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PREFACE

The MOS Technology, Inc. MCS6500 Microcomputer System offering combines
the best features of second generation families into a product line that is both
a price and performance leader. A growing array of products and a unique micro-
processor family provide the customer with answers to the complex design prob-
lems confronting today's programmers and designers.

Integrated circuit fabrication techniques have moved microprocessors to the
forefront of complex, sophisticated components. The MCS6500 family benefits
from an advanced but proven process technology; N-Channel, Silicon Gate, and De-
pletion Loads are the key elements providing the high performance character-
istics obtainable in the single supply 5-volt system usage of the MCS6500 family,

The N-Channel, Silicon Gate technology is enhanced by use of Depletion Loads
which provides greater speed, lower power and smaller chip size than previous
processing approaches. Ion Implementation techniques are basic elements in pro-
viding control and stability of all processing parameters necessary to achieve
the electrical characteristics of the MCS6500 product line. These character-
istics provide a price/performance combination which establishes the MCS6500
family as the product offering best meeting the economic and technical demands
of today's system designs.

A word of explanation is in order regarding the MCS6500 product line, since
the concept of "Microprocessor Family" is indeed unique to the industry. It is
helpful to understand the basic product structure of the MCS6500 family.

The MCS650X Series represents the Microprocessor Family. Within this
family will exist a series of 8-bit devices offering a wide range of options and
capabilities for the customer. For the single-application customer, a varied
selection of devices is at his disposal in choosing the one that best meets his

specific needs. The '"Microprocessor Family" concept has an even greater impact
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to the user who has a variety of applications, each of which can best be served
by a specific member of the family. It is important to this user that all of
the different microprocessors he selects maintain compatibility--both hardware
(from the standpoint of bus and electrical specifications) and software. The
MCS650X product line is the first microprocessor family to achieve such a level
of compatibility because it was indeed conceptualized as a totally software and
hardware compatible family of microprocessors offering a range of performance
options from which the designer can select. The MCS6501 and MCS86502 are the
first two 40-pin members of the MCS650X family, each offering 65K bytes of
addressable memory. The MCS6503, MCS6504 and MCS6505 are the first 28-pin
versions with various options of addressing capability and control functions
from which to choose.

The MCS652X Series represents Peripheral Input/Output devices, the first
being the MCS6520 which is a direct replacement for the Motorcla MC6820 Periph-
eral Interface Adapter (PIA). Subsequent members of this series will include
devices with expanded I/0 capabilities.

The MCS653X Series represents combinational devices--those consisting of
various tradeoffs in RAM, ROM, I/0, and Timing. The first of these is the
MCS6530 which contains 1K bytes of ROM, 64 bytes of RAM, an Interval Timer and
16 T/0 lines. Subsequent products in this series will provide the customer with
different combinations and new implementations of I/0, Timing and Memory.

The MCS654X Series represents Read Only Memories specifically tailored to
meet the needs of large program storage required in many of the applications of
the MCS6500 family of products. The first of these will be a 16K (2K x 8) ROM,
the MCS6540.

All of the MCS6500 product lines outlined utilize the same fabrication
techniques and meet identical electrical specifications. With this family of
compatible products the designer of today has at his disposal the elements
necessary to develop a system configured to meet the most demanding tasks.

Complementing the MCS6500 family is a selection of Random Access Memories
totally compatible wiﬁh the microcomputer family. The first of these will be
the MCS6102, a 2102 equivalent, and the MCS6111, a 2111 equivalent.

To allow for minimum I/0 cost and maximum user flexibility, all of the

MCS6500 products are compatible with the M6800 bus structure.
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Chapter 1 of this manual introduces the reader to the MCS6500 Microcomputer
System. It includes an introduction to terminology, an explanation of system
components of a general microcomputer system, and then discusses the components
of the MCS6500 Product Family.

Chapter 2 is applications-oriented, with a discussion of system configura-
tion, the I/0 port, handshaking and specific examples on interrupt prioritizing,
interfacing with peripherals, direct memory addressing techniques, and control
of memories in the system.

Chapter 3 is directed at the important task of bringing up a system. It
takes the reader through a step-by-step procedure in analyzing, statically and
dynamically, the basic elements of the system to assist the user in a smooth

transition from a conceptual system to an operational one.
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CHAPTER 1

THE MCS6500 MICROCOMPUTER SYSTEM

The past several years have seen the development of an exciting new concept
in electrical design. Conventional system design is rapidly being revolution-
ized by the large-scale, single-chip programmable microprocessor. The micro-
computer started out as a relatively simple, difficult-to-use programmable
device capable of handling simple control or computational problems. However,
it has since matured into a powerful, inexpensive, easy-to-use device capable
of controlling all but the most complex of systems.

Three primary attributes of microprocessor-based systems are bringing
about this revolution. They are:

1. Microprocessors allow a significant reduction in overall systems cost
for products currently in production. Re-designing their products
around the microprocessor is permitting many manufacturers to develop
or maintain a price advantage over competitors.

2. The reduction in cost of microcomputer systems is opening up vast new
markets for microprocessors. A great number of systems which were
simply impossible or were at best impractical, are being designed and
marketed today using the modern, low-cost microprocessors.

3. At the same time the price of microprocessors is dropping, the cap-
ability is rapidly expanding. This also allows them to be designed
into more systems than ever before.

Anyone contemplating a new design or trying to reduce cost in an existing

design must ask himself if a microprocessor will solve his problem.

The success of the microprocessor is based on the fact that it allows the
design engineer and programmer to apply their expertise in solving a multitude
of design problems using cost effective ICs. A small number of large inte-
grated circuits can be configured to solve design problems from the simplest to

the most complex.



If the same integrated circuits are used to solve a multitude of unique
designs, the first question one must ask is, "What makes them unique?" The
answer is: Programming. Although many different designs may share common hard-
ware, each has its own unique program. This brings us to another very important
characteristic of microcomputers. The integrated circuit which makes each sys-
tem unique is the ""Read-Only Memory' (ROM) which stores the system program. It
is relatively easy for the integrated circuit manufacturer to establish the
particular pattern which uniquely defines the data in a ROM. As a result, the
typical charge for "designing' a ROM is generally less than 10% of the cost of
designing a totally custom logic chip. Further, the user benefits from high
volume standard product which is still unique for his own application due to the

"customization" of cne element of his system.



1.0 DESIGNING WITH MICROCOMPUTER SYSTEMS

It will probably surprise many designers who are approaching the subject
of microcomputer design for the first time when they discover that designing a
system around a microprocessor is much the same as designing around conventional
logic. The total approach is the same; the process differs only in the imple-
mentation of each step.

A'brief examination of the system design process will help to put micro-
computer design in perspective and will also assist in clarifying the purpose
of this manual. One can expect to perform the following steps in designing a
system:

1. Define the requirements of the system. What functions should it
perform?

2. Define basic system components.

3. Complete design details.

4. Build and test prototypes.

5. Finalize design and begin production.

Step 1 is true for any system and, in general, for any product. Step 2 is
the first point of departure for microprocessor based designs. 1t is at this
time that the designer must consider the possibility of using a microprocessor
in his system. For the very cost-sensitive application he must look very care-
fully at total systems cost. Can a microprocessor do the job within the price
constraints imposed? At the other end of the design spectrum, the system de-
signer must evaluate the capability of microprocessors to assure himself that
the available devices can in fact perform the required function. Will a micro-
processor be fast enough to run the system? Will it take more than one proces-
sor?

The purpose of this manual is to teach the designer how to effectively con-—
figure a microprocessor-based system and to evaluate the performance of the sys-
tem. After this step, the design will be completed by development of the system
program. Implementation of the system program is discussed in the Programming

Manual.









































































































































































































































































































































































































































































































