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Abstrac of Thesis Presented to the Graduate Council
of the Jniv ~ tSity of FlorIda in Partial Ful filleent

of the Req %re ~~nts for the je~ ree of“,ter of Engineering

HARDII&ARI DESI~\ MW CONSTBU CTION
OF A H (.ROPROCESSOR LABORATORY

J~~ 5 H. Hi l l , Jr.

~~~~~~~~~~ ~~~~

..h4irman: cti th .

Major Department; E lectr ical En gineeri ng
‘This thes~ describes the design and real i zat ion of a micro-

processor laboratory tha t provides a cap ability to train students

In computer interfacing , ~i’i’ta l design using microprocessors, and

software 1ev~~1~~pr~~nt. Four data transmission Interface .Undards

(SDLC, HDLC . ~~~~~~ ;rIB) are discussed followed by a description

of the uni fied bus Structure chosen for the Univers i ty 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.
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Chapter 1

Int vo . iu ~ ! % O n

1.0 General

Inc luded In th i s  chapter is s~~ background information on

microprocessors to illustrate the importance of this relati vel y new
device and its vi ny possible appl i .~~Ions. Also Includ ed is the

rationale behInd the need for adequate t r u ing ~~ ili ties to enable

the computer eng i neering student to obta in -eaningful ezperience

using microprocessors . Finally , the concejat of ~he ~ri versI’ of

F lor ida ’s microprocessor laboratory Is pre ented .

1 .1 MIcroprocessor Backir ound

Not since the advent of the tran sistor and ~‘i’ integrated cir-

cult has there been a development that ~s created as “~ch e*ci te-

ment in di g i ta l design as the n c r  ro eccnr . First available

co~mnercially about five years ~~~~~~~~ the microprocessor now finds

I tself In the enviable position of being the logica l choice for

many digital systems applications , replacing hard-wired logic.

The microprocessor is an outgrowth of large-scale-Integratlon

(LSI ) technology which has revolutionized the electronics i ndustry .

As this technology gradual l y 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.

1
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Applications of the microprocessor are ic ., indeed. In i ti a l l y

it was devoted primarily to s~~ rt tasks as instr*~ ent4tio1u. data

acquisition , ccmvmunicatlons, process control, etc. how their a~pl1-

cations range at ) the way from chflJr~~’s toys and g s  to ~~~~~~

and scientific data processing. About tne only thing that rivals

their broad range of usefu lness is ‘~~ proliferation of

that manufacture them and the intensive c~~ eti~ion In

strategies .

Electronic Design News, in its ~~~~~~~~ ~ ~~ alcroprocessor

market revealed a total of 29 ~l~~’ • f e  microprocessors on the ~~~~

in November 1975 with rw~Ierous others ~n the offl ni (2 ) .  IBM’s

microprocessors did not appear in this list Since tvw ir prOductiOn

of these devices is used In-house It sPio~1J be noted, however,

that IBM is perhaps the l argest U. S. t v ~~ f i~ 
- 

~.
‘- ‘ ‘  of ricroprocessors.

As the advantages of the microprocessor become ~ore apparen~ to

digital designers , these devices w i ll find increasing use ~ r digita l

applications . It has been estimated that the microprocessor market

will grow from 73 thousani units made in the U. S. for world con-

sumption in  1974 to three r~i l)ion units In 1978 (5).

.2 Microprocessor Character ls t ic S

The microprocessor is ~c~ieral1~ characterized by the use of LSI

circuitry for the centra l processing unit (CPU) and the ability to

process both arithmetica l and logical data in a bi paralle l fashion

under program control. To some the word microprocessor has another

covmiion meaning - that of a microprogramable processor. Those readers

interest c~i in an excellent tutorial paper on ~‘icro processors should

1

- - -- - _ _ _ _ _ _
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consult Reyling ’~ ~~~~ (21). Madnic. (16) provides s~~ int resting

observations on microprocessors and “~ i~ ro le in f ’ .~~ comput~r

~.y~ temS.

The advantaqe~ of the microprocessor ~~~~~~~~ from true following

attr ibutes which determine microprocessor usefulness:

1) ~eI9ht - Ranging upward Iron a few pounds. nost micro-

processor based systens are ~~~ 1i ~ tt , 1 j~ n with pp~r f l *~ cti I~~

~nd power ~~~~~~~

2) Space - Present space requIre~~n~ . ar~ l~~’~ than one half ~~

corresponding mini compu ters. ~Pie space a :trit4:~ alone opens ~~~

applications areas where space tj  ~ major cOn strai ’ ’ ‘r .~~y pQrtabl~

systems have become pr act i cal.

3) Cost - Cos t of icroprocessor based systems is ~enerall y

l ower than conventiona l d I i i t ~ l Jes I~~vvc. 
Ø .

~ reasonç . First , the

cost of the ‘~icroprocessor itsel f is qu I te low due to substantial

savings in volume production. The other r e a r r ,  i~ due to sinpli~-

ca ion of the product cycle (design, production , and maintenance)

and the shortening of the product develo~riue- ’ ~~~~~~ This is ar et-

tremely Important point in a dyri~~IC -ar...: area such as computers,

peri’’wrils , etc. (5) .

4) Relia bility - Mi~ro~rocessor faults are ore di~~~~r~~1~ to

test and isolate than standard ISI chips . :-
~~~~
‘ ‘e basic reliability

is much better than hard-wired logic 1~~ to far ‘c.wor connect~~r~

outside the ch ip.

5) Power C~ ns~~ p ’ ion and Dissf .ation - Power consum~t1on iç

lower in  most microprocessor based systems. ~r r exan~1e , a tra ffic

- - -~~~~~~~~~~~~~ --
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controller u s U j  the INTEL 8O~~ mic ’~i~’~~~~~. ~~a ~.O w4tts ~~~~~~

to ~OO wat ts for ~ previous system ~~ i~~q Pt~~f ’,.J .. i re.~,r 1( t*clw*oloqj
(8) .

6) ~t - U ’IliZa lLJ ’ áhen ~~~~~~ ~~~~~~~ ~~~ 
•- . ‘-Iem becon*~

obsolete, i t  Is not necessary :~ scra& ‘e emti’~ . ton . K~ t~ rr ,

the microprocessor can be used in a ~~f ‘~~~~~~~ ~ II~.aI IOn e •, ,. i t i t ~,

a new sof tware package for i t.

Microprocessors •re not withOu ’ ~~~~ fl~~~~~~. i  ;~~~~~~
, IJe9(’fiflnj

on the !- ‘ H  ; Irivol.r4 . ~~~~ ~~~~~~~ .j ~i’ I.~t. of ~~~~~ ~~~~~~~~

while others requ i re single .5 vol ~ p ,’. iOl . •r~~~’re a~ assort-

ment ~ support chips (clock genera’~’ • ~ •~~. aJapt rs. bu~ ~~~~~‘ -

troflers . etc.). A l l require s~~ -~ v~.i: 
- .  pi-~ ..j’iing ~ ~~

be considered a disadvantag e becauSe 0f ~~n’ ~re’*ralt y h i cib COSt’

~i oc1itc ~ with customized applicatio ns ~~~~~~~~~~~~ ~1ne -rthod ~
attac kir ; this tatter pro 1.’-- is :~ —

~~~
. 

~se ‘ ~,,e~eral1zed ~~~ ica-

t ions package s wherever possible. A c ~~~ Si :i’ ~ Ni roprOceSSOr

system s v w  iri additiona l m~~ ry capac ’~y is a i i ~ ~ .‘. ‘ lower

cost through technologi il breaktPro . ~ . 
- icroproceSSor j’,pr5 w i ll

be able to take advantage ~ ‘~igh level Ir- ;~ i ;.”. arl problem orier ’r~

languages whi ch should ‘ic~lp n reduce ~~ • •  ~r4 ~~~~~ re-

quired for generating appllca iir~ pr c. :ra— ~ (~~ l.

Despite its few disadvantages , the ~‘c’ .r cessor remal ’s ~n

interesting , viab le alternat ive in ~1~ 1t.d ~~.;
‘.. ~~~~~~~~~~

1.3 Mi cr!processor ucat ion

Before the microprocessor can be : e’’’ ~vel~ as a design

tool , the desi gn engineer mus : thorouihi
~ ‘ — ‘‘c capab ilities .

1
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limitations . ~~~~ requirements ~t u~ n har~~are and ~L~~:a,,r t- ~nd

interface requi rements . It is precisel this knowlt~i~e that ~
sorely needed in Ir ~1u’try today.

A recognized deficiency in ~~ educa! t onal ~~~~~~ ~ nost

digita l desi~r’ .~~;ineers ii. a lack ‘ uo$erstlndirn the

problem. ~t nce an interface ~~~~~~ to true ~lp&:ri jl and logical

coimiunicatlon facility between ~ .. ‘.‘. is. Inter’ e des ign is a

problem routinely encountered In ~~te co’ ec:ion o~ periphera l ~~~
.

~~ to any irp ‘:.~ Sys!. m.

Despite ~~~ ‘ advances made i LG~~~!~ r ?rc~iolo,y Ovrf the

past 25 years . the Input/ou tput (I/O) problem ~ai ns a major stp .

bling block to j ,rer and cheaper systems. This t ’~ isrt icutarl y ~~~~~

for microprocessor systems wt~i.n are re%3 ’~%ve ly Cheap

compared to e*penslve and slow peripheral devices .

L çtjnitiathn

In recognition of the -1cropr~~.’~s r s  impac t on d 1; i~~i~ des’~n .

a proposal was originated in Dece~ er 1974 by ~rs. P~. 1. Doty and

J. K . Watson to create a d Igi ta l syste-~ and i-l ro~’rrcessor labora-

tory at the niv. ’rslty f Florida . Approved and funded by the ~a-

tiona l Science ~~jndation . t h c  ;~r : o !  illowed •P ~~ ~)epa’ -scr of

Electrica l Engineering to eStaV ISPI a ~ ility to train ~jture

engi neers on the latest devc1o c~r-~ ’ts in ~1~~iital syste—; design arl

microprocessor technology .

SpecIfical l y, the microprocessor laboratory has ‘ lowing

major objectives:

-—
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1) Provide students with meaningfu l desi gn experience using

rnicropro e’~ ’)rs.

2) ~ .de a means of gaining practica l experience in com-

puter-peripheral interfacing .

3) Provide a means to 1~.~ 1op ~o t t wi r~ supporting micr o rn-

cessor applications.

.5 MIcroproces sor Labora tori

Figure 1-1 depicts the concept of the n i .~ i~~ of Florida ’s

‘ticroprocessor laboratory in block J~ a;r ar for

Each ‘icroprocessor station , of w ’ic h there could be as any

as 15 , wi ll have th’ capab ili~~ of p.r~ ’ing in a stand alone mode

or a bus transfer mode. In ~~ Yi n j alone mode. each s’~~ ion is

totally i ndependent and self-sufficient prov ldi ’i ; a Sti ~1~~ t w i t h  the

capabi li ty of . ‘ i t l f l g . editing . and debugging his programs c r  exer-

c i sIng •~~r peripheral devices under pro ;ram control . In the bus

transfer mode , any station interfaced to the laboratory bus may re-

quest and gain control of the bus to in it ia~. a data rinsfer opera-

tion to ~iny other sta on on the bus . irc ludin 4 the Data ,nn eral

NOVA 800 m inIcomp u ter . The NOVA , with its by ’. of ‘am storage

and eight megabytes of disk Store, wi ll be used ‘o cross-assemble

microprocessor code and provide debuqg in: /did 4nostIC aids for the

microprocessor stations. In addition , the ‘~~.A computer ~.11 1 be

used to satisfy any mass storage and file require-ents peculiar to

the microprocessor laboratory . Finally, any requirement for hard

copy printout of work done in the microprocessor laboratory wi ll be

routed through the N~VA to the Northeast Regional Data Center (NERDC)

I
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NOVA 800
MINICOUPUT(R

BUS 1
INTERFACE I ciRcui r

(~~~~~~~~~~~~~~~~~~~~~~ ATORY_ B US

BUS
INTERFACE INTERFACE

MCROPROCESSOR IMICROPROCESS0R
STATION No. 1 — — — — 1 STATION Na (5

CONTROL 1PERIPHERAL1 CONTROL 1 PERIPHERAL
INTERFACE — INTERFACE INTERFACE f INTERFACE

TYPEWRITER ~~~~~~~~~~ 

L

ITER 

_ _ _ _ _ _ _ _

FIGURE I-I
MICROPROCESSQR LABORATORY BLOCK DIAGRAM

_ _ _ _ _ _ _  
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IBM 370 computer ~~~~~ 
r ~~ll then route the job to a r~~~te prin’~

It should be noted that a resI~1~, t edi tor/asseI t~er package cat

be added (v ia  tape cassette) at a la’~ r ii ’r 
~~~~ el iminate .~~~~~

‘

use the NOVA for cross-asse~~ly fun ’Ions, ~~~~~ i t for ~~re pro-

duc t ive work.

1.6 Chapter Su i j ,j

This chapter has introduced the -icropro t-Yur and the need to

develop adequate training facilities to p e r—i t meaning ful micropro-

cessor hardware and software des i ,n eiperience. The reader w~1l now

be provided with Information on digital data c~~roni 4tluns clr 41 ts

pertinent to the - :1’ropro e’~cor laboratory des’ ;t •

I



_ -~~~~~~~~~~

Chap ter II

Digita l Coemunications Circuits

2.0 General

This chapter , intended pri”’ar~ly as a tutorial paper, ~r .  ides

sufficient background infonnatlon on ilgital data con,nunicatlons

Circuits to permit the reader to understand the rationale behind

various design decisions that are discussed in subsequent chapters.

Readers who ‘~iv~ an understanding of digi’ al ccx uiunic~tion ,

circuits ~, wish to skip this chapter.

2.1 Conc pt of the L.ink

The concept of the link provides a convenl ’ t 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 jr time (dis-

regarding the propagation time). There is no memory capabi lity pro-

vided thus any i nformation present on the l i n~ must be captured and

used immediate ly 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 des i gn 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 link is made up of several links , but such that no

switching occurs . A half-duplex link permi ts information to flow9
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from either end to the other, but tra ’s’l SsiO n Is possible in only

one direction at a t i ~~~~ . A full-duplex link permits sl’ ultaneous

transmission in  bo th directions . ~rojJ j’.t links permit trans-

mission to i~~~ receiv r~ . Although links i, be configured in mans

different ways . n~ basic idea of the link is si~p l y a wire that

presents at the outpu t end what is present at !he~ i nput end .

If a single link is thought of as a scalir quantity , then a

col lection of links : i ; h t  be considered a vector quantity . This set

of links, referred to as a bus, then ;r ov ile s a path for data trans-

fer, control and coninunication between nodules 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 IlL signals into si gnals adapted for trans-

mission lines (line drivers), and devices to convert transmission

line si gnals 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 .

IlL 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

vol tage on the line , an d generally ca use the transmission l ine  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 wi l l restrict • . r j l  III tu a ,~~ i u .

interconnect distance of approximately two feet, ~~~ is adequate

for device -to-device connections on a printed circuit card or nl re-

wrap board. Interconnections “uc r~ 1o’i~:tr than this ~ i l l  v e ’ u l t  in

more pronounced trd ’i’~r lSs ion li ne effects , and ‘enerally wil l  de-

grade system noise i ’ ~i ’  t i  and per or” t’ •
~~ .

I f long lines, ldr~e amounts ex t ’ ii ~ i l noise , and a bus or-

ganized circuit are al l r, , !red or ;r . .~~’.f l ’ simu l~~~ ’uu’~ly, then the

lack of drive and re la tiv t’l y small noise dr ;in s of regular TTL is

severely felt. Interconnect ions longer tri~~n two feet , therefore .

should be treated as a transm~ssiori line and line ~n 1~~~~r~~; ~ine re-

ceivers should be used .

2.3 Line Driv~~/~ecei ver Considera tiu~i

There are a number of line drivers ;receivers available which

vary considerably in configuration , func’ion , complexity and cost.

Selecting the proper interface device for the app li~~~ion re-

quires three basic decisions - standardized or special inter face ,

sing le ended or balance d d ifferen ti al form , simp lr . or ul’i p l ex

mode.

2.4 Stan dar di zed Interf aces

A standardized interface includes the following:

a) EIA RS 232—C

b ) M I L STO l88C

c) IBM 360 I/O

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

this paper . Readers interested in info rmation on the Electronic
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Industries Association (EIA) R5232C i ’te rt ~ce ~tandard should con-

sult reference 4. Information on M IL i~~- ’ ~‘A ~,0ARD M L  Sb ) 188C

is contained in reference 23. ~3”s 3n~) interface standard is con-

tained in reference 11 .

2.5 Special Interfaces

The first decision necessary for a ‘ -~~andard i zes 1’ t t ’ r Ct ’

involves form of operation. there are ‘~~~ bas ic forms of data com-

munications circuits , single-ended and balanc ”~ differential.

The advantage of the single-ended sys~er is simp licit ~ with

only one signa l wire required per circul ’ as represented in Figure

2-1. The disadvantage is suscept ibility ‘o indu ced noise Vn a l l

ground shift noise Vgs. Induced noise is ~~~~ ~v magnetic and

capacitive coupling from adjacent signa l 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 i nput. Vn and Vgs are added to any

signal produced by the driver , and a receiver cannot discriminate

between a legitimate si gnal and a signal which is the sum of the

noise in the circuit and the actual signa l 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 consumpti on .
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DRIVER RECEIVER

DATA IN 

~f> r ~i io
II~~~~~~

COMMON GROUND RETURN

FIGURE 2-I

SINGLE-ENDED CIRCUIT

DIFFERENTIAL DIFFERENTIAL
DRIVER RECEIVER

DATA IN 0 fi ~~~~~~~~ ~~ DATAOUT
V DIFF 

~
II QE~ 

-

II ~~~~
—
— a

FIGURE 2-2
BALANCED DIFFERENTIAL CIRCUIT
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3) Add hysteresis in the r’e~eiver which increases the d .c .

noise margin but may introduce time distorti on.

2.6 Balanced Differential Circuit

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

uses a twisted pair of wires as a tran5’ ission line , a differential

driver , and a differential receiver.

The twisted pair trarsmissi on line Ld’I~ (’IS magnetica ll y 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 si gnal at the re-

cei ver. The ground shift noise also appears to the receiver as a

common mode voltage . Because the si gna l voltage Vdiff and the noise

voltage Vn + Vgs appear to the receiver as differential and comon

mode vol tages , respectively, they can be separated by a receiver

with high common mode rejection. In this manner , information can be

trans ferre d throu gh env i ronmen ts whi ch woul d otherw i se cause er rors

in a single-ended system ( 6).

2.7 Modes of Operation

There are two basic modes of operation for data communications

circuits - simplex and mu l tiplex . A simplex circuit allows one way ,

nonreversible data flow . A multiplex circuit allows bidirectional

(half-duplex) or multidirectional (data bus or party line), non-

simu l taneous data flow. A general multiplex circuit has two or

more pa i rs of dri vers and receivers on the same li ne, but only one

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

-~~~~~~~~~~~~~~~~~~~~~~
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mode is a distr ibution system that has one driver and two or more

receivers placed at various locations U’: th~ line .

Some basic mult iplex modes of opera’ion for data communication

circuits are illustrated in Figures 2-3. , -4 , and 2—5.

Operating mode selection depend s mainl y on the ‘y’~ten requ i re-

ments. As a general rule, simplex systems are easier to Implement

because timing problems are mini m al . Multiplex systems conserve

overall system wire costs but are more di ff i cul ’ to dt’~ i :n .

2.8 Multiplex Considerations

Some of the multiplex mode (data bus) operational etiiu dS and

problems that mus t be considered are as follows:

1) The pro tocol 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 signa l a desire to use the bus (inter-

rupt).

b) Bus controller must acknowledge interrupt and send

‘go ahea d” 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 overal l bus operation is either polled or asynchronous.

In polled opera tion , 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 tht~ con-

troller gives t~e “go ahead” to the port; data is sent, and the

contro ller then inquires at the next port.

In dsynchronoJs operation , any port ~.I ri~ data essent ially

‘holds up its hand” and wa i ts for a ~go ahead~ signa l to ripp le down

the series enabling logic. T’it~ priorit. ~ur a parti~~ lar port is

determined by the port ’s proximi ty ~~ th~ master control port whl h

sends a “go ahead” down the enable logic chain at regular tile in-

tervals. rh~s Sc~lc~ Is ~~l l suited to bus-organized minicomputers.

The Digital Equipment Corporation ’s ~:BUS and OMNIBUS archi tectures

are excellen t examples ( 3 ) .

2) The effect of powered-down ~r’vers and receivers to normal

bus operation must also be considered . Integrated circuit drivers

and receivers contain parasitic d i o ~ .’s th a t are nor ~l1 , reverse-

biased when the power supply is on. inless special design techni~ues

are used , these diodes can become forward-biased when the un it is

powered-down , thus causing the bus to ma lfunction.

3 ) The protocol timing ~u s  include sufficient time de li.’~ to

allow for the different port-to -pore signal propagation delays.

4) Both physical ends of the transmission line mu st be ter-

minated to prevent spurious signa l levels due to reflections . More

will be said abou t this in section 2.9 on line ma tching .

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 ~i. h that t h~~ propagation delay of the Stub t ’~ less than

1 4  of the signal rise or f .~ l time at t Ple s tub to line connec’ion

point ( 6).

6) It a 3-state driver system is used (logic zero, logic one

and “off ’ or high impedance state ) , swe means ~-~st t~t~ provided to

detect the difference between a jri~~~r send i ng data and all drivers

off condition . In the 2-state bus system , this problem does not

occur O. ’ dLJ ’~~ a logic zero (usually a nigh) indicates either a logic

zero or that no port is currentl y send i ng. A logic one (4~~a ll y

a low) on a 2-state system then indicates a port is tr4nw~~tting a

logic one and the receiver should interpret i t  as Suc h .

7) The data forma t (parallel serial) ~u~ t also be con-

sidered . Para llel operati on i~ ? •r. bu expensi , since i t

quireS one transmiss ion li nc ~ and the associated interface for ~~~~~~

bit of the word that is trans itted in ~iarall el . Serial operation

is slower . ~u requires onl y one ri ” , 
~;sion line and interface

per port. Thi s r i v i n i , may however , be offset by the need for a

parallel -to-serial converter at the transmitting end . and a r al-

to-parallel converter at h~ receiving end .

The parallel structure Is c~ivnonly used for rapid e~ cha n;r’ of

data over short distances ; e.g., wi th in a computer or be ’we .r com-

puter and periphera ls. The serial yr’~cture is used for corruni-

cations over long distances , as between a termina l and its controller.

8) A final consideration concerns polled operation of a -ul ti-

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

acknowledgement from a port must be weighed against the volume of
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data the ports normally send, and the total nunter o’ po ts on the

bus. If there is a large niinber of ports on the bus, most of the

time might be used by the pol ling operation with ~~~~~ li ttle time

devoted to actual exchange of infor j’~un . A large nunter uf ports

combined wi th a hi gh relati.r VO1J~ of traffic expected per port

can lead to data backing up at each port ..~~ting to be Sent , and

an o.t~r ill reduction in data throughput. In a ‘real t~ r syste

where fast response is essential , serious consideration must be

given to splittIng up a ~,i n ;le large bus into ‘,~~ r r a l  ~satell ite ’

busses , eac h j n t ’i its own polling controlle r and protocol re th

respect to the central bus. Queing theory can be used to est~ ’ ~te

the throughput on a bus ~,‘rj ct~ re 
~~~~~~~~ 

‘a t y  .,r~~,oles inc ludi n ;

the number of ports, the “ean transaL ’’~’ lengtr , and the ‘j b ~ r

of transactions per port per u n i t  time an known.

2.9 Line Ma tch in~

The purpose of line ma~ c hl n; is to reduce or eliminate er r rc

caused by transmission line reflections in ‘la ’ coiun ir atio n s cir-

cuits . 4hen system operation is n~~ affected , h c ~ ref l cc t io ’

can be ignored , similar to i ~‘oring contact bounc i’ a ‘ hanical

swi tch. 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 mi n im ize reflection

effects so as to reduce or eliminate errnr~ in data transmission.

There are three basic methods of achieving this oh in t ive (6 ).
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2.9.1 Controllin y_Rise Time/Line Delay

Controlling the r i t i O  of signal rise time to line delay is

one method of mi ni izing line reflection eft Lts . Since most in-

tegrated circuit logic has very l .  Ou~~i,~t Impedance and ‘i i i input

impedance relative to the characteristic lmredance of normal lines

used (50-200 ohms), this corTti natior will li ke li produce large

signal overshoot and undershoo t at the recei. r end u~ ~~~~ * line

assuming that the si gnal rise time s produced by the dr ivr . are

short relative to toe time delay of the line ( ~
). If , now~ ~~ - ‘  ,

the rise time of the signal is greater than twice the one ~~av time

delay of the line , a different result is obtained with the ring i ng

amplitude at the receiver less than that predicted by classical

transmission line theory. When the dri. ’ outpu t si j al rise time is

four times as great as the time delay of the line , the ri ng i ng Is

considerably reduced and the lTne i npu t and Output waveforms are

almost identical , wi th only a few small ;crturbation s .

To make an unterminated line driven by a vol tao’ source type

driver behave properly, one of two th i ngs can be done:

1) Reduce the maximum allowable length of the line so its

time delay is less than one quarter the rise or fall time of the

driver.

2) Con trol the slew rate of the driver so the rise time at

the li ne i nput i s grea ter than four ‘ imes 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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Mu STD 188C or EIA RS 232-C.

Control lIng the ratio of signal rise time to line propagation

delay has a serious drawback in that inla y times through a circuit

are always greater than those obtained using a terminated line with

a fast rise and fall time signa l . Th is 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 line reflection effects . .~ith the parallel termination

method , ‘m ulti p le receivers can be used on the line forming a dis-

tribution bus (one driver , many receivers). After a delay time for

the si gnal to propagate from the driver end to the receiver end ,

the si gnal 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 tot all~ 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 (vol tage or current source) and

whether the system is simplex or mu ltiplex. For simplex mode

wi th voltage source drivers , a s i ng le resis tor i s p laced 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 c~ tuon

signal return , or ground , so that a spli~ termi nation is used . If

simplex mode differential forni is used , the parallel termination

network must be two resistors , each equal to half the characteris-

tic impedance of the line connected frcxn each side of the line to

the signal common return. For multiplex operation , both ends of

the line must have parallel termination networks . This prevents

false signals caused by reflections from an untermi nated end

from occurriisy when a driver along the line is enabled. Again ,

voltage source drivers use a single termination resistor; current

source drivers require split terminatior s for balanced differen-

tial operation.

2.9.3 Back Matching

A final method of minimizing reflection effects is the series

termi nation 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 wi th the voltage

source driver output of a value such that the sum of the driver

output resis tance 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 charac ter i s ti c 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 si gnal

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

limi ta ti on resul ts from the fac t tha t any addit ional rece i vers

placed along the line do not receive a full signal swing unti l the

voltage wave from the load end returns to their bridging points .

As a resul t, these addi t ional rece i ve rs have sev erel y reduce d

noise immunity and may falsely indicate received data.

2.10 Lon g Transm i ss i on L i ne Ef fec ts

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 limi t the data rate that can be carried by a given type and

length of line . Of these two effects , the cha nge in s ig nal 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 i ts res ponse to the prev i ous data bit , then the si gnal  re-

presenting the new data bit can cross the receiver ’s th reshol d
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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 shor ter and shorter pulse is sent ,

the signal at the line end may not even have time to cross the

receiver ’s threshol d , 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). Intersymbo l 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. Fi gure 2—7 shows

this effect.

2.11 Selectin g Line Drivers and Receivers

The tradeoffs between external noise and noise immunity ,

signal quality and line length , ser ial or para l lel s truc ture , and

cos t versus performance a l l  affec t the selec tion of wh i ch par ti cu-

lar l ine drivers and receivers to use. A few additional factors

fo 11 ow .

1) The most limiting factor to data rate wi th long lines

(>50 feet) is usually the rise and fall time of the cable.

2) Balanced differential forms are preferable to single ended

forms w here h ig h no i se env i ronmen ts are presen t.

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) Groun d returns are necessary for proper opera tion of i n-

tegrated circuit line drivers and receivers . This may be accom-

plished by connecting the shield of the line to the ground pins of

integra ted circuits connected to the line .

5) Data rates above 10 Megabits will usual ly require emitter

coupled logic (ECL) to be used instead of TTL types for the drivers

an d rece i vers because of the 20 to 50 nanosecon d propaga ti on delays

in the IlL devices.

2.12 Chapter Summary

This chapter has presente d suff i cien t i nforma ti on on digit al

data comunications circuits to enable the reader to understand

the rationale behind major desi gn dec i sions d iscusse d in subsequent

chapters.

The rea der i s now prepared to exam i ne several i nterfac i ng

standards which are included in the next chapter.



Chapter I I I

Data Transmission Protocols

3.0 General

This chapter provides information on four data transmission

protocols which are either approved standards or proposals. This

i nformation 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 Da ta Lin k Con trol (SDLC) i s an IB M pro tocol for

bi t  serial synchronous transm i ssion betwee n buffere d sta ti ons on a

data transmission link using centralized contro l (10). Some major

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

i s b i t orien ted an d does no t use con trol charac ters (whic h sometimes

have mult iple meanings). It is unambiguous as to data link control

functions to be performed and to the direction of transmission . It

uses one s tandard f rame format for inf orma t ion trans fer as well as

for l ink supervision and control. This standard is designed to achieve

greater utilization of resources - termi nals , commun i ca ti ons pro-

cessors , transmission links - than has been possible wi th previous

da ta l i nk controls .

SDLC employs centralized control where one station is desi g-

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.

All other stations on the link connected to the primary station

are desi gnated as secondary stations. They receive the commands and

information sent by the primary station and then react with suitable

responses and their own i nformation (if any) to be sent to the pri-

mary station.

All SDLC transmi tted frames conform to a standard format. Fur-

thermore , mul tiple functi ons are handled within a single frame. For

exam ple , 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 acknowle dge to the secon dary sta ti on , using

a receive count , tha t one or more frame s prev iousl y sen t 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 , ready i ng the buffers for new i nputs .

Meanwh i le , the same i nforma ti on frame f rom the pr imary s ta ti on 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 numberin g compensates for a variety of information

f low conditions that can occur during data link operation. For ex-

amp le , SDLC can accommodate unbalanced information flow , unequal

i nforma ti on frame length , and variability i n the amount of i nforma-

tion to be transmitted (13).
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Unbalanced information flow means that more information (volume )

flows in one direction than in the other , e .g.,  remote job entry

(RJE) applications . Unequal i nformation frame length means there

wil l  be short frames in one direc ti on a nd long frames in the other

direction , e.g., i nquiry/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 add ress f i el d , a contro l field , an infor-

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

Fla g Address Control Information Check Flà~~~
8 bits 8 bits 8 bits Variable Field 8 bits

Length 16 bits

Figure 3- I

SDLC Frame Forma t

The purpose of the flag field is to denote the start and end

of a frame . The flag acts as a delimi ter between frames . A frame

starts and ends wi th an 8-bit flag sequence 01111110.

The address field desi gnates which secondary station is to

receive the balance of the transmitted frame . When a secondary sta-

tion transmits , the address te l ls  the pr i mary sta ti on wh i ch secon d-

ary station originated the frame . Also , the primary station will

accept a frame only when i t 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 follow i ng a brief discussion of the informa-

tion and frame check fields .

The information field may vary in l ength. This field may or

may not be present depending on whether data or control information

is bei ng transmitted in a given frame. If data is bei no transmitted .

it may be configured in any code structure , e.g., straight binary ,

BCD , packed decima l, EBCDIC , ASC I I , or Baudot. It should be noted

tha t  per iphera l device control characters , suc h as CARRIA GE RET PN ,

will actually be part of the information field, while the code being

used (ASCII , EBCD I C , 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 . Th is

field is 16 bits long and i mmediately 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 deta ils on this check can be

found i n reference 10.

The purpose of the contro l field is to tell (command) the ad-

dressed secondary station what operati on it is to perform . The

secon dary sta ti on uses the con trol fi eld to reac t (res pon d ) to the

primary station.

The control field takes on any one of three formats depending

on whether the field is to indicate :

1) i nformation transfer (see Figure 3-2)

‘I

--~~~~~~~~~~~~ - ‘



33

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

3) nonsequenced commands/responses (see Fi~ u ’ t - ~-4)

The control field in its information forma t is used by primary

and seco ndary sta tion s to t r a r ~~~f ,~ r an information field. A 0 in the

9th bit after the end of the start flag ident iti es the control field

as being in the information transfer format. A transmitting stat ion ,

whether primary or secondary , uses the Ns subfield to indicate the

coun t sequence, or number , of the frame bei ’: sent. Thus ‘
~ s “Cans

“I am now send ing you frame number N ,” wher .~ 
‘
~ can go ¶ro~ 0 to 7.

Similarl y, Mr means “I am acknow l edg ing error-free ~~ t~ip t of

sequences up to Mr-i tha ’ you previously sent and I am now looki’~
for frame number N. ” The use of independent fra n- ~~~~~~~ n counts

provides for the detection of missed , erroneous , or d u p l i :rni frames

in either direction. At the completion of a frame, the transmitting

station updates its send-sequence count. The station re c e iv in r i the

frame compares the contents of its receive -sequence -count field

(Nr)  an d , i f they are equal , accepts the frame provided no error is

detected by the frame check sequence. The receiving station ’s re-

ceive coun t (Nr) is then updated . Thus the contents of th~ Mr field

in the received frame acknowledges to the receiving station that

frames through sequence number Nr- l 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 i nserts a I in

this position to respond to the prima ry station to indicate when a

frame is the FINAL one in a transmission. Otherwise, the 13th bit

stays 0.

I
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The contro l field in its supervisory format, Fi gure 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-

ma t regulates the flow of information frames by i nvok i ng suc h 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.

Exam ples of nonsequenced control func tions are the po l l i n g of

secondary stations wi thout affecting sequence numbers , broadcasting ,

exchanging termina l 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 inva lid 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 SDLC and

is an interface standard being proposed by the American National

Standards Insti tute (ANSI) to the International Organizatio n for

Standards. This protocol defines in detail the structure for com-

munication systems using bi t-oriented high-level data link pro-

cedures (12).
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In HDLC procedures , data conii~unicati on between two data stations

consists of the transfer of frames containing i nformation from the

data source to the data sink , and acknowledged by a frame in the

opposite direction. Until the Data Terminal Equ i pment (DTE) com-

pr ising the data source receives the reply . it must hold the origina l

information in memory in case the need should arise for retransmission.

A data link i nvolves two or more participating stations. For

con trol 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 pr imar y an d the frames it transm it s are referre d 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 fo ll ow i ng two cases of data l i nk

con trol are i llus tra ted i n F i gure 3-6 and discussed below .
/

In the f i rs t 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 secon d case , the DIE com pr i s i n g the da ta s i nk performs

a primary data link control function and controls the DIE corn-

prising the data source that is associated wi th 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

L ~~~~~~~~~ ___ _
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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 accompl ished by the data sink

i nforming the data source of the next expected sequence number.

This can be done in a separate frame not containing information

or wi thin the control field of a frame containing information (12).

Only the fun dame ntals  of the HDLC p ro tocol have been covere d

hero . Included in the standard is information regarding operational

modes , control field formats and parameters , commands and responses ,

and functions of the poll/fina l bit. For details on this proposed

standard the interested reader should consult reference -

3.3 CAMA C

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 majo ’ity of the present

CAMAC systems are used almost exclusively for data gathering , there

is now wide-spread interest in employ i ng CAMAC for process control

as well as computer interfacing .

Fi gure 3-7 reflects the standardized CAMAC bus structure

allow ing the use of computer-independent modules to interface to

the rea l world.

The basis of the CAMAC system is the “cra te” that houses the

interfacing modules . At the rear of the crate is a dataway that

I

- ~=~~- - - .- -~~~—-~~~ 
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provi des 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 v i a a module  inser ted at the rig h t sid e of the crate . Th i s

module  i s ca l le d the cra te con tro l le r . If a m i cro processor i s

p laced in the cra te controller posi ti on , then there i s no need for

an interface through the controller sin ce the microprocessor pro-

v ides 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 appl ication

(a parallel “highway ”) and IEEE Standard 595 (serial highway ) pro-

vi des the standards for slower—rate appl ications 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 comman d l i nes i nclude f i ve func ti on code an d four su badd ress

l ines . The five function lines are coded into 32 function codes ,

of which abou t half are defined to achieve operational compatibility

between modules. The four subaddress lines are used to subdivide

the module into 16 entities , referre d to as “reg is ters .”

Commands are performed only by those modules that are addressed

by the N line . There are also unaddressed commands which apply to

a l l  modu les , e.g., ini tialize (Z), clear (C), inhib it (I) and

busy (B). Busy indicates that a dataway cycle is in progress or

an unaddressed command is being sent.

I
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A dataway cycle includes two timing signals , Sl and S2 , usuall y

generated by the cra te controller . Si i s use d as a strobe to accep t

data from the dataway ; S2 is used for initiating actions tha t mi ght

change the state of the dataway read or wri te lines . Thus the CAMAC

cycle is a synchronous two—phase timing sequence where data are read

or loaded (transferred) on Sl and changed (cleared or sequenced )

on S2. There is no standard cycle time , but a minimum of I mi cro-

second is specified and all modules must meet this specification.

All 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 wri te only imply di rec ti on of trans fer and

the data may actually be control i nformation. For example , F( l 6)

(Write Group 1 Register) may be used to send 24 bits of individua l

on-off i nformation to a register module , from which the si gnals are

sent to the process under control (22).

There are two respons e bits th at are re turne d from the mo dule

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

f i t . For exam p le , the Q bit can be used as a control line for

b lock transfers .

The L line 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

L -- - - - - - - - - ~~~~~~~~~~~~ 
_ _
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standard provides guidelines for the control and rapid identifica-

tion of these multiple interrupts.

The N l i ne , when active , indicates to the respective module

that the command on the comand bus per ta i ns to tha t module . Since

the modules are gated i ndependently by the N lines , the entire cra te

ac ts as a mul tiplexer when data is tra nsferre d 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 primari ly for instrumentation

applications in much the same manner as the CAMAC standard .

Figure 3-9 depicts the GPIB interface standard.

The basic interface structure cons i s ts of 16 li nes connec ting

a num ber of instruments . At any given time , any par ti cular i ns tru-

ment connected to the bus may be either idle or functioning as a

talker , l istener or control l er. As a tal ker , it sends data over

the bus to a listener or listeners . As a listener , it rece i ves

such data. As a controller , it dire cts t he flow of data on the

bus by designating which instruments are to send data and which are

to receive da ta ( 14) .

The bus it self i s grou ped func tiona l l y i n to three componen t

buses. The data bus (8 lines) is used to transfer data in bit

paral le l , byte serial form from talkers to listeners . The transfer

bus (three lines) is used for the handshaking process by which a

ta lk er or controller can synchron i ze it s readi ness to trans mit data 

—-——-- - -  -- - . 
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with the listener ’s readiness to receive c1at ~i. The ~e~ie r1~l i’~t~~r-

face management bus is principally us~ ’d by the contr olle r . It

should be noted that the bus is entirely pas sivt~. All of the active

circuitry that allows an instrumenl to taL, or listen or contro l is

contained within the instrument. Circuitry and bus together make

up the interface.

The con troller governs the operation of the bus. It uses a

group of coninands , referred to as interfa Le messages , to direct

the other instruments on the bus in carry ing 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

Coiiinand and Addre5s Form

Code Form 
-

X 0 0 A5 A4 A3 A2 Al Universal Commands

X 0 1 A5 A4 A3 A2 Al Listen Address

X 0 1 1 1 1 1 1 Unl isten Command

x 1 0 A5 A4 A3 A2 Al Talk Address

X 1 0 1 1 1 1 1 Untalk Command

X 1 1 A5 A4 A3 A2 Al Secondary Commands

X l l  1 1 1 1 1 Ignored

The con troller has two ways of sending interface messages.

Mul tiline 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 severa l different purposes. Addresses or

talk and listen commands select the instruments that will transmi t

and accept data . Universal coninands cause every instrument equipped

to do so to perform a specific interface operation. They include

multi l ine messages and three uniline commands~- interface clear

(FC), remote enable (REN), and attenti on (ATN). Addressed commands

affect only those devices that are addressed and are all mu l ti l ine

commands . The “un ’ coninands disa ble an instrument from sending or

receivin g da ta ( 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 i f they are a lwa ys to rece i ve 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 da ta trans fer cycle - the tal ker

generates a new data byte , the data on the data bus ’ s signal lines

settle , the l i stener acce pts the da ta , an d the l i s tener becomes

ready for the nex t byte .

The da ta rate at which the bus system w i l l  opera te i s deter-

mined by the talker , l istener and transmission system. The time

taken to generate data is determi ned by the characteristics of the

talker , and the times taken to acce pt data and to become ready for

more depend on the listener. The data settling time is determined

by the charac ter i stics of the transm i ss i on system ( d ri vers , rece i vers

and terminations). By carefu l design and configuration , a ra te 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. I t  then becomes a matter

- - 

of de terminin g which of these protocols i s bes t su ited for the

application or if an entirely different protocol is required . These

consi dera ti ons w i l l  be evalua ted i n the next chapter.

‘I 
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Chapter IV

M i croprocessor La bora tory Bus

4.0 Genera l

This chapter provides the rationale behind the various design

dec i s ions  for  the laboratory bus . Each of the major decisions will be

discussed in deta il.

4. 1 Serial Versus Parallel Transmission

Perhaps  the  most important decision affecti ng overall perfor-

mance of the microprocessor laboratory bus is the data format employed

for d a t a  t r a n s m i s s i o n  - either bit serial or bit parallel. Although

bit serial could be selected with resul tan t decrease in cos ts and

degradation in rate of data transmission , the para l l e l  method was

chosen for several reasons as outlined below.

Microprocessors are inherently paralle l devices and to take

maximum advantage of microprocessor speed of operation and minimi ze

interface requirements wi th 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 real istic when considered in light of current interest in

parallel processing , faul t tolerant procecsing , and computer

networking. There is a need for i ncreased research in these areas

and thus the parallel bus structure was chosen to provide the max—

imuni capability to support this effort.

51
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Al though the parallel bus structure provides maximum performance

capability for data transfer operations , the parallel method involves

more circu i try and is thus more expensive to implement. Fortunately,

the length of the labora tory bus did not create an excessive cost

si tuation wi th respect to bus cabling requirements . Had the length

of the bus been much grea ter , then the parallel versus serial option

woul d require re-evaluation .

The parallel structure also requires additional line drivers !

rece ivers for each l i ne , 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

m i croprocessor la bora tory. Th i s organ i za tion is very sim i lar to the

Digita l Equipment Corporation ’s UNIBUS . It is a high-speed data

transmission facility . The actual bus is a matched and termi nated

transmission l i ne  whi ch mus t be dr i ven an d re ceive d with dev ices

designed for this application. The follow i ng sec ti ons descr ib e bus

transm ission , bus si gnal  levels and bus transmi tter an d rece iver

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



53

provides were not required in this application.

Alpha type 6012 shielded twisted pair cable was chosen to pro-

vide maximum noise immuni ty , min imum cross tal k 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 c22

gauge stranded conduc tors , wi th each pair having a drain wi re and

aluminum foil shield.

For the l aboratory 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 lines 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 wi th 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 allowi ng wi re-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 vol t logic supply together wi th 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

unchan ged when power is removed . Reference 19 contains complete

technical specifications on this integrated circuit.

It should be noted that the 8838 dri ver is l’ogically an AND

gate. Even though there is voltage inversion from input to output ,

there is no logica l inversion . For example , if both i nputs to a

dr i ver are lo gi c 1 ac tive h ig h , the driv er ou tput will be logic 1 ac-

tive low . In a bus configuration , an y dr i ver whose ou tpu t goes ac ti ve

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 cancell ing the effect of the first volt-

age inversion caused by the driver. The output of the receiver is

TTL level compatib le

4.2.3 Bus Signal Levels

Bus signal l evels are as follows :

logic 1 = 0 volts

logic 0 = +4 volts

4 .3 Bus Protocols

Of those data transmission protocols discussed in Chapter 3,

none ideally suited the laboratory bus application although the

Genera l Purpose Interface Bus came closest. Should there ever be a

I

_ _ _ _ _ _
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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 onl y rea l di sa dvanta ge in us i ng GPIB as the la bora tory bus

standard is that a bus controller is required. This can be provided

in one of severa l 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 mi ght have one of the

modules connec ted to the bus to assu me the con troller role in a ded-

icated manner.

A bus protocol s im i lar to GPIB was chosen for the mi cro processor

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 . Des ignation Function

DATA 0 Da ta Bit 0 (LSB )

2 DATA 1 Da ta Bit 1

3 DATA 2 Da ta 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 1 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 Da ta rea dy

18 DATA REC Data received

19 Poll

20 CLK Cloc k

21 BUS GRANT Bus grant to master station

22 BUS REL Bus release (polling resumes)

23 SLAVE PRES Slave sta ti on p resen t

24 GND Bus ground , s ignal 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. 

- - - - - --- -- - .  .— -- -
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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 da ta transfer .

1) Data Ready (DATA RDV) - 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 lines used to determine the

state of the polling logic.

1) ~t[ - Asserted low to indicate that the bus control

logic is in the polling mode trying to find a station that wants

con trol of the bus.

2) CLK - A clock signal appearing on the bus to indicate that

the code on the MASTER lines is valid for the time the clock signal

is active low .

3) GRANT - Asserted low when a station is granted bus control .

The GRANT si gnal causes the control logic to cease the polling

function .

4) ~t - 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 con trol to permit poll i ng to be resumed.

4.4 Poll in,g

Polle d operation of the bus was selected over asynchronous

opera tion pr imar i ly because it coul d be real i zed eas i ly and the num-

ber of stations envisioned for the bus (516) would not involve an

excessivel y lon g wa it for any one sta ti on , provided polling occurred

at a sufficiently fast rate. The polling circuitry is designed to

insure that no station can regain bus contro l unti l all other sta-

tions are afforded an opportunity to access the bus. This prevents

what is commonly called “hogging the bus. ”

Fi gure 4-1 contains the schematic diagram for the clocki ng and

polling circuitry used for the laboratory bus.

A clo ck signal is used to increment a modulo 16 counter whose

ou tpu t is us ed to dr ive the four bus l i nes corres pon di ng 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 mas ter li nes and that par ti cular s ta ti on has a bus reques t

pending. With these conditions satisfied , a station is granted bus

con trol which causes the polling operation to be terminated.

Hav ing been granted bus control , that station becomes the master

station and may then initiate data transfer operations with a slave

station which it designates . All 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 sta ti on gains control of the bus , it retains contro l

unt il it i niti ates a bus release comman d wh i ch causes the poll ing

operation to be resumed .

4.5 Clockin g

Initially, the 555 timer integrated circuit , operati ng in  the

as table mode , was exam i ned as a possible source of the clocking pulse

for the coun ter. This proved to be impractical since its upper fre-

quency limit in this mode is approximately 120 KHz (as determi ned

from a breadboard experiment). This was considered to be too slow

for satisfactory access to the bus . In ~e~iera l , a cloc k ra te of

app rox ima tely 1 MHz was des i red , thus offering bus access to a new

station every microsecond . Since no more than 16 stations were

envis ioned for the laboratory , no sta ti on woul d have to wa it lon ger

than 16 microseconds for access to the bus (provided the bus is not

already busy). While in the poll mode , access to the bus woul d

typically average eight microseconds. Considering the microprocessor ’s

speed of operation , this was cons idered to be qu ite acce ptable .

The 555 timer idea was quickl y abandoned in favor of using the

phase two (02) clock signal driving the microprocessor itself. This

si gnal , fu l l y buffere d , is convenien tly available at each input !

output slot on the mother board . This signal , an almos t 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 coun ter an d prov id es each

.)

L ____ . .
~~~~~~~~~~~~~~
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station access to the bus every 18.4 microsecon ls.

4.6 Clock and Poll Circuit Operation

The current operati ng mode of the clock and poll circuitry is

determi ned by flip flop 1C5. When it is set , the pol l mode will be

active indicated by POLL on the bus and the 02 clock signal is gated

to the four bit binary counter causing it ~~~~ ~ i nc remented on nega-

tive half cycles. The 02 signal is inverted before reaching the clock

input of the counter to insure correct operation of other circuitry .

This is better illustrated by the timi ng 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 G~A~1 lines will affect the status of

the mode flip flop. An active low on L 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 f l ip f lo p 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 Vec tor card as the microprocessor interface. This was

done simply for convenience and to take a” ~~ -‘ of available space

and power.
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It may be desirable in the final installation to place the clock

and pol l circuitry external to all stations and have it contained in

a small module available to the l aboratory 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 fa i l to release it after a

reasonable period of time .

4.7 Chapter~~~~~~~
This chapter has presented a description of the labora tory bus .

Information on data format , transm i ssion li ne selec tion , line driver/

receiver selection , signal levels and bus protocols has been pro-

v ided to enable the reader to understand the organization of the bus

structure .



--~~~~~~~~~~~~~~~~--~~~~~

Cha pter V

La boratory Computer Sys tem

5.0 General

This chapter wi l l  describe the microcomputer system chosen for

the laboratory prototype station.

5.1 MC 6800 Microprocessor

The Motorola MC 6800 Microprocessing Uni t (MPU) was selected

for the mi cro p ro cessor la bora tory app l i ca ti on because of several

attractive features . F i rs t of all , i t  is wel l su ppor ted by a com-

plete family of compatible chips - MC 6810 128 X 8 RAM , MC 6820

peripheral interface adapter (PIA), MC 6830 ROM , and MC 6850

asynchronous commun ications interface adapter (Ad A) . This enti re

family of chips operates on a single +5 volt d .c . supply which

greatly simplif ies 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 , micro processor

that is capable of operating with virtually any N1OS or stan dar d TTL

device. The only signal requi rement external to the MPU chip is a

cloc k 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 softwa re avai lab le. This is not considered to be a

severe constraint since most of the software requirements will be

64
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generated by the laboratory users .

Another plus factor was the availability of the MC 6800 Mi cro-

processor Appl i cations Manual (17) which provides approximately 700

pages of valua ble , deta i le d i nforma tion on both hardware an d sof t-

ware requirements and system considerations . Documentation of this

kind is essential if a system is to be designed , cons truc ted and

placed “on the air ” with a minimum of frustration.

5.2 Initial Considerations

In order to minimize costs , the in i tial  p lan was to purchase

component parts and build a microcomputer prototype aroun d 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 wi th resultant price inflation , long lea d times and

difficulty i n loc ating sou rces of some needed par ts al l  compounde d

the problem . Additional ly, much la bor woul d be requ i red to perform

hardware wiring and debugging of the system, a penalty which could

not be paid in either time or m oney . Finally , the difficul ty i n

reproducing additional cop i es of the prototype so as to achieve

standardization among them was another factor enteri ng the decision

to abandon this approach.

5.3 System Selection

In July 197 5, the Southwest Technical Products Corporation of

San Antonio, Texas , announce d a k it vers i on of the MC 6800 w i th many

availa ble options to provide as much capability as the user requi red .

I t 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 approx imately 100 man-hours

with an additional 20 man-hours required for system debugging and

check out. The kit proved to be well designed and neatl y packa ged

in an attract ive 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), manufacture d

by the same company , wh ich was available for use on this project.

Fi gure 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 I~eyboard and Encoder

The keyboard , an alphanumeri c 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

FY) is provided . Only seven bits of the standard eight bit ASCI i

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 , i t was ma de a v a i l a b le in  k i t form by Sou thwes t Tec h-

nical Products Corporation. At $49.95, the kit is not only econom i-

cal but simple and easy to build. One cri ticism of the kit is that

it does not have a professiona l quality key touch and the keys have
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a h a b i t  of sometime s sticking , especial ly during damp weather.

5 .5 CT- l024 Termi na l

The CT-1024 termi nal , also ava ilable from Southwest Technica l

Products Corp . in kit form , is designed to store and display two

i ndi v id ual  pages (each page con ta i n i n g 16 l ines of 32 characters

each) on a modified television or video monitor . Data input to

the terminal comes from either the keyboard/encoder uni t described

earl i er or from the compu ter sys tem . W it h the compu ter off , the

terminal ’s input comes directly from the keyboard/encoder . Wi th the

computer on any data from the keyboard firs t goes to the computer

system and subsequently “echoe d” to the termi nal for di sp lay on the

CRT monitor.

The en ti re screen of the v id eo di sp lay has been arran ged for

16 lines of 32 characters each . Al though the second page of memory

allows twice as many characters to be stored in memory , onl y 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 A S C I I  data (provided at its input termi nals from memory)

into the correct dot patterns for the character to be displayed .

T he dots ar e selecte d an d used one charac ter row a t a time since

the horizontal trace of the television (or monitor) sweeps one

video line at a time . Horizonta l spacing between characters is

provided by displaying a blank dot column between each displayed

character , an d vertical spacing is provided by sweep ’ ng three

blank video lines between each set of seven “charocter dot video ”

_ _ 
_ _  

_ -J
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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), an d cursor con trol

(up, down , left , right, home up). Line feed serves to move the

cursor downward. Also provided is the capability to select memory

pages as wel l  as to erase memory either from cursor position to end

of line (EOL ) or from cursor position to end of frame (EOF).

To use a standard television receiver as a monitor , it is

necessary to modify the TV sli ghtly. 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 th~ video output circuit depending on the make and

model of telev i si on rece i ver use d. Don Lancas ter , in an article in

Byte (15), has provided extensive information on ways an d means of

accomplishing this television interface. For additional information

on the subject , the reader mi ght wish  to refer to Lancas ter ’s forth-

coming book , TV Typewriter Cookbook.

In order for the TV typewri ter to communicate wi th other de-

v ices , 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 Recei ver/Transmitter (UART) chip which provides for this

conversion from the parallel form into a seri es 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 , th is ra te 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/outpu t by a factor of three.

In the transmit mode , the serial data leaves the UART chip

through the transmi tter serial output. Thi s TTL level data is then

converted to RS-232C format by additional circuitry .

In the rece ive mode , the incoming RS-232C formatted serial data

is converted into TTL compatible levels and fed i nto the UART ’s

serial input. When the UART chip sees the stop bits of the character

being received , it ra ises  i t s  “output data available ” l i ne . When

the character in the terminal ’s register is loaded , the “character

accepted” line pulses low 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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wil l  have a tape cassette interface avai lable soon. In the mean-

time , interested users of this system might want to investigate the

possibility of using the “Kansas C ity” standard described in Byte (20).

5.6 MC 6800 M i croc er

The 6800 microprocessor chip i tself 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 wi th  f ive possible addressing modes (direct ,

r e l a t i v e , immediate , indexed , extended). There are s i x i n ternal

registers (program counter , stack pointer , index register , accumu-

l a to r  A , accumulator B and condition code register). The processor

has both maskable and non-maskable interrupts which are executed

as jumps to specif ic memory locations (vectored interrupts ). A

pushdown stack , located within user memory , i s  easily accessible

and space limited only by the programmer and the amount of RAM

memory avai lable.  A micro -operating system , the MC 6830 ROM

M 1KBUG , provides the abi l i ty to:

1) Load user programs or data into memory from e ither the

keyboard or tape (where appl icable) .

2) Execute user programs .

3) L ist  user programs or data within specif ied memory lo-

cat i  ons .

4) Print the contents of internal MPU registers.

5) Change the conte nts of specif ied memory locations or in-

ternal MPU registers .

~

--,-

~
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MPU~~~~~
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GND 1 40 RESET

1~AE’t 2 39 TSC

01 3 38 N C

T~~ 4 37 02

VMA 5 36 DBE

N M! 6 35 MC

BA 7 34 R/W

+5V 8 33 DO

AO 9 32 Dl

Al 10 31 D2

A2 11 30 03

A3 12 29 04

A4 13 28 D5

A5 14 27 06

A6 15 26 D7

A7 16 25 A 15

AS 17 24 A 14

A9 18 23 A13

A lO 19 22 A 12

A l l  20 71 GND

F i g u r e  5-3

M6800 MPU Pin Out
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For complete details on programming the MC 6800, the rea der i s

referred to reference 13 of the bibli ography .

Fi gure 5-2 shows a simp li fi~ d 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 R~~isters

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 i ndexed

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

curren t value of the program coun ter i s pl aced on the add ress bus ,

the program counter will be incremented automaticall y.

5.6.1.3 Stack Pointer

The stack poin ter (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 func ti ons to perform , such as

dur i ng an i n terru pt or dur in g a branch to su brou ti ne . The ad dress

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 Poin ter Address - 3: contents of IX (high byte)

Stack Po inter Address - 4: contents of ACCA

Stack Pointer Ad dress - 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 poi nter always points to the next memory l ocation avail-

able for stack operations.

5.6.1.4 Condition Code Register

The con di t ion  code register is an 8 bit register. Each

ind i vidual  bi t may be set or cleare d by the execu ti on of an i ns truc-

tion. To see how each instruct ion affects the condi tion 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

I ~~~~~~~~~~~
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Table 5-1 - continued

Bit  No . Func tion

0 C (carry-b orrow test)

V (overfl ow test)

2 Z (zero test)

3 N (negati ve test)

4 I (interrupt mask)

5 H (half carry test)

6 always logic 1

7 always lo gi c 1

5.6.2 Summary of MPU Operation

The MPU requires a two phase symmetrical , TTL compatible ,

non—overlappin g clock signal. During phase 1 (01), an add ress i s

placed on the address bus by the MPU . During the second phase (02)

of the clock , the bi-direotional data bus will be acti ve. 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 nex t ins t ruct i on 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 coun ter rece i v in g the new va lue  i n di ca ted i n or der to pro-

v ide a vectored jump to the proper service routine .

When an i n terru pt occurs , the stack pointer will be used to

store the contents of the internal registers . This permi ts a re-

turn to the pro per loca ti on of the i nterru pted 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

In terru pt Vec tor Memor y Assi gnmen ts

Interru pt Address

RESET (Low Byte) FFFF

RESET (High Byte) FFFE

NMT (Low Byte) FFFD

Nf IT (High Byte) FFFC

SW! (Low Byte) FFFB

SW! (High Byte) FFFA

T~~ (Low Byte ) FFF9

T~~ (High Byte~ FFF8

5.6.4 M6800 Memory

The SWTPC M6800 computer system uses the 2102- 1 1 024 X 1 bit

s~~~ c random access memory wi th 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 accommo da tin g 4K of memory an d a total of eig h t memory boar ds ca n

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 accompl i shed , the

reader is referred to Figure 5-4. As shown , address line A l5 is

used as an enable line to a one of eight decoder . When A l5 is low

(as i t will be when addressing RAM), 02 is low and VMA is high , the

decoder will be enabled thus allowi ng the content.s of address lines

Al4 , Al3 and Al2 to determi ne wh i ch decoder output will be active

low. Each memory board is connected to a different decoder output

l ine 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 A 1O determine

wh ich 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

wor d i n memory is selected by applying address lines A9 through AU

to the corresponding address inputs on the 2102 memory chips. These

10 address lines (AU - Ag) as well as the R/W line of all memory

IC’ s are parallelled .

- - --~~~~~~~~~~~~~~~~~~~ -~~~~~__ -.



-
~

- - . - ~~~~~~~~~~~~~~~~~ --

79

02
VMA

A 12 
~:: ~~~~~ei~~~~~~~

A 1U —~~~~ 
~~~~~~~~~‘ 1K

l of 8 —.~~.2kAll ~~ Decoder _-.~~~~ . 3K

—~~~~
. 4K

Figure 5-4

Memory Addr essing Scheme

-

~ 

-. -.- -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ _-



80

Table 5-3

M6800 Memory Address Assignment Table

Board # Quadrant Starting Address Ending Address

O 1 0000 03FF

0 2 0400 07FF

O 3 0800 OBFF

O 4 OCOO OFFF

1 1 000 13FF

1 2 1400 17FF

1 3 1800 1BFF

1 4 1C00 1FFF

2 1 2000 23FF

2 2 2400 27FF

2 3 2800 2BFF

2 4 2C00 2FFF

3 1 3000 33FF

3 2 3400 37FF

3 3 3800 3BFF

3 4 3COO 3FFF

4 1 4000 43FF

4 2 4400 47FF

4 3 4800 48FF

4 4 4COO 4FFF

5 1 5000 53FF

5 2 5400 57FF

5 3 5800 5BFF
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Table 5-3 - c o n t i n u e d

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 7C00 7FFF

5.7 Periphera l 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 wi th the MPU via an eight bit bi-direc-

tional da ta bus , three ch ip selec ts , two register selects , two

i nterrupt reques t lines , one read/wr ite li ne , an enab le line , and

a reset line. These are shown in Fi gure 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 a~ a peri pheral i nput or output

control lines . Control lines CAl and CA2 are fi xed to carry control

information from the peripheral devices to the PIA.
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PAO-PA7 CAl CA2 PBO-PB7 CB1 CB2
Per i phera l Periphera l
Data Reg . A Data Reg. B

Da ta Direc ti on Da ta D i rec ti on
Register A Register B

0- input

1— o u t p u t

Contro l Control
Register A Register B

T~~A~ RESET R W DO- --D7 E R 1 RSO CS 1 CS2 ~~~1 1 1  1

Figure 5-5

Peripheral Interface Adapter
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Each PIA consists of two contro l registers , two data direction

registers , and two periphera l 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 DOR if

the line is to be an input. When the data in the periphera l data

l ines are read into the MPU by a l oad instruction , those l ines that

have been designated as i nput 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 per ip hera l, 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

programed as ou tpu ts by the DDR . For additional information on

programing the PIA to achieve its full capability , the reader i s

referred to reference

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

1) 8-bit bi-dir &~:ti ona1 data bus for communications with MPU.

2) Two bi-directional 8-bi t buses for interface wi th peri-

pherals.

3) Two pro gramma b le control regi sters .

4) Two programmable data directi on registers .

5) Four individually controlled interrupt input lines; two

useable as periphera l control outputs .

6) Handshake control logic for input/output peri pheral

operation.
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5.8 Chapter Sumary

This chapter has described the Motorola M6800 microcomputer

system chosen for the Un ivers ity of Flor i da ’ s micro processor lab-

oratory . Reasons for i ts selection have been presented along with

information on a compatible terminal. Memory addressing informa-

tion was included along with information on using the peripnera l

interface adapter as a convenient method of interfacing the MC6COO

with the laboratory bus or other peripherals.



Chapter VI

M6800 Interface and Data Transfer Operations

6 .0 General

Th i s cha pter descr ib es the in terface between the M6800 compu ter

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

stati on(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.

W h i l e  in the p o l l i n g mode , the four master address lines of the

bus will contain the address (station code) of the station bei ng 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 (1C3) at each station take the

master address from the bus converting it into TTL compatible signals.

85 
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Thi s master address is then applied to the station decode circuit

(IC14) . The inputs to the master enable gate (ICllb) 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 ICllb ,

mas ter ena b le , 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.

Fi gure 6-1 reflects the station code for station one only. Othe r

stations on the bus would have the proper configuration of the station

decode circui try corresponding to their own unique address. Also, no

micro processor 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 vali d 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 followi ng 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 ( i ndi cated by ~ti~), and pollin g mus t be in effect (indicated by

P~E[) . With these conditions satisfied , master select (output of

ICl ia) 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 ICl CAl while simultaneously causing the bus grant line to

go active low (BUS GRANT ) which clears the mode flip flop causing the
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poll mode to be termi nated and the da t a ‘~~r~~fer node to be entered

(see Figure 4—1). This change in mode stops ln e 02 clock si gnal ti~

the counter , freezing its output to N ’ addrn~ :; of the station with

bus control . This process of ga ining bUS control is shown in the

timing diagram of Figure 4-2.

Master enable is also used to en~hle ~h~- d r ivers associate d

with the slave address lines. This in s rn~ t h a t the slave address

is specified only by the station w i~~

Master enable is also used to gate a ~a l i i ~)uS release com mand

onto the bus . As shown in Figure 6-1 , as ~ e ihl e is applied as

one input to AND gate 1C12. The oth ’-r ~~p i it , an ac t i ve  h i gh bus

release command , is initiated under so f ’~’ j o co~ tro 1 and comes fro~-

ICl PA7 . This insures that only thc :nast~~ r st a t i o n  has the c ap a hi l i y

of causing an active low BIJS REL con~hHa ’ N~ bus. This prevents

anothe r stat ion from i nadve rtently c~ s ~~lease coiriiand to

be executed while the master statio n is pe ~~~: inq a data tr~ ns fer

operation.

Additiona lly, the master enable si nai is applied as an input

to ICl PBS to allow the software to dnt~~ ni nn that a bus grant has

been made and the station is now in con~~o1 of ~he bus . This deter-

mination may also be accomplished by pe~ ~crm ing a read operation on

the control register of the appropriate PIA as explained in section

6.4 of this chapter.

6.3 Interrup t_Prioritizing

In the present design , a “round ron~n ” priority scheme is

used on the bus. This insures that e~ic~ 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 unti l al l other sta-

tions are afforded an opportunity to do so. Thus no station can

jump in line ahead of another station. This helps to prevent any

one sta ti on from “hogging the bus ” .

Only two types of interrupts niay ~~~cu , i this application.

When a station is granted bus contro l and becomes the master station ,

an interrupt signal will appear at Id 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

si gnal will appear at 1C2 CAl. No extern~ l interrupt prioritizing

circuitry is needed to satisfy this application since the I RQA and

T~j lines are OR-tied and fed to the in terrupt request ( I R Q ) line

of the MPU . Determination as to which in te rrupt occurred is then

accomplished under software control as explained in the next section.

6.4 Interrupt Handli na

When the f~ line of the MPU goes act ive 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 cont~ nt.s of the A and B con trol

registers . If bit 7 of 1C1 control reg ister A is set , then the sta-

tion must perform as a master station . If bit 7 of 1C2 control reg-

ister A is set , then the station must perfnrm as a slave station.

Appropriate software is required to accomplish each of these functions. 

- ~~~~~~~~~~~~~~~~~~~~~~
-
~~~~- - - -_ ..~~~~ - - .-- ~~ - - - 
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See FlLIures b- 3 a i C  0 - 4  I a€s to these nro r.r: ing ce~jui rements.

It sho uld be riote d -‘ ‘ ‘ ‘ a poi n t that the interrupt input lines

~coro  not chosen u ’ [ :j t r  an ~he , ~ore se lected as indicated above

‘_ o take adran r aie cf  the- -‘ sha~ nq c.i p ati I tv ‘ nat ex is ts  inherently

in eac h peri~ ,
~ r-~il i - ~ re a.lantc r The in~c - res~rd rnOder wil l  find

complete d e t a i ’ s  or ha ~ iig con~ a ired in se c t io n 3-4.1 of reference

t 5 t i c i S t t ~r N ul av e a a t  ci

.~~ th the irto n t . . data t r 3: ster ‘~oce tee raste r  s tat ion

.mst flow iii ti~ te tnu s~ - -; re ~esrary t~ aecon pi sr data transfer

to the s i ave  5 r j  io c n— 3 s a i om chart depict ing generally

no.i the data ‘ . for ‘F ~ rn is pr nion ed bj tne : as ter station

and serves as a ri ic j j e l f ~ ~of .• ‘•i~ e that. rust 00 ~~~ tten to accom—

p1 i sr this opera t rn

HiViriO jr i t i  a te. 1 a r: ue~: t co ra id as des or i bed previousl y

t o  ; ‘ f tw a re  must  d i - -r - 
.~~ tat on to -in t fo r co nfirma t ion that bus

~.Or t ro n - a  (nOr ~r i i  . S ru i he ieri ied fry chec~ i ng bit 7 of

C i ) f l N O i  r e q ~ s ten ~~ rflJ l ap (rotlon to sec if the f lag a sso—

c~a teO w i t h  CA l lir t o n a; at line is s e t .  If se t , tuis cans that

the stat. 1i ’ nod rec~e.s ted ~ -
~ wa s ‘~r n  too s~~s c~ n tro l  aS the master

s t a t  ar

The ne.~t ste i s  f j  tha t t i - h f a t r a n s f e r  node of oper-

a~ ion is i’ o~ f o c i  - 1 a co m p li sh e l hv check i rig IC 1 PBS for a

logic  ore or hir;h - t

The raster s tu~ i ~n i - e x t  5 ’ c i l ~ tn~ address nit the slave

ste i i  on . This is 1,rn’- v , ] I- A —P13 whi cr accones a valid slave 

~~- -- -- -~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~~~~~~~~~~ . .  , _- 
_
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add ress when IC 1 ~h
’
~ is as rt c t  hi gh 0 indicate ‘address valid nr~~.

T h i s  address then appears on bus li’ ’~ SI A VL 0 - SLAVE 3.

If the st~ t i un s~eJf ied as the s l a v e  is I ~~ t n t , it w i l l  cause

the SLAV [ PF L line to go act ive low indf t it i r ig  i ts  pr~ s r r ~ a l l ow i ng

the master s t a t io n  to ~‘erif y this condi~ iari ~y e:~a iin i rig I C l  PH fc~

a hi gh level input . If t~
-
~ tes t  f~ r t h i s  condit ion proves f~ lc e .  ~h~- ’

the desired slave s t a t i o n  is noL -~~ r rr on the bus and thus tn  Jo -

sired data trans fer cann: t take ~1ace S r i d  t his be the ca s- ~. ~~e

master s ta t ion  ~~u]d edt  i ts rou t i re  t y iu i t i~ t ing a bus r t l e a s ~ MO-

nand and e x e c u t i n g  an RTS inS U~~ nt w r

If the H a ~e s tat ion i s ; r  e~ rr . t he ~~ic er s ta t ion  Cd! pr(~nee~t

wi th the data trans fe r ruutine b~ ~odrt ur firs t . hyto ot dat .~ in t o

1C2 PAO-PA7 and asserting data rca ~t 1C2 CB2 (an act ive low t ran-

sition) . CB2 r ust have been proqrat~ t d prev iously as an output by

setting bit S of IC? control regis t er B equal ore (high) and bit ;

of control req iste r B equal zero (low ) ~lso h- i t 3 o f con t~ ol r o; i s—

ter B must be zero (1uw~ to e t t a b ic r ~he r)( m n r ~sha ke mode ~~ ~ rt data

transfer ope ra i in -

Due to the fact  that the NA pot jr~~ p~~t im  (A  — out put , B —

input) was establ ished by Southwest H ~ t r r i i1 roducts (oro as

contrary to that recommended by Mo to ro l a . i should be noted t ’ i~ an

A side Read or B side ~r i te op ra t iur ~iil not qer ie r ite the s tr tr c

necessary for handshaking. This ]i rn r ta~ i rn is conveniently over’: r~

by m c i  ud i n j  iLl m y  i n st rum it ’ s 0 t. - .~ Pr )(~r;j: For examp le, an

A side Write inst ru cti on mu st be to1Ie w ’~d immediately by an A side

duriiiiy Read to ~e rmero te the handshak S ’ ~O t ) C .  Similarly, a B s ide 

-
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Read can be fol lowed by a d-o;o ~4 t t  i ! r s t r m c l  ion . Use of t~me d u ; r i j

instruction is explained i m  refH’r~ e

By causi nt i 0! act ive low si  anti i i t ’  CB2 , the master stat i  on

can then info rm the selected sla~ s t a  on t h o t  a byte of va l id  t 1 t i

is avai lable and rea-i v ‘ o be r o n m i v e d  Hr ° - ‘ a rea i/  command is

placed on the bus arid a 11 C t U t L ~ an in t rorrup r -a the desi j ’ mo ted s lave

station v ia 1C2 CAL Thc s’ave st t dcn ther m - s ;;ines the f lag bi ts

of 1C2 contro l r ~ister A a d  B to d - ~~e’ ;ii fl~) 
,
~ e source ~f th~ in-

terrupt . If bit 7 of IC? control r - ‘ a is t ~’r T’ is set . then .~ 1s con-

firm s tnat val ii data is available r ! the r ’mrs’ ~or station. Trw

slave station t ren perfnr;os a REAl : o ’’put reqi y er B foil owect by a

dumy READ Output register A opera tion m order to generate the strd c

necessar y for the handshake operat ion iu r ini-; handshaking , this

strobe ackncnded qing ‘~ ceipt of data is -o-n r t i ed aut rn;a tica ll y at

1C2 CA2 .

The dat a re rcij ~ d c ;- r~~n l f~ ~~~ sl~ive st at ion will ~~~~~~~

the master station ’ s data ~~ ~ lin t ~~~ CB2) to go inactive , auto-

matically per; - t t i r g a ‘mew l - i~~a Hy ’c be loaded before asserting

the data ready lin e -r L ;ain . fti~ h a rmd - ak e pr ~ss wi l l continue u n til

all data i; transferred.

6.6 Slave to Master f l a t~ Tr na fer

The reader should not&’ that al t t m n h a master station can send

data to a slave sta ti on , it can n ot ad h~ slave station to send

data without reversing roles . This can be accomplished under soft-

ware co ntrol ~n the following nanner.
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Any station desiring to recei~ r datr f t ’Or t~m c~ther Station must

first gain bus control as the ruas~~r cL it r on . It then desi gnate s

the stat ion fran w h m c h  it desires data by speci ’  .ing its address on

the slave address Ii es It now Lit’ ~i r n  a ia ’ -r  • insfe r ope ra n ion

with the slave s ta t io n  using a heacer  rr’-ss m gt’ .

The f irst byte ui the tie .t d r  rr i ih i ‘II i c a t  the iddre . - - of t hi :

current master  stat i o n , whe~~t r  the - as ~~~~~ s ’ ‘ ion is ‘ n— j u g dat a

or wishes to ~i~eive da t a , and t ri ’~ : i y ~ t ‘ ‘e ~r i c  ~ssi o n r t

request. For example, bi 7 ~‘ d ) 0 ‘ p irs ’ .
-
~ 

to in n aht Pr us’ I

to indicate whe rin c r dat a is h~ n j  so ’ ’ or . i ;  t a r  d a a  is being re-

quested . Bits 6 —3 W i iht be used ~~ i n~ r a t e t t e  i t ress  of h~ .. ur-

rent master s ta t - i  -an - B i t ,  2 —0 nm - ~ ,emj to  ind ica t i  the priori  ~~~ .

The second and third by t e s f the t i  ‘Icr re ssage ni ght be used as

follows . As a data sender , t n ~ se m i i’ - 1 a l  t t lj  r i  v t es nriqt t sje~ I fv

the number of by tes of li ~ , m t e l l ; SC i l i 
~)y ~~~ maste r sta ti on . As a

requester of da ’a . ti e sec , -1 an .4 ~h i  ~j -,tec iih ~ h iced to identi-

fy the specific da ta being roqAes t t . :

After re t~ipt. of the nead- r~~ aae , th e n u r O e r m ~ s lave s ta t ion

would e x a , ; l ne  the ti e t U t  ‘ J~~l r -  1 tIP 1 !  j f , is tu  cont inue recc i  v i r m

data in the si a v- ~ rule or w t mr ~~~ sjc chanq e ro len i’ r i r  ~ r

transmit data. tabl es 6 —1 a d 6 — 2 co ’  t a r n  s i - c ’  - m O o r  f rr; ma ~s

Th in scheme ~r ,ld I t  i -p l en;e r. ; i~ .~~~~ t i , i ro . Mi t t r im s  been

su j qe nto i tier is onl y a first. ;ippro ’.n m r i t i u n ’  f how t r i i s  capahili t v

could be prov ided . A W’l.ailed S t ; , i~ - 1’ t t mt a r t wa r e  require m ents

is beyond the scope ml this paper.

-~~~-~~~~~~~~~~~ -
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Ta bl f r~~

Header For-at f i r  Da t ;’

E Ok’b’\

87 86 B5 UI B3 h? 131 BO

f i rs t  1 A3 A~ A l  /W P2 P1 P0

second Nu mb e~ of by t’ n o

third data being sen t

A3  - AD : ,i- d d r - es s . t se -H r

P2 - P0: Prior j
~~, of a t i  being sent

Table 6-2

Header  Fo rm a t for Data ~1 te s ter

~yte 137 36 B5 51 53 B2 131 BO

f i rs t  0 A3 A Al AO P2 P1 P0

secon d I r m j i s a t c i s speci fic kind

third of dat a ‘ cgj ’ e~ ted

P3 •-~~~ i : Address - ‘  - p me~ ter

PP -- P1: Pr iori’ Ol r rg uos t

6.7 Port Convention

It should be no ted tha t the in p u t !ou tp u f port convention used

in the interface design was dictated by lii’ Southwest Technical

Produc ts Corporat ion ’ s (SWTPC) MP-L pit m l l e l interface board . As

mentioned earlier , the A port is wire d 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 tha ’ recomm ended in the Motorola

_ _ _ _  - .---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
-.
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Appl ications Handbook (17). Why this convention was selected in the

SWTPC MP-L design is unknown to the author. He can only speculate

that the cho i ce was an arbit rary one on the part of the SWTPC de-

signers .

Al though this convention w ill work quite well as long as loading

specifications are followed as indicated in the Motorola Handbook , it

is uni ortunate that this convention was selected as it unnecessarily

complicates the handshak ing operation by requiring dumy 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 , i n order to use any fu ture so ft-

ware packages (resident editor/assembler , etc.) available from

SWTPC it was decided to stick with the SWTPC convention.

6.8 Chapter Summary

This chapter has described the interface between the M6800 micro-

computer system and the laboratory bus using the inherent handshaking

capabilities provid ed by the peri pheral 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 operation s.
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i;aptc’ r VII

Cot icl us mc ; - nr s ,trij Re nm enda ti ons

7.0 m , ) I I C I I 4 S 1 O f l S

1) i t icrop i  c :essur s  ore p res e nt i ng  a r o w  dime n s i o n  in d i g i t a l

design , p rov i dm q -j a 1~~t~ ’a1 t~xp losioi i ’m now appli ca t i ons .

2) It is escor t t a l t m 1 1 t  an adeq .ia ;c’ m ’ r riprLtOsso r trai n ing

fac i 1 it ~ be provided iOL toe Jr k ’c r sd y of Florida to perm it ear -

r n m ; f : m  mi c ro p ro v e~ ~ur r~ ‘ -j wir ’e -i mmd ~~; L1war e ~ner i cn e fee som :i-

put or engi ocr ing S~ u~ tn

3) 1 t t ~ mic ropro res .or laboratory les r :ho1 in this paper is

a fi rst step in o ro v i d i r  a c~ o ah i l it y for ~-~ tended research into

i n - artant areas f mi  It  j r - essor and ~a r~ 1 1 el p ro ces c o r  systems ,

di std h i t  e l  101  ~~ s , f i O t  ol r r a nt  p r o cessIng , load leve l ing

o rr- iv or v e t  ‘o r  pruce-~s I n i  t i C .

7. 1 Re . i m e i 1 i ons

1)  The  mi r pro . t nsor i .b ora ..rv at. t~~l t Un iversit y at Flor ida

sho uld be e .~ : rande J  fr 1 f l  Ic n im c rop r ; ensor ty pes other c harm the

~m~oro la tiholl n•~ tei’m [h is -.•~~~ild prov ide a re~m l basis of corn-

un ison , espec ia l l y  Ii s t ~~’ a reas a; architec tur e and benchmark

pC ‘ r~ i l

2 )  s, tel: sof ~~a r e - u d s  to be w r i t t en  providing the control

5(3
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and support programs requl red for i r a  . iwo’s or il l za ti on of the

hardware capabi 11 ties.

3) Research should be i n ’ i t i a t o m  into the integration of

— mul t ip le funct i o na l  un i t s  into a tn1 u~ - j jtro c es sil r~ or paral le l  n i t —

cessi no sys ten to e u n i rid v a r i ous h i e f a r ’ r ‘ii so I ori d di s tr Leo ‘ ed

networks.

4 ) Dun rig formal course ,,orj , in’  t ‘‘- ‘ned e phasi s nr c ~i m d s i t  be

placed on the speci fi cation of tn~ ri en cnvem ’;i f l i  ‘be ow f dat i

between fun ct i o n a l  units i~ d ft po s s i h n l i t v  i f  a llo ~ ino - u ~~s i p~ e

sirnul taneuu~ paths. U t  ~~~~~~~~ I 01 1 ~o re q ii re t.h~ ulass (:~ eac h

student) to de ign a h i s  protocol  idea I y su l ~d to S i c n i  UI a l i m i c a —

tions and Structures .

5) Direc t ly  related to recomn e~ ’t at i ‘n 4 is th~ teed fc’r a

better understanding of the input/ou t ~m m t  prob lee with its c’anace

i t a n t  interface proble m . This is tm at p-t a re-.ju initu addit ion a l

research.

6 ) Suggest that stuJ~ rit~ in-’ ; ra~ i i~ d 1 i num : access to the

microprocessor laboratory an i e’ cou r m: e  I to dev e lop software that

supports microprocess or ap ol ic at ie ’s.

7) Su ge:; t st octe t s ,  tac o 1 ty. an-i t- tohy droops provide soy-

S gest ions as to how the ml :.rupr lm cessot ic r a t cry could be u t i l i zed

to i ts  fu l les t  capabi l i ty  to provid e rt ~ ” t u l norvi ;es to the c a - p u s

,:omn mj n i t y  w h i le  riot ,ae t i v ’ ’l -v s e rv i t i as a I r i i o r a t , r v  fac i l i ty .

_ _ _ _ _ _ _  -. —‘- -- ‘- . ,- .~
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;gi0endix A

Bel ow is a tuc le lis i ry toe A mmen ican Standard Code for

I~ fun rn a ciurm Inter - t a n g o  ( A S 1 1 j .  mm r ;l y 7 b i ts of t ime code are

l is ted;  the e i jimtn bit is ct’ cr a I all the time or os~d as a

par i t y bit fur error te st i n ì t.

~~ 0 0 0 0 1 1 1 1
_ _ _ _ _ _ _  — -.

~~~~
. Ti 0 1 1 0 0 1 1

LET: ~~ 
~~~ 1 1 0 ± 0

b/ bh bU bl bl h: iI Hrmmi  0 1 2 3 5 6 7

P 0 
- 

0 0 ml IPL L 0 @ _ __ \~~p~~
0 0 0 1 1 SOH DC1 1 A Q_ a _q
0 0 1 0 2 S T X  0C2 ‘ 2 B R b r

~~~~P 1 1  Eft [tC3~~~ 3 C S c s
Q I 0 U -I [Ui DC -4 $ 4 D T d t
O 1 0 1 ENQ NAK  5 E U e u
0 1 1 0 6 ACK SY N  6 F V f v

- - 
0 1 1 1 7 REL ETR ’  7
1 U- 0 - 0 u S CAN ( H X h x

— 

0 0 1 9 H ‘1 ) ~~ 1_ 
~~~~__~~ _~~~~~_~~~~~

— - 
1 [F 

- 
~~~ ~

1 0 1 1 11 VT [SC + k 
~1 1 0 (J I? FF [S , < L 1

1 ~
) 

~ H Ci~ -05 — = M 3 in J
1 1 1  0 14 SO RS  > N A n~~~~
i i  i ~ is  T~ Th~~ ~~~~~~~~~~~~~~~~~~~~~~~~

I DO
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