UNIT 5
ARM ARCHITECTURE
RISC & CISC PROCESSORS ARCHITECTURE:
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I	NTRODUCTION TO ARM Architecture 
• ARM means Advanced RISC Machines. ARM machines have a 32-bit Reduced Instruction Set Computer (RISC) Load Store Architecture. It is first RISC microprocessor for commercial use and market-leader for lowpower and cost-sensitive embedded applications.
• The processor originated in England in 1984. At its inception ARM stood for Acorn RISC Machine. The first ARM reliant systems include the Acorn : BBC Micro, Masters and the Archimedes. During this early period they were used mostly for British educational systems and therefore, were not widely available or known outside England. However in 1987 the ARM became the first commercial RISC processor.
• The ARM is a Von Neumann, load/store architecture i.e. only 32-bit data bus for both instruction and data. Also for the load/store instruction access memory.
• Licenses ARM core designs to semiconductor partners who fabricate and sell to their customers. ARM does not fabricate silicon itself.
• First models had only a 26-bit program counter, limiting the memory space to 64 MB.
• In 1990, the research section of Acorn separated from the parent company and formed : Advanced RISC Machines Limited.
• The ARM is a 32-bit architecture. When used in relation to the ARM :
1. Byte means 8 bits
2. Halfword means 16 bits.
3. Word means 32 bits.
• Most ARM's implement two instruction sets
1. 32-bit ARM Instruction Set
2. 16-bit Thumb Instruction Set
• Memory is addressed as a 32 bit address space. Data type can be 8 bit bytes, 16 bit half-words or 32 bit words and may be seen as a byte line folded into 4-byte words.
 ARM1 processor was the first commercialized RiSC processor and it contained 25,000 transistors.
ARM PROCESSORS FAMILIES:
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ARM ARCHITECTURE:
• The ARM architecture processor is an advanced reduced instruction set computing [RISC] machine and it's a 32 bit RISC microcontroller.
• The ARM cortex is a complicated microcontroller within the ARM family that has ARMv7 design. There are 3 subfamilies within the ARM cortex family:
The ARM Architecture consists of following:
a) Arithmetic Logic Unit
b) Booth multiplier
c) Barrel shifter
d) Control unit
e) Register file
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The ARM processor conjointly has other components like the Program status register, which contains the processor flags (Z, S, V and C).
• The modes bits conjointly exist within the program standing register, in addition to the interrupt and quick interrupt disable bits; Some special registers: Some registers are used like the instruction, memory data read and write registers and memory address register
Priority encoder : The encoder is used in the multiple load and store instruction to point which register within the register file to be loaded or kept.
2. Multiplexers : Several multiplexers are accustomed to the management operation of the processor buses.
3. Arithmetic Logic Unit (ALU) : The ALU has two 32-bits inputs. The primary comes from the register file, whereas the other comes from the shifter. Status registers flags modified by the ALU outputs. The V-bit output goes to the V flag as well as the Count goes to the C flag. Whereas the foremost significant bit really represents the S flag, the ALU output operation is done by NORed to get the Z flag. The ALU has a 4-bit function bus that permits up to 16 opcode to be implemented.
4. Booth multiplier factor : The multiplier factor has 3 32-bit inputs and the inputs return from the register file. The multiplier output is barely 32-Least Significant Bits of the merchandise. The entity representation of the multiplier factor is shown in the above block diagram. The multiplication starts whenever the beginning 04 input goes active. Fin of the output goes high when finishing.
5. Barrel shifter : The barrel shifter features a 32-bit input to be shifted. This input is coming back from the register file or it might be immediate data. The shifter has different control inputs coming back from the instruction register. The Shift field within the instruction controls the operation of the barrel shifter. This field indicates the kind of shift to be performed. The quantity by which the register thought to be shifted is contained in an immediate field within the instruction or it might be the lower 6 bits of a register within the register file.
6. Control unit : The control unit is sometimes a pure combinational circuit design. Here, the control unit is implemented by easy state machine. The processor timing is additionally included within the control unit. Signals from the control unit are connected to each component within the processor to supervise its operation.
7. Incremented :
• For load and store instructions, the incremented updates the contents of the address register before the processor core reads or writes the next register value from or to the consecutive memory location.
• The processor core continues the execution of instruction. Only when an exception or interrupt occurs, the normal execution flow is changed.
8. Address Register : This holds the address generated by the load and store instructions and places it on the address bus.
9. Instruction decoder : It decodes the instruction opcode read from the memory and then the instruction is executed.
10.Register file : This is a bank of 32-bit registers used for storing data items.
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ARM CORTEX-M3 PROCESSOR:
 The ARM Cortex™-M3 processor, the first of the Cortex generation of processors released by ARM in 2006, was primarily designed to target the 32-bit microcontroller market.
 The Cortex-M3 processor provides excellent performance at low gate count and comes with many new features previously available only in high-end processors.
 The Cortex-M3 addresses the requirements for the 32-bit embedded processor market in the following ways:
 Greater performance efficiency: allowing more work to be done without increasing the frequency or power requirements
 Low power consumption: enabling longer battery life, especially critical in portable products including wireless networking applications
 Enhanced determinism: guaranteeing that critical tasks and interrupts are serviced as quickly as possible and in a known number of cycles
 Improved code density: ensuring that code fits in even the smallest memory footprints
 Ease of use: providing easier programmability and debugging for the growing number of 8-bit and 16-bit users migrating to 32 bits
 Lower cost solutions: reducing 32-bit-based system costs close to those of legacy 8-bit and 16-bit devices and enabling low-end, 32-bit microcontrollers to be priced at less than US$1 for the first time
 Wide choice of development tools: from low-cost or free compilers to fullfeatured development suites from many development tool vendors.
Cortex-M3 processor-based microcontrollers can be easily programmed using the C language and are based on a well-established architecture, application code can be ported and reused easily, reducing development time and testing costs.
Additionally, the Cortex-M3 processor introduces a number of features and technologies that meet the specific requirements of the microcontroller applications, such as nonmaskable interrupts for critical tasks, highly deterministic nested vector interrupts, atomic bit manipulation, and an optional Memory Protection Unit (MPU). These factors make the Cortex-M3 processor attractive to existing ARM processor users as well as many new users considering use of 32-bit MCUs in their products.


ARM CORTEX-M3 PROCESSOR ARCHITECTURE:
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ARM Registers : ARM has a total of 37 registers .In which - 31 are general-purpose registers

of 32-bits, and  six_ status registers .But all these registers are not seen at once. The processor

state and operating mode decide which registers are available to the programmer. Atany time,
among the 31 general purpose registers only 16 registers are available to the user. The remaining
15 registers are used to speed up exception processing. there are two program status registers:
CPSR and SPSR (the current and saved program status registers, respectively

In ARM state the registers r0 to r13 are orthogonal—any instruction that you can apply to 10 you

can equally well apply to any of the other registers.

The main bank of 16 registers is used by all unprivileged code. These are the User mode

registers. User mode is different from all other modes as it is unprivileged. In addition to this

register bank there is also one 32-bit Current Program status Register(CPSR)
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In the 15 registers ,the r13 acts as a stack pointer register and r14 acts as a link register and r15
acts as a program counter register.
Register r13 is the sp register ,and it is used to store the address of the stack top. R13 is used by
the PUSH and POP  instructions in T variants, and by the SRS and RFE instructions ~from
ARMY6,

Register 14 is the Link Register (LR). This register holds the address of the next instruction after
a Branch and Link (BL or BLX) instruction, which is the instruction used to make a subroutine
call. Itis also used for return address information on entry to exception modes. At all other times,
R14 can be used as a general-purpose register.

Register 15 is the Program Counter (PC). It can be used in most instructions as a pointer to the
instruction which is two instructions after the instruction being executed.

The remaining 13 registers have no special hardware purpose.
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CPSR : The ARM core uses the CPSR register to monitor and control internal operations. The
CPSR s a dedicated 32-bit register and resides in the register file. The CPSR.is divided into
four fields, each of 8 bits wide : flags, status, extension, and control. The extension and status
felds are reserved for future use. The control field contains ~ the processor mode, state, and

interrupt mask bits. The flags field contains the condition flags. The 32-bit CPSR register is

shown below.
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® Processor core

® Contains internal registers, the ALU, data path, and some control logic
" Registers include sixteen 32-bit registers for both general and special usage
® Processor pipeline stages

® Three-stage pipeline: fetch, decode, and execution

® Some instructions may take multiple cycles to execute, in which case the pipeline will
be stalled

" The pipeline will be flushed if a branch instruction is executed

Instruction 1
Instruction 2
Instruction 3
Instruction 4
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" Nested Vectored Interrupt Controller (NVIC)
® Up to 240 interrupt request signals and a non-maskable interrupt (NMI)

" Automatically handles nested interrupts, such as comparing priorities between interrupt
requests and the current priority level
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® Wakeup Interrupt Controller (WIC)

® For low-power applications, the microcontroller can enter sleep mode by shutting down
most of the components.

® When an interrupt request is detected, the WIC can inform the power management unit
to power up the system.

® Memory Protection Unit (optional)

® Used to protect memory content, e.g. make some memory regions read-only or
preventing user applications from accessing privileged application data
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® Bus interconnect

" Allows data transfer to take place on different buses simultaneously

" Provides data transfer management, e.g. a write buffer, bit-oriented operations (bit-

band)

May include bus bridges (e.g. AHB-to-APB bus bridge) to connect different buses into a
network using a single global memory space

Includes the internal bus system, the data path in the processor core, and the AHB
LITE interface unit

® Debug subsystem

® Handles debug control, program breakpoints, and data watchpoints

® When a debug event occurs, it can put the processor core in a halted state, where

developers can analyse the status of the processor at that point, such as register
values and flags
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ARM processor Features

ARM1 *  First version of ARM processor.
« 26-bit addressing, no muliply / coprocessor.

ARM2 « ARM2, First commercial chip.

 Included 32-bit result muliply instructions/coprocessor support.

ARM2a « ARMS3 chip with on-chip cache.
®  Added load and store.

« Cache management

ARM3 * ARMS, 32 bit addressing, virtual.
« Memory support.
ARM7 ®  Most popular used today.

= Suitable for DSP work.

ARMB It Includes a five stage pipeline.
o Speculative instruction fetcher.

*  Processor to allow a higher clock speed.

ARM9 © Uses five stage pi

«  Support Harvard Architecture chip.
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ARM7TDMI™

ARM920T/922T/940T

ARMSE processor
family

ARMI1 processor
family

Descriptions
Avery popular 32-bit processor and widely supported by development tools. Itis based on

ARM architecture version 4T and supports both ARM and Thumb instruction set. Upward
‘compatible to ARMO, ARM 11, and Cortex®-A/R processors.

Microcontrollers based on these processors are less common nowadays. They are based on
ARM architecture version 4T but with Harvard bus architecture. Some of them also support
cache, MMU, or MPU features.

Most of the ARM9 microcontrollers are based on the ARMOE processor family. They are
based on ARM architecture version STE (with Enhanced DSP instructions) and provide
various memory/system features (cache, TCM, MMU, MPU, DMA, etc) depending on
processor model. Usually they are targeted at higher end of microcontroller application

space with high operating frequency, larger memory system support.

They are application processors based on ARM architecture version v6 (do not confuse it
‘with ARMv6-M). These processors are targeted at applications that require full feature OS,
50 they support MMU and the pipeline design is optimized for higher clock frequency.
Today. ARM11 processors are still used in a range of popular projects such as the Raspberry
Pi(model A, B, and B+).
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ARM 7TDMI-S Processor : The ARM7TDMI-S processor is a member of the ARM family of
general-purpose  32-bit microprocessors. The ARM family offers high performance for very
low-power consumption and gate count. The ARM7TDMI-S processor has a Von Neumann
architecture, with a single 32-bit data bus carrying both instructions and data. Only load, store,
and swap instructions can access data from memory. The ARMTTDMI-S processor uses a three
stage pipeline to increase the speed of the flow of instructions to the processor. This enables

several operations 1o take place simultancously, and the processing, and memory systems to

operate continuously. In the ~three-stage pipeline the instructions are executed in three stages

ARMdecode
Thumb—S Reg | Reg
Instruction Fetch ARM read | SMTtJALU [iryite
decompress | RegSelect
FETCH DECODE EXECUTE

The three stage pipelined architecture of the ARM? processor is shown in the above figure.
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ARCHITECTURE OF ARM PROCESSORS:

The ARM 7 processor is based on Von Neman model with a single bus for both data and
instructions.( The ARM uses Harvard model). Though this will decrease the performance of
ARM, it is overcome by the pipe line concept. ARM uses the Advanced Microcontroller Bus
Architecture (AMBA) bus architecture. This AMBA include two system buses: the AMBA
High-Speed Bus (AHB) or the Advanced System Bus (ASB), and the Advanced Peripheral Bus
(APB).

‘The ARM processor consists of

o Arithmetic Logic Unit (32-bit)

« One Booth multiplier(32-bit)

o One Barrel shifter

« One Control unit

o Register file of 37 registers cach of 32 bits
In addition to this the ARM also consists of a Program status register of 32 bits, Some
Special registers like the instruction register, memory data read and write register and
memory address register .one Priority encoder which is used in the multiple load and
store instruction to indicate which register in the register file to be loaded or stored and

Multiplexers etc.




