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Abstract

rph:Ls revport describes a Man-to-Machine Communication:
module which together with a STAC can take care of all
overator inputs- from the touch—screen, tracker balls
and mechanical buttons. The MMC. module can also con-

tain a G64 card which could be:a GPIB driver but many

other G64 cards could be used. The soFt~ware services

the input devices and makes the results accessible
from the CAMAC bus. NODAL functions for the Man Ma-

chine Communication ‘is implemented in the STAC and.in
the ICC.
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Preface

This report is a result of a collaboration between AUC and CERN, The project
is carried out at CERN under CERN's technical student program.

Chapter 1 is an introduction to the control room technique used at CERN.
The content of this chapter is based on the references 1, 2, 3, and 4, the
chapter ends with the "Problemformulering" which means defining the problem.
Chapter 2 describes the touch-screen detector, first a brief description of
the different touch-screen types is given and the methods which have been used
to interface the capacitive touch-screen. Two new methods for a touch-~screen
detector is described, the first one based on chargetime detector and the ~-.
second one based on a voltage divider circuit,'of those the last one has been
implemented and proven workable, Chapter 4 describes the encoder interface
here a software counter solution is chosen. Chapter 5 describes a G64 inter-
face to the MC68000 frontbus, this interface is mainly done through the use
of PAL's which also takes care of the control logic described in chapter 6.
The diagram of all the hard-ware is shown in appendix 18. 1In appendix 7
therlis a brief introduction to the 68000 hard-ware, the full documentation
of the 68000 can be found in litt 7. Chapter 7 describes the CAMAC communi-
cation between the STAC and the ICC and a brief introduction to the CAMAC bus
is given in appendix 12. Chapter 8 describes the soft-ware for the operator
input detectors, the actual program is shown in appendix 14. The program is
documentated by a PASCAL like program desription in the comment field and a
description of the variables in the header. The structure of the program
was changed just before I left CERN therefore there is some errors and those
which is found is corrected with a pencil. Chapter 9 describes the Man-Machine
functions in the ICC, a brief description of assembler function structure is
given and in chapter 9.4 the KNOB function is used as a basis for an explana-

tion of how an assembler function is implemented.

In appendix 20 there is an explanation of some of the abbreviations used

in this report.
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Chapter 1

CONTROL ROOM TECHNIQUE

Only 2 decade z2g0, a control rocm was just a room filled with remote instru-
mentation for the mzchines being controlled. There were s variety of cables,
connecting the buttons in the control room tc the machine controiled and to
read back the results. When processes gets complicated many wmachines, many
adjustments, etc. <the control room also gets bigger, the result is that the
cperator has to move around between 21l those contrcl panels and make the ne-
cessary adjustments. For 2z visitor looking into such a control room it looks
very complicated and it cften is.

In = conventional control room, there often is a lot of equipments which
are seldom used, and for normal use only a little part of the whole system is
used. One part is used in the initialisation, other pzrts are used in the
start-up, in the normal run, and in 2larm situations.

It can be very difficult for the operator to overview the whole system
and if something has to be zdjusted or checikcd, he has to move arcund in the
centrol room, 2nd ne c=n only be at one place at a time.

One of the major drawbacks is that when zn update of the system is re-
quired, a lot of hardware and connections have to be replaced, both in the
control room and in the plant. This makes an update very expensive, but what

could be worse is the time needed to instore and test the new system.
STALL

1.1 THE CONTROL SYSTEM FOR THE SPS

PRoTon
khen the controlsystem for the SPS (Super Pog;bfbn Synecroton) accellerator was
designed. It was obvilis that the conventional control filosofi couldn't be
used. The area was so big that the amount of cables alcne, would have done
the project too expensive., AL that time (1972) computers were getting so re-
lizble, and economical, that it was rsascnable to make use of them in control-
systems. before that time computers had only been used in the collecting of
data and for the calculztion of results, a breakdown here would have no catas-
trophic results.

A whole network of computers were designed, 24 minicomputers were used in
the basic design, each with its own particular function and geographical site.
A message transfer system, which took cere of the communication, between the
various computers were build so, that one computer could start the execution
of a certain proces in 211 of the other computers. The keystone of the soft-
ware system is the NODAL interpreter. This highlevel language makes it possi-
ble for the operator to talk to the machine in a relatively clear language.

En interpreter is used here because then an order can be execubted immidiately
after the cperator has given it, no compiling, linking, cr loading. Ofcourse
an interpretive languzge is slow, but big program pieces which is often used,
can then be written in assembler with a2 NUDAL header. In this way complicated




programs can be executed at maximum speed, with a very easy KODAL call.
Infact there are a lot of resident assembler subroutines in all of the compu-
ters all over the plant. These subroutines can be executed with z call from
one of the consoles or from cone of the otner computers,

The hardware interface to the minicomputers is based on the CAMAC system
- an international standard specified by European leboratories, through the
ESONE Committee - This makes high-speed transfer (24 bit pr microsec.) possi-
ble between the computer and the various input/output devices. Where high
speed isn't essential, where there is a2 long distance between the computer and
the machine, and where the quantity makes it economical, the interface is han-
dled in remote crates which contains cheap standard plug-ins. These remote
crates is connected to and controlled from CAMAC, through a special serial
branch. A CAMAC crate can contain 4 serial branch controllers, and each of

these can control a maximum of 32 stations. The system configuration is shown
in figure 1.
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Figure 1: The computer system for the SPS

The control room was designed so, that one person from a single console
can control all the parameters of the machine without moving from his seat.
The basic idea is to multiplex the machine to the operator, instead of the op-
posite which was the case in conventional contrel rooms. This is possible

“with the use of computers in the interface to the machine. The ccmputer can
make @ link between 2z knob on the centrol console to any device in the system
- requiring a2 knob input. Therefore the conscl was equiped with a2 minimum of
knobs 2nd buttons. Infact the primsry input devices is limmited to:




1. The touch-screen - 16 buttons

2. B few reel buttons, for frequently used acticns

The computer controlled knob

La)
.

4, The tracker ball

Lnd for the visuzlization of the information from the system,
5. The video display system

To these are added the secondary input devices:
6. The keyboard

T. The identification card reader

1.1.1 The touch-screen

The touch-screen consist of a transparent glass plate with 16 sensitive touch-
buttons. Under the fouch-panel, there is a little monitor, on which small
pieces of text (legends) can be written under the sensitive areas. A typical
set of legends is shown in figure 2. The operator can now select any of the
legends, by just touching it with his finger, and the computer will then take
action on this, either by putting a2 new set of legends on the screen, to go
deeper in the hieraschy, or execute something.

GENERAL SERVICES, <499>BRSERY

Figure 2: Picture of a tcuch~screen with legends




The touch-screen is the key to a big hierachical tree, in which you can
go from the basis to znywhere with just a few logical decisions. The computer
only presents you the valid choises, sc the operator is not confused with
butttons which have no significans for the operation he has to carry out. if
there is some actions which the operator is not z2llowed to carry out the com-
puter simply will not zllow him to. Both safety and speed of the cpration is
greatly enhanced, since there is no need to use a keyboard for the actual ope-
ration, which is normally the case in computer-controlled systems.

1.1.2 The computer-controlled knob
A knop is probatly the most used input, when the talk is about adjustment.
There is a variety of diﬁerent knobs: knobs with spring return, multiturn,
discrete steps, etc. In the SPS control rocm there only is one computer con-
trolled knob at each consold This knob can be programmed into different
modes:

1. Programmable resistance against being turned

2. Programmable end-stop

3. Spring return to zero from left or .right

4, A switch with exactly 16 positions for a complete turn
The knob itself shows what oberational mode it is in.

As seen from figure 3, the computer-controlled knob is pretty complicat-

ed, bulky, and expensive, go in future design the knob will procbably not be
computer controlled, but only one mode will be possible.

Figure 3: The computer-controlled knob
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1.1.3 The itracker ball

The tracker ball is 2 two-dimensional input devices and is mainly used to move
a curser on 2 TV screen. If the picture on the screen was a diagram over the
vacuum pump system, the tracker ball could be used to select one pumpstation,
by just moving the cursor to that pumpstation. Further selection cculd then
be done together with the touch-screen, and finaly when one pump had been se-

lected, adjustments could be carried out with the knob.

The tracker ball used in the SPS control rcom is designed at CERK. The
ball is-2 10 cm. bowling ball and is very comfortable in use. There are two
different vefions of tracker balls commercially available, as shown in figure
4. In the normal type the ball is turned, by moving the hand over the ball.
The other type is the mouse, here you hold the mouse in your hand, and when
you moves the mouse over the table, it is just as if you had the cursor in
your hand.

Figure 4: A normal tracker ball The mouse .

1.1.4 The video _display system

The display system is based on synchronizsd TV raster pictures. The synchron-
ization allows different pictures to be mixed onto one monitor. This means
that an output can be build from: character generators, graphic generators,
and cursor generators,

even normal pictures can be used. Any picture can be transmitted to a variety
of black-and-white and colour monitors. The standard TV norm (625 lines) is
used, which mezns that pictures can be transmitted to places outside CERN very
ezsily. The use of a stendard norm also means that standard monitors can be
used. The disadventage is thc lack of high resolution pictures, but this is
nov provided through a different system.




1.1.5 The kevboard

The keybozrd provides the full facilities of NCDAL, Which mesns that the op-
erztor can write programs, run programs, and he can execute programs step by
step. In the control phase the keybecard is hardly used, here the touch-
screen, the knob, and the ball is the main input devices. The primary rolg of
the keyboard is to prepare programs and to test them before they are used in
the control phase. The control room is equiped with 5 consoles, eventhough
the whole accelerator can be controlled from just one of them. The other con-
scles can then be used for the writing and testing new programs, and for the
education of new operatoers.

1.1.6 Identification card reader

In all kinds of systems a wrong operation can have sericus consequences. To
avoid wrong operations the operator has to identify himself to the machine.
From the identity card the machine can see which operations the operator is
not sllowed tc carry out. This means that operators without experience will
do no harm to the machine.

1.2 TIHE CONSOLES

The first implementation of this control concept was dons in the SP3 consoles.
Here a NORD minicomputer is connected to each of the consoles. The intercon-
nection is done thnrough CAMAC crates, vie special made CAMAC cards. There are
cards for the touch-screen, hard buttons, trackerball, and the knob. The lay-
out of the consoles is shown in figure 5, and a picture of the control room
with the four consoles is shown in figure 6.

Badge Reader
Small BU Screens ﬁgl Colour Screen Large Bad Screen
a
1S alis
af . .
17 =18 a a @O o o

Systiem Buttlons

aQ

——0
o
Knob G,Q
o|l—lel—]

Touch Buttons

——

———2 e
Keyboard @

Tracker Ball

Figure 5: The layodt of the SPS consoles
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Figure 6: Picture of the SPS control room

The second implementation was the Touch~terminal, this is a low cost so-

lution with the processor integrated in the crate controller, a s¢ callied In-
dependent Crate Controller.
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Figurc 7: The Touch-terminal in the CAMAC version




In the version from zround 1976 the ICC was based on the 16 bit PACE processor
from hational, one of the first 16 bit microprocessors. 1n 1960 a new 1CC was
introduced, this uses the Fotorola 68000, a 32 bit microprocessor. This set'-
up, with a2 68000 based ICC, is used and will be used in contrclsystems in ver-
ious fields at CERN. A picture of the Touch-terminal is shown in figure 7.
The box contsins a half size CAMAC crate and a touch-screen with menitor. To-
gether with & normzl terminzl and a colormonitor this is a2 complete control
system similar to the SPS consoles. The control language is NODAL in all of
the ceses, which means that application programs can be developed on the
Touch-terminal and easily transfered to the SPS consoles. The CAMAC modules
used in the Touch-terminal is the same as those used in the SPS consoles.

The next version of the Touch-terminal, will be in a VME configuration.
The VME bus is a multiprocessor bus well suited for the 68000 microprocessor,
and is together with CAMAC and G64 z CERN standard bus. CERN has newly devel-
oped a CAMAC branch driver for VME, which means, that 2 processor in a VME en-
viroment can acces and control CAMAC crztes and modules.

In tabel 1 a list of the different conscltypes, which is supported by the
SPS-ACC group, is shown.

Processor Assembler Enviroment Introduced
NORD KORD asm. CAMAC-NORD 1973
PACE PACE asm. CAMAC 1976

68000 63000 asn. CAMAC 1980
68000 68000 asm. VME 16384 /65
TAELE 1

Overwiew over the different console types

The RORD will remain the consol computer for the SPS centrol rcom for
quite some years, there is no actual plan for their replacement.

The PACE ICC will be replaced with the 6500C ICC whenever an update
should be required.

The 68000 ICC will remain the standard ICC and is not foreseen toc be re-
placed with znother ICC. This Touch-terminal will be used in many controlsy-
stems in and around the LEP preoject.

The next ceneration of the Touch-terminal will have all its man-mechine
communications, display drivers, WKODAL processor, etc. iwmplemented in VME.
CAMAC branch drivers could also be used in the VME enviroment for collection
cf deta and proces control, but other possibilities such as GPIB would be pos-
sible too. In 2 longer time scale the VME based system will probably replace
the KORD minicomputers in the 8PS control room




1.3 PROBLEMFORMULERING

There is a strong demand for new Touch-terminals, and one of the problems with
the Touch-terminal is that they only contain half a CAMAC crate, the cother
half is occupied with the touch-screen monitor and the powersupply. A typical
set'up is shown in table 2,

W/J;t oLy HALRF A cBATE

Crate contrclier 1CC -
Dsplaydriver for the color monitor -
Displaydriver for the touch-screen -~
File module, for storing programs -
Touch button interface -
Hard button interface -

N) o et ed wd e DY NN
w
}—l
(o]
o

Tracker ball interface - 1 slot

Kncb interface - slot

GPIB driver - slots

A1l together . 13 slots
TLBLE 2

CAMAC cards used in a Touch-terminzl

The Touch~terminal only contains 2 11 slot crate, so if none of the above
functions has%f%ﬂ mitted, it is necessary to put the set'up in a full CAMAC
crate (25 slots).

To save money and space in the CAMAC crate, there is a desire to inte-
grate all the operator inputs into one unit. This can be done with the use of
a2 microprocessor in the interface, the processor can do work which earlier
would have required a lot of hardware.

Recently & STand Alone Computer ~ STAC has been developed at CERK. This
STAC is a CAMAC slave processor, build around the Motorola 68000, with a2 de-
sign similar to the 68000 ICC. Seen from CAMAC this module looks just like an
ordenary input/output module. On the frontpanel of the STAC there is a front-
tus connector, which contains the full 68000 bus. The idea is to put a second
card beside the STAC, connected to the STAC through the front bus. OCn this
card all the interface for the input devices should be put, and the processcr
can go and read them every now and then, if something happens at the inputs,
the STAC takes action, prepares the data for transfer on CAMAC, and transfer
them to the CAMAC bus on request from the crate controller

The implementation where =2 STAC and 2 special purpcse Man lMachine Commu-
nication module --MMC,; replaces U special purpose modules, has the following
advantages:

1. The number of different mecdules is cressed from 4 to 1, the STAC is
s wil

de ase
in use anyway {cr cothier purposes. This will alsc decrease the number
cf required spare modules for system backup.

9 et




o

Two CAHMAC slots is saved, this means a lot in the half size CAMAC
crates, where the tracker ball and the knob interface hasn't been used
yet according 4£¢ space problems.

ECAVSE o
The STAC can take some of the load away from the crate controller, con-
cerning the checking of input devices etc. This will alsc decrease the
trafic on the CAMAC bus.

it is also possible to let the STAC perform other work, f.ex. the crate

ip son im i 2 ati the STAC.
controller could skip some time consuming calculeticns to e o e Pocesson
Other interface cards could be connected to the frontbus, and the STAC
could condense the results from these inputs and just transfer the re-
sults to the crate controller.

A cheaper touch-screen could be used, because adjustments and drift
problems can be compensated in software.

This way of rearranging the input devices towards microprocessor con-
trol, will ease the change to VME, infact the only thing which has to
be done is to change the CAMAC interface to s VME interface.

Last but not least, all the points mentioned above will decrease the
price, increase system throughput, and make the system more flexible.

- 10 -




Chapter 2

THE TOUCH-SCREEN

The reason for having a touch-screen in the SPS control rcom, is to make the

ﬁb&MLJsbuttons super fluently which means that, every buttons function and name can

be changed under computer control. The most flexible way of doing this is to
use a monitor for displaying the button names, and then detect when a finger

touches or points at the name. There is different ways to implement 2 touch-
screen, these are:

1. Cross wires - This mechanical system was first described by Ferranti
and Plessey in 1971.

2. Infrared light - The wey of using intersecting lighbeams was first de-
scribed by Rutherford Laboratory in 1972, this system is used now in
the new Hewlet Packard 150 system with a resuluton of 1% row x 2/ co-
lumn.

3. Acoustic waves - This system is based on a pulse echo-ranging technique
on an elastic surface. the resolution is 0-20 to 0-255 on each 2xis.

L, Resistive - A glass sheet cozted with a transparent resistive substrate
and a transparent conductive plastic sheet in front of it. ¥hen a
finger pushes the two fogether, the coordinate can be found by detect-
ing the resistor ratio in the x- and the y-axis. The resolution is

mainly determined by the analog to digital converter.

5. Capacitive - A glass plate with 2 set of capacitors, made of thin line
elements, invisible for the operator. Wkhen a finger touches the capa-
citor the dielectric will change and the capacity will increase. The
capacitor is isolated from the finger by 2 thin and resistant epoxy
lzck layer. This system has been used in the SPS control room since
its start in 1974.

2.1 THE CAPACITIVE TQUCH-SCREEN

The touch-screen chosen for the SPS control room is based on the capacitive
princip. There is 16 touch sensitive areas on a glass plate organized in a 4
by 4 matrix. One of the touch capacitors is shown in figure 8. This touch-
panel was designed and proven functional in 1973. The capacity of an un-
touched capacitor is =round 80 pF, but the actual value varistes between 66 pF
and S0 pF dependent on where on the touch-panel the capacitor is situated.
When a capacitor is touched slightly with only the tip of a finger, the capa-
citor increeses with around 10 pF, again dependent on which capacitor it is.
If a big swetty finger is presed hard against the capacitor, the capacity in-
creases with around 30 pF. The untouched capacitor values is 1-2 pF nigher
when the touch-pzanel is dirty, compared to a clean cne. & complete set of va-
lues is given in appendix 1.

- 11 -




Figure 8: Enlarged picture cof a touch capacitor

There is different weys of dsteszting the capacity change, and different
wethods have been used. The first method were based on phased-locked oscilla-
ter circuits as shown in figure 9. This method regquires a lot of hardware,

and each oscillator heas to be adjusted very carefully to the touch-panel used.

kaference
MASTER . ultage
OSCILLATOR PHASE-LOCKED LOOP
INPUT d gg;PUT
Pha - Le.
com::rator | ?2::2:55 | :mglifier VOLTAGE
COMPARATOR
Voltage~ . Demodzlated
controlled outpu "
oscillator
Touch
capacitor
Figure 9: The phase-locked coscillator used in the first detector




The sccond method, which were introduced in 1977 and is the one used now,
are based on detuning of a resonant circuit. A diagram of 2 complete detector
for one button is shown in figure 10. These circuits esre implemented using
thickfilm circuits, mounted on a flexprint which is connected to the touch-
screen. Here they are adjusted to resonans and sealed. When a finger touches
the capacitor and the capacity is increased, the circuit is detuned, and the
output voltage drops. This drop is detected by simple comperators. The ad-
ventage over the former method is: simpler and less hardware, and & lower
price compared to the first methcd, but even so the price of the thickfilm
circuits are pretty high.
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Figure 10: The tuned circuit for the touch-screen detector

When a micro processor is used in the detecting, it should be possible to
let the processor measure the capscity, and if there has been a rescneble
change, it could signal that a button has been touched. It is not necessary
to detect the exact capacity, but merely to be able to detect if there is any
changes in the capacity, This means that non precission components can be
used, and possible adjustment could be cmmitted completely, even drifts in the
circuit parzmeters could be outbalanced in software. All together this should
decrease the price. Different methods can be used to detect a capacity, and
in the following ssctions two different methods will be described.

1. Detecting the capascity, by detecting the time it will take to charge it
to 2 certain level.

2. Detecting the ratio between two capacitors in a voltage divider cir-
cult.

2.1.1 _ Charge time detector

One way to detect = capacity is to measure the time it takes to charse it to a
given level. The relztion for chersing & capacitor is:

V(t) = V(o0) + (V(0) - V(o9)) EXP(-R-C/t)

" or

t = ReC ln[(V(O)-V(CO))/(V(f )-v@d)}

- 15 -
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then t is a function of the capacity alo-
converter could be build using a counter
charge a capacity from 0 volt tc a cer-

Ifr Vv(0), V(<2), V(t), R is constant,
ne. lHence 2 simple capacity/digital
toc measure the tim2 it would take to
tain level.
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Figure 11: Charge time detector, with analog multiplelexing

A diagram of a touch-screen detector using this technigue is shown in
figure 11, this circuit should be implemented on the flexprint next to the
touch-screen to minimize the stray capacities. The multiplexer should be a
type with low stray capacities, so that the capscity changes from the touch-

The MUX 16 connects the touch capacitor which is selected

screen is readable.
When CLEAR is assert-

with the address A0O-A3, to the input of the comperator.
ed the input of the comperator is connencted to ground, and the capacitor se-
lected by the multiplexer is discharged. The output of the comperator is con-
nected to a2 stop input on a counter. A detection is then made in the

following way:

SET THE ADDRESS

ASSERT CLEAR

NEGATE CLEAR, START COUNTER

STOP COUHTER ON COMPERATOR OUT ASSERTED

The counter contazins now 2 value which is proportional to the capacity of the
capacitor selected, hence a change in capacity will give a change in tne coun-

ter values.
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Figure 12: Charge time detector with digital multiplexing

If 2 compersteor circuit is used for every touch capacity, the
multiplexing could be done digital on the output of the comperator. It migh
-even be possible to use a2 normal TIL gate with schmitt-trigger input as the
comperator. The circuit which should discharge the capacitor, could perhaps
be implemented as the output of an open collector gate. A& circuit example is
ghown in fieure 12, This implementation would probalbly be the cheapest solu-
tion, using only one counter and & few TTL circui#., There is no specifica-
tions for the stray capacities in the inputs of the schmitt-trigger, nor for
the output of the open collector driver, so it is difficult to tell which in-
fluence those capacities will have on the circuit. Eesides there is the load
from the schmitt-trigeger, which might be too high, and the shift voltage in
the schmitt-trigger has to be stable, but even if the TTL schmitt-triggers
vere replaced with high impedanced schmitt-triggers based on OP-AMPs, the cir-
cuit would be simple and it could easily be implemented on the flexprint.

Both ways of implementing a charge-time detector for the touch-screen in-
terface, has the advantage that no anzlog signals have to be transmitted be-
tween the touch-screen and the interface to the computer, which meazns that the
czble lenght is not critics

None of the charge time detector principles have been tried in praxis
but the circuit is so simple and cheap that prototype should be build for
further evaluation. '

. 9
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2.1.2 Detecting a czpacity via a voltage divider

The tuned circuit detector was very sensitive to small freguency changes in
the oscillator and it is also very sensitive to smell chenges in the capaci-
ties there is between 2 clean 2nd 2 dirty touch-penel, the output voltage
cculd drop from 9 to 6 volt, if the touch-panel gets dirty.

LS Dvr STl O, P

St DosS Moy S s sl £CE THIS  ERCoT -
oA T 1S THET LoLTACE WWHEN  TEL e PR STTod 1S TOoUCHEQ

IEp ARt e DU

Figure 13: Detecting a capacity change using 2 voltage divider

I1f the touch-screen capacitor together with a fixed capacitor is building
2 voltage divider, as the one showm in figure 13, a change in the touch-screen
cepacity will result in 2 change on the output voltage from the diode bridge.
This output is then connected to an analog/digital converter from where the
processer can read the the values. This method is simple and requires only
passive components on the flexprint. T T
P O G S R e e

The raztic between the untouched capacity and the fixed capacitor deter-
mines the size of the output, if the fixed capacitor is small compared to the
touch-screen capacitor the output will be small but the the relative sensitiv-
ity to = change in the touch-screen capacitor will be high. On the other hand
if the fixed capacitor is big compesred to the touch-screen capacitor, the cut-
put will be high but the relative sensitivity to a touch will be low. The
fixed capacitor is chosen to be 100 pF Which mean that with a 6 Vpp oscillator
output and untouched capacitor value equal %0 pF, the output will be:

| _ 100 | - '
Veopr = To0rgg 6V - l.4v = 1,93 volt

and for 2 touched cezpacitor the output will be:

_ 100 o )
V9OpF - T100+90 6v 1,4v = 1,76 volt
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If a lower vzlue was chosen for the fixed capacitor, the circuit would be too
sensitive to changes in the output voltage from the oscillator.

The oscillator chosen for this implemantation is a crystal based sinewave
oscillator running at 456 kHz, the output is 8 Vpp with a S0 ohm output impe-
dence. It is the same as the one used in the touch-screen interface based on
the tuned circuit design. 7This is done by two reason§ this oscillator design
has worked without any problems since it was designed in 1976, with this solu-
tion it would also be possible to make an interface to the tuned touch-screen
which is used now, the only thing which has to be changed is the sofware which
handles the interface. The design of this oscillator is described in litt 6.

The anzlog digital converter, must have an resolution high enough to de-
tect the changes which zpears when a button is touched. Here a & bit A/D con-
verter is chosen this gives sufficient resoultion tc detect the change which
is around 10 percent. The refereqéfvoltage to the A/D converter is derived
from the oscillator output and is scaled so that the normal ocutputs from the
screen is around half the meximum input voltage. This means that a change on
10 percent on the output, will give change the digital output with 12, The
L/D converter used is an & input & bit coaverter with internal data transfer
to registers, so that the corverter looks like 8 memory cells to the computer,
the data sheet is in appendix 4. The only disadvantege with this converter is
the low input impedance, 20 konm. This could easily disturb the voltage divi-~
ders on the flexprint, Therefore & test was caried out with znd without the
EDC load. The result of this test is in appendix 3 and the basic results is
shown in table 14. It turned out that the the relative change was almost the
same in the two cases, although the load from the ADC decreased the output.
When the ADC was connected, 2 strong ripple also occured, because the time
constant became to low in the output. A 100 nF capacitor was put in parallel
to the ADC input and this solved the problem, the time constant is now 2 usec
wnich is fine both compared to the oscillator frequency and to the ADC's con-
versicntime.

untouched 2.8V 1.7V 1.7V

touched 2.3V 1.4V 1.4V

ripple 0.05 V 0.2V 0.00 V

change » 17.9 % 17.7 % 17.7 %

oscillator out 8.0 Vpp 7.5 Vpp 7.5 Vpp
TABLE 14

Cutput from the voltage divider circuit with different loads

The reference voltage for the ADC is derived from the oscillator output which
meang, that changes in the oscillater output will also change the sensitivity
for the ADC. The clockfrequency for the ADC is taken from the E output on the
- 68000 microprocessor. This output is normaly used for synchronization with
6800 peripherals. The frequency is one tenth of the processors clock freguen-
cy. In this case the processor runs =t & #¥Hz which results in 2 & frequency
at 600 khz. A complete conversion of the & analog inputs is specified to 640
clockeycles which will take 0.8 msec.

- 17 -
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There is implemented %/é input AD converters which gives 32 analog inputs,
beside that there is 4 or 5 control bits as output. The reason for this is
that a possible future implemntation of a high resolution touch-screen might
require more analog inputs and also some control bits., Another use of the
analog inputs would be for for a joystick, or a trackerbutton as proposed by
Martin Flickiger, which is electrically similar to the joystick. Ofcourse
other analog inputs such as temperature sensors could be connected to the
ADCs too,

The 16 buttons touch-screen requires only ADC 1 and ADC 2 to be present
and the connector to the touch-screen is made so that the 40 pin scotchcable
connector can be replaced with a 20 pin connector only using pin 17 to pin 36
of the 40 pin connector. This 20 pin connector will then contain the required

connection between the touch-screen and the MMC module.
The 32 analog inputs can be accessed at the odd byte addresses from

D0O0001 to DOOO3F, or at'even word addresses D00000 to D0O0O03E, the 8 bit data

would be in the lowcider byte of the received word.

2.2 CLICK GENERATOR

When a finger touches a touch-button the system generates a click as the audi-
able feedback. This click is generated wiﬁh a small loudspeaker and a oneshott
generator, the design is a copy from the hard-button interface module. The
click response is much more pleasent than the bib-bib sound used in many new
terminals. The processor generates the click by simply writing to the address
DO0001 (CLICKADR).

- 18 -




Chapter 3

MECHANICAL BUTTON INTERFACE

The hardware interface to the mechanical buttons is simply two 8 bit digital

ports with the buttons connected to it directly as shown in figure 14,
contact could also be the output of an open collector TTL gate.

Buttons ﬁ*237k N
r/ ;

DAt

VrapeaomReigsiena -

Figure 14: Mechanical button interface

The two ports can be red on address D00051 and D00061 and detection
the button pressed and debouncing is done in software,
’

Howy ©

- 19 -
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Chapter 4

ENCODER INTERFACE

The outputs from the trackerball and the knob is square signals, where the
number of periodes is proportional to the turn of the trackerball or the knob.
There is two different encoder types quadrature and éounyﬁgéount encoding.

In the quadrature encoder there is two square outputs which looks equal but
with a phase differens off +/- 90‘EEE§§§. The sign of:the phase differeng. &
determines in which direction the encoder is turned. In the counyﬁgéount
encoder orly one output is changing when the encoder is turned. If the en-
coder is turned in the positive direction X, remains low while the pulses

proportional to the encoder turn is present on the x, output. If the encoder

is turned in the negative direction Xy remains low wiile the pulses is present
on the X5 ouput. The trackerball which is used in this project and described
in appendix 5 has counyﬁqﬁount encoders, while the mouse which is described

in appendix 6 has quadrature encoders.

'7v2-3115'5v?gq,01(/2. ’ '42‘7"6—6?&,‘/’/0//'1.
: Quadrature Encoding :

X f ] i ! X L ’

] ' 1|5

5 NEEENEN e

¥y L I [ *1*% L 1 |
i#ositims dir4cticnl Hhpegapive direqtion
— A& ' 4 }
. Fodmel [ Ar e T

H
x -
2 ._._.-H,,_,.A._. N S X2 I H
4T — F —T
] —L‘T"v _lr‘ _ fj £ F F—"W'__
X, +x, | I L im_mi L X, +x, | ; |
positive direction - negative direction
CLpew wise /U/’ CoUF7LER Clocer VdSp— /0
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Figure 15: ,. Quadrature and countnocount encoder 6utputs
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Valid Memory Address is in the address space from D20001 to D3FFFF on the odd
byte address

G64VMA = B23 » A22 « A21 - A20 + A19 » ALI8 » Al7 - LDS . IACK - VMA

Valid Peripheral Address is in the address range from D10001 to D107FF on the
odd byte address, G64VPA is not fully decoded.

G64VPR = A23 -~ A22 - A21 -A20 - A19 » AI8 - AL7 - Al6 - LDS : TACK VMA

Enable for the G64 data buffer is valid when G64VMA or G64VPA is selected, but
the enable is independent of the VMA output from the 68000 processor.

G64EN = A23 - A22 « A21 » A20 » A19 + A18  Al7 « LDS + IACK
+ A23 » A22 + A21 * A20 < A19 - A18 » A1l7 - Al6 - LDS - IACK

The-G64EN output also initiates the synchronous cycle by asserting VPA to the
68000 processor. The input to the PALASM is given in appendix 9.

Only the IRQ interrupt output from the G64 card is connected and it is
routed to the encoder interrupt grader with vector 136 and a higher priority
t+han the encoders. This means that when the G64 card sets an interrupt on the
IR0 line the 68000 processor will receive a level 5 interrupt with vector 136.
This solution is chosen because there is only one interrupt line on MC68000
frontbus, The disadvantage with this implementation is that the G64 interrupt
routine must end with a dummy read of the encoderoutput to enable for a new
interrupt from the encoders, because 1f an encoder interrupt had occured in
the meantime the interrupt to the processor would remain asserted even when
the G64 interrupt was removed and the new interrupt vector would not be lat-
ched into the interrupt vector register. A better solutioh would be to let
the G64TRQ generate an autovector interrupt. An autovector interrupt is S
generated by asserting the VPA line to the processor in the response to in-
terrupt acknowledge cycle, if DTACK was asserted the processor would read a
uservector from the databus. The solution with the autovector would require
more hardware so the former solution was preferred. If other G64 interrupts
is necessary some other external connections between the STAC and the G64

card must be made.




Chapter 6

CONTROL LOGIC USING PAL's

Two PAL's is used in the control logic in the MMC module. IC 24 is used for
predecoding of the address space for the MMC circuits and the G64 card and
enabling of the data buffers,

MMCCS selects the address space for the man-machine communication. The

MMC _devices. is located in the address space from D00001l to DOOO7F, but is not
fully decoded. ‘ ‘

MMCCS = A23 - A22 « A21 + A20 - AL9 » A18 - AL7 - AL6 . LDS « IACK
MHees D ORAwN G SRys &64Ew — VPA
This output also asserts the VPA -se~—the-precessor to the processor, to ini=-
tiate a synchronous cycle. The ADC's is too slow to run on.the 68000!s full
speed, therefore a synchronous cycle is initiated, another poséibility is to
assert a delayed DTACK, but this would require more hardware.
s (Ic 22) «
Thepbuffer for the MMC circuits is enabled when MMCCS is asserted and

when the processor read the interruptvector from the encoder interface.

-— ZTe e

MM%FN = A23 - A22 < A21 +A20- A19 +» Al8 - Al7 :» Al6 - LDS.» IACK + ENCINTRD
BUFFER (fg 22)

The second PAL IC 27 takes care of the control signals used in the inter-
rupt acknowledge cycle for the encoder interrupt. The function codes from
the 68000 is used to indicate which cycle type the procéssor is running, the
relation is shown in table 4.

Function Code Output
FC2 FCt FCO
0 0 0 (Unassigned)}
User Data
User Program
{Unassigned)
{Unassigned)
Superviser Data
Supervisor Program
Interrupt Acknowiedge

Ref e Class

a m e m O OO

- e O e O -

1
1
0
0
1
1

TABLE 4: Reference classification
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ZTe 2.8
The interrupt acknowledge output is used in the previous PAL so that no devi-

ces is selected in this cycle.- The IACK output is generated in this PAL with

the equation:
IACK = FC2 + FC1 « FCO

When the processor is running an interrupt acknowledge cycle, the interrupt
level which is serviced is indicated on the three lowest address lines A3, -
A2, Al. The encoder interrrupt is located at level 5, therefore the encoder
interrupt vector must be written onto the data bus as a response to an inter-
rupt acknowledge cycle at level 5 which means that the following equation
must be fulfilled:

ENCODINTRD = FC2 - FCl - FCO + Al - A2 - A3 - LDS
£ENCod RO

at the same time the datatransfer acknowledge DTACK is asserted, to signal to

the processor that a uservector is written onto the data bus.

The write signals for the MMC circuits is also implemented in the second
PAL. The click is located at address D000O1

CLICK = MMCCS - READ + AL - A2 - A3 - LDS

The address where the enable mask for the encoders is located at address D00003

ENCEN = MMCCS « READ *Al- A2 - A3 » LDS W £MCop EN we

The latch which holds the output of the controlbits to the touchscreen can be
accessed on address D00005

BUTWR = MMCCS - READ - AL » A2 « A3 - LDS

The last output which is generated in this PAL is used to clear encoder inter-
rupt flip-flops. Those flip-flops is cleared on every read cycle from the
encoderoutput and also when the processor is reset. If reset didn't clear
the encoder flip-flops there would be problems in the upstart, because the

encoder interrupt register might contain a nonvalid interrupt vector.




Chapter 7

CAMAC COMMUNICATION

CAMAC is a modular data handling system in widespread use with online digital
computers. The CAMAC bus consists of 24 write bus-lines, 24 read bus-lines,

5 function code lines defines the functions F(0) to F(31l), 4 sub-address lines
defines the sub-addresses A(0) to A(15), and some control lines. Beside the
buslines :every module has a N line (slot number) which is used to select the
module and a LAM line (Look-At-Me) which is used by the module to signal to
the crate controller that it needs attention. A brief describtion of CAMAC

is given in appendix 12, which is small parts taken from the full documen-=
tation 1litt. 8.

7.1 CAMAC - STAC INTERFACE

The basic communication between the STAC and CAMAC is done in the following
way. The crate controller accesses the STAC with a certain NAF-code and con-
tinues with that until it receives a Q-vgewons, The Q-respons signals to
the crate controller, that the STAC has reccgnized and performed the
NAF-function. The NAF-function could be a read from CAMAC, a write to CAMAC,

or just a command.

The STAC receives an interrupt when it is accessed with a NAF it can re=
. cognize, at the same time the A ard F is latched into a register. The inter-
rupt routine can read the A and F from the register and take action on the
different commands. Thereis two independent Q-responses in the STAC, one for
the CAMAC read functions-F(0) - F(15) and one for the CAMAC write functions
F(l6) - F(31).

Ay LAM.

When the STAC writes to CAMAC it will set the F(0)-F(15) Q flip~flop and
the data will be latched intoc the CAMAC output buffer. When the crate. con-
+roller accesses the STAC with a read function, it will receive the data from
the CAMAC output buffer together with the Q-respons which tells the crate
controller that data is present. The F(0o)-F(15) Q means that data is ready

in the CAMAC output register. The Q flip-flop is cleared after the CAMAC ac-

/
Cés. To TuE S7Ac- |
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When the crate controller writes to the STAC and the CAMAC input buffer
in the STAC is empty, the crate controller will receive a Q-response and the
submitted data is latched into the STAC's input register. If the input regi-
ster wasn't empty, nothing would be latched in and the crate controller would
not receive a Q-respons. When the STAC reads the CAMAC input register, the
F(l6)-F(31) O flip-flop will be set and this will enable for a new dataset to
be latched in frof- CAMAC. The F(16)-F(31l) O-respons means that the input .
buffer is empty, and that the submitted data is received, and the STAC is
ready to perform a new operation. The Q flip-flop is cleared after a CAMAC

access.

— . " - 1 ot ek Tt A . Pt o Y e et i e P i e e e P i i G A S U o YD A Gy S e s T e i i

TABLE 5: Format of the status register which receives the NAF-code

The CAMAC interrupt routine shown in appendix 13 uses bit bl1-b9 from the
status reister as a pointer to a table which contains the offset vectors for
for the different CAMAC functions and sub addreeses, the format of this table

is shown in table 6.

CAMTABEL v (A(0),F(0)) offset vector for subroutine for A(0), F(0)
v{(A(0),F(L1)) . etc.
v(A(0),F(2))

v(A(15),F(31)) last vector

TABLE 6 : Pointers to CAMAC function - subroutines

v(A(0),F(0)) is defined as the offset from CAMTABEL to the start of the sub-
routine for A(0), F(0).




When a CAMAC interrupt occurs the following program is executed:

CAMACIRQ) READ A,F from status register
MASK b0, bl0-bl5 out
READ v (A,F) from CAMTABEL
CALL subroutine v(A,F) + CAMTABEL
RETURN from interrupt

The different subroutines performs the actual CAMAC operations. Those CAMAC
functions which is not implemented prints the function F(x) and the subaddress

A(y) on the terminal connected to the STAC.

7.2 LAM HANDLING

LAM - Look-At-Me is used as an interrupt from a module to the crate controller
telling it that the module needs to be serviced. In the STAC there is more
than one source which might reguire service from the crate controller. The
CAMAC specifications operates with two groups of registers, register.l which
is mainly used for data transfer and register 2 which is mainly used for
transfer of status information. Register used for LAM information is speci-

fied to group 2 registers at the following sub addreeses:

LAM status register reg. 2 sub adr. A(12)
LAM mask register reg. 2 sub adr. A(13)
LAM request register reg. 2 sub adr. A(1l4)

In those registers a certain bit position corrospond to a certain LAM source
and for the MMC module they are defined in the following way:

b0 Encoder O

bl Encoder 1

b2 Encoder 2

b3 Encoder 3

b4 Encoder 4

b5 Encoder 5

bé Encoder 6

b7 Encoder 7

b8 Touch buttons

b9 Mechanical buttons

bl0~-b23 not used

TABLE 8: Relation between LAM sources an bit position in LAM reg.
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The group 2 registers is organized as a block of 16 longwords in the
STAC, cne location corrosponding to every subaddress. This block is acces=
sible from internal STAC programs and from CAMAC with the following func-

tions:

F(1)A(x) - Read register 2 sub adr. A(x)
F(17)A (x)
F(19)A(x)
F(23)A(x)

Write to register 2 sub adr. A(x)

Selective clear register 2 sub adr. A(x)

Selective set register 2 subadr. A(X)

TABLE 9: CAMAC functions used for transfer of status information

When a device needs attention from the crate controller, it sets its bit
in the LAM-status register and if the corrosponding bit is set in the LAM-mask
register, which means that LAM is enabled, it set the bit in the LAM=-regquest
register and aaserts a LAM on the CAMAC bus. The first thing the crate con=
troller must do after a LAM is received is to read the LAM~request register

to find the device which created the LAM and then take action on that.

7.3 COMMUNICATION BETWEEN THE MAN-MACHINE ROUTINES AND CAMAC

There is many registers necessary for the Man-Machine/CAMAC communication
more than what is supplied by the CAMAC sub-addresses. The communication

is therefore always done with two CAMAC operations. First the crate con-
troller sends a pointer to the STAC and then afterwards the actual operation
takes place. The pointer operations is done on sub-addres A(o) and the data
transfer is done on sub-address A(l). The pointer values. is given in table
10 and table 11. All the operations is only word-access in this

communication.
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Touch-button-out

Touch -button-mask
Mechanical-button-out
Mechanical-button-mask
Encoder—enable-—mask
not used

not used

H O B 0 & NN O

not used

TABLE 10: . Poirter.values:for acces of MMC register from CAMAC

Output Low limit High limit Scale factor
Encoder 0 10 20 30 40
Encoder 1 12 22 32 42
Encoder 2 14 24 34 44
Encoder 3 16 26 36 46
Encoder 4 18 28 38 48
Encoder 5 1A 2A 3a 4a
Encoder 6 ic 2C 3C .. 4cC
Encoder 7 1E 2E 3E 4E

TABLE 11: Pointer values for acces of encoder registers
The CAMAC functions which is used in the Man-Machine communication
is given in table 12.
Control functions

F(16)A(0)

- Write pointer to MMC block
F(24)A(0) - Disable the Man-Machine communication routines
F(25)A (0) - Set the new encoder interrupt mask
F(26)A(0) - Enable the Man-Machine communication routine

Transfer functions

F(0)A(L) - Read the register the MMC-pointer points at

F(2)A (1) — Read and clear the register MMC-pointer points at
F(16)A (1) - Write to the register the MMC-pointer points at
F(25)A (1) ~ Make a click (sound)

TABLE 12: CAMAC functions used in the Man-Machine communication
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7.4 COMMUNCATION G64 - CAMAC

This G64 - CBMAC communication is only a simple transfer of data between a
G64 card and CAMAC. First the address must be supplied with CAMAC function
F(16)A(2) and then afterwards data can written to the G64 card with CAMAC
function F(16)a(3) or data can be red with CaMAC function F(0)A(3).

When a special purpose G64 card is implemented, special functions should

be written to allow blocktransfer, highlevel commands etc.. In this way the
STAC could take some of the load away from the crate controller.

7.5 GENERAI PURPOSE COMMUNICATION STAC - ICC

Those CAMAC function which is written by Ole Borch will not be described in

this report.
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Chapter 8

SOFTWARE FOR DETECTION OF OPERATOR INPUTS

The software which checks if there has been an operator input, is imterrupt
driven from the hardware timer on the STAC. This timer creates an interrupt
every 2 msec. and is enabled with a read from the TIMER address and cleared

and disabled with a write to TIMER address.

The timer interrupt is shown in appendix 14 line 107-133 and the function

is the following:

If everything settled — CALL TOUCHCHECK

Otherwise - Initialize touchscreen variables - CALL TOUCHINI

Check for mechanical buttons pressed - CALL MECHCHECK

Every 25 interrups (50 msec.) - Check if there has been an
encoder movement -— CALL ENCODCHECK

Update the LAM~request register according to the content of
the LAM-status and the LAM-mask registers.

If any bit set in the LAM-request register - Set LAM on CAMAC

8.1 TOUCHINI

The TOUCHINI routine initiates all the variables for the TOUCHCHECK routine.
This routine is called from the TIMERIRQ routine as long as the TINIT counter
isn't negative, TINIT is decremented on every call, so when TINIT gets nega~

tive the initialisation is finished and normal operation will continue.

In-the power up phase the MMCINIT routine is called and looo is written
into the TINIT register and the Timer interrupts is enabled. This means that
normal operation will start after 2 seconds, when the crystal oscilator is- .-
settled, The touchscreen variables can also be initialized when the STAC is
accssed with the CaMAC function F(26)A(0). The TOUCHINI routine is shown in
appendix 14 line 134-161 and the MMCinit routine is in l;ne 106-107.




8.2 TOUCHCHECK

The TOUCHCHECK routine which services the touch-screen is called every 2 msec.

from the TIMERIRQ routine, but it is not called during initialisation. The

TOUCHCHECK routine reads the ADC's to see if there has been a resonable change

compared to a mean value, if so the touch-screen must have been touched by a

finger,

program

1)

and the program takes then action on this. The main features of the

is:

Self calibration and drifts adjustment every 2 seconds.

2) A button is recognized as touched when the value from the ADC

3)

4)

5)

6)

7)

is 12.5 ¢ lower as usual.

A button is recognized .as untouched when thg'value from the ADC

is less than 6.25 % lower than usual.

The touch button mask register can disable any buttons.

A button must be recognized 5 times (lo msec.) and the button must
be enabled in the touch-button-mask reg, before the button is writ-
ten into the touch-button-output register and the LAM status is set.
No buttons must be recoani~zed as touched 10 times (20 msec.) before
the value for no buttons touched (-1) is written into the touch—

button-output register.

When one button is touched no other buttons is detected. It QT OF IWPHF

The TOUCHCHECK routine is shown in appendix 14, a describtion of the variables

is given in line 30-46 while the program is shown in line 162-290. The

TOUCHCHECK routine can be logically partet into three.

1)

2)

3)

Detection of button touched - line 189-228

Debouncing and check of touch-button-mask before the button number

is considered valid and send to CAMAC - line 229-264

Calibration of the untouched values every 2 seconds - line 265-291

The output of the first part is:

TCUR : The button number touched, TCUR can only be changed from

-1 (not ‘touched) to the button number touched
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TOFTIM : Incremented if TCUR isn't touched this time and cleared if
TCUR is touched.

TTIMES : Incremented when TCUR is touched again, if it is the first
time the button is detected touched TTIMES=1 and TCUR=button

TDIF(I) : The accumulated differens between TMEAN(I) and the actual
value TNEW(I), buttons with a value lower than TOFF(I) is
not considered. The TDIF(I) value is used in the calibra-

routine ADJTOUCH.

The second par£ of the touch deteétor program cummunicates with CAMAC
through the touch button output register. A button is considered as touched
when TTIMES > ONDELAY which means that a button has been recognized as touched
ONDELAY (5) times, if this is the case and the button is enabled in the touch-
button-mask register, the button number is written inco the touch-button—-out Fu
register and the bit corrosponding to the touch-button routine is set in the
LAM-status register. As long a a button is touched no other buttons will be
considered as valid. A button is considered as untouched when the button has
been recognized as untouched in the last OFFDELAY (10) times (TOFTIM >OFFDELAY).
Tf this is the case -1 is written into TCUR and the touch-button-out register,

and the bit in the LAM-status register is cleared.

Every 2 seconds (1024 interrupt cycles) the ADJTOUCH routine is called
and the values for TMEAN(I), TOFF(I), and TON(I) is updated according to the
value of TDIF(I), I relates to the button number between 0 and 15.

8.3 MECHCHECK

The program which services the mechanical buttons is very similar to the
TOUCHCHECK routine. The only differen@fis that there is no hysteresis on
the inputs from the mechanical buttons, which makes the program a. little
simpler. The variables for the routine is described in line 47-54 while

the program is shown in line 292-383
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8.4 ENCODCHECK

This routine which is called every 50 msec. (25 timer interrupts) checks

if there has been any change in the encoder counter values. If there has
been a change the counter values are checked against bounds before they are
written into the the encoder output register. Every encoder:is checked in

the following way:

If the counter value is lower than the low limit - The low limit
is written into the encoder—output register and into the

counter.

A
If the counter value is higher than the high limit - The high
limit is written into the encoder-output register and into

the counter.

Otherwise the counter value is written into the encoder-output

register.

Finaly if there has been a change in the encoder output register -
The encoders I.AM bit is set in the LAM status register.

This is not the final version of the ENCODCHECK routine. In the final version
there will also be a scaling factor between the counter and the encoder-output,
but this is not implemented yet., The 1istiﬁg of the program is shown in ap-
pendix 14 line 384-421 together with the software counters line 422-484.
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Chapter 9

MAN - MACINE FUNCTIONS IN THE ICC

The Man—-Machine functions in the ICC is NODAL functions which can read the

touch-screen, the mechanical buttons, the knob and the tracker ball position.

A brief description of the functions which is defined in litt: 13 is given

in the following.

LEGEND Write touch button legend

BUTS

BUTTON

KNOB

SKNOB

HBALL

$SET LEGEN@(N)=CONCATENATION

Writes the CONCATENATION on the touch-screen monitor under
button N (1-16)

N=0 clears the screen and writes the CONCATENATION as a
header of the screen, all buttons are disabled

Buttons with no legends is always disabled.

Read button

SET Z=BUTS

Immidiate read of button

Z on return holds the button number
Z=0 means no buttons touched

The button is cleared after a read

Wait for a button to be pressed
SET Z=BUTTON
The button function waits until a button has been pressed

7 on return holds the button number.

Read or write the value of the knob
SET A=KNOB

SET KNOB=B

Valid range is =-30000 to 30000

Set endstop values for the knob
CALI SKNOB (LOW,HIGH)

Read or write the horizontal ball position
SET A=HBALL
SET HBALL=B




VBALL Read or write the vertical ball position
SET A=VBALL
SET VBALL=B

MCURS Set the operational mode of the cursor
CALL MCURS (M,H)
The valid display modes (M) are:

M=0,1 - suppress cursor display

M=2 - horizontal line

M=4 - vertical line

M=6 - cross, horizontal an vertical line
M=8 . - solid .

M+1 - as mode M but blinking

The second parameter (H) hooks the cursor to the
movement of the tracker ball.

The valid values for hookin are:

H=0 ~ unhook the cursor from the ball

H=1 - hook the cursor to the horizontal ball movements
H=2 - hook thé cursor to the vertical ball movements
H=3 - Hook the cursor to both ball movements

HCURS Read or write the horizontal cursor position
SET X=HCURS
SET HCURS=X i
HCURS works in graphics units 0 to 767

VCURS Read or write the vertical cursor position
SET Y=VCURS
SET VCURS=Y
VCURS works in graphics units 0 to 575

CURC Read or write horizontal cursor position in column units
SET C=CURC
SET CURC=C
The column numbering runs from left to right 1 to 64
The conversion formulae between column units and
graphic units are:
C := INT(X/12) + 1
X::=12.C - 6

CURL Read or write vertical cursor vposition in line units
SET L=CURL
SET CURL=L
The line numbering runs from top to bottom 1 to 24
The conversion formulae between line units and
graphic unit are:
L := 24 - INT(Y/24)
Y := (24-L) - 24 + 12




The LEGEND, BUTS, and BUTTON function is already implemented in the
touch-terminal, using the touch-button-interface module and the rounded-
character-generator. With the introduction of the integrated Man-Machine
communication module, BUTTON and BUTS must be rewritten while the LEGEND
function could remain the same. The BALL and CURSOR functions has not been

implemented in the touch-terminal before.

Almost everything in NODAL is packed into self-contained elements, program
lines, variables, functions etc. These elements are completely relocatable
and computer independent and they are the basis in of NODAL's multi-computer
capability. The only elements which is not computer independent is the de-

fined functions which is written in macine-code.

SIZE
TYPE = 8 TO 12
K NAME N
8 7 6 5 Parameter
4 3 2 1 Descriptors

| CORE ADDRESS |
MASS ADDRESS

CODE

T

Figure 18: General purpose function header - assembler function

The format of a header for an element is shown in figure 18, The first
word contains the size of the element, this value is used to make chain of
all the elements. The second word indicates the type of the element. The
next three words indicates the name of the element, or if its a Line element
thé 1line number will be given here. The remaining part of the héader varies

from element type to element type. The assembler functions is defined as:

8 - Read/write general purégse module ASSFN
9 - Write only general purpose module ASSFN
10 - Read only general purpose module ASSFN
11 - CALL, NODAL error return g. p. module ASSFN
12 - CALL, no error return g. p. module ASSFEFN




In the assembler functions the name of the function is followed by parameter

description, the differant parameter types is shown in table 13.

1 - real value - 3 word floating point number

2 - integer value - 1 word integer

3 - string value - 4 word string descriptor

4 - NODAL reference - NODAL data element, 'address of
first word, i.e. size

5 = real reference - 3 word floating reference

6 - integer reference - 1 word integer reference

7 - real array - 3 word per element floating array

8 - integer array - 1 word per element integer array

9 - NODAL name -~ 3 word element

TABLE 13: Parameter types

The BUTTON and BUTS functions is read only functions which is a type 10
element type. In a type 10 element type the result of the function shall be
placed in the floating point destination which is the content of the A2 regi-
ster when the function is called. The type is always a real value, 3 word
floating point, and this value is not defined in the parameter description in
the header. The parameter description is only used for parameters not for
the réesult of read function or the input to the write function, fore example
the parameter description would be used in a BUTTON function which could read
more than one touch-screen, the BUTTON call would look like this SET A=BUTTON (I)
where I is the touch-screen number and the value which should be defined in the

parameter description.

9.1 LEGEND

It was decided to change the LEGEND routine a little bit so that the touch-
button TBUTMASK was transmitted to the touch-button-mask register in the STAC
whenever it was changed. 1In this way the check for enabled buttons could be
done in the STAC instead of in the ICC, this would also simplify the BUTITON
and BUTS functions in the ICC. The LEGEND function is shown in appendix 16
line 323-480 and the only change from the original LEGEND function is line
398-401 and 463-466 which is inserted.
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9.2 BUTS

The BUTS function reads and clears the touch-button-out register in the STAC.
First the pointer to the touch-button-out register is submitted with CAMAC
function F(16)A(0) and then the content of this register is red and cleared
with CAMAC function F(2)A(l). When the button number received is -1, which
means no buttons touched, the routine jumps to the BUTTON routine and the
functions returns with the value 0. If the button numbder received wasn't
-1, the routine jumps to the BUTTON routine where a click is generated with
CAMAC function F(25)A(1) to the STAC and function returns with the button
number touched. The button values in the STAC is 0-15 while the button va-
lues in the BUTTON and BUTS function has the values 1-16., If the backbutton
should be pressed tﬁe number returned Will be 17. The BUTS function is ..-
listed in appendix 16 line 224-260 and the part of the BUTTON routine which
is used in line 212-228.

9,3 ~ BUTTON A&CH. BuFlowg

The BUTTON function waits for a button to be +ouched and when the button is
touched the function returns with the button number. The program listing is

shown in appendix 16 line 133-223,

Both the mechanical- and the touch-button routine sets a bit in the LAM-
status register when a button is touched. Therefore the BUTTON routine could
wait until one of those bits is set and then read the button number and re-
turn this. If the ICC polled on the LAM-status register in the STAC until a
LAM-bit was received from one of the button routines in the STAC, the STAC
would be fully occupied with the service of this operation, therefore another

implementation is chosen.

The LAM-handler routine in the ICC reads the LAM-request register from
STAC and saves this value in a LAM-register in the ICC. This means that this
LAM-register will allways contain an updated copy of the LAM~request register
in the STAC. In this way a polling on the different LAM sources in the STAC
is possible without disturbing the STAC, the polling is simply done on the
L.AM-register in the ICC.

A call of the BUTTON function will first set bit 8 (touch-buttons) and
bit 9 (mechanical-buttons) in the IAM-mask register in the STAC, this is done
with the CAMAC function F(19)A(13). This means that a pressed/touched button
will result in a LAM from the STAC. The LAM-handler in the ICC will on this
LAM interrupt read the LAM-request register with CAMAC function F(1)A{14) and
save the value in the LAM register, this register will now have bit 8 or bit
9 get depending of which kind of button was activated. The routine waits

until bit 8 or bit 9 is set or an escape is typed on the keyboard.
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If bit 8 is set the routine creates a click and the function returns
with the button number touched.

TIf bit 9 is set the routine checks if it was the back-button which was
pressed, if so a click is generated and the routine returns with the
value 17

If escape was typed on the keyboard the routine will make an errxor re-
turn and write escape typed on the connected terminal.

At the end of the routine the LAM-mask is regenerated both in the STAC
and in the ICC

The return of the button number number is done through the call of the NLZ16
routine which takes the 16 bit value in register DO and converts it to float=

ing point value and saves the value in the address given in register A2,

9.4 KNOB

The knob can be connected to any of the eight encoder inputs and it is chosen
to connect the knob to the encoder 0 input and if more knobs is used they

should be connected to the succeding encoder inputs.

When the STAC is reset all the encoder counters is disabled, therefore
the TCC shall initialize the encoder for the knob before it can be used, this
is done by writing -30000 into the encoder ‘0 low-limit register, 30000 shall
be written into._the encoder 0 high-limit register and the encoder 0 out regi-
ster shall be cleared, finaly the encoder 0 counter must be enabled, the pro-

cedure will lock like this:

Write low-limit 0 pointer 20hex with F(16)A(0)
Write low-1limit 0 value -30000. with F(16)A (1)
Write high-limit 0 pointer 30hex with F(16)A(0)
Write high-limit 0 value 30000 with F(16)2(1)
Write encoder-out 0 pointer 10 hex with F(16)A2(0)
Write encoder-out 0 value 0 with F(16)A(1)

Write encoder-mask pointer 8 with F(16)2a(0)
Selective set bit 0 in encoder-mask with. F(18)A (1)
Set the new encoder-mask with F(25)A(0)

When the encoder values in the STAC has been initialized with the above rou-
tine, the knob can be accessed with the KNOB function. The KNOB is a read/
write function type 8, the parameter passing in this type of function is
similar to that of the BUTTON and BUTS functions, address of the input or
output is in register A2 when the function is called, the content of the

D1 register indicates whether the function was called as a read or as a write
function, if it was read the content of Dl would be +1 while a -1 would indi-
cate a write access. The function is not implemented yet, therefore a comple-

te description will be given in the following:
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KNOBST DC.W
DC.L KNOB
PROGM
. . KNOB ENTER
MOVEA.L  #MMCCAMADR,A3
PROT
CAMACWR #¢$10,F16A0 (A3)
TST.W Dl
BMI RNOBW
CAMACRD  FOAL(A3),DO
CALL NLZ16,ERR
BRA KNOBEND
KNOBW CALL NFIX32,ERR
CAMACWR  DO0,F16A1(A3)
KNOBEND  UNPROT
'RET
KNOBSZ EQU BE-KNOBST) /2

The NODAL macroes is used to make

KNOBSZ,8,'KN','OB',0,0,0

Macro to reset local variable index
to enter a routine
adr. for the MMC module

to disable CAMAC interrupt

Macro
CAMAC
Macro
Write the encoder—out 0 pointer
to the MMC module
IF read-access
THEN '
Read encoder-out 0
Convert to floating point
ELSE
Convert from floating point:
Write the value to encodé}—out 0
ENDIF
Macro to enable CAMAC interrupt
Macro to return from a routine

Define the size of the function

an easy NODAL interface. These macroes

defines the stack and the indexes which is used in the acces of parameter and

local variables.

The format of the stack is shown in figure 19.

The ENTER macro stacks the registers and defines the new A6 register and

the new stack-pointer, the A6 register
local variables and input parameters.

stack-pointer has the value SP-old and
is located at the stack just under the

The PROGM macro resets the

7ZXY and the ZYX indexes.

is used as the basis for the access of
Before the ENTER macro is executed the
the address of possible input parameters

return address.

7ZXY is used to

define the local variables index and the stack-pointer value after the execu-

tion of the ENTER macro.
macro.
variables in the function call.

input parameter in the PROGM macro.

7XY is defined as the D0O-old address in the PROGM
7vX is used to define the input parameter index for the transfer of

7YX is defined as the pointer to the first

DATA, STRING, REAL is macroes used in the definition of local variables,
they are assigned to the top of the stack and ZXY is decremented according to

their size.

The FPAR macro is used to assign a name to the index for the input para=

meters, if there is more than one parameter the parameters must be defined in

the same order as in the function call
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LOW MEMORY

(sP) ‘local data
local dafa 7YX<£-40+size of variable
-40 (A6) DO-o01d 7Z¥X=-40 after PROGM macro
Dl-old
D2-o0ld
D3-o0l1d
D4-o0ld
D5-01d
AQ0-o0ld
. Al-old
-8 (A6) A2-0ld
-4 (p6) A3-old
(n6) A6-0ld
(sp-o0ld) return adr. )
. 8 (A6) parameter 1 72Xy=8 after PROGM macro

12(a6) parameter 2 7XyYy=12 after first FPAR macxo

HIGH MEMORY

Figure 19: The format of the stack after a NODAL routine call

The RET macro restores all the registers, also the stack pointer, and

returns from the routine.
The ERRET macro restores the registers and makes an error return.

The CAMACRD and CAMACWR macroes is made to make the CAMAC access easier
and to make the programs more readable. The macroes checks the X-respons and
the Q-respons, if the X-respons isn't there the routine makes an error return
with the error 34, which means HARDWARE ERROR, if the Q-respons isn't there

the CAMAC-acces is redone until the Q-respons occurs.
The macroes for the NODAL and the CAMAC interface is listed in appendix

15 and is inserted in the souxrce file before assembling, this is done with the

INSERT statement.

9.5 ~ SKNOB (LOW,HIGH)

The SKNOB is call function which is used to set the low and the high endstops.
The function is a type 11 function and the assembler program for the function

is shown below




SKNOBST DC.W SKNOBSZ,11, 'SK','NO','B',0,$22

DC.L SKNOB
PROGM
FPAR LOW
FPAR HIGH
SKNOB ENTER
MOVE.L LOW (a6) ,A2 Get pointer to the LOW value
MOVE.L #MMCCAMADR, A3 CAMAC adr. for MMC module
PROT
CAMACWR  #$20,F16A0 (A3)
CAMACWR (A2) ,Fl6al (A3) Write low-limit
MOVE.LV HIGH (A6) ,A2 Get pointer to the HIGH value
CAMACWR  #$30,F16A0 (A3)
CAMACWR {Aa2),F1l6Al (A3) Write high-limit
UNPROT
RET

9.6 HBALL AND VBALL

The tracker ball or mouse is connected to encoder 6 and 7, the horizontal
encoder output is connected to encoder 6 and the vertical encoder output

is connected to encoder 7.

In the initialization routine the limits for the horizontal movement
0 - 767 shall be written into the low and high limit registers for encoder 6
and the limits for the vertical movements 0 - 575 shall be written into the
low and high limit registers for encoder 7. This can be done in a similar

way as in the KNOB initialization vpage 42.

The HBALL and the VBALL functions will also be very similar to the
KNOB routine described at page 43, the only differens will be the pointer
value and the function name therefore the functions will not be described

futher here.

9.7 MCURS
This function which controls the hooking of the cursor to the tracker ball

consists of two parts, the function part and the interrupt part in the LAM-

handler routine.
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The function part shall:

Set the cursor mode according to the value of M
this is done with some CAMAC accesses of the
cursor module.

Set the LAM-mask in the STAC for encoder 6 and/or

for encoder 7 according to the H value.

The interrupt part which is contained in the LAM~-handler routine and

called 6n every LAM from the STAC shall do the following:

IF bit6=1 (horizontal movement)
THEN
Read encod-out 6
Write this value into the horizontal cursor
register in the cursor module, and into HCURSVAL
Clear bit6 in the LAM =-status, -request register
in the STAC
ENDIF
TF bit7=1 (vertical movement)
THEN
Read encod-out 7
Write this value into the vertical cursor
register in the cursor module, and into VCURSVAL
Clear bit7 in the LAM -status, -reguest reister
in the STAC
ENDIF

9.8 HCURS AND VCURS

These two functions shall when its a read access: return the value from
HCURSVAL or VCURSVAL, when its a write access the input value is written
into HCURSVAL or VCURSVAL and the value is also written into the horizontal

or vertical cursor register in the cursor module.

9.9 CURC AND CURL

These two function is similar to the HCURS and VCURS funétions the, only

differens is that the inputs and outputs is in line and column units in-
stead of graphic units, the graphic format is 0-767 horizontal and 0=575
vertical, while the character format is 24-0 line number and 0-64

column number. The relation is shown in the definition on page 38.
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Chapter 10

MAN - MACHINE FUNCTIONS IN THE STAC

The Man-Machine fuhctions can also be implemented in the STAC and at the time

being the BUTTON an BUTS functions is implemented, The function structure -is

equivalent to the BUTTON and BUTS functions in the ICC, the only differens is

that the functions in the STAC can acces the MMC-variables without any CAMAC

access which ofcourse makes the functions simpler. The listing of the program

is shown in appendix 17.

Since the NODAL system including the Man-Machine functions is resident
in the STAC, the NODAL control system could just as well run in the STAC as
in the ICC. When the STAC wants to access a CAMAC module, it must raise a
LAM and.start and routine in the ICC, which gets the command from the STAC
and transmits it to the required module. This communication is already im-
plemented in some senses in the general purpose STAC - ICC communication
routines written by Ole Borch, shown in appendix 13.

A complete low cost stand alone control system for a GPIB interface

could be implemented in a very simple way, only using a STAC and MMC module

with a GPIB driver. One of the serial ports on the STAC is connected to a
normal terminal for writing application programs, while the second serial
port is connected to display driver which writes the legends on the touch-
screen monitor. The GPIB can be used for proces control or data collection.

——e-p> Terminal
STAC

g Touch-screen monitor driver

MMC l—————@ Touch-screen detector
———=2 Mechanical buttons

module
t———aq Knob

‘ L————<&{> GPIB - General Purpose Interface Bus

Figure 20: A low cost stand alone control system
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Chapter 11

CONCLUSION

A prototype of the Man-to-Machine interface has been working without any
problems since the middle of November. For the final implementation a printed
circuit board is designed and the drawings for that is shown in appendix 19.
The MMC module will go into production this spring and for a start 20 modules
have been contracted at Radartronic, Aarhus, Denmark - the supplier of the
STAC,

The introduction of the MMC module will make it possible to introduce
the touch-terminal control philosophy in a lot of new fields all around CERN
and the touch-terminal might be one of the keystones in the control systems
which is build in and around the LEP project. One of the dead-lines for the
LEP project is August 1985, therefore a complete touch-terminal set'up must
be ready very soon so that the persons involved in the soft-ware development
can get familiar with the system.

The implementa%ion of the MMC module is the first move toward a VME so-
lution of the Man- Machine communication, but just now there is a strong de-
mand for Man— Machine communication modules in CAMAC. The next implementation
of the Man-Machine communication module will probably be an integration of
the MMC module into the STAC. This integration will be done in a modular way
so that the circuits can be configured to fit on a CAMAC card and on a VME
card as sketched in figure 21.

l

'h

Vv
R TN N S AT, WK ML kS L S T L R CPU 'g
Front
MMC ey Que |
. ' inter I /17
campe b e 5‘5 erery

LF
| nigrsale

/21765’710\’(,\.
¢

MMC

T Y Y W RV i e 2 S e T e Y

CAMAC VME

Figure 21: VME and CAMAC implementation of the MMC module Mk ITI
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The idea with the modular hard-ware is to keep as much both hard-ware .-
and soft-ware the same in the CAMAC and in the VME configuration, in this
way the development and maintenance of the modules will be easier. To the -
users of the system there will be no differens at all, since everything will
run under the NODAL system.

A cost effective, processor-, language-,bus- independent solution to the
touch-terminal, would be to make a complete self-contained unit with a monitor,
a touch-panel, and connectors for the mechanical buttons and the encoder inputs.
All the communication to the touch-terminal shall go through a serial port
just as in a normal terminal. A unit like that, based on a single chip pro-
cessor with a serial port, eg. Motorola 6801, and a touch~screen based on the
charge time detector would be fairly cheap. The unit could also contain a
display controller an a complete touch-terminal would be the result.

Charactor
generator

Touch-screen

interface
Serial
<] port \—— CPU

Mechanical
“ buttons int.

Encoder
interface

Figure 22: Configuration of low cost touch~terminal

The great advantage with the self-contained touch-terminal is that this
touch-terminal can be connected to any system which has a normal terminal port
(RS 232). The only thing which has to be done when a touch-terminal is intro-
duced in a new system is to implement the routines which gives the access to’
the input devices in touch-terminal and the screen from the system, foreexample
BASIC functions similar to the NODAL functions described at page 37 and 38 and
those functions would ofcourse be system dependeht.

All together I feel that the "problemformulering" has been fullfiled.
A system has been build and proven workable, allthough all the functions isn't
implemented yet., I think that the touch-screen will be a very important devi-
ce in future controlsystems, but not only control systems can have benefit of
a touch-screen. 1In all kind of systems where a man shall communicate with a
computer it will be advantageous to let the computer guide the operator through
the system by just presenting a few valid choises at a time. In this way the
the operator could reach his goal with just a few logical decisions.
Its time to let the the machine come to the man instead of forcing the man to

act as ‘a: machine
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Appendix 177 CAPACITY MEASUREMENTS ON THE TOUCH-SCREEN




Appendix 1

Capcity measurement on the touch-screen

Y pin 9 i 70 77 72

comiet for :

3 1L 15 16

Scft~- Hard-
Pin nr. Button Untouched touched . touched

nr. value value value

2 4 84 pF 102 pF 117 pF

4 3 81 pF 96 pF 117 pF

6 2 78 pF 91 pF - 113 pF

8 1 74 pF 84 pF 104 pF
10 8 86 pF 95 pF 115 pF
12 7 90 pF 101 pF 122 pF
14 6 80 pF 91 pF 117 pPF
16 5 67 pF 79 pF 97 pF
18 12 89 pF 99 pF 121 pF
20 11 85 pF 94 pF 137 pF
22 10 84 pF 97 pF 117 pF
24 9 67 pF 77 pF 132 pF
26 16 85 pF 95 pF 117 pF
28 15 81 pF 92 pF 117 pF
30 14 78 pF 89 pF 127 pF
32 13 66 pF 85 pF 103 pF

pin 1,3,5,...,31,33 connected to common.
The measurement was caried out on ECD C-meter) CERN-SPS 0162203

The measurement was done through a scotchflex cable with a capacity of 43 pF,
this value is subtracted in the values in the table.




. Appendix 2 ADC MEASUREMENTS ON THE TUNED TOUCH SCREEN DETECTOR
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Appendix 3 ADC MEASUREMENTS ON THE VOLTAGE D)VIDER DETECTOR
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Appendix 4 DATA SHEET OF THE AD7581 A/D CONVERTER
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ANALOG
DEVICES

FEATURES

8-Bit Resolution

On-Chip 8 X 8 Dual-Port Memory

No Missed Codes Over Full Temperature Range
Interfaces Directly to Z80/8085/6800
CMOS, TTL Compatible Digital Inputs
Three-State Data Drivers

Ratiometric Capability

Single +5V Supply

Interleaved DMA Operation

Fast Conversion

A/D Process Totally Transparent to uP

Low Cost ' Py P
Second Sources Micro Power Sgstér
- np 75€/
T
GENERAL DESCRIPTION 3

The AD7581 is a microprocessor compatible 8 bit, 8 channel,
memory buffered, data-acquisition system on a monolithic
CMOS ch1p It consists of an 8 bit successive approximation
A/D converter, an 8 channel multiplexer, 8 X 8 dual-port
RAM, three-state DATA drivers (for interface), address latches
and microprocessor compatible control logic. The device inter-
faces directly to 8080, 8085, Z80, 6800 and other micro-
processor systems.

The successive approximation conversion takes place on a
continuous, channel sequencing, basis using microprocessor
control signals for the clock. Data is automatically transferred
to its proper location in the 8 X 8 dual-port RAM at the end
of each conversion. When under microprocessor control, a
READ DATA operation is allowed at any time for any channel
since on-chip logic provides interleaved DMA. The facility to
latch the address inputs (Ag - Ay) with ALE enables the
AD7581 to interface with uP systems which feature elther
shared or separate address and data buses.

ORDERING INFORMATION

Temperature Range and Package

Differential Plastic Ceramic
Nonlinearity 0t +70°C -25°C to +85°C
+1 7/8LSB AD7581JN AD7581AD
+7/8LSB AD7581KN AD7581BD
AD7581LN AD7581CD

+3/4LSB

information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices
for its use; nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by implica-
tion or otherwise under any patent or patent rights of Analog Devices.

P Compatible 8-Bit 8-Channel DAS

CMOS

l‘

H

e
mg'
2l

2 L b e~

"

-y ’r

LY S e
i

i

T

Voo VREF. Bors
H 0
AN 7(2)y—2
AN6(3 AD7581 R
AN s(a)—E .
A 45— 1088
MUX
A a(e)—Lt
R
ain2(7 \ebd —
AN 1(8)—2 8.BIT DAC )
R +
Ano(e
THREE A.j_ X8 GLAGND
STATE DATA N
_| privers MEMORY \r—‘
7- o
087 - D& SUCCESSIVE
DATA OUT APPROXIMATION
(20-27) REGISTER
INTERFACE AND | | ADDRESS
CONTROL LOGIC LATCHES
@Lj ~(9)- 6[_,5\ 12 16=(1)X18){19
[%3 DGND CLK STAT ALE AD AT A2

P.O. Box 280; Norwood, Massachusetts 02062 US.A.
Telex: 924491 Cables: ANALOG NORWOODMASS




Dc SPECIFIGAT'ONS (Vbp= fSV, VREF =-10V, Unipolar Operation, unless otherwiﬂse stated)

Typical at Limit Over
Parameter Version' +25°C Temperature Units Conditions/Comments
ACCURACY (
Resolution All 8 8 Bits
Relative Accuracy JN, AD +17/8 *17/8max LSB
KN, BD +3/4 +3/4 max LSB
LN, CD +1/2 +1/2 max LSB
Differential Nonlinearity JN, AD +17/8 *17/8 max LSB
KN, BD +7/8 +7/8 max LSB
LN, CD +3/4 *+3/4 max LSB
Offset Error? JN, AD 200 200 max mV Adjustable to zero, see Figure 7a.
KN, BD 80 80 max mV
LN, CD 50 50 max mV
Gain Error :
Worst Channel IJN, AD 3 %6 max LSB Adjustable to zero, see Figure 7a.
KN, BD +2 +4 max LSB Gain Error is Measured After Offset
LN, CD +1 +2 max LSB Calibration. Max Full Scale Change
for Any Channel from +25°C to
Tmin or Tmax is +2LSB.
Gain Match Between Channels JN, AD 2 3 max LSB Adjustable to zero, see Figure 7a.
KN, BD 11/2 2'max LSB '
LN, CD 1 1 max LSB
Bors Gain Error All -21/2 - LSB
ANALOG INPUTS
Input Resistance
At VRgr (pin 10) All 10/20/30 10/20/30 kS min/typ/max
At Bgps (pin 1)3 All 10/20/30 10/20/30 kS min/typ/max
At Any Analog Input (pins 2-9) All 10/20/30 10/20/30 kQ min/typ/max
Vrer (For S})ecified Performance) All ~-10 -10 v +5%
VREF Range All -5 to~-15 -5 to -15 v
Nominal Analog Input Range :
Unipolar Mode All 0to +Vggr, Oto+Vger V See Figure 7 and 8. .
OQto~Vrgr Oto-VgRgr V (
Bipolar Mode All -VBors < VAN <IVgrgr|-VBors See Figure 9
DIGITAL INPUTS '
CS (pin 13), ALE (pin 16), Ag - A
(pins 17-19) -
CLK (pin 15) :
Vinn Logic HIGH Input Voltage  All +2.2 +2.4 min Vv
Vinp Logic LOW Input Voltage  All +0.4 +0.8 max v - -
Ipy Input Current All 0.01 1 max HA Vin=0V, Vpp (. !
Cin Input Capacitance® All 4 5 max pF s
DIGITAL OUTPUTS e (
STAT (pin 12), DB; to DBg (pins 20-27)
Voun Output HIGH Voltage All +4.8 +4.5 min v ISOURCE =40uA
VoL Output LOW Voltage All +0.4 +0.6 max v vk = 1.6mA
lLKG DB'] to DBO Floating State
Leakage All 0.3 10 max HA
Floating State Output Capacitance
(DB; -DBg) - All 5 10 max pF VouyT =0V to Vpp
Output Code All Unipolar Binary Figure 7
Complementary Binary Figure 8
Offset Binary Figure 9
POWER REQUIREMENTS )
Vpp All '+5 +5 A\
Ipp - Static All 3 typ 5 max mA
Ipp -~ Dynamic All 3wp 8 max mA foLx =1MHz

Notes:

! Temperature range as follows: JN, KN, LN (0 to +70°C), AD, BD, CD (-25°C to +85°C).

* Typical offset temperature coefficient is :150uV/°C.

* RBOFS/R AN (0-7) mismatch causes transfer function rotation about positive full scale. The effect is an offset
and 2 gain term when using the circuits of Figure 8a, page 6 and Figure 9a, page 7.

*Typical value, not guaranteed or subject to test.
*Guaranteed but not tested.

Typical change in Bps gain from +25°C t0 Ty t0 Ty is £2 LSBs.

Specifications subject to change without notice,




MLSPEClFlCATmN S;-_JMDD = +5V, VREF =~-10V, Unipolar Operation, unless otherwise noted)

Typical at Limit Over

Symbol Specification +25°C Temperature  Units Conditions )

tH ALE pulse width 50 80 min ns See “Switching Terminology”

tarLs  Address valid to latch set-up time 45 70 min ns on page 5

tary  Address valid to latch hold time 10 20 min ns

tiecs  Address latch to CS set-up time 10 20 min ns

tacc  CS to output propagation delay 200 250 max ns C;, = 100pF

tcw  CS pulse width 250 280 min ns

tcF CS to output float propagation delay 50 80 max ns

tcLz  CS to low impedance bus 100 150 max ns

fcix  Clock frequency for stated accuracy 1600 1200 max kHz
ABSOLUTE MAXIMUM RATINGS
VDD TOAGND . .ottt e +7V N> 3815 1 of » -25°Cto +85°C
VpptoDGND ... ... i i i e +7V Storage TEMPErature . . .« .o oo v v oo v o -65°Cto +1 SOZC
AGNDtoDGND. . ... ... .o -0.3V, Vpp Lead Temperature (Soldering, 10secs) .. ........ +300°C
Digital Input Voltage to DGND )

(Pins13,16-19) .. v v +15V Power Dissipation (Package)

Digital Output Voltage to DGND Plastic (Suffix N)

(PINS 12,20-27) o v et v v ee i -0.3V, Vpp 10 +50%C . o e 1200mW
CLK (pin 15) input voltage to DGND . .. ... ....... +15V Derate above +70°CbY. o v v v v i 12mW/°C
VREr (P 10)TOAGND. ..o v i £25V Ceramic (Suffix D)

Vpors (PIn 1) t0AGND. . ..o vvviii i +17V B0 +50%C . o o st 1000mW
AIN(O-7) (PIN 9-2). . o v ettt v i et s i e n e +17V Derate above +50°C by, v e 10mW/ C
Operating Temperature Range '

JNL KN, LN .ot e i i e eieane 0 to +70°C

CAUTION: )

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected;
however, permanent damage may occur on unconnected devices subject to high energy electro-
static fields. Unused devices must be stored in conductive foam or shunts. The foam should be

discharged to the destination socket before devices are removed.

PIN CONFIGURATION

BOFsr_"__J (28 Voo
a7z} 27 | DBO (LSB)
ane[3] 26 ] DB1
ams[3] 75) 082 /
amna[El  apysst 24] 083
amns[s]| TOPVIEW 23}084

A 2{7] 22]DBS
a1 21] D86
amnof9] 20] DB7 (MSB)
Vrer [10] 9] A2
AGND [11 (18] A1

STAT [3Z] 17)A0

3 EE) 18] ALE

panp [1a 5] CLK




GENERAL CIRCUIT INFORMATION

* BASIC CIRCUIT DESCRIPTION
The AD7581 accepts eight analog inputs and sequentially con-
verts each input into an eight-bit binary word using the succes-
sive approximation technique. The conversion results are
stored in an 8 X 8 bit dual-port RAM. The device runs cither
directly from the microprocessor clock (in 6800 type systems)
or from some suitable signal (e.g. ALE in 8085 type systems).
Most applications require only a ~10V reference and a +5V
supply. Start-up logic is included on the device to establish
the correct sequences on power-up. A maximum of 800 clock
pulses are required for this period. Figure 1 shows the AD7581
functional diagram.

Voo VRer Bors
28, 10, 1

AIN7
. AINE(3) R

Ams(4)
AIN4(5) 10F8
>
/‘—L Sxs /5 E 1) AGND

AN 3(6) MUX
A
MEMORY \;—I

A 2(7)

AiN1(8)
A o(8)

STATE
DRIVERS

DB7 - DBO

SUCCESSIVE
DATA OUT APPROXIMATION
(20 - 27} REGISTER
e
INTERFACE AND ADDRESS
o] CONTROLLOGIC {™*] LATCHES
——
43 14) 15 42 16=(17)X(38)1g)
[ DGND cLK STAT ALE A0 A1 A2

Figure 1. AD7581 Functional Diagram

Conversion of a single channel requires 80 input clock periods
and a complete scan through all channels requires 640 input
clock periods. When a channel conversion is complete, the suc-
cessive approximation register contents are loaded into the
proper channel location of the 8 X 8 RAM. At this time 2
status signal output, STAT (pin 12), gives a short negative
going pulse (8 clock periods). This negative going STAT pulse
is extended to 72 clock periods when channel 1 conversion is
complete. An external pulse width detector connected to the
status pin can be used to derive conversion-related timing sig-
nals for microprocessor interrupts (see Channel Identification
opposite page). Simultaneous with STAT going low, the MUX
address is decremented. Eight clock periods later the next con-
version is started,

Automatic interleaved DMA is provided by on-chip logic to
ensure that memory updates take place at instants when the
microprocessor is not addressing memory. Memory locations
are addressed by Ag, A1 and A,. This address may be latched
by ALE for systems which feature a multiplexed address/data
bus or alternatively, for systems which have separate address
and data buses, the address latches can be made transparent by
tying ALE (pin 16) HIGH. CS (pin 13) activates three-state
buffers to place addressed data on the DB - DB5 data out-
put pins.

A/D CIRCUIT DETAILS

In the successive approximation technique, successive bits,
starting with the most significant bit (DB7), are applied to the
input of the D/A converter. The DAC output is then compared
to the unknown analog input voltage, AN (n), using a com-
parator. If the DAC output is greater than Aj(n), the data
latch for the trial bit is reset to-zero, and the next smaller data
bit is tried. If the DAC output is less than An(n), the trial
data bit stays in the “1” state, and the next smaller data bit is
tried. Each successive bit is tried, compared to Amn(n), and set
or reset in this manner until the least significant bit (DBg)
decision is made. The successive approximation register now
contains a valid digital representation of Apy(n). Ap(n) is
assumed to be stable during conversion.

The current weighting D/A converter is a precision multiplying
DAC. Figure 2 shows the functional diagram of the DAC as
used in the AD7581. It consists of a precision Silicon Chromi-
um thin film R/2R ladder network and 8 N-channel MOSFET

_ switches operated in single-pole-double-throw.

The currents in each 2R shunt arm are binarily weighted i.e.,
the current in the MSB arm is Vgygp divided by 2R, in the
second arm is Vygp divided by 4R, etc. Depending on the
D/A logic input (A/D output) from the successive approxima-
tion register, the current in the individual shunt arms is steered
either to AgNp or to the comparator summing point.

AIN{0} AIN (7} Bors

SUMMING
1 I 1 POINT
| | 19 19
| | i 1
| { : 1
1 ! 1
+

! ' LS8 ! !

DB7 086  |DBS | bao ! ! comparaTor
SUCCESSIVE - i |
APPROXIMATION REGISTER 4 1
AGND { CONTROL

LOGIC

Figure 2. D/A Converter as Used in AD7581
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. Output data is valid after time tacc. -

TIMING AND CONTROL OF THE AD7581
CHANNEL SELECTION

Table 1 shows the truth table for the address inputs. The input
address is latched when ALE goes LOW. When ALE is HIGH
the address input latch is transparent.

Channel Data

A2 Al A0 ALE = ToBeRead

0 0 0 1 Channel 0
0 0 1 1 Channel 1
0 1 0 1 Channel 2
0 1 1 1 Channel 3
1 0 0 1 Channel 4
1 0 1 1 Channel 5
1 1 0 1 Channel 6
1 1 1 1

Channel 7

Table 1. Channel Selection Truth Table -

TIMING AND CONTROL L
A typical timing diagram is shown in Figure 3. When CS is
HIGH, the three-state data drivers are in the high-impedance

‘'state. When CS goes LOW the data drivers switch to the low-

impedance state (i.e., low impedance to DGND or to Vpp).

A

ALE
. (PIN 18} ‘
tALS_’"
_.{ l‘—'ALH
A0, A1, A2 ADDR
(PINS 17,18,19) A vALID

-—-l es ‘-‘-

[
{PIN 13}

<——-!Acc-—>| ‘CF!<!—
DB7 - DBO Now
ews202n | AUt vaALiD \BUSFLOATING
DATA DATA
~—— L2

Figure 3. Timing Diagram for the AD7581

SWITCHING TERMINOLOGY

ty: ALE pulse width requirement.

tarp Address Valid to latch hold time.

taLs: Address Valid to latch set-up time.

tpcs: Address latch to Chip Select set-up time.

tew: Chip Select pulse width requirement.

tacc:Chip Select to valid data propagation delay.

tcp: Chip Select to outpur data float propagation delay.
tcpz: Chip Select to low impedance data bus.

CHANNEL IDENTIFICATION

_In some real-time applications, it may be necessary to provide

an interrupt signal when a particular channel receives updated
data. To achieve this, it is necessary to identify which channel

-is currently under conversion. The STAT output provides an

identifying signal by staying low for an additional 64 clock
periods over normal (8 clock periods) when channel O1is active.
This is illustrated in Figure 4. Memory update takes place on a
rising edge of a clock pulse. This occurs 6 clock periods before
STAT goes low.

l—-————— 80 CLOCK PERIODS ———]
FOR CHANNELS 1TO7 § 3
STAT
8CLOCK 8CLOCK
PERIODS PERIODS
PREVIOUS CHANNEL STARTNExT  CURRENT
EnROoRE ST, e
MUX ADDRESS ‘{.VAT:LMSB UPDATE
DECREMENTED COMPLETE

FOR CHANNEL 0 $k—\ ol
STAT

I 1
64 CLOCK PERlODS——l §§$.‘2)%Ks— o

8 CLOCK |
8 CLOCK
PERIODS PERIODS
Crbate" " START CHANNEL 0 CHANNEL 0 UPDATE
COMPLETE, MUX
ADDRESS RESET TO
CHANNEL 7

Figure 4. STAT Output for Channel Identification

One simple circuit using the STAT output is shown in Figure
5. The time constant RC is chosen such that X3 ignores the
normal STAT low pulse width (8 clock periods wide) but
responds to the much wider STAT low pulse width (72 clock
periods wide) occurring during channel 0 conversion. Typically
for a 1s clock period C=0.022uF, R = 1.8k{2.

i
1/6 CD4009A

1/6 CD4009A

1/6 CD4009SA

GOES HIGH WHEN
CHANNEL 0 IS ACTIVE

Figure 5. Hardware Channel ldentification

Another possibility is to use the microprocessor to interrogate
the STAT output and hence determine channel identity. A
simple routine is shown in Figure 6.

STAT

Figure 6. Software Channel Identification




OPERATING THE AD7581

UNIPOLAR BINARY OPERATION

Figures 7a and 7b show the analog circuit connections and
ypical transfer characteristic for unipolar operation (0V to
+10V). An AD584 is used for the -10V reference. Calibration
s as follows (device clocked i.e., continuous conversions);
OFFSET:

Comparator offset is trimmed out via the bipolar offset pin
Bors- R10, R11 and R12 comprise a simple voltage tap
buffered by Al and feeding into Bors.

1. Since comparator offset will be the same regardless of
which channel is active, take Ag, A; and A; LOW and
and exercise ALE to latch the address.

2. With AIN 0 = 19.5mV (1/2LSB) adjust R11, i.e., the offset

voltage on BoFg, until DB7 -DB; are LOW and DBg (LSB)
flickers.

+
)
<

R10' 27x 5%
15V = NS

A
A1’ <, [

S 12 2k
20k rIN 7 o—'y&‘——{:

<3

-1
OVaEr AING AD7581

R12°56k 5% OFFSET ADJUST TOP VIEW

3;.
N
=

ANALOG
INPUT
0TO +10V

R82 2k
AIN G 6_.,,&_5

R9? Tk 10%

15V

RI2
1.2k

-0V
VRer

FRRRRMEE

-
o

REFERENCE
AD584

J| 10

[~
o

ElR

(S

EHEEEEEEEEEEEE

&

ANALOG DIGITAL
SUPPLY RETURN SUPPLY RETURN

NOTES: 5
TA1, R10, R11 AND R12 CAN 8E OMITTED IF OFFSET TRiM
IS NOT REQUIRED AND Bors CAN BE TIED TO AGND.
2R1-R8 AND RS CAN BE OMITTED IF GAIN TRIM IS
NOT REQUIRED.

Figure 7a. AD7581 Unipolar (0V to +10V) Operation (Output
Code is Straight Binary)

GAIN (FULL SCALE)

In many applications gain adjustment is not required thus
removing the need for trimmers in the analog channels. For
channels requiring gain trim, the following procedure is recom-
mended. Offset adjustment must be performed before gain
adjustment.

1. Apply +9.941V (FS -1 1/2LSB) to all input channels

AIN (0-7).
OUTPUT .
CODE FULL SCALE
TRANSITION
11111111 -
11111110
11111101
]
1 ’
\ ’
7
! ’
’
! 7
00000011
00000010
00000001
00000000 LR 4 & o — oo e e — e
0 0.400.801.20 9.92 9.96'10.00
INPUT VOLTAGE, VOLTS (REFERRED TO ANALOG GROUND)
NOTE: APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION.

BIT WEIGHT FOR A -10V REFERENCE IS = 39.1mV.

Figure 7b. Transfer Characteristic for Unipolar Circuit of
Figure 7a

2. Select required channel n via Ag, A1, Ay and latch the
Address using ALE.

3. Adjust trimmer RN of selected channel until DB7 -DBy
are HIGH and the LSB (DBg) flickers. '

4. Select next channel requiring gain trim and repeat steps
2 and 3.

UNIPOLAR (COMPLEMENTARY BINARY) OPERATION
Figures 8a and 8b show the analog circuit connections and
typical transfer characteristic for unipolar (complementary
binary) operation.

Calibration is as follows (continuous conversions);

OFFSET:

Comparator offset is trimmed out via the bipolar offset pin
Bors. R10, R11 and R12 comprise a simple voltage tap buf-
fered by Al and feeding into Bops.

1. Since comparator offset will be the same regardless of
which channel is active, take Ag, A; and Ay LOW and
exercise ALE ro latch the address.

2. With AIN 0= -9.98V (~FS + 1/2LSB) adjust R11, i.e., the
offset voltage on Bgpg, until DB7 -DBy are LOW and the
LSB (DBg) flickers.

R15 10k 0.1%
R107 AAA
27k 5%
+5V h —
L Al 3 8
R11! b: + R1? 2k
20k S OFFSET AIN T O——tni—{ 7 |
-10v o__...,\,_._l ADsUST | AING 3
R12! S R14 10k R2? 2
Sk 5% L 3o ] AD7581 2
R16® S
W 4
6.8k T ANALOG : e TOP VIE!
INPUT
-ovToov ! (]
-5V i [::7
\ I
s =]
R13 RE? 2
1.2k AINOO 9

4

AD584
REFERENCE L0V
VREF
8
___‘

0.01uF

AA~—{ 10
Aot 10%

ANALOG
SUPPLY RETURN
DIGITAL
SUPPLY RETURN
NOTES:

TR10, R11 AND R12 CAN BE OMITTED {F OFFSET TRIM IS NOT REQUIRED.
2R1 - R8 AND R9 CAN BE OMITTED IF GAIN TRIM IS NOT REQUIRED.
3R16/R16/R12=5kQ. IF R10, RT1 AND R12 ARE NOT USED, MAKE R16 =5k2.

Figure 8. AD7581 (0V to -10V) Operation (Output Code

is Complementary Binary)

GAIN (FULL SCALE)
In many applications gain adjustment is not required thus
removing the need for trimmers in the analog channels. For

channels requiring gain trim, the following procedure is recom-

mended. Offset adjustment must be performed before gain
adjustment.

1) Apply -58.6mV (1 1/2LSB) to all input channels AIN (0-7).
2) Select required channel n via Ag, Ay, Ay and exercise ALE

to latch the address.

3) Adjust trimmer RN of selected channel until DB7 -DB1 are

HIGH and the LSB (DBy) flickers.
4) Select next channel requiring gain trim and repeat step 2
and 3.

FEEEEEEEEEEEEE

A

‘

~C

C




QUTPUT

CODE
11111111
11111110
11111101
’
I ’
. ’
! 4
1 V4
.
! ’
| ’
00000011
00000010
00000001
ooocoooold 4 g e ) —
-10 -9.6 -9.2 -0.160 -008 l 0
-0.120 -0.040

INPUT VOLTAGE, VOLTS (REFERRED TO ANALOG GROUND)

APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION.
BIT WEIGHT FOR A -10V REFERENCE 1S = 39.1mV.

NOTE:

Figure 8b. Transfer characteristic for Unipolar Circuit of
Figure 8a X
BIPOLAR (OFFSET BINARY) OPERATION
Figures 9a and 9b illustrate the analog circuitry and transfer
characteristic for #5V bipolar operation. Output coding is off-
set bmary\Comparator offset correction is again applied to the
Bogs pin. |

- Calibration is as follows (continuous conversions);

OFFSET:

1. Apply 4. 980V (-F.S. + 1/2LSB) to all input channels,
AIN (0-7).

2. Trim R11 of the comparator offset circuit until DB7 -DBjy
are LOW and the LSB (DBy) flickers.

GAIN (FULL SCALE)

1. Apply +4.984V (+F.S. - 1/2LSB) to all input channels,
AIN (0-7).

2. Select required channel n via Ag, Aj, Az, and latch the
address using ALE.

3. Adjust trimmer RN of selected channel until DB7 - DBy

~ are HIGH and the LSB (DBp) flickers.

4. Select next channel requiring gain trim and repeat steps
2 add 3.

5. Apply OV to each gain-trimmed channel. If the ADC out-
put code does not flicker between 01111111 and 10000000
repeat the calibration procedure.

R15 10k 0.1%
R10' AAA
27 5% by
e N1 o]
RIV < :‘ R? 2 =
20k 2 OFFSET AINT O— {27 ] e}
10v | ADJUST | AING O—apr {7 | %)
R12' S R14 20k I Rz2 2
56k 5% L1 30w ] norssr |B)
A16T S TOP VIEW
0k ¢ ANALOG : E E
INPUT 23
v Toov ! E :]
-1V J 7 73|
|
[ | 8 E
R13 R8? 2k
10k AIN OO 8 E
1 ADE84 4 rrn—{10] 13}
REFERENCE 36V presidm 11
VREF 11 :]18
8
s 7]
001F m
15
ANALOG
SUPPLY RETURN
DIGITAL
SUPPLY RETURN

NOTES:

TR10, R11 AND R12 CAN BE OMITTED IF OFFSET TRiM IS NOT REQUIRED.
2R1 - A8 AND RO CAN BE OMITTED IF GAIN TRIM IS NOT REQUIRED.
3R16/R10/R12 = 6.8kS2. IF R10, R11 AND'R12 ARE NOT USED, MAKE R16 = 6.8kS2.

Figure 9a. AD7581 Bipolar (-5V to +5 V) Operation {Output
Code is Offset Binary)

100001001

10000011~

100006010 o

1000000 71

10000000 + + y t
7

011111114
01111110+
01111101

01111100

} 4 | L
~200 160 -120 -80 —40

3 1 1 }

]
1
1
1
1
)
]
1
L}
01111011 !
o

T T T T
+40 +80 +120 +160 +200

INPUT VOLTAGE, MILLIVOLTS (REFERRED TO ANALOG GROUND}
NOTE:
APPROXIMATE 8IT WEIGHTS ARE SHOWN FOR {ILLUSTRATION.
BITWEIGHT FOR 5V FULL SCALE IS =39.1mV.
Figure 9b. Transfer Characteristic Around Major Carry for.
Bipolar Circuit of Figure 9a




INTERFACING THE AD7581

ADDRESS BUS (16) =g A0 - A2
AO- A5 —— A13- A5 _T_
B o
A0 A1 A2 AD A1 A2
VMA d en 3
7418138 AD7581

6800 +5V O—ami ALE
1 CLK

. DBO - DB?

DO -D7 DAT A BUS (8) J
Figure 10. AD7581/6800 Interface
NOTES:

1. ANALOG AND DIGITAL GROUND L
It is recommended that Agnp and Dgnp be connected
locally to prevent the possibility of injecting noise into the
AD7581. In systems where the Agnp ~ Danp intertie is
notlocal, connect back-to-back diodes (IN914 or equivalent)

ADDRESS BUS (8)

Y

A0
EN

A13-Al5
AB-Al5 — 1

Al A2

8205 AD7581

ALE

B0BSA cLK

ALE

D80 - DB7

A0 ATl AZ

MULTIPLEXED
ADDRESS/DATA BUS (8)

—pe
ADO - AD7 —— p0-A2

Figure 11. AD7581/8085 Interface

2. LOGIC DEGLITCHING IN uP APPLICATIONS
Unspecified states on the address bus (due to different rise.
and fall times on the address bus) can cause glitches at the
AD7581 CS terminal. These glitches can cause unwanted
reads. The best way to avoid glitches is to gate the address
decoding logic, e.g., with RD (8080, RD (8085) or VMA.

ibetween the AD7581 Agyp and Dgnp pins. {6800).
i MECHANICAL INFORMATION
BONDING DIAGRAM OUTLINE DIMENSIONS
Dimensions shown in inches and (mm). .
VREF AING P
AGND AINO AlNl AlNZ AIN3
, |4 ; T
TAT — EJ 0 Ij C! [e] 0 0 OF AN - 0.598 (1519)
. 0,568 (14.43)
H-alne —
O AIN? ° N
omn l e “‘";’4:(;’9;)‘ il 0.06 (3.05)
(4.32) . : -
max | 1.38 (35.06) ' 042 (1:53)
. ! } I 3
o
3 _ T R
g oowld i e oo 0309
‘E cLK -0 ___”__ “ 0.606 (15.4) 0.008 {0.203)
H 0.065 (1.66) 0.02 (0.508)  0.105 (2.67) s uls 058 741,
2 B X ! 02 (0. : ! FYTTRERT)
ALE-O TH~Voo ©.045 1.15} 0.0% (0.381)  0.095 (2.42) e
LEAD NO. 1IDENTIFIED BY DOT OR NOTCH
A0 _ LEADS ARE GOLD PLATED (50 MICROINCHES MIN) OVER NICKEL {106 MIGROINCHES NOMINAL)
o BASE MATERIAL IS KOVAR OR ALLOY 42
ado CAVITY LID IS ELECTRICALLY ISOLATED
or-bee 28 PIN CERAMIC DIP
5 ? ? o ? ? Q : - DB1
A2 DB7l DBS DB4J DB2 RAWAWAWAYWAWAWAWA WAWAWANTPAWAY
DB6 DB3 .

ot 0.125" (31.75mm) =]

YYVVYVVYVY VYT YV VYY Y 0.16 (4.07)
1.45 (36.83) 0.606 (15.4} 0.14 (3.56}
144 (36.58) l" 0.594 (15.09)
0.2
(5.08)
———L 0.012 (0.308)
‘ .l L 0,008 (0.203} 15'
. » l"“ 0.175 {4.45)
0.065 (1.66) 0.02 (0.508)  0.105 (2.67) 012 13.05]
0.045 (1.15) 0.015 (0.381)  0.095 (2.42)

0.55 (13.97)
0.53 {(13.47)

q

LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH
LEADS ARE SOLDER PLATED KOVAR OR ALLOY 42

28 PIN PLASTIC DIP

O

C

C




Appendix 5 DATA SHEET OF THE TRACKER BALL




v \\““""l

Bﬁsc Bmg@mm@@

"nm\\“

STEUERKUGEL o Datenblatt
(TRACKBALL) -

Serie 200

Mit dem Trackball 200 steht eine preisglinstige Alternative ©® kartographische Darstellungen
zum «joy stick» zur Verfigung. Der Trackball 200 liefert in ® CAD/CAM o
digitaler Form Rechtecksignale im TTL-Pegel. Dadurch ent- ® Videospiele
fallt die bei anderen Verfahren notwendige Analogdigital- ©® Personalcomputer
Umwandlung. Das ermdglicht eine kompaktere Bauweise. © und verschiedene Handansteuerungen
Die Serie 200 ist ein ideales Eingabegerédt zB. fir: Die wesentlichen technischen Merkmale sind: LED-Foto-
@ rechnergesteuerte Zeichengerite Transistor-Elektronik, TTL- oder CMOS-kompatibel, 5V 200
® Tomographen - ; mA Einspeisung, 480 Impulse pro Ballumdrehung, ge-
® Radaranlagen trennte Ausgénge fir die X- und Y-Achsen mit Richtungs-
‘ ‘ trennung. : ' ~
. AN
: N

Teéhnische Daten - s

Mechanische Kennwerte _ . Umgebungsbedingungen

Gewicht ca.230g ' Umgebungs-Betriebs-

Abmessungen siche Massbilder, Riickseite ltjmperatur + 5°C bis +50°C
) mgebungs-

E:rl::::adﬂes Geh3uses ' sscgvt:rr: Lagertemperatur ~25°C bis +80°C

Farbe der Kugel schwarz

Kugelidurchmesser ca.btmm -

Drehzahl max. 200 min™!

- Einbaulage horizontal
C;_ (Schraglage siehe Riickseite)

Elektrische Kénnwerte

Code inkremental

Impulse pro

Kugeiumdrehung 4801+5%

Lichtquelle LED

Abtastung optoelektronisch

Empfanger Fototransistor

Ausgangssignale Rechteckform (TTL- oder CMOS-
’ kompatibel)

Versorgungsspannung (VCC) +5 VDC+10% <200 mA

Gerétesteckverbinder 14 Pol DIP Messerleiste auf

Leiterplatte montiert
Zugehoriger Flachband- 14 Pol DIP Federleiste {wird au!
kabelsteckverbinder Wunsch mitgeliefert)

Riedhofstrasse 11 8804 Au ZH, Telefon 017830111 .~




T 200 SERIES

'RACKR
PECIFICATIONS

ECHAN ICAL

ght. ...
ine and Mounting. .....

8 0z. max. (23 GM)
See drawing (4.5 GM)

cking Force.............. L5 oz max.
load ... ...l 100 1b. (45 KG) max. downward
losure ........¢ .. ... Ll ABS (cycolac KJT) black
(other color special)
e Themoset phenolic, 2” (51). dia., Black
(other color special)
olver ................... Optical Encoders
200 RPM max.

Horizontal. If mounted at an angle.
The socket side. Should be elevated
(30° max.)

ELECTRICAL

Code
Pulse per rev. of ball
Mumination................
Output Signal..............

Input Power (VCC).........
Connector. .......ivevuennn.

Mating Connector..........

ENVIRONMENTAL

Temperature Operating. ...
Te mperature Storage

Directional, count/no count

4804 5%

LED

Square Wave, TTL, or

CMOS Compatible .
+5 VDC %10% 200 ma max.

14 Pin DIP Socket

14 Pin insulation displacement plug
(Not Furnished)

+5°C to +50°C
—25°C to +80°C

OUTLINE !
DIMENSIONS 1

25 SQUARE
82.5) 2

-X+

-

/

Z_l_ #4-40 THDS. 3 @ 120°
ON 1312 RADIUS
{OR M 3.0 ON 33.3 R)

CIRCUTT Vee
(TYPICAL!
L VOLTAGE
g 100 N REGULATOR

N~

\30° MAX.
ELEVATION

WAVEFORM CONNECTOR
=~ 20% OF CYCLE (MIN.) Pin Function
. 1 -Y
‘nliglpl 3 &
o - +X(OR+Y) 3 Common
. X(OR -¥) 4 +5VDC
DIRECTION OF BALL g I_fl)t(e mal to 3
—_ 7 +X
° +X (OR +Y) 8-14 Internal to' 3

LT g
° -X (OR -Y)’

DIRECTION OF BALL

[SC INSTRUMENTS, INC. -102 East Baker Street - Costa Mesa, California 92626 - Phone {714) 979-3300 - TWX 910-395- 1987 - DISC CSMA

 EUROPE: DISC INSTRUMENTS INC. ~Finnigan MAT GmbH-Benzstrasse 28-8039 Puchheim/Munchen- Federal Republic of W. Germany
Phont. 039 801001 Telex: 05215007




Appendix 6 DATA SHEET OF THE MOUSE




ETUDE ET FABRICATION DE COMPOSANTS

DEPRAZ i ’ POUR LA MICROMECANIQUE

ET L'ELECTRONIQUE .

MOUSE P-4

Interactive graphic input device i
with parallel interface

MOUSE H-4

Interactive graphi¢ input device
with shift register interface

Designed at the Swiss Federal Institute of Technology, Lausanne

Manufactured by Depraz SA, Micromechanics, CH-1345 Le Lieu, Switzerland
Tel (41)(21) 85 15 33 Telex 24310

Apri 1982




MOUSE P-4 and H- 4

The mouse has been shown ! to be an ideal interactive nput
device for graphics and text manipulation on an alphanumeric

screen. Several products use a mouse successfully, and many
personal workstations under development in various research
projects have selected this input device for efficient
man-machine dialogue.

The principle of the mouse is to encode and transfer to the
computer the displacement of the mouse heid in the paim of
the hand, which can rest comfortably on the table next to
the keyboard. Three keys easily depressed by the fingers can
trigger a particular action or set a particular mode of operation
in interaction with the display program.

1 WK. English, D.C. Englebart B. Huddart “"Computer-aided
display control” SRt Report, Project 5061, July 1865,

A Swiss_product

Mouse aumber 4 is the fourth member of a product family
started in 1973. it features improved perfbrmance and better
" ergonomical shape at a lower price, Two modeis exist: P-4
with a parallel interface and H-4 with signal serialisation. These
mice have been developed at the Swiss Federal Institute of
Technology (Laboratoire de Microinformatique) as part of their
research efforts, and have been L;sed for projects at INRIA
Paris (N. Naffah, Project Kayak), ETH Zirich (Prof. Wirth, Lilith
personal computer) and other institutes in the USA, Germany
and France. More than 50 prototypes have been buitt. Industrial
manufacturing started early in 1882, by a small but competent
company next to the Lac de Joux, in the Jura region where
famous Swiss Music Boxes are manufactured, together with
the watches selected for NASA flights to the Moon.

General description

The hemispherical shape (diameter 85mm) of the mouse is
easily grasped by the hand, with the three middle digits laying
on the keys while the thumb and the little finger move the
mouse precisely in interaction with the display. A plain tactile
feedback is felt while depressing any key, and the way the
mouse is held prevents any movement while depressing a key;

As the mouse is moved over the table top, a steel rolling pin
of 20mm diameter rotates. This rotation is decomposed into
two perpendicular axes, For each axis, two square signals are
produced, out of phase by S0 degrees, providing 15 pulses
per millimeter, at any speed the hand can produce. Alignment
and jitter is such that distance between consecutive pulses
is quarantied. Pulse generation rate at maximum hand speed
is about 1 ms (fig. 2).

Spring ltoaded ball

T——r—
.
-
. -
.
~

2 90 mm

Fig. 1

100 %

Outside shape

(> 0,5 ms max. speed)

Push button

[}
| .

50% typical <30 % jitter

Fig. 2

Typical output timing -




The mouse is usuaily held so that the X-axis is parallel to the major axis of the axis of the wrist, but the user
can find any position that is comfortable. The Y-axis is perpendicular to the X-axis.

¥ the number of 15 pulses per mm is too high for standard applications, it can be easily divided by hardware or
software,

Precision optical wheels with phototransistors and Schmitt trigger generate the signals.
On the standard mouse (P-4), 4 lines carry the pulses out of the mouse through 4 S~wire cable which also carry

the status of the three switches, the power supply (+5V*10%) and the power and signal return line (GND). Mouse
H-4, shifts the 7-bit information through a 5-line cable including the power supply. Power consumption is 40 mA,
All signals are CMGS and TTL-LS compatible. '

MOQUSE P-4

Standard connector on P-4 is 4 .male 9-pin Canon ':::t":'::“
subminiature connectors (fig.3). An 80cm-long Canon 2 DE 9P connector Pin 1 +5Y 6 GND
9-wire cable is provided. /\ symbol on schematic in ;T{

- - ‘ 4 x2 9 G
The P-4 mouse schematic is given in figure 4.-When g 11345 P
a hkey is depressed, the corresponding output is OO i
active low. S = Fig. 3 = Standard P-4 plug

A Canon DE-GpP!

i

+5Yy T
fpon _ nou; 1-1]3,3k
: or ss0 : brun - Llon:
op 440 o, Left switch
l} | Do v g = B e
‘ﬁ 4S84 ¥y i
P .

i

OP 40

9

A ™ Middle switch
\m.

brun

Y

S50 ﬂ>° %béu_;oler 3\
| L~

Maximum load: two TTL-LS

A0 .

A 0P 55D » :
0P 440 {[>° xb& bleu X\

l\& 1458 x

bt /\/( oPs :.‘q- 0~L_—
, —ﬂ>c . 74\ gris )(c)_ Displacement

y positive
L

9
i

-8\ D Right switch
/aune .

\l

il

P
blanc

5_—1—]———[— >(’ . ; vert-bla
Displacement x positive ne
LT L, A
| |

Displacement
B x positive

A S e A

Disp]écement y positive \/ SOURIS LP
g LAMI| ="

o LT L S,LA

EPE.L | gcHsMA 29.3.32
=

Fig. 4 P-4 schematic




Appendix 7 MC68000 -DESCRIPTION
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Appendix 8 MC68000 FRONTBUS




The pin functions is the same as described in the 68000

shown in avpendix 7.

© 60 pin

MC68000

2ppendix 8

FRONTBUS

scotch cable connector

al
A3
AS
A7
A9
a1l
Al3
Al5
217
Al9
A2l
a23
R/W
RESERVED
UBs
D1
D3
D5
D7
D9
D1l
D13
D15
E
VMA
VPa
BERR
RESET
FCO
FC2

Pin

]
W N W

- 11
- 13
~ 15
- 17
- 19
- 21
- 23
- 25
- 27
- 29
- 31
- 33
- 35
- 37
- 39
- 41
- 43
- 45
- 47
- 49
- 51

- 53

- 55
- 57
- 59

number

2
4
6
8
10
12
14
16
18
20

22,

24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60

A2

A4

A6

28

AL0
Al2
Al4
Ale6
Al8
A20
A22
A5
DTACK
DS

DO

D2

D4

D6

D8

D10
D12
D14
BR

BG
BGACK
INT RQ
RESERVED
HALT
FCl
RESERVED

spvecifications




Appendix 9

G64 BUS DESCRIPTION




= #5075

FONCTIONNEMENT DU BUS

Le transfer de données entre circuits utilise les lignes suivantes:
+ Bus d'adresse AQ. AlS et extensions &ventuelles

. . Bus de données DO i D7

. Signaux de validatién'VﬁK et VPA

. Signaux d'horloge et de tramsaction

Bus d'adresse (A0.15) vrai i l'état bhaut

Ce bus de 16 bits unidirectionnel i 3 &tats est capable de selectiomner
1'un parmi des 65536 octets de la zome adressable. Il est transmis

sur le bus depuis le processeur i travers des circuits d'amplification
du type 74LS244.

Dans certaines configurations multi pages, 4 bits d'extensions sont
transmis simultanément.

Ces 'signaux sont &tablis avant le 1% quart de cycle.

Bus de données (DO.D7) vrai i 1l'état bas

Ce bus de 8 bits, bidirectionnel 3 3 &tats, est utilisé pour trans-—
mettre les données depuis le processeur vers le registre selectionné
par le bus d'adresse ou depuis le registre vers le processeur.

I1 est tranmis 3 travers un circuit d'amplification du type 74LS640
ou équivalent. . :

Signal de validation mémoire (VMA) (actif bas 3 é&tats)

Cette sortie est utilisée pour indiquer 3 -la mémoire externe au
processeur qu'il y a une adresse valide sur.le bus.d'adresse. Aucune
action irréversible ne doit &tre prise avant la phase 2 (ENABLE).

Signal de validation périphérique (VPA) (actif bas 3 &tats)

Cette sortie indique aux circuits périphériques qu'il y a une adresse
valide sur les. lignes A0.A9 du bus d'adresse. En fonctionnement
normal, ce signal doit &tre utilisé comme signal de validation des
périphériques.

Signal'd'activation (ENABLE) actif haut 3 états

Cette sortie est utilisée pour signaler l'utilisation du bus de
données.

Utilis&e en conjonction avec le signal R/w, elle indique que le
processeur attend des données ou présente des domnées sur le bus.

[eo.




Lecture/dcriture (R/w) 3 é&tats

Cette sortie indique aux circuits mémoires et périphériques que le
processeur est en lecture (&tat haut) ou en écriture (&tat bas).

;Signal Prét (READY) wvrai i l'état haut

Cette entrée de commande mise a l'état faux permet allongement du
signal ENABLE pour une dur@e maximum de 10 micro-seconds. En
fonctionnement normal, elle est fixée i 1l'état actif par une résist-—
ance de tirage.

Signal d'initialisation (KESET) actif bas

Cette sortie, activée lors de la mise sous tensiom ou par un bouton
pouv01r est generalement utilis&e pour mettre les perlpherlques i
1'&tat initial. :

ENTREES D'INTERRUPTION NMI, IRQ, FLRQ

Ces entrées, actives basses, maintenues & 1'dtat inactif par des
résistances de tirage sont connectdes directement i la broche
correspondante du processeur.

ARRET (HALT)

‘Le micro-processeur s'arr@te lorsque l'on met cette ligne au niveau
bas. Cette entrée, maintenue 3 l'état inactif par une résistance de

tirage est comnectée directement i la broche correspondante du’
processeur.

BUS DISPONIBLE (BA)

Ce signal amplifi&, actif haut signale 1'état correspondant du
processeur, il est utilisé pour mettre toutes les sorties em 3 8tats:
sauf le signal d'horloge mémoire et le signal d'initialisation.

HORLOGE MEMOIRE (MEMCLK)

Ce signal est la référence de temps du processeur et sert plus
spécialement 3 déclencher les cycles dans les mémoires dynamiques.




BUS MICRO-ORDINATEUR E 68 XX VU DE L'AVANT

a b

GND 1 GND

AP 2 A8

Al 3 A9

A2 4 Al0

A3 5 All - ADRESSES
. Ab 6 Al2 :

AS 7 Al3

A6 8 Al4 ET

A7 9 Al5.

AEXTD 10 AEXT2

AEXT1 11 AEXT3 EXTENSIONS

HALT .12 RESERVE

MEMCLK 3 . ENABLE

VA ' % . RESET

READY 15 ive CONTROLE
-, VMA 16 IRQ )

R/w 17 FIRQ

BA 18 RESERVE

DRQP 19 DACK{

DRQ1L 20 DACKL

DRQZ 21 DACKZ A.D.HM.

DRQ3 22 DACK3

T0 23 D4

DL 24 b5

D2 : 25 “ D6

D3 26 D7

RESERVE 27 - PARERR

RESERVE 28 RESERVE

-5V 29 +5V Batt

+12V 30 S =12V

+5V 31 +5V

ov 32 ov




Appendix 10  SOURCE CODE FOR PAL IC 28




PALI 6L8 . - ) PAL DESIGN SPECIFICATION
P0023 PElER PETERSEN 2/12/83
idk FIRSL DECODEH FOR MANMACH INE MODUL

CERN iv, SpPS

A23 A22 A21 A20 AI9 A8 Al7 Al6 /ENCINI GND

/IACK /GO4EN READ /LDS /G64VPA /GBAVMA /MACCS /VMA /#MACEN VCC

MMCCS = A23%A22%/A21 *x/ A20%/ A1 9%/ A18* /A1 1%/ A1 6+LD S*/ ] ACK
MM CEN = A23%A22%/ A21 %/ A20%/ AV 9%/ A1B8*/A1 T*/ A1 6%xLDSx/ I ACK

+ ENCINT
G64ViA = A23%A22%/ A21 %/ A20%/ A1 9% /A1 8*ALTXLDSx/TACKXVMA
Go4VPA = A23%A22%/ A2 1%/ A20%/A19%/A18%/ALTXA 1 6%LDS*/ T ACK*VMA
G54 EN = A23%A22%/A21 %/ A20% /A1 9%/ Alo*/A1 T%A1 6%LDS%/ 1 ACK

* A23%A22%/A21 %/ A20%/A1 9%/ A1 8%Al 1% LDSk/IACK

" FUNCITON TABLE:
A23 A22 A21 A20 A19 AI8 AI7 A16 /ENCINT /IACK /LDS READ /VMA
/GO4AVHA /GOAVPA /GOAEN /aMCCS 7 MMCEN :

o ———— INPUTS == m e - OUTPULS ——==mmm ‘
i

i—ADDRESS ZENCINT /IACK /LDS /READ /VMA ———— CO64——=-= ——MMC~—
$22221111 /VPA /VMA /EN /CS /EN
1321098706

AHLLLLLL H H L H H H H H L L
HALLLLLL y! H L L H H H H L L
AALLLLLH H H L H H H H L H H
AHLLLLL b H i L H L L H L H H
AHLLLLHX H H L L L H L L H H
AHARLLLLL t t L H L. r H H H H
AHHHHHHA L L H H H r H H H L

T T S T lhe T o . S e it e . Nkt s . s i e s S S . e e e S T T S e e e s e G e . s (e Y . > s S — i s S S, s k. S i




Appendix 11 SOURCE CODE FOR PAL IC 27




PALT12L6 PAL DeSIGN SPECIFICATION
POO23 P=iER PEIERSEN 2712783
I'dk FIKS1 DeCODER rOR MANWMACHINE MODUL

CERN div. SPS

A3 A2 Al /ENCRD /miCCS KEAD FC2 FCI FCO GND

/LDS /RESEL /BUTWR /ZENCINT /IACK /ZENCEN /CLICK /ENCCLR NC VCC

IACK = FCO*FCI*FC2 .

CLICK = MMCCS*x/READX/A1 */A2%/A3%LDS

ENCEN = MMCCS*/READ*Al */A2*x/A3%1DS -~ )
EN CCLR = RESEL + ENCRD

ENCINT = FCO#FCI*XFC2*%LDS*Al *x/A2%A3

BUTWR =

MMCCS*/ READ %/ Al *A2 %/ A3%XLDS
FUNCTION TABLE:

A3 A2 Al FC2 FC1 FCO READ /LDS /RESET /ENCRD /MMCCS
/BULHR /ZENCINL /IACK /ENCEN /CLICK /ENCCLR

o —— INPUTS—~—mmmm e e OUIPUTS==——m—mmmmm e
y

§ ADR FC READ /LDS /RE /ENC /mMMC /BUL /ENC /IACK /ENC /CL ZENC
i321  21Q SET RD CS wh INT EN ICK CLk
HHH  HHH H H H H H - H H L H H H
HLH HHH H L H 3! H H L L H H H
LLL LLL L L H H L H H H H L H
LLH HLL L L H H L IS H H L H H
Ll LHL L L H H L L H H H H H
LLL LLH H H L H H H H t H H L
HLH HLH H H H L H H H H H i L

S i i . T D S Sl St S i s e " — " — > " o iy = —— _— — o —— —— —— T —— " s - Wi Mt e ik b TP Pl Pl i s ey i Sy S T S Sl W e




Appendix 12

CAMAC DESCRIPTION




TABLE 1}
: (Viewed from front of crate)
37
Bus-line Free Bus-line .. P B
Bus-line Free Bus-line P2 F16
Individual patch contact P3 F8
Individual patch contact P4 F4
Individual patch contact P5 F2
Bus-line ' Command Accepted "X Fi
Bus-line Inhibit 17 .1 A8
Bus-line Clear . C - A4
individual line Station Number N A2
individual fine Look-at-Me L o Al
Bus-line Strobe 1 S1 P4
Bus-line Strobe 2 S2 o]
) r W24°| wa3
W22 1 w21
W20 - w19
w18 | W17,
24 Write Bus-lines ' W16 | Wi5
: d Wi wis
W1 = least significant bit w12 {7 w1
W24 = most significant bit W10 1" ws
wg .| wy
we |- ws
wa " w3
w2 slwa
( R24-|7R23
. R22 °[% R21
R20 ;| -R19
R18 | R17
24 Read Bus-lines R16 '}“ R15
J R14:|"R13
R1 = least significant bit R12 | R11
R24 = most significant bit R10 | R9
R8 .| R7
R6 . ] R5
- R4 | R3
. R2 | R1
-12V d.c. -12 |7-24
+200V d.c. +200 | -6
Power 117V a.c. Live ACL | ACN
Bus-lines Reserved Y1 ¥} E
+12V d.c. +12 | +24
Reserved . Y2 | +6
OV (Power Return) T 0 o

CONTACT ALLOCATION AT A NORMAL STATION

Busy
Function
Function
Function
Function
Function
Sub-address
Sub-address
Sub-address
Sub-address
Initialise
Response

=24V d.c.

-6V d.c.

117V a.c. Neutral
Clean Earth
+24V d.c.

+6V d.c.

OV (Power Returni

Bus-line
Bus-line
Bus-line
Bus-line
Bus-line
Bus-line
Bus-line
Bus-line
Bus-line.
Bus-line
Bus-line
Bus-line

Power

Bus-fines

The assigniment of contacts at the Dataway connector and their connections to bus-lines,
individual lines and patch contacts must be as shown in Table I for normal stations and

Table 1 for the control station. The control station must be to the right of all normal

stations.

15
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’
L)

5.1 Commands

The state of the signals on the individual Station Number lines (specifying a module or
modules), the four Sub-address lines (specifying a sub-section of the module) and the five
Function lines (specifying the type of operation) constitute a command.

The command signals are maintained for the full duration of the Dataway operation. They are
accompanied by a signal on the Busy bus-line, which indicates to all units that a Dataway
operation is in progress.

Plug-in units must not rely on the state of signals on the Sub-address and Function lines
when no command operation is in progress,

. 5.1.1 Station Number (N)

Each normal station is addressed by a signal on an individual Station Number line
(N;) which comes from a separate contact at the control station (see Tables Il and
III). The stations are numbered in decimal from the left-hand end as viewed from
the front, beginning with Station 1 (addressed by N1).

There is no restriction on the number of stations that can be addressed simultaneously.

5.1.2 Sub-address (A8,}A4, A2, A1)

Different sections of a module are addressed by signals on the four A bus-lines. These |
signals are decoded in the module to select one of up to sixteen sub-addresses,
numbered in decimal from A(0) to A(15 ). -

The sub-address may be used to select, for example, a register within the module, or a
feature that is to control the Response signal (Q), or a section of the module that is to be
operated on by functions such as Enable, Disable, and Execute. The use made of the sub-
address within a module is discussed in relation to the function codes in Section 6.

Each sub-address code used in a module must be fully decoded in the module. Full
decoding means that all 4 Dataway Sub-address signals are used in the decoding
process. i

The sub-address codes are designated A(0), A(1), A(2), A(3) etc. to distinguish them from
the individual Sub-address lines A1, A2, A4 and A8. For example, the Sub-address signals
Al=1,A2=1,A4=0and A8 = 0 represent the code A(3). '
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5.1.3 Function (F16, F8, F4, F2, F1)

The function to be performed at the specified sub-address in the selected module or
modules is defined by the signals on the five F bus-lines. These signals are decoded in
the module to select one of up to 32 functions, numbered in decimal from F(0) to
F(31). The definitions of the 32 function codes are summarised in Table IV and are
detailed in Section 6 in relation to the command structure. ’

In some systems the controller partially decodes the Function signals in order to deter-
mine whether a data transfer is required to a module (writing) or from a module (reading).
Multiple station addressing allows operations with the same function code to be performed

o simultaneously in more than one module. These features depend on some standardisation
in the assignment of function codes. T -

The function codes are sub-divided into three groups, involving read operations, write
. operations, and operations with no transfer of data. The standard function codes have
defined actions in modules and controllers. There are also reserved codes, for any future
... additions to the standard codes, and non-standard codes whose use is neither defined in
detai’ nor co-ordinated by the ESONE Committee. '

Each function code used in a module must be fully decoded in the module. Full de-
coding means that all 5 Dataway Function signals are used in the decoding process.

 The function codes are designated F(0), F(1), F(2), F(3) etc. to distinguish them from the
individual function lines F1, F2 etc. For example, the Function signals F1 =1, F2=0,
F4 =0, F8=1 and F16 = | represent the code F(25).

5.2 Strobe Signals (S1 and S2)

During each commard, operation the controller generates two Strobe signals S1 and S2 in
sequence on separate bus-lines. In response to these timing signals plug-in units initiate various
actions appropriate to the command that is present on the Dataway.

Both Strobe signals must be generated during each command operation.

Plug-in units must not take irreversible action based on the command or data signals until
the time of S1. Actions concerned with the acceptance of data and status information
from the R, W, Q and X lines must be initiated at the time of S1 (with the possible
exception given below). Other actions may also be timed by S1, but must not change the
state of signals on the R and W lines.

Any actions that can change the state of Dataway Read or Write signals must be initiated
by the second strobe $2. For example, S2 must be used if it is required to clear a register
whose output is connected to the Dataway.

Modules normally accept write data in response to S1, because the data signals are permitted
to change at the time of S2. However, modules may accept write data in response to S2 under
special circumstances, but this is not recommended.

.20 -




During unaddressed Dataway operations the controller generates Strobe S2 to indicate when
modules accept the common control signal. Strobe S1 may also be generated, but this is not
mandatory and modules cannot rely on it. '

Strobe S2 must be generated during each unaddressed operation. ?

5.3 Data

All information carried by the Read and Write lines is conveniently described as data, although
it may be information concerned with status or control features in modules. Information that
is transferred to or from a control register in a module is thus regarded as data.

Up to 24 bits may be transferred in parallel between the controller and the selected module.
Independent lines are provided for the read and write directions of transfer.

If the bits of a data word have different numerical significance, line R, should be used fora
higher-order bit than R__,, and W for a higher-order bit than W _,.

It is recommended .that controlleré have 24-bit capability. For pafticular applications assemblies
are permitted in which the controller has a word length less than 24 bits and the modules have
an equal or smaller word length.

Plug-in units must not rely on the state of signals on the Read and Write buslines when no
command operation is in progress.

5.3.1 Write Lines (W1—-W24)

The controller generates data signals on the W bus-lines during each write operation.

The W signals must reach a steady state before S1 and must be maintained until the

end of the operation, unless modified by S2. Strobe S1 must be used by the modules
to strobe the data unless there are very strong technical reasons for choosing S2 (see

Section 5.2). '

The W lines serve a few data sources (typically only one controller) and many data
receivers.

5.3.2 Read Lines (R1—R24)

Data signals are set up on the R bus-lines by the module during a read operation. The
R signals must reach a steady state before S1 and must be maintained for the full
duration of the Dataway operation, unless the state of the data source is changed by
S2. The controller must initiate action concerned with the acceptance of data from
the R.lines at the time of the Strobe 81 and must not take irreversible action before
this.

The R lines serve a few data receivers (typically only one controller) and many data
sources. ' 4

21
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5.4 Status Information

Status information is conveyed by signals on the Look-at-Me (L), Busy (B), Response (Q) and
Command Accepted (X) lines.

5.4.1 Lookat-Me(L) A . L

The Look-at-Me lines, like the N lines, are individual connections from each normal -
station to separate contacts at the control station (L1 from station 1, etc.)

.Any module may' generate a signal on its individual line (L;) to indicate that it requires
attention. Modules that occupy more than one station may indicate different demands by
_signals on the appropriate L lines.

The L signal generated by a module may repfesent demands for attention originating from
more than one Look-at-Me source (LAM source) in the module. A LAM structure by
which various demands can be selected and grouped to form the L signal is shown in
Figure 11 and described below. All modules that generate L have the mandatory features

shown in Figure 11 and may incorporate addmonal featurzs for more complex demand
handling. ' :

Individual bits of the LAM status register are set by the corresponding LAM sources, and
are cleared by appropriate commands and by the initialise signal. The outputs (LAM status)
may be examined collectively by reading the state of all outputs (Read Group 2 at A(12)),

* or individually by the command Test Status with the appropriate sub-address A(l) Each
LAM status should be individually enabled and disabled (for exampie by a LAM mask) to
form the corresponding LAM request. The LAM requests are examined collectively by
reading the state of all LAM requests (Read Group 2 at A(14)), or individually by the
command Test LAM with the.appropriate sub-address A(i). The internal Look-at-Me signal
(L signal), derived from the OR-combination of the LAM requests, is tested by the
command Test LAM, with sub-address A(k) distinguishing this from tests of individual
LAM requests. Finally; the output of this signal as the Dataway L signal is inhibited while
the module is addressed by N, possibly in conjunction with certain F and A codesor. ™ ~
groups of codes. (See Section 5.4.1.3). '

5.4.1.1 Look-at-Me: Clear, Disable and Test

- Provision must be made for resetting each bit of the LAM status register
individually, either by a Clear Logk-at-Me operation F(10) (see Section 6.2.3),
or by a Selective Clear Group 2 operation F(23) (see Sections 5.4.1.2 & 6.3.6).
All LAM status bits must be reset collectively by the Initialise signal (see
Section 5.5.1).

If the LAM request calls for some specific action (for example, reading the
contents of a data register) then the corresponding bit of the LAM status register
should also be cleared when the appropriate Dataway operation is performed.

A module that has generated L = 1 must not clear the LAM status register
until it receives an appropriate command or the Initialise signal.




o —

Each module that generates L should have a means of enabling and disabling the
LAM requests. This may be done by loading and clearing a mask register, or by
Enable and Disable commands.

All LAM requests that can be disabled by commands must also be disabled
by the Initialise signal (Z).

A module that generates L must have a means of testing the L signal by a
Test Look-at-Me operation (Function code F(8), with a sub-address dis-
tinguishing this from tests of individual LAM requests). If there are several
LAM sources the corresponding LAM requests must also be capable of being
examined either by Test Look-at-Me operations associated with appropriate
sub-addresses or by reading a LAM request pattern in a read operation.

5.4.1.2 Look-at-Me' Commands for Access

Modules may contain regzsters for LAM information. These registers are not
mandatory but if included they should be accessed as Group 2 registers at the
following sub-addresses: T

" LAM Status Register  A(12)=—

LAM Mask Register ~ A(13)"

LAM Request Register A(14)
Corresponding bit-positions should be associated with the same LAM source.

- The state of each data-bit read from the LAM status or LAM request register fs

the same as the state of the Q response that would be obtained by a Test Status
or Test Look-at-Me operation.

The data word read from A(12) should have LAM status information in the low-
order bits and may also contain other status information. Each bit of the data
word loaded into A(13) should be in the ‘1’ state to enable the corresponding
LAM request, and in the ‘0> state to disable it.

The operations used to access LAM information may be divided into two classes.
One class consists of Read F(1), Write F(17), Clear F(11), Selective Set F(19) &

" Selective Clear F(23) addressed to the Group 2 LAM registers described above.

This class is preferred for operations on modules with many LAM sources. The
other class consists of Clear LAM F(10), Enable F(26), Disable F(24), Test Status
F(27) and Test LAM F(8) addressed to specific demands. This class is preferred
for modules with few LAM sources, In the one class a LAM source, LAM (i), is
associated with bit position (i) in data words, and in the other class with sub-
address A(i). For ease of programming it is recommended that all the operations
related to a particular LAM source should belong to only one class.

5.4.1.3 Look-at-Me: Gating

When a module that is generating L, = I receives a command that will cause
it to cease doing so, it must inhibit the L signal or the appropriate LAM
request. The inhibit condition must be effective before Strobe S1 and must
be maintained until the end of the Dataway operation.

23
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This requirement may be met very simply by inhibiting the L signal output when
a module is addressed by any command (L; = O when N; = 1). Unaddressed
modules can thus initiate L; = 1 at any time, but addressed modules cannot do so
until the end of the current Dataway operation.

The requirements may be met more precisely by inhibiting only those LAM status
signals that are cancelled by the current command. The ability to initiate L, = 1
during a Dataway operation is thus extended to all LAM requests that are not
being cancelled. This requires the recognition of N; = 1 with the specific functions
and sub-addresses, and the generation of appropriate inhibit conditions.

The requirement may be interpreted in ways intermediate between these extremes.
For example, the ability to initiate L, = 1 can be extended to all LAM requests
_during most Dataway operations if the L signal output isinhibited when the
module is addressed by N, = 1 together with appropriate, easxly identifiable groups_
of functions and sub-addresses

The mandatory statement above replaces the previous requirement in EUR 4100e
(1969) that all modules gate off their L signal output during every operation
(L = 0 when B = 1). It allows L signals to be initiated at any time, maintained
contmuously, and removed in advance of Strobes S1 and S2. This counteracts .

" delays elsewhere in systems and leads to improved performance in handling _
demands for attention.

Units conforming to this specification and to the earlier specification can generally
be used together in systems where the improved performance is not required.
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Appendix 15  NODDEFS INSERT FILE




12.

14,
15.
16.
/.
138.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
3.
32.
33.
34.
3b.
36.
37.
38.
39.
40.
41.
42,
43.
44,
45,
40.
47.
43.
49.
50.
51.
b2,
53.
54.
55,
b6.
517.
S5Y.
59.
60.
ol.
62.
63.
64.
6o.
606.
ol.

AAEEAARAAAAA AR KA A AR AA A AKRE AKX AA AR AL AR KA AR A X AKX A ARAA AR R AN RF hhkkkhhdd ki

* CAMDEFS = NODAL AND CAMAC, MACROS AND DerFINIFIONS *
NOLISY '

* [NSERL Fllke

* Some universal constant and macro definitions for

~ use in NODAL subroutines and functions using CAMAC

* AUTHOR: P.S. ANDE®SSEN

* WRIITEN® SEPLEMBER 1980

* OFFSELS FOR STACKED ADDRESS REGISTERS

SA3 £QU -4
SA2 EQU -8
SAl EQU ~12
SAO EQU =16
Sb5 EQU -20
sD4 EQU -24
sD3 EQU -28
SD2 EQU =32
SDI kU =36
50O £QU -40

* MAXIMUM LENGTH OF A CHARACTER SIRING
MAXSTR-  £QU 80

* SIZe OF A FLOATING POINT NUMBER IN BYTES
REALSIZE =QU 6

* OKRTS - macro for normal return from a quick subroutine
OKRTS MACRO ’

ADDQ.L #4, (A7)

rIS

ENDM P
* EXRRTS =~ Macro for failure return.from a quick subroutine
ERRTS MACRO

RTS

END M

* CALL - mACRO TO CALL A SUBROUTINE
* First argument = Subroutine entry point
= Second argument = Entry pcint for failure return
CALL MACRO
JSR \I
JiP N2 (PC)
ENDM

* CALLTRAP - WACRO TO CALL A STARDARD NODAL TrAP

* [HAP must do normal (skip) and failure (direct) returns
* First argument = 1TRAP number

* Second argument = entry point for failure return
CALLTRAP MACRO '

TRAP #\1

JP N\2{(PC)

ENDM
* ENLUEH - Macro to enter a routine
eNTER MACHO

LINK Ao, #ZYX

“CMPA.L (AD) JAY

BrRl.oS *x+8

J#P.L NODSIKF

MOVEM.L DO-Db/A0-A3,5D0(A6)
t=NDM




5.

* REL - Macro to return from a routine
Rl wMACRO
MOVEi4.L SDO(A6) ,DO~D>5/A0-A3
UNLK A6
ADDQ.L #4,(A7)
HiS
=ND M

x ERHEL - macro to return with failure from a routine
ERREL MACRO

mOVEM.L SDI (A6) ,D1-D5/7A0-A

UNLK A6 -

1S

ENDM

* PROGM - Macro to reset local variable index
PROGM MACRO
ZYX SE1 Sbo
ZXY SET 8
ENDM

* DATA = RMACRO TO DECLARE LOCAL DATA FOR A STACKING SUBROUTINE
* First argument = name of variable
* Second argument = number of words to allocate

DATA MACRO .
ZYX SET ZYX=\2%2
\1 SET ZYX

ENDM

* FPAR - Macro to declare a parameter of a NODAL function.
* The parameter addresses are pusnhed on the stack in the.order

* of the call.’

* lhere are four pytes per parameter address.

x The last parameter address is at the last one pushed on the stack,
* at address 8(Ad6).

rPAR MACRO

N seT ZXY

ZXY SET ZXY+4
ENDM

* S1IRING - MACHO +FO DECLARE A STRING IN LOCAL ARrEA
x First argument = name of string
STRING HACRQ

ZYX okl ZYX=wAXSir-10
N\ oSkl ZYX
eENDM

* REAL = mACRO [0 DECLARE A FLOAUING POINL VARIABLE IN LOCAL AREA
* First argument = name. of real variable

REAL MACRO
ZYX SET LYX-REALSIZE
N1 SET ZYX

END#M

* MOVEF =~ MACRO TO MOVE A FLOATING POINT nNUMBER
* Two arguments must be register indirect
MOVEER MACRO

MOVE.W N1 ,\2

MOVE.L 2N\1,2\2

EnDM




* OLOUBAL — Macro to define a NODAL global.
* The first parameter is the symbol of ‘the global (relative Ab).
% ‘Ine second parameter is the number bytes required for the global.

GLOBAL MACRO

N SET NGZYX
NGZYX SET NGZYX+\2
cNDM

NGZY X SET O

GLOBAL SLIMIL,4
GLOBAL ESYMB,4
GLOBAL VLOC,4
GLOBAL ELEXT,4
GLOBAL STEXL,4
GLOBAL XLIN,2
GLOBAL XAD,4
GLOBAL LOC,2
GLOBAL DFLAG,2
GLOBAL PCERR,4
GLOBAL STERR,4
GLOBAL FPERR,4
GLOBAL ERRPS,2
GLOBAL EHRNO,2
GLOBAL EHRLIN,2
GLOBAL EDEF ,4
GLOBAL SDEF ,4
GLOBAL VALRET ,REALSIZE
GLOBAL SVAL,4
GLOBAL TRACE,2
GLOBAL CRrFLG,2
GLOBAL EDLIN,2
GLOBAL EDFLAG 2
GLOBAL DERNAN,6
GLOBAL DERLIN,2
GLOBAL OVRLIN,2
GLOBAL SiAG,42
GLOBAL AKG,|6*REALSIZE
GLOBAL SYSLIST ,4
GLOBAL USERAD .4
GLOBAL IDEV,2
GLOBAL ODEV,2
GLOBAL DDEV,2
GLOBAL LDEV,2
GLOBAL INIDREGH,16
GLOBAL CAMST,2

kkknkkxxkCAMAC DEFINITI ()NSx**x*****xx*****-xx***-k****x************x**

* PROLIZUNPROT - Protection macros to ensure undivisible CAMAC
» oprerations on the CAMAC interface.of the ICC.

PROY MACRO
St DI SMASK
CLR LAMED
END#M

UNPROT MACRO
I'ST ENMASK

MOVE.W  #1 ,LAMED
i eNDM




191 .01 *

191.02 * Macro’s whicn is used in the communication witn the SIAC
191.03 = The X-resoons is checkea and the macro waits until the U-respons
191.04 * is recieved. ’ ' -
191.05 «

191.006 x CAMACHU <EA>,UX wnhere EA means an effective CAMAC-adr.
191.07 * Heads from CAMAC to data-reg x, checks X- and Q-respons .
191.05 * g

191.09 CAMACRD  MACRO

191.1 MOVEL.L N1 ,\2 DUMMY MOVE - CLEAR OLD Q
191 .11 \@ MOVELL N1 \2

161.12 B1IST #30,\2 TEST X—-RESPONS

191.13 B3:Q £34 IE NO X-RESPONSs HARDWARE ERROR
191.14 BiST #31 ,\2 TEST Q-RESPONS

191.15 BeQ \@ IF NO W-RESPONS: [RY AGAIN
191.16 eNDM

191.17

191.18 x . :

191.19 * CAMACWR  RX,<EA> Where EA means an effective CAMAC-adr.
191.2 % Writes rfrom reg x to CAMAC, checks X- and Q-repons.

191.21 *

191.22 CAMACWKR  MACRO

191.23 \@ MOVELL N1 ,\2

191.24 MOVE.W  SwlITCA,DY GET STATUS: (X=,Q-RESPONS)
191.25 BiST #14,D7 TEST X~RESPONS

191.26 3cQ £34 IF NO X-RESPONS:

191.27 31571 #15,D7 FEST Q-RESPONS

191.28 B8zQ \@ IF NO QRESPONS: [RY AGAIN
191.29 ENDM

191.3 * ‘
191.31 * CAMACOM <EA>,DX Wnere EA means an effective CAMAC-adr.
191.32 * Reads from CAMAC - gives a command to CAMAC, checks X~ and Q-
191.33 % respons. ‘
191.34 *

191.35 CAMACOM  MACRO :

191.36 \& MmOVE.L N1 ,\2 :

191.3/ BIST #30,\2 TEST X-ReESPONS

191.38 BeQ £34 IF NO X-rRESPONS: HARDWARE ERROR
191 .39 BLSYE #31 ,\2 TEST G-RESPONS .

191.4 BEQ \@ IF NO Q-RESPONS: TRY AGAIN
121.41 cNDM :

191.42




192.

193. CAMAD cWld $800000+2 CAMAC WORD BASE ADDRESS
194, CAMAL £dU $800000 CAMAC LONG BASE ADDHESS
195.

196. CAMAO cdU O<<’/ ADDHESS SHIFT LErFD 7
197. CAMAL QU 1<</

195, CAMAZ EWU 2<<7

199, CAMA3 tdU 3<<?

200. CAMA4 sGU 4<</

201. CAMAD EQU <</

202, CAMAG sl 6<<7

203. CAMAY =QU T<<7

204. CAMASB EQU B<<7

205, CAMA9 EQU 9<<7

206. CAMAIO EQU 10<</

207. CAMAILL EQU 1i<</

20d. CAMALZ2 cQU 12<<7

209. CAMAL 3 QU 13<<7

210. CAMALY EQU 14<</

21t. CAMAIS edl 1b<</

2i2.

213. CAMFO cQU U<<2 FUNCTION SHIFT LEFL 2
214. CAMFI EQU 1<<2

215, CAMEF2 EQU 2<<2

216. CAMF3 EQU 3<<2

217. CAMF4 EQU 4<<2

218. CAMFS QU H<<?2

219. CAMFoO EQU o0<<?2 -

220. CAMF7 EQU 7<<2

221, CAMFB eWlU 8<<2

222. CAMFY QU 9<<2

223. CAMEF10Q EQU 10<<2

224 . CAMEFII EQU 11<<2

225. CAMF12 QU 12<<2 —_

226. CAMF13 EQU 13<<2

2217. CAMF1 4 QU 14<<2

228. CAMELS cQU 15<<2

229. CAMFlO QU lo<<2

230. CAMEILY EQU 1 7<<2

231. CAMFI 38 EQU 18<<2

232. CAMF19 QU 19<<2

233. CAMF20 EQU 20<<2

234. CAMF2i QU 21 <<2

235. CAMF22 BUU 22<<2

236. CAMF23 QU 23<<2

237, CAMF24 QU 24<<2

2338. CAMF25 EQU 25<<2

239. CAMF26 EQU 20<<2

240. CAME2/ cldlU 27<<2

241. CAME28 EQU 28<<2

242. CAMEF29 QU 29<<2

24 3. CAMF30 EQU 30<<2

244, CAMF31 WU 31<<2

245, .

2456. CAMIN QU CAMAD+CAMAB+CAMF26 N=0, A=8, F=26 (Z PULSE)
24 1. DISMASK QU CAMAD+CAWMF24 DISABLE LAM MASK-READ OR wWRIIE
248. ENMASK EQU CAVAD+CAMF206 ENABLE LAM MASK-READ OR WRIIE
249. AHMASK =WU CAMAD+CAMAI+CAMFI6 ANRITE HIGH WORD TO MASK
250, ALMA SK EQU CAMAD+CAMF1 6 WRILE LOw nOkD TO MASK
251. * 707 IN MASK IS EQU. TO MASKOUT
25H2. SrITCr QU $C00040 Q@ AND X IN UPPER TwO BITS
25 3. LISl

294, KEKKAR AR A KK AR KK KKK KR KKK KAKKER KRR EA KA ARAKRKAR XK KKKKRKAKR KRR KN AR KRR Ak IoAkxk
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Appendix 18

MC 68000 MMC MODULE MK 1,

LEP 882 8012 5 200.0




Appendix 19 PRINTED CIRCUIT DRAWINGS




Appendix 20

ABBREVIATIONS




ADC

AUC

CAMAC

CERN

DICO

Frontbus

GPIB

G64

ICC

CNAF-code

SPS

STAC

Appendix 20

ABBREVIATIONS

Analog to digital converter.
Aalborg University Centre, Denmark.

A computer input output bus, a brief description is given in
appendix 12. The CAMAC bus is a CERN standard bus.

European Organization for Nuclear Research, Geneva,

A Dis?lay Controller based on the 68000 microprocessor for the
CAMAC bus.

c

The frontbus on the STAC and the ICC contains almost the full

68000 processor bus, he bus definition is shown in appendix 8
Generel Purpose Interface Bus, defined in the EEE - 488 stan ard

A 8 bit microprocessor bus, defined in appendix 9. The G64 bus
is the CERN standard for 8 bit systems.

Independent Crate controller, a Camac crate controller which
resides in the CAMAC crate, the ICC is based on the 68000 pro-

cessor.

Used in CAMAC access

C - Crate number, in the ICC always 0
N - Slot number, between 1 and 24

A - Sub address, between 0 and 15

F - Function code, between 0 and 31

The new accelerator which is build right now at CERN, the cir-

cumference is 27 km,
The Super Positron Synchroton aacelerator at CERN, with a 6 km
circumference. The accelerator was ready for operation in 1975

The touch-screen is designed for and used in the SPS controlroom

Stand alone CAMAC processor. A 68000 baégd front-end processor

‘ with a design similar to the ICC.

VME

A 16/32 bit multiprocessor bus, agreed between Mostek, Motorola
and Signetics/Philips. This bus is a recommende CERN standard bus.




