Architecture

of microprocessors and
microcontrollers



In the context of computers,
what does architecture mean?



Architecture has many meanings

« Computer Organization (or Microarchitecture)
Control and data paths

|/D pipeline design

Cache design

o System Design (or Platform Architecture)
- Memory and |/0 buses
- Memory controllers
- Direct memory access

e Instruction Set Architecture (ISA)



What is an
Instruction Set Architecture (1SA)?



An ISA defines the hardware/software interface

e A “contract” between architects and programmers
e Instruction set

o Register set

e« Memory and addressing modes

« Word sizes

o Data formats

e Operating modes

e Condition codes

e Calling conventions



ARM Architecture roadmap

ARM7TDMI ARM926E.J-S ARM1136JF-S Cortex-A8/R4/M3/M1
ARM922T ARM946E-S ARM1176JZF-S
Thumb-2
Thumb ARMY66E-S ARM11 MPCore _
instruction set Improved SIMD Instructions Extensions:
ARM/T hu_mb Unaligned data support viA (applications) —NEON
Interworking ) .
. . VIR (real time) —HW Divide
DSP instructions Extensions:
Thumb-2 (6T2) VM (microcontroller) — HW
Extensions: Divide and Thumb-2 only
Jazelle (5TEJ) Trustzone (62)

Multicore (6K)



ARM Cortex-M3 ISA

Instruction Set

ADD Rd, Rn, <op2>

Branching
Data processing
Load/Store
Exceptions
Miscellaneous

Register Set
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Endianess

Address Space

System

Private peripheral bus - External

Private peripheral bus - Internal

External device 1.0GB

External RAM 1.0GB

Peripheral ~ 0.5GB

SRAM 0.5GB

Code 0.5GB

32-bits
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0x20000000
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Endianess



Registers

low registers -

high registers <

Program Status Register
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Address Space

0=xEQLOO000
OxEQOFFO0O0
OxEQ042000
OxEQ041000
OxEQ040000

0=xEQ0Q40000
OxEQOOFO00
OxEQOQEQOOD
OxEQQD3000
0xEQQO02000
0xEQOQOLOO0
OxEQQOO000

0x44000000

0x42000000

0x40100000
0x40000000
0x24000000

0x22000000

0x20100000
0x20000000

System

Frivate peripheral bus - External

FPrivate peripheral bus - Internal

External device 1.0GB

ROM Table
External FFB
ETM
TRIU
Reserved
SCS
Reserved
FPB
DWT
ITM
J2MB Bit band alias
J1MB
1MB Bit band region
J2MB Bit band alias
31MB
1MB Bit bard region

External RAM  1.0GB
Peripheral 0.5GB
SRAM 0.5GB
Code 0.5GB

OxFFFFFFFF

0xEQLO0000

OxEQD 40000

OxEQOQO0O00

O0xADO00000

O0x&0000000

Ox40000000

020000000

O0x00000000



Addressing Modes

o Offset Addressing

- Offset is added or subtracted from base register
- Result used as effective address for memory access
- [<Rn>, <offset>]

e Pre-indexed Addressing
Offset is applied to base register
Result used as effective address for memory access
Result written back into base register
[<Rn>, <offset>]!
e Post-indexed Addressing
- The address from the base register is used as the EA

- The offset is applied to the base and then written back
- [<Rn>], <offset>



Instruction encoding

 Instructions are encoded in machine language opcodes

e Sometimes
- Necessary to hand generate opcodes
- Necessary to verify assembled code is correct

e How? Big endian
Instructions Register Value Memory Value
movs ro, #10 001|900 | 000 | 00001010
Qa 20 00 21
movs rl, #0 001|00|001| 00000000
Encoding T1 All versions of the Thumb [SA.
5 MOVS <Rd> , #<immi> Outside IT block.
< MOV<Cs <Rd>,#<imm8> Inside IT block.
r;: 1514131211109 B 7 & 5 4 3 210
=| |00 1|0 0| R4 imms$
e
<

d = UInt(Rd); setflags = !InITElock(); 1mm3i2 = ZercExtend(imm&, 32); carry = APSR.C;



What is a Microcontroller ?

e A microcontroller is a single chip microprocessor
system which contains:

A processor core.

Data and program memory.

Serial and parallel 1/0.

Timers.

External and internal interrupt handling mechanism.

all integrated into a single chip.



Block Diagram of a Microprocessor

e A microprocessor consists of an ALU to perform
arithmetic and logic manipulations, registers,
and a control unit.

e |In additiOn, Microprocessor gl:;:;t'?m Control
its has some Control >
interfaces to Unit ﬁ
the OUtSide Registers i T ?ﬁ';tem Address
world in the Data Bus
form of busses. _»  ALU >

o What is missing? Clock —

- Memory and the peripherals.



MPU'BaSGd Time Tenswperature
and Temperature System

g Ti F Heater|
Converter mmer an eater|
y :
Input Input Output
) Port A PortB Port C
Microprocessor

Unit 4

(MPU) \ 4 ¥ f
System Bus
& 4 |

Flash R/W Output
Memory Memory Port D

- System hardware

- Discrete components

- Microprocessor, Memory, and |/0
- Components connected by buses
- Address, Data, and Control

- System software

- Group of programs that monitors the functions of the entire system

LCD




Block Diagram of a Microcontroller

Microprocessor
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Control
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Explanation System block diagram

Crystal oscillator
*Timing circuitry
(counters dividing to
lower frequencies)

Timing

U

*ROM (Read Only Memory)
(start-up program)
‘RAM (Random Access Memory)

uP + | Bus controller DRAM (Dynamic RAM) -

aSSQCIated *Bus drivers high capacity, refresh needed

Ic_)glc_ Cobrocessor *SRAM (Static RAM) - low

clrcultry: P power, fast, easy to interface
CPU Memory

§: §:

U

Parallel 1/0

Many wires, fast.

*Printer (high resolution)
*External memory
*Floppy Disk
*Hard Disk
«Compact Disk

*Other high speed devices

System bus (data, address & control signals) >

f: 5

Serial 1/0 Interrupt circuitry
Simple (only two wires At external unexpected events,
+ ground) but slow. pP has to interrupt the main

program execution, service the

*Printer (low resolution) ; )
interrupt request (obviously a

*Modem :
«Operator’s console short subroutine) and retake
«Mainframe the main program from the

-Personal computer point where it was interrupt.



Applications of Microprocessor-Based Systems

1 Microcontrollers

— A microcontroller is a simple
computer implemented in a
single VLSI chip.

— In general, microcontrollers
are cheap and have low
performance

— Microcontrollers are widely
used in industrial control,
automobile and home
applications

RAM ROM
OSC.
¢ J
CPU
1/0 port [K——>
Timer USART = 1T
Interrupt A/D,D/A K——>

Block diagram of a microcontroller



MCU-Based Time and Temperature System

Microcontroller

Microprocessor Unit
(MPU)

Peripherals

= Temperature
il Sensor
Flash A
Memory > Heater
> Fan
R/W
Mekran B :> LCD
A A A

A/D
Converter C

Timer

Control Signals

- Microprocessor, memory, I/0 ports, and support devices on a single
chip

- Buses generally not available to a system designer

- 1/0 ports generally multiplexed and can be programmed to perform
different functions




Applications of Microprocessor-Based Systems

1 ASICs

Dlgltal Baseband: TBB2100

]
)

Microprocessors are embedded

into ASIC chips to implement
complex functions

oruacun)
In general, it requires that -

the microprocessors have
low power consumption and
TMS320C54x™
DSP CRYPT
Subchip Al

take small silicon area

=
F
N

o
-8
2

P

A TI baseband chip for cellular
phone applications



