Class 3.IRQ and DMA
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Basic Concepts of Interrupt Processing

» A variety of unexpected events in a computer system
» 1/O events, error conditions, network events etc

» These events are handled by interrupt processing
» Speed disparity of various devices in a computer
» Allow multiple and parallel processing of tasks

» An analogous example:A reading process

v

Phone rings--=> Recognition of an event

v

Answer the phone or not? = Priority

v

Book mark the page = store context

v

Answer the phone - handler

v

Continue the reading process after phone conversation - done

Interrupts

» Motivations

» Inform a program of some external events timely
Polling vs Interrupt

» Implement multi-tasking with priority support
P g P! Y supp

Merriam-Webster:
“to break the uniformity or continuity of”

Polling vs Interrupt

Polling:

You pick up the phone
every three seconds to
check whether you are
getting a call.

Interrupt:

Do whatever you should do
and pick up the phone when
it rings.

p 4 Image from huspiivecto.s

Interrupt requester <> CPU
Recognition of an interrupt request:

v v

» Interrupt requester makes an interrupt request

» CPU recognizes the interrupt request

v

Prioritization: Determining whether granting the request or
not
» Requester provides its priority

» CPU compares it with the priority of its current process

v

Context saving to be able to come back after interrupt
» Program counter marks where interrupt happened

» Status register and possible other necessary context information

SoC interconnect diagram

v

Any module capable of generating an interrupt will depend
on NVIC operation

v

NMI can be generated from:
» External pin (must configure the MUX)
» CoreSight Embedded Trace Buffer (ETB)

ARM Cortex

M4 Core
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Interrupt Service Routine Vector Table

Start address for the Type of
exception hander for

Stack Pointer

©0x0000_0000

each exception type is ox0000_000a| 3 foed_|Reser Reset Vector
fixed and pre-defined Non maslable interrupe. The RCC
P N N R b ol

Processor loads PC

A fixed | HardFaul_Handler | Al chss of fult
with this fixed, pre-

©0x0000_000C

]
ox0000_o010] 0 | sewble |MemMansge_Handier | Memory mansgemenc
defined address ox0000_o01a| | scable |BusFault_Handler | Pre-fetch fault, memory access faulc
Exception Vector Table ox0000_oo18| 2 | sexble |UsageFau_Handler | Undefined mstructon or el state
oxo000_oo1c-
starts at memory oxo000 o028 | - - Reserved
address 0 oxosno_ooac | 3 | seable |WCmder | BEELRISE VAW
Program Counter pc = 0x0000_0030 | 4 | sexble |DebugMon_Handier | Debug Monicor
initially
ox0000_o034 Reserved
ox0000_0035 | 5 | sexble |PendsV_Handler | Pendable reques for syscem service
6 | sewble [SysTic Handier | System ek umer

©0x0000_003C

0:00000074 [ DMAT_Chamnela_IRGHander

0x00000070 | DMAT_Chamnela_IRarander

010000005 | DMAT_Chamelz_ RGHander

0x00000065 | DMAT_Chamnel_IRarander

Vol DUAT_Ghannel1_IRGHandter () (
[—
)

x00000084 EXTIa_IRGHandier .
x00000060 EXT12_IRGHander * [ exmit_pander 0t
0000005 | exTiz_ marander )

oxou0onoss EXT1_RGHander

00000054 EXTI0_IRGHandier

oxo0000s0 RCC_IRGHander

ISR Vector 0x0000004C FLASH_IRQHandler

000000048 | RTC_WKUP_IRGHandlr

Stacking & Unstacking

0ld SP 9 SP + OX20 | XXXXXXXX

SP + ox1C XPSP

SP + @x18 | PC (r15) * Stacking: The processor

automatically pushes these eight
Full SP + @x14 | LR (r14) registers into the main stack
Descending SP + ox10 ri2 before an interrupt handler starts
Stack | SP + @xec r3
* Unstacking: The processor

SP+ 0x68 2 automatically pops these eight

SP + 0x04 rl register out of the main stack
New SP é SP + 0x00 ro when an interrupt hander exits.

Two stack pointers: Main SP (MSP) and Process SP (PSP)

Determined by operating mode, and bit 0 of the CONTROL register

> Handler mode — SP = MSP

> Thread mode — SP = MSP, if CONTROL[@] = @ (ie.,privileged thread mode);
SP = PSP, if CONTROL[0] = 1 (ie.unprivileged thread mode)

Tabl oxonco00ss | TAMPER_STANP. IRaHander
able o—
000000036 | WD Rariander
000000038 | syt paner
0100000034 | oSV ander
0x00000020 | Demughen_ Rander
Vo SV 1
0x00000028 Reserved U
R Reserved
e | Ov00000020 Reserved
Exceptons | 0.0000001C: Reserved
oxaooo00ts | Usageraut Hander
ovanoonnts | pusrou pander
0x00000010 | Wemiarge Handr Vo ResaLFander 01
oxo000000c | porsFaut pancer o)
____________ “TodBooT] Resel_Handler “Thiue T In ST 18 Progim colmter (PE] ==
> e canonson | Top o Sk |+ Vet i Sk P (57)
Interrupt
Interrupt Vector Table

PC =Memory Address
e of SysTick_Handler

Memory Address of

start Main()
main program SysTick Handler
void main () {
Interrupt Service Routine (ISR
A. Interrupt signal detected o void SysTick_Handler ()
2. Processor stops main. Execute ISR {
3. Auto stacking: PUSH {R0-13,r12,LR PC PSR} )
——0
Conti r;ue o he execuion 1. Interrupt retumns. Active bits will be cleared.
of main program 2. Auto unstacking: POP {R0+3,r12,LR PC,PSR}
[ T3

Stacking & Unstacking

Interrupt
Exit

Interrupt Handler K
i

Interrupt
Signal

Unstacking

User Program

) Time

User Program
Stacking

Handler Mode Thread Mode

1
1
;
T
!

Thread Mode

Registers

32 bits
RO
RT
R2
Low R3
Registers RE
RS General
R6 Purpose
R7 Register
RS
High :190 32bits
Registers
R1T XPSR
R12 BASEPRI Special
R13 (SP) R13(MSP)| [R13 (PSP) PRIMASK Purpose
[FAULTMASK Register
R15 (PC) CONTROL

MSP: Main Stack Pointer
PSP: Process Stack Pointer
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Processor Mode:
Handler Mode vs Thread Mode

» Handler mode and Thread mode
» Handler mode always use MSP (Main Stack Pointer)
» Thread Mode uses either PSP (Process Stack Pointer) or MSP
Control[1] = 0, SP = MSP (default)
Control[@] = 1, SP = PSP
» When the processor is reset, the default is the thread
mode.
» The processor enters the handler mode when an
exception occurs.

Sequence of register setups

The steps for enabling an interrupt on NVIC:

» |.Enable the peripheral to be used

» 2.Set the proper bit on the NVICSERX to enable the interrupt on
the NVIC

» 3.Clear any pending interrupt by writing to the NVICCPRx to avoid
any spurious interrupt

» 4.Configure the interrupt priority by writing to the NVICIPxx

» 5.Write the ISR

» 6.Enable global interrupts

Stacking & Unstacking

Control[1] = @ = User program uses MSP.

Interrupt
Exit

Interrupt Handler K
Unstacking

kfrom MSP

User Program

Interrupt
Signal

User Program

|

1
i i
1 Stacking 1
; ;
1 1
1 1

Stacking & Unstacking

Control[1] = 1 = User program uses PSP.

If the interrupt handler calls
push or pop, the MSP is used. Interrupt
Exit

nterrupt Handler K

Interrupt :

Signal Unstacking

from PSP

User Program User Program

|

1
i i
1 Stacking 1
; ;
1 1
1 1

onto PSP
- ) Time
Thread Mode 1 Handler Mode Thread Mode
PSP MSP PSP
LR = @xFFFFFFFD

onto MSP
—— > Time
Thread Mode Handler Mode Thread Mode
MSP MSP MSP
LR = @xFFFFFFF9
[T
Interrupt Number
» Cortex-M supports up to 256 interrupts.
System Peripheral interrupt
Exceptions Interrupts number
239

-16 -1 0
CMSIS Interrupt Number

» First 16 are system exceptions
» CMSIS defines their interrupt numbers as negative
» Defined by ARM core
» The rest 240 are peripheral interrupts
»  Peripheral interrupt number starts with 0.
» Defined by chip manufacturers.

Interrupt Number
in CMSIS vs in PSR

Interrupt number for CMSIS functions
NVIC_DisableIRQ (IRQn);
NVIC_EnableIRQ (IRQn); // Enable interrupt
NVIC_ClearingPending (IRQn); // clear pending status
NVIC_SetPriority (IRQn, priority); // set priority level

// Disable interrupt

Interrupt number in Program Status Register (PSR)

S1 30 29 28 27 25 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 10
[N[Zz[c]v][Q[ e [T] Resewea | cesa | m50] | 0 or Exception Number
L> IT(7:0]: If-Then bits

Thumb state flag ‘GE[3.0]: Greater or equal flags (only available on Cortex-M4 and M7)

L& stick saturation flag for SSAT and USAT
 ———— ]
L—————— camyBorowfiag
—— LY "]

Negative 9

Interrupt Number in PSR = 16 + Interrupt Number for CMSIS




CMSIS Interrupt Number

/**x*¥x%  Cortex-M4 System /
NonMaskableInt_IRQn = -14,  /* 2 Cortex-M4 Non Maskable Interrupt */
HardFault_IRQn 3 Cortex-M4 Hard Fault Interrupt */
MemoryManagement_IRQn 4 Cortex-Ma Memory Management Interrupt */
3usFau1t_IRQn 5 Cortex-M4 Bus Fault Interrupt System

sageFault_IRQn 6 Cortex-M4 Usage Fault Interrupt Exceptions */
svcall_IRQn 11 Cortex-M4 SV Call Interrupt */
DebugMonitor_IRQn 12 Cortex-M4 Debug Monitor Interrupt */
PendSV_IRQn 14 Cortex-M4 Pend SV Interrupt */
SysTick_IRQn 15 Cortex-M4 System Tick Interrupt */

/**x*¥x%  peripheral Inter /
WWDG_IRQn =0, /* Window WatchDog Interrupt */
PVD_PVM_IRQn =1, /* PVD/PVM1,2,3,4 through EXTI Line detection Interrupts */
TAMP_STAMP_IRQn =2, /* Tamper and TimeStamp interrupts through the EXTI line */
RTC_WKUP_IRQn =3, /* RTC Wakeup interrupt through the EXTI line */
FLASH_IRQn =4, /* FLASH global Interrupt . */
RCC_IRQn =5, /* RCC global Interrupt Peripheral */

Interrupts
EXTI@_IRQn =6, /* EXTI Linee Interrupt */
stm321476xx.h
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Enable an Interrupt

» Enable a system exception
» Some are always enabled (cannot be disabled)
» No centralized registers for enabling/disabling

» Each are control by its corresponding components, such as
SysTick module

» Enable a peripheral interrupt
» Centralized register arrays for enabling/disabling
» ISER registers for enabling
» ICER registers for disabling

Enabling Peripheral Interrupts

Interrupt Set Enable Register 0 (ISER0)

wowwmomowmsun 0wy ‘e
enable Bit[e[e[e]e[e[e[e[e[e[e[e[e]e]o]e oo
nterrupt Number 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16 15 W 13 12 M W0 4 3 2 1 0
S ddIdIJIJ2IJ2EMOQYUCC>00Q0 Q0000 DO ODODMm®B NN AT
?%E%55%852%%38§§§§3§§ééé§§8g‘a§é§
m = e e L= 4 cocec o2 en ° I =sm 2]
2 o 5% H5oo%0h R
2292%22%2¢ Z
35FEFF T S g
g
H
3
Interrupt Set Enable Register 1 (ISER1) Address of ISER1 = Address of ISERO + 4
wowomomomowom o nmoa wom oo nfu]noe e e 16 s 43210
Enable Bit[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e|1|e[e]e[e[e[o[e[e[e]e]e]e
nterrupt Number wle 2 00 0 1 % 7 % o3 U B o
dzszapsccoenss
§lE833¢2¢2¢g528¢8¢8
“‘”\“\311:7:7""\”\
LR 323
$°°
TIM7_IRQn = 44 §

NVIC->ISER[1] = 1 << 12; // Enable Timer 7 interrupt

Disabling Peripheral Interrupts

Interrupt Clear Enable Register 0 (ICER0)

S % 2 2 22 2 20 2 N WM MW RS 8 T 65 432

1

°

Clear Enable Bit[0[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e]e]e]e
omomomunmaowe e R s

Interrupt Number s s 2 "

o

885
888
508

S

L ¥

EiF]
3

v

0

I

1

1

I

kX
HSV14

dnIMTOLY

sa2c0
£283%

AINVLSHIINYL

Interrupt Clear Enable Register 1 (ICER1) Address of ICER1 = Address of ISERO + 4

3% 2 2 2 2 2 22 2 2 2w e w5 e nfe)nowos s 7 o6 s 4 32

and

oamm

1

o

Clear Enable Bit[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e[e|1|e[e[e[e[e[e[e[e]e]o]e]0]
Interrupt Number AREEREEEEEEEE S
dlZdcamcccoon
El5833288332R
EEEEE
I 's33
Z
§
TIM7_IRQn = 44 ]

NVIC->ICER[1] = 1 << 12; // Diable Timer 7 interrupt

Disable/Enable Peripheral Interrupts

» For all peripheral interrupts: IRQn > @
» Method 1:
NVIC_EnableIRQ (IRQn); // Enable interrupt
NVIC_DisableIRQ (IRQn); // Disable interrupt
» Method 2:
» Enable:
NVIC->ISER[ IRQn / 32] =
Better solution:
NVIC->ISER[ IRQn >> 5] =
» Disable:
NVIC->ICER[ IRQn >> 5] =

1 << (IRQn % 32);

1 << (IRQn & Ox1F);

1 << (IRQn & Ox1F);

Interrupt Priority

» Inverse Relationship:

» Lower priority value means higher urgency.
Priority of Interrupt A =5,
Priority of Interrupt B = 2,
B has a higher priority/urgency than A.

» Fixed priority for Reset, HardFault,and NMI.

Reset N/A -3 (the highest)
Non-maskable Interrupt (NMI) -14 -2 (2™ highest)
Hard Fault -13 -1

» Adjustable for all the other interrupts




Interrupt Priority

» Interrupt priority is configured by Interrupt Priority Register (IP)
» Each priority consists of two fields, including preempt priority
number and sub-priority number.

» The preempt priority number defines the priority for preemption.
»  The sub-priority number determines the order when multiple interrupts are
pending with the same preempt priority number.

Priority Byte

6 5 432 1 0

—A

Preemption Sub-priority Not
Priority  Number Implemented

default setting
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Interrupt Priority Levels

NVIC_SetPriority(7, 6);

core_cm4.h or core_cm3.h

typedef struct {

[o[1]1o[0[0]e]0]
~—
Preemption Sub-priority

// Interrupt Priority Register
volatile uint8_t IP[240];

} NVIC_Type;

Not
Priority  Number Implemented

It is equivalent to:
NVIC->IP[7] = (6 << 4) & oxff;

Preemption and Sub-priority
Configuration

» NVIC_SetPriorityGrouping(n)
» Perform unlock, and update AIRCR register

# of bits in
preemption priority

(] ] 4
1 1 3
2 (default) 2 2
3 3 1
4 4 ]
Priority Byte
o
\(—/
PoronyNamber” implemented

Priority of Peripheral Interrupts

base = NVIC_BASE + NVIC_IPRO I-M—'Ls>

base + 16 15 DMA1 Channel 5
base + 15 14 DMA1 Channel 4
base + 14 13 DMA1 Channel 3
base + 13 12 DMA1 Channel 2
base +12 11 DMA1 Channel 1
base + 11 10 EXTILine 4
base + 10 9 EXTiLine3

base +9 8  EXTLine 2

base +7 7 EXTiLine 1

——» vase+c[ N ¢ ExTilineo

base +5 5 RCC

base +4 4  FLASH

base +3 3 RTC_WKUP

base +2 2 TAMPER_STAMP

base +1 1 PWD

base +0 0 Window Watch Dog

Memory Interrupt Interrupt Interrupt

Address  Priority Number Name

// Set the priority for EXTI @ (Interrupt number 6)
NVIC->IP[6] = OXFO;

Priority of System Interrupts

L 32 bits |
I 1
memory address  base+3  base+2  base+1  base+0
:Z:‘:{;‘ ::;‘i‘:"'e: Priority for Priority for | Priority for
Y eHPRY) Interrupt #7 | Interrupt #6 | Interrupt#5 | Interrupt #4
Usage Fault  Bus Fault Memory
Interrupt Interrupt  Management
Interrupt
‘memory address base +7 base + 6 base +5 base +4
System Handler [ ” . -
Priority Register |merm:z'x°1r1 |;:;:‘nyt ':1'0 ;:::::;::rs I:Ierrupl’ ¥
2 (SHPR2)
SV Call
Interrupt
‘memory address base + 11 base + 10 base +9 base +8
:"::'r?";‘ ::;‘I‘:":: yfor | Priority for | Priorityfor | P for
3(SHPR3) Interrupt #15 | Interrupt #14 | Interrupt #13 | Interrupt #12
SystemTick  Pend SV Debug
Interrupt Interrupt Monitor
Interrupt

// Set the priority of a system interrupt IRQn
SCB->SHP[ (IRQn) & OxF) - 4] = (priority << 4) & OxFF;

Masking Priority

» Disable all interrupts with less urgency
» For critical code, only certain interrupts are allowed.

» BASEPRI: Disable all interrupts of specific priority level or
higher priority level

// Disable interrupts with priority value same or higher
__set _BASEPRI( 5 << 4 )

// Critical code

// Remove BASEPRI masking
set BASEPRI(@);
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Exception-masking registers (PRIMASK,
FAULTMASK and BASEPRI)

» PRIMASK: Used to disable all exceptions except for Non-maskable
interrupt (NMI) and hard fault.
» Write | to PRIMASK to disable all interrupts except NMI
MOV R@, #1
MSR PRIMASK, R®

» Write 0 to PRIMASK to enable all interrupts
MOV Re, #0
MSR PRIMASK, R@

FAULTMASK: Like PRIMASK but change the current priority level to
-1, so that even hard fault handler is blocked

v

v

BASEPRI: Disable interrupts only with priority lower than a certain

level

» Example, disable all exceptions with priority level higher than 0x60
MOV Re, #0x60
MSR BASEPRI, RO

External Interrupt (EXTI) Sources
SYSCFG external
interrupt
configuration register

09(SYSCFG_EXTICR)
source
selection

Cortex-
M4

Y
S
z

EXTI.3
Nested-
Vectored
Interrupt
Controller
STM32L4

External Interrupt (EXTI) Sources
SYSCFG external
interrupt
configuration register

00(SYSCFG_EXTICR)
source

selection
Pi 9 § -
> 'g 5
= V)
EXTIx
PE. ESH
x=0,1, 2, ., 1 Vectored

PF. Interrupt

Controller
STM32L4

PG.

PH.

) 33

Interrupt Vector Table

Interrupt Memory Address
Number of ISR

(8 bits) (32 bits)

Nested-Vectored

Interrupt

EXTIO_IRQN EXTIO_IRQHandler

=6
Controller (NVIC) &
EXT O H EXTI1_IRQn = 7 EXTI1_IRQHandler
; EXTI2_IRQn = 8 EXTI2_IRQHandler
EXTI3_IRQn = 9 EXTI3_IRQHandler

EXTI3_IRQHa
Interfd'r

EXTI4_IRQn = 10 EXTI4_IRQHandler

EXTI9_5_IRQn = EXTI9_5_IRQHandl
23 er

EXTI15_10_IRQn EXTI15_1@_IRQHan
= 49 dler

External Interrupt (EXTI) Controller

PCLK — Peripheral interface |
GPIO, I I
RTC, | Sonfigur
Falling Rising Software
COM External vigger tigger inemupt Event Interrupt | | Pending
P selection | | selection event mask mask reqest
Interrupt register || register | | register
PVD, register register || register
s
PVM 0: disabFGTSR [RTSR SWIE EMR |IMR PR
1: enabled Imlewp,s |
Configurable Edge detect OR —@_' T
events circuit
AN
Events
USART/I Stop mode Rising
2C/OTG | pirect events edge
LPTIM/L detect
; L
\ig)kg‘u - Plrect External Waketp =
p tnterropts




Basic Concepts of DMA

» Limitations of Interrupt Processing

» CPU involvements

» Good for discrete events with small amount of data

» Inefficient for large data transfers
» Needs for High Speed Data Transfer between

» disk and RAM;

» NIC and RAM;

» more
» An analogous example: Program of Study
Student asks dean for advising and signature - Request
Dean directs student to the advisor = address, tasks, and go
Student talks with the advisor = communication/data tranfser

Advisor signed the program of study after completing advising and send
student back o dean for final signature=> report completion

v v vw
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eneral Procedure of DMA

» DMA Request
» Request from peripheral through hardware
» Explicit software initiation
» Channel to channel linking for continual transfer
» Source/Destination and amount of Data Transfer
» CPU write registers in DMA controller to define
Source address, destination address, and byte count
» Direct and Continuous Data Transfer

» Data transfer is done directly between memory and peripheral device
without CPU involvement

» Report Completion

» When transfer is done, reporting completion through interrupt

Direct Memory Access (DMA)

» DMA releases CPU from moving data
» between peripherals and memory, or

» between one peripheral and another peripheral.

» DMA uses bus matrix to allow concurrent transfers

ADCI

SPII_RX SPII_TX SPI2_RX SPI2_TX
USART3_TX USART3_RX USARTI_TX USARTI_RX USART2_RX USART2_TX
2€2 TX  12C2.RX  2CI_TX  12CI_RX
TIM2_UP TIM2_CHI TM2_cH2
TIM2_CH4
Tmy_chz  TMICH4 TIM3_CHI
TIM3_UP TIM3_TRIG
TIM4_CH2  TIM4_CH3 TIM4_UP
TIM6_UP
DAC_Chl
TIM7_UP
DAC_CH2

DMA Sets Core Free

» CPU delegates reads/writes to DMA controller
» Low overhead and fast

Flash SRAM
Memory

Cortex 3 ! LD USART2 USB20FS
Processor Core T [aHBroars | APBI | TIM2 USART3  DACT
t Bridge 1 TM4  SPlz  DAC2
\ TME  Bei  USBRAM
AHB Store data to RAM TM7  C2  WWDG
P N yithout involving CPU
Taer | usaRTt aoc
AHB 10 APB EXT TIMG
DWA Engne  Brose2 WKUP  TIM10
sPit TiM11

OMA Roguest

Receiving data from USART serial port using DMA

Programmed 1/Os

» Processor executes a lot Loads/Stores to move data
» High overhead and slow

Flash SRAm
Memory

2. Store data to RAM

Cortex-M3 2 Lco USART2  USB20FS
Processor Core P [AHB1oAPS | APBT | TIM2  USARTS  DACT
— Bridge 1 TMS sPR2 DAC2
[ TIMG 121 USB RAM
<2 AHB ™M c2 WWDG
~L | BusMatrix 1. Load data to

CPU registers

Te——

USART1  ADC
DA Engine ext

A

DMA Request

E
/

Receiving data from USART serial port without using DMA

DMA Controller

» Basic Procedures
» DMA device requests bus
» CPU grants bus request
» CPU takes its signals to HiZ
» Key DMA Controller Registers
» DMA memory address register (CMAR)
» DMA peripheral address register (CPAR)
» DMA number of data register (CNDTR)
» DMA configuration register (CCR)
» DMA are often used together with interrupts




DMA Mode:
Incremental Mode

Peripheral

registers/memory
DMA Bus

DMA peripheral
address register

DIR

» 43

DIR: Data transfer direction: @ = Read from peripheral; 1 = Read from memory

=0
non-incremental mode CNDTR=2

Matrix

DMA memory
address register

incremental mode

DMA Mode:

DIR: Data transfer direction: @ = Read from

Peripheral
registers/memory

DMA peripheral
address register

DI

| X

Incremental Mode _ ___ _____________

DMA Bus Matrix

non-incremental mode CNDTR=0

2" DMA Transfer

peripheral; 1 = Read from memory

DMA memory
address register

R=0
incremental mode

I;M?\ ;to-ps_sin-ce-CﬁD-'l'Eis ze-ro-now.

DMA Mode:
Incremental Mode

DIR: Data transfer direction: @ = Read froi

Peripheral

registers/memory

DMA peripheral
address register

non-incremental mode

» 47

DMA Bus Matrix

m peripheral; 1 = Read from memory

DMA memory
address register

DIR=0
CNDTR=2
CIR=1

incremental mode
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DMA Mode:
Incremental Mode

Peripheral

registers/memory

DMA peripheral
address register

non-incremental mode

y 4

DIR: Data transfer direction: @ = Read from peripheral; 1 = Read from memory

DMA Bus Matrix

15t DMA Transfer

DMA memory
address register

DIR=0

CNDTR= | incremental mode

DMA Mode:
Circular Mode

Peripheral

registers/memory

DMA peripheral
address register

non-incremental mode
» Circular Mode

>
continue to be serve:

» 46

DIR: Data transfer direction: @ = Read from peripheral; 1 = Read from memory

»  handle circular buffers and continuous data flows
The number of data to be transferred (CNDTR) is automatically reloaded and DMA requests

DMA Bus Matrix

DMA memory
address register

DIR=0
incremental mode

DMA Mode:

Peripheral

DMA peripheral
address register

non-incremental mode

» 48

Incremental Mode

DIR: Data transfer direction: @ = Read from peripheral; 1 = Read from memory

registers/memory

DMA Bus Matrix

DMA memory
address register

DIR=0
CNDTR= 1
CIR=1

15t DMA Transfer

incremental mode




DMA Mode:
Incremental Mode

Peripheral
registers/memory
DMA Bus Matrix
=LdoLl.
—kdok-

DMA peripheral
address register

DMA memory

address register

DIR=0
non-incremental mode CNDTR=0 incremental mode

CIR=1
2" DMA Transfer

» 49 DMA resets and continues to run!

DMA Interrupts

» Programmable and Independent source and destination
transfer data size: Byte, Halfword or Word

» Three event flags: DMA Half Transfer, DMA Transfer
complete and DMA Transfer Error

» Software programmable priorities:Very high, High,
Medium or Low

DMA Request Mapping

Channel Channel Channel Channel
2 3 4 5

e

DMA Summary

» Without DMA, CPU has to execute many load and store
instructions, leading to slower performance.

» DMA, which makes an automatic data transfer when
received a DMA request without involving CPU,
accelerates the overall performance.




