@ CHALMERS Maskinorienterad programmering

Perifera och externa avbrott

Ur innehallet:
NVIC - Nested Vectored Interrupt Controller
Avbrott fran interna periferienheter, ("Timers”)
EXTI - External Interrupt Configuration
Avbrottsvippa med programstyrd aterstéllning
Pulsgenerator for periodiska avbrott

Lasanvisningar:
Arbetsbok kap 6.3, 6.6, 6.7

Malsattningar:
Konfigurera NVIC for interna och externa periferikretsar
Konfigurera EXTI for portpinne som en avbrottsingang (extern periferikrets)
Programmera extern avbrottsvippa, och hantera vektoriserade avbrott
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5% CHALMERS Maskinorienterad programmering

Tre grupper av avbrottskallor

ST32F407 - microcontroller

Interna avbrott — SysTick CORTEX M4
fran periferikretsar processor
| enchipsdatorn.
| NV Interna avbrott -
I - C fran systemkretsar i
Periferi- - enchipsdatorn.
krets B TE < st
~__ % E ceptions
N ~
oo} EXFT L \FOT IS
—
\/.

Externa avbrott — via Do
portpinnar fran E%:
kretsar utanfor |0-port

enchipsdatorn.
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CHALMERS Maskinorienterad programmering

NVIC KontrO”erar a”a avbrott ST32F407 - microcontroller
sTick CORTEX M4
v processor
— A I O
Periferi- £
krets [ e
F a : $ystem
| fxcept
il (L TR s o R i S i S R e (sl vl a1 s14[ 3210 ] » iz xceptions
[ Sk TEMAS EXTI || | IRan
e o gy bL-.ILH:l‘[Hl-lll L L MWIC_ISERD trpon i
NIVIC, TSERE < ol oy Sy e, R
- ol
= l e S e :
| NVIC_ISERD N
| MViC_CERD

NVIC_ICERx -

weia 25 Fem uppsattningar register for olika funktioner, men med
e ebiEEE— . samma struktur. Var processor har 82
NVIC ISPRx - e s i ——— avprottsgengrergnde enheter, alltsa har varje
= e e oo registeruppsattning 82 bitar.
O o Loow ¢ Interrupt Set Enable Registers, NVIC_ISERX
bbb eenebrErreresrre o o |nterrupt Clear Enable Registers, NVIC_ICERXx
| TIIT bnrneensibie " o |nterrupt Set Pendig Registers, NVIC_ISEPRXx

-— ACTIVE[311] — '

NVIC IABRx - w;:'{:['{lﬁw;mﬂ[”]‘;WM « Interrupt Clear Pending Registers, NVIC_ICPRx
B w,-,ll;m|r-f-'i’ﬂ“fﬁ‘:rf']‘{-rrr:-;r;rmwm * Interrupt Active Bit Registers, NVIC_IABRx

~ CARENABIB]

I

[

NVIC_ICPRXx -
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; CHALMERS Maskinorienterad programmering

B esté m reg iste r x OCh _ mswmm@@ﬂ&gﬂ 53|1au||312||1ci<3 HHEEOREND m:u
_ : — WC
: : NV N e = e——
bitnummer bit i NVIC S e
s e e
CLRENAJIN-0)
- T T T WYIG_CERD
NVIC_'CERX e ~CLREHAL Foivie NVIC_ GER1
X P R i - 2
For vektor IRQ=n (n=0..81): oy o
NVIC_lSPRX - BRIt = - = " -S?TPEND“H 2] R . -_.._--_mmﬂil_l.‘;i"ﬂl
Reservorat . SEIPEHD[SHH - SRR
ol o — B aant
= NVIC_ICPRX s S
X n/ 32 C— C w&' Reserveral CLRPEND [8154] MWEJ.J::Z?
L [ N v b
dVS X kan vara O 1 2 [ PO ] T:L: [ 6 03 3 3 2
\ * , ’ NVlC_lABRX Bl ara i ¢|rr=|r|r'r|r|r]rfrlr|rrﬂﬁ rlr-‘|r]f|rfr|r]r|r|rrr 7| VICLAER1
bit =n-(32*x), QR

dvs. bit kan vara 0..31

offset[3 130292827 26025242 3222201 91 gl 711814l 11211171009 | 8] 7]6[5[4]3[2[1]0] mnemonic

0x000 e [HA| ) NVIC_ISERO
rwlrwrwdrgrwlrwirdrdrwdrwdnedrwdrw nﬂnﬂnﬂnﬂmlnﬂnﬁnﬁnﬂnﬂn#rdnﬂnﬂnﬂnﬂmlm«l

0x004 o TENGG95 | NVIC_ISER1
w4m\wmwmdmMwmwmdmwnwwwwwwwwwwww

0x008 Reserverat SETENA[81:64] NVIC ISER?

__nwnqmlnqnﬁnwwnqwnﬂnwwdnﬂm -
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CHALMERS Maskinorienterad programmering

Extarrod reamary | F:.-.--;u-q;uq
M L. A e
T

Interna avbrott — e

34, P

Interna avbrott fran periferikretsar

= e 0 .
. fran systemkretsar i
— 1z enchipsdatorn.
STM32F405xx ' T ¥ 4 frsareenae
-, i — s
Y7 o cumoniea STM32F407xx : ,::| i AR =
. : [ S HIg | =k =
ARM Cortex-M4 32b MCU+FPU, 210DMIPS, up to 1MB Flash/192+4KB RAM, USB Eforars | -
v s
OTG HS/FS, Ethemet, 17 TIMs, 3 ADCs, 15 comm. interfaces & camera \H
Datasheet- production data Ll
:= | e L
ICIOC/PWWM or pulse counter and quadrature = e
é {incremental) encoder input /-
_ = Debug mode = CET | t b tt
LOFPEA (10 x 10 mre) v — Serial wire debug (SWD) & JTAG o= P nierna avorott —
.‘0'225 '; s ‘3: i WLCEPED (FESRIE, interfaces e Ev'\ ) PR o . .
kEEpire B x5 o ) — Cortex-M4 Embedded Trace Macrocel ™ 0 PORT B fran erlfe rI kretsar
» Up to 140 WO ports with interrupt capability mn P POET T p
— Up to 136 fast /Os up to 84 MHz = -
Features — Upto 138 5 Vidolerant 10s e S | enChl Sdatom
» Core: ARM 32-bit Cortex™ -M4 CPU with FPU, » Up to 15 communication interfaces g e — "
:539‘11\"5‘:?“‘-:1;‘!‘3 3_3"-9'3’3‘{ Ut\F:eT i — Upto 3 x |2C interfaces (SMBus/PMBus) =
coeierator lowing 0-wait state execution — Upiod4 USART=? UARTs (10.5 Mbitls, 1SO mmg G0 PORT F
fromElask memory, flequency p o 165 MEkz, 7816 interface, LIN, DA, modem control) -
memaory protection unit, 210 PS/ 7 = oLt —
1.25 DMIPS/MHz (Dhrystone 2 1), and DSP — Upto3d SP\Q (42 Mbits/s), 2 with muxed D PORTG
instructions full-duplex 1°S to achieve audio class
i s mymg -
- e 2mracy via intemal audio PLL or external ] GROPORT H
— Upto 1 Mbyte of Flash memory — 2 x CAN interfaces (2.0B Active) min
— Upto 192+4 Kbytes of SRAM including 64- — 5O interface K
Kbyte of CCM (core coupled memory) data » Advanced connectivity
" — USB 2.0 full-speed device/hostiOTG
— Flexible static controfler - -
supporting Compact 2I:5h\ SRAM, controfler with on-chip PHY
PSRAM, NOR and NAND memaries = Usbonnm sceeinibeoeed. 1
i with EXTIT WellF
=::/L L parallel interfce, SOGINSRO00 modes. DMA, on-chip full-spesd PHY and ULPI s Liaw -
= Clock, reset and supply management - 10/100 Ethemet MAC with dedicated DMA 5
— 1.8V 1o 3.6 V application supply and /Os supports |EEE 1588v2 hardware, MIVRMII CE O M TG

— POR, POR, PVD and BOR

— 4-to-26 MHz crystal oscillator

— Internal 16 MHz factory-irimmed RC (1%
accuracy)

B- to 14-bit parallel camera interface up to - T
54 Mbytess e

b CT_CHT LR,
R

True random number generator

— 32 kHz oscillator for RTC with calibration CRC calculation unit
— Internal 32 kHz RC with calibration S6-bit unique ID
*  Low power » RTC: subsecond accuracy, hardware calendar
— Sleep, Stop and Standby modes
— Vgar supply for RTC, 2032 bit backup

Table 1. Device summary

registers + optional 4 KB backup SRAM Ralatancs Part numbar
« 3x12-bit, 2.4 MSPS A/D converters: up to 24 STMIZFA0SRG, STMICFAD5WE, STMAZFAE2E,
channels and 7.2 MSPS in triple interieaved STMIZFEDSG | SyaorFals0G STMAZFAIS0E
e . STMazFaTTe | STMEZFAITVG STMIZFAOTIC STMAZFEOTZG,
= 2x12-bit D/A converters STMEIFAOTVE, STMIZFA0TZE, STMIFADTIE

General-purpose DMA: 16-stream DMA
controller with FIFOs and burst support

Up to 17 tmers: up to twelve 16-bit and two 32-
bit imers up to 168 MHz, each with up to 4

B e AT

ST
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Maskinorienterad programmering

Exempel. Avbrottsvektor och bitnummer i NVIC for Timer 6

Vi letar upp TIMG6 i vektortabellen.
Den forsta kolumnen anger
avbrottets nummer i NVIC, dvs. 54.
Kolumnen langst till hoger anger
offset for avbrottsvektorns placering
| vektortabellen:

Quick Guide MOP

Perifera och externa avbrott, klipp 2, 2021:1
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ARG IoDdl inerup

uxuuug U

&mm LLAE TG alaleliotacnusd O 03000444

54 | settable |TIM&_DAC TIMGE global interrupt, DAC1 and DACZ underrun error 00000 0118
interrupts

T eoane T T aroar menupt oo

Bit =54 -32 =22
Dvs: bit 22 i registren NVIC_ xxxx1

Vi har alltsa avbrottsnummer 54 och far:
X = 54/32 =1, dvs. register NVIC_ xxxx1

oitsal

pdha fah fid o a[TIe]5]alal2l110] moemoni
BETENA[31.0] | NVIC_ISERD
SETENAE332] NVIC_ISER
Hasarven SETENAIBT B4] NVIC_ISER?
CLRENARTH WIC_GERD
CLAENA 16332 NVIC_ CERS
1| WWIC_CERZ
HVIC_ I1SPRI

CLRPEND[3! 0]

T NG ISP

WVIC_ICPRD

oo mﬁﬁw CLRPEND [ﬁws 3] &Mr i

WVIC_ICPRA

ACTVE1 ]

lelelelelalels]

Lol elelelelplelelelelelelelys

NVIC_ LAERD

AJ.'?TI"-"EIEJ-

tlelelrlelelr]r !r

e

TeleleleleDelelelelelel el e Telal el el el r

WVIC_LAER 1
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Ex empel . Visamanfattar i makrodefinitioner for avbrottsvektor, registerdefinitioner och bitnummer:
Relokerad avbrottsvektor: ©x2001C008 + 0x118 = @x2001C118

o

NVIC I ifi .
Nested vectored interrupt controller (JxEQDDE10D) B Itpos Itl O n -

o msien st | ftdafine NVIC_TIM6_IRQ BPOS  (1<<22)

NVIC_ISER: ©xEQOOE100 + x*4
#define NVIC TIM6 ISER ((volatile unsigned int *) OxE0Q©OE104)

NVIC_ICER: ©xE@OOE180 + x*4
#define NVIC TIM6 ICER ((volatile unsigned int *) OxEOOOE184)

NVIC_ISPR: 0XxEQOOE200 + x*4
#define NVIC TIM6 ISPR ((volatile unsigned int *) OxE©OOE204)

NVIC_ICPR: OxEQOOE280 + x*4
#define NVIC TIM6 ICPR ((volatile unsigned int *) OxE0Q0OE284)

NVIC_|IABR: OXEQOOE300 + x*4
#define NVIC TIM6 IABR ((volatile unsigned int *) OxEOQOOE304)
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CHALMERS Maskinorienterad programmering

[o) n n CCH i FLAM B4 BE) [y [ Lt i [ | ;l—':';;:‘.::“
xterna avbrott fran periferikretsar mere | | [ interna avbrott - B
A Comeddd b i [ .
= fran systemkretsar i
= e — -z ] it enchipsdatorn. e
Y e comertaa STM32F407xx ' — e = 1T
ARM Cortex-4 32b MCU+FPU, 210DMIPS, up to 1MB Flash/192+4KB RAM, USB A S owe | [ = = | -I orars [E E‘.‘mu
OTG HS/FS, Ethemet, 17 TIMs, 3 ADCs, 15 comm. interfaces & mera — I ""=¢ : ] g —
Datasheet - production data b = | l'::. e
- e / ST
" = Debug mode

g Interna avbrott —

LOFPEA (10 w 10 mm] — Serial wire debug (SWD) & JTAG

T
LOFP00 [14 x 14 mrm)
. WLCEPS0 G interfaces s
Hrin e Sl o s — Cortex-M4 Embedded Trace Macrocell™ K e im0 e f 2 f H k t
Up to 140 1O ports with interrupt capalility Externa avbrott —via g G0 HoRT © ran perl erikretsar
Features — Upto 136 fas‘rt 1/0s up to 84 MHz P P . .
— Upto 138 5 Veolerant U0s . 0 D | enchipsdatorn
» Core: ARM 32-bit Cortex™ M4 CPUWith FPU,  » Up to 15 communication interfaces or‘t Inhar fran eamg prrr— .t '
:dap‘hvetg-gui-:i;‘!‘e acweratﬂnr (ng i — Up to 3 = I2C interfaces (SMBus/PMBus) e —
ceelerator OW'"DM’E state sxecution — Uptod USARTS? UART: (10.5 Mbitis, 150 " mma prem—
from Flash memory, freg to 168 MHz, : i L
ety PUlion Uit 216 f 7816 interface, LIN, IrDA, madem controf) kretsar utanfor N —
'35 DMIPSIMHz (Dhrystone 2 1), and DSP - Up o3 SPls (32 Mhitss), 2 with mured D PORATG
instructions full-duplex | 'r:to agalehug_a%d‘i?_dassm ‘ . it
. accuracy via intemal audio or extemal :
" Menores S enchipsdatorn. corom v
~ Upto 1 Mhyte of Flash memory — 2 x CAN interfaces (2.08 Active) e P POAT
— Upto 192+4 Kbytes of SRAM including 64- — SDIO interface K
Kbyte of CCM (core coupled memory) data » Advanced connectivity
" — USB 2.0 full-speed device/hostiOTG
— Flexible static controfler - -
supporting Cmah, SRAM. controfler with on-chip PHY
PSRAM, NOR and NAND memories = USE 20 nlgn«"aDeEd”U“ speed L RGF
H with
= LCD parallel interface, B0B/E800 modes DMA. o m:p MLW PHY and ULPI e o
= Clock, reset and supply management - 10/100 Ethemet MAC with dedicated DMA wa
— 1.8V 1o 3.6 V application supply and /Os supports |EEE 1588v2 hardware, MIVRMII e ) - MMM |AMDAFR
— POR, POR, PVD and BOR » B to 14-bit parallel camera interface up to Py L,
— 4-t0-26 MHz crystal oscillator 54 Mbytesis [ Ier":_l'-:n-:
= mﬁ}:;)ﬁ MHz factory-trimmed RC (1% = True random number generator . . b (TR 114 %
. - ik {11 L
— 32 kHz oscillator for RTC with calibration = DHE- coubtion uod ————
— Internal 32 kHz RC with calibration = 86 batuninue I TP
»  Low power = RTC: subsecond accuracy, hardware calendar LRI
— Sleep, Stop and Standby modes :
— Vgar supply for RTC, 20x32 bit backup A D iy st i
registers + optional 4 KB backup SRAM Ralatancs Part numbar e e b
= 3x12-hit, 2.4 MSPS A/D converters: up to 24 STMIZFADSRG STMOZFA0TYGE, STMIZRA0SEE . 5
channels and 7.2 MSPS in triple interleaved STMRZFASK | STaqoraio0G STMRZFAGS0E Ll
mode
STMIZFADTVIE STMIZF4DTIG STMAIFADTZG, T
= 2x12-bit D/A converters STMIZFUT | STMIIFAOTVE, STMAFATTZE, STHRRFATTE i
= General-purpose DMA: 16-stream DMA —
controller with FIFOs and burst support || I
= Upto 17 tmers: up to twelve 16-bit and two 32- | DACT
bit imers up to 168 MHz, each with up to 4 U
O T %
oo
ohci@n oo pur
e Ll ST
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@ CHALMERS
Externa avbrott

En portpinne kan konfigureras som
avbrottsingang via EXTIl-modulen
(External interrupt/event controller)

Detta mojliggor avbrott fran enheter

utanfor enchipsdatorn, externa avbrott

Maskinorienterad programmering

ST32F407 - microcontroller

CORTEX M4

processor
ST—. » NVIC
er;te;'l- -
| —k\— i System
1 Exce ptions
EXTI IRQn

6 | settable [SysTick System fick timer
0 | 7 | settable \WWDG Window Watchdog interrupt
1 | 8 | settable |PVD PVD 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 EXTIZ2 EXTI Line2 interrupt
9 [16] settable EXTI3 EXTI Line3 interrupt
10 [ 17| settable EXTI4 EXTI Lined interrupt
11 | 18| settable DMA1_Stream(0 DA Stream( global interrupt
17 1101 cattahla MMA1 Streamd NEAT Streamd nlahal intarrint
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Vektorer for externa avbrottskallor

. . . . ST32F407 - microcontroller
Avbrottsingangar konfigureras i tre steg SR CORTEX Vid
. . . processor
e SYSCFG-modulen anvands for att koppla en GPIO-pinne NV.IC
fran nagon port till en specifik avbrottslina (1 av 16) . perier- | [
— gl ] stem
e EXTI-modulen programmeras. | chespons
_ e EXTI IRQN
* NVIC-modulen (Nested vectored interrupt controller) T e
programmeras for att hantera avbrott fran denna G sor >
avbrottsvektor (NVIC_ISERX).
kg Hanteringsrun  Besknvming
EXTIO_IRQn EI_E)'{TI'[]_!ROH::de-er for 10-pinnar anslutna till avbrottslina 0
:E}(le _IRQn EXTIM_IRQHandler for |O-pinnar anslutna till avbrottslina 1
:E}(TEQ_IRQn EXTIZ_IRQHandler for |O-pinnar anslutna till avbrottslina 2
:E}{TIS_IRQH .E}{TIB__IRQHandIer for IO:pinnar anslutna till avbrottslina 3
EXTI4_IRQn :E)(TM_IRD_HandIer Hor IO—pinnar anslutna till avbrottslina 4
EXTI9_5_IRQn EXTI9_5_IRQHandler for |0-pinnar anslutna till avbrottslinor 5 till 9
EXT115_10_IRQn EXTI15_10_IRQHandler for 10-pinnar anslutna till avbrottslinor 10 till 15

Perifera och externa avbrott, klipp 3, 2021:1 10



@ CHALMERS Maskinorienterad programmering

SYSCFG EXTICRx anvands for att koppla |O-pinnar till processorns avbrottssystem

offset 31|30(20(28|27 | 26|2524|23|22)21|20[1918 17161514 [13]12{11]10) 9 | 8| 7 (6|5 [4]|3[2 1|0 Register

0 SYSCFG_MEMRMP

4 SYSCEG_PMC

8 SYSCFG_EXTICR1
0xC SYSCFG_EXTICRZ
0x10 SYSCFG_EXTICR3
0x14 SYSCFG_EXTICR4
GXZD m;’“_ [ad ¥ In]adw)

EXTICRXx ar fyra kontrollregister med samma struktur:

ofset |15 | [ [12]|1n][w[o|s|7[6]s5]4[3]2]1]0 Register
8 EXTI3B0] EXTIZ3:0] EXTH[3.0] EXTIOR.0] SYSCFG_EXTICR1
w [ rw [rw [ ow|ew [row|[ow]ow[ow[ow[rw|[w[mw[mw|[mw]mw

Bitarna i EXTICRx bestammer hur en 10-pinne dirigeras till nagon av de 16 avbrottslinorna
EXTIO0..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: PGx] | 0111: PHx] | 1000: PI] | 1001: PJ[x] | 1010: PK[x]
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Maskinorienterad programmering

Koppla pinne PCO till “Extern avbrott 0”

[O-pori EXTI |__
L 5 12 settable | RCC RCC global interrupt 0x 000 0054
6 | 13 seftable | EXTIO EXTI Linel interrept Ox0000 D058
IO'ﬂGrt T 14 aattahla | FXTI1 FXTI I in&1 intarmint Mre 3OO NS
10-port —
ofset [ 15| [ w2 w|lo[s|7]s][s|afa[2]1]o Register
8 EXTI3E1] EXTIZ3.0] EXTH[3:0] EXTIORT] SYSCFG_EXTICRT
w [ ow [ rw [ ow [ rw [ow [ ow [ ow [ow [ ow [ rw [ ow]l ow [ rw [ ow | rw

0000: PA[] | 0001: PB[x] | 0010:PC[x] || 0011:PD[x] | 0100: PE[x] | 0101: PF[x]

0110: PGx] | 0111: PH[x] "PI]__| 1001:PJ[x] | 1010: PK[x]
*SYSCFG_EXTICR1l &= OxFFFO; /* Nollstall bitfdltet */
*SYSCFG_EXTICR1 |= 0x0002; /* 0010 -> EXTIO[3:0] */
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¢ CHALMERS Maskinorienterad programmering

EXTI_mOd ul Totalt finns det 23 olika mojliga avbrottslinor i EXTI-modulen, i STM32F407 anvands de
16 forsta for externa avbrott. Nagra av dessa har gemensam avbrottsvektor.
iIrq Hanteringsrutin Beskrivning
EXTIO_IRQn EXTI0_IRQHandler for |O-pinnar anslutna till avbrottslina 0 ST32F407 - microcontroller
'EXTH _RQn EXTH_IRQHandler for |0-pinnar anslutna till avbrottslina 1
[EXTI2_IRGn EXTI2_IRQHandler for [0-pinnar anslutna fill avbroftsiina 2 [ SysTick | Cor'z;r:éo"‘“
[EXTI3_IRQn EXTI3_IRQHandler for |O-pinnar anslutna till avbrottslina 3 L ] P 4
[EXTI4_IRQn E)(TM_IRQ_HandIer toir \O—_pmnar anslutna till avbrottslina 4 | ,J— - NVIC
{EXTI9_5_IRQn EXTI9_5_IRQHandler ifair 10-pinnar anslutna il avbrottslinor 5 fill 9 }e(riferi- ~N
{EXTI15_10_IRQn EXTI5_10_IRQHandler for |0-pinnar anslutna till avbrottslinor 10 fill 15 : krets : -
i L System
: Exceptions
iIrg {Beskrivning EXTI || RGN Ik
EXTI6 PVD utg_éng fast ansluten till EXTIO16 -
EXTHY ‘RTC "Alarm event" fast ansluten till EXTIO17
EXTI18 {USB OTG F5 "Wakeup event' fast ansluten till EXTIO18 »-
EXTI19 {Ethernet "Wakeup event" fast ansluten till EXTIO19 j /
EXTI20 {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 i
/ \ _
offset 31|30(29(28|27|26(25|24) 23] 22| 21| 20] 19| 18] 17|16 15 14] 13[12[11[10{ a [8 | 7|6 | 5 |4 | 3 | 2| 1 |0 Reqister
0 EXTI_IMRE
4 EXTI_EMR
8 EXTI_RTSR
xC EXTI_FTSR
0x10 EXTI_SWIER
0x14 \k EXTI_PR

Port pinnar Px 15 .. Px 0 (x=A,B,C,D,E,F)
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CHALMERS

Maskinorienterad programmering

EXTI- registren har samma struktur

@ Software interrupt Rising trigger Falling trigger

Pending request
register register evenl register selection register selection register
Till EXTI_PR EXTI_IMR EXTI_SWIER EXTI_RTSR EXTI_FTSR
I
NVIC interrupt
controller
-

Ingang

Pulse —
- (
generator —| Edge detect circuit _[]

Event mask
register
EXTI_EMR

EXTI_IMR (0x40013C00) Interrupt Mask Register

offset  [a1pofedee]erfosesleaodedoi poficiefivefis[ialiafizfifiof e [e [7T6 s [« [3 2] 1]o mnemonic
0 rofrwrnrwiradradragrairoewdradradradraddewirwjralradradradradnsg EXTI_IMR
Kontrollerar EXTI 15 Kontrollerar EXTI 0

Exempel: Tillat avbrott fran EXTIO
*EXTI_IMR |= 1;

Perifera och externa avbrott, klipp 4, 2021:1 14



ey CHALMERS Maskinorienterad programmering

register evenl register selection register lection register
EXTI_PR EXTI_IMR EXTI_SWIER EXTI_RTSR EXTI_FTSR

~—_]

Till
NVIC interrupt
controller
-+

-

n L] ~
— /\
Pending request Interrupt mask Software interrup) Rising trigger Falling trigger
iste register

Ingang

Edge detect circuit

Event mask

register
EXTI_EMR

EXTI_RTSR (0x40013C08) Rising Trigger Selection Register

offset  [a1[a0]es|zeferfec]esleafeaeze1foofiois]i 6] s 4] 1312 1ol s [ [k [ 6 [B 2|3 [2] 1 [o mnemonic
8 1 Irwrwdrodrwirodradradrodradradradradrodrwlrod e fviradradragradre EXTLRTSR

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)25|28) 27 |26) 2524 )23 22)21 |20 S8 T e s 14 131210y 9 | 8] T 6 5 |4 2!|1

mnemonic
| EXTI_FTSR

(=]

xC rrairagradragraragradr rwiraredragratragrairsranag

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

*EXTI_FTSR |= 1<<2;

Perifera och externa avbrott, klipp 4, 2021:1 15
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IRQ-FlipFlop - avbrottsvippor

9o

1D —

>c1 |
’*R :QD—I»IRQO
PE7 | PEs | PEs | PE4 | PEs | PE2 | PE1 | PEo - RSTO

REERRE o]

- |90

Styr-/ >C1 |
status- | by | bs | bs | ba | bs | b2 | b1 | bo R e o RO

register ’7

-t RST1

Voo
1D 90
—>c1 |
10/100 Hz F R B . R®
- RST2
IRQO —]
IRQ1 = & IRQ
IRQ2 —

Perifera och externa avbrott, klipp 4, 2021:1 16
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Exempel: Aktivering och aterstéllning av IRQ-signal (aktiv lag)
c1 [ [ ] [ ]

IRQ I I

RST |

Perifera och externa avbrott, klipp 4, 2021:1

Maskinorienterad programmering
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EXTI- "software interrupt”

Rising trigger
election register

Ingéng

Edge defect circuit

Avbrott kan ocksa genereras av programvara.,

Om avbrott ar 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 [30fzel2afz7|26) 25]24) 23] 22)21 2ﬂ|1918 1716)15]14{13[12}11 1D|9 al7(e(5(403|2]1|0 MNemaonic
Ox10 rafrwd rwlw.r rwjrwragrairirairagre mirw rwjrwirwrwfragrviregragrad EXTI_SWIER

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

Perifera och externa avbrott, klipp 4, 2021:1 18
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Maskinorienterad programmering

oftware interrupt Rising trigger
vent register selection register
1

Falling trigger
selection register

EXTI- "interrupt pending”

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

EXTI_PR (0x40013C14) Pending Register

Pulse

|generator

Ingang

Edge detect circuit

nnnnnnnnn

eeeeeee
EEEEEEE

offset 3131]'29252?26252423???125'1918 17]18 15i41312111t]|9 al7|6|o|4)3[2]1]|0

mnemonic

0x14 rerwiredrafradradradradradradradradradradradragradradradradrafragras

EXTI_PR

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

Perifera och externa avbrott, klipp 4, 2021:1
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@9 cHALMERS
Konfigurering av undantag

NEJ

v

Dirigera portpinne SYSCFG
Initiera EXTI

NEJ

Maskinorienterad programmering

Systemkrets

ntern

periferikrets
?

?

JA

Initiera NVIC

Perifera och externa avbrott, klipp 4, 2021:1

>

A 4

Initiera avbrottsvektor och
ev. kretsens register

v
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Maskinorienterad programmering

Pseudoparallell exekvering - en enkel "TASK-switch”

En enkel applikation med fyra olika program,
(processerna) p0, p1, p2 och p3

Vaxling mellan programmen utfors av ett
overordnat program SV(Supervisor) vid ett
avbrott fran EXTIO (bit 0).

Perifera och externa avbrott, klipp 5, 2021:1

”Processerna”...
voidpO( void )
{

while (1)
*GPIO_ODR LOW = 1;
}
voidpl( void )
{
while (1)
*GPIO_ODR LOW = 2;

}
voidp2 ( void )
{
while (1)
*GPIO_ODR_LOW = 4;
}
voidp3( void )
{
while (1)
*GPIO ODR LOW = 8§;

Processerna tander var sin diod i
diodrampen, vi kan da tydligt se
vilken process som kors...

21



Maskinorienterad programmering

"Processerna”...
void p0( void )
{

while (1)

*GPIO_ODR_LOW = 1;

}
Vi har bara en CPU, som vi vaxlar mellan (e piveRd)
processerna. Processen kan darfor befinna while (1)

sig i olika tillstand. [ erroopR I S

-=|  Avbrotten kan
oy ocksa triggas
_[ manuellt eller
(=™ periodiskt fran void  p2( void )

xﬁ i 3
FLIP-FLOP- % AT N Lo
,ﬂ““'c—“'; kortet... *GPIO ODR_LOW = 4;
101100 Hz ‘ & iRz

R [ iRO2 }
- RST2 void p3( void )

- {

IRQO .

Ra1 H Ra while (1)

e *GPIO_ODR_LOW = 8;

r3
P2
SV slft')ter pl
initiering och
vaxling o0

SV (init)

SV (task switch)

Perifera och externa avbrott, klipp 5, 2021:1 22
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Task-switch

“Processerna”...
woid p0{ woid )
{
while (1)
*GEIO ODR_LOW

I
|
e

}
woid pl{ wvoid )
{
while (1)
*GEIO ODRE_LOW

I
5%
-

}
woid p2( void )
{
while (1)
*GPIQ ODR_LOW

I
'S
i

}
woid p3( woid )
{
while (1)
*GPIO _ODR_LOW

I
2]
.

p3
pd
pl
el
SV (init)

SV (task switch)

Maskinorienterad programmering

File Edit View Search Workspace Build Debugger

+ &L O B X X B
> Bl o > L v .22

flipflop_taskswitche X

running = 0;

void main (void)

{

flipflopInit():

taskswit

= Ox00005555;

pO():
while (1) {}

Interrupts

-

0 FlipFlop v1.@

Perifera och externa avbrott, klipp 5, 2021:1
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