTI_IMR
Kontrollerar EXTI 15 Kontrollerar EXTI 0

Exempel: Tillat avbrott fran EXTIO
*EXTI_IMR |= 1;
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/\
- - Pendin g request Interrupt mask Software interrup, é Rising trigger Falling trigger
register register | | eventre gister selection register leclion register
— Til EXTI_PR EXTI_IMR EXTI_SWIER EXTI_RTSR N EXTI_FTSR
I

NVIC interrupt
controller \
— =K o
Pulse -
-
generator 461‘ Edge detect circuit H]

Event mask

register
EXTI_EMR

EXTI_RTSR (0x40013C08) Rising Trigger Selection Register

offset J1[30020[25027\26) 25| 24023 22021 20119187161 514 [13[1211 1104 G | 8 i G 1 413121110 mnemaonic
8 rwfrwlredrwfradrodradrwdrroraradradrarad el in ol iredrednadradred EXTI_RTSR
-

Exempel: Generera avbrott da insignalen fran den pinne som “routats” till EXTI6 gar fran
0 till1, dvs “positiv flank”:

*EXTI_RTSR |= 1<<6;

EXTI_FTSR (0x40013C0C) Falling Trigger Selection Register

offset  |31|30]es|esler|2s|esloal2al2zfo1 |20 18l 18)i 718 15[ 14] 13]12] 11]10] s [8 [ 7|6 [ 5 [« [ [2 fh [0 mnemonic
0xC | rwfrafredradradradradradrarwinadridradradnadradrodronofde rodnined EXTI_FTSR

Exempel: Generera avbrott da insignalen fran den pinne som “routats” till EXTI2 gar
fran 1 till 0, dvs “negativ flank”:

*EXTI_FTSR |= 1<<2;
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EXTI- "software interrupt”

Ingang

Avbrott kan ocksa genereras av programvara.

Om avbrott &r tillatet for lina x, kan programvara ge detta avvaktande tillstand genom att
skriva '1" till motsvarande bit i EXTI_SWIER.

EXTI_SWIER (0x40013C10) Software Interrupt Event Register

offset  [31|30]es|2a]or|2s]es|2a)zalzo]21|20f s 18] 1 7 16] 15| 14| 13l12f 1o o [a | 7 6 {5 4] 2 | 2] 1 |0 mnemonic
0x10 rwraragrwrararagrigrorodradrgruradradragonroradragr oo EXTI_SWIER

Exempel: Generera avbrott hos EXTI3
*EXTI_SWIER |= 1<<3;

Externa avbrott
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i pt Rising trigger Falling trigger
selection register

TTTTTTTT

EXTI- "Interrupt pending”

Ingang

Edge detect circuit

—

er
EEEEEEE

Om ett avbrott avvaktar ar motsvarande bit 1 1 EXTI_PR.
Men registret &r ocksa skrivbart och biten aterstalls till 0 genom att 1 skrivs till bitpositionen.

EXTI_PR (0x40013C14) Pending Register

offset  [a1aofecfesferfes]esfedfeleafe ool e efi7fisfs[1af1afizf1f1of o [a [ 7 {6 [5 [4 [ 3] 2] 1]0 mnemonic

0x14 rfridradroqradraradararjradrrdradradradrradradaragrneg EXTI_PR

Exempel: Om ett avbrott avvaktar for EXTI15, "kvittera" (aterstall) da detta.
if( *EXTI_PR & (1<<15) )
*EXTI_PR |= 1<«15;

Externa avbrott
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NVIC — Kontrollerar alla avbrott

ST32F407 - microcontroller

offset3 11309282 7126262423222 20191 g1 7 el 5141 31 A11/1019 [8[7[6[5]4]3[ 2[1]0 | mnemonic . processar
0x000 PETENARTD] NVIC_ISERO Perifert- | |
n«4n~|nwn~|m4n~|m4m4n~|wmdmnwnwmmwwmwwmw wets |11 0] o
0x004 SETENA[63:32] \VIC. ISER1 D]
n«4n~|m+m4n~|m4n~|m4m4n~|n4m4n~|nwnwmmmmnwmwwww O} OXT1 || | RO
0x008 Reserverat SETENA[G1:64] NVIC_ISER?
SECRSEE L NSRS e S /
\\/

Fem uppsattningar register for olika funktioner, men med samma struktur. Var processor har
82 avbrottsgenererande enheter, alltsa har varje registeruppsattning 82 bitar.

 Interrupt Set Enable Registers, NVIC_ISERX

* Interrupt Clear Enable Registers, NVIC_ICERx
 Interrupt Set Pendig Registers, NVIC _ISEPRXx
 Interrupt Clear Pending Registers, NVIC ICPRXx
 Interrupt Active Bit Registers, NVIC_IABRX

Externa avbrott 11
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Bestam bithummer 1 NVIC

_ m31wzmm1@1?1§1?1ﬂ1514Igﬁllﬂ"ﬁl BTG53 201]0] mrssmonic

| - TR e 15eso

For vektor IRQ=n (n = 0..81): NVIC_ISERX | tsammgmspaastustssigggppn e
NVIC ICERX | o e it v o

X = n/32 —— i
dvs. x kan vara 0,1,2 NVICISPRX 1| g sy e
bit=n-(32*x), NVIC_ICPRX 1 fii e
dvs. bitkan vara 0..31 wie_wgRe { S T

ABGGAD! .|r|r[r[r[r|.|r|r T | NVIC-AER2

—

offset 3130292827[2625[241232 2212011 91 S N1 141 31 11109 8] 716 (5| 4{3]2{1{0| mnemonic
SETENA[31:0]

a0 a7 I

SETENA[63:37]

OO e e A ] - SER

Reserverat SETENA[G1:64]

B 5 55 55 5 o
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Exempel.
Avbrottsvektor och bitnummer 1 NVIC for EXTI15 10

Vi letar upp EXTI15 10 i vektortabellen. Den forsta kolumnen anger avbrottets nummer i NVIC,
dvs. 40. Kolumnen langst till hGger anger offset for avbrottsvektorns placering i vektortabellen:

(L SIS WA 1 L e L L R R ALY LA
RN T AR T S gorETeETTIt BT w
[ 40 | seftable |EXTI15 10 EXTI Line[15:10] interrupts O0x0000 O0ED
e el e g e e e e pan = =
AT cottahlo |"'"|T.|"_"‘_ Eo Wi 12l mn Tha 2o FQ WA ablanm thircamrmb EY T lino Mwinininn niniEa

Vi har alltsa avbrottsnummer 40 och far:
Xx=40/32=1

Bit=40-32=8

Dvs: bit 8 i register NVIC _ xxxx1

oftsstf3 130029de el s oo pdidid de i i dihd 98] 76]5[4][3]2[1]0] mnemonic

Exempel: Mojliggor avbrott EXTI15_10 b T T T T

R Y Y Y Y N T 7 T o e
*NVIC_ISERL = (1<<8);  |ooimmmiiiimmmmni i koo
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IRQ-FlipFlop - avbrottsvippor ™ 71 e
=

—>C1 .
FR C?U—FIRQD
-+— RSTO
PE7 | PEs | PEs | PE4 | PE3 | PE2 | PEy | PEg =
vvv P HE : .
\ D P
225 g8 g2 8 >cl |
Styr-/ § R M »iROT
status- | b7 | be [ bs | bsa | bs | ba | b1 | bo ’7
register — RST1
Voo
ip
nr-per |
-+— RST2
IRQO
rai— & —iRa
IRQ2 —
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IRQ-FlipFlop - funktion

=>C1
R

VDD
JQo
1D — —
& H—ira
_| |—| |__>C1 _ : 8 s L w : : —
10100Hz R ° » jRQ2 2 - > & 1 il IRQ2
. T i 1 . t . .

i )

Exempel: Aktivering och aterstallning av IRQ-signal (aktiv lag)

C1 ] [ [] ]

IRQ

RST

Externa avbrott 15
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InfOr laborationsuppgifter 4.2-4.4...

File Edit View Search Workspace Build Debugger Plugins Perspective Settings PHP Help

+ &L O B8 X X B QB B

> @Il & > L v 2 O

Labd 2c X

void main(void)

appInit():
while (1) {
* ( (unsigned char *) 0x40020C14

Ln79, Col 0

e !

Q-F}H

e ] :
| eERam2
h.
[
1

,_T:g
‘o

"G et

18w

‘H!:qs.
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Pseudoparallell exekvering - en enkel "TASK-switch”

En enkel applikation med fyra olika "Processerna”.. Processerna tander var sin diod i

void pO( void ) diodrampen, vi kan da tydligt se
program, (processerna) p0, p1, p2 och p3 { hitecD) vilken process som kors...
while(l

Véxling mellan programmen utfors av ett ~GP10_ ODR_LOW
Overordnat program SV(Supervisor) vid 3

ett avbrott fran EXTIO (bit 0). void pi¢ void )

while(1)
*GP10_ODR_LOW

1
=
[

I
N

bs
void p2( void ) 4 )
{ bR g mr man
while(1)
*GP10_ODR_LOW

I
N

b
void p3( void )
{
while(1)
*GP10_ODR_LOW

1
0]

Bl
S
Bargraph vd.a B
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"Processerna”...

Processtillstand

while(1)
*GPIO_ODR_LOW = 1;
}

void pl( void )

Q

Vi har bara en CPU, som vi vaxlar mellan )
while(1)

-m| Avbrotten processerna. Processen kan darfér befinna *GPIO_ODR_LOW = 2

Voo ‘\J '_1
| -—=no| kan ocksa

: I )
.- triggas sig i olika tillstand. Void  p2( void

S L | manuellt eller while(D

1 —rn ]E)§rIOISIII_S“l§t *GP10_ODR_LOW = 4;
ran - }

Lo = FLOP- void ( void )

LML et

10100 Hz rﬁ_é"—‘pg kortet_“ while(1)

*GP10_ODR_LOW = 8;

SV skoter ; 5 IO I SR
initiering och
vaxling
SV (init) s --oo- S I — B N B I -
SV (task switch) ______________ o B e e - - - - - -
T=0 [
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T k 't h File Edit View Search Workspace Build Debugger Plugins Perspective Settings PHP Help
aSK-SWILC L L 0B O X X B AaBB 4Lvo

[}

“Processerna”... > B Il & > L v 2 &)

wvold plO{ void )

{ flipflop_taskswitchc X
while (1)

*GPIO_ODR_LOW

I
[
ne

K
wvold pli{ void )
i
while (1)
*GEIC ODE LOW

I
[
.

i
woid P2 wvoid )
{
while (1)
*GPIO ODR_LOW *((void (**) (void)
! PO ();
wold p3( wvoid ) while (1) {}
{
while (1)
*GPIO ODR_LOW

* ¢t Hh

m

Lye)

* GO O o
w = - N

n ¥
n O O u

I
s
e

I
L
n

Interrupts

3
pl

QQaeqqQe .

el
el
s (init)

’“‘*88"883 wos
Bargraph v3.0 .

'
'
'
'
'
'
L]

SV (task switch)

T=
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