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Digital Systems

Chapter 1
General Concepts
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SPECIFIC ELECTRONIC SYSTEM

In an lectronic system we find different components :
1. Elements interfacing with physical world: Sensors and actuators
2. Elements transforming physical magnitudes (analog and continuous) into digital (discrete) : A/D and 
D/A converters
3. Elements that control the system and process variables: Microprocessors and configurable logic 
elements
4. Elements in charge of storing programs and variables: Memory
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ELECTRONIC SYSTEM
EXAMPLE
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BASIC MICROPROCESSOR
STRUCTURE

STATUS REG.

In a Microprocessor structure we have:
1. Subsystem implementing the state machine: Control unit
2. Local storage elements:
Dedicated registers (IR, PC i SR)
General purpose registers (R1...Rn)
3. Arithmetic-Logic unit: ALU
4. Interconnection elements: Busses
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Microprocessador comunicates with external elements by means of three Sub-Busses
1. ADDRESS BUS. 
Defines the address space accessible by the microprocessor. Every accessible element has to be within 
that space.
2. DATA BUS.
These lines are used to move data elements (instructions and operands) between the microprocessor 
and external elements.
3. CONTROL BUS.
Contains all the timing, synchronization and control signals.
Two kind of external elements:
1. MEMORY
Contains all the information (program and data) relative to the application(s) running in the system.
2. I/O
Implements the interface between the microprocessor and the physical world (periferals)
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1.1. Fetch instruction code ( Fetch instruction code ( R R ))
2.2. Instruction Decoding ( Instruction Decoding ( I I ))
3.3. Operand(s) fetch ( Operand(s) fetch ( R R ))
4.4. Operate ( Operate ( I I ))
5.5. Result writeResult write--back ( back ( W W ))

INSTRUCTION PHASES   

Instruction phases:
1. Fetch instruction code
PC > ADDRESS BUS. 
DATA BUS > IR
One or more READ machine cycles
2. Instruction decoding
CONTROL UNIT decyphers instruction code. 
Internal OPERATION
3. Read operand(s)
PC or Rx > ADDRESS BUS
DATA BUS > Rx
One or more READ machine cycles
4. Operate
iNTERNAL OPERATION (ALU)
5. Result(s) Write-back
PC or Rx > ADDRESS BUS
Rx > DATA BUS
One or more WRITE machine cycles
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SOFTWARESOFTWARE
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MICROPROCESSOR 
MODELS

To use a microprocessor in a given applicartion we don’t need to know its detailed. A symplified 
MODEL will suffice:
For application programming: SOFTWARE MODEL
REGISTER Set: Where can we (temporary) store our objects?
INSTRUCTION Set: What can we do with different objects?
ADDRESSING Modes: How can we have access to different objects?
To build the system: HARDWARE MODEL
SIGNALS available: What signals can we connect?
MACHINE CYCLES: What is the temporal relationship between different signals?
All that information is made available by manufacturer through operation manuals.
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MC68000 (Motorola, Philips...)
8 ADDRESS REGISTERS (pointers)
8 DATA REGISTERS (general purpose)
1 PC (Instruction address)
1 SR (Operation FLAGS)
Of the 8 address registers, A7 és the STACK POINTER of user data structures, and some instructions 
make an IMPLICIT reference to it  (PEA, LINK, UNLK...)
Any <ea> (EFFECTIVE ADRESS) using a REGISTER has to use an ADDRESS REGISTER
The SR (Status register) contains the FLAGS corresponding to the last OPERATION in the ALU. 
However, they can be used or modified at any time.
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SYSTEM STACK POINTER

STATUS REGISTERSYSTEM SOFTWARE
MODEL. MC68000

SYSTEM BYTE USER BYTE

FLAGS

INTERRUPT
MASK

TRACE

SYSTEM/USER

STATUS REGISTER
CLOSE UP. MC68000

In SUPERVISOR MODE, apart from user registers we have:
A second STACK POINTER
A CONTROL REGISTER
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1. IMPLICIT1. IMPLICIT
Operand implicit in I.C.Operand implicit in I.C.

2. IMMEDIATE2. IMMEDIATE
Operand included in I.C.Operand included in I.C.

3. ABSOLUTE3. ABSOLUTE
Address included in I.C. Address included in I.C. 

4. DIRECT4. DIRECT
Operand in a RegisterOperand in a Register

5. INDIRECT5. INDIRECT
Address in a RegisterAddress in a Register

6. RELATIVE6. RELATIVE
Address as the sum of:Address as the sum of:

A register and an offsetA register and an offset
Two registrers and an offsetTwo registrers and an offset

µP ADDRESSING
MODES
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ADDRESSING MODES. MC68000

See  MC68000 PROGRAMMER’S REFERENCE MANUAL:
2.2 EFFECTIVE ADRESSING MODES
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DATA MOVEMENT INSTRUCTIONS. MC68000

See  MC68000 PROGRAMMER’S REFERENCE MANUAL:
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INTEGER ARITHMETIC INSTRUCTIONS. MC68000

See  MC68000 PROGRAMMER’S REFERENCE MANUAL:
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LOGIC, BIT AND BCD INSTRUCTIONS. MC68000

See  MC68000 PROGRAMMER’S REFERENCE MANUAL:
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PROGRAM CONTROL INSTRUCTIONS. MC68000

See  MC68000 PROGRAMMER’S REFERENCE MANUAL:
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See MC68000 8-/16-/32 BIT MICROPROCESSOR USER’S MANUAL
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READ & WRITE ASYNCRONOUS ORIENTED MACHINE CYCLES. MC68000
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See MC68000 8-/16-/32 BIT MICROPROCESSOR USER’S MANUAL
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RMW MACHINE CYCLE. MC68000
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INDIVISIBLE CYCLE

See MC68000 8-/16-/32 BIT MICROPROCESSOR USER’S MANUAL
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See MC68000 8-/16-/32 BIT MICROPROCESSOR USER’S MANUAL
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INTERRUPT CYCLE. MC68000

LAST CYCLE OF
RUNNING PROGRAM

COPY
S.R.

IACK CYCLE
VECTOR ACQUISITION.

STORE P.C.,S.R.
IN STACK (SSP)

See MC68000 8-/16-/32 BIT MICROPROCESSOR USER’S MANUAL
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PROCESSORPROCESSOR DMADMA

3 WIRE BUS ARBITRATION CYCLE. MC68000

See MC68000 8-/16-/32 BIT MICROPROCESSOR USER’S MANUAL


