E;? 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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g ‘ 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 TEY < stom
~_ < Exceptions
N ~
Oport |—we| EXFT L_goi\ IRQN A
—
Externa avbrott — via
portpinnar fran 1O-port —»
kretsar utanfor |O-port — — >
enchipsdatorn.
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: CHALMERS Maskinorienterad programmering

ST32F407 - microcontroller

NVIC — Kontrollerar alla avbrott

sTick CORTEX M4
processor
— NVIC
Periferi- >
krets H [ > < o
il iceplions
[t F} MY TN E e o e A A A a0 [RI T[E[ETAT 32T 10 ] memonie RQ -
— BE TENAT 0 TO-port EXTI n
] - o ——— | | - WVIC_ISERTD
NVIC_ISERX bl e .S o]
el kil : T | NWIC_ISER2 AN

~—_—

__CLRENAGTO] 1| NAC_CERD

k05 Fem uppsattningar register for olika funktioner, men med

NVIC_ICERX + het s

CLRENA |81 54]

= — Thoree ::ﬁi: samma struktur. Var processor har 82
NVIC ISPRX - bt T o o  vbrottsgenererande enheter, alltsa har varje
— T e egisteruppsattning 82 bitar.
gl ™ E— o Tweow * Interrupt Set Enable Registers, NVIC_ISERX
NVIC_ICPRX 4 bt s s brmmmamass o+ Interrupt Clear Enable Registers, NVIC_ICERX

Fersrvral CLRPEND [B1 6]

NVIC_ ICPRD

I

— —— Interrupt Set Pendig Registers, NVIC_ISEPRXx
r|r'r|rrr'r|r|r'r|r|r-rrr‘|¢:rr..:l;|l:;gr3';]|r-rrr|r||‘r|rr|r-r|rrr'r'r - Interrupt Clear Pending Registers’ NVlC_ICPRX

NV'C |ABRX - P T Tr e Te e Tele Te Tede T Te Lol Lo Lo Do Te Qe D Le Tele e Tale e Tl e | Vo tAeRt . . _

- Interrupt Active Bit Registers, NVIC_IABRx

Rarsorverat ACTIVE 81 84] )

_.'f|r,'.|r'.'.m. ele [ele[e [e[e] s | VI NER2
=T T wraa ———n I ——rat .
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£ ‘ CHALMERS Maskinorienterad programmering

Bestam register x och - e ]

HVIC_ISERD
Ir|

SETENAJE332]

bitnummer bit i NVIC NVIC_ISERX 7 bt ssmsmzsmmreniirrppasss o

CLRENA! ) — | WVIC_CERD

NVIC_lCERX e LLEEH .37 I NVIC_ CERt

Resgrveorat CLRENA [B1:64] MVIC. CERZ

. " —HIC,
For vektor IRQ=n (n = 0..81). o
NVIC_lSPRX N MR SETFEND [52.39 HVIC_ ISPRI

\

3

» K R—— ] _——. ———

B B ————— 5 CLRPENDED] - _"" NVIG_ICPRD

x =n/32 NVIC_ICPRx 4 R e
- et Reseevoral CLRPEND [B164] _wc_ioere

dVS X kan Va ra O 1 2 [ PO T eI L T T T T T T V- 0

] * , ’ NVIC—lABRX m tﬁm”f f|rfl‘|r|r|f|r|r]f['|f|rr|lrf rJ|r;L|rI]r:'~r|ir[r1[L|‘r|r|rrr r NVIC LA
bit =n-(32*x), | e, ) o

dvs. bit kan vara 0..31

offset[3130[292827[26125124232212 120191 8)1 7|1 8l1 5|14|1 12111109]8]7(6|5(4|3]2[1]0] mnemonic

0x000 PETENAISTO NVIC_ISERD
oWl rwlrwrwinadrwl g nﬂnﬂnﬂwﬂmlwdnﬂnﬂnﬂn«dﬂmimlnﬂnﬂnﬂnﬂnﬂ

0x004 SE TENA[GS 32] NVIC_ISER1
m4n~|m4m4n~|m4m|m4m4n~|nwmwwmwwwwwwmwwrw

0x008 Reserverat SETENA[S1:64] NVIC_ISER?

_nﬁnwmlnﬂnﬁnqnﬁnwnwwdndnﬂmlnﬂnﬂ
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CHALMERS Maskinorienterad programmering

T dula LM B4 RS Py | Examal rsmery ], | ..l—:"‘ - A

JIARGA S U

B [ Interna avbrott — e

s s, -

Interna avbrott fran periferikretsar

AP Comind l ¥ 0 ' r
S fran systemkretsar i
= L - ]
wme-m el Seeme iy | €NCHIpSdatorn.
STM32F4DSXX - o “f 7| ii ﬁhmu'
[§ =] :
"l ougmented STM32F407xx :| i o || e 3 :
LI, O, CB, MR HET OTEHS Frop .
v A N— g
ARM Cortex-M4 32b MCU+FPU, 210DMIPS, up to 1MB Flash/192+4KB RAM, USB DR = il E'.'wm s
- FED
OTG HS/FS, Ethemet, 17 TIMs, 3 ADCs, 15 comm. inferfaces & camera p— e
Datasheet - production data s el BTN . ]’
WIEI= LA e 2R Y
ICIOCIPWM or pulse counter and quadrature :1- rEe
Q é E (incremental) encoder input /_
B + Debug mode
LOFPEA (10 = 10 mrm) - Serial wire debug (SWD) & JTAG e |nte ma aVbrOtt -
LOFPI00 (14 x 14 mm) " FBGATE interfaces A
LBER115 (B2 x5 (= — Cortex-M4 Embedded Trace Macrocell™ e f ° -I-' H k t
» Up to 140 VO ports with interrupt capability L R ran perl erl re Sar
— Up to 136 fast /Os up to 84 MHz
Features  Upto 138 5 \-tolerant i0s A | enchl Sdatorn
+ Core: ARM 32bit Cortex™-M4 CPU with FPU, + Up to 15 communication interfaces g, el p .
idcgenrg; {r,erg"l-}hglrle m-:lcnr-;mt:{ gﬁﬁgemmn — Upto 3 x IC interfaces (SMBus/PMBus) \%.
— Upto4 USARTs/2 UARTs (10.5 Mbit's, 150 mmg -
mwm; memory, frequency up to 168 Mz, 7816 interface, LIN, IrDA, modem control v
otecti ) . " =
1.25 DMIPS/MHz (Dhrystone 2.1), and DSP = Upta3 SPls (42 Mbitsi), 2 with muxed A PN
instructions full-duplex 5 to achieve audio class - M
. Memories alccl.ll‘mcy via internal audio PLL or external MEg s e
chocl
- BP :0 :gl‘-;bﬁcg;tﬂﬁs:l memory - - 2 x CAN interfaces (2.0B Active) Fn= I A
- Upta 192+ es of SRAM including 64- _ SDIO interface K =
%ﬂ of CCM (core coupled memory) data « Advancsd connactivity
_ . . — USB 2.0 full-speed device/hostiOTG
e T contraller with on-chip PHY = m T e
PSRAM, NOR and NAND memories - ::.IJSB 2.0 mgg:sl%eewfu“-lspe:ﬂqh dedicated m = o S — W A
A evice host/ controller i
+ LCD parallel interface, 80806800 modes DMA, on-chip full-speed PHY and ULPI v [ [ Tikdd w re——T
+ Clock, reset and supply management - 10/100 Ethemnet MAC with dedicated DMA. i —< TiNE o Fr—
— 1.8V to 3.6V application supply and 1/0s supports IEEE 1588v2 hardware, MIRMII I, £ s AFONL |AMDAFTH T N
- E?RéghDdRH.ZWD s::d laugl::F{mor " B,lo 14-0f paralel camera interface up to P — —— -
- 410 cry! ascillal S o i [ CHY] LG, Thd 3 - 1 sk cwn | o AF
— Intemnal 16 MHz factory-timmed RC (1% + True random number generator P - by T e
accuracy) ) - + CRC calculation unit B = .
— 32 kHz oscillator for RTC with calibration - . USAATE === e T
— Intemal 32 kHz RC with calibration * 96-bit unique ID 2 dammana — -
+  Low power » RTC: sul ond , hard lend: — 3 USRATS (S E e
W—— w
— Sleep, Stop and Standby modes ) z " I UAAH TR ma
— Vg supply for RTC, 20x32 bit backup Table 1. Device summary s i pang s TAHE f—
registers + optional 4 KB backup SRAM Rataranca Fart numbsr P T, O, ] AT, R
: _ o Bl g
s 3x12-hit, 2.4 MSPS A/ID converters: up to 24 STMIZFADSHG, STMAZFADSVG, STMIZFADSZG, i ! —, o
channels and 7.2 MSPS in triple interleaved STMIIFADN0 | sryzora0s0G, STMAZFEIS0E o HEaa & TS b EET=E e
*  2x12-hit VA converters S | TSI ADTZE. SThsoramnE 7 S0 VEMELE 3, S, T
» General-purpose DMA: 16-stream DMA e SCHEMEE T,
controller with FIFOs and burst support [l T L, FEMA A A
+ Upto 17 timers: up to twelve 16-bit and two 32- [T —
bit timers up to 168 MHz, each with up to 4 i P e
By el By AR — 1r Tr N Tx A
VoW
ACT T Ao
= nane A
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i=%: CHALMERS Maskinorienterad programmering

'::.__ _nr_‘

Exempel: Avbrottsvektor och bitnummer 1 NVIC for Timer 6

SEUdDIE [UAR 4 LA T & QDG e upn (PRI N Ty Y]
Lo} ommTR | IW o O I O
VI letar Upp T|M6 I Vektortabe”en' L 4 | settable |TIME6_DAC TIMG global interrupt, DACT and DAC2 underrun errar 0x0000 0113 ]
P interrupts
Den forSta k0|umnen anger BN RS R R TR gronar menupt EAn T g
avbrottets nummer i NVIC, dvs. 54. = L mntbis IDRAAR Simmemn e
Kolumnen langst till hoger anger EUISAILELE 2 BT LS ST INOGCEEA
A i i ST ,L;;iiiiiLLLLLLLLLLL s WG_ISEH[I
pﬁset for avbrottsvektorns placering B ST —
| vektortabellen: NVIC ISERD
. o o PLHENAIE | wvic_ceno
 oikoumue Vi har alltsa avbrottanmmer 54 och far: GRENA 31 B —
e x = 54/32 =1, dvs. register NVIC_ xxxx1 T
et SETPENDE 0] NVIC ISPRO
nnehil: . SETPEND [63 32
e Bit = 54 -32 = 22 po e, 5%
BT : ) ) ) ol ———— e VI ISPR
e Dvs: bit 22 i reglstren NV|C_ xxxx1 - CLRPEND(1 0] AVICICPRD
e 9 NSNS 40| SS———————

p—— e TN el el vl vl B T el el B e Bl T e el e el

; r|r!r f Ilﬂf.l;lllr!rlr]rj.ﬂ:.lr rir
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g ‘ CHALMERS Maskinorienterad programmering

Exem P el:  visamanfattar i makrodefinitioner for avbrottsvektor, registerdefinitioner och bitnummer:

VEKTORTABELL

e e Relokerad avbrottsvektor: ©0x2001C000 + 06x118 = 0x2001C118

ST

T

[

NVIC ' ifinn:
Nested vectored interrupt controller (JxE000E100) B ItpOSItlon -

O ot e Bt Reiare IR #define NVIC TIM6 IRQ BPOS (1<<22)
NVIC_ISER: ©XxEQOOE100 + x*4
#define NVIC TIM6 ISER ((volatile unsigned int *) OxE©OOE104)

NVIC_ICER: ©XEQOOE180 + x*4
#define NVIC TIM6 ICER ((volatile unsigned int *) OxE©OOE184)

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

NVIC_ICPR: OXEQOOE280 + x*4
#define NVIC TIM6 ICPR ((volatile unsigned int *) OxE©OOE284)

NVIC_IABR: OXEOOOE300 + x*4
#define NVIC TIM6 IABR ((volatile unsigned int *) OxE©OOE304)

Quick Guide MOP _
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CHALMERS Maskinorienterad programmering

T dula LM B4 RS Py | Examal rsmery ], | ..l—:"‘ - A

JIARGA S U

B [ Interna avbrott — e

s s, -

Externa avbrott fran periferikretsar

AR Comixid4 ™ ! ° . I*
e, e fran systemkretsar i

w1 LSt == |4 €NChipsdatorn.

r STM32F4DSXX '""':—l i f i + = p Dfn':ﬂ:::
,’ . augmented STM32F4D7XX L P, O, “:"I“'ﬂ t a:.?;:al I:: :| QI s
ARM Cortex-M4 32b MCU+FPU, 210DMIPS, up to TMB Flash/192+4KB RAM, USB e o | [ il ET_“ -
OTG HS/FS, Ethemet, 17 TIMs, 3 ADCs, 15 comm. inferfaces & camera pr—
Datasheet - production data '3'“"'" reefd B f—_—

]'Tlll- ARy
ICIOCIPWM or pulse counter and quadrature :1- rEe

(incremental) encoder input - | | I
e & N (- e Interna avbrott —

LLQQFF;I?JIR&P 1&mm]] — Serial wire debug (SWD) & JTAG
x 14 mm] ;
WLCSPSO FEGMTE interfaces . .
aER 176 52 2 58 (= — Cortex-M4 Embedded Trace Macrocell™ . e cmospen s fr g n r f r kr t r
« Upto 140 D ports with interrupt capability Externa avbrott —Via wpmg o amoroer © a pe [Terikretsa
Features — Up to 136 fast /Os up to 84 MHz . .
_ Upte 138 5 \-tolerant 110s . o mma{ o GROFOAT D | enchl Sda‘torn
« Core: ARM 32-bit Cortex ™-M4 CPU with FPU, + Up to 15 communication interfaces O rt I n n ar fra n e T B .
:dﬁplﬁ\-; regul-}llnTIB a_cceleram{ g:«athT i - Upto 3 x I’C interfaces (SMBus/PMBus) -,
ccelerator™) allowing 0-wait etate execution _ ART: i -
from Flash memaory, frequencmii to 168 MHz, ?gfgi‘:ﬁgﬁaﬁgrsf_lz”um: ggasembégﬁt:g? P = GPI0) PORT F - PR e
memery protection unit, 210 PS/ Us ta % 5P| :12Mlbi‘ts.f I2with ed re Sar u an Or LT R A
1.25 DMIPS/MHz (Dhrystone 2.1), and DSP - up 55( tsfs), 2 with mux, oPID POATS L3
instructions full-duplex 1”5 to achieve audio class . Enop M
. Memories immcy via intemnal audio PLL or external ench I psd ato rn MEg O PORT H L e
- Upto 1 Miyte of Flash memory — 2 x CAN interfaces (2.0B Active) e 0 PORT e
— Upto 192+4 Kbytes of SRAM incluging 64- _ SDIO interface K me
%ﬂ of CCM (core coupled memory) data « Advancsd connactivity
" . — USB 2.0 full-speed device/host/OTG
— Flexible static memory controller - - = 4 simernis, B AR
supparting Compact Flash, SRAM, wrltroller\.!wth on-chip PHY
PSRAM, NOR and NAND memories - USB 2.0 high-speedfiull-speed = i dimena,
+ LCD paraliel intsrface, 80B0/EE00 modes gﬁ,‘“ﬁmm_ch”gﬁl_‘;“mmd'g’ﬂgn%eﬂ'fg‘,e" o - o T = oeein 8
+ Clock, reset and supply management — 10/100 Ethemet MAC with dedicated DMA: i —< TiNE o Fr—
— 1.8V to 3.6V application supply and 1/0s supports IEEE 1588v2 hardware, MIRMII I, £ s AFONL |AMDAFTH
- POR, PDR, PVD and BOR s B-to 14-bit parallel camera interface up to A — TM L e
— 4-10-26 MHz crystal oscillator 4 Mbyteals sk s S L T T - e E——
- Lngsﬁé;;a MHz factory-timmed RC (1% . 1('::; mr:dolrﬂnumb;r generator D - -1 LT - L ———
— 32 kHz escillator for RTC with calibration * - calculation un i UEeATE = T
— Intemal 32 kHz RC with calibration * 96-bit unique ID 2 dammana T == o 1
+  Low power » RTC: sul ond , hard lend: — N = (S E e
— Sleep, Stop and Standby modes . ._- f LA X, T A
— Wpga supply for RTC, 20x32 bit backup Table 1. Devics summary (s i i =1 3 T
registers + optional 4 KB backup SRAM Rataranca Fart numbsr T R u = [ p—
s 3x12.hit, 2.4 MSPS AID converters: up to 24 STWIRZFA0G, STWAZFADSUS, STMAIFATEIE, = —, o
channels and 7.2 MSPS in triple interleaved STMIIFADN0 | sryzora0s0G, STMAZFEIS0E T TiE s : EET=E] Y
mode
STMEZFADTVE, STMIZFAITIG STMI2FAITZE, 7 = i -
«  2x12-bit VA converters STNG2FAOTO! | ory20F a0TWE, STM3ZFADTZE, STMCFAOTIE T =T =T P ——
» General-purpose DMA: 18-stream DMA e HCHEMELE T,
controller with FIFOs and burst support [l T L, FEMA A A
+ Upto 17 timers: up to twelve 16-bit and two 32- [FT T =
bit timers up to 168 MHz, each with up to 4 = i P e
[T ————- 1r Tr N Tx A
VoW
ACT T Ao
= nane A
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) CHALMERS

Externa avbrott

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

Detta majliggor avbrott fran enheter

utanfor enchipsdatorn, externa avbrott

Maskinorienterad programmering

ST32F407 - microcontroller

| SysTick |
N E— NVIC
—— -
Periferi- -
L~ ﬁ\tS T
EXTI IRQn

CORTEX M4
processor

System
Exceplions

11

B e ARSI d L LRALILL IR L P A LASEEE e W

6 | settable (SysTick System tick timer
0 | 7 | settable (ZWWDG 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 Line0 interrupt
7 | 14| settable [EXTI1 EXTI Line1 interrupt
8 |15] settable [EXTI2 EXTI Line2 interrupt
9 | 16| settable [EXTI3 EXTI Line3d interrupt
10 | 17| settable [EXTI4 EXTI Line4 interrupt
11 | 18| settable DMA1_Stream0 DMA1 Stream0 global interrupt
17 1101 cattahla MNMA1 Stream NAT Stream 1 nlahal intaerrint
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CHALMERS Maskinorienterad programmering

Vektorer for externa avbrottskallor

ST32F407 - microcontroller

Avbrottsingangar konfigureras i tre steg SysTiok CORTEX W
e SYSCFG-modulen anvands for att koppla en GPIO-pinne —— NVIC o

fran nagon port till en specifik avbrottslina (1 av 16) . perier | [
e EXTIl-modulen programmeras. ] | Bhcepons
* NVIC-modulen (Nested vectored interrupt controller) i e

programmeras for att hantera avbrott fran denna .

avbrottsvektor (NVIC_ISERX).

Irq Hanteringsrutin Beskrivning

EXTIO_IRQn EXTIO_IRQHandler for |O-pinnar anslutna till avbrottslina 0
EXTI1_IRQn EXTI_IRQHandler for |0-pinnar anslutna till avbrottslina 1
EXTI2_IRQn EXTIZ2_IRQHandler for |0-pinnar anslutna till avbrottslina 2
EXTI3_IRQn EXTI3_IRQHandler for |O-pinnar anslutna till avbrottslina 3
EXTI4_IRQn EXTI4_IRQHandler for 10-pinnar anslutna till avbrottslina 4
EXTI9_5_IRGn EXTI9_5_IRQHandler for |O-pinnar anslutna till avbrottslinor 5 till 9
EXTIM5_10_IRQn EXTI15_10_IRQHandler for |0-pinnar anslutna till avbrottslinor 10 till 15

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



} CHALMERS

Maskinorienterad programmering

SYSC FG EXTICRx anvands for att koppla 10-pinnar till processorns avbrottssystem

offset 31|30)29( 26|27 |26)25|2423|22(21|20[19[18 |17 [16]15[14 [13[1211]10{ 9 |8 | 7 | 6

5(4[3|2[1]0 Register

0 SYSCFG_MEMRMP

4 SYSCFG_PMC

8 SYSCFG_EXTICRT | |
0xC SYSCFG_ EXTICRZ
0x10 SYSCFG_EXTICR3
0x14 SYSCFG_ EXTICR4
0x20 ) %J

EXTICRXx ar fyra kontrollregister med samma struktur:

offset | 15|32 e 8|76 |[s5]al3]2][1]0 Register
8 EXTI3R0] EXTIZ30] EXTHE0] EXTIOR0] SYSCFG_EXTICRA
w [ rw [ ow [ ow [ew [ rw [ow [ rw [rw [rw [rw [rw [ rw [ rw [ rw [ 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 e|.

0000: PA[x] | 0001: PB[x] | 0010: PC[x] | 0011: PD[x] | 0100:PE[] | 0101: PF[x]
0110: PG[x] | 0111: PHX] | 1000: PI] | 1001: PJ[x] | 1010: PK[x]
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Maskinorienterad programmering

5) CHALMERS

Koppla pinne PCO till “Extern avbrott 0”

IE]_ oor EXTI |
12 settable | RCC RCC global interrupt 00000 0054
13 seftable | EXTIO EXTI Line0 interrupt 0000 D055

]
04 ID'I’.}'DI"t 14 aattahla | FXTI FXTI Iina1 intarmint MreI000 QDR
10-port —

=l |

offset [ 15 |32 nn]wols]ls|7]e][s]affal2]1]o0 Register
8 EXTI3[30] EXTI2[30] EXTH[30] EXTI0[30] SYSCFG_EXTICRT

rw [ orw [ oew [ ow [oew [ ew [ ew [ ew [ew [rw [ew [ rw [ rw [ rw [ w

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

0110: PG[x] | 0111: PH[x] P | 1001: PJ[x] | 1010: PK[x]
*SYSCFG_EXTICR1 &= OxFFFO; /* Nollstall bitfaltet */
*SYSCFG_EXTICR1 |= 0x0002; /* 0010 -> EXTIO[3:0] */
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; CHALMERS Maskinorienterad programmering

EXT I _mod UI 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.
Irq Hanteringsrutin Beskrivning
EXTIO_IRQn EXTI0_IRQHandler for 10-pinnar anslutna till avbrottslina 0 ST32F407 - microcontroller
EXTI1_IRQn EXTI_IRQHandler for 10-pinnar anslutna till avbrottslina 1 -
EXTI2_IRQn EXTI2_IRQHandler for 10-pinnar anslutna till avbrottslina 2 SysTick COrRTEX M4
EXTI3_IRQn EXTI3_IRQHandler for 10-pinnar ansluina til avbrotisiina 3 processor
EXTI4_IRQn EXTI4_IRQHandler for 10-pinnar anslutna till avbrottslina 4 —l NVIC
EXTI9_5_IRQn EXTI9_5_IRQHandler fér |0-pinnar anslutna till avbrottslinor & till @ }ﬁferi— ‘X
EXTI5_10_IRQn EXTI15_10_IRQHandler far |0-pinnar anslutna till avbrottslinor 10 till 15 krets > -—
= System
: Exceptions
Irg Beskrivning EXTI || IHQn
EXTI6 PVD utgéng fast ansluten till EXTIO16 -
EXTIT RTGC "Alarm event" fast ansluten till EXTIO17
EXTI8 USB OTG FS "Wakeup event" fast ansluten till EXTIO18 —
EXTI19 Ethernet "Wakeup event" fast ansluten till EXTIO19 /
EXTI20 USB OTG HS "Wakeup event” fast ansluten till EXTIO20
EXTI21 RTC "Tamper and TimeStamp" fast ansluten till EXTIO21
EXTIZ22 RTC "Wakeup event" fast ansluten till EXTIO22
/ \ _
offset 31|30(29|28|27|26|25(24) 23| 22|21 |20( 1918 17|16|15] 14] 13 12|11 |10 a {2 | 7| 6 |5 |4 |3 | 2] 1]0 Register
0 EXTI_IMR
4 EXTI_EMR
8 EXTI_RTSR
0xC EXTI_FTSR
0x10 EXTI_SWIER
Ox14 k )j EXTI_FR

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

Pending request
reqister
EXTI_PR

Interrupt mask Software interrupt Rising trigger Falling trigger
register evenl register selection register seleclion register
Till

EXTI_IMR EXTI_SWIER EXTI_RTSR EXTI_FTSR
NVIC interrupt

controller 1
- {—— Ingang

Pulse N
P I
generator Edge detect circuit —[j

Event mask
register
EXTI_EMR

EXTI_IMR (0x40013C00) Interrupt Mask Register

offset  |a1[30]2s|28fe7|26|esl24|23l2221[20]15( 18] 17 18] 5] 14| 13]12]1[10] o | s | 7 {6 [ 5 | 4 | 3 [ 2| 1]0 mnemonic
0 mwnﬂwwwwwmwwwwwmwmmmwww? EXTI_IMR
Kontrollerar EXTI 15 Kontrollerar EXTI 0

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

L ] - (
— — =~
Pending request Interrupt mask Software interrup) R gt gg F II gi gg
register | | re gister | | eventre gister register regist
Tl EXTI_PR EXTI_IMR EXTI_SWIER EXTI RTSR N EXTI FTSR
i
NVIC interrupt ~—
controller \
-+ Ingéng
_ Pulse -
- eneraior Edge detect circuit H]
Event mask
register
EXTI_EMR

EXTI_RTSR (0x40013C08) Rising Trigger Selection Register

offset  |31[30]zs]28fe728]5]24)e3]22]21[20]1¢)18] 7] 18]15] 14 13]12]11]10] 5||' 6Bl4]z]2]1]o mnemonic
[} MMMMMMMMMMMMMMM’"&'M“VMMMMM EXTI_RTSR

E=

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)29|26)27 |26 2024} 23| 22521 |20 918716 1a[ 14| 13121 110) 9 |8 7|6 |5 | 4 I 2!|1 0 mnemenic
I

0xC rdrwira]redradradradrdra]riradradeedeadradradroradrad i W, 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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IRQ-FlipFlop - avbrottsvippor

PE7 | PEs | PEs | PE4 | PE3 | PE2 | PE1 | PEo

RST2 44—
RST1 #—
IRQ —»
IRQ2 —»

Styr-/
status- | by
register

o
=3
o
o
o
-
o
&<
o
5]
=3
o
S

Seds s 1T
L
P =Y

o8
'S cleck
[

- -
2
-

10 FlapFlop vi.@
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Maskinorienterad programmering

Voo —T
Jo
1D —
>C1 |
’7 R $0 » iRQO
-+— RSTO
Voo
—T
1D 0
>c1 |
’7 R 5:'0—- IRQA1
-+— RST1
Voo
1D 9o
—c1 |
10/100 Hz F " e RQ2
-+— RST2
IRQO —
rao1— & —ira
IRQ2 —

16



CHALMERS Maskinorienterad programmering

IRQ-FlipFlop - funktion

—>C1

10/100 Hz ’7 R 590—., IRQ2 IRQZ2 —

'y

10 FlipFlop v1.8

Exempel: Aktivering och aterstélining av IRQ-signal (aktiv lag)
C1 [ ] [ ] [ ] [ ]

IRQ I I I I

RST
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CHALMERS Maskinorienterad programmering

]
b 7
S O W a re I e r r u Pendin g request Interrupt m Software interrupt N Rising trigger Falling trigger
register registe event register election register selection register
Til EXTI_PR EXTI_IM EXTI_SWIER EXTI_RTSR EXTI_FTSR
I
NVIC interrupt ‘k
controller
- Ingang
Pulse -
‘—‘generalor Edge detect circuit

EEEEEEE

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[30fes|eser|as]as|oa)zalzof21[oof g 18|17 1615l 1413121110} s [ 8| 7|6 | 5 |42 | 2] 1 ]0 MAEMonic
0x10 rafraradraradradradradrainviradrodraranadradrnjrniradradradragrad EXTI_SWIER

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

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



' CHALMERS Maskinorienterad programmering

Rising trigger Falling trigger
lection register

EXTI- "interrupt pending”

Ingang

Edge detect circuit

er
EEEEEEE

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

offset  [3ipofeseefarfelesledeaezfifeofidve] 7tefs[ a2 fiof e e [ 76 [5 [« [ [ 2 1] o mnemonic
0x14 refrwiredrwiradrwirodrwirwewradradradredradradeaeraredradragred EXTI_PR

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

NEJ Systemkrets
?

ntern

NEJ .
| periferikrets JA
— ; ?
Dirigera portpinne SYSCFG :
Initiera EXTI
|
Initiera NVIC
>
v

Initiera avbrottsvektor och
ev. kretsens register

v
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