






























































































































UNIT - 5 ARM PROCESSOR 

ARM PROCESSOR: 

An Arm processor is one of a family of central processing units (CPUs) bas 
ed on the reduced instruction set computer (RISc) architecture for computer pr 
ocessors. Arm Limited, the company behind the Arm processor, designs the cor 
e CPU components and licenses the intellectual property to partner organizatio 
ns, which then build Arn-based chips according to their own requirements. Ar 
m Limited does not manufacture or sell any chips directly. 

The ARM microcontroller stands for Advance RISC Machine; it is one of the 
extensive and most licensed processor cores in the world. The first ARM proce 
ssor was developed in the year 1978 by Cambridge University, and the first AR 
M RISC processor was produced by the Acorn Group of Computers in the year 
1985. These processors are specifically used in portable devices like digital ca 
meras, mobile phones, home networking modules and wireless communicatio 
n technologies and other embedded systems due to the benefits, such as low 
power consumption, reasonable performance, etc. This article gives an overvie 
wof ARM architecture with each module's principle of working. 

An Introduction to ARM Architecture w 
ith Each Module's Working Principle 

ARM Architecture: 

The ARM architecture processor is an advanced reduced instruction set co 
mputing (RISC] machine and it's a 32bit reduced instruction set computer (RIS 
C) microcontroller. It was introduced by the Acron computer organization in 19 
87. This ARM is a family of microcontroller 
developed by makers like ST Microelectronics,Motorola, and so on. The ARM a 
rchitecture comes with totally different versions like ARMv1, ARMV2, etc., and, 
each one has its own advantage and ARM Architecture comes with totally diff 
erent versions like ARMV1, ARMV2, etc., and, each one has its own advantage a 
nd disadvantages. 



The ARM cortex is a complicated microcontroller within the ARM family that h 
as ARMV7 design. There are 3 subfamilies within the ARM cortex family : 

ARM Cortex Ax-series 

ARM-Cortex Rx-series 

ARM-Cortex Mx-series 
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Arithmetic Logic Unit (ALU) 

The ALU has two 32-bits inputs. The primary comes from the register file, wher 
eas the other comes from the shifter. Status registers flags modified by the AL 
Uoutputs. 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. 

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 merchandi 
se. The entity representation of the multiplier factor is shown in the above bloc 
k diagram. The multiplication starts whenever the beginning 04 input goes a 
ctive. Fin of the output goes high when finishing. 

Booth Algorithm 

Booth algorithm is a noteworthy multiplication algorithmic rule for 2's comple 
ment numbers. This treats positive and negative numbers uniformly. Moreover, 
the runs of 0's or 1's within the multiplier factor are skipped over without any a 
ddition or subtraction being performed, thereby creating possible quicker multi 
plication. The figure shows the simulation results for the multiplier test be 
nch. It's clear that the multiplication finishes only in16 clock cycle. 

Barrel Shifter 

The barrel shifter features a 32-bit input to be shifted. This input is coming ba 
ck from the register file or it might be immediate data. The shifter has differen 
tcontrol 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 (logical left or right, arithmetic right or ro 
tate right). The quantity by which the register ought to be shifted is contained i 
n an immediate field within the instruction or it might be the lower 6 bits of a r 
egister within the register file. 

The shiftval input bus is 6-bits, pemitting up to 32 bit shift. The shifttype indi 
cates the needed shift sort of 00, 01, 10,11 are corresponding to shift left, shif 
t right, an arithmetic shift right and rotate right, respectively. The barrel shifter i 

s especially created with multiplexers. 

Control Unit 

For any microprocessor, control unit is the heart of the whole process and it is r 
esponsible for the system operation,so the control unit design is the most imp 
ortant part within the whole design. The control unit is sometimes a pure comb 
inational circuit design. Here, the control unit is implemented by easy state ma 
chine. The processor timing is additionally included within the control unit. Sig 
nals from the control unit are connected to each component within the process 
or to supervise its operation. 



ARM Microcontroller Register Modes 

An ARM micrcontroller is a load store reducing instruction set computer archite 
cture means the core cannot directly operate with the memory. The data opera 
ions must be done by the registers and the information is stored in the memory 
by an address. The ARM cortex-M3 consists of 37 register sets wherein 31 are 
general purpose registers and 6 are status registers. The ARM uses seven proo 
essing modes to run the user task. 
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USER Mode: The user mode is a normal mode, which has the least number of 

registers. It doesn't have SPSR and has limited access to the CPSR. 

FIQ and IRQ: The FIQ and IRQ are the two interrupt caused modes of the CPU. 
The FIQ is processing interrupt and lRQ is standard interrupt. The FIQ mode ha 
s additional five banked registers to provide more flexibility and high performa 
nce when critical interrupts are handled. 

SVC Mode: The Supervisor mode is the software interrupt mode of the prOcess 



or to start up or reset. 

Undefined Mode: The Undefined mode traps when illegal instructions are exe 
uted. The ARM core consists of 32-bit data bus and faster data flow. 

THUMB Mode: In THUMB mode 32-bit data is divided into 16-bits and increas 
s the processing speed. 

THUMB-2 Mode: In THUMB-2 mode the instructions can be either 16-bit or 32 
bit and it increa ses the performance of the ARM cortex -M3 microcontroller. 
he ARM cortex-m3 microcontroller uses only THUMB-2 instructions. 

Some of the registers are reserved in each mode for the specific use of the co 
e. The reserved registers are 

Stack Pointer (SP). 

Link Register (LR). 

" Program Counter (PC). 

Cuent Program Status Register (CPSR). 

Saved Program Status Register (SPSR). 

The reserved registers are used for specific functions. The SPSR and CPSR Co 
ntain the status control bits which are used to store the temporary data. The 
PSR and CPSR register have some properties that are defined operating mode 
s, Interrupt enable or disable flags and ALU status flag. The ARM core operate 
in two states 32-bit state or THUMBS state. 

ARM-Cortex Microcontroller Programming 

In the present days, the microcontroller vendors are offering 32-bit microcontrc 
Ilers based on ARM cortex-m3 architecture. Many embedded system developer 
s are starting to use these 32-bit microcontrollers for their projects. The ARM 
microcontrollers supports for both lowlevel and high level programming langu ages. Some of the traditional microcontroller architectures are made with man 
y limitations therefore, difficult to use the high level programming language. 
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NESTED VECTORED INTERRUPT CONTROLLER(NVIc): 

NVIC is an on-chip controller that provides fast and low latency response to int 
errupt-driven events in ARM Cortex-M MCUs. In this tutorial, We will explain the 

role of the nested vectored interrupt controller (NVIC) in interrupt handling requ 
ests of ARM Cortex-M microcontrollers. At the start, we will explain the excepti 
on and interrupt concepts that are related to Cortex-M architecture. After that, 

we will also see how interrupts are handled by the Nested Vectored Interrupt Co 
ntroller (NVIC) of ARM MCU. In the last section, we will discuss what is the nee 
d of prioritizing an interrupt or exception. 
In Cortex-M microcontrollers, a nested vectored interrupt controller usually kno 
wn as NVIC is used to handle all the interrupts and exceptions that Cortex-M s 
upports 
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The nested vectored interrupt controller is basically an integrated part of Corte 
x-M because of its tight integration with the cortex-M core. We can also config 
ure the interrupt controller according to our needs using specific registers. The 
mode of operation of most of the interrupt registers is privileged i.e. they can o 
nly be accessed in privileged mode, but if the interupt is a software interrupt t 
han these registers can be accessed in user mode also. Followings are the mai 
n responsibilities of NVIC: 

Low interrupt latency management 
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