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Abstract of Thesis Presented to the Graduate Council
of the University of Florida in Partial Fylfillment
of the Requirements for the Degree of
“ister of Engineering

HARDWARE DESIGN AND CONSTRUCTION
OF A MICROPROCESSOR LABORATORY

By
James H. Hill, Jr.
June, 1976

Chairman: Keith L. Doty
Major Department: Electrical Engineering

"This thesis describes the design and realization of a micro-
processor laboratory that provides a capability to train students
in computer interfacing, digital design using microprocessors, and
software development. Four data transmission interface standards
(SOLC, HDLC, CAMAC, GPIB) are discussed followed by a description
of the unified bus structure chosen for the University of Florida
microprocessor laboratory. Also included is a description of the
M6800 microcomputer system used in the laboratory prototype along

with details on bus data transfer operations.




Chapter |
Introduction

1.0 General

Included in this chapter is some background information on
microprocessors to illustrate the importance of this relatively new
device and its many possible applications. Also included is the
rationale behind the need for adequate training facilities to enable
the computer engineering student to obtain meaningful experience
using microprocessors. Finally, the concept of the University of

Florida's microprocessor laboratory is pre<ented.

1.1 Microprocessor Background

Not since the advent of the transistor and the integrated cir-
cuit has there been a development that has created as much excite-
ment in digital design as the microprocessor. First available
commercially about five years ago, the microprocessor now finds
itself in the enviable position of being the logical choice for
many digital systems applications, replacing hard-wired logic.

The microprocessor is an outgrowth of large-scale-integration
(LSI) technology which has revolutionized the electronics industry.
As this technology gradually evolved, it became possible to provide
greater gate density per chip area with acceptable production yields.
This development paved the way for the "computer on a chip” - the

microprocessor.




Applications of the microprocessor are many indeed. Initially
it was devoted primarily to such tasks as instrumentation, data
acquisition, communications, process control, etc. Now their appli-
cations range all the way from children's toys and games 1o business
and scientific data processing. About the only thing that rivals
their broad range of usefulness is the proliferation of companies
that manufacture them and the intensive competition in marketing
strategies.

Electronic Design News, in its survey of the microprocessor
market revealed a total of 29 different microprocessors on the market
in November 1975 with numerous others in the offing ( 2). IBM's
microprocessors did not appear in this 1ist since their production
of these devices is used in-house. It should be noted, however,
that IBM is perhaps the largest U. S. manufacturer of microprocessors.

As the advantages of the microprocessor become more apparent to
digital designers, these devices will find increasing use in digital
applications. It has been estimated that the microprocessor market
will grow from 73 thousand units made in the U. S. for world con-
sumption in 1974 to three million units in 1978 ( 3).

1.2 Microprocessor Characteristics

The microprocessor is generally characterized by the use of LSI
circuitry for the central processing unit (CPU) and the ability to
process both arithmetical and logical data in a bit paraliel fashion
under program control. To some the word microprocessor has another
common meaning - that of a microprogrammable processor. Those readers

interested in an excellent tutorial paper on microprocessors should




consult Reyling's paper (21). Madnick (16) provides some interesting

observations on microprocessors and their role in future computer
systems.

The advantages of the microprocessor derive from the following
attributes which determine microprocessor usefulness:

1) Weight - Ranging upward from a few pounds, most micro-
processor based systems are quite light, even with supporting chips
and power supply.

2) Space - Present space requirements are less than one half of
corresponding minicomputers. The space attribute alone opens new
applications areas where space is a major constraint. Truly portable
systems have become practical.

3) Cost - Cost of microprocessor based systems is generally
lower than conventional digital designs for two reasons. First, the
cost of the microprocessor itself is quite low due to substantial
savings in volume production. The other reason is due to simplifi-
cation of the product cycle (design, production, and maintenance)
and the shortening of the product development time. This is an ex-
tremely important point in a dynamic market area such as computers,
peripherals, etc. (5).

4) Reliability - Microprocessor faults are more difficult to
test and isolate than standard LSI chips, but the basic reliability
is much better than hard-wired logic due to far fewer connections
outside the chip.

5) Power Consumption and Dissipation - Power consumption is

lower in most microprocessor based systems. For example, a traffic




controller using the INTEL 8008 microprocessor used 50 watts cowpared

to 200 watts for a previous system using hard-wired IC technology
(8).

6) Re-utilization- When a given microprocessor system becomes
obsolete, it is not necessary to scrap the entire system. Rather,
the microprocessor can be used in a different application by writing
a new software package for it

Microprocessors are not without sone disadvantages. Depending
on the technology involved, some require a variety of power supplies
while others require a single +5 volt supply. Some reéquire an assort-
ment of support chips (clock generator, interface adapters, bus conm-
trollers, ets.). All require some amount of programing which can
be considered a disadvantage because of *he generally high costs
assocfated with customized applications software. One method of
attacking this latter problem is to make use of generalized applica-
tions packages wherever possible. As the size of microprocessor
systems grow and additional memory capacity is available at lower
cost through technological breakthroughs., sicroprocessor users will
be able to take advantage of high level lanquages and problem oriented
languages which should help to reduce botn ** 5t and time re-
quired for generating applications prograns (16).

Despite its few disadvantages, the microprocessor remains an
interesting, viable alternative in digital systes design.

1.3 Microprocessor Education

Before the microprocessor can be used effectively as a desian

tool, the design engineer must thoroughly inow its capabilities,




I —

limitations, support requirements (both hardware and software) and
interface requirements. It is precisely this knowledge that is
sorely needed in industry today.

A recognized deficiency in the educational program of most
digital design engineers is a lack of understanding the interface
problem. Since an interface refers to the electrical and logical
communication facility between two systess, interface design is a
problem routinely encountered in the connection of peripheral de-
vices to any computer system,

Despite the many advances made in computer technology over the
past 25 years, the input/output (1/0) problem remains & major stum-
bling block to faster and cheaper systems. This s particularly true
for microprocessor systems which are relatively cheap ond-’ast when

compared to expensive and slow peripheral devices.

1.4 Project Initiation

In recognition of the microprocessor's impact on digital design,
a proposal was originated in Cecember 1974 by Ors. K. L. Doty and
J. K. Watson to create a digital systems and microprocessor labora-
tory at the University of Florida. Approved and funded by the Na-
tional Science Foundation, this project allowed the Department of

Electrical Engineering to establish a cfPability to train future

engineers on the latest developments in digital systems design and
microprocessor technology.
Specifically, the microprocessor laboratory has the following

major objectives:
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1) Provide students with meaningful design experience using
microprocessors.

2) Provide a means of gaining practical experience in com-
puter-peripheral interfacing.

3) Provide a means to develop software supporting micropro-

cessor applications.

1.5 Microprocessor Laboratory

Figure 1-1 depicts the concept of the University of Florida's
microprocessor laboratory in block diagram form.
Each microprocessor station, of which there could be as many

as 15, will have the capability of operating in a stand alone mode

or a bus transfer mode. In the stand alone mode, each station is
totally independent and self-sufficient providing a student with the
capability of writing, editing, and debugging his programs or exer-
cising various peripheral devices under program control. In the bus
transfer mode, any station interfaced to the laboratory bus may re-
quest and gain control of the bus to initiate a data transfer opera-
tion to any other station on the bus, including the Data General
NOVA 800 minicomputer. The NOVA, with its 48K bytes of main storage
and eight megabytes of disk store, will be used to cross-assemble
microprocessor code and provide debugging/diagnostic aids for the
microprocessor stations. In addition, the NOVA computer will be
used to satisfy any mass storage and file requirements peculiar to
the microprocessor laboratory. Finally, any requirement for hard

copy printout of work done in the microprocessor laboratory will be

routed through the NOVA to the Northeast Regional Data Center (NERDC)
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IBM 370 computer which will then route the job to a remote printer.
It should be noted that a resident editor/assembler package can

be added (via tape cassette) at a later date to eliminate having to

use the NOVA for cross-assembly functions, freeing it for more pro-

ductive work.

1.6 Chapter Summary

This chapter has introduced the microprocessor and the need to
develop adequate training facilities to permit meaningful micropro-

cessor hardware and software design experience. The reader will now

be provided with information on digital data communications circuits

pertinent to the microprocessor laboratory design.




Chapter 11

Digital Communications Circuits

2.0 General
This chapter, intended primarily as a tutorial paper, provides
sufficient background information on digital data communications
circuits to permit the reader to understand the rationale behind
various design decisions that are discussed in subsequent chapters.
Readers who have an understanding of digital communications

circuits may wish to skip this chapter.

2.1 Concept of the Link

The concept of the link provides a convenient method of under-
standing the bus. A link according to Bell and Newell ( 1), pro-
vides a means of transmitting data (information unit) from one point
in space to another point in space at the same point in time (dis-
regarding the propagation time). There is no memory capability pro-
vided thus any information present on the link must be captured and
used immediately or stored in a memory device else it will be lost.

Initiation of the transmission may be fixed at one end or the
other, or be from either end depending on the design of the link. A
simple link permits transmission in one direction only (from input
component to output component); this is normally called a simplex
link. A compound Tink is made up of several links, but such that no

switching occurs. A half-duplex link permits information to flow
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from either end to the other, but transmission is possible in only
one direction at a time. A full-duplex link permits simultaneous
transmission in both directions. Broadcast links permit trans-
mission to many receivers. Although links may be configured in many
different ways, the basic idea of the link is simply a wire that
presents at the output end what is present at the input end.

If a single link is thought of as a scalar quantity, then a
collection of links might be considered a vector quantity. This set
of links, referred to as a bus, then provides a path for data trans-
fer, control and communication between modules or components within

a system.

2.2 Transmission Line Considerations

For most purposes, any link longer than two feet should be
treated as a transmission line (6 ). It then becomes necessary to
consider line drivers and line receivers. These interface circuits
are devices which convert TTL signals into signals adapted for trans-
mission lines (line drivers), and devices to convert transmission
line signals back into TTL signals (line receivers). Regular TTL
devices have only limited drive capability, and line driver circuits
are needed to provide the transmission line interfacing.

TTL can drive ordinary interconnections (lines) as long as the
interconnect time delays are much less than the TTL rise and fall
time. This will reduce the current required to produce a given
voltage on the line, and generally cause the transmission line to
act more like a simple interconnection. This tradeoff of line delay

versus driver rise/fall time will allow TTL parts to use lower power
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output stages. This tradeoff will restrict normal TTL to a maximum
interconnect distance of approximately two feet, which is adequate
for device-to-device connections on a printed circuit card or wire-
wrap board. Interconnections much longer than this will result in
more pronounced transmission line effects, and generally will de-
grade system noise immunity and performance.

If long lines, large amounts of external noise, and a bus or-
ganized circuit are all reqguired or present simultaneously, then the
lack of drive and relatively small noise margins of regular TTL is
severely felt. Interconnections longer than two feet, therefore,
should be treated as a transmission line and line drivers/line re-

ceivers should be used.

2.3 Line Driver/Receiver Considerations

There are a number of line drivers/receivers available which

vary considerably in configuration, function, complexity and cost.

Selecting the proper interface device for the application re-
quires three basic decisions - standardized or special interface,
single ended or balanced differential form, simplex or multiplex

mode.

2.4 Standardized Interfaces

A standardized interface includes the following:

a) EIA RS 232-C

b) MIL STD 188C

c) IBM 360 I1/0

A complete discussion of each of these is beyond the scope of

this paper. Readers interested in information on the Electronic
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Industries Association (EIA) RS232C interface standard should con-
sult reference 4. Information on MILITARY STANDARD (MIL STD) 188C
is contained in reference 23. IBM's 360 interface standard is con-
tained in reference 11.
2.5 Special Interfaces

The first decision necessary for a non-standardizes interface
involves form of operation. There are two basic forms of data com-
munications circuits, single-ended and balanced differential.

The advantage of the single-ended system is simplicity with
only one signal wire required per circuit as represented in Figure
2-1. The disadvantage is susceptibility to induced noise Vn and
ground shift noise Vgs. Induced noise is caused by magnetic and
capacitive coupling from adjacent signal lines or other noise gen-
erators. Ground shift noise is the result of the voltage potential
developed across a finite resistance and inductance due to flow of
current through the ground. The net effect of Vn and Vgs alters
the voltage at the receiver input. Vn and Vgs are added to any
signal produced by the driver, and a receiver cannot discriminate
between a legitimate signal and a signal which is the sum of the
noise in the circuit and the actual signal produced by the driver.
The noise immunity of single-ended circuits, however, can be im-
proved with three methods:

1) Use shielded cable and reduce ground impedance.

2) Increase the induced driver output voltage levels. This

swamps out noise but increases power consumption.
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3) Add hysteresis in the receiver which increases the d.c.

noise margin but may introduce time distortion.

2.6 Balanced Differential Circuit

As illustrated in Figure 2-2, the balanced differential circuit

uses a twisted pair of wires as a transmission line, a differential
driver, and a differential receiver.

The twisted pair transmission line cancels magnetically induced
currents in the line because of adjacent twists of the line. Electro-
statically coupled noise equally affects both lines of the twisted
pair. Thus, it is transformed into a common mode signal at the re-
ceiver. The ground shift noise also appears to the receiver as a
common mode voltage. Because the signal voltage Vdiff and the noise
voltage Vn + Vgs appear to the receiver as differential and common
mode voltages, respectively, they can be separated by a receiver
with high common mode rejection. In this manner, information can be
transferred through environments which would otherwise cause errors

in a single-ended system ( 6).

2.7 Modes of Operation

There are two basic modes of operation for data communications
circuits - simplex and multiplex. A simplex circuit allows one way,
nonreversible data flow. A multiplex circuit allows bidirectional
(half-duplex) or multidirectional (data bus or party line), non-
simultaneous data flow. A general multiplex circuit has two or
more pairs of drivers and receivers on the same line, but only one

driver may be transmitting at any one time. A special multiplex

. of
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mode is a distribution system that has one driver and two or more
receivers placed at various locations on the line.

Some basic multiplex modes of operation for data communication
circuits are illustrated in Figures 2-3, 2-4, and 2-5.

Operating mode selection depends mainly on the system require-
ments. As a general rule, simplex systems are easier to implement
because timing problems are minimal. Multiplex systems conserve

overall system wire costs but are more difficult to design.

2.8 Multiplex Considerations

Some of the multiplex mode (data bus) operational methods and
problems that must be considered are as follows:

1) The protocol or "handshaking" required for a particular
port on the bus to send data must be designed. The protocol se-
quence must usually provide the following operations:

a) The port must signal a desire to use the bus (inter-
rupt).

b) Bus controller must acknowledge interrupt and send
"go ahead" command.

c¢) Port assumes control of bus and sends data, perhaps
preceded by the code to indicate the recipient(s) of the data.

d) Receiving port(s) must acknowledge receipt of data.

e) Transmitting port receives the acknowledgement and
releases control of the bus so that other ports may pass their data.

The overall bus operation is either polled or asynchronous.
In polled operation, a central bus controller addresses each port

in turn to ask if any data is waiting to be sent. If the addressed
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port has no traffic, it signals “no data” and the controller in-
quires at the next port. If the port has some data, then the con-
troller gives the “go ahead" to the port; data is sent, and the
controller then inquires at the next port.

In asynchronous operation, any port having data essentially
“holds up its hand" and waits for a “go ahead” signal to ripple down
the series enabling logic. The priority for a particular port is
determined by the port's proximity to the master control port which
sends a "go ahead" down the enable logic chain at regular time in-
tervals. This scheme is well suited to bus-organized minicomputers.
The Digital Equipment Corporation's UNIBUS and OMNIBUS architectures
are excellent examples ( 3).

2) The effect of powered-down drivers and receivers to normal
bus operation must also be considered. Integrated circuit drivers
and receivers contain parasitic diodes that are normally reverse-
biased when the power supply is on. Unless special design techniques
are used, these diodes can become forward-biased when the unit is
powered-down, thus causing the bus to malfunction.

3) The protocol timing must include sufficient time delays to
allow for the different port-to-port signal propagation delays.

4) Both physical ends of the transmission line must be ter-
minated to prevent spurious signal levels due to reflections. More
will be said about this in section 2.9 on line matching.

5) Stubs or taps from the main transmission line should be
kept to a minimum length. If stubs must be used, then to cause

the least perturbations on the line, the stub length should be
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controlled such that the propagation delay of the stub is less than
1/4 of the signal rise or fall time at the stub to line connection
point ( 6).

6) If a 3-state driver system is used (logic zero, logic one
and "off" or high impedance state), some means must be provided to
detect the difference between a driver sending data and all drivers
off condition. In the 2-state bus system, this problem does not
occur because a logic zero (usually a nigh) indicates either a logic
zero or that no port is currently sending. A logic one (usually
a low) on a 2-state system then indicates a port is transmitting a
logic one and the receiver should interpret it as such.

7) The data format (parallel or serial) must also be con~
sidered. Parallel operation is fast but expensive, since it re-
quires one transmission line and the associated interface for every
bit of the word that is transmitted in parallel. Serfial operation
is slower, but requires only one transmission line and interface
per port. This saving, may however, be offset by the need for a
parallel-to-serial converter at the transmitting end, and a serial-
to-parallel converter at the receiving end.

The parallel structure is commonly used for rapid exchange of
data over short distances; e.g., within a computer or between com-
puter and peripherals. The serial structure is used for communi-
cations over long distances, as between a terminal and its controller.

8) A final consideration concerns polled operation of a multi-

plex system. The amount of time necessary to address and receive

acknowledgement from a port must be weighed against the volume of




data the ports normally send, and the total number of ports on the

bus. If there is a large number of ports on the bus, most of the
time might be used by the polling operation with very little time
devoted to actual exchange of information. A large number of ports
combined with a high relative volume of traffic expected per port
can lead to data backing up at each port waiting to be sent, and
an overall reduction in data throughput. In a “real time" system
where fast response is essential, serious consideration must be
given to splitting up a single large bus into several “satellite"
busses, each with its own polling controller and protocol with
respect to the central bus. Queing theory can be used to estimate
the throughput on a bus structure when many variables including
the number of ports, the mean transaction length, and the number

of transactions per port per unit time are known.

2.9 Line Matching |
The purpose of line matching is to reduce or eliminate errors
caused by transmission line reflections in data comunications cir-
cuits. When system operation is not affected, these reflections
can be ignored, similar to ignoring contact bounce in a mechanical
switch. When data bit duration is long relative to line propagation
delay, reflection effects die away in a relatively short time.
However, in most transmission line circuits, reflections do affect
the system and thus steps must be taken to minimize reflection
effects so as to reduce or eliminate errors in data transmission.

There are three basic methods of achieving this objective (6).
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2.9.1 Controlling Rise Time/Line Delay

Controlling the ratio of signal rise time to line delay is
one method of minimizing line reflection effects. Since most in-
} tegrated circuit logic has very low output impedance and high input
impedance relative to the characteristic impedance of normal lines
used (50-200 ohms), this combination will likely produce large
signal overshoot and undershoot at the receiver end of the line
assuming that the signal rise times produced by the driver are
short relative to the time delay of the line ( 6). If, however,
the rise time of the signal is greater than twice the one way time
delay of the line, a different result is obtained with the ringing
amplitude at the receiver less than that predicted by classical
transmission line theory. When the driver output signal rise time is

four times as great as the time delay of the line, the ringing is

considerably reduced and the line input and output waveforms are
almost identical, withonly a few small perturbations.

To make an unterminated line driven by a voltage source type
driver behave properly, one of two things can be done:

1) Reduce the maximum aliowable length of the line so its
time delay is less than one quarter the rise or fall time of the
driver.

2) Control the slew rate of the driver so the rise time at
the line input is greater than four times the time delay of the
line.

Both line length limiting and explicit driver slew rate

control are sometimes applied by such standard interfaces as
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MIL STD 188C or EIA RS 232-C.

Controlling the ratio of signal rise time to line propagation
delay has a serious drawback in that delay times through a circuit
are always greater than those obtained using a terminated line with
a fast rise and fall time signal. This is due to the delay of the

signal to rise above the receiver threshold level.

2.9.2 Parallel Termination

Parallel termination is another method used to reduce trans-
mission iine reflection effects. With the parallel termination
method, multiple receivers can be used on the line forming a dis-
tribution bus (one driver, many receivers). After a delay time for
the signal to propagate from the driver end to the receiver end,
the signal is absorbed by the termination on the line. From clas-
sical transmission line theory, we know that any line terminated
in its characteristic impedance will exhibit no reflections on the
line. Thus a signal arriving at the end of a properly terminated
line is totall, absorbed and the line assumes steady-state con-
ditions. The primary disadvantage of the parallel termination
method is the power dissipated in the termination resistor since
it provides a d.c. load on the driver.

The choice and placement of the parallel termination network
depends on the type of driver (voltage or current source) and
whether the system is simplex or multiplex. For simplex mode
with voltage source drivers, a single resistor is placed across
the end of the line most distant from the driver. This applies to

both single-ended and balanced differential lines. Current source
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drivers require that each output have a d.c. path to the common
signal return, or ground, so that a split termination is used. If
simplex mode differential form is used, the parallel termination
network must be two resistors, each equal to half the characteris-
tic impedance of the line connected from each side of the line to
the signal common return. For multiplex operation, both ends of
the 1ine must have parallel termination networks. This prevents
false signals caused by reflections from an unterminated end

from occurring when a driver along the line is enabled. Again,
voltage source drivers use a single termination resistor; current

source drivers require split terminations for balanced differen-

tial operation.

2.9.3 Back Matching

A final method of minimizing reflection effects is the series
termination or back matching method. This method is useful for
either single-ended or a balanced differential simplex system where
only one driver and one receiver is required. A matched source is
constructed by inserting a resistor Rbm in series with the voltage
source driver output of a value such that the sum of the driver
output resistance plus Rbm equals the characteristic impedance of
the line. For differential back matching with a differential
voltage source driver, two resistors are used, one in series with
each output. The value of Rbm is such that the driver output im-
pedance, plus Rbm, equals half the characteristic impedance of
the line. Figure 2-6 provides a depiction of simplex back matched

driver systems.
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The back matched driver method is based on two points of
transmission line theory.

1) An unterminated line approximately doubles the signal
level at the receiver site.

2) When driver source impedance equals the line impedance,
the line appears terminated with respect to signals returning to
the source.

It should be pointed out that the back matched driver method
is limited to simplex operations only and only one receiver located
at the end of the line opposite the driver end of the line. This
limitation results from the fact that any additional receivers
placed along the line do not receive a full signal swing until the
voltage wave from the load end returns to their bridging points.
As a result, these additional receivers have severely reduced

noise immunity and may falsely indicate received data.

2.10 Long Transmission Line Effects

A fast signal transition on a long transmission line becomes
more rounded and exponential as the signal propagates down the line.
Additionally, the resistance of the wires comprising the line causes
an overall reduction in signal amplitude. These two effects combine
to limit the data rate that can be carried by a given type and
length of line. Of these two effects, the change in signal wave-
shape is the most limiting to the maximum data rate. If a new data
bit is sent and arrives at the line end before the line has com-
pleted its response to the previous data bit, then the signal re-

presenting the new data bit can cross the receiver's threshold
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earlier than normal. This causes the recovered data from the line
receiver to exhibit pattern dependent transition displacement, or
time jitter. In the limit, as a shorter and shorter pulse is sent,
the signal at the line end may not even have time to cross the
receiver's threshold, and the data bit might be missed completely.
This phenomenon is called intersymbol interference, and is due to
previous data bit(s) causing a time shift of the threshold crossing
of the present data bit (6). Intersymbol interference starts to
occur any time the minimum time duration of a bit is less than the
signal rise (or fall) time at the end of the line. Figure 2-7 shows

this effect.

2.11 Selecting Line Drivers and Receivers

The tradeoffs between external noise and noise immunity,
signal quality and line length, serial or parallel structure, and
cost versus performance all affect the selection of which particu-
lar line drivers and receivers to use. A few additional factors
follow.

1) The most limiting factor to data rate with long lines
(>50 feet) is usually the rise and fall time of the cable.

2) Balanced differential forms are preferable to single ended
forms where high noise environments are present.

3) The total number of ports on a multiplex system should be
restricted so that the parallel combination of the input impedances
of receivers and the output impedances of the disabled drivers is

greater than the characteristic impedance of the line.
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4) Ground returns are necessary for proper operation of in-
tegrated circuit line drivers and receivers. This may be accom-
plished by connecting the shield of the line to the ground pins of
integrated circuits connected to the line.

5) Data rates above 10 Megabits will usually require emitter
coupled logic (ECL) to be used instead of TTL types for the drivers
and receivers because of the 20 to 50 nanosecond propagation delays

in the TTL devices.

2.12 Chapter Summary

This chapter has presented sufficient information on digital
data communications circuits to enable the reader to understand
the rationale behind major design decisions discussed in subsequent
chapters.

The reader is now prepared to examine several interfacing

standards which are included in the next chapter.




Chapter 111

Data Transmission Protocols

3.0 General

This chapter provides information on four data transmission
protocols which are either approved standards or proposals. This
information will provide insight into the problem of determining an
acceptable protocol for the microprocessor laboratory bus which is

discussed in the next chapter.

3.1 SDLC
Synchronous Data Link Control (SDLC) is an IBM protocol for

bit serial synchronous transmission between buffered stations on a

data transmission link using centralized control (10). Some major

features of SDLC are that it is independent of code structure. It

is bit oriented and does not use control characters (which sometimes
have multiple meanings). It is unambiguous as to data link control
functions to be performed and to the direction of transmission. It
uses one standard frame format for information transfer as well as
for link supervision and control. This standard is designed to achieve
greater utilization of resources - terminals, communications pro-
cessors, transmission links - than has been possible with previous
data link controls.

SDLC employs centralized control where one station is desig-

nated the primary station. It retains control of the link at all

29
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times and exercises control through a prescribed set of commands and
responses. The primary station is also responsible for initiating
error recovery procedures when it detects errors.

A1l other stations on the link connected to the primary station
are designated as secondary stations. They receive the commands and
information sent by the primary station and then react with suitable
responses and their own information (if any) to be sent to the pri-
mary station.

A11 SDLC transmitted frames conform to a standard format. Fur-
thermore, multiple functions are handled within a single frame. For
example, an information frame sent by the primary station to a second-
ary station is used to transfer information. The same information
frame can be used to acknowledge to the secondary station, using
a receive count, that one or more frames previously sent have been
received and accepted as correct. On receiving a valid error-free
acknowledgement, the secondary station releases (clears) an appropri-
ate number of frame buffers, readying the buffers for new inputs.
Meanwhile, the same information frame from the primary station can
poll the secondary station to find out if it has any frames to
transmit (13).

As mentioned, frames can contain counts of received frames and
transmitted frames that are independent of each other. Independent
frame sequence numbering compensates for a variety of information
flow conditions that can occur during data link operation. For ex-
ample, SDLC can accommodate unbalanced information flow, unequal
information frame length, and variability in the amount of informa-

tion to be transmitted (13).




31

Unbalanced information flow means that more information (volume)
flows in one direction than in the other, e.g., remote job entry
(RJE) applications. Unequal information frame length means there
will be short frames in one direction and long frames in the other
direction, e.g., inquiry/response systems. Variability in the amount
of information can mean that there is wide variation in the number of
frames in quque at different secondary stations, e.g., data require-
ments vary with working hours.

As shown in Figure 3-1, a frame starts with an 8-bit flag field
followed in position by an address field, a control field, an infor-

mation field (if present), and ending with another flag field.

Flag Address Control [ Information Check Flag
8 bits 8 bits 8 bits Variable Field 8 bits
Length 16 bits
Figure 3-1

SDLC Frame Format

The purpose of the flag field is to denote the start and end
of a frame. The flag acts as a delimiter between frames. A frame
starts and ends with an 8-bit flag sequence 01111110.

The address field designates which secondary station is to
receive the balance of the transmitted frame. When a secondary sta-
tion transmits, the address tells the primary station which second-
ary station originated the frame. Also, the primary station will
accept a frame only when it contains the address of a secondary sta-
tion that has been given permission to transmit. For data integrity

reasons, the address appears in each frame.
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The 8-bit control field is the kernel of SDLC and will be des-
cribed in more detail following a brief discussion of the informa-
tion and frame check fields.

The information field may vary in length. This field may or
may not be present depending on whether data or control information
is being transmitted in a given frame. If data is being transmitted,
it may be configured in any code structure, e.g., straight binary,
BCD, packed decimal, EBCDIC, ASCII, or Baudot. It should be noted
that peripheral device control characters, such as CARRIAGE RETURN,
will actually be part of the information field, while the code being
used (ASCII, EBCDIC, etc.) may be implied in the address of a speci-
fic terminal designed for a specific code.

The frame check sequence (FCS) field is included in all SDLC
frames to detect errors which may occur during transmission. This
field is 16 bits long and immediately precedes the beginning of the
end-of-frame flag. The contents of the FCS field, based on a cyclic
redundancy check, is intended to check all data transmitted between
the start flag and the end flag. More details on this check can be
found in reference 10.

The purpose of the control field is to tell (command) the ad-
dressed secondary station what operation it is to perform. The
secondary station uses the control field to react (respond) to the
primary station.

The control field takes on any one of three formats depending
on whether the field is to indicate:

1) information transfer (see Figure 3-2)

i e
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2) supervisory commands/responses (see Figure 3-3)

3) nonsequenced commands/responses (see Figure 3-4)

The control field in its information format is used by primary
and secondary stations to transfer an information field. A 0 in the
9th bit after the end of the start flag identifies the control field
as being in the information transfer format. A transmitting station,
whether primary or secondary, uses the Ns subfield to indicate the
count sequence, or number, of the frame being sent. Thus Ns means
“1 am now sending you frame number N," where N can go from 0 to 7.
Similarly, Nr means "I am acknowledging error-free receipt of
sequences up to Nr-1 that you previously sent and I am now looking
for frame number N." The use of independent frame-sequence counts
provides for the detection of missed, erroneous, or duplicated frames
in either direction. At the completion of a frame, the transmitting
station updates its send-sequence count. The station receiving the
frame compares the contents of its receive-sequence-count field
(Nr) and, if they are equal, accepts the frame provided no error is
detected by the frame check sequence. The receiving station's re-
ceive count (Nr) is then updated. Thus the contents of the Nr field
in the received frame acknowledges to the receiving station that
frames through sequence number Nr-1 have been accepted and cor-
responding buffers may be cleared. A primary station inserts a 1
in the 13th bit (P/F) position to inform (POLL) the secondary sta-
tion to initiate transmission. The secondary station inserts a 1 in
this position to respond to the primary station to indicate when a
frame is the FINAL one in a transmission. Otherwise, the 13th bit

stays 0.
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The control field in its supervisory format, Figure 3-3, is
used for acknowledging frames and requesting retransmission. It is
identified in the control field by a binary 10 pattern in the 9th
and 10th bits after the start FLAG. The supervisory functions ac-
complished depend upon the supervisory (S) subfield bit patterns as
indicated in Figure 3-3. A frame containing a supervisory field
never contains an information field. The supervisory control for-
mat regulates the flow of information frames by invoking such con-
trols as RECEIVE READY and RECEIVE NOT READY.

The control field in its nonsequenced format, Figure 3-4, can
provide up to 32 functions without changing frame count sequence.
Examples of nonsequenced control functions are the polling of
secondary stations without affecting sequence numbers, broadcasting,
exchanging terminal identification information between primary and
secondary stations, and commanding a secondary station to go “on
hook" (primarily on dial-up links). Typical nonsequenced response
functions are to reject invalid commands and to perform initializa-

tion and diagnostic procedures pertaining to data link control.

3.2 HDLC

High Level Data Link Control (HDLC) is very similar to SOLC and
is an interface standard being proposed by the American National
Standards Institute (ANSI) to the International Organization for
Standards. This protocol defines in detail the structure for com-
munication systems using bit-oriented high-level data link pro-

cedures (12).
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In HDLC procedures, data communication between two data stations
consists of the transfer of frames containing information from the
data source to the data sink, and acknowledged by a frame in the
opposite direction. Until the Data Terminal Equipment (DTE) com-
prising the data source receives the reply, it must hold the original
information in memory in case the need should arise for retransmission.

A data link involves two or more participating stations. For
control purposes, one station on the link must assume responsibility
for the organization of data flow and for link level error recovery
operations. The station assuming these responsibilities is known
as the primary and the frames it transmits are referred to as com-
mand frames. The other stations on the link are known as secondaries
and frames they transmit are referred to as response frames (12).

Figure 3-5 illustrates the frame format specified in the
standard.

For the transfer of data, the following two cases of data link
control are illustrated in Figure 3-6 and discussed below. e

In the first case, the DTE comprising the data source performs
a primary data link control function and controls the DTE comprising
the data sink that is associated with a secondary data link control
function by select commands.

In the second case, the DTE comprising the data sink performs
a primary data link control function and controls the DTE com-
prising the data source that is associated with a secondary data
link control function by poll commands.

The control of traffic between the data source and the data

sink is effected by means of a numbering scheme which is cyclic
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within a modulus specified in the standard. An independent num-
bering scheme is used for each data source/sink combination on the
link (12).
The acknowledgement function is accomplished by the data sink
informing the data source of the next expected sequence number.
This can be done in a separate frame not containing information
or within the control field of a frame containing information (12).
Only the fundamentals of the HDLC protocol have been covered
here. Included in the standard is information regarding operational
modes, control field formats and parameters, commands and responses,
and functions of the poll/final bit. For details on this proposed

standard the interested reader should consult reference

3.3 CAMAC

Computer Automated Measurement and Control (CAMAC) has emerged
as a modular instrumentation and digital interfacing standard ( 9).
CAMAC systems or components are being used in the laboratories of
the Energy Research and Development Administration (ERDA), formerly
the Atomic Energy Commission. Although the majority of the present
CAMAC systems are used almost exclusively for data gathering, there

is now wide-spread interest in employing CAMAC for process control

as well as computer interfacing.

Figure 3-7 reflects the standardized CAMAC bus structure
allowing the use of computer-independent modules to interface to
the real world.

The basis of the CAMAC system is the "crate" that houses the

interfacing modules. At the rear of the crate is a dataway that
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provides a digital pathway between the modules. Each crate can
receive up to 25 modules. What is inside the modules is not spec-
ified in any way; only the interface to the dataway is standardized.
The single interface to the external computer (or other crates) is

made via a module inserted at the right side of the crate. This

module is called the crate controller. If a microprocessor is
placed in the crate controller position, then there is no need for
an interface through the controller since the microprocessor pro-
vides the intelligence in the crate controller itself ( 9). IEEE
Standard 583-1975 provides the mechanical and electrical standards
for the CAMAC system (22). Also, IEEE Standard 596 specifies how up
to seven crates can be interconnected for high speed application
(a parallel "highway") and IEEE Standard 595 (serial highway) pro-
vides the standards for slower-rate applications requiring large-
distance bit or byte serial data transfers between up to 62 crates.
Figure 3-8 shows the basic dataway interface to a CAMAC module.

The command lines include five function code and four subaddress

I lines. The five function lines are coded into 32 function codes,

of which about half are defined to achieve operational compatibility

between modules. The four subaddress lines are used to subdivide
the module into 16 entities, referred to as "registers."

Commands are performed only by those modules that are addressed j
by the N line. There are also unaddressed commands which apply to
all modules, e.g., initialize (Z), clear (C), inhibit (I) and
busy (B). Busy indicates that a dataway cycle is in progress or

an unaddressed command is being sent.
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A dataway cycle includes two timing signals, S1 and S2, usually
generated by the crate controller. S1 is used as a strobe to accept
data from the dataway; S2 is used for initiating actions that might
change the state of the dataway read or write lines. Thus the CAMAC
cycle is a synchronous two-phase timing sequence where data are read
or loaded (transferred) on S1 and changed (cleared or sequenced)
on S2. There is no standard cycle time, but a minimum of 1 micro-
second is specified and all modules must meet this specification.

A11 data are transferred within a crate in parallel format
with 24 read lines and 24 write lines. Thus data transfers of up
to 24 bits wide may be handled.

The terms read and write only imply direction of transfer and
the data may actually be control information. For example, F(16)
(Write Group 1 Register) may be used to send 24 bits of individual
on-off information to a register module, from which the signals are
sent to the process under control (22).

There are two response bits that are returned from the module
to the crate controller. The X response line indicates that its
particular function code and subaddress are present, i.e., that
a module is present in the designated station. The Q response bit
is a generalized response signal to be used as the designer sees
fit. For example, the Q bit can be used as a control line for
block transfers.

The L Tine is the source of an interrupt request from a
module. Usually many different interrupt requests may be generated

within a module and all are OR tied onto the single L line. The
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standard provides guidelines for the control and rapid identifica-
tion of these multiple interrupts.

The N line, when active, indicates to the respective module
that the command on the command bus pertains to that module. Since
the modules are gated independently by the N lines, the entire crate
acts as a multiplexer when data is transferred from the module to
the dataway. With data transfer in the opposite direction (data-

way to module) the crate acts as a distributor.

3.4 GPIB

The General Purpose Interface Bus, proposed by Hewlett-Packard,
is an interface standard designed primarily for instrumentation
applications in much the same manner as the CAMAC standard.

Figure 3-9 depicts the GPIB interface standard.

The basic interface structure consists of 16 lines connecting
a number of instruments. At any given time, any particular instru-
ment connected to the bus may be either idle or functioning as a
talker, listener or controller. As a talker, it sends data over
the bus to a listener or listeners. As a listener, it receives
such data. As a controller, it directs the flow of data on the
bus by designating which instruments are to send data and which are
to receive data (14).

The bus itself is grouped functionally into three component
buses. The data bus (8 lines) is used to transfer data in bit
parallel, byte serial form from talkers to listeners. The transfer
bus (three lines) is used for the handshaking process by which a

talker or controller can synchronize its readiness to transmit data
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with the listener's readiness to receive data. The general inter-
face management bus is principally used by the controller. [t
should be noted that the bus is entirely passive. All of the active
circuitry that allows an instrument to talk or listen or control is
contained within the instrument. Circuitry and bus together make
up the interface.

The controller governs the operation of the bus. It uses a
group of commands, referred to as interface messages, to direct

the other instruments on the bus in carrying out their functions.

The commands serve several different purposes and are shown

in Table 3-1 along with their code form and meaning.

Table 3-1

Command and Address Form

Code Form _____Meaning
X 0 0 A5 A4 A3 A2 Al Universal Commands
X 0 1 A5 A4 A3 A2 Al Listen Address
) s 5 ) S R L [ Unlisten Command
X 1 0 A5 A4 A3 A2 Al Talk Address
0 R ) S Untalk Command
X 11 A5 A4 A3 A2 Al Secondary Commands
A 8 R (R ) R Ignored

The controller has two ways of sending interface messages.
Multiline messages are sent over the data lines and the three trans-
fer-bus lines. Uniline messages are transferred over the five in-

dividual lines of the management bus.
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The commands serve several different purposes. Addresses or
talk and lTisten commands select the instruments that will transmit
and accept data. Universal commands cause every instrument equipped
to do so to perform a specific interface operation. They include
multiline messages and three uniline commands.- interface clear
(FC), remote enable (REN), and attention (ATN). Addressed commands
affect only those devices that are addressed and are all multiline
commands. The "un" commands disable an instrument from sending or
receiving data (14).

During the configuration of a system, each device must be
assigned one or more addresses unique to it. However, two listeners
may have the same address if they are always to receive the same
data. An instrument is assigned its address by some convenient
means such as switches on the rear panel or jumper wires on a printed-
circuit board. The particular value is the system designer's choice.

There are four phases to the data transfer cycle - the talker
generates a new data byte, the data on the data bus's signal lines
settle, the listener accepts the data, and the listener becomes
ready for the next byte.

The data rate at which the bus system will operate is deter-
mined by the talker, listener and transmission system. The time
taken to generate data is determined by the characteristics of the
talker, and the times taken to accept data and to become ready for
more depend on the listener. The data settling time is determined
by the characteristics of the transmission system (drivers, receivers
and terminations). By careful design and configuration, a rate of

one megabyte per second can be achieved with this protocol (14).
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3.5 Chapter Summary

Information contained in this chapter provides the reader with
insight into the importance of bus protocols in data transmission
and the variety of protocols available. It then becomes a matter
of determining which of these protocols is best suited for the
application or if an entirely different protocol is required. These

considerations will be evaluated in the next chapter.




Chapter IV

Microprocessor Laboratory Bus

4.0 General
This chapter provides the rationale behind the various design
decisions for the laboratory bus. Each of the major decisions will be

discussed in detail.

4.1 Serial Versus Parallel Transmission

Perhaps the most important decision affecting overall perfor-
mance of the microprocessor laboratory bus is the data format employed
for data transmission - either bit serial or bit parallel. Although
bit serial could be selected with resultant decrease in costs and
degradation in rate of data transmission, the parallel method was
chosen for several reasons as outlined below.

Microprocessors are inherently parallel devices and to take
maximum advantage of microprocessor speed of operation and minimize
interface requirements with input/output ports, a parallel data
bus appeared more desirable from an overall performance viewpoint.
This method of data transmission becomes even more essential and
more realistic when considered in light of current interest in
parallel processing, fault tolerant processing, and computer
networking. There is a need for increased research in these areas
and thus the parallel bus structure was chosen to provide the max-

imum capability to support this effort.
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i Although the parallel bus structure provides maximum performance
capability for data transfer operations, the parallel method involves
more circuitry and is thus more expensive to implement. Fortunately,
the length of the laboratory bus did not create an excessive cost
situation with respect to bus cabling requirements. Had the length
of the bus been much greater, then the parallel versus serial option
would require re-evaluation.

The parallel structure also requires additional line drivers/
receivers for each line, but this additional expense is not as great
as imagined since a serial bus would require special support circuits

for parallel to serial and serial to parallel conversion.

4.2 Laboratory Bus Structure

A unified bi-directional data bus structure was chosen for the
microprocessor laboratory. This organization is very similar to the

Digital Equipment Corporation's UNIBUS. It is a high-speed data

transmission facility. The actual bus is a matched and terminated
transmission line which must be driven and received with devices
designed for this application. The following sections describe bus
transmission, bus signal levels and bus transmitter and receiver

circuits.

4.2.1 Bus Transmission

Since the overall length of the bus approximated 50 feet,
either twisted pair cable or flat ribbon cable could be used to im-
plement the bus. Coaxial cable was ruled out completely because of

its cost and the fact that the bandwidth/data rate capabilities it
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provides were not required in this application.

Alpha type 6012 shielded twisted pair cable was chosen to pro-
vide maximum noise immunity, minimum crosstalk and impedance com-
patibility with the bus drivers selected (discussed in next section).
This is a high quality data cable consisting of six pairs of #22
gauge stranded conductors, with each pair having a drain wire and
aluminum foil shield.

i For the laboratory bus, the twisted pairs could be used in a
single ended fashion and still satisfy bus requirements since the

length of the bus did not make balanced differential 1lines mandatory.

4.2.2 Bus Drivers/Receivers

The 8838 quad unified bus transceiver was selected for use
with the laboratory bi-directional bus. This particular chip has
similar specifications to that required by DEC for UNIBUS applica-
tions (3).

Each quad transceiver contains four totally separate driver/
receiver pairs per package. Typical receiver input hysteresis is
1 volt with a guaranteed minimum bus noise immunity of 1.3 volts.

Receiver hysteresis is independent of receiver output load. The 8838

chip also provides open collector driver outputs allowing wire-OR
connections on the bus. One 2-input NOR TTL gate, provided in the
8838 chip, disables all drivers in a package simultaneously. This
is a desirable feature which can be used to prevent inadvertent
actions on the bus.

This driver/receiver package is designed for use in bus or-

ganized data transmission systems interconnected by 120 ohm impedance
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lines. For proper termination, a 180 ohm resistor from the bus to
the +5 volt logic supply together with a 390 ohm resistor from the
bus to ground is required. Low bus pin currents allow up to 27
driver/receiver pairs to utilize a common bus. Also, bus loading is
unchanged when power is removed. Reference 19 contains complete
technical specifications on this integrated circuit.

It should be noted that the 8838 driver is Yogically an AND
gate. Even though there is voltage inversion from input to output,
there is no logical inversion. For example, if both inputs to a
driver are logic 1 active high, the driver output will be logic 1 ac-
tive Tow. In a bus configuration, any driver whose output goes active
low logic 1 will cause the bus to which it is connected to be active
low logic 1.

Logically, the receiver has no effect on the signal, but there
is voltage inversion thereby cancelling the effect of the first volt-
age inversion caused by the driver. The output of the receiver is

TTL level compatible

4.2.3 Bus Signal Levels

Bus signal levels are as follows:

logic 1 = 0 volts

1}

logic 0 = +4 volts

4.3 Bus Protocols
0f those data transmission protocols discussed in Chapter 3,
none ideally suited the laboratory bus application although the

General Purpose Interface Bus came closest. Should there ever be a
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need to connect instrumentation modules to the laboratory bus, then
the overall bus philosophy should be re-evaluated with careful con-
sideration being given to adopting GPIB as the bus standard.

The only real disadvantage in using GPIB as the laboratory bus
standard is that a bus controller is required. This can be provided
in 6ne of several ways. A dedicated controller, either hard-wired
or microprocessor based, may be used. Such a controller would be
designated system controller and automatically assume the role of
controller upon application of power. Subsequently, it can transfer
this role to another device. Another approach might have one of the
modules connected to the bus to assume the controller role in a ded-
icated manner.

A bus protocol similar to GPIB was chosen for the microprocessor
laboratory as discussed below.

A 24 line bus was chosen as indicated in Table 4-1. The bus
consists of eight data, four master, four slave, three handshake and

one ground line. Each of their functions will be described.

Table 4-1

Laboratory Bus Organization

Pin No. Designation Function
1 DATA 0 Data Bit 0 (LSB)
2 DATA 1 Data Bit 1
3 DATA 2 Data Bit 2
4 DATA 3 Data Bit 3
5 DATA 4 Data Bit 4
6 DATA 5 Data Bit 5
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Table 4-1 - continued
Pin No. Designation Function
7 DATA 6 Data Bit 6
8 DATA 7 Data Bit 7 (MSB)
9 MASTER 0 Master station address bit 0 (LSB)
10 MASTER 1 Master station address bit 1
11 MASTER 2 Master station address bit 2
12 MASTER 3 Master station address bit 3 (MSB)
13 SLAVE 0 Slave station address bit 0 (LSB)
14 SLAVE T Slave station address bit 1
15 SLAVE 2 Slave station address bit 2
16 SLAVE 3 Slave station address bit 3 (MSB)
17 DATA RDY Data ready
18 DATA REC Data received
19 POLL Pol1
20 CLK Clock
21 BUS GRANT Bus grant to master station
22 BUS REL Bus release (polling resumes)
23 SLAVE PRES Slave station present
24 GND Bus ground, signal common

4.3.1 DATA - These eight bi-directional data lines transfer a single

byte of data from the master station to the slave station.

4.3.2 MASTER - Appearing on these four lines is the station code of

the station having control of the bus.

e




57

4.3.3 SLAVE - The code of the station designated by the master as

slave will appear on these four lines.

4.3.4 Handshake - There are three handshake lines used to complete
a data transfer.

1) Data Ready (DATA RDY) - Asserted by the master station
when the byte on the DATA lines is valid and ready to be transmitted
to the slave station.

2) Data Received (DATA REC) - Asserted by the SLAVE station
when the data byte has been received.

'3) Slave Present (SLAVE PRES) - Asserted by a device when-
ever its code appears on the SLAVE lines. This allows the MASTER
station to verify that the SLAVE station is available before ini-

tiating a data transfer operation.

4.3.5 Control - There are four control Tines used to determine the
state of the polling logic.

1) POLL - Asserted low to indicate that the bus control
logic is in the polling mode trying to find a station that wants
control of the bus.

2) CLK - A clock signal appearing on the bus to indicate that
the code on the MASTER 1lines is valid for the time the clock signal
is active low.

3) GRARNT - Asserted low when a station is granted bus control.
The GRANT signal causes the control logic to cease the polling
function.

4) REL - Asserted by the station currently in control of the

bus when it has completed data transfer operations and it wishes to
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release control to permit polling to be resumed.

4.4 Polling

Polled operation of the bus was selected over asynchronous
operation primarily because it could be realized easily and the num-
ber of stations envisioned for the bus («16) would not involve an
excessively long wait for any one station, provided polling occurred
at a sufficiently fast rate. The polling circuitry is designed to
insure that no station can regain bus control until all other sta-
tions are afforded an opportunity to access the bus. This prevents
what is commonly called "hogging the bus."

Figure 4-1 contains the schematic diagram for the clocking and
polling circuitry used for the laboratory bus.

A clock signal is used to increment a modulo 16 counter whose
output is used to drive the four bus lines corresponding to the
address of the master station. This address appears at each station
on the bus, but since each station has its own unique four bit binary
code, only the station whose code corresponds to the address on the
master lines can respond. The only time a given station is per-
mitted to gain control of the bus is when its particular code appears
on the master lines and that particular station has a bus request
pending. With these conditions satisfied, a station is granted bus
control which causes the polling operation to be terminated.

Having been granted bus control, that station becomes the master
station and may then initiate data transfer operations with a slave
station which it designates. A1l data transfers are accomplished

via handshaking between the master station and the slave station.
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A more detailed explanation of the data transfer operation is con-
tained in Chapter VI.

Once a station gains control of the bus, it retains control
until it initiates a bus release command which causes the polling

operation to be resumed.

4.5 Clocking

Initially, the 555 timer integrated circuit, operating in the
astable mode, was examined as a possible source of the clocking pulse
for the counter. This proved to be impractical since its upper fre-
quency limit in this mode is approximately 120 KHz (as determined
from a breadboard experiment). This was considered to be too slow
for satisfactory access to the bus. In general, a clock rate of
approximately 1 MHz was desired, thus offering bus access to a new
station every microsecond. Since no more than 16 stations were
envisioned for the laboratory, no station would have to wait longer
than 16 microseconds for access to the bus (provided the bus is not
already busy). While in the poll mode, access to the bus would
typically average eight microseconds. Considering the microprocessor's
speed of operation, this was considered to be quite acceptable.

The 555 timer idea was quickly abandoned in favor of using the
phase two (@2) clock signal driving the microprocessor itself. This
signal, fully buffered, is conveniently available at each input/
output slot on the mother board. This signal, an almost symmetrical
square wave, had a period of 1.15 microseconds, thus providing the
required clock pulse at a frequency of 870 KHz. This signal was

thus chosen as the clock pulse for the counter and provides each
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station access to the bus every 18.4 microseconds.

4.6 Clock and Poll Circuit Operation

The current operating mode of the clock and poll circuitry is
determined by flip flop IC5. When it is set, the poll mode will be
active indicated by POLL on the bus and the @2 clock signal is gated
to the four bit binary counter causing it to he incremented on nega-
tive half cycles. The @2 signal is inverted before reaching the clock
input of the counter to insure correct operation of other circuitry.
This is better illustrated by the timing diagram of Figure 4-2.

The four bit binary output of the counter is applied to the bus
drivers corresponding to the master address lines. The RC time delay
circuit is used to delay CLK approximately 200 nanoseconds. This sig-
nal is used to indicate a valid master address. This prevents false
reading of the master address lines.

Since all stations have their respective bus lines tied together
as discussed in section 4.2, any station that causes an active transi-
tion on the BUS REL and BUS GRANT lines will affect the status of

the mode flip flop. An active low on BUS REL will cause the flip

flop to set, which places the flip flop in the polling mode, allowing
the counter to place sequential addresses on the master address lines.

If this flip flop is already in the polling mode, an active low on

BUS GRANT causes the flip flop to clear, thus terminating the polling
mode and initiating the data transfer mode.

For the laboratory prototype, the clock and poll logic was placed
on the same Vector card as the microprocessor interface. This was
done simply for convenience and to take ac. .2 of available space

and power.
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It may be desirable in the final installation to place the clock
and poll circuitry external to all stations and have it contained in
a small module available to the laboratory instructor. It may also
be desirable to modify the design slightly to provide a capability
for the laboratory instructor to initiate a bus release command
should any station gain bus control and fail to release it after a

reasonable period of time.

4.7 Chapter Summary

This chapter has presented a description of the laboratory bus.
Information on data format, transmission line selection, line driver/
receiver selection, signal levels and bus protocols has been pro-
vided to enable the reader to understand the organization of the bus

structure.
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Chapter V

Laboratory Computer System

5.0 General
This chapter will describe the microcomputer system chosen for

the laboratory prototype station.

5.1 MC 6800 Microprocessor

The Motorola MC 6800 Microprocessing Unit (MPU) was selected
for the microprocessor laboratory application because of several
attractive features. First of all, it is well supported by a com-
plete family of compatibie chips - MC 6810 128 X 8 RAM, MC 6820
peripheral interface adapter (PIA), MC 6830 ROM, and MC 6850
asynchronous communications interface adapter (ACIA). This entire
family of chips operates on a single +5 volt d.c. supply which
greatly simplifies power requirements. All chips follow the same
address and data bus organization which simplifies bus and interface
requirements. The MC 6800 is a self-contained, 8 bit, microprocessor
that is capable of operating with virtually any MOS or standard TTL
device. The only signal requirement external to the MPU chip is a
clock signal which is easily generated via one of three options.

Although the MC 6830 provides a micro-operating system (known
by its trademark MIKBUG) for the 6800 MPU, there is practically no
applications software available. This is not considered to be a

severe constraint since most of the software requirements will be
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generated by the laboratory users.

Another plus factor was the availability of the MC 6800 Micro-
processor Applications Manual (17) which provides approximately 700
pages of valuable, detailed information on both hardware and soft-
ware requirements and system considerations. Documentation of this
kind is essential if a system is to be designed, constructed and

placed "on the air" with a minimum of frustration.

5.2 Initial Considerations

In order to minimize costs, the initial plan was to purchase
component parts and build a microcomputer prototype around the MC
6800 MPU and support chips. It quickly became obvious that this
was not the best approach for several reasons. Purchasing in small
quantities with resultant price inflation, long lead times and
difficulty in locating sources of some needed parts all compounded
the problem. Additionally, much labor would be required to perform
hardware wiring and debugging of the system, a penalty which could
not be paid in either time or money. Finally, the difficulty in
reproducing additional copies of the prototype so as to achieve
standardization among them was another factor entering the decision

to abandon this approach.

5.3 System Selection

In July 1975, the Southwest Technical Products Corporation of
San Antonio, Texas, announced a kit version of the MC 6800 with many
available options to provide as much capability as the user required.

It was decided to purchase one of these 6800 computer system kits
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with 8K of RAM memory to support the microprocessor laboratory pro-
ject. Construction of the kit required approximately 100 man-hours
with an additional 20 man-hours required for system debugging and
check out. The kit proved to be well designed and neatly packaged
in an attractive cabinet.

Purchase of the SWTPC 6800 system was considered appropriate
in that it was reasonably priced and was engineered to be directly
compatible with a TV typewriter terminal (CT 1024), manufactured
by the same company, which was available for use on this project.

Figure 5-1 provides a block diagram of the SWTPC 6800 computer
system with TV typewriter terminal.

A brief description of each of the major system components will

now be provided to describe overall system operation.

5.4 Keyboard and Encoder

The keyboard, an alphanumeric typewriter style, employs 53
single-contact, normally open keys arranged in a matrix. When any
key is pressed, its corresponding ASCII code (see Appendix A) is
generated by a diode matrix and a key-pressed output (active low
RP) is provided. Only seven bits of the standard eight bit ASCII
code are generated which is adequate for most applications.

The keyboard and encoder was first printed in the February
1975 issue of Popular Electronics Magazine as a hobby project.
Subsequently, it was made available in kit form by Southwest Tech-
nical Products Corporation. At $49.95, the kit is not only economi-
cal but simple and easy to build. One criticism of the kit is that

it does not have a professional quality key touch and the keys have
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a habit of sometimes sticking, especially during damp weather.

5.5 CT-1024 Terminal

The CT-1024 terminal, also available from Southwest Technical
Products Corp. in kit form, is designed to store and display two
individual pages (each page containing 16 lines of 32 characters
each) on a modified television or video monitor. Data input to
the terminal comes from either the keyboard/encoder unit described
earlier or from the computer system. With the computer off, the
terminal's input comes directly from the keyboard/encoder. With the
computer on any data from the keyboard first goes to the computer
system and subsequently "echoed" to the terminal for display on the
CRT monitor.

The entire screen of the video display has been arranged for
16 lines of 32 characters each. Although the second page of memory
allows twice as many characters to be stored in memory, only one
page can be displayed at a time. Each character displayed is ac-
tually an array of 35 dots arranged so there are five horizontal
and seven vertical dots. A 2513 character generator IC chip de-
codes the ASCII data (provided at its input terminals from memory)
into the correct dot patterns for the character to be displayed.
The dots are selected and used one character row at a time since
the horizontal trace of the television (or monitor) sweeps one
video Tine at a time. Horizontal spacing between characters is
provided by displaying a blank dot column between each displayed
character, and vertical spacing is provided by sweep ng three

blank video lines between each set of seven "character dot video"
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lines. This combination of keyboard/terminal has become known as
the "TV typewriter."

Incorporated into the TV typewriter design are provisions for
a cursor (indicating position of next character), and cursor control
(up, down, left, right, home up). Line feed serves to move the
cursor downward. Also provided is the capability to select memory
pages as well as to erase memory either from cursor position to end
of line (EOL) or from curscr position to end of frame (EOF).

To use a standard television receiver as a monitor, it is
necessary to modify the TV slightly. Although the modification will
vary from set to set, the idea is to connect the TV typewriter's
video output to the input of the television's video amplifier,
which is located between the last video IF stage and the video out-
put circuit. It may or may not be necessary to provide d.c. bias
restoration to the video output circuit depending on the make and
model of television receiver used. Don Lancaster, in an article in
Byte (15), has provided extensive information on ways and means of
accomplishing this television interface. For additional information
on the subject, the reader might wish to refer to Lancaster's forth-
coming book, TV Typewriter Cookbook.

In order for the TV typewriter to communicate with other de-
vices, all input and output data is converted from parallel ASCII
into sequential "one bit at a time" form by the serial interface.
The main component of the serial interface is the Univeral Asyn-
chronous Receiver/Transmitter (UART) chip which provides for this

conversion from the parallel form into a series of properly timed
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ones and zeros including not only the serial data but the start, stop,
and parity (if used) bits as well. The reverse is true in the receive
mode. The standard baud rate (speed at which serial data is trans-
mitted or received) provided is 110 baud. However, this rate was
found to be too slow and the baud rate was increased to 300 baud by
adding additional components. At 300 baud, the system can accept

data at a rate which is faster than an operator would normally enter
data thus eliminating the problem of "data overlap"at 110 baud.

Also, the 300 baud rate capability will reduce the time required for
data input/output by a factor of three.

In the transmit mode, the serial data leaves the UART chip
through the transmitter serial output. This TTL level data is then
converted to RS-232C format by additional circuitry.

In the receive mode, the incoming RS-232C formatted serial data
is converted into TTL compatible levels and fed into the UART's
serial input. When the UART chip sees the stop bits of the character
being received, it raises its "output data available" line. When
the character in the terminal's register is loaded, the "character
accepted" line pulses Tow clearing the "output data available" line
and generates a negative going "keypress strobe" to load a new
character into the terminal's data registers.

Since the input/output connections are RS-232 compatible, they
may be attached directly to most couplers and data sets. However,
to record on or playback from magnetic tape, it will be necessary
to employ an FSK encoder/decoder to get the digital data on or off

the tape. The author understands that Southwest Technical Products
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will have a tape cassette interface available soon. In the mean-
time, interested users of this system might want to investigate the

possibility of using the "Kansas City" standard described in Byte (20).

5.6 MC 6800 Microcomputer

The 6800 microprocessor chip itself is a 40 pin eight bit
parallel processor with 16 memory/peripheral address lines and an
eight bit bi-directional data bus. There is a full complement of
72 basic instructions with five possible addressing modes (direct,
relative, immediate, indexed, extended). There are six internal
registers (program counter, stack pointer, index register, accumu-
lator A, accumulator B and condition code register). The processor
has both maskable and non-maskable interrupts which are executed
as jumps to specific memory locations (vectored interrupts). A
pushdown stack, located within user memory, is easily accessible
and space limited only by the programmer and the amount of RAM
memory available. A micro-operating system, the MC 6830 ROM
MIKBUG, provides the ability to:

1) Load user programs or data into memory from either the
keyboard or tape (where applicable).

2) Execute user programs.

3) List user programs or data within specified memory lo-
cations.

4) Print the contents of internal MPU registers.

5) Change the contents of specified memory locations or in-

ternal MPU registers.
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For complete details on programming the MC 6800, the reader is
referred to reference 18 of the bibliography.

Figure 5-2 shows a simplified depiction of the MC 6800 system.

The 6800 MPU is contained in a 40 pin package as shown in

Figure 5-3.

5.6.1 M6800 MPU Internal Registers

5.6.1.1 Index Register

The index register (X) is a 16 bit (2 byte) register
which is primarily used to store a memory address in the indexed
mode of addressing. The index register may be incremented, de-

cremented and stored.

5.6.1.2 Program Counter

The program counter (PC) is a 16 bit register containing
the address of the next byte to be fetched from memory. When the
current value of the program counter is placed on the address bus,

the program counter will be incremented automatically.

5.6.1.3 Stack Pointer

The stack pointer (SP) is a 16 bit register that contains
a beginning address in RAM where the status of the MPU registers
may be stored when the MPU has other functions to perform, such as
during an interrupt or during a branch to subroutine. The address

in the stack pointer is the starting address of sequential memory

locations in RAM where MPU status registers will be stored as follows:

Stack Pointer Address: contents of PC (low byte)
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Stack Pointer Address - 1: contents of PC (high byte)

Stack Pointer Address - 2: contents of IX (low byte)

Stack Pointer Address - 3: contents of IX (high byte)

Stack Pointer Address - 4: contents of ACCA

Stack Pointer Address - 5: contents of ACCB

Stack Pointer Address - 6: contents of CC

As the status of each register is stored on the stack, the
stack pointer will be decremented automatically. When the stack is
unloaded (status of registers restored), the status of the last
register on the stack will be the first register that is restored.
The stack pointer always points to the next memory location avail-

able for stack operations.

5.6.1.4 Condition Code Register

The condition code register is an 8 bit register. Each
individual bit may be set or cleared by the execution of an instruc-
tion. To see how each instruction affects the condition code

register, refer to the M6800 programming manual (18). The primary

use of this register is in the execution of the conditional branch
instruction. The function of each bit in the register is shown

in Table 5-1.

Table 5-1

Condition Code Register
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Table 5-1 - continued

Bit No. Function
0 C (carry-borrow test)
1 V (overflow test)
2 Z (zero test)
3 N (negative test)
4 I (interrupt mask)
5 H (half carry test)
6 always logic 1
7 always logic 1

5.6.2 Summary of MPU Operation

The MPU requires a two phase symmetrical, TTL compatible,
non-overlapping clock signal. During phase 1 (P1), an address is
placed on the address bus by the MPU. During the second phase (2)
of the clock, the bi-directional data bus will be active. The first
byte of an instruction enters the MPU and is transferred into an in-
ternal instruction register and decoded by the MPU. The MPU will
then have the information needed to read in an additional one or two
bytes as necessary to form the effective address of the operand.
Once the entire instruction is read into the MPU (one, two or three
bytes) the instruction is then executed. The MPU then reads in the
next sequential byte in the program and places it again in the in-
struction register. The program will be executed sequentially in
this manner unless a branch or jump instruction changes the value of
the program counter. If this occurs, the next instruction to be ex-

ecuted is determined by the new program counter value.
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5.6.3 M6800 Interrupt Handling

If an interrupt or reset occurs during program execution,
the program counter will be changed according to Table 5-2 with the
program counter receiving the new value indicated in order to pro-
vide a vectored jump to the proper service routine.

When an interrupt occurs, the stack pointer will be used to
store the contents of the internal registers. This permits a re-
turn to the proper location of the interrupted program when an RTI
(return from interrupt) instruction is executed. In a similar manner
the program counter is changed when an RTS (return from subroutine)

instruction is executed.

Table 5-2

Interrupt Vector Memory Assignments

Interrupt Address
RESET (Low Byte) FFFF
RESET (High Byte) FFFE
NMI  (Low Byte) FFFD
NMI'  (High Byte) FFFC
SWI  (Low Byte) FFFB
SWI  (High Byte) FFFA
IRQ  (Low Byte) FFF9
TRQ  (High Byte) FFF8

5.6.4 M6800 Memory
The SWTPC M6800 computer system uses the 2102-1 1024 X 1 bit

static random access memory with an access time of 500 nanoseconds.
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A total of 8K RAM memory was purchased with the M6800 system to
support software development.

The memory chips are configured in a matrix fashion as indi-
cated in Table 5-3. Each printed circuit memory board is capable
of accommodating 4K of memory and a total of eight memory boards can
be placed in operation giving a total capability of 32K. As shown
in Table 5-3, each memory quadrant contains 1K of memory capacity
with eight 2102-1 chips being used in each quadrant, each chip pro-
viding one bit of an eight bit word.

To fully understand how memory addressing is accomplished, the
reader is referred to Figure 5-4. As shown, address line Al5 is
used as an enable line to a one of eight decoder. When A15 is low
(as it will be when addressing RAM), P2 is low and VMA is high, the
decoder will be enabled thus allowing the contents of address lines
A14, A13 and A12 to determine which decoder output will be active
low. Each memory board is connected to a different decoder output
line such that only one board is enabled at a time. This connection
is made automatically depending on which slot the board is plugged
into. Next, the contents of address lines All and A10 determine
which one of four outputs are active low. Each output is connected
to the chip enable line (CE) of all memory chips in the appropriate
quadrant. Having selected a memory board and quadrant, a particular
word in memory is selected by applying address lines A9 through A0
to the corresponding address inputs on the 2102 memory chips. These
10 address lines (A0 - A9) as well as the R/W line of all memory

IC's are parallelled.
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Table 5-3

M6800 Memory Address Assignment Table

Quadrant
1

S W N

Starting Address
0000
0400
0800
0Co0
1000
1400
1800
1€C00
2000
2400
2800
2C00
3000
3400
3800

Ending Address
03FF

07FF
OBFF
OFFF
13FF
17FF
1BFF
1FFF
23FF
27FF
2BFF
2FFF
33FF
37FF
3BFF
3FFF
43FF
47FF
4BFF
4FFF
53FF
57FF
5BFF
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Table 5-3 - continued

Board # Quadrant Starting Address Ending Address
5 4 5C00 5FFF
6 1 6000 63FF
6 2 6400 67FF
6 3 6800 6BFF
6 4 6C00 6FFF
7 1 7000 73FF
7 2 7400 77FF
7 3 7800 7BFF
7 4 7€00 7FFF

5.7 Peripheral Interface Adapter (PIA)

The PIA, another 40 pin chip, provides versatility and flex-
ibility in interfacing the 6800 system with peripheral devices.

The PIA communicates with the MPU via an eight bit bi-direc-
tional data bus, three chip selects, two register selects, two
interrupt request lines, one read/write line, an enable line, and
a reset line. These are shown in Figure 5-5 and will be discussed
later.

Each PIA has two eight bit bi-directional peripheral data buses

for interfacing with peripheral equipment. Each peripheral data

line may be programmed to act as an input or an output. In addition
to the two eight bit peripheral data buses, peripheral control lines
CA2 and CB2 may be programmed to act ac a peripheral input or output
control lines. Control lines CAl and CA2 are fixed to carry control

information from the peripheral devices to the PIA.
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Each PIA consists of two control registers, two data direction
registers, and two peripheral interface registers (peripheral data).
The control registers and the data direction registers are used to
control the data in and out of the PIA. This is accomplished by
setting a “1" in the corresponding bit in the Data Direction Reg-
ister (DDR) if the line is to be an output or a "0" in the DDR if
the line is to be an input. When the data in the peripheral data
lines are read into the MPU by a load instruction, those lines that
have been designated as input lines (0 in DDR) will be gated directly
to the data bus and into the register selected in the MPU.

" When an output (write) instruction is executed to send data to
a peripheral, data will be transferred from the MPU via the data
bus to the peripheral data register and hence to the peripheral
device depending upon whether the respective data lines have been
programmed as outputs by the DDR. For additional information on
programming the PIA to achieve its full capability, the reader is

referred to reference

In summary, some of the important features of the PIA are:

1) 8-bit bi-direstional data bus for communications with MPU.

2) Two bi-directional 8-bit buses for interface with peri-
pherals.

3) Two programmable control registers.

4) Two programmable data direction registers.

5) Four individually controlled interrupt input lines; two
useable as peripheral control outputs.

6) Handshake control logic for input/output peripheral

operation.
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5.8 Chapter Summary

This chapter has described the Motorola M6800 microcomputer
system chosen for the University of Florida's microprocessor lab-
oratory. Reasons for its selection have been presented along with
information on a compatible terminal. Memory addressing informa-
tion was included along with information on using the peripneral
interface adapter as a convenient method of interfacing the MC6300

with the laboratory bus or other peripherals.




Chapter VI

M6800 Interface and Data Transfer Operations

6.0 General
This chapter describes the interface between the M6800 computer
system and the laboratory bus. Included is a detailed account of bus

data transfer operations.

6.1 Station Decode Circuitry

As stated in section 4.4, each station on the laboratory bus must
have its own unique station code to insure that only one station re-
sponds to a given code. Figure 6-1 shows the station decode logic as
well as the other logic necessary to interface the M6800 microprocessor
station(s) with the laboratory bus.

No action can take place on the bus until a station gains control
of the bus. This action will be described in detail.

While in the polling mode, the four master address lines of the
bus will contain the address (station code) of the station being of-
fered bus control. Thus, bus control is offered to only one station
at a time provided no two stations have the same code. Note from the
clock and poll logic diagram of Figure 4-1 that the master address is
enabled onto the bus after the output of the binary counter is stab-
ilized. This prevents false master addresses from appearing on the bus.

As shown in Figure 6-1, receivers (IC3) at each station take the

master address from the bus converting it into TTL compatible signals.
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This master address is then applied to the station decode circuit
(IC14). The inputs to the master enable gate (IC11b) are jumper
selected so as to insure that all four inputs to IC11 are high
based on the unique code for each station. The output of ICl11b,
master enable, will then go high when that station's address appears
on the master address lines.
| There are two notes of particular importance at this point.
Figure 6-1 reflects the station code for station one only. Other
stations on the bus would have the proper configuration of the station
decode circuitry corresponding to their own unique address. Also, no
microprocessor station can have station code zero as this address is
reserved solely for the NOVA computer.

The master enable signal is a key factor in initiating any fur-
ther action on the bus. As shown in Figure 6-1, it is used to enable
a valid bus request from the station whose address currently appears

on the master address lites.

6.2 Gaining Bus Control

A station can gain control of the bus in the following manner.
It must first initiate an active high bus request via peripheral inter-
face adapter IC1 PA5. Also the clock signal on the bus must be active

low (indicated by CLK), and polling must be in effect (indicated by

POLL). With these conditions satisfied, master select (output of

IC11a) will go high momentarily when that station's code appears on
the bus. When master select goes high it initiates an interrupt re-
quest via IC1 CAl while simultaneously causing the bus grant Tine to

go active low (BUS GRANT) which clears the mode flip flop causing the
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poll mode to be terminated and the data transfer mode to be entered
(see Figure 4-1). This change in mode stops the @2 clock signal to

the counter, freezing its output to the address of the station with
bus control. This process of gaining bus control is shown in the
timing diagram of Figure 4-2.

Master enable is also used to enable the drivers associated

with the slave address lines. This insures that the slave address
is specified only by the station with bus control.

Master enable is also used to gate a valid bus release command
onto the bus. As shown in Figure 6-1. na< er enable is applied as
one input to AND gate IC12. The other input, an active high bus
release command, is initiated under sofiware contrel and comes from

IC1 PA7. This insures that only the master station has the capability

of causing an active low BUS REL conditior on the bus. This prevents
another station from inadvertently ca release command to
be executed while the master station ic performing a data transfer
operation.

Additionally, the master enable signal is applied as an input
to IC1 PB5 to allow the software to determine that a bus grant has
been made and the station is now in control of the bus. This deter-
mination may also be accomplished by performing a read operation on
the control register of the appropriate PIA as explained in section w
6.4 of this chapter.

6.3 Interrupt Prioritizing

In the present design, a "round robin" priority scheme is

used on the bus. This insures that each microprocessor station
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has an equal opportunity for gaining bus control. It also insures
that no station can regain control of the bus until all other sta-
tions are afforded an opportunity to do so. Thus no station can
Jjump in line ahead of another station. This helps to prevent any
one station from "hogging the bus".

Only two types of interrupts may occur in this application.
When a station is granted bus control and becomes the master station,
an interrupt signal will appear at IC1 CAl. The other case occurs
when a station has its code appear on the slave address lines and
data is ready to be transferred. In this latter case the interrupt
signal will appear at IC2 CAl. No external interrupt prioritizing
circuitry is needed to satisfy this application since the IRQA and
IRQB lines are OR-tied and fed to the interrupt request (TRQ) line
of the MPU. Determination as to which interrupt occurred is then
accomplished under software control as explained in the next section.

6.4 Interrupt Handling

When the TRQ line of the MPU goes active low, the MPU will finish
execution of its current instruction, stack its registers, set its
interrupt mask and fetch the starting address of the IRQ interrupt
service routine by vectoring to memory locations FFF8 and FFF9. The
service routine then determines which kind of interrupt has occurred
by performing a read operation on the contents of the A and B control
registers. If bit 7 of ICl control register A is set, then the sta-
tion must perform as a master station. If bit 7 of IC2 control reg-
ister A is set, then the station must perform as a slave station.

Appropriate software is required to accomplish each of these functions.
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address when IC1 PA4 is asserted high to indicate "address valid now."

This address then appears on bus lines SLAVE 0 - SLAVE 3.

If the station specified as the slave is present, it will cause
; the SLAVE PRES line to go active low indicating its presence allowing
the master station to verify this condition by examining IC1 PB4 for

mand and executing an RTS instruction

IC2 PAO-PA7 and asserting data ready at 1C2 CB2 (an active low tran-
sition). CBZ2 must have been programied previously as an output by

setting bit 5 of IC2 control register © equal one (high) and bit 4

transfer operation.

Due to the fact that the PIA port convention (A - output, B -
input) was established by Southwest Technical Products Corp. as
contrary to that recommended by Motorola, it should be noted that an
A side Read or B side Write operation will not generate the strobe
necessary for handshaking. This limitation is conveniently overcome
by including "dummy" instructions in the program. For example, an
A side Write instruction must be followed immediately by an A side

dummy Read to generate the handshake strobe. Similarly, a B side

a high level input. If the test for this condition proves false, then

the desired slave station is not present on the bus and thus the de-
sired data transfer cannot take plac: Should this be the case, the
master station would exit its routine by initiating a bus release com-

If the slave station is present. the master station can proceed

with the data transfer routine by loading the first byte of data into

of control register B equal zero (low) Also bit 3 of control regis-

ter B must be zero (Jow) to establish the handshake mode for the data




Read can be followed by a dummy Write instruction. Use of the dummy

instruction is explained in reference

By causing an active low signal at 1C2 CB2, the master station
cain then inform the selected slave station that a byte of valid data
is available and ready to be received The data ready command is

placed on the bus and will cause an interrupt to the designated slave

station via IC2 CAl. The slave station then examines the flag bits
of IC2 control register A and B to determine the source of the in-
terrupt. If bit 7 of IC2 control revister A is set, then this con-
firms that valid data is available from the master station. The

slave station then performs a READ oufput register B followed by a

dummy READ output register A operation in order to generate the strobe
necessary for the handshake operation. During handshaking, this
strobe acknowledging receipt of data i< generated automatically at
IC2 CAZ.

The data received command from the slave station will cause
the master station's data ready line (102 CBZ2) to go inactive, auto-
matically permitting a new data byte to be loaded before asserting
the data ready line again. This handshake process will continue until

all data is transferred.

6.6 Slave to Master Data Transfer

The reader should note that althouah a master station can send
data to a slave station, it cannot ask the slave station to send
data without reversing roles. This can be accomplished under soft-

ware control *n the following manner.




Any station desiring to receive data from another station must

first gain bus control as the master station. It then designates

the station from which it desires data by specifying its address on
the slave address lines. It now begins a data transfer operation
with the slave station using a header nessage.

The first byte of the header might indicate the address of the
current master station, whether the master station is sending data

or wishes to receive data, and the priority of the transmission or

request. For example, bit 7 (MSB) of the first byte might be used

to indicate whether data is being sent or whether data is being re-
quested. Bits 6-3 might be used to indicate the address of the cur-
rent master station. RBits 2-0 might ised to indicate the priority.
The second and third bytes of the header message might be used as

follows. As a data sender, the second and third bytes might specify
the number of bytes of data being sent by the master station. As a
requester of data, the second and third bytes might be used to identi-

fy the specific data being requested

After receipt of the header message, the current slave station
would examine the header to determine 1f it is to continue receiving
data in the slave role or whether it t change roles in order to
transmit data. Tables 6-1 and 6-2 contain sample header formats.

This scheme would be implemented in software. What has been
suggested here is only a first approximation of how this capability
could be provided. A detailed study of the software requirements

is beyond the scope of this paper.
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Table 6-1

Header Format for Data Sender

FORMAT
| Byte B B6 Bs B4 B B2 Bl 80
first 1 A3 A2 Al AG P2 PT PO
second Number of bytes of
third data being sent

A3 - A0: Address of sender

P2 - PO: Priority of data being sent

Table 6-2

Header Format for Data Requester

Byte 87 © B5 B4 B3 B2 Bl 8O
First 0 A3 A2 Al AG- B2 Pl PO
second Indicates specific kind

third of data requested

A3 - AD: Address of requester

2 - PO: Priority of request

6.7 Port Convention
It should be noted that the input/output port convention used

in the interface design was dictated by the Southwest Technical

Products Corporation's (SWTPC) MP-L parallel interface board. As
mentioned earlier, the A port is wired as an output port while the
B port is wired as an input port. This particular choice of con-

vention by SWTPC is contrary to that recommended in the Motorola
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Applications Handbook (17). Why this convention was selected in the
SWTPC MP-L design is unknown to the author. He can only speculate
that the choice was an arbitrary one on the part of the SWTPC de-
signers.

Although this convention will work quite well as long as loading
specifications are followed as indicated in the Motorola Handbook, it
is uniortunate that this convention was selected as it unnecessarily
complicates the handshaking operation by requiring dummy instructions
and fails to take full advantage of the inherent capabilities of the
peripheral interface adapter.

Consideration was given to changing the MP-L board and adopting
the Motorola convention. However, in order to use any future soft-
ware packages (resident editor/assembler, etc.) available from
SWTPC it was decided to stick with the SWTPC convention.

6.8 Chapter Sunmary

This chapter has described the interface between the M6800 micro-
computer system and the laboratory bus using the inherent handshaking
capabilities provided by the peripheral interface adapter. The pro-
cedures necessary for gaining control of the bus were described

as well as a detailed account of the bus data transfer operations.

T ——————




Chapter VII

Conclusions And Recommendations

7.0 Conclusions

1) Microprocessors are presenting a new dimension in digital
design, providing a literal explosion in new applications.

2) It is essential that an adequate microprocessor training
facility be provided at tne University of Florida to permit mean-
ingful microprocessor hardware and software experience for com-
puter engineering students

3) The microprocessor laboratory described in this paper is

a first step in providing a capability for extended research into

important areas of multiprocessor and parallel processor systems,
distributed networks, fault tolerant processing, load leveling,
array or vector processing, etc.

7.1 Recommendations

1) The microprocessor laboratory at the University of Florida
should be expanded to 1nclude microprocessor types other than the
Motorola M6800 systen. fhis would provide a real basis of com-
parison, especially in such areas as architecture and benchmark
performance.

2) System software needs to be written providing the control
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and support programs required for maximum utilization of the
hardware capabilities.
3) Research should be initiated into the integration of

multiple functional units into a multiprocessing or parallel pro-

cessing system to examine various hierarchical and distributed
networks.
4) During formal course work, increased emphasis needs to be

placed on the specification of the rules governing the flow of data
between functional units and the possibility of allowing multiple
simultaneous paths. One suggestion is to require the class (or each H
student) to design a bus protocol ideally suited to such organiza-
tions and structures.

5) Directly related to recommendation 4 is the need for a

better understanding of the input/outout problem with its concom-

itant interface problem. This is an area requiring additional
research.
6) Suggest that students be provided maximum access to the

microprocessor laboratory and encouraged to develop software that
supports microprocessor applications.

7) Suggest students, faculty, and hobby groups provide sug-
gestions as to how the microprocessor laboratory could be utilized
to its fullest capability to provide useful services to the campus

community while not actively serving as a laboratory facility.
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