CHAPTER 10-Part 1

ARM-THE WORLDOS MOST

MICROCONTROLLERSARCHITECTURE AND
ASSEMBLY LANGUAGE PROGRAMMING

000000000000
000000000000
000000000000
000000000000
000000000000
000000000000

Qo0
o0
o0
o0
o0
o0
o0
[-1-]
Qo
Q0
oo
oo

Understand!!! Implement!!! Analyze!!!




History of the ARM Processor

;) ARM1 |, ARM2 e.. ARM 7
1 ARM9, ARM10 ,ARM11
} CORTEX



The ARM Core

rWhat 1 s meant by the 0co
1y The core 1Is the Oprocess
dOcomputing engi nedo.

1 It has all the computing power, and this
aspect is decided by the architecture, which
represents the basic design of the processor.

Understand!!! Implement!!! Analyze!!!



The ARM Microcontroller

1 1t is ARM core with peripherals added to it.
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Figure10.1 | ARM SoC—core with peripherals
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THE RISC ARCHITECTURE

1 These apply to most of the instructions of
ARM, but

not necessarily to all.

1 1) Instructions are of the same size, that is, 32
bits

1 1) Instructions are executed in one cycle

1 1) Only the load and store instructions access
memory
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Advanced Features

- Thumb
. MMU and MPU
. Cache

- Debug interface

- Embedded ICE macrocell

- Fast muliplier

. Enhanced instructions

- Jazelle DBX (Direct Bytecode eXecution )
- Vector floating point unit

- Synthesizable

Understand!!! Implement!!! Analyze!!!



Table 10.1 | Early Naming Conventions for ARM

ARM {xH{yHzH{ THDHMHIHEHIHFHHXS}
X Family (7,8,9,10, 11, ...)

% Memory management/protection unit

7 Cache

T Thumb 16-bit decoder

D JTAG debug

M Fast Multiplier

I Embedded|CE macrocell

E DSP Enhanced instructions (assumes TDMI)
J Jazelle

F Vector Floating-point Unit

) Synthesizable Version
\ Understand!!! Implement!!! Analyze!!!



ARM7TDMI

Embedded ICE-RT
ETMY7 Interface
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ARM-7 Core
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Figure 10.2 | Two ARM cores
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\ Understand!!! Implement!!! Analyze!!!

Table 10.2 | Variants of the ARM Processor
Processor Architecture Memory Management Other
Name Version Features Features
ARM7TDMI ARMwAT
ARM7TDMI-S ARMvAT
ARM7ZEJ-S ARMvSE DSE Jazelle
ARMG20T ARMVAT ML
ARMO22T ARMwAT MMU
ARMG26El-S ARMvSE MM DSP Jazelle
ARMO46E-5 ARMvSE MPU DSP
ARMOGEE-5 ARMvSE DSP
ARMOGEE-S ARMvSE DMA, DSP
ARMo&aHS ARMvSE MPU (optional) DSP
ARMI1020E ARMvSE MML DSP
ARMI1022E ARMvSE ML DSP
ARMI1026E)-5 ARMvSE MMU or MPU DSE Jazelle
ARM1136J(F)-5 ARMvE ML DSP Jazelle
ARM117614(F)-5 ARMvE MMU+TrustZone DSE Jazelle
ARM11MPCore ARMvE MMU+Multiprocessor DSE Jazelle

Cache Support

ARM1156T2(F)-5 ARMvE MPU DSP
Cortex-MO ARMvE-M NVIC
Cortex-M1 ARMvE-M FPGATCM interface NVIC
Cortex-M3 ARMv7-M MPU (optional) NVIC



Table 10.3 | Features of the Architecture Variants of ARM

Architecture
Versions

V4
v4T
V5
v5E
v

o

Features

ARM instructions only
THUME instructions also added

More advanced ARM and THUMB instructions
Advanced ARM instructions and enhanced DSP instructions

Advanced ARM and THUMBE. 5IMD and memory suppaort
instructions added

THUME-2 technology, in which both 16-bit and 32-
bit instructions are supported, and there is no need to

switching between ARM and THUMB instruction sets
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Features of ARM which make it
special

Data bus width
Computational capabillity
Low Power

Pipelining

Multiple Register instructions
DSP Enhancements

}
}
}
}
}
}
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Fetch [—» Decode [—» Exescute

Figure 10.3a | A thres stage pipeline

Cycle 1 2 3 4 5

Operation

INSTR 1 Fetch Decode Execute

INSTR 2 Fetch Decode Execute

INSTR 3 Fetch Decode Execute
Figure 10.3b | The three stage pipeline with 3 instructions in operation

Fetch —»{ Decode —» Execute —» Buffer —» Write

Figure 10.4 | A five-stage pipeline

Understand!!! Implement!!! Analyze!!!



OPERATING MODES OF ARM

i) User: Unprivileged mode under which most tasks run

ii) F1Q (Fast Interrupt Request): Entered on a high priority (fast) interrupt request
i) 1RQ) (Interrupt Request): Entered on a low priority interrupt request
iv) Supervisor: Entered on reset and when a software interrupt instruction (SWI) is

executed

v) Abort: Used to handle memory access violations
vi) Undef: Used to handle undefined instructions

vii) System: Privileged mode using the same registers as user mode



Register Set

ARM has 37 registers each of which is 32 bits long. They are listed as follows:

i) 1dedicated program counter (PC)
ii) 1 dedicated current program status register (CPSR)
iii) 5 dedicated saved program status registers (SPSR)

iv) 30 general purpose registers



Table 10.4 | Registers in the User Mode

Register Numbers Designations

RO-R12 General purpose registers
H13 Stack pointer (5P)

R14 Link reqgister (LR}

R15 Program counter (PC)

Understand!!! Implement!!! Analyze!!!



RO User
and
R1 System
R2
R3
R4
HS
Re ::na"[ztrrupt
R7 Request
HB RB8_FIQ
H9 R9_FIQ
R10 R10_FIQ
R1i1 Ri1_FIQ nr——
R12 Ri12_FIQ Request Supervisor Undefined Abort
R13 SP R13_FIQ R13_IRQ R13_SVC R13_Undef R13_ABT
Ri14 LR R14_FlQ R14_IRQ R14_5VC R14_Undef R14_ABT
R15 PC
CPSR
- SPSHR_FIQ| |SPSR_IRQ| [SPSR_SVQ | SPSH_Undef | |SPSH_ARBT)

Register set of ARM

Figure 10.5 |
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Figure 10.6 | Current Program Status Register (CPSR) bit configuration




Table10.5 | CF5KBits

Bit Nos.
Oto4

6

7

81023,2510 26
24

27

281031

Notation
Mode

F
|
Undefined
J

Q
V.CZN

Interpretation

Specifies the current mode of
operation

Specifies whether in ARM(T =) or
Thumb(T =0) state

Disables (F = 1)FIQ
Disables (| = 1)IRQ

In Jazelle state (1 =1)
Sticky overflow flag
Conditional flags
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Saved Program Status Registers (SPSR) 'here are five Saved Program Status

Registers that is, one for each of the ‘exception modes of operation. When an exception,
that is, an interrupt occurs, the corresponding SPSR saves the current CPSR value into
it (s0 as to be able to retrieve it on returning to the previous mode). The system mode
and user modes do not have SPSRs because they are not entered through the mechanism
of interrupts.



Table 10.6 | List of Interrupt Vectors

Exception
Reset

|Undefined instruction

Software interrupt
Prefetch abort
Data abort
Reserved
Interrupt request

Fast interrupt request

Shorthand
RESET
UNDEF

SWI

PABT

DAEBT

IR

FICQ

Understand!!! Implement!!! Analyze!!!

Vector Address

Ox00000000
Ox00000004
Ox00000008
Ox0000000C
Ox00000010
Ox00000014
0x00000018
0x0000001C



