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CHAPTER 1

INTRODUCTCRY REMARKS

1.0 MANUAL INTRODUCTION

Welcome to the MCS650X product family. This manual is designed to
work in conjunection with the Hardware Manual which describes the basic
hardware considerations when using the MOS Techmology, Inc. micreocomputer
family.

Before reading this manual, it is suggested that the reader acquaint
himself with the Hardware Manual in order to understand the components
available in this system, how these components are interconnected, and
their basic architecture. Developed in this manual is the concept of
micropreocessor intermal architecture and how it is used, with attention
given to input/output considerations. Familiarity with the hardware will
facilitate easier understanding of these important concepts.

In order to best serve the total customer base, this manual is written
in two levels. The first is a very basic introduction to the MCS650X fam—
ily, and the second level is for the user who has to refer to the manual
on more than an occasional basis and who wants to rapidly scan and find
specific sections. For the user who is quite familiar with programming
and the MCS650X instruction set, the appendices are the best reference in
the sense that all the data which is discussed in detail in the manual is
summarized in a series of tables for convenience.

It is recommended that the user who is an experienced programmer and
familiar with microprocessors still take the time to read through the
manual in detail. Some of the architectural concepts are different from
those found in second generation machines and this manual instructs the
user how to optimize the utilization of the microprocessor while providing

an introduction of its basic concepts.



Criticism of this menual is welcomed at z2ll times. Of particular
interest are cases where one could not, by use of the Index and appendix,
rapidly find the answer to a question which developed in the course of
designing a microprocessor system, Welcomed are any comments which will
enhance the content and format of this manual in future editions or adden-

dums.

LI MICROPROCESSOR ARCHITECTURE

The MCS6501, MCS6502, MCS6503, MCS6504, and MCS6505 are all 8-bit
microprocessors. That means that 8 bits of data are transferred or oper-
ated upon during each instruction cycle or operation cycle.

All devices in the MCS650X family operate on data 8 bits at a time,
although some of the operations will look like serial or 16-bit wide oper-
ations. In a future section, discussed will be the use of sequential
operations on an 8-bit basis and how one can accomplish 16-bit effective
operands and addressing.

The computer industry, for some time, has been treating 8-bit combina-
tions of data by a term known as a "byte." In many large computers which
operate simultaneously on multiple bytes of data, the number of bytes which
are transferred and operated on by the machine in parallel are called a
"word." Because these microprocessors are 8-bit microprocessors, the words
and bytes are of equal length. Therefore, for convenience through the dis-

"word" will be used

cussion of the basic 8-bit processors, 'byte' and
synonymously although in scme of the expanded versions there will exist a

16-bit word composed of two 8-bit bytes.



CHAPTER 2

THE DATA BUS, ACCUMULATOR AND ARITHMETIC UNIT

2.0 THE DATA BUS

Although most of the following discussion will consider how one
operates with a general purpose register called the accumulator, it must
be understood that data has to transfer between the accumulator and out-
side sources by means of passing through the microprocessor to 8 lines
called the data bus. The outside sources include the program which con=—
trols the microprocessor, the memory which will be used as interim stor-
age for internal registers when they are to be used in a current opera-
tion, and the actual communications to the world through input/output
ports. Later in this document performance of transfers to and from each
of these devices will be discussed. However, at present, discussion

will center on the microprocessor itself.
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FPartial Block Diagram of MCS650X
FIGURE 2.1

The only operation of the data bus is to transfer data between mem-
ory and the processor's internal registers such as the accumulator. Fig-
ure 2.1 displays the basic communication between the accumulator, A, and
the memory, M, through the use of 8 bi-directional data lines called the

data bus.



2.1 THE ACCUMULATOR

The accumulator is a register in which data is kept on which opera-
tions are performed. All operatiomns between memory locations must be
communicated through the accumulator or one of the auxiliary index reg-
isters. The accumulator is used as a temporary storage in moving data
from one memory location to another. Therefore, the first use for the
accumulator (A) is just in transferring data from memory to the accumu~
lator or from the accumulator to memory. One can bring data into the
accumulator, perform operations such as AND/OR on it, test the results
of those operations, set new bits into it, or transfer it back out to
the outside world. It serves as an interim storage for a series of oper-—
ations such as adding 2 values together; where one of them is loaded into
the accumulator, the second one added to it, and the results stored in
the accumulator. The accumulator really acts as two functions: 1) Tt
is one of the primary storage points for the machine; 2) It is the point

at which intermediate results are normally stored.

2.1.1 LDA--Load Accumulator with Memory

When instruction LDA is executed by the microprocessor, data
is transferred from memory to the accumulator and stored in the
accumulator.,

Rather than continuing to give a word picture of the opera=
tion, introduced will be the symbolic representation M + A, where
the arrow means "transfer to." Therefore the LDA instruction sym—
bolic representation is read, "memory transferred to the accumulator."

LDA affects the contents of the accumulator, does not affect
the carry or overflow flags; sets the zero flag if the accumulator
is zero as a result of the LDA, otherwise resets the zero flag;
sets the negative flag if bit 7 of the accumulator is a 1, other-
wise resets the negative flag.

Although yet to be developed is the concept of addressing
modes, for reference purpose, LDA is a "Group One" instruction and
has all of the major addressing modes of the machine available to
it as stated in Appendix A. These addressing modes include Immed—
iate; Absolute; Zero Page; Absolute,X; Absolute,Y; Zero Page,X;

Indexed Indirect; and Indirect Indexed.
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2.1.2 8TA--Store Accumulator in Memory

This instruction transfers the contents of the accumulator to
memory.

The symbolic representation for this instruction is A - M.

This instruction affects none of the flags in the processor
status register and does not affect the accumulator.

It is a "Group Ome" instruction and has the following address-
ing modes available to 1t: Absolute; Zero Page; Absolute,X; Abso-

lute,Y; Zero Page,X; Indexed Indirect; and Indirect Indexed.



2.2 THE ARITHMETIC UNIT

One of the functions to be expected from any computer is the ability
to compute or perform arithmetic operations. Even im a simple control
problem, one often finds it useful to add 2 numbers in order to determine
that a value has been reached, or subtract 2 numbers to calculate a new
value which must be obtained. In addition, many problems involve some
rudimentary form of decimal or binary arithmetic; certainly many applica-
tions of the microprocessor will involve both. The MCS650X has an 8-bit

arithmetic unit which interfaces to the accumulator as shown in Figure 2.2.
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Fartial Block Diagram including Arithmetic Logic Unit of MCS650X
FIGURE 2.2

The arithmetic unit is composed of several major parts. The most
important of these is the circuitry necessary to perform a two's comple-
ment add of 8-bit parallel values and generate an 8 parallel bit binary
result plus a carry. A review of binary and binary coded decimal (BCD)
arithmetic is presented in Appendix H. However, a quick review of the
concept of 'carry' is in order, The largest range than can be repre=
sented in an 8-bit number is 256 with values ranging between 0 and 255.
we represent the result with a ninth bit plus the 8 bits of the excess

over 255. The ninth bit is called "carry."



or -123, otherwise overflow is reset. The negative flag is set if
the accumulator result contains bit 7 on, otherwise the negative
flag is reset. The zero flag is set if the accumulator result is 0,
otherwise the zero flag is reset.

It is a "Group Ome" instruction and has the following address-
ing modes: TImmediate; Absolute; Zero Page; Absolute,X; Absolute,Y;
Zero Page,X; Indexed Indirect; and Indirect Indexed.

The ninth bit of the result is stored in the carry flag and
the remaining & bits reside in the accumulator. The carry flag can
be thought of as a flag bit which is remote from the accumulator it-
self but which is directly affected by accumulator operations as
though it were a ninth bit in the accumulator. The primary reason
for not viewing the carry bit as merely a ninth bit in the accumu-
lator is that one has program control over its state by being able
to set (to "1") or clear {to "0") the bit and, of course, it is not

part of the 8-bit accumulator in data transfer operations. Examples

employing the Add with Carry operation follow.

Example 2.1: Add 2 numbers with carry; no carry generation

0000 1101 13 = (A)*
1101 0011 211 = (M)=*
- 1 _ 1 = CARRY
Carry = /0, 1110 0001 225 = (A)

*(A) and (M) refer to the "contents" of the accumulator and
"contents" of memory respectively.

























































































































































































































































































































































































































































































































































































































































































































































