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Intel replaced with ARM D °
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ARM Cortex

NSy o)

ARM Cortex processors come in various variants, each
designed to cater to specific requirements in terms of
performance, power efficiency, and application domains.

ARM Processors- A case s tudy/Dr.G.Arthy/EEE /SNSCE
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ARM Cortex Variants

INSII NPTV o

ity roml

Cortex-A series: Designed for applications requiring high performance
and running operating systems like Linux. These CPUs are used in
smartphones, tablets, and other computing devices.

Cortex-R series: Focused on real-time processing and used in
applications where deterministic behavior and reliability are critical,
like automotive systems, industrial control, and hard disk controllers.

Cortex-M series: Optimized for microcontroller applications, offering a
balance between performance and power efficiency. These are widely
used in embedded systems, IoT devices, and other applications

requiring low power coRSWMPLION . sy sessuscs
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Features

INSII NPTV o

The Arm Cortex-M0O processor is one of the smallest ARM
processors.

The Cortex-M0O has an exceptionally small silicon area, low
power and minimal code footprint, enabling developers to
achieve 32-bit performance at an 8-bit price point, bypassing
the step to 16-bit devices. The ultra-low gate count of the
processor enables its deployment in analog and mixed signal
devices.

11/19/2023 ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE 6
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Performance Comparison ~>
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Cortex M Class Summary

oF

Cortex-M1 Cortex-M0+
oL e~ -' -‘:“:";-\5- I
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Cortex-M0O Overview

ARMv6E-M Architecture

* Von-Neumann Architecture
» 32-bit Architecture
* Thumb technology

* Nested Vector Interrupt Controller (NVIC)
* AHB-Lite Master Interface

* Optional Ultra-low power Support

» Optional CoreSight-compliant Debug

= RTL is configurable

» Synthesizable

* Gate count 12 ~ 25K

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE
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Cortex-MO0 Processor Programmers Model

* The Cortex-M0 is designed to be programmed fully in C
* No need to write assembly code

* Thumb technology
* |6-bit and 32-bit instructions

* Set of processor core and memory-mapped registers are provided

= Architecturally defined memory map
* Forwards compatible with other M-profile processors
* Binary compatible

* In-order execution of instructions
* Multi-cycle instructions are abandoned and restarted on interrupt

* Multiple memory accesses (LDM/STM) are interrupted between transfers
* Deterministic instruction execution

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE
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ARM Cortex MO Overview

Cortex-M0 companents
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Features INS DTN,

It consists of:

Cortex-M core

Memory (static ram and flash)

A set of device specific peripherals
A DMA controller.

AHB Lite Master Interface

Bus Matrix

An interrupt controller (NVIC)

A debugger interface

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE 12
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How Interrupts are processed?

Hrorioniz

e An interrupt is generated by any

Instruction ] hardware or software source.
ow \|, [“loswastions: | \L e The processor suspends the
[ Testruction's | e W currently running task as the
[ Dansctions | ] response of the interrupt.
empt e ] J, o After that, the processor then
'”\F‘ e services the interrupt service
. — = i routine (also known as interrupt
Ao —_— handler) to service the interrupt
— that occurred.

s e The processor then returns to the
suspended task and resumes its
normal program execution.

11/19/2023 ARM Processors-A case study/Dr.GArthy/EEE/SNSCE 13/X



NVIC

N ST
Microcontroller A nested vectored interrupt controller is used to
Cortex-M processor manage the interrupts from multiple interrupt
Peripheral » NI sources. NVIC is closely integrated with the
/]_\ Dot deiaior processor core to achieve low-latency interrupt
——| \—/  Core processing and efficient processing of late-
| 3 NVIC arriving interrupts.
Peripherals >
F :'RQS —— System
J > <« Exceptions Arm cortex M controllers are using this NVIC.
= 10 por T
SysTick timer
= 10 por
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https://embetronicx.com/tutorials/tech_devices/interrupt/

“Nested” in NVIC
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RQ 1 / %
RQ 2 / %

Interrupt Interrupt
exit exit

v \

Interrupt Stacking ISR 1 il ISR 2 Unstacking

Processing (PUSH to stack) » (POP from stack)

T

Tail-chain
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Wakeup Interrupt Controller (WIC) ~»
INSTTEOFsT Sy

e The Wakeup Interrupt Controller (WIC) is a peripheral that
can detect an interrupt and wake the processor from deep
sleep mode.

e The WIC is enabled only when the system is in deep sleep
mode.

e The WIC is not programmable, and does not have any
registers or user interface. It operates entirely from
hardware signals.

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE
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Breakpoints and watchpoints AW __

e Breakpoints and watchpoints are features of debuggers
that allow you to pause the execution of your code at
specific locations or conditions.

e Breakpoints are set on lines of code, and watchpoints
are set on variables or expressions.

ARM Processors- A case s tudy/Dr.G.Arthy/EEE /SNSCE 17
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Debug Access Port(DAP) >

INSTITOI P

DAP is a module that contains a set of registers and logic
required to provide microcontroller debugging via a debug
interface.

DAP consists of two main components: Debug Port (DP) and
Access Port (AP)

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE 18
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AHB-Lite Interface

The main system bus uses the AHB-Lite protocol.(Advance
High Performance Bus)

This is a version of the AHB system bus aimed at single-
master system designs.

The ARM core is the only master permitted. The system bus
allows the processor to access resources on the baseboard
and on other modules.

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE
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ARM PROGRAMMER’S MODEL ~>
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ARM Programmer’s Model

» ARM 1s a flexible programmer’s designed architecture with
different applications.

» Design is simple, optimum and economic.

» A processor's instruction set defines the operations that the
programmer can use to change the state of the system
incorporating the processor.

» This state usually comprises the values of the data items in the
processor's visible registers and the system's memory.

» Each instruction can be viewed as performing a defined
transformation from the state before the instruction is executed to
the state after it has completed.

ARM Processors- A case s tudy/Dr.G.Arthy/EEE /SNSCE
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ARM Registers

e

| . usable in user mode

l'IllIllllllIlllllllllllllllllllllllll system modes only

o fig svec abort irq undefined
user moae mode mode mode mode mode
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ARM Registers

-~ o
~»

Hrorioniz

THREE SPECIAL FUNCTION REGISTERS:
» Stack pointer.

» Link Register.
» Program counter.

STACK POINTER (R13):

» It is used to store the head of the stack in the current processor
mode.

LINK REGISTER(R14):

» It 1s used when the interrupt 1s used in program.

» It 1s used to return when subroutine calls occurred.
PROGRAM COUNTER(R15):

» It 1s used to store the address of next instruction to be execute.

ARM Processors- A case s tudy/Dr.G.Arthy/EEE/SNSCE
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CPSR

THE CURRENT PROGRAM STATUS REGISTER (CPSR):

» CPSR is used to store the current status of ALU after execution of
operations.

» The CPSR is used in user-level programs to store the condition

code bits.

» These bits are used, for example, to record the result of a
comparison operation and tc control whether or not a conditional

branch 1s taken.

A B 87654

NZCV unused mlm

ARM Processors- A case s tudy/Dr.G.Arthy/EEE/SNSCE
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ARM Registers
N: NEGATIVE:

» The last ALU operation which changed the flags produced a
negative result (the top bit of the 32-bit result was a one).

Z: ZEROQO:

» The last ALU operation which changed the flags produced a zero
result (every bit of the 32-bit result was zero).

C: CARRY:
» The last ALU operation which changed the flags generated a

carry-out, either as a result of an arithmetic operation in the ALU
or from the shifter.

V: OVERFLOW:

» The last arithmetic ALU operation which changed the flags
generated an overflow into the sign bit.

ARM Processors- A case s tudy/Dr.G.Arthy/EEE /SNSCE
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Instruction Set

Operation Description Assembler Cycles
Move 2-bil immediate MOVS Rd, #<imm> 1

Loto Lo MOVS Rd, Rm 1

Any to Any MOV Rd, Rm |

Any to PC MOV PC, Rm 3
Add 3-bit immediate ADDS Rd, Rn, #<imm= 1

All registers Lo ADDS Rd, Rn, Rm 1

Any to Any ADD Rd, Rd. Rm 1

Any to PC ADD PC, PC, Rm 3

g-bit immediate

ADDS Rd, Rd, #-<1mm>

With carry

ADCS Rd, Rd, Rm

Immediate to SP

ADD 5P, SP, #<imm>

Form address from SI*

ADD Rd, 5P, #<1imm:

Form address from 1C

11/19/2023

ADR Rd, <label=

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE
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Instruction Set 'S
FIrorioniz
Subtract [.Loand Lo SUBS Rd, Rn, Rm |
3-bit immediate SUBS Rd, Rn, #<imms ]
¥-bit immediate SUBS Rd, Rd, #<imms ]
With carry SBCS Rd, Rd, Rm |

Immediate from 51 SUB 5P, SP, #<imm ]

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE
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Instruction Set

Operation Description Assembler

Subtract MNegate RSES Rd, Rn, #0 l

Multiply Multiply MULS Rd, Rm, Rd 1 or 32a

Compare Compare CMP Rn, Rm 1
Negative CMN Rn, Rm 1
Immediate CMP Rn, #<imm: 1

Logical AND ANDS Rd, Rd, Rm 1

11/19/2023

Exclusive OR

EORS Rd, Rd, Rm

OR ORRS Rd, Rd, Rm 1
Bit clear BICS Rd, Rd, Rm 1
Mowve NOT MVNS Rd, Em 1
AND test TST Rn, Rm 1

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE
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Instruction Set

Shatt Logical shift left by immediate LSLS Rd, Rm, #<shift> 1

. . . FIrorioniz
Logical shift left by register LSLS Rd, Rd, Rs 1 ’

Logical shift nght by immediate  LSRS Rd, Rm, #<shift> I

Logical shift nght by register LSRS Rd, Rd, Rs 1

Arithmetic shift nght ASRS Rd, Bm, #<shift> 1

Arithmetic shift right by register  ASRS Rd, Rd, Rs I

Rotate Rotate right by register RORS Rd, Rd, Rs 1
l.oad Word, immediate oftset LDR Rd, [Rn, #<imm:>] 2
Halfword, immediate offset LDRH Rd, [Rn, #<imm>] 2
Bvyte, immediate offset LDRB Rd, [Rn, #<imm=] 2
Word, register offset LDR Rd, [Rn, Rm] 2
Hallfword, register ofTset LDRH Rd, [Rn, Rm] 2
Signed haltword, register offset  LDRSH Rd, [Rn, Rm] 2
Bvte, register offset LDRE Rd, [Rn, Rm] 2

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE 29
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Instruction Set

11/19/2023

I.oad Signed byte, register offset LORSE Rd, [Rn, Rm] 2
PC-relative LDR Rd, <1abels 2
SP-relati-= LDR Rd, [SP, #<imm: | 2
Multiple, excluding base LDM Rn!, {<loreglist>) 1+Mb
Multiple, including base LDM Rn, {<loreglist>| 1+MNb

Store Word, immediate offset STR Rd, [Rn, #<imm:] 2
Haltword, immediate offset STRH Rd, [Rn, #<imm=] 2
Byte, immediate offset STRB Rd, [Rn, #<imm:] 2
Word, register offset STR Rd, [Rn, Rm| 2
Halfword, register offset STRH Rd, [Rn, Rm] 2
Byte, register offset STRB Rd, [Rn, Rm] 2
SP-relative STR Rd, [SP, #<imms>] 2
Multiple STM Rn!, {<Toreglist>} ]+Nb

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE
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Instruction Set

Push Push PUSH {<Toreglist>} 14+Nb
Push with link register PUSH {<loreglist>, LR}  1+Nb
Pop Pop POP {<lareglists} 1+Nb
Pop and return POP {<loreglists, PC} J+N¢E
Branch Conditional Becc> <labels 1 or 34
Unconditional B <label= 3
With link BL <label> 4
With exchange EX Rm 3
With link and exchange BLX Rm 3
Extend Signed halfword to word SXTH Rd, Rm 1
Signed byte to word SXTB Rd, Rm 1
Unsigned halfword UXTH Rd, Rm |

11/19/2023

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE

Hrorioniz

31



Instruction Set

Operation Description Assembler Cycles
Extend Unsigned byte UXTE Rd, Rm |
Reverse Bytes in word REV Rd, Rm 1
Bvtes in both halfwords REV16 Rd, Rm ]
Signed bottom hall word REVSH Rd, Rm |
State change Supervisor Call SVC #<imm> - €
Disable interrupts CPSID 1 |
Enable interrupts CPSIE 1 1
Read special register MRS Rd, <specregs> 4
Write special register M5R <specreg=, Rn 4
Breakpoint BKPT #<imms - €

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE
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Instruction Set

Hint Send event SEV ]
Wait for event WFE pld
Wait for interrupt WFI 21
Yield YIELDZ 1
No operation NOP 1

Barriers Instruction synchronization ISB 1
Data memory DME 4
Data synchronization DSE 1

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE
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Memory Systems
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ST
Memory System Overview 7Y TITTS

Cortex-M0 Memory Map (Example)

Chip Silicon
- =
% O 3,
E"“;"" SRAM, External LCD SD card
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Cortex-MO0 Registers

Register bank N [ ] )
L Ri )
[ ¥ ]
L A I > Low
[ E | Regsters
| RS )
e [ l
[ 7 w
[ [ ]
l RS ]
| i |
L Rt |
- [1H] | J l MsP ]
S S ;7 w— e
Link Regater LK) | QQ | L [ |
Program Counter (PC) [ !ﬂ | Process Skack Pomiar
ol Doswntee: | PR = [ ] & | v ]
nteenpt mask rogstr | PRIMASK | Apoliason Expcution Imteuo
Suck defion | CONTROL l G o b
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DuFFFFFFFF

(xEQ100000
DxEDOFFFFF
MENDON00
0xDFFFFFFF

CwC0000000
nBFFFFFFF

CoeADDO0000
DwIFFFFFFF

QeB0000000
(uTFFFFFFF

(0000000
DNSFFFFFFF

e D0D0000
(IFFFFFFF

(20000000
OxIFFFFFFF

(00000000

Memaory map

Resarved

Interral Privata Parpharal

Bus

Peripheral

SRAM

e

Memory map of the
Private Peripheral Bus

ROM Table

Resarved

Syatem Control Space
{2C5)

Resarved

Be
[Breakpoint unit)

OWT (Datz
Wigkchpaoing umit)

Reszrved

MEMORY OVERVIEW

[=EMOFFFFF
(EQOFFO00
A ]
MMFEFF;"” Dsbug Control |
ol | CnEDODEDDD
f,/j WVIC
EREQOOFDO0 {Nestad Vectoeed
Indarrupl Corftnoller) EOOIE 100
=EODOEDDD Resenved | IeEDDIEDZ0
'““nh_ SysTick Timer | (nEOOOED1D

OXEDO0I00E--—__ Reserved | (WEQOOEDDO

(xEDOOT000

CheEDO00000

FIrarionis
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Cortex-M0 Program Image TUTIDTS

SysTick vector i

0x00000038

Reserved

Resorved
Vector tble ' :
020000000 3 nitial MSP vakuo

SVC- Super visitor call
User Can trigger exceptions. Exceptions run in privileged mode.
This is used to work on exceptions in Unprivileged mode.

0x0000002C

0x0000000C
0x00000008
Ox00000004
0200000000

ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE 38



Memory space

NSy o)

The 4 GB memory space of the Cortex-MO
processors is architecturally divided into a number of
regions

39/12



Code Region (0x00000000—0x1FFFFFFF)

INST VsV oy

i The size of the code region is 512 MB.
. Used to store program code

. Contains the initial exception vector table at address
0x00000000



SRAM Region (0x20000000-0x3FFFFFFF)

INSII NPTV o

. The SRAM region is located in the next 512 MB of the memory

map.
. Primarily used to store data, including stack.
. Also used to store program codes.
. For example, in some cases you might want to copy program
codes from slow external memory to the SRAM and execute it

from there.



INSII NPTV o

. The Peripheral region also has the size of 512 MB.
. It is primarily used for peripherals, and can also be used for
data storage.
. Program execution is not allowed in the Peripheral region.
. The peripherals connected to this memory region can either
be AHB-Lite peripheral(Master Slave) or APB peripherals (via a
bus bridge).



o 4 The RAM region consists of two 512 MB blocks, which results”

RAM Region (0x60000000—-0Xx9FFFFFFF)

./}

in total of 1 GB space.

. Both 512 MB memory blocks are primarily used to stored data,
and in most cases the RAM region can be used asa 1 GB
continuous memory space.

. The RAM region can also be used for program code execution.
. The only differences between the two halves of the RAM
region are the memory attributes, which might cause
differences in caching behavior if a system level cache (level-2
cache) is used.



INSII NPTV o

i The external device region consists of two 512 MB memory

blocks, which results in a total of 1 GB space.

. Both 512 MB memory blocks are primarily used for peripherals
and |/O usages.

. The device region does not allow program execution, but it can
be used for general data storage.

. Similar to the RAM region, the two halves of the device region
have different memory attributes.



Internal Private Peripheral Bus
(OxE0000000—0XxEQOFFFFF)

INSII NPTV o

- The internal Private Peripheral Bus (PPB) memory space is allocated for

peripherals inside the processor, such as the interrupt controller
Vectored Interrupt Controller (NVIC), as well as the debug components.

. Theinternal PPB memory space is 1 MB in size, and program execution is

not allowed in this memory range.

Within the PPB memory range, a special range of memory is defined as
the System Control Space (SCS).

. The SCS address is from OxEOOOEQQOO to OXxEOOOEFFF. It contains the

interrupt control registers, system control registers, debug control
registers, etc. The NVIC registers are part of the SCS memory space. The
SCS also contains an optional timer called the SysTick.

45/ 12



Reserved Memory Space .
(OxE0100000—OXFFFFFFFF)

. The last section of the memory map is a 512 MB reserved
memory space.

. This may be used in some microcontrollers for
microcontroller vendor specific usages.

46 /12



CORTEX MO Overview

Microcontroller Peripheral
bus

e

Cortex-M0 / Cortex-M0O+
processor

(Internal PPB region)

-~

NVIC || Debug AHB to APB

~_ >

-~

On chip flash

memory
(CODE region)

On chip SRAM
(SRAM region)

~_>

SD Card

interface
(Device/RAM
region)

External Memory
Interface
(RAM. Device
regions)

(Peripheral region)
B SD card
Ex'e"F':::,RAM' LCD module
(Device region)

(RAM regsion)

Non-executable memories
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What happens when a microcontroller starts? POIIETS
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TUrIons

Typical Program Generation Flow
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Typical Development Flow

Select device Add program

Createa and speclfy code & — Compile /o, Update
project [-—V [7 Device Driver -/ ‘°'°9'°‘:°w - P‘mf'
opw‘s Lm‘y genmn ) \ app tion

‘ DL__. | _ 'Er“

Download 1\ Debud

toflash ) R o O

(require in-circult debugger)

Hrorioniz
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Performance between M1,M2 and Intel

Faster filter and function performance in Photoshop?

Mac mini with M2 Pro

Mac mini with M2

Mac mini with M1

27-inch with Core i7 and Radeon Pro 5500 XT

Mac mini with Core i7
(baseline)

11/19/2023 ARM Processors-A case study/Dr.G.Arthy/EEE/SNSCE




ASSESSMENT

1. In which year Apple moved from Intel to ARM?
a) 2020 b) 2015 ¢)2021 d)2005

INSHTEN o5y

2. What is meant by RISC architecture?

.....

00D
DUSITEYY }5
Yl eadershms

=

am
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https://microcontrollerslab.com/nested-vectored-interrupt-controller-nvic-arm-cortex-m/

https: //www.sciencedirect.com /topics/engineering /memory-space
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