@ CHALMERS Maskinorienterad programmering

Undantagshantering och interna avbrott

Ur innehallet:
Faults
Software traps

Undantagsprioriteter
Avbrott fran interna enheter, “Systick”

Lasanvisningar:
Arbetsbok kap 6.1-6.4

Malsattningar:
Férklara hur undantagshantering gar till
Implementera en icke-blockerande fordrojning med SysTick

Undantagshantering och interna avbrott
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Undantagshantering

“Undantagshantering” ar det sammanfattande begreppet for nar normal
sekventiell exekvering inte kan, eller ska, fortsatta.

Detta ar foranlett av nagon “exceptionell” handelse i systemet.

Ett inledande exempel pa undantagshantering:

e Vivet att ARM-processorns load/store- instruktioner optimerats genom att inte kunna referera word (4
bytes) pa en udda address.

e Men vi kan enkelt skriva ett program som gor det, vad héander da?

@ exception unhandled.asm void main(void)
{
start: int *ip, 1i;
LDR RO, =0x20001001 ip = (int *) 0x20001001;
LDR RO, [RO] i = *ip;
NOP }

Vi demonstrerar med simulator

Undantagshantering och interna avbrott
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@
Debugger
start: Rg?t
_ egisters
LDR R0,=0x20001001 if ooooooo0 EEM oooo0000 (PSR 01000000 EMoooooooo EE
LDR RO, [RO] =38 00000000 ER 00000000 FPSR oooooooo [ERRooooocoo [EEM 00000
NOP 7l 00000000 3N 00000000 MSP 2001co00 [ oooooooo [ERNY ooooo

3%8 00000000 UDUOUUDD PSP 00000000 pSERO0000000 UUDDO
39 00000000 pe%d4 00000000 PRIMASK 00000000 RSER00000000 §Spwd 00000
38 00000000 (330 2001C000 FAULTHMASK 00000000 (SER00000000 pSpe 00000
339 00000000 pwm FFFFFFFF BASEPRI 00000000 pS[300000000 UUUUO
3¥8 00000000 jewm 20000000 CONTROL 00000000 UDDDUUDD =381 00000

CPU control/Options - Execution control/options

RESET | $} 3 & b= B &) Lk O

[~ Breakon O

[~ Break on IRQ [k

Disassembly

Scroll into view

contents decode

20000000 4801 LDR .[PC.#4]
20000002 6800 LDR . [RO,#0]
20000004 46C0 NOP

20000006 0000 MOVS .RO
20000008 1001 ASRS

20000004 2000 MOVS . ¥0

2000000C 000D MOVS .RO
annnNNNE [ NNON MOYS R
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File Edit View Search Workspace Build Debugger Plugins Perspective Settings PHP
+LO0BEXXO0BR ABBD i
Cal ¢ >L v 22 @

exception_unaligned.c

Server Log Target Exceptions

New client connection from localhost:50485 accepted
BDM Open OK

(".start_section")) )

New client connection from localhost:50501 accepted : S A — g - i
BDM Open OK 3 . volatile ("™ LDR RO,=0x2001C000\n"):

volatile ("™ MOV SP,RO\n"):
volatile (" BL main\n");
Client @localhost:5... [Stopped 7 12 volatile(" B .\n"):

while( 1 )

ip = (int *) 0x20001001;

= ¥ip:

Watches Ascii Viewe Call Stack Breakpoints Threads Memory Output Disassemble

Current function: | main

nop\t\t\t; Register Value
stmia\tr0!

Gsoa b RO 0x2001c000
movs\tr0, #1
push\t{r7, 1r} R1 0x0
sub\tsp, #8 R2 0x0
add\tr7, ) R3 0x0
1dr\tr3, | : (0x2( R4 0:0
sy ey RS 0x0
ldr\tz3,
ldr\tr3, R6 0:0
str\tr3, [rx7, #0] R7 0x2001bff0
b.n\t0x20000016 <main+6> R8 0x0
nop\t\t\t; (mov r8, r8) RO 0:0
s emi\aas o e

> OID O O 0 O O C
® O]
MR RN RN N R
» 0O 0O 0B O

»

(===
M oX M

o

»

Ln 20, Col 0 SPACES
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Undantagshantering - "exception”

Med “undantag” menar vi olika typer
av handelser:

Applikationskod

"Thread mode” RESET |
e RESET (aterstart).
= power on (kallstart ) "Exception -4«—{ EXCEPTION (undantag) |
. FAUIL T:Warm reset (varmstart) Eﬁ:ﬁ?de} ~_~"Exception entry" {intr3do)
= Exekveringsfel — kan inte Kod for undantagshantering
fortsatta "Handler mode”
* TRAP: FAULT
= Programmerat avbrott, initierat TRAP
av maskininstruktion INTERRUPT
e INTERRUPT:

=  Hardvarusignalerat avbrott v

"Chained exception” (aterintrade)

Undantagshantering och interna avbrott
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De olika undantagstyperna har en naturlig, fallande

Undantagstyper orioritet

T
r~ -—*>| RESET: FAULT INTERRUPT:
» power on (kallstart) Hard fault
e warm reset generellt fel INTERNA:
(varmstart) *  Memory . SysTick
T management fault . Watchdog
B } fel anvéndning av minne N e
17 o> NMI: * Bus fault
Non Maskable Interrupt exvis obefintligt minne | [ """
» Usage fault
exvis "unaligned” EXTERNA
|O-pinnar kan B
konfigureras som |* © %
TRAP: avbrottsingangar L
«  SVC- instruktion * EXTI (External
»  BPKT-instruktion Interrupt) modul SR 1
Hogsta :
prioritet Lagre prioritet

[
»

Undantagshantering och interna avbrott
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0x04 | RESET-vektor

Maskinorienterad programmering

L = =——— —_— -

—> 0x00 [aENZIe[=RieI@\Y/ IS R13 (MSP)

Aterstart (Reset aktiverad)

Ladda MSP (Main Stack Pointer) fran adress
Ladda RESET-vector fran adress 0x04
RESET-hantering exekveras i “Thread mode”
Systemets huvudprogram startas

-l

Undantagshantering och interna avbrott

0x00

w

Undantagsvektor

Nagot undantag intraffar

e Pagaende instruktion utfors klart

e \ektortabellen adresseras

Den specifika undantagsvektorn hamtas
Undantagshantering i “Handler Mode”

Atergang efter undantagshanter
Mode"

ing "Thread
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Vektortabellen

Maskinorienterad programmering

~

-

Anger pOSItIOn fOf' de priority [name description vector offset
olika num

- Reserved for initial stack pointer Ox0000 0000

undantagsvektorerna. ~ [ fixed, -3 |Reset Reset 0x0000 0004

-14 | fixed, -2 |[NMI Non maskable interrupt. The RCC Clock Security System  |0x0000 0008

(CS5) is linked to the NMI vector.

“ -13 | fixed, -1 |HardFault All class of fault 0x0000 000C

De 16 forsta . -12 | settable [MemManage Memory management 0x0000 0010

pOSItlonerna ar samma -11 | settable |BusFault Pre-fetch fault, memory access fault 0x0000 0014

- _ -10 | settable |UsageFault Undefined instruction or illegal state 0x0000 0018
fOI' a”a Cortex M4 g : Reserved 0x0000 D01C - 0x0000 0028

-5 | settable |SVCall System service call via SWI instruction 0x0000 002C

-4 | seftable |Debug Monitor Debug Monitor 0x0000 D030

Resten av tabellen ar - Reservas DA0J00 LU

-2 | settable

Pend5V

Pendable request for system service

0x0000 0038

specifik for den aktuella

settable

seligble LSvsTIck

Svstem fick timer

Ox0000 003C

WWDG

Window Watchdog interrupt

0x0000 0040

microcontrollern. / softable

PVD

PVD through EXTI line detection interrupt

0x0000 0044

<

settable

TAMP_STAMP

Tamper and TimeStamp interrupts through the EXTI ling

0x0000 0048

settable

RTC WKUP

RTC Wakeup interrupt through the EXTI line

0x0000 004C

settable

FLASH

Flash global interrupt

0x0000 0050

settable

RCC

RCC global interrupt

0x0000 0054

settable

EXTIO

EXTI LineQ interrupt

0x0000 0058

settable

EXTI1

EXTI Line1 interrupt

0x0000 005C

settable

EXTI2

EXTI Line2 interrupt

0x0000 0060

O[S0 = [T | f Lo [ha =[S

settable

EXTI3

EXTI Line3 interrupt

0x0000 0064

settable

EXTI4

EXTI Line4 interrupt

0x0000 0068

o
= [

cattahla

o

seldpie

Miis4 Strazsmin

LT H

Miis4 Straam nlakhal intarmnint

LHRTE CIYPLO QIopdl mwernmupt

Mywininn NNR

UEUUUU UL

o
]

settable

HASH_RNG

Hash and Rng global interrupt

0x0000 0180

settable

FPU

FPU global interrupt

0x0000 0184

&
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“Intradet” hanteras automatiskt av processor.

U ndantagShante rl ng = ‘EUttcll’édet” initieras)och handhas av programvaran
. undantagsrutinen
detaljerna

Uttrade:
EXCEPTION (FAULT, Aterstill avbruten processorstatus)
TRAP, INTERRUPT) (“restore context”)
Kod fér undantagshantering Aterstall PC. Det speciella EXC_RETURN

vardet som da hamnar i PC avkodas.

Registerinnehall aterstallls da fran stacken
varvid PC far ratt aterhoppsadress.

"Handler mode” |
|
|
|
|
]

Applikationskod

-
“Thread mode” ‘
“Excepliﬂn ExceDtl?n Flyttal aktiverat |Flyttal j
entry" rEtLLI‘”"I Anvant — aktiverat
{Intl'adE} {UuradE] stackutrymme a:z;t;l;f:;)gesrt;ide— OxFFFFFFE1 OxFFFFFFF1
Intl‘é'de . xPSR(bit9=0) Ater till thread mode — OxFFFFFFE9 OxFFFFFFF9
. anvand main stack
w ” Minskande rolaracress Ater till thread mode — OxFFFFFFED |OxFFFFFFFD
Spara aktuell processorstatus ('save context”), atrads At anvéind process stack
dvs. R EXCEPTION RETURN WORD
. . R2
— Spara registerinnehall pa stacken Ri
. e o [SP(RT3) | RO
—  Satt nytt speciellt innehall i LR (EXC_RETURN)
baserat pa processorstatus
Andra processorstatus for undantagshantering
- Satt undantagsnummer i PSR
31Jao]esza]ey [26[2s]ad [oa e oo [refreir e s iaiafrz i ighd e [ e [s 4 Ja [e [T o D\
— i N[Z[C|V]|Q ANSR
Placera undantagsvektor i PC (1 e e
[ienT 7] | ICUIT I\L JAsR
v

Undantagshantering och interna avbrott
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Stacken i avbrottsfunktionen Ej akdiverad fyttalsenhet

Anvant Anvant
stackutrymme stackutrymme
Anvant
stackutrymme XPS R(tﬂtg:O}
| SP(R13): || Sist il stacken returadress
Minskande LR Minskande returadress
adress R12 adress LR
R3 R12
R2 R3
R1 R2
CSPRI1Z) — RO R1
SSP(R13) > RO
Minskande
adress
Fore avbrott

Processorn fyller automatiskt ut med 4 bytes om detta skulle kravas for att SP ska innehalla adress
pa adress jamnt delbar med 8. Detta indikeras med att bit9 i PSR satts till 1.

Undantagshantering och interna avbrott 10
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Atergéng fran avbrott Vérdetsom laddas i PC anger

detaljerna for aterstallning efter avbrott
EXEC RETURN WORD

——ytataidiverat =
Ater till handler mode — anvand main stack OxFFFFFFE1 OxFFFFFFFA1
Ater till thread mode — anvand main stack OxFFFFFFE9 OxFFFFFFF9
Ater till thread mode — anvand process stack OxFFFFFFED OxFFFFFFFD

] Kan atervéanda fran avbrott med foljande instruktioner da PC laddas

med “det magiska vardet” OxFFFF_FFFX (EXC_RETURN)
e LDRPC,.... avgor hur stack och
e LDM/POP da PC ingér i registerlistan processortillstand

aterstalls efter

e BXLR mest vanligt, typiskt retur fran en subrutin avbrott

(] Om inga ytterligare avbrott avvaktar:
e aterstalls stack och tillstand baserat pa EXC_RETURN
1 Om avbrott avvaktar:
o aterstalining av stack/tillstand fordrojs (“tail-chaining”)
 avvaktande avbrott betjanas

Undantagshantering och interna avbrott 11
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Tillverkar- ~ 1FFE¥ FFEE

[ ]
Relokering av
EQQF FFFF /

—— debugger
Periferibuss 2001 C400 slack och data
E000 00040 2001 E3FF
____________ SFPT BROT / Relokerade
2001 CO0 e e e ) EVDFOMtSVEKTOTET
Externa
enheter
,,,,,,,,,,,, 2000 0000
9FFF ETEF

Vektortabellen startar pa address O |
minnet (Alltid Read Only-minne) ....

Externt
RAM-
Reserverat for
applikationen

2000 0000

SFFF EFFF

4000 000D

3FFF FFFF

2000 0000

... men kan relokeras sa att
vektorerna hamnar i RWM, exempelvis:
#define SCB VTOR ((volati
*SCB_VTOR = 0x2001C000;

/

€ unsigned long *)OxEQOOEDOS)

Exempel 1) SoldOlE | Iennvicl Iage [ Teerionry T dgeT eIt TFEOoOT OO Td
L ' 1 settable | BusFault Pre-fetch fault. memory access fault 0x0000 Al
Initiera avbrottsvektor 2 | seftable | UsageFault Undefined instruction or illegal state | OxQ00Gf0018

“ " . Reserved ~0x0000 Saeer.
usage fault 0x0000 0028
3 settable | SVCall System sepvice call via SWI 0x0000 002C

void wusage_fault_handler(/void );

*((void (**)(void) ) ©x2001C018 ) = usage fault handler;

Undantagshantering och interna avbrott 12
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void usage fault handler( void )

{
while(1) ;

}

void main(void)

{

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

L (o) e X X BB QBB L v
> @I O >L v 2 0

E ‘ Msernve TH/ARM4 X exception_unaligned_handled.c X

Server Log Target Exceptions

-y

)y WO

New client connection from localhost:50504 accepted
BDM Open OK

VRN N DN N e

New client connection from localhost:50608 accepted
BDM Open OK

*((void (**) (void) ) 0x2001C01l8 ) = usage_fault_hand‘.er;
Client @localhost:5... |Stopped 28 while( 1 )

Ln 28, Col 0 SPACES
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Avbrottsprioritet Flera samtidiga avbrott:
pending, active och prioriteter
é = Ett avbrott upptrader och
betjanas

active 1 aclived Avbrott 2 har hogre prioritet,
» Yiterligare “context switch”

% active 2
| — T

pending 1 pending 2
% Avbrott 2 har lagre/samma prioritet,
T — “tail-chained” interrupt
[
pending 1 pending 2

Vi demonstrerar med simulator

Undantagshantering och interna avbrott 14
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File Edit View Search Workspace Build Debugger Plugins Perspective Settings PHP Help

Avbrottsprioritet oYL orn o orE
I:) > B |l > L v 2 O
exception_unaligned_ha . priorities.c X
Avbrott 2 har lagre/samma prioritet, 55 id svc irg handler( void )
| e e “tail-chained” interrupt 56 |4 -
| - | -
panding 1 \paiding 2
void svc irg handler ( void )
{
out7seg( 1 );
SET SYSTICK IRQ PENDING;
out7seg( 3 );
}
void systick irqg handler( void )
{
out7seg( 2 );
}
void main (void)
{
SET SVC_ PRIORITY (0) ;
SET_SYSTICK_PRIORITY (0) ;
while( 1 )
{ 81
out7seg( 0 ); 32 *((void (**) (void) ) 0x2001C038
SET SVC_ IRQ PENDING; R CLITERA-TREMPEEEX b
out7seg( 4 ); =
}
}
Har ska sifferféljden: 0,1,3,2,4

Skrivas till 7-segmentsdisplayen

Undantagshantering och interna avbrott 15
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File Edit View Search Workspace Build Debugger Plugins Perspective Settings PHP Help

I O B X X% B Q @ B i v

Avbrottsprlorltet s B o> by <6

priorities.c

Avbrott 2 har hogre prioritet,
» yiterligare “context switch”

Har ska sifferféljden: 0,1,2,3,4
Skrivas till 7-segmentsdisplayen

§endif

* ((void (**) (

Undantagshantering och interna avbrott
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Speciella register Exempel.

anvands for att ange: void _ setCONTROL( unsigned int val)
e Om flyttalsprocessor ska aktiveras t asm(
e Vilken stack som anvénds L " MSR CONTROL,RO\n"

o Vilket exekveringstillstand som } );
anvands B \

* Om undantag/avbrott ska betjanas

3130|2928 [27 [26 |25Yaq |2 |2z |21 2o (19 [1a[17 e s 14131z 11 1o a Je [T [6 (s[4 \a[2]1]0

N[Z[C|V]Q N \ APSR
N [ ISR_NUMBER IPSR
EHE N [ cnr ] \ EFSR
“laga”
B 31 [a0]2e2a 27 [ee [2s[2q [2a 2z 21 a0 [ag 1 ir 16 1B g [1a]12[1i 1o a [e [ 7 [6 [s [4 JaTe 1 ] o
o i G ( [F[s[P] ConTRpL |
aaaaaa kare . 4 EE v

PSR
CONTROL
PRIMASK

FAULTMASK

BASEPRI

3 [ao0ag]2s (a7 (2625 Jad [2a]az |21 [2o1e a7 e s [ra a2 o a PN a5 [4 (a2 [1]a \
M| PRIMASRN

31 [ao]ee2a a7 [2e [25[2q [2a]2z 21 [eoug 1 ir i s [1a a2 [io{ e [ 76 [s[4 [a2[1 [0
M | FAULTMASK |

31]30]29 (28 [27 [26 [25[24 23 [22 21 [20 19 18 17 1615 [14 [13 [12[11 [10]a &7 6 ]5]4 [3]2[1]0

~RRIORITY BasERAl |

Undantagshantering och interna avbrott 17
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Maskera undantag

Man kan undvika problematiken med avbrottsprioriteter:

I undantagsrutlnen kan man tillfalligt hoja den egna prlorlte
hogsta niva genom att satta prioritetsmasken i PRI

Maskinorienterad programmering

Bl7]|6[5]4[3]2
M |)PRIMASK |
[8]rieqsfaf3iZ[1]0
7 M |FAULTMASK |
/ /T
7l lEla]3]2]A ]
ﬂﬂﬁﬁﬁv / BASEPRI |

void disable interrupt( voi

__asm(
" CPSID I\n"

)5

}

" CPSIE I\n"

J

}

void enable inte rupt( voi
{
__asm(

Undantagsrutinen maste da ocksa aterstalla prioritetsmasken till 0 innan/atergang.
| annat fall kommer alla framtida avbrott att blockeras.

void irqg_handler( void )
{
disable _interrupt();

enable_interrupt();

void disable fault( void )
{
__asm(
" CPSID F\n"
)s
}

void enable fault( void )
{
__asm(
" CPSIE F\n"
)s
}

Undantagshantering och interna avbrott
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Processorns olika tillstand

» Handler (undantagshantering)/Thread mode (normal exekvering),
skots automatiskt av processorn.

For att underlatta konstruktion av operativsystem finns ocksa:

= Privileged/Non-privileged state, kan programmeras. | Non-
priveleged state fungerar priviligierade instruktioner som NOP.

= Main stack/Process stack — kan programmeras, processorn
anvander olika fysiska register (MSP eller PSP) som stackpekare.

Operativsystemets programvara (kernel) exekveras med alla resurser
tillgangliga (priviligierat).

Applikationsprogrammet exekveras i en begansad miljo (icke
priviligierat), Overvakad av kernel.

Undantagshantering och interna avbrott

Maskinorienterad programmering

privileged
(kernel,
supervisor)

kernel
startar

undantag Drocess

non privileged
(task, process)

19
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SVCall (SuperVisor Call) b

: Hesernved UL DU - |
-2 | seltable [SVCall System service call via SWI instruction Dx0000 002 C Minskande R3
-4 | eatahla INahion Monitar Makawry Mandar M0 NN adress R2
R1
. . . | sPR13) PP RO
En software trap instruktion for att
Utfora Inbyggda funktloner static __attribute__((naked))
T void svcHandler( void )
* (Ger en kontrollerad vaxling mellan non- ¢
1o 1o __asm volatile(™ MOV R@,SP\n");
privileged och privileged mode. “asm volatile(" B o5 call\n®);
- - . __asm volatile("™ .ALIGN 2\n");
e Kompakt satt att utfora funktion }
void _graphic_initalize( void );
@ SVC, SuperVisorcCall void _graphic_clear_screen( int x, int y);
operationskoden #r @OxDFxx, dir xx utgoér void _graphic_pixel set( int x, int y);
konstanten void _graphic_pixel clear( int x, int y);
__attribute_ ((naked)) \{/oid os_call( unsigned int * call args)
\{/01d graphic_initalize(void) unsigned int oscall = ((char *) call args[6]) [-2];
switch( oscall )
~_asm volatile(" .HWORD ©xDFF@\n"); {
__asm volatile (" BX LR\n"); case OxF@: _graphic_initalize(); break;
} case OxFl: _graphic_clear_screen(); break;
case OxF2: _graphic_pixel set(call_args[@],call_args[1l] )break;
case OxF3: _graphic_pixel clear(call_args[@],call_args[1l] )break;
}
}

Undantagshantering och interna avbrott 20
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Undantagshantering och interna avbrott

P, Sl My 2, HE Q] AP
el Al | FEMC] A DI, e,
SRAM, FEFLAM, MOR Flaan, |7 | m—_— - m—
PO Canidl QAR MBI Pl e,
R = L, § O Y
LH'IC L B
T STM32F405xx (R e
e, ciii " i 5. i G
Y7 o cvomorsea STM32F407xx Jppemetl] G | [H .
M oy
ARM Cortex-M4 32b MCU+FPU, 210DMIPS, up to 1MB Flash/192+4KB RAM, USB il e[ s =N 1 ﬂé | nte rna aVb rott —
% o ¢ T g OTGHS : :
OTG HS/FS, Ethemet, 17 TIMs, 3 ADCs, 15 comm. interfaces & camera "'*"“.T;Z:;I il o Wi . .
5 : Ddey | S f d k t =
Datasheet - production data FEL b M g ran an ra re Sar I
- N LY
IC/OCIPWM or pulse counter and quadrature AL “'“‘: B .
{incremental) encoder input h p d t o
‘ é EH + Debug mode e n C I S a O rn .
LOFPEL (10 x 10 mm} " — Senal wire debug (SWD) & JTAG /_
LOFP100 14 = 14 mm] : ATTE interfaces
LOFP144 [20 = 20 mm)| WLCSPED I:H‘EE“ L] 1] _JH- R0 POET A ———
LEp 76 34 % 24 mm — Cortex-M4 En| E t b tt :[K’ - = 1 E
« Upto 140 IO por Xterna avorott — = 0 PORT & | =] = E"-“m
Features - Eg;‘; Eg ?f} ' rt ' f o oy D PORT -‘ | o
»  Core: ARM 32-bit Cortex ™ -M4 CPU with FPU, » Upto1s cornrzrém Vla po plnnar ran g G0 PHOAT D F-'T.m_m; o
Adaptive real-time accelerator (ART — Upto3=<Ci . TS T
Accelerator™) allowing D-wait state exscution _ uﬂmx@ USAR k t t f < HL“E BFR FOREE g A
STE S e A I et e, 7816 interface re Sar U a n Or g P — “
memaory protection unit, 210 PS5/ FLEES R —
1.25 DMIPS/MHz (Dhrystone 2.1), and DSP — Upto3 5Pig ' — S — TR
o full-duplex IS enChI Sdatorn 0P D PORTO L : =
» Memories clock ' TS oroPoRTH "B psnein
— Up to 1 Mbyte of Flash memory — 2= CAN inte JEEIN AI:E} 2l
— Upto 192+4 Kbytes of SRAM including 64- — SDIO interface % AT A
Kbyte of CCM (core coupled memory) data Advanced connactivity \
- - — USB 2.0 full-spead device/hostiOTG
— Flexible static controfler Z ! = e e
supparting CCIFTI: paslci[ilélash\ SRAM, mntroﬂer\_mm on-chip PHY = s s
PSRAM, NOR and NAND memaries = Uidvpaeataed . B : gl
: evice/host! controller ic ; T i, I
» LCD paralie! interface, BOANGE00 modes DMA, on-chip full-speed PHY and ULPI ings = == e IR
= Clock, rezet and supply management — 10/100 Ethermet MAC with dedicated DMA: u_mf':,ﬂ = - = R
— 1.8 to 3.6 V application supply and /0s supports IEEE 15882 hardware, MIVRMI| ANEVET. | TN 3 imirmamitr
— POR, PDR, P\VD and BOR - to 14-bit parallel camera interface up to Ryttt gl i e T = ra—
— 4-to-28 MHz crystal oscillator 54 Mbyiesls . 25 """"r"'”' A ™ == ALl
— Intemal 16 MHz factory-timmed RC (1% True random number gensrator T e ! ¥ - = =
HECSNHCY) CRC calculation unit LEAATS "k o e
— 32 kHz oscillator for RTC with calibration N s TR iy
— Intemnal 32 kHz RC with calibration S6-bit uniqus 1D S i . CAR
Low power RTC: subsecond accuracy, hardware calendar i H DA i 1 Ll e
— Sleep, Stop and Standby modes i . 5 2 LNt N e
— Vggr supply for RTC, 20x32 bit backup et D e (S E S i, i o
registers + optional 4 KB backup SRAM Rafarancs Pait numbsr O i e TN ™ ) AT KTk ST
Ax12-bit, 2.4 MSPS A/D converters: up to 24 STMEZFAISRG, STMAZFADSYG, STMAFADSZG e e 1 X Sy 7
channels and 7.2 MSPS in triple intersaved STMIFA0SE | omysoeuread, STMAZFA0SOE T Y - H HC VB LE P e
: STMazFanTe | STMEZEAITVG, STMAZFALTIZ STMAIFAITES, O v v - SO 2, s
2x12.bit DVA, converters " 70 | STMEIFADTVE, STMIZFALTZE, STMECFAITIE ety e [ e [Rnp———
General-purpose DMA: 16-stream DMA o g [ ks rrra Y e
controller with FIFOs and burst support — B
03
Up to 17 timers: up to twehve 16-bit and two 32- Syl = T e
bit fimers up to 168 MHz, each with up to 4 L
DACT DN CRACT M

[l
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STK_CTRL Status och styrregister
—_
offset[31]30[20]28]27] 28] 25 2423l 22]21]20] 19] 18] 7] 6] 15[ sa] 3] s2]11] 10 o [ | 7 [ 6] s [ a [ 3] 2 |1 o Register

"SysTick™ med avbrott... ! =

Bit 16: (COUNTFLAG):
Biten #r 1 om riiknaren riiknat ned till 0. Biten nollstills da registret ldses.

e . Bit 2: (CLKSOURCE) biten ar 1 efter RESET:
Raknarkrets - "SysTick" 0: Systemklocka/8
L Svustemklocka
Bit 1: (TICKINT): Aktivera avbrott
. 0: Inget avbrott genereras.
v —— i 1: Dé raknaren slagit om till 0 genererar SysTick avbrott.
Systemkiocka | Nedriknars 24 biar , T Anm: Man kan programvarumassigt undersoka om riknaren raknat ned till 0 genom att
et T kontrollera biten COUNTFLAG, det &r alltsa inte nddviandigt att anvinda
| () e i vbrottsmekanismen.
STR VAL Bit 0: (ENABLE) Aktivera riknare
Da ENABLE ettstiills laddas virdet fran STK_LOAD till STK_VAL och riknaren borjar rikna
STK LOAD ned. Da riknaren natt 0, ettstills COUNTFLAG och proceduren upprepas.
B 0: Réknare deaktiverad
STK_VAL — | : 1: Riknare aktiverad
0 Reload Reload Reload t . ]
Algoritm:
Py STK_CTRL=0 Aterstall SysTick
goritm: _
STK CTRL=0  Aterstéll SysTick STK_LOAD = CountValue
STK_LOAD = CountValue STK_VAL=0 Nollstall raknarregistret
STK_VAL=0 Nollstall raliparreglstret STK_CTRL =7 Starta om raknaren
STK_ CTRL=5 Starta om réknaren
Vanta till COUNTFLAG=1
STK.OTRL=0  Aterstél SysTick Avbrott genereras d& COUNTFLAG=1

"Blockerande” — ty programmet kan
inte gora nagot annat an vanta tills
fordrojningen, dvs. COUNTFLAG blir
1, arklar....

"Icke-blockerande” — ty programmet kan fortsatta med att
exekvera, da fordrojningen ar klar, dvs. COUNTFLAG ar 1,
genereras ett avbrott.

Undantagshantering och interna avbrott 22
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Icke-blockerande fordrojning med SysTick

Skapa en fordrojningsfunktion
delay(unsigned int u)
som skapar u mikrosekunders
fordrojning.

Visa hur ett testprogram kan
anvanda funktionen for att
astadkomma fordrdjning i en
bunden programslinga utan att
blockeras.

Testprogrammet ska tanda en
diodramp under den tid
fordrojningen varar.

En annan diodramp ska visa en
kontinuerligt uppraknad variabel

Undantagshantering och interna avbrott

Maskinorienterad programmering

Testprogrammet:

#define DELAY COUNT 1000
void main(void)

{

init_app();

*GPIO _ODR_LOW = ©;
delay( DELAY_COUNT );
*GPIO ODR_LOW = OXFF;

while(1)
{
if( systick flag )
break;
/* ”Parallell kod” ... */
*GPIO ODR_HIGH = c;

C++;

}
*GPIO_ODR_LOW = O;

23
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Icke-blockerande fordrojning Skiss av programdelar

{AVBROTT

huvudprogram: delay(x): mikrofordrojning: undantags-
hanteringsrutin:

initiera en raknare Konfigurera SysTick

med antal for 1 mikrosekunds < Om sista mikro-

mikrofordrojningar fordrojning och fordrojningen utford

delay(x); sétt systick_flag=0 avbrott séatt systick_flag=1

while(1){ annars starta ny

if(systick_flag) mikrofordrojning
fordrojning klar

systick flag

Undantagshantering och interna avbrott 24
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Maskinorienterad programmering

Icke-blockerande fordrojning

mikroférdrdjning:

Konfigurera SysTick
for 1 mikrosekunds
fordrojning och avbrott

undantags-
hanteringsrutin:

Om sista mikro-
fordrojningen utford
satt systick_flag=1
annars starta ny
mikroférdrdjning

delay(x):

initiera en raknare
med antal
mikrofordrojningar
satt systick flag=0

Undantagshantering och interna avbrott

Implementering
void delay_1mikro( void )
{
*STK_CTRL = 0;
*STK_LOAD = ( 168 - 1 );
*STK_VAL = 0;
*STK_CTRL = 7;
}
static volatile int systick flag;
static volatile int delay_count;
void systick irq_handler( void )
{
*STK_CTRL = 0;
delay count -- ;
if( delay count > @ ) delay 1mikro();
else systick flag = 1;
}
void delay( unsigned int count )
{
if( count == @ ) return;
delay count = count;
systick flag = 0;
delay_1mikro();
}
25
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