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P R E F A C E 

This report has been written from students who are in 
COMPUTER ENGINEERING DEPARTMENT at NEAR EAST UNIVERSITY 
for graduation project. 

The purpose of this work is to provide to explain 
the microprocessor interfacing. 



INTRODUCTION 

Most microprocessors in a stand alone fashion do not contain 
substantial memory. To increase the power of a microprocessor 
we have to interface I/0 modules. The interconnection, or 
linkage, of the parts within this system is called interfa 
cing. Generally, an interface is a shared between two or more 
devices which utilize information. Other considerations in 
interfacing include synchronization, direction of data trans 
mission, and sometimes the adjustment of signal levels or mo 
dels. 

Interfacing deals with the synchronization and transmission 
of data to and from the MPU, and therefore the software as 
well as the hardware must be considered in great detail. 

Generally, data transfers in and out of the MPU over the bus 
ses take the form of one of these activities: 

1- Memory read 
2- Memory write 
3- I/0 read 
4- I/0 write 
5- Interrupt or reset handling. 

When it is said that is input from another device, it means 
input in relation to the MPU. Likewise, an output would be 
output from the microprocessor unit. Generally, the micropro 
cessor is the focus of all operations, but in some cases the 
MPU relases control of the address and data bus so that the 
peripheral device may access the main system memory directly 
going to the MPU. This is called DMA (Direct Memory Access). 

The processor itself uses MPU, ROM, and RAM externally, and 
its of importance that the manifactures produce peripheral 
interface adapters that are compatable with other micropro 
cessors units. These are generally general purpose in that 
they can be programmed to function as either input or output 
interface programmable communication devices. Manufactures p 
roduce specialised interface component IC (Integrated circu 
it)'s which are programmable DMA controllers, programmable 
interrupt controllers, diskette controllers, synchronous data 
link controllers, and keyboard/display controllers. 

General purpose of interfacing, microprocessor can READ/WRITE 
using memory (ROM or RAM) capacities or more memory capaci 
ties. 



CHAPTER 1 

THE MICROPROCESSORS IN GENERAL 

A microprocessor may be briefly defined as a very large sca 
le Integration (VLSI) chip that performs the tasks of a cont 
rol processing unit of a microprocessor or other automatic 
control system. Microprocessors (except the 8080) require a 
+5 V direct current (de) regulated power supply. Micropro 
cessors are commonly classified as either 4-,8-,16-,or 32-bit 
units. 

The bit size of a microprocessor is sometimes referred to as 
its world size. The width of the accumulator register is a 
good clue as to the word size of a microprocessor. The 8080/ 
8085, 6800/6502 and Z80 are common 8-bit microprocessors. The 
8086, 8088, 68000 and 65816 are typical 16-bit MPUs. 
The 80386 and 68020 are examples of advanced 32-bit 
microprocessors. Microprocessors transfer data or instruc 
tions between the MPU and memory (or I/0) via a bidirec 
tional data bus. The 6800, 6502, Z80, and 8088 are processors 
that use 8-bit external data busses. Many 8080 family mem 
bers multiplex either address or control information or 
the data lines part of the time. Most order microprocessors 
(8080/8085, 6800, 6502) use 16-bit address busses which can 
address only 64 KB of memory. Most microprocessors would 
feature some or all of the following control lines. 

1- Clock lines 
2- Read/Write lines 
3- Input output lines 
4- Interrupt lines 
5- Reset lines 
6- Bus control lines 
7- Cycle Status lines. 

INTERNAL REGISTERS 

Program Counter: 

The program counter (PC) isa the register that holds the add 
ress of the reset program instruction. The width of the prog 
ram counter is the same as the width of the address bus. The 
program counter typically contains 16 bits in 8-bit micropro 
cessors but is wider in 16- and 32-bit MPUs. 

Accumulator: 

The accumulator is the register(s) associated with the ALU o 
perations and sometimes I/0 operations. It may be 8, 16 or 32 
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bits wide. The 8080/8085, 6800, and 6502 MPU's all have 8-bit 
accumulators. Some processors (68000 and Z80) have only ge 
neral purpose registers that may be used as accumulators. 

Status Register or Flags: 

The status register is available on all microprocessors. The 
individual bits in the register are called flags. The condi 
tions of the flags are generally associated with ALU opera 
tions and are used by subsequent branch and jump instructions 
for decision making. 

General Purpose Registers: 

General purpose registers may be used to temporarily store 
data or hold an address. They are not assigned a specific 
task. In 8-bit microprocessors, general purpose registers can 
not function as an accumulator in ALU and I/0 operations. How 
ever, 16-bit MPUs usually allow general purpose register to be 
used as accumulators. 

Index Register: 

The index register is used to hold the address of an operand 
when the indexed address mode is used (8080/8085, 6800, 6502, 
Z80, 8086). General-purpose registers are used as index re 
gisters on the Z80 and 68000 microprocessors. 

Stack pointer Register: 

The Stack pointer (SP) is a specialized register that keeps 
track of the next available memory location in the stack. The 
stack is reserved area in RAM used for temporary storage of 
data, return addresses, and content of registers. 
The stack is used during subroutine calls and interrupts. 

ADDRESSING MODES: 

An addressing mode is the technique used to fetch the desired 
operand during the execution of an instruction. 
Induvidual microprocessors may not use all of the addressing 
modes listed below: 

1 - Inherent (implied) addressing mode 
2 - Immediate addressing mode 
3 - Extended or absolute addressing mode 
4 - Register addressing mode 
5 - Register indirect addressing mode 
6 - Index addressing mode 
7 - Zero page (direct) addressing mode 
8 - Relative addressing mode 
9 - Based addressing mode 
10- Based index addressing mode 
11- String addressing mode 
12- I/0 addressing mode 
13- Status register addressing mode. 
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Generally, the more modern 16-bit computers have powerful and 
flexible addressing modes. 

CHAPTER II 

THE MOTOROLA 6800 MICROPROCESSOR 

The motorola MC6800 is an 8-bit microprocessor functionally, 
the data bus is 8-bit and the address bus is 16-bits. 
An MPU chip such as the- 68HC11,includes an 8-bit microproces 
sor a timer, ROM, RAM, and A/D converter, and an on-chip os 
cillator the functionalities providing also programmable I/0 
lines and an EPROM. 

The MC68000 is an advanced 16-bit microprocessor other mem 
bers of the motorola family are the 68HCOOO (CMOS), 68008, 
68010, 68020, and 68030. The 68000 MPU features and 32 bit 
internal architecture with a 16 bit external data bus and it 
can address 16 MB of memory. The 68010 is an updated 16 bit 
external/32 bit internal virtual memory. 

The 68020 supports a 32 bit internal/external virtual memory 
is a advanced feature of MPU's. 
Virtual memory means that a programmer can write programs as 
it memory capacity is unlimited. 
Type of PC programs that use virtual memory. 

1- WINDOWS 
2- ACAD 
3- MICROSOFT EXEL 
4- 3D STDIO 
5- COREL DRAW 
6- MATHEMEDICA 
7- MAT LAB. 

The virtual memory technique permits program to be larger 
than the capacity of the main memory. The extra part of the 
program is stored on a secondary storage medium (DISK). 
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CLOCK ¢1, ¢2 

¢1: Supplies the required clock cycles to increment the in 
ternal register. 

¢2: Provides the necessary clock cycles to fetch and execute 
an instruction. 
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ROM (READ ONLY MEMORY) 

ROM is a read only memory containing monitor subroutines+ 
display routines+ timer control subroutines. 
It is medium-scale integration (MSI). 

RAM (RANDOM ACCESS MEMORY) 

Where the programs are executed. 

PIA (PERIPHERAL INTERFACE ADAPTER) 

PIA has two I/0 parts. Each port is 8-bit ports A & B can be 
programmed to interface I/0 devices. 

THE 6800 PIN DIAGRAM 

The motorola 6800 is an 8-bit microprocessor placed in 40 pin 
DIP (Dual in Line Package). 

Vss 1 40 RESET 
HALT--> 2 39 TSC 

Ql --> 3 38 NS 
IRQ < 4 37 <- Q2 
VMA --> 5 36 <-- DBE 
NMI < 6 35 NL 
BA--> 7 34 > R/W 

Vee < 8 33 <-> DO 
AO< 9 MC6800 32 <-> Dl 
Al < 10 31 <-> D2 
A2 < 11 30 <-> D3 
A3 < 12 MPU 29 <-> D4 
A4 < 13 28 <-> DS 
AS< 14 27 <-> D6 
A6 < 15 26 <-> D7 
A7 < 16 25 > Al5 
AS< 17 24 > A14 
A9 < 18 23 > Al3 

AlO < 19 22 > Al2 
All < 20 21 > Vss 
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PIN NAME DESCRIPTION STATE, TYPES 

AO - Al5 Address lines Tristate, output 

DO - D7 Databus Lines Tristate, Bidirectional 

HALT HALT Input 

TSC Three State Control Input 

R/W Read/Write pin Tristate, output 

VMA Valid Memory Address output 

DBE Data bus enable input 

BA Bus Available Output 

IRQ Interrupt Request Input 

RESET RESET Pin Input 

NMI Non-maskable interrupt Input 

¢1, ¢2 Two non overloping Input 
clock signals 

Vss, Vee Power Inputs Input 

PIN DEFINITIONS 

GROUND (Vss) (Pins 1 and 21) 

These pins are connected to the (-)'ve side of +5V de power 
supply. 

There are two ground connections. Advantages of these connec 
tions as follows: 
1- Decreases circuit complexity. Such that it is easier for 
the designer to trace. 
2- Decreases number of cross connections within a circuit. 
This allows us to decrease the number of layers used within a 
circuit. 
3- Power consumption is preserved such that we decrease the 
capacitive effects within the complex unit. 

Disadvantages of these connections as follows: 

1- Increases circuit complexity 
2- Increases# of cross connections 
3- Increases# of pins used. 

Therefore we occupy more space & the number of components u 
sed with increase, leading to more power consumption. 
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HALT (Pin 2) 

When the halt input is activated by a LOW, the 6800 MPU en 
ters the halt mode. In this mode the tri-state lines go to 
their high impedence state and the processor stops executing 
instructions. This input could be used for "single stepping'' 
in a program in the debugging process. The halt input is 
disabled by connecting it to +5 V de. 

CLOCKS (¢1 and ¢2) (Pins 3, 37) 

These two input pins receive nonoverloping clock signals from 
the external clock circuity. 

I I I I I I I I I I I I I I N ~: N ~ N ¢1 ,/i 
I I I I I I I I l I I I I I I I I I I I I I I I ¢2 I I I i I I I I "1 I I v ~ 

I I :/ ""1 I I V I I I I I I I I I I I i 
I I I I I I I I I I I I I I I I I I 

INTERRUPT REQUEST LINE (IRQ) (Pin 4) 

When the IRQ is activated by a LOW, the MPU will complete the 
current instruction, push all programmable registers to the 
stack, set the I flag (interrupt flag) and jump to the 
interrupt service routine pointed at address FFF8 H and 
FFF9 H. The IRQ can be masked. 

VALID MEMORY ADDRESS (VMA) (Pin 5) 

When the VMA output goes it signals other system devices that 
the address on the address bus is valid. 

NON-MASKABLE INTERRUPT (NMI) (Pin 6) 

When the NMI goes LOW, its response is similar to the IRQ. 
The NMI is nonmaskable and its vector address is found in me 
mory locations FFFC Hand FFFD H. The connects of FFFC H and 
FFFD H point to the start of nonmaskable routine. 

BUS AVAILABLE (BA) (Pin 7) 

When the BA output goes HIGH, it signals the external devices 
that the microprocessor has stopped executed the instructions 
because of the wait instruction (WAI) or the HALT interrupt. 

The BA control line provides a method of telling the external 
devices that the MPU's data and address bus are three stated 
and may be used as DMA operations. 
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READ WRITE (R/W) CONTROL (Pin 34) 

The R/W output is a control lihe that signals the external 
devices (i.e RAM, ROM etc.) whenever the MPU is reading or 
writing. 

A high output signals a READ, and a LOW output signals the 
write operation. 

DATA BUS ENABLE (DBE) (Pin 36) 

The DBE input controls the data bus drivers. A high output on 
the DBE pin enables the data lines, while a low input disab 
les or three states the data lines. Because data transfer to 
and from memory and I/0 occur during the Q2 clock,the DBE pin 
is usually connected to the Q2 line of the clock. 

THREE STATE CONTROLS 

When the TSC pin is driven high, by an external device all 
the address lines and the R/W line will be three stated. The 
TSC is used in DMA configurations. 
When DMA is not used, the TSC pin is grounded. 

RESET LINE (RESET) (Pin 40) 

When the reset pin is driven from to low, the MPU sets the I 
flag to 1, jumps to the reset routine. The RESET input is ty 
pically used to initialize or reset the system. 
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THE 6800 ARCHITECTURE 

A block diagram of the internal organization of 6800 is given 
below. 

¢1- 
¢2- 

RESET- 
NMI-- 

HALT- 
IRQ- 
TSC- 
DBE-- 
BA< 

VMA< 
R/W< 

IR 
AIS i .. AB ..... i A7 AO t .... ' .. ·t 

TI Output buffers Output buffers 
.--- 

> PC ,___ PC 
> H ,___ L 
> Instruction 
> 
> Decode 
> SP .--- SP 
> & H i--- L 
> 
- Control 
- 
- IR IR 

H .-- L 

- ACC A 
.--- 

- ACC B 
.--- 

Instruction - CCR 
Register .--- 

Data ALU 
Buffer 

1 x 
DO D7 

FUNCTIONAL BLOCK DIAGRAM OF 6800 MPU 
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The MPU has an 8-bit three state buffered data bus (DO-D7). 
There are 16-bit buffered address bus. The MPU has 16-bit 
program counter, a 16-bit stack pointer, and a 16-bit IR. 
The temporary storage registers ACC A, ACC B, and CCR provide 
the register (temporary) allocation units for arithmetic 
operations. 

The ALU performs the arithmetic and logic operations, in 
which the results are returned to any of the two registers, 
ACC A, ACC B, the CCR is an 8-bit register in which the test 
two bits are internally set of 1. The CCR indicates the type 
of the number in either of the accumulators (Type: positive, 
negative, zero, cary, half cary). 

Stack pointer is used to control the stack operations 
with in the MPU. Stack mechanism as follows. 

1 I 1 H I N z 

Cary flag ~ 
[__> Auotomatically 

set to 1 by 

Owerflow flag 

'--~~~~~~> Zero flag 

hardware '--~~~~~~~-> Negative flag 

'--~~~~~~~~~~> Interrupt flag 

'--~~~~~~~~~~~~> Half cary flag 

REGISTERS 

The block diagram of the MC6800 MPU makes it simpler than 
8085 unit. This is primerly due to the use of two accumu 
lators. The MPU is throught of as a memory oriented processor 
because it typically makes transfers to and from memory. 
The MPU also uses memory mapped I/0. The input and outputs 
are treated as memory locations. 

The 6800 MPU registers are; 

1-) The two bits accumulators (ACC A, ACC B) are the focus 
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< 

of a large shane of the microprocessor operations. Accumu 
lator operation include arithmetic, logic, load, store, input 
and output. The second accumulator ACC B is just a general 
purpose register but a real accumulator in that all opera 
tions that can be performed in ACC B. 

2-) The program counter(PC) is a 16-bit register that holds 
the address of the next instruction to be executed. 

3-) The stack pointer(SP) is a 16-bit general purpose regis 
ter. The SP from a 16-bit address defines the top of the 
stack in the RAM. 

4-) The index register(IR) is a general purpose register. Its 
primary use is to point and modify address. 

5-) The condition code register (CCR) is an 8 bit register 
that contains the 6 flags which indicates the type of either 
the data or magnitude acted upon by ALU. 

THE STACK POINTER 

The SP is a 16 bit general purpose register that holds the p 
resent value of the stack address. The stack address is user 
defined by a set of allocatable memory locations. The SP is 
generally used for 2 purposes first is that it keeps reports 
of pointer address defined in the memory for I/0 operations. 
Secondary it's used in subroutine call instructions. When a 
subroutine is activated by the MPU, the process present add 
ress is diverted from its normal sequence of execution. Thus, 
the SP keeps record of return address, such that when subrou 
tine address is returned to the PC, allocates the main prog 
ram address. In such an execution process, the SP keeps re 
cord of the address in the stack of the programmable regis 
ters. 

1 0 0 0 
1 0 0 0 

1 0 0 0 
1 0 0 0 

FLAGS 

The MC 6800 uses six condition code flags. Thus is illustra 
ted below 

STACK-> 1 0 0 0 0 0 0 0 0 

These flags are used in branch instructions. Hence, each con 
ditional and unconditional branch instruction is decided ba 
sed on these six flags operated by the ALU. 

Condition code register only reflects the condition of either 
ACC A or ACC B. 
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THE ARITHMETIC & LOGIC UNIT 

The ALU is the heart of the microprocessor. It performs all 
arithmetic and logical operations. The result of the operati 
ons performed is stored either of the accumulators. The ALU 
performs such operations as adding, subtructing, comparing 
AND'ing, OR'ing, and XOR'ing. 

INSTRUCTION DECODER 

The instruction decoder interprets results from the instruc 
tion register. Based on these inputs, the instruction decoder 
directs the control section for execute the instruction. 

THE INTERRUPT and CONTROL UNIT 

The MPU will accept the interrupt signal from the interrupt 
input (INTR). Interrupts are generally classified to two ty 
pes. First one is the software driven interrupt, which is ac 
tivated by the MPU, and the hardware interrupt is activated 
using a hardware input using external devices. 

CHAPTER III 

MICROPROCESSOR INTERFACING 

Our topic is microprocessor interfacing. Interfacing means 
that relation between the MPU and the memories. Introduction 
division is including the microprocessor interfacing. 

General purpose of interfacing, microprocessor can write/read 
to/from memory (RAM/ROM) capacities or more memory capacities. 

The block diagram of microprocessor based design. Suggests 
that the MPU, ROM, RAM, input interface adapter, and output 
interface adapter are separate devices. This may or may not 
be true depending on the specific system. It is quite common 
for manufacturers to produce peripheral interface adapters 
that are compatible with their microprocessor units. These 
are usually general-purpose in that thay can typically be p 
rogrammed to function as either an input or an output inter 
face device. 

Some manufacturers integrate RAM and I/0 ports or ROM and I/0 
ports on the same IC to decrease system component numbers. 
Manufacturers also produce specialized interface components 
in IC form. Some of these specialized components include p 
rogrammable communications interfaces, programmable DMA cont 
rollers, programmable interrupt controllers, diskette cont 
rollers, synchronous data link controllers, CRT controllers, 
and keyboard/display controllers. 
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BLOCK DIAGRAM OF MICROPROCESSOR-BASED DESIGN 
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