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ABSTRACT R

MICROP@OCESéOR SYSTEMS AND SOME APPLICATIONS

.

d +

DIONYSIOS N. CHARDALIAS |

Microprocessors-defined as Large Scalé Integrated devices are
functionally equivalent to the central processing unit of a digital

computer - have had a rapid development in the course of the past few

_years. They are categorized according to the technology employed for

their construction, depending on the respective advantages of each
technology. Where cost saving is involved, NMOS technology is
considered to be the most sensible. Where reduction of power-
consumption is the basic preoccupation of the manufacturer, CMOS
technology is reéommended. Finaf]y, the shortest time requirements -
are achieveq by the BIPOLAR technology. Another criterion which i§
essential to mjcroprocessor classification is the word size, that is,

the unit of information transferred from memory chip to brocessor chip.

.Microprocessors able to handle 4-bit, 8=bit, 12-bit or 16-bit word

sizes are presently available. Each type of microprocessor fits a-,

4
specific part of the application spectrum.

The subject matter of this project report consists of an

adequate overview of microprocessors. and their applications, as well

iv
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INTROGUCTION

gt

| _Thirty years ago, computers yzerZ used in a very restricted
number of applications and the reqyﬂired capital investmgnt was very
| high. Twenty years ago, IBM's first commercial computer cost $1 million
“doll‘ars. Ten years ago, a comparal;le system cost $100 000; many
commercial users started to take advantage of the éqmputer.' Today,
an equivalent amount of computer power is avaﬂabie in a single chip
costing $20. That is ameasure of the extent of the microprocessor
revolution, )
During this whole period of deve]op;nent, computers were usec! by
“the government,. military, and private sectors for a wide range of data
‘ processing applications. . w
The changes in computer costs have been due to changes in
hardware technology. The vacuum tube was replaced by the transistor,
which in turn gave way to the integrated circuit. .
For the past decade, the explosive development \gf’integrated-
circuit technology has been witnessed. ‘
In the 1960's the electronic industr:); use& integrated-circuit
technology in order to incorporate numbers of electronic components
onto a ‘single chip. At the beginning, the chips were expensive, the

production was low and the connectability poor. However, the advantages

of the integration techniques were' realized immediately and the
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manufacturers were enabled to double the packing density each‘yegr.

" The common uses of integrated circuits are the small scale
integration (SSI) with 1-10 active elements per chipﬁtthe medium-scale
integration (MSI) with 10-100 active elements per chip; and the large-
scale integration (LSI) with more than 100 active elements per chip.
With the advent of iarge-scafg integration,’many thousands of logic
functions are accomodated on a single chip. ' B :

As the functional complexity of integrated circuitry chips
increased, so did the problems of the integrated circu}t manufacturers.
A small numbgr of different device types is éasi]y produceﬁ in a .
factory. When ;he number of possible device types is very large the
problem is more difficult, considering it from both a marketing and
a production point of vigw. Large-scale integration, did_not solve
the problem, because the number of different cﬁip funqtions arising
from its use Qou]d be virtually limitlgss. The solution to this
problem was the implementation of 3 re{;tive1y small number of chips
i;to which the particular functions required by the user could be
installed. As a result of this, the microprocessor was born. '

Thus, in 1970 the microprocessor was introduced as a major
innovation in the evolution of integrated circuits and it revolutionized
the design of systems. L

The first microprocessor became commercially available from

Intel, for a specific use (calculators). However, the development of

. microprocessors was motivated by pressures from the LSI‘manufacturers.

Tpe rate of progress in LSI technology over the last nine years owes




¥ :
.‘2.\

. a broad range of applications.

a great deal to the microprocessor.

Definitions of what is the microprocessor, are both loose and — —
\

- I~
ephemeral, and often fail to include devices which may be reasonably

considered to be microprocessors whil¢ including devices which might
equally reasonab]y\be considered not to be microprocessors. ‘The
reason for this terﬁino]ogical lack of clarity is primarily that

microprocessors do not differ in any real way from many other circuit
\

forms, but rather they represent different structural and functional

emphases in the design and purpose of the circuit. Two definitions,

in accord with microprocessor complexity and functional characteristics,

are presented in Appendix A. The main features which characterize

v

the microprocessor are the following:
— It is an electronic logic device.
- It consists of one’ or very few LSI circuits.
- It is a stored program computer )
— It is capable of being used both as:
i) A -replacement for random logic.
ii) As a processipg e]emeot in a computer system [2].
Microprocessors today appeqr in al] shapes and sizes to match -
The\advantages of microprocessors arc
short dévelopment\time high re11ab111ty and easy maintenance. The
disadvantages of microprocessors are 1or speeds (about 1/3 of mini-
computer speed and about 1/20 of hard-wired logic speed) and the neces-
sity of learnipg new design techniques. \\ ®
The subject of this project report\Js an adequate orerview oﬁ‘
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mfcroprocessors and their applications. It consists of two par;s,.'In
the first part a general consideration and classification of micro-

processors is presented, while in the second part microprocessor-

applications and selection are discussed.

‘Chapter 1 exposes the integrated-circuit technologies and

the microprocessor evolution. Chapter 2 deals with the microcomputer

and microprocessor characteristics including organization and design.

The application areas are discussed and presented in chapter 3, while

0

in chﬁpter 4 the factors which must be taken under consideration in

3
microprocessor evaluation and selection are discussed. '
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CHAPTER 1

INTEGRATED CIRCUIT TECHNOLOGIES
" MICROPROCESSOR EVOLUTION

The first chapter serves as an introduction to integrated
circuit technologies and m{croprocessor evolution. MOS and BIPOLAR
fechno]ogies are compéred. The evolution of LSI technology and
the' evolution of microprocessdors architecture and applications are

examined. The classification of microprocessors is also presented.
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1.1 TECHNOLOGIES IN USE

There are numerous semiconductor technologies in use today.

They can be classified according to substrate material, device type,

basic device structure and circuit forms {2].

Figure 1.1, [2], shows the semiconductor technologies which are

currently in production in the industry.

Substrate S1l1con
I
!
buste type Bipolar’
° 1
r ] '
Basic epl
. :::zg:un 30 collector [soptanar
- EFL - T -
/ OO,
- — | .
Chreult - L - e
fores < "

~ Figure 1.7 Semiconductor Technologies [2]

I~ RTL
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5

o)

Silicon
on
sapphire

l

MOS

Microprocessor use

- The main techno]ogies'are MOS and BIPOLAR. Each of them has

strenghts and_weaknesses making it more or Iess suited to particular

applications. MOS technologies have provided very compact but

relatively siow circuits'whéreas bipolar technologies have provided

very fast but relatively large circuits.

!

P
3
1

A et s Frp
T
-
£




1.7.1 MQOS Technology

The - first devices used in monolithic semiconductor’
microprocessors were the Metal Oxid; Semiconductor (MOS) devices.
These devices are jimplemented in various ways. There are three‘basic
MOS g;ructures: '

P-channel MOS (PMOS)
N-channel MOS (NMOS)
‘Complementary MOS (CMOS)

- The MOS Field Effect Transistor (MOSFET) is the basic

silicon transistor structure. Generally, FETS are placed in series for

a NAND function and in paralled for a NOR function.
'The first MOS LSI were produced in P-channel form
because the processing is less sensitive. to process contaminants.

However it is more desirable to use an N-channel process because the
-

speed is greater than PMOS by a factor of two or three and the threshold

voltages are lower, Th1s is because the mobility of electrons, the
hajority carriers'in NMOS, is greater thgn the mobility of holes in
PMOS. N-channel has becéme the primary process technology for LSI,
in spite of the fact that N-channel devices are more difficult to
fabricate.” Initially the NMOS process used metal gates, but later
processes have used polysilicon Q%tes to improve speed. The "silicon
gate" technology is used in MOS Read/Write memory devices.and in

many microbrgcessor LSIs. Another,circujt using both P and NMOS FETS
is Complementary MOS (CMOS). CMOS has the advantage of low power

and hjgh noise immunity, but it also has the disadvantage of lower

bt s 2t
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cifcu%t density. It has been used for two commercially available micro-.
proéessors (RCA Cosmac and Intersil 6100). ]
ImproVemenﬁs in speed and density have‘been achjéved
by new developments in MOS technology. The VMOS structure uses a
technique for obtaining shortviransistor channel lengths, {n V'shape,
with'control1ed diffusions. The DouQ]e Diffused MOS (DMOS)Otechnology
has been applied to LSI aevices recently. A]sd.the Schottky Barrier
MOS/Dielectric Isolation MOS'(SBMOS/DIMOS) technology has just been

announced.

&>

>

.
* 1.1.2 Bipolar Technology

K

.

Bipolar technology has been widely used in industry.

The{basi% configuratjons are:
Transistor Transistor Logic (TTL)
Emitter Coupled Logic (ECL)
Integrated Injection Logic (I*L)

In addition there are some othe: proceé;es such as Collector Diffused'

Iso]ationb(CDI) used in the Ferranti F100L [3]. , )
i TTL is a well tried technology. It is characterized

by very high speed (i.e.,'smal] gate dela&), low cost, high poise

immunity, but'iptalso has high power requirements,']ower packing density

and generally it has comp]ex\manufacﬁuring processés. p

ECL technology is not very well tried and tested also

it has low packing density and high power dissipation1 However, it is

the fastest technology (i.e., ‘gate propagation delays,be]dw 1 nanosecond),

and it generates low noise. . % o o
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"I*L is a very new teéhno]ogy which is relatively

§ untriédL It approaches MOS technology in density, it has fairly high

speed and reduced power consumption. 4 N M
CDI technology has been used only by two manufacturers
(Ferranti and Bell Labs). It is a very new technology, with simple

manufacturing process (i.e., less masking stages), high speéd and it

is suited to high temperature operation.

There is a diode called Schottky-barrier diode which.
can improve switching speed in bipo}ar technology. For example, when
Schottky-barrier diodes are incorporated in the a1re§dy fast TTL circuits,
a very rapid circuit results. These are ca1[ed Schottky &iode TTL -
(STTL) logic circuits. ‘ |
1.1.3 Comparison

The. various advantages and disadvantages of technologies

" in use have been indicated. Comparing the technologies, some important

]

ppints can be extracted. .

ECL is about 2 to 3 times faster than TTL. However, "
the power 'dissipation is 2 to 4 times as high';nd the noise immunity
%s much poorer than in TTL. /

CMOS has a very low power dissipation about 100 times

less than TTL after transients have died away. However, its,switchiﬁg

speed is about 10 times as long as that of TTL. In Table 1.1, [2],

comparisons have been made by ranking the technologies in their order

of performance on a given attribute. The attempt'has been made in

order to give a qualititive rating of the processes within a particular
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category. The circled processes are first in each category. More than.
one process may have the same number, when they have similar parameters. £
Each process is first in some category. Hence, no one process dominates

for all appiications.

Table 1.1 'y
Comparison of MOS and BIPOLAR Techndlogies (2]

I o
) PMOS |NMOS S | cMOS/S0S | Bipolar| I%L
. TTL
Speed ' 6 5 3 2 @ 3
1 = fastest
Density (circuit 2 @ 3 , 2 y 2 \
layout)

s

1 = most dense :

1 = least

-

Power requirement . 3 2 @ @3 b @ ;

Experience . 2 | 3 u 5. 1 6
1l = most *‘A

B .

Process complexity @' 2 3 4 3 3
1 = least )

AL o b s

1.1.4 The Evolution of LSI Technology

The growth of LSI technology is. characterized by an
approximate doubling each year of the number of components on a single.

chip as illustrated in Figure 1.2, [4].
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Figure 1.2 Growth of the Scale on Integration of LSI Circuits

* X .
The term logic holds for circuits that produce the electrical
equivalent of a logical function, such as a Boolean algebra operation.
" On the other hand, array is a circuit composed of parallel sets of
1ines running in perpendicular directions. The 1ines may be joined
by conductive elements at their intersections, and they form a matrix.
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It has been predicted that this rate of growth will be
maintained until the early 1980s.

\

Also, another 1]1ustrat1on in Figure 1.3 can g1ve the

development of integrated- c1rcu1t technology by.the growth of integrated
circuit complexity [ 4]

.

NUMBER OF COMPONENTS
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T already been reached. By 1980, it is expected that the density will

14
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By cbmbining'these two components, the cost, per function
‘ Y

will have a minimum corresponding to the optimum complexity for the u%
state of the art design technique and process technology, Figure.1.4. %
3

4kCOST/FUNCTION

TOTAL T

OPTIMUM
COMPLEXITY

SILICON CHIP COST _

+

!
¥
j
i

» ASSEMBLY AND TEST COST

NUMBERS OF FUNCTION/CIRCUIT (N)

Figure 1.4 Elements of Integrated-Circuit Cost

1.1.5 LSI Technology Future Trends

By 1976 the density of 10 000 gates/chip (NMOS) had

increase to 100 000 gates/chip KCMOS, I*L). By 1985, it will reach

- —
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line projections of IC complexities have been accurately forecast. .
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Figure 1.5 The Future Trends of ICs

_The age of Very Large Scale Integration (VLSI) with
number of devices per chip greater than 20 000 is certainly emerging.
Undoubted]y, the future trend will be a rapid reduction in delay/power

product using I*L, CMOS/SOS and new technologies. For example, one
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technology, Gallium Arsenide, which is still in the research stages,
holds promise of subnanosecond gate delays and delay power products ‘ 1’
less than 0.1 picojoules {7]. This technology will get to the commercial 3
LSI stage after a few years.

In the expanding world of IC chip complexity, another
important facet is reliability. As power dissipation must be reduced
to accomodate one million devices on a single chfp, so must reliability
be improved. As a matter of fact , to build a microprocessor of
modern complexity using simple, plastic-packaged TTL gates, would have
a mean time between failure of only a few months. As an example, [6],
the mean time between failure of a Motorola MC6800 CPU, (3000-gate
complexity and packaged in ceramic), was 877 years last year and is
projected to reach 1900 this year. From the above example the

reliability. advantage of LSI is obvious. a

Thus, since 1958 the number of components per chip
has been doubling each year. By 1985,<}t is expected to be one
million devices on a single silicon chip. That means, in the next
decade, microprocessors and related componéntg will be built on,ICsK~
with new circuit-design techniques and advah;ed fabéication processes,
Realistically, the microprocessors of today are just the beginni
a new and rapfﬂiy developing field.
1.2 MICROPROCESSOR EVOLUTION

+

The first microprocessor systems were a result of the very

rapid advances in LSI technology which made feasible the desk

f ’ ' /
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calculator as a small, inexpensive, high volume product. These
systems were h-bit systems. Next, the 8-bit 12-bit and 16-bit processor
]

sets came as extensions of the early 4-bit sets. Lastly, bit-slice

architectures enabled tailored systems to be readily confighred.

v i AR s e 2T T

1.2.1 Microprocessors and Discrete Logic

‘ From the definition of the microprocessor if is obvious
that in its basic form ft is unusable because it is a single component
(or possibly a number of chips) which requires a stored prog;am to ‘ )
determine its operation. Basic 1pgic,components such as transistors,
relays and so on, correspond directly to their eiectrical inputs without . .
the use of a stored program. Although there does seem to be a fundamental ' ?
d1fferénce between microprocessors and discrete logic, the advantage of
microprocessors is the short design turnaround time they make possible.

But to realize this advantage, as well the advantages

of easy field alterations and inexpensive customizing, the system
designer will need to use new tools - gbme of which may be unfamiliar
to him. Thus, the system desﬁgner, instead of gate networks uses masks , /
comparisoﬁs, and?jumpgi and instead of time delays, he uses circulating
loops. The logic system designer combines hardware and software
techniques to achieve a system that was formerly all hardware. The
resulting design is more flexible since the features of the systgm can
be a function of software (program). In most cases only a new program
neeé be written, when marking conditions require an updated or even

.

totally different system.




-

. 1975 [10].

v

1.2.2 The Evolution of Microprﬁcessor Architecture ) {“ '

-In looking at the evolution of microprocessor ‘
architecture there seems to be a clear distinction between'génerations ’ i '
of microprocessors. ) ' ? |

, o .
‘ In the early 70s, the first generation microprocessors

were 4-bit systems constructed using mainly PMOS technology. Examples
_0of these systems include the Intﬁl MCS-4 and the Rockwell PPS-4 §ystem.
Extensions of the 4-bit microprocessors were the 8-and 16-bit PMOS micro
processors. Intel MCS-8 gnd.National Semiconductor IMP-16 are good
examples of the respective processors. Around i973, the beginning of
the second generation of microprocessor technology became a fact. The

1 . {
third class of microprocessors were constructed using NMOS technology

as 8-bit systems 1ike the Intel 8080 and Motorola MC6800. The third
generation of microprocessors is based in the lates technologies (SOS,
SBMOS ...). Bit-slice chips are manufactured, like the Fairchild 9400

\

and Intel 3000 series. In additionto4-8;and 16 bit architectures
there is also the 12-bit architecture from Intersil 6100 and Toshiba .
TSL-12. .

1.2.3 The Evolution of Applications
. o .

It has been aforementioned that microprocessors were
first developed for use in calculators. Since this application, an
increasing number of applications has emerged. In Table 1.2 the

peréenﬁage use of microprocessogg has beeen presented for 1974 and

4




Table 1.2

. Applications of Microprocessors

-

Usage 1974 4]975 Usage . 1974 1975
Test/Instrumentation  16%  18% | Medical o3 3%
Industrial Control 13% 16% Consumer 3% 3%
Aerospace 13% 15% Office equipment 2% 2%
Communications 16% 14% Education 2% 1%
Computers 14% 13% | Transportation 1% 1%
Military 10% 9% ., Othgp / 6% 5%

It is obvious that 1nstrumentation;'jndustria]'control

. and aerospace lead the table. Nevertheless, new application areas

will be found and the microprocessor manufacturers will maintain a’
profitable product line. Microprocessor applications will be discussed

in Part II of this project report with more details.

1.3 CLASSIFICATION

- Up to here, the technologies in use and the microprocessor
evolutton have been discussed. Next, the classification of micro-

processors will- be presented. In Table 1.3 the classification has

been made [TY] showing the size (in bits) of the element processed,

the technologies used the memory address capacity and the manufacturérs.

’
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Table 1.3

~

Classification of Microprocessors

Type Number Technology Memory Addressing Manufacturers* and
Capacity - Comments**
(bytes)
4-bit
4004 PMOS 4-k Intel '
4040 PMOS 4-k Inte1 (National)
PPS-4 PMOS 4-k Rockwell (National): SV
PPS-4/2 PMOS 8-k Rockwell: CC,SV
PPS-4/1 PMQS _ Rockwell: CC, SV, RAM
on chip
TMS-1000 PMOS 8-k Texas Instruments: SV,
MP
. y
8-bit . i
9002 NMOS 64-k Electronic Arrays: SV
F-8 NMOS 64-k Fairchild (Mostek): CC
8008-1 PMOS 16-k Intel
8080 A NMOS 64~k Intel (AMD,/TI, NE,(:,
g _ Siemens) :
8048 NMOS 2-k Intel: 512-bit RAM
\ % on chip
6502 NMOS 64-k MOS Techno)jogy - other
versions are available
with lTower address
capacity
5065 PMOS 32-k Mostek
6800 NMOS 64-k Motorola (AMI): SV
SCAMP PMOS 64-k National: CC, SV
1801 CMOS 64-k RCA: 2-chip CPU
1802 CMOS Q 64-k RCA '
PPS-8 PMOS 32-k Rockwell (National): SV
PPS-B/3 PMOS 32-k Rockwell: CC, SV
2650 NMOS 32-k Signetics: CC, SV
300 TTL 8-k Scientific Micro Systems
Z-80 NMOS . 64-k Zilog: SV -
12-bit \
6100 CcMOS .. 4-k Intersil (Harris): SV, CQ
TLCS-12 NMOS 4-k

Toshiba: MP

KN
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16-bit . :
CP1600 NMQS 64-k General Instruments: MP
MCP-1600 NMOS 64-k Western Digital: MP, MC
IMP-16 PMOS 64-k Nationals MP, MC |
PACE PMOS 64-k National: MP N
PFL-1600A NMQS 64-k PanaFacom: MC
TMS-9900 NMOS -~ 64~k Texas Instruments: SV,

. general purpose registers

in memory
Bit slices
2901 TTL 64-k Advanced Micro Devices
' . (Motorola, Raytheon): MP

9400 TTL . 64-k Fairchild: MP, SV
3002 TTL 512 Intel (Signetics): MP,
. 2-bit slice
6701 TTL 64-k Monolithic Memories:MP
10800 ECL 64-k Motorola: MP, CC, ECL
SBP0400 I’L 64-k Texas Instruments: CC, MP
NOTES

* Developing manufdcturer}?isted first.

In this chapter an overview of integrated circuit technologies

**  Key: MP - microprogrammable
‘ ECL- emitter-coupled logic
TTL- transistor-transistor logic
I>L- integrated injection logic ,
SV - single voltage
CC - clock on chip
MC - multi-chip central. processing unit
Summary

and the microprocessor implementation have been exposed. It should\\\
. be apparent that, in general, use of MOS technology requires fewer
steps than BIPOLAR technology.“furthermore, MOSFET logic can reduce

both the isolation problem as Qe]] as power dissipation. However,

A\
\
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the switching speed is much faﬁter uSing BIPOLAR technology.

The evolution of LSI technology has an impact on microprocessor
evolution. The impact of the microprocessor is in the design of
systems and the nature of the resulting products.

'The architecture of micfoprocessors, the applications and the

selection will be examzned throughout the following chapters in detail.

*
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CHAPTER 2

o

MICROCOMPUTER - MICROPROCESSOR

The terms micrécomputer and microprocessor will be c]arjfied
and their features will be distinguished in this chapter. Basic
microcomputer and microprocessor organizafion,'microcohputer
instructions, implementation of theinstruCt16n§ semiconductor

stores and microprocessor characteristics are also explained.

-
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2.1 DIGITAL MICROCOMPUTER . - ' -

A microprocessor is_a central processing unit (CPU) on a single
LSI chi p. A mi_cnrocompute.r is a microprocessor combi ned with memory
and input/output (1/0) 1interface, on a single &hip, Figure 2.1.

r

. MICROPROCESSOR - - MEMORY
(cPy) : '

T Ti
: LDDRESS —

DATA + 1/0

BUSES

. CONTROL T
. I h : I l A J »

'I/0 INTERFACE

Figure 2.1 The .Microcomputer

N

The CPU subsystem berforms, all the classical arithmetic,

logic,- and control functions. The meﬁlory contains both the program

(in:strucytior\\s to be executed by the CPU) and the currently active

D
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data on yicﬁ the. CPU is operating. The 1/0 interfaces represent the

critical communication 1inks between the internal computer operations

and the external wor1d,(I/0 devices inc]dding mass memory, human

a

bperators, etc.). The buses are conductors which interconnect CPU,

memory and 1/0 interface. Data can travel along the buses in either

direction. :
. i —
2.1.1 Basic.Organization

The basic sfructure of the microcomputer is composed
of the memory, data buses, registers and the CPU. The memory provi&es
the storage for the program, the data.and intermediate results in

binary'form. It is known LfZJ that a binary word can indicate a

numerical value (dqta), a memory address or a computer instruction.

This makes the -memory an exceptionally versatile component.- The

microcomputer fetches the #nstruction from the memory and perfp46;\\\“~“\\\‘_‘_;;\§*//

the 6peration dictated by the instruction. The instruction can also
tell the microcomputer the address of, the data. Then, the micro- -
tomﬁuter takes the data from the specified memory 1ocationl

Data buses move binary information between different
\

# .
parts of the microcomputer. They can be one-directional or bidirectional

(three-state buses). They are composed of many wires, one wire for
each Bit. -~

Registers are used for the temporary storage of data,

.addresses, and instructions. They are composed of a number of flip-

flops, one flip-flop per bit. The microcomputer has several registers."

The basic registers are accumulator (A), link (L), memory address

- \ o -
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machine. The memory can be composed of a few thousand locations.  Each

" location is labelled with a unique number called its address. There

~

register (MAR), memory buffer register (MBR), program counter (PC),

instruction register (IRC;, index regi's.ter and stack pointer (Appendix B).

The CPU will be examined in detail in section 2.2 (Microprecessor

Organization). ' I §

2.1.2 Storage Devices

~

The memory of the microcomputer contains a large number
of memory locations (memory cells). Information stored in one memory - -

location is called a word. The word size varies from machine to

exist memories ran'ging from 4 bits to 64 Kbits. Types of memory,
which are in current use, are: ‘o =T

Magnetic memories such as core memories, drums, disks,

magnetic tapes and magnetic bubbles. S IR

. Semiconductor memories such as Random- -access. memories {RAMs),

Read-only memories (ROMs), programnab]e ROMs ( PROMs), and
‘programmed logical arrays (PLAs). ‘
| The memory access time* of core memories is of an
order of less than 1 usec. The average access time of drum memories
is usually in the order of 2 to 10 msec., [1]. lf‘n“disk memories the
access time i; composed of a p‘ositionaﬂ time (100 msec.) and of‘ the ’

rotational delay (10 msec.).

Semiconductor memories .have replaced magnetic cores’

' o /

The time to complete the transfer of data, requested by a .
control unit, to or from the memory .




RAM is very low power dissipation. Also access time in dynamic RAM -

- irreversible. PROMs are ROMs which can be reprogrammed. The
, reporgramming process requires specially designed apparatus (for exaniple,

an ultra-violet radiation source for erasure and a source of relatively

27

. in modern digital systems. They are available in the form of integrated
circuits. Bipolar and M0S technologies are utilized in memory ‘

fabrication ['13] .

In computers, generally, the data are usually stored
separately from the program. The program is stored in ROMs o; PROMs

while data are stored in magnetic core memories or ‘RAMs. \

RAMs are "volatile memories" - that is, information is
lost when power is switched off. 'I.'he solution to the volatility
problem is a battery-backup power supply. Read and write opqrations
can be performed with RAMs which use flip-flops for bit storage.A
There exist two types of RAMs, the static RAM ‘and the dynamic RAM.'
Static RAM has the considerable advantage over dynamic that, as long

i

as the power is maintained, informaion once written is held
indefinitely without special provision by the system designer. Informa-

tion written into a dynamic RAM will be lost within a few milliseconds

unless action .is taken to “refresh" it.” The main advantage of dynamic .t 3

is much greater than in static RAM because of refresh requirements. )
ROMs are semiconductor memories containing fixed.

1nfonﬁation which has been built into them du.ring malnufacture.

Information which may be kept in ROMs are, code-conversion tables,

standard programs etc. The programming of ROMs is 'permanent and

] X
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high voltage pulses for rewriting).
The advantages of ROMs over RAMs are, low cost, low

power, nonvolatile storage and fast access time (35 to 1200 nsec.).

" In some applications part of ROMs may remain unused. Instead of them,

programmed Togical arrays (PLAs) which have the advantage of flexible
addressing, are used.

Another new semiconductor memory is the charge-coupled

device (CCD). This device stores data in the form of electrical charge -

that can be moved from one memory cell to the other.
It should be noted that the most important migro-

computer memories, are semiconductor ROMs, RAMs and Bubble memories.

\

2.1.3 Microcomputer Instructions
— Every microcomputer has its instructions represented
in a different format. However, there are three basic types of
instruction format: ‘
Meﬁory :;ference ' )
Register reference iL
Inpu%-output reference
A memory reference‘instruction, as its name implies, references memory
during the instruction execution. A register reference instruction is
called an operate microinstruction and can perforin operations without

referring to a memory location. An input-output instruction performs

the transfer of data between the microcomputer and the peripheral devices.

Table 2.1 contains some typical instructions under each fype.’

28
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Typical

“

Table 2.1

Microcomputer Instructions

Memory Reference

Register Reference

-

1/0 Reference

Add

Substract
Multiply

Divide

AND

‘Inclusive OR
Exclusive OR
Store

~Load

Compare
Unconditional Jump
Conditional Jump

Shift
Rotate
Increment
Complement
Bit Test

Read
Write

The format of these instructions will not be discussed below, since

considerable literature exists on the subject [1]- [¥].

The microcdmputer instructions can also be grouped
according to the function they perform. They are five such groups:

Move data, arithmetic and logical instrucions (STORE, ADD;

AND) .

Cont;;1 1nstrué§ions (HALT, JUMP, IF, SKIP).

Subroutine 1inking instructions (JMS).

. 0perate‘in§tructions (CLEAR, INCREMENT, ROTATE).

Input-output instructions (WRITE, READ).
In the microcomputer all the operations are performed step by step. -

One step represents a microcomputer cycle which lasts about 1 usec.
-«
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l ' The instructions are performed in one, two or three cycles. For each

S apreirdimreare bl

cycle the machine is in a different state. There are three possible
states: fetch, defer, and execute. |
| In the fetch state the instruction is read from the memory |
and it is decoded.
In the defer stéte, which follows the fetch state, the address

of the operand is read. This state depends on the addressing

) mode which will be discussed below.

- 4 In the execute state, the gperation, specified by the operation

code of the instruction, is performed. This state is used in ,

all memory-reference instructions except jump.

It should be noted that the memory-reference instruc- é

tion has the‘%orm [11 !

[ J

. f i OPR, tag bits, operand address. - ’

¢ Y
; The tag bits are used for the addressing mode. The most important

methods of addressing memory from the many in use are summarized below:

i) Indirect addressing - the memory location specified by

the address in the memory-reference instruction selects

the address of the operand rather than the operand itself.

11) Prpgram relative addressing '~ the operand address is the

sum of the address in the instruction word and the contents ‘

of the program counter.

(;\ ) 1ii) Base relative addressing - this addressing mode operates
: ' in the same way as program relative addressing except that

. - | a specialized base register.is used instead of the PC.

v ‘k\ N . . ' .
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iv) Indexed addressing .- the operand address %s the sum of é
the address in the instruction word and the contents of the l
index register. ' e ‘( ‘ g
v) Autoincrement addressing - the content; of the locations .

in the memory are incremented‘by unity immediately before
the instruction. R

vi) Extended addressing - an extension (or page) register is .
used to extend the addregs in the instruction.word.

vii) Immediate addressing - the operand is contained in the !
location immediately following the instruction. ’(

viii) Literal addressing - the address part of thé instruction
word is used as the operénd itself.

\ 2.1.4 Interfaces and Peripheral Devices ' .

‘The microcomputer is able to communicate with many
peripheral devices such as teleprinter, paﬁer tape reader/punch, card
reader/punch, line printer, digital p]dkter, magnetic tabe unit,
_magnetic drum, magnetic disk and visual display. The“exchange of
information between the peripheral devices and the microcomputer is‘
controlled.either by a program or by interface devices. fhe inpdt-
output transfers controlled by a program are called programmed data
transfers, and they are performed by the I/0 transfer instrué%ions (IUT).
With the input-output transfers, commands are sent to the peripheral
devices, information descfibing the status of the peripheral device
are received and tested, data from the microcompqter‘to the peripheral

devices and vice versa are sent. Thé}gbove can be achieved with

\
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unconditional transfer, conditional transfer or program interrupt. These

programmed input-output transfers can be shown in Figure 2.2.

MAIN PROGRAM
{
/ -
/
/
v i /
i /
TRANSFER /
A4 | TRANSFER
FJ
\
\
AN
TRANSFER N
' \
\
. | v

(a) ©o(b) (c)

A

Figure 2.2 Programmed 1/0 ?r;anéfer. (a) Unconditional; (b) Conditional;
(c)- -Program interrupt.

An input-output tfansfer instruction is read from the memory into the
memory !;uffer register. The opg'ation ‘code goes into the instruction
register and the input-output transfer'timing generator is activated.
The microcomputer has several 1ines by which it communicates with the
peripheral devices. Such lines are, the device selection lines, the
command lines, the data line, the skip 1ine and the 1nterrupt‘ Tine.

In Figure 2.3 all the parts of a microcomputer, and all the lines,

-~
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involved in the programmed 0/1 transfers, are shown.
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Figure 2.3 Parts of a Microcomputer Involved in the Programmed Iriput-
' Output Transfer.[1] ’
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structures of microprocessors from different manufacturers are shown

in Appendix B.

‘a micro;:rocessor cycle the contents of the location specified by the

35 J
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The microcomputer can communicate with more than one
device. An example with three devices coded 40,.41 and 42 is shown
in' Figure 2.4 to present the interface cbmponents for d multiple-
interrupt structure. Each device receives three 1/0 %nstructions.
The command SKIPn is used to read the flag of the device n 'in the,

microcomputer. The corrmana CLEARn is used to clear the flag when

the device n is serviced. The command READn is used to read the

data in the microcomputer [1] (6100 uP, Appendix B).

’

2.2 MICROPORCESSOR  ORGANIZATION

A
A microprocessor consists of three basic units. The arithmetic

logic unit (ALU), the control unit and the memory transfer unit. Each

v

of these units contains a number of registers. The arithmetic logic
unit is used for ari"chmetic and logical operations on data. The
control ;Jm't directs data transfers within the CPU and controls the
operétions performed w1'thjn the registers. The memory transfer unit
controls all operations b;atween memory and the CPU. A schematic layout

of the microprocessor organization is shown in Figure 2.5. Other

~

Timing of the operations within the microprocesgqr is governed
by an electronic "clock" which produces a pulse at regular 1ﬁtgrvais.
The time betw:een clock pulses js the microprocessor cycle'time.
Usﬁaﬂy one uP cycle is several clock cycles. At the béginm‘ng of

@

program counter are loaded into the instruction register via the memory
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buffer register. The instruction is: decoded and the operation performed
within the arith@efic Togic unit.
Another way of presenting the microprocessor as a chip, is

- shown in Fidure 2.6 [16].

INPUT DATA [———— INPUT DEVICES

OUTPUT p———y OUTPUT DEVICES

INPUT MEMORY |———— MENORY DATA -
DATA . -

OUTPUT MEMORY MEMORY ADDRESS
ADDRESS b= ~

MP

OUTPUT” MEMORY|—_3, MEMORY DATA
. DATA ,

STATE 0UT

» STATE s

L

, Figure 2.6 Schematic Diagram of a Microprocessor
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2.2.1 Arithmetic logic Unit i : > -. i

The arithmetic logic unit performs various arithmetic,

<

logic and shift micro-operations, on one or two data words. The

internal construction of the ALU depends on the.micro-operations that ‘
it.implements. The ALU consists of n identical stages. Figure 2.7 ‘.
shows the b16ck-diagram of anALU partitioned into n identical stages.

R typical 1bgic diagram of a one-stage ALU is shown in Figure 2.8:

i

FUNGTION SELECTOR
—

Br A

STAGE n

STAGE 1

N -
5 ) . \
.o . .
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Figuré 2.8 One Stage ALU

Selection 1ine S:controls inpu(Ai. Selection lines
S: and So control input Bi' Themde M controls the input carry Ci'
When M=1 and $2515 =101 the terminals x, y, and z have values equal

to Ay, By, and C;, respectively. The exclusive -OR of the three
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~variables provides the sum output of a full-adder. In the diagram

_transfer data between these registers. All the combinations are

40

»

the other circuit provides the carry output for the next higher-order

I RV
WO

e o O]
IR

stage.

2.2.2 Control Unit
The control unit is the nervé cénter‘of a microprocessor.
A typical microprocessor can execute perhaps fifty or more different
instruétions in any sequence. The role of the control unit is to
fetch instructions one at a time from the ROM or RAM grogram memory
connected to the microprocessor buses, decode and theniexecute them
with a seqsence of microinstruct?gns; after which, it fetches the

next instruction. In order to grasp the coﬁcept of control an example

"
3
§
F

!

1
%

is presented in Figure 2:9 (1213 three registers are controlled by

an appropriate combination of control inputs. There are nine ways to

presented in Table 2.2.

>

Table 2.2
Bit Pattern of Control Inputs

Operation , Control Inputs

} A/R A/W B/R B/W C/R T/W

A-+PB . 1 0 O 1 0 0

A=+C 1 0 O 0 0 1

.B + A , 0 1 1 0 0 0

B-+C 0 0 1 0 0 1

C-+A 0 1 0 0 1 0 i

C~8B 0,00 1 1 0

A+-B&C 1 0 O i 0 1

B+-A&C 0 1 1 0 0 1 |
C>-A&B 0 1 O 1 1 0 ‘
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Each of the transfer possibilities is “identified by one control word.

These control words are called microinstructions. For example, the

sequences A into B; B into C; and' C into Atequiréthe microinstructions:

165]00, 001001, 007001, 010070. -
2.2.3 ‘Registers '
’ ‘Several registers which compose the main units of a
microprocessor (Appendix B) are shown in Figure 2.5.' These registers
temporarily store data, addresses and instructions.
The adder performs all the arithmetic (add, substract,
etc.) and logical (OR, AND, etc.) operations. |

The accumulator 1s a register that adds an incoming

binary number to its own contents and then substitutes the results

for the contents. It normally provides one of the inputs to the adder.

!

The 1ink has only one bit and is used to receive the

carry from the accumulator and to connect the most significant bit

]

(MSB) and the least significant bit (LSB) of the accumulator.

The carry indicator is a single bit which is set equal

to the MSB of the adder during every operatign invojving the adder.
The shifter transfers the output éi the ALU into
thegoutput bus. It may transfer the information directly or may shift
it to the rig?t or left [15].
-The status register stores status conditions such as

output-carry from ALU, contents of accumulator equal zero, and status

-

of external input and output flags.

The address register is used to select the address

& B ._ i
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(10ad) registers from the stack.
s [V

rggister.

4 ‘ Co /
of the scratch-pad memory. B . /

)The index register is used in addressing memory. The
address of the next instruction may be found by summing the conTénts

"of the program counter and the index register.

Thg program counter keeps track of the program cﬁrrent]y

being executed. It is simply a counter. The count usually increases
by one as each instruction is carried out, since instructions generally

are stored in sequential locations. °

The instruction register holds the instruction

currently being executed.

The instruction decoder decodes the contents of the

IR. The code is interpreted by the control.N

The control then ‘generates a sequence of signals to

initiate the required micro-operations.

The stack pointer is used when the microprocessor must

o)

receive an interrupt from an external device. The stack is a last-in

first-out (LIFO) type of memory [15]. Instructions are provided to

push (store) the contents of any register into the stack or to pop

s SR S RN G RS

fhe méﬁory address register holds the address of the

memory location used to transfer-a word to/from the memory buffer

rggister:

The memory buffer register holds a word during transfers

to/from memory. Every transfer to/from memory passes through this




Both (MAR) and (MBR) have the same number of bits as the memory word.

2.2(4 Microprocessor Characteristics

. The most sfgnifiéant characteristics of today's

microprocessors are.their speed, addressing modes, interrupt capabilities, ///

and the number of internal registers. The more addressing modes and
the more internal registers, in a.m%croprocessor, the less exterpa]
memory capacity is 1ikely to be required. In'most systems, the |
requirement for external memory is important because memory cost Jimihates
all other considerations.

In Table 2.3 [17] the characteristics of some

available microprocessors are presented.

2.3 MICROPROCESSOR DESIGN

The basic architecture of all microprocessors is fundamentally
the same, although, there are differences of emphasis between micro;)"

A

processor architectures, mini and mainframe computers.
Four main aspects will be considered in the following sections
regarding microprocessor design: | '
- Bit slices
- ‘Instruction sets
- Microprogramming °

- I/0 interfacing
2.3.1 Bit Slices

~I

Microprocessors with word length ranging from 4-bits
to 16-bits are dominating control and data processing in small and medium

performance systems. Tough process-control and high-speed controller

\

-
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Jjobs creétéd the need for microprocessors with longer word length}
and consequently led to the manufacturing of bit-slice m1croprocessor.

The bit s]1ce is a single logic unit which forms only a section of a

IS .y % 5 e P
e AR B S

central processing unit. Each slice has a small (2 - or 4-bit) word
length [18]. A number of”cascaded slices constitute a processor with
Tonger word length. | . \

The advantage; of the bit slices are the ability
to operate at very h{gh speeds and the considerably superior performance
which they can achieve. A tailored system can be built for a particular
apblication For high-speed processors there are the 2 bit and . by
4-bit Schottky TTL slices produced by a growing number of b1polar-
circuit manufacturers (Table 1.3). For the control of big mainfraim
memories there are the highestlperforming ECL logic processor slices.
Motorola has already announced a 4-bit ECL processor slice. Another
application for the bit-slice architecture is in the area of message .
_ switching where the control of high-spé;d code conversion, and format
control can be convenient]y‘accomodated. Bit-slice microprocessor
designs are considerably more expensive than those built with MOS
microprocessors. ‘

By designing a system using bit-slice microprocessor,
a greater control must be available over the 1nstrucfion‘set of the
proposed machine. This point of versatility makes the bit-slice
microprocessors very suitable for emulating (simulating )uthe

instruction set of another computer.

The bit-s1ice microprocessor devices depend on




. r'd
microprogramming to implement a specific instructiop set (sec. 2.3.3).

The microprogramming is implemented by using a ROM and/or Programmable
Logic Array (PLA) in conjunctionwith other devices. An instrdétion
which is being emulated is accepted as a starting address to a series
of microinstructions stored in the ROM or PLA. This series of
microinstructions direct the microprocessor chips to emulate the
desired instructions in a specific way. ”
.2.3.2 Ins;Puctions

The instruction set of a microprocessor defines the
architecture of the microprocessor to the user. The 1nstructiqn set \
need not correspond inla direct way to. the hardware o% the system,
The size of the 1nstruétion set for the various microprocessors is -
a function of the word size. Most 4-bit processors have between 40

and 50 instructions in their order code; most 8-bit processors have

between 55 and 80 instructions and the 16-bit processors have between

S

.33 and ‘70 instructions [19]. The analytical classification of micro-

comBﬁ%er instructions have aiready been examined (2.1.3):A From the
ﬁicroprocessor design point of view there are two major classes of
instruction statements: '

The operation statements (move, add, load, etc.,) which

are classified according to the number of opérands, and the
addressing mode, and T

The 5?ogram control statements°(jump and call) which are

classified as conditional or unconditional.
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2.3.3 M{croprogramming

The essence of microprogramming is that there is a
level of software permanently stored in a control memory which is executed
| whenever an object program is obeyed. The user writes é program in
assembly language {14], defined by'the‘manufacturer of the microprocessor,
generﬁtes an object program and loads it. Since there are hardwired
ﬁrocessors and microprogrammed ones the difference between them takes
effect when the machine code is executed. When hardwired logic is
/ used, a lot of gates and flip flops are interconnected with the 1091;
for each inséfuction supplied in the user's interface to the system.

In the microprogrammed approach, each instruction of the assembly

nguage consists of a number of small steps made up of micro- g

ingtructions . The software which determines the mapping between user-
! .
\ nterface and micro-instruction is written usually by the microprocessor
\supplier and held in a ROM. Sometimes the microprogramming can be done

by the user, via PLAs.

Microprogramming,'positively,.provides greater hard-
ware simplicity enabling extensions and modifications to be made to
a Easic microprocessor design without extensive re-design of the
hardware. Negatively, the effra 1ayér of software betwe;n the applica-
tion and the hardware may 1e§d to sTow execution of of machine code.
Some of the single chip microprocessors relying on microprogramming

are shown in Table 2.4

Wt -
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Table 2.4

Microprogrammed Microprocessors.

4

Number of Bits Maniufacturer and Type
4-bit Texas Instruments TMS 1000, Rockwell PPS4,
a American Microsystems AM1, Essex SX 200
8-bit Mostek F8, Rockwell PPS8, Fairchild F8,
*  Western Digital 1600 e
‘ 12-bit Toshiba TLCS 12
16-bit General Instrument CP 1600

2.3.4 1/0 Interfacing

interrupt mechanism.

which is determined by the available pins.

'

bus control techniques:

t

1/0 interfacing is a crucial aspect of micrﬂprocessor
system design. Typically I/O is provided by bus structures and the

flow of data is. controlled by program, Direct Memory Access (DMA) or

The kind of bus structures that can be implemented

is the control signal configuration of the microprocessor chip

A control problem exists where a bus is shared- between
memory and one or more peripherals. It s essential that there be a
technique for allpcation of the bus to enable a particular device to

obtain control of the bus and transhit data over it. There exist two

.

PHEEY
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i) The software-controlled I/0 techniques which include

programmed mode I/0, memory mapped I1/0 and serial I/0 ports.

.ii) The asynchronous I/0 methods which include DMA and interrupt
driven systems. ‘
The programmed mode I/0 instructions transfer {nforﬁation froma
peripheral devicg into memory or from memory to a peripheral device.
The memory-mapped I/0 concept is straight forward. Any 8-b?t ;/O'port
can be viewed as a memory location. )

Serial I/0 ports are physical CPU pins whose level can
be set via software. Additional information on software-controlled
1/0 techniques is available in [20]. S

The DMA technique pgrmits a peripheral device to enter
or extract blocks of data from the microcomputer mémory without
involving the CPU. In some cases a EPU can perform other functions
wh%]e the transfer occurs. The transfer is performed through spécia]
channels which steal time slices from éhe CPU whenever necessary [1].
During each stolen time slice one transfer is performed.

The interrupt technique can be'biewed as a subroutine
call mechanism. When the interrupt line of a CPU is activated, the
CPU will byanch to a specified location in memory which is the entry
point of the interrupt service routine. In the interrupt service
routine, othgr forms of I/0 are used to identify both the interrupting

device and the specific cause for the interrupt. Then, additional

I/0 will be used to service the interrupt.

There are also some special-purpose interface devices
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. changing rapidly. High-performance LSI microprocessors are emerging

capability.

such as UART and USART which are described in [21].

2.4 FUTURE TRENDS IN ARCHITECTURE

. , N ,
. Advances in LSI technology affect the developments in architecture

of microprocessors. Most microprocessors have internal architectures
2 !

that are patternedvafter classical CPU structures. This trend is

at a slow but steady pace, with architectural features borrowed from
larger and more powerful computers. - |

For the improvemené of the overall performance oé)the next
generation of‘miéroprocessors, it-is essential that new ground be
broken in the design and architecture phases. Despite the limitations
of the technologies, machines with features’tﬂat resemble their counter-
parts in large computer systems (supercémputers, in s8me cases) will
no doubt emerge shortly [22].

It is also widely agreed upon that microprogrammed processors
will become the predominant form of microprécessor architecture. The
reason for that is flexibility. A new technique, called nanoprograh-
ming, has recently been introduced to further increase computer

Developments in microprocessor architecture seem to follow

developments in minicomputer architecture.

Summary

The microcomputer and microprocessor organization have been

<

‘exposed in this chapter. oo

‘ A microprocessor with 4 memory_and I/0 interfaces constitute

et
-

I




.
a microcomputer.

u a -

The characteristics of microprocessors are very dmportant in

applications.

Available software is also an important aspect of the use of

microprocessors.

] ,Some“microprbcessors are micioprogramqu. The use of
microprogrammed proéessors is restricted.to leéss than half the
current range Qf#microprbcessors now availab]e.u,Among the ﬁicro-
‘pfogrammed processors, a large percentage belongs tq the bit-slice

~architecture. ~ | .
The first part of this project report hasmbeen compleéed
. having presented a fair]y’édequate‘qverview of tﬁe microprocessor.

In. the second part of the project report the microprocessor applica-

s

tions and selection will be examined. i

f
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MICROPROCESSOR APPLICATIONS - SELECTION
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CHAPTER 3 )

APPLICATION AREAS \/

This chapter deals with the use of microprocessors in the o
foﬂowihg application areas: 4
. Process Control Y -
Testing and Instrumentation
Telecommunications ’ . ’
Data Capture i '

Commercial ,Qata Processing
. Personal and Single-Board Computers
Consumer Products .
Comphter Peripheral .Devices" ‘
Automotive Industr}
Biomedical -Systems
In the above areas different types of microp;ocessors are used.
Some interesting'examples are described using :ﬁicropmcessors 1n

different applications. .
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3.1 -PROCESS CONTROL

Microprocgssors are playing a remarkable role’in process .
control. ‘The direct replacement of a component with.a microprocessor u
has resulted in substantial cost savings and significantly improved
performance. There is, of course, an exemption in isolated cases.
Microprocessor-based control systems are divided in two distinct
‘categories; a) general purpose systems designed for use on large
numbers of process systems and b) dedicated systems that control a
unit process of some so;t. The use of microprocessors has created
two basic control problems to control equipment manufacturers. These
are, 1) increasing the reliability and flexibility ;f large systems

‘through distfibuted control and 2) shrinKing the‘éize of standard
computer éontrol systems so that smaller processes can use computer
control. Five importanf technological steps have taken place in
process control systems in the factory environment [61].

15 Mechanical ’ ‘

ii} Pneumatic

ifi) Electromechanical

iv) Electronic Control

v) Minicomputers . . . .

Thevmechan%ca? and pneumatic control systems predqunate to a
very large extent. Electromechanical systems are widely used as well.
fﬁ@Ving on from that, the electronic control of production Tine
processes is possible and beyond that fé

e use of minicomputers is also

feasible. ) ‘ L
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. hardware design problem s avoidance of noise for signals yhat must

*

In this section of the project an overview of the status of
microproprocessor applications in process contgol is presentgd. F{Est
the hardware configuratidns that are being used and proposed are
examined and then some applications that have been reported are

considered.

3.1.1 Hardware Configuration '

/
Before process computers appeared, distributed control

- was in use. The introduction of microprocessors in distributed control,

résu]ted to the use of digital communication with :data highyay";

The data highway is a single "line" (multiconductor) which carrjes

datq to and from a large number of devices [24]. In Figure 3.1 the
data highway versus éonventional data traﬁsmissioh in a process plant
is shown. In this system the various devices are separated by thousands
of meters. These data highway allow a system to retain the advantages
of bg}h distributed controllers and ceqtra]ized 1nfh{mation, while

at the same time wiring problems<are simplified in the’plant. A big

travel fo} thousands of meters, Data highway systems currént]y in
circulation are supplied with coaxial cable in order to e]iminate'this
problem. Noise rejection being such a serious probtem, current
speculation is that fibe# oppics may become the data‘highway medium
of the future provided that c&st and technical problems can be
overcome [24], [25], [26].. ‘

3.1.2 Applications
’ A number of remarkable points ag{se_from microprocessor
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applications in the area of process control:
i) The number of control loops associated with a system is
Timited (<50).
ii) Provision.of programming solutions is preferable compared
to the addition of non-standard hardware.
Examples of two different microprocessors in process
control are presented be]ow./ L ‘ |
The first is the TDC 2000 controllier file [11] that
is built around General Instruments CP 1600 microprocessor. The file

controls eight process loops. It has 28 control algorithms stored in -

a 120-kilobit ROM. The controller file is shown in Figure 3.2. It is

organized around.a 16-bit bidirectional data bus which is controlled,

MEMORY :
WIOHWAY P READ-ONLY uu 8T CORE DATA ENTRY
INTERFACE | | PROCESSOR AND ven BA MEMORY PANEL
: RaxoONAccess | | CONVEATER | | convenTen BACKU? INTERFACE
! PROCESS INeUTS D-A CONVEATERS
COAXIAL CABLE ‘. 11705 Vee) (A=20"mA OUTHT)
TO RENATE , .
CRTOR o 1 1 e T | l e 1.
MNICOMPUTER . \
) 12 18 o2 M
L7
; L}

]

Figure 3.2 The TDC 2000 Controller File {111




. from the nearest board with an interrupt pending. This address
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‘ \
by the microprocessor. The process inputs are encoded via the ADC

(analog-to-digital converter), The microprocessor cgntrols the valves
and converts their responses to analog form by eight independent DACs
(digital-to-analog converters)ﬂ It also controls the transhission of
the responses to the process-cohtro] valves. The core memory is used
for information to be transfernéd form the volatile RAM when they are
too critical. \

The file can communicate with a remote CRT or a mini-
cﬁmbuter with the highway interface card,and the coaxial data highway.

Another example is shown in Figure 3.3 where a
process controller microprocessor-based UCS-3000 serves. chemical,
petrochemiéé], oil, gas, water treatment, food, steel, and paper
industries [11]. This process controller is built around Intel 8080 -
microprocessor. It produces 486 interrrupts and performs DMA in 30

1/0 boards. The memory consists of 64 Kbytes in core and in semi-

conductor, both in RAM and PROM. A1l devices communicate over an

'8-bit I/0 bus. The 8080 sends 12 addreﬁg Tines é%\the boards. Ten

of theﬁvZarry‘the 5-bit board addresses. When a board is se1egted, its
five address lines are high. The other two address lines go to pi]
the boards, for further device™selection.

When a board pulls down the bus INTERRUPT line, the
8080 sends out an INTERRUPT QUERY, which elicits its five-bit address

triggers a second-level interrupt that branches to one of 30 program

starting points. Then a third-level of interrupts may be triggered
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Figure 3.3 - The Process Controller UCS-3000 (1117 N
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2

by the 16 digital inputs on each IZO‘board.

A.DMA transfer may be initiated by any I/0 boards
by pulling down the common HOLD line and waiting for a HOLD ACK from

the microprocessor. Then the board places its memo§y address on the

' hy
o
»
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16-bit MAR and either puts data on the DATA OUT bus and issues.a MEM
WRITE, or takes data from the DATA IN bus and issues a MEM READ.
Afterwards the HOLD is released by the 1/0 board and the CPU resumes
operation. ’

Other applications are much®more spgcific; A
specialiy tailored microprocessor is deécribed in [27] for use in
missile guidance control. A bit-slice design [28] was used to build
in the high speed for guidance and control. A staqdard microprocessor
could be used in the prosthetic arm application described in [29].

A sysfem to control a hydraulic 1ndustria['hrm using a 4-bit
microprocessor is described in [23]. Other recently reportgg applica-
tions are .in control of high precision machine tools [30] and in control

of a.solar heating system [31].

3.2 TESTING AND" INSTRUMENTATION

Microprocegsors are being used in test !&stems to identify
failures of componenE§. The block diagram of an automatic'tester is.
presenteﬂ in Figure 3.4 [ 2] where a signal package, a ﬁeasurement
ﬁackage,'a processor acting as system controller,and a disk for mass
storage are presenf%g. ‘

The types of testing which are possible include digital
functioné1.test (i.e., truth table), analog functional test (i.e.,
Tinearity of 0. A.). Also DC tests (i.e., printed circuityboard
continuity, amplifier gain, saturation voltages etc.) and dynamic tests

(ﬁ.e., time domain parameters such as overshoot, system delay) can be

"
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achieved.

Another use of microproceSsors is in instruments. There are
4

many advantages to adding a microprocessor to an instrument. Instrum-

’

“emnts with microprocessors contain more automatic features and are

designed to achieve results output (electrical and visual) for direct
use. Also accuracy in qa]ibration is a distinct advantége. Most
automatic calibration is done by firstﬁieasuring a "standard", then
m%?surﬁng the ynknown and mathematically removiqg the error. Hewlett-
Packard uses this technique in model 3455A yoltmeter [32].

There exist several microprocessor-baséd instruments in use,

such as multimeters and CRT controllers. Future microprocessor-

based products will become more complex as the abilities and cost
effectiveness of digital processing are fully utilized. Programmable
instruments are effectively used in scientific and industrial

laboratories. Programmable instrumentation has resulted in a need for

»

J

standardization in the area of instrument interf%cing. Recently, a few

1
»
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Figure 3.4 Typical Computer Based Test System [2]
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standards have been accepted.

A

The IEEE Standard 488 (or general purpose

interface.bus~— GPIB) {33} is‘?n tmpértant standard interface for

programmable instrumentation.

One example of a measuring instrument with an internal commercial
microprocessor (Intel MCS-4) is presented below.

Boonton's Model 76A Capacitance Bridge is shown in block diagrams [34]

In Figure 3.5 the

AMPLIFIER
| 7 T ,
: PHASE
DETECTORS
BRIDGE /
INTERFACE
DIGITALLY &
CONTROLLED CONTROL]
_ BRIDGE PROGRAM
[ (ROM)
™ <
FRONT PANEL CONTROL
- — ) " AND ‘
' x +  DISPLAYS MICROPROCESSOR
L S Mes- i
INTEL '
Lt :
) ' EXTERNAL " DATA
1/0 " STORAGE ————
. F .
INTERFACE c () |
/

; .

Figure 3.5 The Model 76A. Capacitance Bridge
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" address bus. The microprocessor controls the various front panel,

"~ Stand-alone processof§é ope%ate 1ndependen;‘of other controllers within

The organization of the bridge consists of a 4-bit data bus and a 4-bit

\

display and I/0 functions, as well as the briqgg balance. it a]so/
computes the unknown capacitance, conductance,ﬂb ¥actor and dissipationb
(D). On top of this, the 76 A automatically corrects all predictable
bridge errors, autoranges over 0 to 2000 pF and digitally displays the
\;esults.

‘ Other examples of microprocessor-based 1instruments are the
HP's 3330 frequency synthesizer, which has an internal digital processor, : ,Q
the Tektronix' 7704A Digital Processing Oscilloscope, which can perform

calculations on its input signals, and the digifal microprocessor

based oscilloscope (DMO) wiqp the Inter ‘8080 or the Motorola 6800

micropnocessors [35] .

3.3 TELECOMMUNICATIONS

}oday microprocessors greatly affect the design of telecémmunica-
tion systems in various ways. By usiﬂﬁ microprocessprs, the desibhers
are .employing structures that provide new capability not found in B
earlier systems at a lower cost. Microprocessors are being used in

a wide range of communication products. The structure of the micro-
P

processor system in_these products can be classified into one of the

three éategories shown below [36] :

1) Stand-Alone Processors A

2) Distributed Processors

ot <

e .
3) Multiprocessors

aQ

0 ~

‘e
’
.
. . . .
[ e
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" Distributed processors communicate with each other through an inter-

o

\}

a system.
l

connected I/0 system in.a distributed system. £

Multiprocessors are systems where many processors are interconnected

ina tightly coup]éﬁ'way such that the processors share )ﬁsources and

operate under a single operating system.

The app]idﬂgbns of these processor structures. to telecommunicapion

systems are numeri'f. For example stang-a1one processors are

apP1ied by Bell £o Transaction telephones [37] which are used to  * =<

verify credit transaction, between banks or stores and a customer

service center. In a typical transaction for!credit authorization,

a clerk initiates a call by sliding a magnetically encoded dialing

card through the reader jpldowed by the customer's credit card. The

éa]]“connection i§ made under microprocessor control. A cémputer

at ‘the customer service center receives the 1nfprmation from the

Transaction telepHone and verifies the ;ustomer's credit. The clerk

is informed of credit status byeither an audi6 response unit'or

through tones w#:z:lgnstruct tﬁe micrqprocessor to activate indicators

on the fransactiop set. - Another example of a ;fand-alone system is

tﬁe 921A dat§ test set [38], which is controlled by a mjcroprbceSSOr

and is used in the testing of digital and voiceband analog-data services

within.the Bell System. . l N
Thé Bell System's E-telemetry network is an example of a system:

which employs distributed proces%ing'within a network t38]’. This 0

system coilect§ data at remote statiqns and trénsmits'f?em to a ’

. . o !
A -
)
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Figure 3.6 Distributed Switching in a Decentralized Network [391] '

. & "
~ ~
Customer Hnes are cc;nnected through a local awi tch wh1ch\\& )
x““ ‘ controlled by one or. more microprd&.sors. The local switches are
o, T {&3 loeated as close as possible to the customer equipment. These switches‘
o ) o are ’capaple of lacal functions, such as completing a call among its ”
_ , o éubscribers. The remote switches are efther analog or d%‘ltal switchee. o
; N - connected to analog Hnes. Andther alternative would be a switch
. r. K - connected to a subscriber terminat which transmits didu:al 1nformat19n.
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* A .
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P mtrdduced in Europe emp1oys distributed proces‘e‘mg, This* system
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o . - L
. The functional distribution of processing leads to less complex over- , S

" reliable, stored program systems such as the microprocessors.

‘Th1s system is being used 1n the Advanced’Research Proaects A&ncy

“for mu1t1processor system design. Current]y, deS1gners are 1nvest1gat- .

-such as mobile, telephones [44] , data sets [45], test sets [46] s business

]

N LY
all switching systems which are becoming cost effective with co?ct, b

e
|

geographica] distribution of the switch permits the concentration of

subscriber 11’nes‘onto digital trunks.’

»

L3 ) " i N '
} Another interesting data conmum'cations product is the CODEX . r

6030 Intelligent  Network Processor wh1c employs three m1croprocessors

o [41] Generally, the 6000 series network processors des1gned by Codex

¢ consist of a mu]t1p1e number of mi croprocessors which do information .,

processing while sharing a centra] memory [40]. Also 1n comnumcatmn
systems the Pluribus system deve]oped by Bo]t,‘fBeranekw!fnd Newman, Inc.
[42] is being used. The Plumbus system consists of processor umts
conmumcatmg with severa] memory and I/O modu]es w11;h1n the system.
(ARPA) network as’ the interface processor between oomputers\Kd either

terrestrial or satelhte c1rcu1ts . .

2 1
M1croprocessors and LSI memor1es provide low cost components -

iwg structures for mu]tlprocessor syst,ems, such as C;rnegie Menon\s
~

CM [43] , which will provide for networks containing hundreds of . -

4
'os
B
i
:
3
P
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.
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%
5
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processor nodes. " LA

¥
*

N‘ny other conmunication products Me incorporated microprocessors

telephones [37] » the CM /_8910 Toll Access Controller [47] ., and PABX' s .

(48] - [501 < Y AN : .
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After classifying the general microprocessor appl%cations in

e s P co : N . g
telecomunication systems, it is necessary to describe four significant

areas where microprocessors are being used. These areas are [2 ]:

\ i) Existing networks ~
i1) Processor Controlled exchange
iii) Automatic Call Recording Equipments (ACRE'S) o

great 1mprovement has been achieved.

-

« . - ' LA
executing tontrol of coin slots, apf

PR

3 .
iV) Digitally switched private automatic branch exchange -‘~’(~

A

© 3.3.% Existing Network Applications

[ ot

In the existing switched telephone network;, the .

LR

relay sets 1nterface the exchange switching equipment with the exchange

l1nes These relay sets have been des1gned to/éerform togic functions,

|
tim1ng, count1ng and also to signal to 1ine and to ietect Tine condi-

t1ﬂﬁ%

By nntroduc1ng microprpcessors in these existing networks a
The timing, count1ng and storage
functions are carried out by a microprocessor

4

processor to a plug-in replacement transm1ssion of dial pulses and

By applying a micro-

fee charg1ng pulses are performed ilhe completEd plug in repfgcement

emp]oys 39 IC's. The Intel's 800! m1croprotessor is being used and

is eﬁuxpped w1th\hK of ROM program store and RAM In F1gure 3. 7

the block s¢hematic of the m1croprocessor controlled relay set is
\

presented » This relay set ‘has been installed in a local exchange and’

operated for 25 000 hours without fallure of the IC's. 4
& L . ,
\tAlso another mciroprocessor control equipment which replaces

x

six relay sets lﬁ pay1pn-answer“toin elephones fsvbelng used

. ' : i
tion.of pay tone, selection
S oA '

/
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. %
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4
£
i
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' and coun@iqg of coin pulses and signalling of coin pulses to the

o

In this equ1pment the Inte1 s 8080 m1;roprocessor is *

N

operator.
employed -The program is stored in 1789 8-bit w#rds of memory. There

are six channels which are supported The samp11ng per1od is 10 ms

PranN

and the time-slot* period is 1. 2 msec. o .

~ .
M

§ Y A comparison of the hardware between old and new co1n-

: box\re]ay sets is shown'in F1gure 3/% .~
S Y | R
\ , . b4 . . ]
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Existing Relay Sets PP Contralled Relay Set
v Be‘.] ays S 34 - 9 '
- Contacts . . | 170+ . B |
o Relay, Set/Rack 180 150
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» ! *
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Figure 3.8 Coinbgx Relay Set - Od and Nei.

e 3.3.2 Processor Controlled Exchange

S

/ T In a small local telephone exchange microprocessors

sare being used to examine the signal characteristics and to interpret

| the signalling,information by using the appropriate analysis program.

P ‘Thqs, a‘va'r'lety of telephone’ f:bes can be connected to -the exchange.
iIn Figure 3.9 the brocessors are arranged in~three 1evels In the

h1ghest level the mu]t1processor shares the facilities between many

- exchanges. In the second level the miniprocessors control the bas1c \
3, \ - ." te]ephone service j)and in the th1{d level the m1c:‘0processor‘s perform
- the s1mp1er peripheral tasks. } o ' ‘

3.3.3 Automatu: Call Recordmi Equipment (ACRE)

et . p) '\ | The ACRE system is a/multiple m1croprocessor system
which 1mpr'éves the operator service by automatmg the bﬂHng procedurles.
{

~ In F1gure 3. Nf"a schematu: diagram of this system is presented P

.t
L]

v “ i ' Infthe manual ceﬁ’cre, each operator has a specia] data

A 1

entr))' terminal caHed an Operator's Rosition Equipment (OPE). This

AN terminal is being used'as‘an. interface with the ex,jstiné telephone
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switched te1ephoﬁe neﬁyOrk. The PBX allows station-to-station calls

‘system which employs a‘microprocessor, pulse-code modulation (PCM)
v T [
technique and time-division multiplexing (TDM). This system is an

increasingly popular toof for increasing the flexibility and reducing

" between Tines and trunks.’ A scanner circuit monitors the status of

73

\

" switching system. Information from the OPE is processed by an 8080

microprocessor which is in the Operator's Control Unit (OCU). The
microprocessor handles éharging information and pérforms code transla-

tion for call connections. It also records timing details and oo

" releases the connections. One OCU can support up to eight OPE's.

Whkn one OCU is failed, there exist adjacent OCU's which accomodate
.and extra four OPE's each. Thus, full system availability is maintained.

Each OCU has a 64K 8-bi£'words memoryl

3.3.4 Digitally Switcheé Private Automatic Branch Exchange /

Y A Private Branch Exchange (PBX) is a circuit-switching

system which provides service to one user organization. It has tpree :

B

classes of ports: 1) Extensions, which are telephones connected

¢ . .
directly to the switch; 2) operators; and 3) trunks, which connect the

without the use of the te]ephone network. It also allows station users

2

to access-the telephone network for outgoing calhs. The PABX is a

*

R AT SN it SR RFEIRI I Pty

L
m.}u!é

e ’i‘;_/%

P

the cost of business telephone operations.. -
N _ A basic block diagram of a PABX is shown in Figure53.11.‘.

The structure [53]emplo;s a switghing;mdtrii for call interconnecpién

lines and trunks. The CPU performs all. processing necessary to handle

telephone calls.’ A.small RAM is providqd to store some dyna?ic data, '
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‘Figure-3.11 PABX - Simple Microproceisor Oriented Structure '

” .

LY

and| a'ROM to store the main progtam. The output drivers\provide the
interface used for signalling purposes and atsg for opening and closing )
of rossboints. L ; 2

‘A §pec1f1c,examp1e of such a system is the ‘GTE Automatic .

3
E R
{



P
.

N

3
;}Electric's GTD-120 PABX [51] which handles 120 ex;en§jons; 28 exchange

4wy 1ines and can carry 36 simultaneous conversations. (A~block diagram pf '
Co e . °
- < )

fnterrelationship of functional parts of GTD-120 is shown in Figure

3.12. The CPU, designed around and 8-2:t microprocessor chip, includes

a c]ock circuit (500 ns), 512 word ROM, TTL interface logic, and:a
32K RAM for storing all data base information. The*tiﬁe switch
consists of digital networks and control circuitry. It é]so includes

* three groups ofJA/D (encoders) and D/A (decoders) coqvirﬁing circuitry.
Each eneoder/&ecoder circuit has 24 channels for conveftiﬁg pulse
amp1itude modulation'(PAM}/vdice samples from thg lines and trunks to

‘PCM sjgna]s and vice vera. The time switch cyclically scans the

. v . . ..' -
channel memory ever 125 and réceives and stores in the information . '

Y

‘memory, a new voice samplle. Thus, speech samples are.exchanged
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between the connected parties every 125 usec. The GTD-120 PABX has
‘been designed to meet both the present and future needs of the small

PABX market environment. It forms a family with the GTD-1000 PABX

* and the GTD-4600 Digital Business Service Module:

Another advanced digital PBX is the Rolm computerized

Branch Exchange [52] which employs a 16-bit microprocessor.

3.4 DATA CAPTURE

Data capture is an area where microprocessors are being used
as cod!?ollers in data capture terminals gnd in complex industrial.
and laboratory applications. A typica]lgata acquisition system
designed for use in university laboratories [53] is described below
as an example of data co]leétion frqm a variety of test equipment.

This system performs any code or’sﬁeed conversion and also sends data

for processing by a remote computer. The Intel's 8080 microprocessor

s being employed by this system. All~devices are addressed as memory

locations, so I/0 instructions in the microprocessor are not necessary,
The organization of the system is presented in Figure 3.13. |

The microproce§sor is contTnuously polling all the devicgs.
The status of each device is been checked by the bo]1fng program. If
one device ﬁas a character reédy for transmission to the remote computer,
tt;'is character is transferred to a specifl bufferxarea iP the memory .
The proceésor then ;foceeds to poll other devices. This p;oce;s
Eontinues'until a complete message has beeh assembled. The flowchart .

]

for the main polling program is shown in Figure 3.14. A large portion ’

- of the proce§§ing involves the testing and setting of status flags.

~

&

\ S e

76

-

.
e e GBI T 15 o, AR AR et



s St govons < e

-

‘ ° s
. . .
P
. .
.

B
f

| \ | |

‘
. . <,
° kY
.

RAM CPU "ROM
(INTEL 8080)

X A
‘ O CASSETTE TAPE. DRIVE

BUFFER )
J’ v BUS

&
. /
TTY DEV1 |,..d DEV N | MODE M

Figure 3.13 Organization of a Data Collection System
The main fun;:tion of the microprocessor is that,of routing and

performed_udder program control. . In order for the polling program

v,
TEST INSTRUMENTS

(

buffering messages whﬁe in transit. Most 10 operatiohs are

REMOTE COMPUTER




to move from servicing one terminal to the next with minimum overhead,

addressing modes afe required. An 1ndexed address1ng cou]d be suggested ) "

@

However, this addressing mode is absent in the 8080 - microprocessor
‘ Thus, the fo]10w1ng memory fetch is implemented to do this job: 1) .
Iead the offset X into the H and L register pair [54]; ii) add the B
and C)regiéter pair to H and L' and ii1) load the accumu]ater from the '
memory “Jocation po1nted at by the contents of reg1sters H and L.
Reg1ster pair B and C is used as ‘an 1ndex register and the offset X | . ¥
is spec1f1ed as an 1mmed1ate operand in the first 1nstruct1on This
.sequence accupies 5 bytes of memory and requires 8 memory cycles for
éxecufion A similar memory fetch with Motorola MC 6800 {55] micro-

Y T

processor can be accomplished in Jone. 1nstruct1on wh1ch accupies 2 bytes

©
»

'and takes 5 memory cycles to execute

e

1
Another1nterest1ngexemp1e of a microprocessor controlled data .
»

logging system is described in [561. Also the Alphabéc-75 Data : :

Capture System which uses a 16-bit microprocessor is. described in [57j.

R PRI 15 LA

3.5 . COMMERCIAL DATA PROCESSING

4

Commercial data processing is an under-exploited area as far

. . - ("‘ * o e
_as microprocessors are concerned. There exist some systems -in

data processing industry which make an extensive use of microprocessors.

Such systems are [2]:

SRS o 4, <00 S B

i) Customer-bank'éﬁmﬁunicat{ons'termina]s. _
i) Automatic Teller Machines {Trans-Action Teller by the FDS
Corporation uses three Intel 4004 miéfbprﬁéessors).

1) , Time and attendance terminals. . ~ S
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, iv) Cash'registers (TDS series 300 uses the Rockwell PPS .~
! - . oo i
4 microprocessor) [H] L . ¥ .
iy . v) Bar code readers (use of MC” 6809 Motorola m1 cropmcessorr
. s This area w1'l1 undoubted]y ha\fe a s1gn1f1cant grouth in the future.
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3.6 PERSONAL AND SINGLE-BOARD COMPU*& /

Personal compu';ers are computi%q systems bought by consumers, -
thr:ough computer stores for, individual ﬁse. fhey are equipped With
terminals or keyboards and V'idleo displays, and programmed in BASIC
language [58]. ’ .

Single-board computers are purchased from manufacturers or
from electronics distributors, for industrial ure. They are often
used to contro],',mea‘sure or communicate - in real~time - any' physical
process. They are programmed in assembly or system-oriented 1anguages.

However, both personal and s1ngle -board computers exploit
,m1croproce550r technology. . . -

Personal computers are bemg used for entertainment, prob]em Ay
solv1ng, education, home and personal management and for database and
-comnumcatwns services [59]. In Table 3.1 the ex1st1ng hobby/personal
computer mainframes and terminals are pres’ented including CPU, cha551s,

" IK byte RAM, power, ROM video; cass’ette, and I1/0 interfaces keyboard{58]

Single-board computers offer low-cost, flexibility and a wide
range of appH‘cations such as maching or' process control, instrumenta-
tion, tés_t equip.ment, cdmnunications/anﬂ peripheral controllers. The
existing siﬁg]e-board,computers are pr,esenfed in Table 3.2 including °
CPU, RAM, parallel 1/0, serial 1/0, and timers.

Personal and single-board computers are based on many

« engineering innovations and low cost. ,




Table 3.1

'

Hobby/Personal Computer Mainframes and Terminals [58]

’

war ASSEMBLED

SYSTEM DESCR{PTION CPL BUS . PRICE PRICE MANUFACTURER
ALTAIR Enhanced Altair MITS
43008 panel tighn, swirches Bos0 Sio0 750 S 995 Albuquerque, NM
- Byte ln:.‘
sYTe 6 sioty, no RAM 8080 5100 s349 s835 e cA
_ CROMEMCO
CAOMEMCOZ2 21sion.noRAM 280 sioa $5a8 S 995 i tees View,CA
OIGITAL 2K byt RAM, 84 1/0 Digrtat Group
GROUP lines, video intarface Z80 oG 3475 $ 095 Derwer, CO
. o Huth
HEATHKITHS  Hex keybowd, dnplays 8080 Hosh i $ 514 Banmon Hachor, M1
HEATHKIT H11. 8K bytws RAM LSHIT  QBUS  ouw: < sizes Moo
) Banton Hartior, M}
HORIZON 18K bytes RAM, mini North Star Computers
- 1
e Romor ik semet moertace 280 5100 sism s D
t
IMSAI 8080 panel lights, switches 8080 s100 $699 s 931 IMSAL
San Leandro, CA
4K bytes RAM N
;s:nm‘wen 8Kbyw BASIC AOM 6502 oSt SNA s 429 3'"‘“""’“5‘0"""“"‘
una intwisce "
& video interface -
POLYES *  caterwintertace 8020  sw0_  S18 surs :;".'"““:’:‘ Systems
no RAM, 1K byte AOM . @
4K bytes RAM . Southwest Technical
SWIPCEI00 o ial lnteriacs 6900 SwTRC S e S 88T sduct,
N Y . San Antonig, TX
Real time clock . Victor Graghic
VECTOR 1 2K byos RAM, 8080 $100 & $619 S 249 Westiake Valloge, CA
..
XITAN 2K bytes RAM, . Technical Design Labs
ALPHA | 2K byws ROM, | 280 5100 S 789  s1009 Princeton, N2
2 wrisl inmriaces
NA — Not Available as kit .o Prices Subject 1o Reviion
* — Retadl computar store will big '
‘ [l
KiT  ASSEMBLED
svsTEM DESCRIPTION cru sus rrICE priGE MANUFACTURER
M . f r
. . Piocemor Technology
SOL TERMINAL Blsck & white video sio0
s o08 usuos Emorredte, CA
. .
Color video, 4K byt
APPLE )1 RAM, 8K byt BASIC €502 - Apple NA  $1208  Apple Comoutr
rOW Cupertina, CA
. . ) N
¥ video display, Canern .
recorder, BX by BASIC I~ Commodore
2001 .
reT AOM, 4 iyoe AN, 6302 PET NA $595 e CA
1ERE-A08 inverfece . .
12 video display, Cas
setty recorder, 4K byt Radio Shick
TRS 80 BASIC ROM, 4K byte e TRS HA $ 5% Fort Worth, TX
RAM
NA ~ Not availeble # kit ' Prices Subject to Revison
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3.7 CONSUMER PRODUCTS ‘ '

P

Microprocessors have an impact in a vast array of consumer
preducts 1ike calculators, microwave ovens, and home entertainment
products [61]. ’ ‘

Calculators of dincreasingly higher coﬁb]exity levels appear

[}

daily in the market at lower pricese
'ﬁicrowave ovens which require yery'precise timing employ micro-
proeessors like the Litton's Model, 460 Memorymatic (microcomputer TI
TMS 1000) and the Amana RR-9 Radarange (microprocesgor‘from General '
Instrument Corporation ) [60]. ‘ . '
_ Home entertainment microprocess r-based products exist in a )
very large number. Nonvideo intelligent games and programmable video
games cover a large part in home enteryainment products. The Parket ‘3
Brother; "Code Name: Sector the Milton Bradley's "Battleship" and
the Mattel Inc.'s "Football" are all microcomputer-based games.

References [62] - [63]'present additional details on these games.

" Also the Fairchild Video Entettainment System (VES) and the Atari

Video Computer System are microprocessor-based programmable video game
products.

‘ The Fairchild VES system employs ‘the F8 microprocessor and
corsists of over 40 .IC's. The Atari system consists only of 5 IC's‘[60].
Another remarkable programmable video game is the RCA Studio
11 wh1ch 15 organized around the COSMAC microprocessor [60], [64] . ‘

The Accutrac 4000, an intelligent turntable, is also a micro-

computer-based high- qua11ty system.’ This turntable can be programmed

to sequence through the tracks in any order, repeat favor1te selections,




S o

reject to the next record, or turn the device oh/off. With regards
to the future, microprocessors will ma1ntain and conso11date their .

pos1t1on in the consumer products

3.8 COMPUTER PERIPHERAL DEVICES

A lot of computer per1phera1 devices are us1ng m1croprocessors

" Three categories are exposed below (65] . , . '

i) Input devices such as keyboards and 1abe1 scanning wands;
ii) Output devices such as visual d1sp1ays and ﬁand-copy
pr1nters, ‘ I _ . -

L)

iii)' Data inte phenge devices such as te]etypebtermtna1s, tape °
. - cassettE?Z and floppy disks. ' ' | ’
' In al1 these categories, high performance microprocessors 1ike
the ME 6800 provide an efficient means tor controlling the dévices.

More detailed trends are described in literature [65], regardinb '
keyboardSpfor manua]’entry of data, scanning wands for capturing'data'
from printed symbols, the SEIKO AN-101F printer, f]oppy disk contro]]ers,
and the SA 900/901 diskette storage drive. Al of the above employ the,
MC 6800 microprocessor with the MC 6820 PIA (peripheral interface.’
adapter) and the MC 6850 ACIA ( Asynchrdnous’Communication fnterface
Adapter). - - ' | A

To illustrate the significant role of the micrbproceésdrs in t

this area, an example of .the SEIKO AN-101F printer; controlled by -

_.the MC 6800 microprocessor, is being presented below.

i

3.8.1 Printer Contre11er

The SEIKO AN-1-1F Priﬁtef uses a continuously rotating

drum as it 1is shown in Figure 3.15a [65] The trjgger magnet causes

{




‘Figure 3.15 SEIKO AN-101 P?inting Mechanism and Timing Signals {65]

the hammer to strike the bapér through the inked ribbon and to print .\\\\‘“h

. _
ETITYRRACH IRy, wuﬁt;m.-mwz;%ﬁ Zra e ok w1
,

a character. Any of 42 characte}s Talphanumeric plus special characters?,

$, ", -, and/) can be printed in 21-column format. Each column position

‘has a complete character set spaced evép]y around the drum. A given
character appears once during every revoTution of the drum ang is the
same for all column posit%ons The hammers. operate in parallel. A11

-\ - column positions, that have the same letter, have the corresponding lines

“u




trigger magnets and‘TL the de—energi;ation. The_reset signal R

(trigger magnets). armed'simultaneous]y

‘

The hammers are actuated~by the control c1rcu1try at’

the right instant if printing is to, occur Timing s1gnals are : ,’,“

‘generated by detection heads and ferr1te magnets assoc1ated w1th t

ratchet shaft and ‘drum. The ratchet shaft rotates 42 times to each .
rotat1on ‘of the drum and geuerates signals TP and TL for each

#
character (Figure 3.15b). TP defines the time for energization of the

4

* occurs once in each drum revolution and indicates: the completion of

a print line as well as the need to advance-paper and ribbonl

(figure 3.15¢). - . ’ .

The control c1rcu1t is organized around the MC 6800 m1cro-

processor w1th Motorola s MC 6820 PIA. The PIA.internally is d1v1ded
. into two symmetrical but ‘independent register conf1gurat1ons Ea?h

hdlf conta1ns an putput reg1ster, control register and data- d1rect1on.

_register. In Figure 3.16 and 3.17 the’tontro] circuit of the printer
) :
_and the internal structure of. the interface are presented respectively.

- In Figure 3.16 it is shown that the PIA appears as an adapter of six

memory locations that can be addressed in the same manner as main

memory.

Each hammer driver is controlled by one .of the PIA's

S
.16 data lipes. .. These lines are the outputs of registers ORA foutput R

register A) and ORB (output register B) in .the PIA, which are regarded
as memory locations by the MPU. Hence the MPU enables the activation

of a particular column hammer by setting the appropr1ate bit position

]
LN ©

L4
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Figt:re 3.18 SEIKO Printer Circuit Requirements [65)

R ‘ The time for one print-drum rbtétion is divided into
42 intervals, to through ts . A1l similar characters in the text

are printed simultaneously.

v

&

After each JL interrupt, the microprocessor examines

a

the entire message to. see 1f there are any characters to be printed

during the next time interval. S \ . ‘ “

T




M

Messages .are stored in meémory in 16-byte blocks, with‘
each memory'positibn corresponddng to a pr{nter colnmn position The'
address of the message to be printed is 1oaded into a buffer, prior to
calling the pninter. The printer routine then uses th1s address in
conjunctionwiththe\MPU siindexedfaddress1ng mode to Tocate the
desired message. Ce

A 42-byte Character Fi]e corresponding to the pr1nter s
character set, is stored in a ROM 1n the same sequence as it appears
on the printer drum. The Character F11ebpointer s incremented and
points to the address of the next character on the drum, as each TL
interrupt is serniced. The microprocessor then compares every ehanacter
of the text with the current Character File character and keeps a
running* column count.

‘ There exist some subroutines which serve as control
programs to perform four tasks: 1)‘Initia1ization (PKIRT) [65]; 2)
Printer Enable (PKNTRL); 3) Reset Service Routine (PRNTIR); 4) Prink
Service Routine (PRNTIT). During initialization all the driver
circuits are disabled and the PIA's interrupts ane masked. With the ’
Printer Enable routine the interrupt is enabled and the printer “"tells"
the MPU that it requires servicing. With the Print Service routine
the hammers are engaged and disengaged dt the required times. Most of
the prfcessor time (approximately 0.6 ms following each TL pulse) is
spent determxning wh1ch hammers should be engaged during the next
interval. Finally, with the Reset Service Routine the printer's paper

and ribbon are advanced. This requires a 36-ms pulse.

I3
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&Figure 3.19 Print Cycle Timing: "Microprocessor" [65]

The printer timing signals are asynchronous with respect‘
to the midroprocessor clock. ‘So, when the printer {S'enabled immedi-
ately folTowing an interrupt, it takes approximQFer 1.5 sec., to
print a line of text. -But the printer does not require continuous
control during this period. The printer signals may be used to
interrupt the MPU briefly while it is performing other gasks. The

relationship between the printer signals and MPU activity is shown in

~

Figure 3.19 N ‘\
/ : . p :
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' 3.9, AUTOMOTIVE INDUSTRY . ' ‘ ‘ s

“ of what can be achieved by them in the near future is rather favourable.

- Microprocessors have started to-inftuence automotive industry.

.

Although, they almost exist in the developmental 1eve1 ghe forecast

There are some factors which cause changes in the organization of the
3

e S AR e

custom microprocessors. Such factors are the following: long-term’

e,

reliability, high-speed continuous real time.performance, electrical - .

v

% KQ* R
and -physical environments and adaptability [66]. Different micro- .

processor designs will evolve to satisfy these factors. At the present \

i

4
CL

i s 7

3

4

i

time, there exist tentative and hypothetical sys$tems [66] which_invo]ve .
microprocessors in the development phases and are not yet ready"for

mass production. ' . : .

Thus, the possible next generat1on electronﬁc control]eﬁs,

P

input sensors, output actuators and display panels for automotive engine

management witl employ new m1croprocessors which will be filled w1th

]

unique sequences of instructions and will fit a wide varlety of

changing circumstances and a variety of car fodels.

Intel, Texas Instruments, RCA, Motorola and Toshiba are ioLe
companies which deve]op such microprocessors. Ford intends to use a
5 L

12-bit system from Toshiba, for a 6000 cc V-8 engine. i

P

Genera] Motor plans to use an 8- bit system from Motorola.

: Chrysler ‘has made a contract w1%; TI to use the 9900 series NMOS micro
in a future engine control system. The same company has cooperated
with RCA for.engine control work. ) ‘:

« “ In Japan an experimental car with a central microprooessor o

< H




system has already been produced:

'3.10  BIOMEDICAL SYSTEMS

" There exists a lar umber of b1omed1caP instruments and
systems which employ micrzzriggggarsTf‘rhey are either connmrc1a11y

available or in varying states of testing.

i ". ' 'dne of the most commonly monitored physio]ogical varisp]e
“is bldod 5ressure °A m1croprocessor monitor for the electrocardiogram
(EKG) and blood pressure has been developed wh1ch provides a day Tong

analysis of EKG SIgnals and periodic record1ngs of .blood pressure. \\\\’

-

‘ Th1s system is presented in F1gure'3.20. It monitors the pressure,
) digitizes the input signals, computes the systolic and diastolic
Ipressures; and records the results. There are three input signals to
th; system. The output of the'pressuré transducer which converts the
»‘cuff preSsure to an analog voltage; the output of a crystal micro-
phane inserted under the cuff which picks'up the Korotkoff sounds
[68]; and a siné]e channel EKG signal. These s1gnals pass through
‘d1fferentia] ampl%fiers with high impedance and high gain
‘ Thehkorotkoff sounds and the EKG.Fignal are passed through
\;Jow pass'filters (110-Hz cutoff) to e1{minate aliasing problems N

-associated w1th sampling.

The resultant three s1gnals are samp]ed (256 samples/s)by a

four channel (one-1nput,grounded) mu1t1p1exer and are thgn‘coupled to
a 10-bit single polarity ADC. Between the multiplexer and the ADC™

exists a summing’ amplifier which primarily acts as a voltage leve]

g

b
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. prevmous heartbeats relative to the spectrum of the current beat.

| period to allow the operator to respond to the light and the pressure

: sqrgpled. for dynamic range and a threshold for QRS* slope identification

shifter. It converts the dual po1ar1ty analog mput s1gnals to a

negative polarity signal for the ADC. It also acts as an. analog

signal amplifier, an one pole low pass filter and as a buffer.

The heart of the system is the Motoro]g MC 6800 micrtaprocessor.
The nlicroprocgss.or con’t;'ols the multipiexer; the ADC is ‘se]f—tirﬁed
(140 us) and e}'ccesses the CPU interrupt line and data bus via a
peripheral inter‘face adapter. The microprocessor '1oads all the 'data'

for a blood pressure measurement through the ADC.

3.10.1 Blood Pressure Measurement Al gorifﬁm
The blood pressure is determined from the comparison .

of the frequency épectrum of the Korotkoff sounds associa'ted with

When changes in spec1f1c frequency components exceed a ﬁxed thresho]d

then the systolic and diastolic points are 1dent1f1ed [69].

P T T

At the start of the measurement, the offset bias is

L

established. The mic’:roprocessor'sele;ts the cuff pressure signal and

Rt

waits until the pressure exceeds a fixed threshold for one second.

i

Then a LED} indicator is turned on to notify the operator that the
threshold has been exceeded and that the measurement process is about: °
to bégin. Once the light comes on, the operator stops inflation

of the cuff. At this time the microprocessor enters a five second wait

3
J
4
%
X

to settie in the cuff. During the first second, the EKG signal is

* ERS slope is taken from theresponse of an EKG; it determines
whether the patient suffers froma cardiovascular disorder or not




| o is established. In the last 4 seconds the cuff pressure is graduéﬂy
eased . The LED is turned off to indicate the starting of processing.
The EKG is then continuously sampled until a new QRS complex is identi-

Wﬁprocessor monitors the EKG signal to detect each

heartbeat in order to sample the Korotkoff sounds. The QRS identiﬁ'ca-‘
tion ngcessittates sampling the EKG‘for several héartbeats '(dl;m'ng
"the five seconds wait period), using an one-second samph‘(ng window,
testing for negative slope and retaining twenty percent of the slope
as a threshold. Thus, QRS complexes are identified. Foﬂovwing that
~stage, the microprocessor waits aﬁproximate]y 140 milliseconds before
sampling the Korotkoff sounds. This delay gives time to the blood:
pressure to rise in the artery. Then the microprocessor selects the
cuff pressure and stores it in : he memory. The next step for the
microprocessor is to distermine the spectral responsé'of each sound by
using the Fast Fourier Transform (FFT). This is.th\e major operation
of t'he microprocessor. To minimize .pr:)'cessing time a 32 point sample
N window is; used. Also the number of mul tiplications is minimized
by using the shift and add/no add technique. The microprocessor
stores sixteen consecutwe samples of Korotkoff sounds; it loads the

next sixteen samples and performs the FFT,

" After the FFT has been completed, a comparison

S Tt e e T Bk A

between\{c)\e transform results to the previous results is perfor-med.'

g

i -’

That is, adjacent responses are compared for differences in certain
spectral characteristics. If there is an increase above a preset

value in the 18-26 Hz range, then the systolic point is obfaihed;

> ~




is received . If both systolic and diastolic points are nat obtained

4

if a decrease exists in thé 60-75 Hz range, then the diastdlic point

within a fixed humber of beats, an escape condition terminates the

algorithm.

3.10.2 6ther Biomedical Applications |,
A large nurr'\ber‘ of microprocessor} applications 'exist

in different disciplines,such as: q
Anesthe.;,iglogy [70]; cardiology [71] - {75]; neurology [76] - [78];
obstetrics [79] - [80]; ophthalmology[811]; psychology [82] - [84] ;.
physiology (83] - (87 radiology [88] - [91] and rehabilitation
medicine [92] - [94];

. Examination of the literature™ gives the picture
that the possibilities for mi;:roprécessor applications in medicine '

appear almost limitless. ’

3.11 FUTURE APPLICATIONS v

In addition to those app]iclatibr; areas which have been' exposed
in the foregoing paragraphs, there are other areas in which micro- -
Pprocessors will maintain and consolidate their position in the future.
Such areas are: '

‘ i) Commercial data processing
i1)® Automobiles
1i1) Domestic products
V Apb]ication_s in the commercial data .processing ar:e'a includes

commurijcation systems, data capture, cash registers, stock cpntrN




: systems and electronic funds trgnsfer. The data processing wér]d is
Just in the 5eginniﬁg of the microprocéssor§ era[6]],‘

] It has'been-menti;ned (section 3.9) that automotive industry
will have a remarkable growth in the futgre due to the use pOf ¢
microprocessors. Companies such as Inte;, RCA, Texas Instruments,

. Toshjba and Motorola will develop microprocessors‘for U.-S. A, and
4 Japaﬁese motor manufacturers [95].

There.is a prediction [61], that by 1980 there will be about

ten miéﬁog}ocessors in every home. Some of the - possible areas in
which miéroprocessors will have an impact are: washing machines,

central heating, lighting systems, home entertafnment, and alarm

sys%?ms.

Summar, .
An overview of microprocessor app]icatjons has been presented
in this chapter. ‘ y .
Microprocessors have an impact on the test equipment from both
the automation apd instrumentation points of view. Y
In process control té]ecomhunications and biomedicine micro-
processors have a major impact on equipment design. The new equip-
ment is more economical, more'flexihle, more reliable, more powerful,
aﬁd realizes a greatly improved human interface. '
l Finally, the consumer'area will absorb the largest volume of
" microprocessors, pa}ticularly in the automotive, games and appliance

S
areas.
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an alternative 4¢echnology more suitable?
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4.1 * HARDWARE FAMILIES

» oy o~ .

When a particy]ér application is under investigation, and micr&-
processdrs are amonguthe candidate fechno1ogies to be used) the
following a]ternativeg must be taken into consideﬁafign:

a)’ Minicomputens |

b) Micfoéroéess;rs .

c) Random logis \ i

In order to make the decision betweén these hardware families
some significant factors will be examined iﬁ the following sections.

The above three hardware families will be examined for

\

processing and control purposes.

4.1.1 Minicomputers or Microprocessors ~ -

The major diffefﬁnce betyeen’theiwinicomputer and
the microprocessor lies in their gomp]eteness. The minicomputer
consists of the memory, clock circuits, bus interfaces, CPU etc.
A1l of }hem are mounted on a board Snd ‘they are ready for use. In
some cases the CPU of the min1computeﬁ is itself a single chip
ﬁicroprocessor. . \\ ‘

Both minicomputers and ﬁ@croprocessors when considered
as processing~devicés, may be used in d{fferent applications. .

| éincemfnicomphtersare genéizl purpose‘systems they may

be used in scientific and business applications. Microprocessors, being
degigned for‘specific functions, can be used\jn systems with limited
performance i.e., desk topcompﬁterybalculator§ etc. The exampies

'\ »
which have been considered in chapter 3, concerhing different application

.
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areas, show the use of minigpmputers and_microprﬁé;ssors. As a matter

of‘fact, in procéss contrq],

telecommunication$, data capture and

commercial data processing, both minicomputers.and.microprocessors

may -be used depend1ng upon the application requirements, while in

testing and instrumentation

b1omeddca1 systems microprocessors are preferab1e

i

suitability

e

able 4.1 the factors which determ1ne the,

‘Table 4.1

Bl

Minicomputers versus Microprocessgrs

onsumer products personal computers and

A

minicomputers or microprocessors are presented. &

.

A

Factors hd

Minicomputers

Microprocessors

e

Type of devices

Control

Speed

Use

Cost
Flexibility

General purpose

High speed

’

High
High

Many inputs and outputs

Complex (need operatofs)

outputs

Spepific function|

Few inputs and

Low speed.
Simple
Low

Low

The fundamental factors involved in the decision between

a microprocessor and a minicomputer are cost and facility level. How-

ever, it is clear that the minicomputer is a more powerful, costlier,

101
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1d+ger and a more flexible machine than the microprocessor. Neverthe-'
less, in many applications they are both capable of providing an -
excellent implementation.

4.1.2 Microprocessor or Random Logic

' Microprocessors and random logic, when considered
“for control purpose, have different attributes. The microprocessor .

replaces hardware by software. The logical functions are implemented

by code stored in memory rather than by permihent interconnection

patterns between components. This reduces the production cost, size,

weight and componegt count; it also increases reliability.

It has been shown [96] that the direct cost of
putting an integrated circuit qf random logic into a system is about
$168 including manufacture, power supply and testing. The cost of using
a microprocessor to implement the gating function are considerably less

.

provided of course that a sufficient number of gates are required.

7y

Thus, a 500 gate equivalent network can be implemented using a micro-
»  processor design for less than $15.

Another factor which is presented considering the
alternative - microprocessor or random logic - 15 the development
time. Savings may be made throughout the development cycle with
microprocessors. |

The production of a system is speeded up because-a

microprogrammed implementation enables modifications to be made later

*in the development cycle.’ System and logic design is implemented as

a program and development aids such as compilers facilitate this process.
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¢

However, all these advantages of the microprocessor
approach havé to be considered in relation to the software cost. When
a.largg nﬁmberhof systems are developed, the software costs can be
distributed overthesystgps, so that the cost per system will bg
acceptab1e.{ When only a small numbér of systems are produced, then
perhaps there is no alternative but to use a microprocessor; therefore
the high software costs must be justified and become accepted. When
systems are produced {n reasonable quantities, the software is
growing in compquity; so that the product continues to have a marketing
advantage. In these situations the software cost per system is
extrémely relevant to the overall profitability of the venture [97].

"Reliability and security are fﬂktors which have to
be considered, especially in telecommunication systems. Hence, each
apblication needs different considgration. However, two general
principles apply. . S
— If flexibility is the most cf?tica] feature of an application,
micropfocessors are the choice. : - '
— Since microprocessors‘are essentially sequential machines,
A' they are best suited to tacE1ing sequential. problems. .
In iddiéion, while microprocessors -need standard hard-
" ware and new programs can be developed using themi random logic needs .
rewiring. and it 1s'faster. '

f

However, there exist applications where both micro- .
BYocéssors and random logic can be used. In Such hybri& systems the

approach is to use microprocessors to perform the sequential operations

.
r.m,m"-”a-'iwv;,_— wew n R .
L4
‘ h v : ’
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. and to employ random logic for combinational or sequential functions

where high speed is required, as for example in real-time .working.

Thus, exploiting the advantages of microprocessors and random logic.

The main trade offs which determine the suitabi1ityh

of microprocessors or random logic for an application implementation

.are presented in Table 4.2.

Also, in Figure 4.1 a flowchart can he]p'in the'process

of chposing between microprocessors or random logic.-

Table 4.2

Microprocessors versus Random Logic

| Trade 0ffs

Microprocessors

Random Logic

Applicability
Speed
Flexibility
Relative cost

Power consumptioq
LUtilization

‘ ﬁ:ﬁgfr of packages-s

Egpgptise requirements

| .
Limitation on 1/0

Suited to.sequential
problems
Moderate -

Very flexible

Cheap in large numbers

Low

‘ Complex prpblems

Few
Software

Limited,

Suited to time

"independent

problems
High
Difficult to

modify and expand |

Cheap in small~

numbers

High

Simple problems
Many

Hardware

No Timit

Sr
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Fi(jure 4.1 Flowchart which Helps in the Process of Choosing between ’
Microprocessors or Random. Logic [34]
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4.2 MICROPR@&E§SOR CHOICE .- T . . )

yf, for a particular 5pp1iéafi$n, the dééision has been(mage,
and there is'no other alternative but to‘use a +nicroprocessor, thén
the selection of the appropriate microprocessor is a question of
considering in detail the redhirements of the épp1ica£ion and
investigating the market in terms of'fhese requireme;ts.

The main requirements in an application are [98]:"

”»

1) Performance: The performanég includes some factors

. such as ‘instruction format, data word 1en§th,,1/0 ﬁaté and format.,

The appropriate microprocessor can be chosen by comparing required

performance with the microprocessor functional and electrical

L] '] ¥

specificatiqps.

2) Availability: This factor has to be considered when
: ! . /
anticipating the use of advanced devices.. ‘

3) Cost: The cost comparison must be based on total system

costs, because differen§ microprocessors may require additional

peripheral circuits due to speed requirements, I/0 device availability

. or architectural configuration. The cost estimates must take ‘into

account software and its requirements. ’ &

4) Phys?cal structure: The package type ang‘fhe pin count

tl

determine: the number of boards required and the trade-off between

data word length, memdry addressing c;pabilities; and spéed.q
¢ 5) Programming: The amount of memory required for a given
application is equivalent to the number of instructions and data words

required in the applicatioﬁ program.’. The programming efficiency “for

¥ . |
- A . I

RN
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- special-purpose chips of this nafure. A'typicé] example is the ZILOG.

107

o N . -
_ .

a given application is a function of the 1nstruct1on set ava1ﬁab1e

6) Re11ab111tx A]though the re11ab1]1ty of an SSI device
is slightly higher than that of an LSI‘dey1ce, a much higher system
‘reliability can be achieved using LSI devices. The reason for that
is the fewer LSI'devices required for a given'system, and the fewer
gxtgrnal‘bonds permitted in an LSI device. '

7). Second sourcing: This factor is a significant considera-

tioh in microprocessor selection. In thé.past,second sourcing of

microprocessors was inadequate; nowadays many manufacturers duplicate

the detailed characteristics of a device (i.e., tim%ng, voltaggg, etc).
8) Testing: It is a time consuming and expensive factor

for hicroprocessors. Testiﬁg consideration is-required at each of

the various ptpcessing and assembly levels.

’

[

. N Also, there exist some other factors which are

r

“involved in microprocessor selection. Such factors are chip technology

and support hardware. ‘Although chip féchnology is_a secondary

selection criterion, speed, size, power supply, second so?rcing and
/

© cost are the primary requirements rather than the technology itself.

TA2 support hardware supplied bx the manufactureré of the microprocessor

is one of the choices td be made concerning a particular application. '
The second choice is a special-purpose logic built by the designef.

Circuits sucﬁ as clock:generators, memory and I/0 decoders are - /
required‘to complete the interface from the microprocessor to its

memory and I/0 components” Many microprocessor manufacturers provide

{

g
1
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range of devices avaﬂab]e for interfacing to the Z80 m1croprocessor.

These include [99]:

o W ST -

- Serial I/0 controller (280—5'10) for a direct interface to

s T

)
1
g,

g\ a range of serial interface peripherals.
" - Paraﬂeﬁ I/0 controller (28'0-P10{ for a airect interface to
a range of parallel interface peripherals.
- D1rect Memory Access controller (ZSO-IBMA) for DMA between
the 1/0 controllers on a CPU cycle-steal bas1‘s.
— Counter t"imér ¢ircuit (Z80-CTC) for control of real-time
E ' : events. * ’

A1l these devices are programmable and can provide

~

-

. "g considerable savings jin development time and final package count.
. c1{;’ e mass production of. a system using rﬁicrpprocessbr ‘
is necessary, then part of the selection process must concentrate on
ensuring that adequate supplies of the component can be had over the S |
ﬁ anticipated .delivery agd maintenance 1ife cycle. | ;.
/ ,.\3' | ' Finally, the word length of the microprocessor is
a singificant factor in selection.. |
| ' ‘ . . 4.2.1 Word Length of Microprocessors versus Applications
Tr;e applications for which the different word sizes ‘
are used vary [100] .—
, The 4-bjt microprocessors ‘can be used in low-cost
control applications such as &omestic pro;ucts, vending machines etc.
N ' The 8-bit microprocessors can be used in appHcat‘ior?s ‘

where unit costs are high and the logical sequencing requirements are °

“A

. . * 3
X ; 5 ) ) . 3 L
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; | significantly complex. 4

# - The 16-bit microprocessors can be treated either
| . as more powerful versions of the 8-bit microprocessors or as’ . . ;
o - minicomputers. Although they are faster than the 8-bit microproceésors, '
l . | Q& they are- more cost-effective because of their increased program agd'
: data storage overheads. It can be very wasteful to use §’16-bit

E # microprocessor in anwapp]ication where 16-bit d;ta‘values are not

reqyired. The application range versus the wqrd length of

l . microprocessors is presented in detail in Figure 4.2 ! ‘ o
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N : \ In most gpplications, microprocessors such as the
‘ F8, 6800, 8080 and Z-80 are hfgh]y recommended because they are all
sufficiently well second-sourced to ensure supply. .
1 . However? fér a particular-application it is not the
question of chobsing a new microprocessor, but being in a position -~
of saying [%1], "For th%s particular application this microprocessor

is the most suitable. Let us chaose this one for this job."

 Symmar. _ ‘ ,

In the last chapter the factors involved in the evaluation
and'se1ect%on of micropfocessors have been examined.

If the decision has been made by a designer to select a
microprocessor- for a particular application, then he must first
decide on the word size and the type of instructions needed. After
this, it is possible to determine the execution speed and 3/0- )
capability required. With these four Bésic factors decided upon

* it is time to look at costs, power requirements, tgchno]ogy and support
hardware.

The speed factor has to be taken under conéideration in micro-

< 'processo'r selection;, ‘it 1s‘&v1’sable to remember that the clock speed

is not the same as the microprocessor speed. The key to micro-

processor speed is often its internal architecture.

/ ' e
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. CONCLUSIONS .
. N
In this-bFBject report an adequate overview of hicroproéessors

and their applications has been presented and factors which are
involved in microprocessér evaluation and selection have been examinedl
It™is apparént that the evolution of LSI technology has an,d
impact on ﬁfgroprocessor evolution. The main technolog{;s MOS
and BIPOLAR are being used by the microprocessor manufécfurers.
Although MOS téchno]ogy requires fewef stgps than BIPOLAR technology,
the switching speed is much faster using BIPOLAR techno{ogy.
The microprécessor, which is a central processing.unit on a

single LSI chip, combined with memory and input/output devices

'’

creates a‘microcomputer.
Exposing the microcomputer and miéroprocessor ofganizatio@,
the micrqcomputer instruct%ons and microprocessor characteﬁistics, it
ha§ been found that each microprocessor has different internal
architecture. Software is a very "important aspect of the use of micro-
+  processors. Microprogrammed processofs cover almost half the current
range of microprocessors presently available. Bit-slice micro-
_ processors provide the advantages of tailorability and high performance
in a particular application; also they are microprogrammed .
., The microprocessors are being used fn many applicat%on areas

. such as' process control, testing and instrumentation, telecommunications,

¢ m S "‘




/ data capture, commercial data processing, portable/personal computers; Con

consumer products, computer peripheral devices and biomedical systems:.

i x

In the future, it' is expected that microprocessors will be used in
many domestic products such as washigg machines, central heating,

h . .
Tighting systems, alarm systems home entertainment etc. Also, they -

will be employed by the automotive industry.

The evaluation and éelectiontpf microprocessors depends upon

¢

many factors which must be considered for different applications.
Each application needs to be considered in depth before the'decision

is made.

£

However, some general principles apply:
« If flexibility is a critical feature of an application, then
microprocessors jre the cﬁoice.

o For sequential problems, microprocessors are best suited.

In order to select a microprocessor the following factors ‘@ )

must be taken under consideration: ( ’ .

Word size, type of instructions needed, execution speed, I/0 capability

. reqitred, costs, power requirements, technology amd support hardware.

P R W et P MWl 3y R
.

Also, the software costs must be examined.

In summary, the overview presented in this project report

" has shown the significance of the new microprocessor technology. It
must be emphasized that microprocessors influence the design of systems

and the nature of the resulting products.

| ~
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‘ INCREASING COMPLEXITY g

Py

) MICROPROCESSOR [—— MICROCOMPUTER EYSROCONPUTER

~Consists of LSI \ Consists of microprocessors Consists of microcomputer
circuit or set assembled on board (board mounted on
of circuits plus memory and R chassis) fﬂus application
# 1/0 receivers/drivers power supplies, contro)
Capable\of processing ' . panel and peripherals -

1ogical and arith-
metic data under

. program control or
in parajlel mode

Qty/Yr < 10000 . Qty/Yr ~ 10-1000 Qty/Yr = 1-10
standard circui ts

Qty/¥r > 10000 ) ¢ ' : R

custon circuits . : &\

[y

“~. ... Microprocessor definition by complexity [100) ) ce

— —— .

' 4\ AL SPEED, FLEXIBILITY NG POM .

)

CALCULATOR MICROPROCESSOR MINICOMPUTER

v

, Word length (bits) h 4 4,8, 12, ...16 8, 12, 16, 32 .
Serial/paralle! Serial ) Parallel Parallel ' .
Micro instruction 4-40 microsec 500 nanosec - 1 microsec 200 nanosec - 1 microsec
cycle time .o
Instructions | 20 - 40 30 - 100 « 70 - 200 ' .
Input/Output Keyboard, dis- ‘Flexible Flexible )
' ' : play, printer ° (Smart interface devices)
* git manipulation Y Yes Yos .
ylnterrupt ho Some Yes
Direct memory access lo Some Usually
Hulti-chip - Sope Yes . TYTL or TTL/MOS
Microprogrammable o Some Some
Arithmetic 800 (8inary Coded Binary and BCD Binary and 8CD
Decimai) : 4

>

e -+ Mieroprocessor definition by functicnal
character-stics [100] .
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