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In this course, STM32 is used as a driving vehicle for delivering the concepts.
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Expected Qutcomes

On successful completion of this topic, you will be able to
Classify three different I/O modules
Describe the basic operations of the three different /O modules
Understand the hardware configurations of DMA
lllustrate the operation of DMA block transfer mode
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What is the function of Direct Memory Access (DMA)?

DMA provides high-speed data transfers between:

-Peripherals and memory

-Memory and memory minimal (U actm

o
Data can be quickly moved by the DMA without any CPU

action.

This keeps CPU resources free for other operations.
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What is a buffer?

An area of memory that is used to store temporary data

Depending on what the hw subsystem is, the rate at which a hardware
event 1s generated can be unpredictable. For example, if the hardware
subsystem 1s a keypad, the time interval between two keystrokes
generally varies. If both the input rate and output rate of the buffer is
known, we can easily calculate the size of the buffer such that no
overflow or undertflow can ever occur.
withoot a buffe/

. Module Gt
lu,br m,r widl, dote
fn (f”"v\ hw Mocul
FM (

Bufter

running at different rates

HW typically runs much faster than software ovu/k oW %[: la/{a
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The Buffer

Caution — boundary region of data overflow starts from here.

data added above
T the pointer

i Time to halt

high water the data flow

mark

current data pointer

low water i data removed by
Time to start : mark moving the pointer
the data flow down.

Caution — boundary region of data underflow starts from here.
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Concurrency Between I/O and Programs

Conceptual View

Buffer Em?edded
Software
I/Q ------- Programs
Devices
Microcontroller
—_— or
decouple the speed Microprocessor

of the I/O devices
from that of program
executing on the CPU.

How to write a block of data from
disk to memory ?
- Three different I/O modules
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I/O Meodule: Programmed |/O

Suppose this is done one-byte at a time under the software control.
Issue Read
Command to CPU DI/O Phvsical Vi
I/O device ysical View
e.g. Cache, e.g. Keybqard,
ad Status | 1/0 11 CPU . RAM mouse, Printer,
Not f 1/0 device Executing modem, ...
Rea VA v Error Embdedde Buffer
y Check Status Conditio /0
Read | n Software el .
Mermor Device
Read Word | 1,0 11 cPU MC or uP <
I from I/O device y
ncrement
of I/O and Il
memory _
addresses Write Word | cpy 1 Memory
Into Memory
Vv |
No - Applications:
DK » Keyboards interfacing
T Yes » Occasional application to other simple character-based data transfer

Next Instruction
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/O Module: Interrupt 1/O

Suppose this is done one-byte at a time under the software control.
Issue Read | CPU 11 1/0 PP y
*l  Command to [cPV © Do . .
/O device [Pomething Physical View
Ise
e.g. Cache, e.g. Keyboard,
Read Status [-°Y | Interrupt RAM mouse, Printer,
of I/O device | /0 [1 CPU Executing modem, ...
v Embedde Buffer
Check Status CErrdgtr' d o
onditio
Read | n Software Sl .
Mernor Device
Read Word | |10 11 cPU MC or uP N 5
from 1/O device Y
Increment
of I/O and Il
memory _
addresses Write Word | cpy 1 Memory
Into Memory
v
No Applications:
Done? » A program to execute an illegal instruction
: » The completion of an I/O task initiated previously a program
¥ Yes

Next Instruction
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* An unexpected user command from keyboard such as resetting the computer.
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Increasing Concurrency Between I/O and Programs

Physica] View [s it possible that

. the I/O devices
Executing

’ send the data to
Embedded /_\ the buffer directly,
without needing

Software

Programs the CPU for every
Programs I/O single move?
Devices

uC or uP

Memory

Either interrupt or
. polling 1s used to
Processor grabs data from devices check when devices

and copies them to the buffer. are ready.
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/O Module: Direct Memory Access (DMA)

What if we make the I/O devices a little smarter?

Make the device capable of moving data to/from memory itself
Advantage: it would no longer need the processor to move the data

Overhead: DMA controller and Additional Control logics

I/0 Devices
N

DMA
uC or uP F Controller
Meémory A

11 il il
</f - L >

The processor is executing other tasks
while the smart DMA device transfes
data to/from memory. It fetches the
instructions from either an on-chip
cache or an internal program memory.

DMA reads/writes
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Either polling or

interrupt is used to
check whether the
devices are ready.

from/to memory without
processor intervention



DMA - How

. The device can buy memory access cycles from the bus while the
processor is not reading or writing.

. Generally, a block move is set up, say 512 bytes per block

— The processor initiates the block data transfer by memory-mapped 1/O

— A whole block of data is then transferred without further processor
intervention

— To do this, the DMA controller takes control of the bus (instead of the
processor) to sequentially copy all the bytes in the block

— On completion, the DMA controller restores control of the bus to the

o Hhre, cun bt bk o
@uf{/z} whothg, “ 1 4 MWo»/g o ([0 Al

Memory-mapped 1/O: Uses the same address space to address both memory and
I/O devices. The memory and registers of the 1/0O devices are mapped to address
values. So when an address is accessed by the CPU, it may refer to a portion of
physical RAM, or it can instead refer to memory of the I/O device. Thus, the CPU
instructions used to access the memory can also be used for accessing devices.
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DMA Hardware

BR: the DMA controller requests use of the bus for a DMA transfer

Bus Request (BR)

Bus Grant (BG)

T

Programs

BG: the processor grants the bus to
the DMA controller indicating that the
bus is available for DMA transfer

uC or uP Luile ‘R& Device
M Cowivolllsr BESEe Interface
emory R/W e
! ! kil il
Control (e.g. AS, R/'W)
.
¥ Address #
v X Data v y
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DMA Controller

When inactive, the DMA controller
looks like a normal interface (i.e. the
internal registers can be accessed by

the processor using a normal Bus Request (BR)
read/write bus cycle) l Bus Grant (BG)

But when the DMA controller is Device
. . C P Buffer DMA Req -
granted the bus, it generates its own | " I | [ Dva feis | e

Memory R/W

read/write cycles (i.e. it issues X X ok e
address and control signals for the l T(yo,,tmm,g,AS,R,w) T
memory and device interfaces) M a3

Data

This allows the DMA controller to
transfer a byte (or word) between
memory and device every bus cycle if
desired
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DMA Operation (Block Transfer Mode)

As an example, consider reading a block s Recuies
. . . us Request (BR)
from disk (i.e., I/O device): Bus Grant (BG)

} Devices

DMA  |LgRoy s
m Go Device

Controller .
Memory R/W Interface

L — ]
e
Control (e.g. AS,JR/V
|

Processor tells the Device Interface
the address of block on disk.
Processor tells the DMA Controller 1

uC or uP

the address and the size of block in

memory.

Device Interface reads block from
disk to its internal buffer, while CPU ProcBG ﬂ.
continues normally. DMACBR 539 }

Once the device interface Disklnterface Req|_ 46 L |~
completes reading the block, it AddrBus V- TN
asserts REQ to DMA Controller. 77 IlIRTE R \

DMA Controller asserts BR. DMAC to DiskInterface. R / W ‘

Processor asserts BG. DMAC.Go \_fz’ \JZ, gi

~f——— Multiple Bytes =3
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L4

DMA Operation (Block Transfer Mode)

DMA Controller puts memory address Bus Redes
] us Request (BR)
on Address Bus, asserts control signals to Bus Grant (BG)
handshake with memory, assert Read and
c(‘” 1/0 ?s‘
De\nce\

GO to Device Interface |
Controller ﬁﬁ)ﬂ{ce
emory R/W Interface

Device Interface outputs byte of data HCorpP

from its buffer to Data Bus ; —
Memory uses the data and address on I 4""' (& ASE‘M I
the bus to store data iy |
ata a
DMA Controller de-asserts GO, and
Device Interface disconnects from Data PocBG o 1;
BUS DMAC.BR L&)
. DiskInterface.Req *J Le \/-t
Repeat Step 7 to 10 until whole block o 7 V¢ v o2
transferred. & TR \
R/W AR R \
DMA Controller de-asserts BR and the pmac o biskinterface R/ W
processor regains control of bus DMAC.Go 7 \'(1) ?Z U?.‘
DMA Controller sends an interrupt to DataBus 7
Processor < Multiple Bytes -
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DMA Operation (Block Transfer Mode)

As an example, consider reading a block from disk:

processor fetches the instruction that loads the starting address
of the block in the memory to the DMA controller register
and, the instruction that loads the starting address on the Disk.

processor fetches the instruction that
loads the maximum wordcount (i.e. the
number of bytes to be transferred) to the
DMA controller register

processor asserts a BG signal
to the DMA controller.

processor goes on processor receives
and executes other the interrupt and
tasks. do something.
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The DMA controller reads
the specified number of bytes
from memory and transfers

it to the Disk.

The DMA controller sends

= an interrupt signal to indicate

completion.




DMA - Why

The reason to use DMA are ?(odz_ g’,}a
Higher performance: since it requires only one interrupt per N-bytes transfer to
check the device’s readiness rather than one interrupt per byte (as in interrupt
1/0).

Higher performance: executing N move instructions to transfer N-bytes of data
is slow compared to stealing a cycle from the bus and doing the transfer

Used for slower devices that requires a large number of block transfer such as
disk, tapes, etc
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DMA in STM32

Flgure 48. DMA block dlagram In connectlvity line devices Flgure 49. DMA block dlagram In low-, medium- high- and XL-denslty devices

ICode
ICode . < > Flash
S e :

Cortex-M3

Cortex-M3 <:> System
<] T <

Bus matrix
Bus matrix

USART2 TIM2[| USART1
DMA request ADC1 DAC SPla2S DMA roquest USART3 TIMa|| SPI1
USART1 22 spizlas UART4  TIM4 || ADC1
s UARTS  TiMe 11 SPI12S2  TIMs|| ADC3
USART3 TIMs SPIN12S3  TIMs|| TIM1
USART2 le 12C1 TIM7 || TIM8
DMA request TiM2 \ (DM request 2c2

DMA request

DMA

Manage# System and Peripheral clocks.

Reset & clock control
(RCC)

1. The DMA2 controller is available only in high-density and XL-density devices.

ail5811b 1. ADCS3, SPI12S3, UART4, SDIO, TIMS, TIM6, DAC, TIM7, TIM8 DMA requests are available only in high-
density devices

RCC: Power save mode: Switch off on-chip peripherals by removing access to their master
clocks.

ai14801b

P v,
(Erememac Y]

USB OTG FS
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Flgure 50. DMA1 request mapping

DMA in STM32

Peripheral

request signals

USART3_TX

SPI1_RX

USART3_RX

SPI_TX

12C2_RX

USART2_RX

12C1_TX

12C1_RX

USART2_TX HW request 7
TIM2_CH2 [>
TIM2_CH4
TIM UP SW trigger (MEM2MEM bit) —»f

Channel 2 EN bit

Channel 5 EN bit

Channel 6 EN bit

Channel 7 EN bit

Fixed hardware priority

ADCH HW request 1
TIM2_CH3 [>D—. Channel 1
TiM4_CH1 SW trigger (MEM2MEM bit) —
Channel 1 EN bit |

TIM1_CH1 ) : HW request 2
TIM2 UP E> Channel 2
TIM3_CH3 SW trigger (MEM2MEM bit)
TIM1_CH2 : HW request 3
TIM3_CH4 > Channel 3
TIM3_UP
3. W trigger (MEM2MEM bit)

USART1_TX Channel 3 ETN bit
TIM1_CH4
TIM1_TRIG HW request 4
TIM1_COM [>/D—» Channel 4
TIM4_CH2 ) )
SPIN2s2_RX SW trigger (MEM2MEM bit) —
12C2_TX
Channel 4 EN bit
USART{_RX

TIM1_UP
SPII2S2_TX HW request 5 Channel 5
TIM2_GH1
TIM4_CH3 SW triggar (MEM2MEM bit) —»

Channel 6
—

TIM1_CH2 HW REQUEST 6 M~
TIM3_CH1
TIM3_TRIG SW TRIGGER (MEM2MEM bit—», ]

Channel 7

High priority

[

I EE-

t— Must ENABLE the channel.

Low priority

Table 78. Summary of DMA1 requesls for each channel
internal Perlpherals Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 Channel 7
OMAT ADCA ADC1
request SPUPS Pl px | e smzniszjz spm)fszj
USART USART3_TX | USART3_RX | USART1_TX | USART1_RX | USART2_RX | USART2_TX
29 12C2_TX | 12C2.RX | 12C1_TX | I2C1_RX
TIM1_CH4
TIM1 TIM1_CH1 | TIM1_CH2 | TIM1_TRIG | TIM1_UP | TIM1_CH3
TIM1_COM
TIM2_CH2
TIM2  |TIM2_CH3| TIM2_UP TIM2_CH1 M2 CH4
TIM3_CH4 TIM3_CH1
TiM3 TIM3_CH3 | 1m3_up TIM3_TRIG
TIM4 | TIM4_CH1 TIM4_CH2 | TIM4_CH3 TIM4_UP
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In-class activities (Question 1 = 2)

For Android devices, search HKUST iLearn at Play Store.

HKUST iLearn

The Hong Kong University of Science and..
1 8. 8.8 8

HKUST iLearn *GET
The Hong Kong University of Sc...
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A project demo on DMA application

https://www.youtube.com/watch?v=9g50A47aAl9M

1L19341 with DMA and Optimization -01

This test was taking 84.326 seconds no DMA and no Optimization. It took only 33.71
seconds with DMA+optimization.
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Reflection (Self-evaluation)

Do you ....
Distinguish three different /O modules and their operations?
List some examples of applying different I/O in modern computer ?
List the hardware configurations of DMA ?
Understand the operations of block transfer mode of DMA ?
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In this course, STM32 is used as a driving vehicle for delivering the concepts.
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