
. Introducing 
Microprocessors Part 2 

The basic terms of the micropi'OCessor system. 

Learning Objectives 
The general learning objectives for 
part two of Introducing Microproces­
sors is that readers should be able to: 
(a) draw a block diagram showing the 
internal architecture of a repre­
sentative 8-bit microprocessor and 
state the function of each of the prin­
cipal internal elements (2.1) 
(b) state and explain the function of 
each of the principal external connec­
tions of a representative 8-bit 
microprocessor (2.1) 
(c) explain the need for a clock and 
state typical frequencies and periodic 
times for microprocessor clocks (2.1) 
(d) make appropriate use of 
manufacturers' data sheets (2.1) 
The specific objectives for the part are 
as follows: 
2.1 Internal Architecture of a 
Microprocessor 
2.1.1 Draw and interpret a block 
diagram showing the internal architec­
ture of a representative 8-bit 
microprocessor. 
2.1.2 State and explain the function of 
each of the principal internal registers 
of a representative 8-bit microproces­
sor. 
2.1.3 State and explain the function of 
each of the principal external connec­
tions of a representative 8-bit 
microprocessor. 
2.1.4 Explain the need for a clock and 
distinguish between external and inter­
nal microprocessor clocks. 
2.1.5 State the range of typical clock 
frequencies and periodic times for 
common 8-bit microprocessors. 
2.1.6 Use manufacturers' literature to 
determine the supply voltage, pin-out, 
and internal features of any common 
8-bit microprocessor. 
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By Mike Tooley 

~icroprocessors 
In Part 1 we briefly mentioned that a 
microprocessor performs the functions 
of a central processing unit (CPU) 
within a microcomputer. We also 
stated that the microprocessor 
provides control and synchronization 
signals for the rest of the system. From 
this, it should be obvious that the 
microprocessor is the single most im­
portant component within any 
microcomputer system. 
The basic internal elements of a 
microprocessor are as follows: 
(a) registers for temporary storage of 
instructions, data, and addresses 
(b) an arithmetic logic unit (ALU) 
able to perform a variety of arithmetic 
and logic functions 
(c) control logic which accepts and 
generates external control and super­
visory signals (such as RESET and 
READ/WRITE) and synchronizes 
data transfers within the system. 

Registers 
Internal registers can be thought of as 
arrangements of pigeon holes into 
which data (in binary form) can be 
placed during processing. Some 
registers are directly accessible to the 
programmer (i.e. he can set to read 
their contents at will) whilst others are 
reserved for the machine's own use. 
Registers may also be classified as 
"dedicated" (i.e. they have a specific 
purpose such as pointing to a memory 
location or holding the results of an 
ALU operation) whilst others are 
described as "general purpose". 

In the case of an 8-bit microproces­
sor, most of the general purpose 
registers will be capable of storing 
eight bits. Furthermore, since each of 

I 

the bits may be either 0 or 1, there will 
be a total of 256 possibilities for the 
contents of such a register, ranging 
from 00000000 to 11111111. Registers 
used for "pointing" to memory loca­
tions, on the other hand, will generally 
be capable of holding sixteen bits and 
consequently their contents may range 
from 0000000000000000 to 
1111111111111111 (ie, 0 to 65535 
decimal). 

The data bus lines in an 8-bit 
microcomputer are labelled DO to D7. 
The most significant data bit (i.e. that 
with the greatest binary weight) ap­
pears on D7 whilst the least significant 
bit (i.e. that with the least binary 
weight) appears on DO. In the case of a 
16-bit address bus, the lines are 
labelled AO to A15 and the most and 
least significant address bits are 
respectively those which .appear on ad­
dress lines A15 and AO. The most and 
least significant bits are often referred 
to as the MSB and LSB last (see Part 
1). 

Unfortunately, there is some con­
siderable variation in both the internal 
architecture and terminology used by 
different microprocessors manufac­
turers. Despite this, there are a num­
ber of common themes. The major 
microprocessors families, for example, 
tend to retain a high degree of upward 
compatibility both in terms of internal 
architecture and the software "instruc­
tion set" and that is clearly an impor­
tant consideration in making a new 
product attractive to the equipment 
manufacturer. 

Introducing I~P 
IMP stands for introductory 
microprocessor, a hypothetical device 

63 



Introducing Microprocessors Part 2 

SUPPLIES 

~ 

T T 
CONTROL 

ANO 
SUPERVISORY 

SIGNALS 

CLOCK. ~---.1 

NMI----
fiiQ ----Riw 

IMP 

16 ADDRESS BUS 

) DATA BUS 

I'" 

Fig. 2.1. IMP's external connections. Note that a bar over a particular signal 
indicates that it is active-low (logic 0 when activated). 

whtch we shall be usmg to explam 
some of the fundamental concepts of 
microprocessors. We have chosen to 
follow this route, rather than tailor our 
description to real microprocessor, in 
order to keep the explanation as 
simple as possible. IMP contains many 
of the features found in a real 8-bit 
microprocessor without favouring the 
architecture of any particular proces­
sor family. By this means, we hope to 
provide readers with a gentle introduc-

hon to microprocessor av01dmg super­
fluous or processor specific informa­
tion which may otherwise serve only to 
confuse the newcomer. 

Important differences between IMP 
and real microprocessors will be dis­
cussed as we progress but readers who 
require detailed information on par­
ticular microprocessors need not 
worry as we shall be presenting this in­
formation in the current series of Data 
Cards. These cards will feature all the 

DATA BUS DO- 07 

most popular 8-bit microprocessors 
(6502, 6800, 8085 and Z80) and will 
build to provide a useful· library of 
microprocessor related data. 
IMP has an 8-bit data bus, 16-bit ad 
dress bus and five control and super 
visory signal lines. Like most 8-bi 
microprocessors, IMP has a 40-pin 
d.i.l. package and operates from a 
+ 5V supply. IMP's connections with 
the outside world are shown in 
simplified form in Fig. 2.1 

Internal architecture 
The internal arrangement ( architec 
ture) of the IMP is shown in Fig. 2.2. 
At first sight this diagram may look 
rather complex so we will spend some 
time explaining each individual feature 
and how it relates to the working of the 
unit as a whole. 
The majority of IMP's internal 
registers are linked together by means 
of an internal data bus. This bus can be 
thought of as a highway along which 
bytes are transferred from one register 
to another. Since we are dealing with 
an 8-bit microprocessor, the internal 
data bus is naturally eight bits wide. 

,--------------- ---------------, 

ALU 

L------------------

Fig. 2.2 The IMP's internal architecture. 
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Fig. 2.3. Connections to the internal data bus. 

Fig. 2.3 shows how two 8-bit registers 
(A and B) are coupled to the internal 
bus. Separate lines from the control 
unit (not shown on either Fig. 2.1. or 
Fig. 2.3) are used to determine 
whether: 
(a) the contents of the register are to 
be made available on the bus (so that it 
may be copied elsewhere), 
or (b) the data currently present on 
the bus is to be latched into the 
register (replacing whatever was there 
before), 
or (c) the register is to be isolated 
from the bus (preserving its contents 
for future use). 

Now, consider the process of copy­
ing data from register A to register B. 
We would need to make the data in 
register A available on the bus (case 
(a) above), latch the data into register 
B (case (b) above), and ensure that 
every other register connected to the 
bus was currently isolated (case (c) 
above). If this is beginning to sound 
rather complex, there is no need to 
worry as the generation of the neces­
sary internal control signals is both im­
plicit in a particular instruction and 
entirely automatic. 

Data Bus Buffer 
The data bus buffer separates the in­
ternal data bus from the external data 
bus and it incorporates eight individual 
bidirectional current amplifiers. The 
buffers may be made to receive data 
from the external bus or transmit data 
to the external bus in response to con­
trol signals (not shown in Fig. 2.2). The 
buffer helps regularize the logic levels 
received by the microprocessor and 
provides a reasonable amount of cur­
rent gain for "driving" the external 
bus. The data bus buffer thus provides 
a means of isolating the microproces­
E & TT Apd111BB 

sor from the harsh world outside! 
[Some microprocessors allow the 
microprocessor to isolate itself from 
the data bus by placing the data bus 
buffer in an open- circuit (i.e. discon­
nected) or "tri-state" condition. This 
allows other "intelligent" devices to 
place information on the data bus.] 

Address bus buffer 
The address bus buffer behaves in a 
similar fashion to that of the data bus 
buffer. It is, however, important to 
note that the individual address bus 
buffers are unidirectional since ad­
dress information is only generated by 
the microprocessor and not received 
by it. 
[Some microprocessors allow the 
microprocessor to isolate itself from 
the address bus by placing the address 
bus buffer in an open-circuit (i.e. dis­
connected) or "tri-state" condition. 
This allows other "intelligent" devices 
to place information on the address 
bus.] 

Instruction Pointer (IP) 
The instruction pointer is a 16-bit 
register which contains the address of 
the next instruction byte to be ex­
ecuted. The contents of the register is 
thus said to "point" to the next instruc­
tion byte. The contents of the instruc­
tion pointer is automatically incre­
mented each time an instruction byte is 
fetched. 
[Note: Many microprocessors refer to 
this register as a Program Counter 
(PC)] 

Accumulator (A) 
The accumulator is an 8-bit register 
which functions both as a source and 
destination register; not only is it the 
source of one of the data bytes re-

quired for an ALU operation but it is 
also the location in which the result of 
an ALU operation is placed. 

Flag Register (F) 
The flag register contains information 
on the internal status of the 
microprocessor and, in particular, sig­
nals the result of the last ALU opera­
tion. It is important to note that the 
flag register is not a register in the con­
ventional sense; it is simply a collection 
of bistable latches which can be "set" 
or "reset" depending upon the result 
of an ALU operation. The output of 
each bistable can be considered to act 
as a "flag". IMP has the following 

11 I N lz I v I c I 
I L CARRY 

L_ OVERFLOW 

ZERO 

NEGATE 

L------- INTERRUPT 

Fig. 2.4. IMP's flag register. 

flags: 
CARRY (C) - set to 1 when the last 
ALU operation has produced a carry 
OVERFLOW (V) - set to 1 if the last 
ALU operation resulted in an overflow 
ZERO (Z) - set to 1 if the result of 
the last ALU operation was zero 
NEGATE (N) - set to .1 when sub­
traction has taken place, otherwise 
reset to 0 
INTERRUPT(!) - set to 1 when in­
terrupts are disabled (in this state the 
microprocessor is unable to accept 
and "interrupt request" generated by 
an external device) . 
The composition of IMP's flag register 
is shown in Fig. 2.4. It is important to 
note that once changed, the various 
flag bits remain either set or reset until 
a further change occurs. The program­
mer is only able to directly affect the 
state of the CARRY and INTER­
RUPT flags. The others change state 
indirectly as a result of program execu­
tion. 

Stack Pointer (SP) 
IMP needs to have access to an exter­
nal area of read/write memory (RAM) 
which permits temporary storage of 
data. This area of memory is known as 
a "stack" and it may typically occupy 
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between 16 and 256 bytes of memory. 
(Note, however, that the stack is a 
dynamic structure and its size varies 
continuously during processing.) 
The stack operates on a "last-in first­
out" (LIFO) basis; data is "pushed" 
onto the stack and later "pulled" off it. 
The "stack pointer" keeps track of the 
extent of the stack by holding the ad­
dress of the last used stack location. 
[Note: Some popular microprocessors 
(e.g. 6809) have two independent stack 
pointers; a "system stack pointer" 
(SSP) and a "user stack pointer", 
(USP).) 

Instruction register 
The instruction register is a temporary 
storage location which is used to con­
tain the current instruction byte whilst 
it is decoded. The instruction register 
is not directly accessible to the 
programmer (i.e. it cannot be loaded 
directly nor can its contents be copied 
to other locations). 

Instruction decoder 
The instruction decoder, a complex ar­
rangement of logic gates with outputs 
which are fed to the control unit, 
operates on the instruction currently 
held in the instruction register. The in­
struction decoder informing the con­
trol unit of the actions demanded by 
the current instruction (e.g. the need 
to take the R/W line low and latch the 
contents of the HL register pair into 
the address bus buffer). 

Control Unit 
The control unit generates internal 
control signals (not shown in Fig. 2.2) 
which determine the direction, source 
and destination of internal data trans-
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Fig. 2.5. IMP's register model. 
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Fig. 2. 6. The state of the registers for problem 2.1. 

fers, activates external control lines 
when required, and responds to exter­
nal signals which arrive on the control 
bus. The control unit is also respon­
sible for internal synchronization. 

General purpose registers 
Apart from the accumulator (A), IMP 
has three 8-bit registers which may be 
classed as "general purpose". These 
are B, H and L. Register B is often 
used as an "alternative accumulator", 
results which appear in the ac­
cumulator being regularly transferred 
to and from register B. The H and L 
registers can be used as individual 8-
bit registers and may also be used 
"end- on" to provide a 16-bit general 
purpose register (referred to as the 
"HL register pair"). In this mode, HL 
can be used as a pointer to data stored 
in memory (i.e. the 16-bits in HL from 
an address at which data is to be 
stored or from which data is to be 
fetched). The HL register pair can 
thus be used as an "address pointer" 
and, in this context, the H register con­
tains the "high" (most significant) byte 
of the address whilst the L register 
contains the "low" (least significant) 
byte of the address. 

Register model 
Whilst Fig. 2.2 provides us with some 
idea of IMP's internal arrangement, it 
is unnecessarily complex from the 
point of view of the programmer. The 
programmer is neither concerned with 
the links between registers nor need 
he/she be aware of internal features 
over which he/she has no direct con­
trol. In this context, the "register 
model" depicted in Fig. 2.5 provides a 
more useful representation of IMP and 

this merely shows the registers which 
are directly accessible to the program­
mer and over which the programmer 
has control. 
Problem 2.1 
Fig. 2.6 shows the state of IMP's inter­
nal registers at a particular point in the 
execution of a program. The MSB of 
each register (with the exception of the 
flag register) appears on the left and 
the layout follows that shown in the 
register model of Fig. 2.5. 
(a) What is decimal value of the data 
in the accumulator? 
(b) What is the hexadecimal value of 
the data in the accumulator? 
(c) Which one of the three 8-bit 
general purpose registers has the 
GREATEST value? 
(d) What hexadecimal address is 
pointed to by the Instruction Pointer? 
(e) What decimal address is pointed to 
by the Stack Pointer? 
(t) In which of the 8-bit registers is the 
MSB set? 
(g) In which of the 8-bit registers is the 
LSB set? 
(h) Which of the flags is set? 
(i) Which of the flags is reset? 
G) If the HL register pair is currently 
being used as an address pointer, what 
hexadecimal address is it pointing to? 
(k) Are-interrupts currently enabled 
or disabled? 

Control Signals 
IMP has five control bus signals. Four 
of these are inputs and one is an out­
put. We shall briefly discuss the func­
tion of each: 

Read/Write (R!W) 
(output) 
This line is taken low (i.e. to logic 0) 

E & TT Api'I1BBB 
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Fig. 2. 7. The architecture of a simple IMP-based system. 

when IMP is performing a "write" 
operation (e.g. when data is to be 
transferred from one of IMP's internal 
registers to an address in RAM). IMP 
takes the line high (i.e. to logic 1) when 
a "read" operation is being carried 
out. 
(NB: Some microprocessors (e.g. Z80) 
have separate READ and WRITE 
lines.] 

Interrupt request (IRQ) 
(input) 
This line serves as an input to the 
microprocessor and is taken low by an 
external device wishing to signal the 
fact that it requires attention. Provided 
the "interrupt flag" is reset (i.e. logic 
0) this request will be honoured and 
the microprocessor will cease normal 
processing and execute the required 
"interrupt service routine". The inter­
rupt line is said to be "active-low" (i.e. 
it is taken to logic 0 when asserted). 

Non-maskable interrupt (NMI) 
(input) 
As we have seen, the response to an 
ordinary interrupt (IRQ) is deter­
mined by the interrupt status flag and 
thus the interrupt may be "masked". 
Instructions may be placed within the 
program which "set" or "reset" the in­
terrupt flag hence disabling or ena­
bling interrupts. This technique 
58 

provides us with a flexible method of 
responding to interrupts; we can ac­
cept them or reject them at will. There 
are, however, some situations in which 
it is desirable that an interrupt should 

HIGH 

LOW 

Fig. 2.8. Idealized 2MHz clock signal. 

be serviced regardless of what else is 
going on. Hence a separate "non­
maskable interrupt" line is provided. 
When this line is taken low, normal 
program execution is interrupted 
regardless of the state of the interrupt 
flag (i.e. regardless of whether inter­
rupts are currently enabled or dis­
abled). 

Reset (RESET) 
(input) 
This active low input to the 
microprocessor is used to initialize the 
system into a known state prior to nor­
mal execution of the program. When 
the RESET line is taken low, the 
program counter (PC) is placed in a 
defmed state (by loading it with zero) 
and interrupts are disabled. 

A1-AO 

v 
EN v ~ ~ I/0 . v 

RIW !NT 

}
EXTERNAL 
DEV ICES 

D7-DO 

I 

Clock (0) 
(input) 
IMP requires an accurate and stable 
square wave clock having a frequency 
of typically 2MHz. The clock is used to 
provide an accurate time reference for 
the control unit (see below). 
(Many microprocessors have internal 
clock oscillators and merely require 
that a quartz crystal of appropriate 
resonant frequency be connected to 
two of the microprocessor's pins. The 
vast majority of 8-bit microprocessors 
operate with clock frequencies be­
tween lMHz and 8MHz.] 

(a) II II 
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I • '~5 • I 
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Fig. 2.9. Clock waveforms for problem 
2.2. 
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Introducing Microprocessors Part 2 

A complete IMP 
Microcomputer System 
Fig. 2.7 shows the internal architecture 
of a complete microcomputer based 
on the IMP. Since this diagram is 
somewhat more complicated than that 
in Fig. 1 of Part 1, we shall attempt to 
justify the additional features which 
have appeared. 
The reset circuitry is designed to take 
IMP's RESET input low for a short 
time (typically 20ms) when the power 
is first applied to the system or when 
the manual reset button is pressed. 
This ensures that the system initializes 
itself in an orderly fashion as IMP al­
ways commences program execution 
from address OOOOH when its RESET 
input is taken low. 
In order that data flow within the sys­
tem is orderly and that there is no un­
certainty as to whether the data 
present is valid or not, it is necessary to 
synchronize all data transfers using a 
reference clock signal. This signal, a 
symmetrical square wave, is generated 
by an external oscillator. For accuracy 
and stability, the clock is crystal con­
trolled the functions at a fixed fre­
quency of 2MHz. 
The relationship between the frequen­
cy and periodic time (period) of a 
microprocessor clock is given by: 

f = or t = _1_ 
f 

Where f is the frequency (in Hz) and t 
is the periodic time (in seconds). In 
practice, it is often more convenient to 
work in terms of MHz and us, and th 
same formula will apply. As an ex­
ample, suppose the clock in Fig. 2 
operates at 2MHz. Its periodic time 
(period) will be 1/2 us (i.e. 0.5us or 
500ns) and its idealized waveform is 
shown in Fig. 2.8. 
The clock cycle (often known as a T­
state) is the fundamental timing inter­
val used by the microprocessor. A 
"machine cycle" (M-cycle) is the smal­
lest indivisible unit of microprocessor 
activity and usually comprises between 
three and five T -states. An instruction 
cycle (i.e. that associated with fetching 
an. instruction, decoding and executing 
it) normally requires between one and 
five M -cycles. 
To put this into context, suppose that 
IMP is operating at its maximum clock 
frequency of 4MHz. The periodic time 
of the clock (T -state) will be 250ns. A 
machine cycle (M-cycle) will then oc-
10 

cupy from 0.7us to 1.25us whereas an 
instruction cycle will require some 
1.25us to 6.25us depending upon its 
complexity. To put this another way, 
IMP is capable of executing between 
160,000 and 800,000 instructions every 
second! 
The two most significant address lines 
are fed to an address decoder which 
generates active low signals to enable 
the ROM, RAM and I/0 ·devices 
(more of this in Part 5). At this stage it 
is merely necessary for readers to un­
derstand that ONLY one of these 
devices is enabled (i.e. linked to the 
data bus) at any particular time. 
The all-important "break" key is con­
nected to IMP's non- maskable inter­
rupt (NMI) input. This allows the user 
to regain control WITHOUT having to 
reset the system (and erase the data 
and/or program currently present in 
RAM). The general topic of interrupts 
is outside the scope of Introductory 
Microprocessors and therefore readers 
need not at this stage concern themsel­
ves with the action which takes place 
when an interrupt is received. 

Problem 2.2 
What is the frequency of each of the 
microprocessor clock signals depicted 
in Fig. 2.9? 

Glossary for Part Two 
Accumulator 
One or more registers associated with 
the ALU which temporarily store the 
results of ALU operations. 
Arithmetic Logic Unit (ALU) 
One of the essential elements of a 
CPU. The ALU performs various 
forms of addition, subtraction and 
logical operations. 
Buffer 
A hardware device which provides 
isolation between two parts of a circuit 
and which usually increases the drive 
capability of a signal. In the context of 
software, the word refers to a con­
tiguous area of memory used for tem­
porary storage of data when perform­
ing I/0. 
Clock 
The clock provides a reference timing 
source within a microcomputer system. 
The output of a clock comprises 
regular pulses of accurately defmed 
frequency and period. 
Flag 
A bit contained within a flag (or 
status) register which indicates the in-

ternal status of the microprocessor or 
which signals the outcome of an ALU · 
operation. 
Instruction 
A single command within a program. 
A complete sequence of instructions 
constitutes a program. 
Interrupt 
A signal generated by an external 
device which requires the services of 
the microprocessor or which needs to 
alert the microprocessor to a par­
ticular condition (such as imminent 
power failure). 
Stack 
The stack is a contiguous area of 
read/write memory that is accessed on 
a last-in first-out (LIFO) basis by the 
microprocessor and used for tem­
porary storage of data and addresses. 

Answers to Problems 
2.1 (a} 137 

(b) 89 
(c) L 
(d) 879D 
(e) 57346 
(f) A, Hand L 
(g) A and L . 
(h) N 
(i) C, Z, V and I 
G) 8AF1 
(k) enabled 

2.2 (a) 1MHz 
(b) 1.5MHz 
(c) 1.2MHz 

2.3 (a) 16 
(b) 256 for input and 256 for output 
(c) 12 
(d) 14 
(e) 2 
(f) no 
(g) + 5V, + 12V and -5V 
(h) active-low 
(i) 0 
G) O(OOOOH) 
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