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DMA attekintés I.

Perifériak €és memoria blokkokok processzor beavatkozasa
nélkul hozzaférnek a rendszerbuszhoz.

= Periféria — Periféria
" Memoria — Periféria

" Memoria— Memoaria

= A DMA alkalmazasa csokkentheti a processzor altal
kiszolgalandd megszakitasok szamat, tovabba magat a
hardware-t is picit ésszerdsitheti, mert nem kell minden
perifériahoz onallo FIFO-t rendelni.
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DMA attekintés Il.

DMA

felkonfiguralas
v

DMA elinditas

 ——

CPU mas DMA adatokat
feladatokat lat el mozgat
| |
v

DMA atvitel jelzés: Hardware flag vagy interrupt
CPU végrehaijtja

a DMA transzfer
utani teenddket
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DMA attekintés IlI.

= Minden DMA ciklus tipikusan legalabb két busz
ciklust igényel
o periféria olvasast

O memoria irast
= A DMA vezérl6 semmilyen feldolgozast nem végez
az adatokon.
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DMA vezérld programozasa

= Szoftverbdl programozhatoak fel.
o Atvitel forras baziscime
o Cél baziscime
o Atviendd blokk hosszanak bedllitasa
o Ciklus végéhez tartozé6 megszakitas jelzés
o Burst-0s, vagy egyciklusu hozzaférés

e Burst: hatékonyabb de lassabb reakcio klilsé eseményekre

o A legtobb DMA kontroller megvaldsitas képes arra,
hogy a cél és vagy a forras cimeket automatikusan
inkrementalja.
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DMA az STM32F2, STM32F4 generacional

= 2 DMA vezérlo dedikalt hozzaférésekkel is, mas
master-ek is tudnak DMA-zni

CORTEX M4 Ethernet  High Speed  Dual Port Dual Port

CCM 168MHz 10/100 uUsB2.0 DMA1 DMA2
dataRAM W FPU&MPU
 B4KB Master Master Master Master
: Master : .
. FIFO/DMA FIFO/DMA FIFO/8 Streams FIFO/8 Streams
s izF igo iZE
. 3 ‘%
[ T S .
* 0. o .

Multi-AHB Bus Matrix
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A DMA vezérlok belso felépitése
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A DMA vezérlok belso felépitése

Bus Matrix
AHB muitiayer) DCODE
/ ICODE memary
112 KB SRAM
16 KB SRAM
64 KB SRAM

AHB1 peripherals

DMA controller 2
= i AHB-APB =
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= el
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— DMA request
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Csatornak szintén eszkoz specifikusak

= Vigyazni, hogy ki kivel tud szobaallni

Table 2. DMA1 request mapping

Peripheral
P Stream 0 | Stream 1 Stream2 | Stream 3 | Stream4 | Stream 5 | Stream 6 | Stream 7
requests
Channel 0 SPI3_RX " SPI3_RX SPI2_RX SPI2_TX SPI3_TX . SPI3_TX
Channel 1 I2C1_RX - TIM7_UP TIM7_UP 12C1_RX 12C1_TX [2C1_TX
Channel 2 | TIM4_CH1 . 2SS EXL. | mmacup | WSLEAL. | BSSEXL. | pyepe | mins cus
RX TX X

12S3_EXT_ TIM2_UP 1252_EXT_ TIM2_CH2 TIM2_UP
Channel 3 BX TIM2_ CH3 12C3_RX X 263 1X TIM2_CHA1 TIM2_CH4 TIM2_ CH4
Channel 4 UART5 RX | USART3 RX | UART4 RX | USART3 TX | UART4 TX | USART2 RX | USART2 TX | UART5 TX

TIM3 CH4 TIM3 CH1
(1) (1) S (1) 2 (1)

Channel 5 | UART8 TX UART7_TX TIM3_ UP UART7_RX TIM3 TRIG TIM3 CH2 | UART8 RX TIM3_CH3

TIM5_CH3 TIM5_CH4 TIM5_CH4
Channel 6 TIMS5,_ UP TIM5_TRIG TIM5_CHA1 TIM5_TRIG TIM5_CH2 = TIM5_UP 2
Channel 7 " TIM6_UP 12C2_RX 12C2_RX USART3 TX DAC1 DAC2 12C2_TX
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DMA tulajdonsagok

= Cim inkrementalas

DMA data transfer

el "

a a
Source address | b Destination address b
—> —_—
c
Incrementing source | | d Incrementing destination
e
MSv32194V/1

= Adathosszusag kezelés
o Byte (8 bit)
o Half-Word (16bit)
o Word (32 bit)
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Dupla buffereles

= Tipikus online feldolgozasi feladatra optimalizalva

= o d - --.__\.‘ /__a-—
\ p \

. DMA_SxMOAR | ] [ Memory locaton1 | [ Memory location 0

N 8

—

s

DMA_SxM1AR j

x\h_ _F—f

DMA_SxPAR CT=1

CT ‘ TC ‘ HT

Gl

Il
o

Peripheral data
register
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DMA FIFO

= 4 db 32 bites FIFO

o Treshold konfiguralhaté %a, V%, %4 szintre
o Packing — Unpacking lehet6seg
o Burst-Os atvitel lehetoség

4 words
_.-f"A"'--._
. It
Empty 1/4 1/2 3/4 Full
=
byte lane 3 Bis5 B 11 B7 B3
Source: byte Destinati
; estination: word
byte lane 2 B14 B10 B6 B2
B15B14 Bi13B12B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 Bi BD} » W3, W2, Wi, Wo
byte lane 1 B13 B9 B5 B1
byte lane GI w3 B12 w2 B8 w1 B4 wo BO

- Meéréstechnika és
BME-MIT 2024 Informacids Rendszerek 1 2

Tanszék



DMA burst

= 4 db 32 bites FIFO meretéig konfiguralhato max.
o 16 byte, 8 half-word, 4 word max.

‘ Peripheral
Peripheral request
DMA Stream |- P 9

-
Stream FIFO (\é@' 2 E |
WORD 1 N4 g 2 |
WORD2 @?* ®» £ |

\0 O o
WORD 3 Q)o@ 287
WORD 4 @

O C
2 8v

! 5
SRAM
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DMA atviteli allapotok

0 Perlferla Memoria ut: 2 buszhozzaférés

/ New \ / Request \ I,f/f’-?ransfe;\\\ﬂ

\request S \bltratlon » \_ data /
7 Store déféx\,ll
\ in FIFO /
- Peripheral side Hﬁl}f §
| /New FIFO ™
\oquest_/ '

v rrl_-:{equesﬁ;th\ - Transfer \. / End of “\,

letratlory \ data// \ tra nsfer /

Memory side
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DMA atviteli allapotok

0 Memorla Periféria ut: 2 buszhozzaférés

I/’ New N\ Request “\ /~ Transfer *
\ request Y @rbltratlon/ \\Rda’[_&{ff/

pa Store data \

o inFIFO _/

Memory side I

/New FIFO ™
Qaq uest__ 4

a "Request ™\ / /--Transfe;\\) I,/ﬂ-“End of_ﬁ-ﬁ'“\_
“@rbitration/ \__ data \_transfer _/

Peripheral sidw

__________________________________________________________________________________________________________________
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DMA keresek arbitracioja

= Periferia — Memoria ut: 2 buszhozzaferés
o Request 1 a magasabb prioritasu

l L L) L) ¥ L ¥
RZ?::E 1 (Notactive lriggéredx R1 active X mgked X R1 active X ke )
| | | I | | i | I |
Request 2 ' l | : : : l I ! |
sctlatus (Notactive trjggé?re[j ! R2 active | maRsEed , R1 active )
| | | I I | I I I |
I
waton || 1 ()
arbitration I | arbitration arbitration arbitration \_arbitration
| | | | | I I | 1 I
DMA I I | I 1 I I I 1 I
I l I v w P . _w
transfer | ' : ( DMA servicing R1 X DMA servicing R2 X DMA servicing R1 )

MSv32199V1
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Buszmatrix hozzaférés

= Utkdzés esetén round-robin hozzaférés
o SRAM hozzaférési minta

CORTEX-M4 DpDual Port
168MHz DMA1
FPU & MPU Master

A

Master FIFO/8 Streams
............................ AHB1 | > g g
5
o
........................... AHBZ rﬂg = §
i-il Besses ! oooooooooooooooooo ‘ SRAM1 }
.- . - - 1 1 ZKB % g
Multi-AHB Bus Matrix =2 ¢
53
%3
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Buszmatrix utkozések ideje

= Mindig az adott agon varakozok szamatol fugg

o A CPU tobb ciklusig is foglalhatja a buszt
* Interrupt: 8 AHB ciklus
* Multiple Store, Load akar 14 AHB ciklus is

4 |

2
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o
=
=
3

1

=
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USB_HS

DMA2

Master accessing SRAM
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DMA1 latency " Time
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Dual portos AHB-APB bridgek

= Az APB port-hoz csak egyszerre csak egy Master
ferhet hozza

CORTEX M4 Dual Port
168MHz DMA1
w/ FPU & MPU
Master
Master

FIFO/8 Streams

.E.HE_G. -

5
AHB1 | E
5 ' | img
TR ’ @A
' SRAM1
-0 @ .

Multi-AHB Bus Matrix
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Mi értelme van a Dual port APB bri

« 2010: Az STM32F2xx belsd architekturaja
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DMA idOzitések

= Hozzaferési ido
Tg = Tgp (peripheral access/transfer time) + Tgy (Memory access/transfer time)

= Periféria hozzaférés részletesebben
Tsp = tpat tpac t tgwa + tepT + IBS

Through bus matrix
Description i
To AHB To APB direct paths
peripherals peripherals

tpa: DMA peripheral port arbitration 1 AHB cycle 1 AHB cycle 1 AHB cycle
toac: peripheral address computation 1 AHB cycle 1 AHB cycle 1 AHB cycle
tgma: bus magr)x arbitration (when no 1 AHB cycle 1 AHB cycle N/A
concurrency)
tepT: effective data transfer 1 AHB cycle®) ®) |2 APB cycles 2 APB cycle
tgg: bus synchronization N/A 1 AHB cycle 1 AHB cycle
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DMA idozitések

= Hozzaferési ido
Tg = Tgp (peripheral access/transfer time) + Tgy (Memory access/transfer time)

= Memoria hozzaférés részletesebben

Tsm = tmat twac t tema + tsram

Description Latency
tpma: DMA memory port arbitration 1 AHB cycle
tmac: memory address computation 1 AHB cycle
tgpma: bus matrix arbitration (when no concurrency)(!) 1 AHB cycle?
tsram: SRAM read or write access 1 AHB cycle
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DMA idozitések példa

ADC — SRAM atvitel
= Periféria port késleltetés

AHB/APB2 frequency Fang = 72 MHz/ FAHB = 144 MHz/
Fapg2 = 72 MHz FAPB2 = 72 MHz
Transfer time AHB/APB ratio =1 AHB/APB ratio = 2
tpa: DMA peripheral port arbitration 1 AHB cycle 1 AHB cycle
topc: peripheral address computation 1 AHB cycle 1 AHB cycle
tgma: bus matrix arbitration N/A() N/A()
tept: effective data transfer 2 AHB cycles 4 AHB cycles
tgs: bus synchronization 1 AHB cycle 1 AHB cycle
Tgp: total DMA transfer time for peripheral port 5 AHB cycles 7 AHB cycles

= Memoria port késleltetes

CPU/APB2 frequency

Transfer time

FAHB = 72MHz/
FAPB2=72MHz
AHB/APB ratio =1

FAHB = 144MHz/
FAPB2=72MHz
AHB/APB ratio = 2

tpa: DMA memory port arbitration 1 AHB cycle 1 AHB cycle
tmac: memory address computation 1 AHB cycle 1 AHB cycle
tgpa: bus matrix arbitration 1 AHB cycle(") 1 AHB cycle("
tsram: SRAM write access 1 AHB cycle 1 AHB cycle
Tgy: total DMA transfer time for memory port 4 AHB cycles 4 AHB cycles

© BME-MIT 2024
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DMA programozas:

UART DMA
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Megvalositas

= USART1 mar fel van programozva

= USART1 atkonfiguralasa, hogy DMA-t hasznaljon

= DMA, DMA stream, DMA csatorna
meghatarozasa

= DMA drajel engedélyezés
= DMA atviteli parameéterek megadasa

= DMA parancs kiadasa
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USART1 atkonfiguralasa, hogy DMA-t

hasznaljon

= USART1-nek jeleznie kell a DMA felé, hogy Ures az adat
regisztere és tud Ujabb adatot kuldeni.

" Firmware library (USART module):
o LL_USART EnableDMAReq_TX(USART1);
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A DMA azonositasa, orajel engedélyezés

= A DMA2-re van szikségiink (AHB1 busz), Channel 4, Stream 7

Table 43. DMAZ2 request mapping

Peripheral
requests Stream 0 Stream 1 Stream 2 Stream 3 Stream 4 Stream 5 Stream 6 Stream 7
TIMB_CH1 TIM1_CH1
Channel 0 ADC1 sall_AY TIM8_CH2 SAll_ A ADC1 sal1_B'" TIM1_CH2 -
TIM8_CH3 TIM1_CH3
Channel 1 - DCMI ADC2 ADC2 sall_gt sPis_ T sPis_Rx(M DCMI
Channel 2 ADC3 ADC3 - sPis Rx(M | spis TX{ | CRYP_OUT CRYP_IN HASH_IN
Channel 3 SPI1_RX = SPI1_RX SPI1_TX = SPI1_TX - =
Channel 4 SpPi4_Rx SPI4 T USART1_RX SDIO = USART1_RX SDIO I USART1_TX l
Channel 5 . USART6 RX | USARTE RX | sPi4 Rx(M | spig TV . USARTE_TX"W
TIM1_CH4
Channel 6 TIM1_TRIG TIM1_CH1 TIM1_CH2 TIM1_CH1 | TIM1_TRIG TIM1_UP TIM1_CH3 -
TIM1_COM
_ TIM8_CH4
Channel 7 . TIM3_UP TIM8_CH1 TIMB_ CH2 | TIM8 CH3 SPI5_Rx(1 SPI5_ TX(Y | TIM8_TRIG
TIM8_COM

LL AHB1 GRP1 EnableClock (LL_AHB1 GRP1_PERIPH_DMA2);
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DMA felkonfiguralasa

= DMAZ2, Channel 4, Stream 7, adathossz, memoria cim, és
inkrement beallitasa UART1->DR a cél cim.

LL_DMA_InitTypeDef DMA_InitStruct;

DMA _InitStruct.Channel = LL_ DMA_CHANNEL 4;

DMA_InitStruct.Direction = LL_DMA_DIRECTION_MEMORY_TO_PERIPH;

DMA _InitStruct.FIFOMode = LL_DMA_FIFOMODE_DISABLE;
DMA_InitStruct.MemBurst = LL_ DMA_MBURST_SINGLE;
DMA_InitStruct.MemoryOrM2MDstAddress = (uint32_t)buffer;
DMA_InitStruct.MemoryOrM2MDstDataSize = LL_ DMA_MDATAALIGN_BYTE;
DMA_InitStruct.MemoryOrM2MDstincMode = LL_ DMA_MEMORY_INCREMENT;
DMA_InitStruct.Mode = LL_DMA_MODE_NORMAL;

DMA _InitStruct.NbData = strlen(buffer);

DMA_InitStruct.PeriphBurst = LL_DMA_PBURST_SINGLE;

DMA _InitStruct.PeriphOrM2MSrcAddress = (uint32_t)&(USART1->DR);

DMA _InitStruct.PeriphOrM2MSrcDataSize = LL_DMA_PDATAALIGN_BYTE;

DMA _InitStruct.PeriphOrM2MSrcincMode = LL_DMA_PERIPH_NOINCREMENT;
DMA _InitStruct.Priority = LL_DMA_PRIORITY_LOW;

LL_DMA_Init (DMA2,LL_DMA_STREAM_7, &DMA_InitStruct);

Tanszék
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DMA Elinditasa

= A felkonfiguralt atvitelt el is kell inditani

LL DMA_EnableStream (DMAZ2, LL_ DMA_STREAM_7);
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