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2,2 Overview

3. Interrurts

4, Serial irmrut/outrut - the 6402 UART

G+ Farallel ineut/outrut - the PIO

IMFORTANT NOTES:-

1, Never canpect the keuvboard connector to the serisl interface -~
the kegboard will be dazmaded,

2+ Do not attemrt to connect any external electrical eaquirment to
wour comruter unless gouw have read this manual.
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1. INTRODUCTION
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Without 2 means to inPput instructions and data asnd 3 mesms to

outrPut results 3 comeputer would bhe of very limited wuse. Your Nascom
comrputer rrovides several different methods of data imeut  and
outrut,. The most obvious of these are the video/televison outruty
the keuboard inrut and the cassette drive interfacer instructions
on the use of which are contained in the ma2in bodw of your Nascom
manual, If wou do not wish to wse a3ne other input 3nd outrut
equirment wBou will not need to read the remainder of this manual.
Howevers 2s gou become more ambitious amd wish to use erinterss
discsy direct inrut from switchesr voltmeters eter or outeuts to
control motorsy heaterss: etec then wou should find the information
contaimned in this marnual useful.

The mamual contains several serarate sectionsr sach deasling with an
aseact of inrut and or outroet orerations with wour Nazscom computer.
The zections ares

1. A general overview of the way in which inrut/outegt  (i/0) is

) handled by the comPuters

2, A more srecislised discussion of the use of unteruets.

3., A descrirtion of the interface for serial ifrut/outesut {(i/0)
devices orerating to V24y RS232 or 20 wmilliame standards. Manyg
erinters are of this ture.

4, A descrirtion of the rarallel interface used for cornecting
on/off sidnals - ur to 16 inderendent signazls at 9 volt levels can
e handled by one such intecrface.

. Imstructions on how to connect a varietw of different tures of
rrinter to wour Nascom.

&+How to eprodram i/0 orerations in machine code or assembler with
the aid of the NAS-5Y8 orrating sustem.

- 7e  How to prodgram input/outrut orerations from within BASIC

Frograms.

2, OVERVIEW

Comruters orerate only on electricsl signals that are either ‘on’
or ‘off’, For internal c¢alculations and memors storade these
on/offs (or binaryr two-state) signals are droured in eightsy and
the dHroupr of eight is kriown as a bute. The individual sisnals asre
known as bitssy and therefore one drour of eight bits is known as
ohe bute, External inruts and outrputs linked to the computer must
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2lso consist of grours of an/off sidnsls. Sirce these signals can
arily  have discrete values thew are known 35 didital sigrals. The
switehes of 2 computer kewbosrdy for exameles can easily form inFut
signalsy and the srecific codes reaired to grerate erinter mechan-
isms can 3lso bhe outrut. Potential inerut sidrnals which are of a2
continuausly wvariable natures such #s a3 temrerature ineput from a
thermocourler must be converted to a2 digital form before thew can
be inrut to 2 computer, Devices called analog to didital converters
(ADC’s) are used for this pureroser and might turically eroduce an
eight bit (1 bute) code to rerresent the mezsured value.

In order to zccess these ineput or outrut signzls the computer
reguires to be connected to electrical interface componentss and to
have 3 means of azddressing these interfzeces to read data from thems
or outeut data to them, Most microrrocessor chir families include
sepecial surrose intedrated circuits to simerlife the electrical
interfsce. Your Nascom comeuter contains two such chirs - a UART
serial interface and 3 PI0 warsllel interfsce. These wiil be
desceribed inm more detsil in subsequent sections of the marnual. The
state of the inrputs and outruts cazn be read/written in 2 verw
similar way to that in which dats is accessed in memore locastions.
Indeed some microrrocessors do not distinduish hetween memorgs  ard
externgl 1i/c addressing and irnstructions, This tupe of i/o oporst-
ion is known 35 ‘memory ma3rred i/o0’y since the inruts ard outruts
behave Just like memarye locations. It has the advantage that it is
sometimes easier to imelement inm sma2ll comeuter svstemsy and the
11l rande of comeuter instructions can be aerrlied to the ineputs
and outruts. However in larder computer configurations the conflict
with areas recired for memory is 3 mador handicas, The Z80A used in
Qour Nascom is not limited to memory marred i/0+ but features 2
full rerertoir of i/o orersations which can be arrlied to ur to 254
i/o rorts (1 rort = 1 8-hit bute of imrut or outrut). All insrut and
autrFut on  the Nascom bhoard itself and on Nascom rroducts uses
this form of ineut/outrutsy slthousth for anwone intending to desisn
their own srecizl purrose interface circuitry for comnection direct
to the NASRUS there is nathindg to eprevent the use of memory marped
i/0.

Manw devices linked to comeuters for input and outrut are either
electromechanical in oreration (ed Frinters) or are orerated hu
human beinds (ed kewgboards), As a3 result they sre slow in oprationy
and consecuently the compuyter could srend much of its time waiting
for such eeuirment to  finish orerating. In mang wmicrocomeuter
arplications +this is no great lossy since the computer has rothinsg
else which it can do until this oreration is comrlete, However in
same instances this does rerresent z waste of timer for example
where the comruter has to rerform 3 set of lendthy calculationsy
odtrut 2 result on a erinter and then comtinue with the next
caleculation, The subsecuent calceulation could be eroceeding while
the computer waits for individual letters to be #rinted. In ancther
case a3 microcomruter might be reauired to monitor the state of manyg
rosition switches in an automated manufacturing rlants and rerform
control functiorns based on the oreration of these switches. In
order to determine when 3anwy switch mas be orerated it would be
rnecessary for the computer to looe round lookindg 3t each switch in
turny and when one is found to be orerated to rerform the necessary
control function. Unfortunztely while the contrel function is in




rradress  the insrection (or ‘rolling’ a3s it is known) of the other
inruts is suspendedy and this might have disasterous censequences
to the slanmt.

Far mans arrlications waiting for +the comeletion of esch i/o
orerations or suitablwy freauent rolling of i/or is sufficient.
However» in those instances where more efficient use of the
comFuter’s rower is  reguiredy or where very rarid resronse to
external events is requiredy it is necessars that such i/0 requests
be sensed bw the comeuter and wused to interrust its current
oreration. The interruprting event should then be processedr after
which the rrevious oreration can be resumed. This is in fact sz
descrirtion of how the comrputer interruet sustem warks,

An interrurt appears to the microrrocaessor as an electrical signsl.
This sidrnal is dgenerated within the i‘o interface circuit, The
microrrocessor raesponds to this signal bwy ‘remembering’ where it
currently is (by storing its erogram counter on the stack) a2rnd then
doind to the address of & erogramr krniown a3s the ‘interrurt
handler’. The azctusal address of the erosgram which is executed is
determined bw the current interrurt moder and the form of interrust
denerated by the interface, These rarameters must have been
correctly set upr by the progrzmmer when +the ma2in srogram  was
initiated, The tures of interrust available and the way in which
they sre rrogrammed sre described in more detzil in sectiom 3  of
this manual for those who reauire such information.

Caomrputer sgystems can work parfeclws satisfactoriluy without wusing
interrurtsy and  indeed use of interrupts has the following disad-
vantades!

1, Complexity of rrodramming,

2+ Difficult to de-bug,

3+ Interaction of interrurts can be troublesome,
4, Interrypt handling routines can be larse,

S. Interruert handlers gan be slower to executer althoush exscution
bedins almost immediatelus than polling in simerle cases.

Your Nascom comruter has 2ll the interrust carability of +the Z80A
microrrocessor available. However the orerating sustem NAS-5YS does
riot  itself wuse the interruprt sustem 85 this would increase
comrlexity  and none of the normal i/o devices warrant its use. The
more advanced NAS-SYS 32 orerating sustem will surport the use of
interrurtsy zlthough it does not itself utilise them foar i/0 to the
screens kewboardy cassette and serisl rorts.

We will revert rmow to a discussion of the arrangement of inrut and
outrut interfaces eresent in wour Nascom sdystem. As mentioned
Freviousls the i/0 consists of ur to 256 ports handlingd 8 bits
each, Forts O to 7 sre associated withh interfaces on the main
Nascom bosrd,




Fort 0 is dedicated to swstem functions associated with the
kegboards sindle step and cassette drive. Only 2 of these sidrals
are likelw to be of interest — imPut bit 7r which arrears on #in 3

on the main circuit boardsr and which will be discussed in
connection with erinter interfacing in section 5r and outrut bit 4
which aprears on rin 10 of the main boardr and which mavw be used
with a suitable interface to switch the cassette motor on znd eoff
(spe Nascom hardware manuall.,

Part 0O

Dutryt bits Irneut bits

7 Not svailable 7 Not used (pin 3
&6 Not zvailable 6 56

35 Unused S5 85

4 Tare drive led {(rin 10} 4 B4

J Single ster lodic 3 &3

2 Unused 2 82

1 Reset keghosrd counter i 51

0 Clock kewboard counter 0 S0

Forts 1 and 2 are associsted with the serizl i/o interfacey which
is 2ls0o used for cassette tare i/0. Fort 1 handles the actuz}l datass
while rort 2 is a control eort used to indicate the staus of the
interface. The uyge of the serial interface is described in detazil
in sectiom 4.,

Fort 1

Duterut hits Inrut hits

7 - 0 nhata TO interface 7 - O lata FROM interface
Fort 2

Qutrut bits InrFut hits

? 7 Iate received

& & Transmit buffer emrtu
o 5 Not zssidned

4 4 Not zssisned

3 X Frame error

2 2 Faritg error

1 1 QOverrunm error

¢] 0 Not sssigned

Fort 3 is not sssisned in the system.

Forts 4 -~ 7 are associated with the rarallel i/o interface (PIM)»
which contains 2 inderendent 8-bit rorts for data and 2 correspond-—
ing control rorts, The two rorts in each PIO are referred to as
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rart A and rort B of the PI0., The actual azddresses used bw the
comeuter are rorts 4 and 5 for datz related to the on~board PID of
the Nascom 2, The functions of these rorts are described in detszil
in section 5.

st

Quteut bits InFut bits

7 - 0 Datz out rort A of FPIO 7 -0 Data in mort 4 of PID

As rort 4y byt for rort B of FIO.

Fort &
Outrut bits Inrut bits
7 - 0 Control rort A 7 - 0 Status erort A

{(See gection 2 for detsils)

- —

As rForTt 4y but for rort B aof interface.

All other rortss 0B -~ FFy are avazilable for use om eMransion
inrput/outrut, bosrds.,

NOTE? If the Nascom bosrd is strarred for INTERNAL 1/0 the sorts 08
~ FF are merelw reflections of rorts 0 - 7, Therefore wherm using
extension i/o0 make sure that the i/o0 strars LSW2/8y is in the upser
ensition.

J+ INTERRUFTS

The subdect of interrurts was introduced in the rrevious section.
For further details of the different tures of interrusrt ard the waw
that thes can be handled the resder is referred to the Z80
Technical Manual which forms rart of the documentation rraovided
with wour Nastom computer.
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4. SERIAL INPUT/OUTPUT - THE 6402 UART
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A serizl i/o interface is extremelw useful since this is the most
common method of communication used for srintersy visual idselay
units (VIU‘s) and linkind comruters. There are also other instrum-—
ents such as drarh eclotters and ANC’s which can be used with a
serigl interface. In many instances only a3 4-wire link is reavired
between the instrument and computer - 3 transmitr a receiver a
signal around and 2 protective ground. Wiring is reduced in this
w3ady but on the other hand the sreed of transmission of dats is

reduced since each bit is +transmitied serarateluyr by comeparison
with @ rarallel interface in which 8 bits are trarsmitted simultar-
eously, The maximum sreed of transmission of seriazl data is rarelw
more than 19 200 bits rer second (usually exsrressed as 19,2 K
baud), However as most of the devices with which this communication
is associated are relativelw slow this is rnot 2 serious restrict—
ior. In fact srinters and VIU’‘s 3re usually rum at 1200 maud (120
characters rer second) or less,

4,1 Harduware

The serial interface on the Nascom microcomputer uses the 44072
integrated circuit (IC20)., This is an extremelw common serial
interface chiry 35 is known as 3 UARTy an abreviation for Universal
Asunchronous Receiver/Transmitter, This makes for very easy rprog-
ramming of serisl i/or particularly with the aid of the routines
already rrovided in the NAS-SYS orerating swstem., While the i/o is
made simele in this waw it should be noted that the UART czanmot be
run in an interruet moder amd therefore in arelications invealving
slow serial i/0 of long strindgss and reauiring & rarid resronse
under interrurt to external stimuli it will be necessary to rerform
the serial 1i/0 in short stringsr or character by characters with
interruris dissbled to sveid rossible loss of Hdata.

The UART on the Nascom comeuter is used to imterface to the

cassette data storade sustem. When the cassgette is mot in use the
serisl rort can be used for interfacing to other serial devices
such as rrinters. Additionsl UART’s can be used with wour Nascom by
connecting Nascom Inpubt/0Outrut interfzce cards Lo the comruter vis
NASBUS .,

The standards used for serisl +transmission vary in dats rates
seraration of B8-bit characters and check hits (raritw). For this
reason Qour Nascom has been designed to facilitste the salsctionm of
the areroeriate standard for sour earticulasr assplication. The
artions are selected bw means of the Jumpers/ switches at LSW 2 and
LSW 1/0. The ortions are as follows?

1.Transmit Sreed
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A sreed of 300 baud (30 characters rer second) or 1200 baud (120
characters rer second) may be selected.

LSW2/1 UP = 1200 ERaud [IOWN = 300 Baud




2: Transmit Clock Select (1)
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Timind of the sreed of transmission cam be based on either the
on—-board clock settindg of 1. abover or bu the external settirng of
switch LSW2/3 to he described in 3, below.

LEW2/2 UP = Externzl switch IgWwN = On board setting 1.

3: Tramsmit Clock Select ()
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This switech is ignored if LSW2/2 is dowr. Otherwise it selects a
110 Baud rate (for conventionsal 10 character per secornd teletures)
or an external clock.

LSW2/3 UP = External clock [NOWN = 110 Baud teleture

4, Receive Sreed Select
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This selects the receive speed of 300 BPBaud or 1200 Kaud ir a3
similar wad to LSW2/1 described inm 1. ashove.

LSW2/4 UFP = 1200 Baud DOWN = 300 Raud

9. Receive Clock Select (1)

This selects between the on board timing switch LSW2/4 znd the
external/teletuyre timing switeh LSW2/46r in 3 similar waw to LSW2/2
desceribed in 2.

LEW2/5 UP = External/teleture HOWN = On board setting

b+ Receive (lock Select (2)

This selects between an extermal timimg imput snd 3 timing rate of
110 Baud for teleturesy in 3 similar waw to LSW2/3, If LSW*/5 is
tdown this setting is idrnored,

LEW2/6 UP = Esternal BOWN = 110 Baud teleturs

7+ Serial Input Select
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The serial input/outrput UART is used for both cassette i‘o amd for
the oreration of other serial devices., When using cassette inrut an
additional inrut circuit is used to conditiorn the signal before
inFut to the UART. When serial inrut is Prom other serial devicess
such  as the kewboard of a VUlUy this circuit is not used. This
switch is used to select between cassettie insut via the additional
circyit and serial inerut form some other terminal.,

LSW2/7 UP = Serial terminal DOWN = Cassette



8, Stor Rits

In serial traznsmission systems the end of a character us denoted bw
the rresence of stor bits. Normally onlyg 1 stor bit is  reaquired
excert when opratingd at 11i0 baudy when 2 stor bits are reauired.

LEW1/0 UP = 1 stoer bit [BWN = 2 stor bits

1 start bit is also sresent. These start and stor bits ewrlain the
arrarent discrerancg betwgen a8 baud rate of 300 baud znd the
corresronding Frront sreed of 30 characters/second. is Each charact-~
er is tranmsmitied a3s 8 data bits + 1 start + 1 stor Dit = 10 hits.
J0 characters/second at 10 bits/character = 300 baud.

All the electrical connections from the UART are taken via gigmal
conversion circuitry to socket PL2 orn the rear edde of the main
Nascom bosrd. Cassette signsls are also tsken via additional
cireuitre to prPins ér 7 and 9. The sidgnals rrovided at PLZ2 are
suuitable for the 2 electrical standards wsed for serial i/0»
namely;

1. RS232/V24y irn which levels of +12 and -12 volts are used to
indicate O or 1 i abit.

2+ 20 milliame current loorr in which zero current or 20 milliamrs
is ysed to indicate 0 or 1.

The connections o FL2 are as follows!

FIN FIN

1 Tare drive control ¢ 20 mA loor in

2 +3 volts 10 +12 volts

3 RE232 in 11 Ground

4 Ext tramsmit clock 12 20 mA looes out
S Ext receive clock 13 Cassette out hi
& RB23Z out 14 Cassette out lo
7 -12 volts 1% Ground

8 Seare 14 Cassette in

Serizal i/0 conrections an external devices are commonly by means
of the 23 #irn Canon D tyre conrmector. If wou Ffit one of these
sockets the normal connections used are!

Fin 1 - Frotective ground

Pin 2 - Signal transmitted bw Nascom
Pin 3 -« Bidgnal received bg Nascon
Pin 7 - Signal sround

Conventions on the wuse of other ring are unfortunzstely less
accerted,

4.2 Programming

At i s b —— ——— i

The 4402 UART i3  extremely essw to rprograms and in fact all the




necessary routines reeuired to use the UART on the msin Nascom
bosrd are included in the NAS-8YS orerating sustem manuals to which
wou 3re referred,

When usind additioral UART ‘s on extension i/o boards the serial i/g
routines from NAS-SYS mav bhe coriedr using the assroepriste roew rort
3ddresses, The procedure is basically as follows!?

1, Butrut

Outrut the reauired character to the lower zddress of the UART.
Resd the higher address and continue to do so until bit & does
nidghy indicating that the character has been screptedt,

Continue in this waw wuntil the charzecter string to be outeut is
exhnausted,

2+ Ineut
Read the hidgher address to determine status.
If hit 7 is zeror no character readr so comtinue.

If bit 7 was 1 then read the character from the lower asddress.

Additional Notes
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1. IT I8 VITAL that the Lkewbosrd should NOT bhe comnected to FPL2 -
damade to the kewhoard will result,

2. Before attemrting to connect external serial devices make sure
whether thew are 20 mA or RS232y zand conrmect zccordinglue,. Also
check the reauired transmissior rate and number of stop bita.

3. Remember if wou alter the settindgs of receive/transmit switches
that these maw affect tsre oreration, If sor reset them hefore
using tare adairn.

4,, Berial RGZ32 comunication is wsed in linking comruters and
terminals over long distances wusing modems and the Post Office
telerhone network, Howevers the PO has verwy strict resulations
dgoverning ecuirment which can be connected viaz modems to its
telerhone network for safets reasons. Surerisingly this even
arrlies to the use of acoustically courled modems. You must rnot
cornnect pruirment in this waw unless vou have obtained Post Office
arrroval for gour system.




9+ FARALLEL I/0 - THE 280 FIO (3881)
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Your Nascom computer is fitted with ore FIO (rrogrammable inrut
outrut) chisy IC1%9s which is not wtilised at 2311 in the standard
configuration, This will allow for +the connection of ue to 146
individual on/off electronic sidgnals. These signals must be at TTL
(transistor-transistor) wvoltasge levels - ie +5 volts and 0 volts.,
For further details of electrical interfacing see section 9.

The FI0 is a highly sorhisticated circuit which azllows mars
different modes of orerstion. These modes of oreration are achieved
by Frogramming of the PIO itself. This erogramming is carried out
by outruttingd commands to the PID. The flexibilitw rermitted by the
PIO is unfortunately offset by the added comelexity involved in
Frodgramming it bhefore it camn be wused, Howeversy if wou rezd
carefully throudh the exrlanation which follows uwou should not
experience any provblems. the PIO corsists of 2 serarate #8-bit i1/0
rosrlsy each handling 8 rarallel i/o lines.. These will be referrod
te &s port A nd rort B — on the main board of the Nascom these are
addreesed as rForts 4 and 5 resrectivelu., The 2 rorts hehave almost
identicalls, Associated with each of these datas i/o Forts is a
cantrol rort. Each rort also has sssociated with it 2 additional
pits which can be used +to ‘handshake’ data into anmd out of the
#ort, These are known as the ’strobe’ (STEY and ‘readu’ (ROY)
lires.

On the main Nascom board we therefore have!

Fort 4 Ineut/outeut data rort A
Faort 3 Inrut/cutrut dats eport B
Fort 6 Control for rort A
Fort 7 Control for rort R

Recause the FI0 must he programmed to srecify its mode of oeeration
it is essential that ang eprodram which uses the FIO should contsin
the instructions +to issue the control commards ta the FI0, These
ingtructions must be in the user srogram — thew sre rot carried aut
by the orersting swstem or BASIC asutomat~ iczslly, Thug in BASIC the
control commands must have been issued at some time hefore IN and
DUT dinstructions are used on the datas rorts, The commands can of
course be issued from BASIC wusing the OUT instruction to the
arrrorriate control rort.

G.1 Control of the FIQ
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The first step in controlling the FPI0 is to select which lines
{(bits) of the rort are to be used Por inrut and which for outeut,
Te do this a bute of datz is outeut to the control rort (A or H»
corresronding to the data rort we asre using) of the following form!

M1 | M2 0 0 1 1 1 1




1, Mask control

X|YjZ{F|]Oot1}1]|1

The mask control redister determines whether interrust is enabled
on the PIQ concerneds and in mode 3 2lsa 2llows rarticular bit
ratterns to cause an interrupt to be denerated. This is described
irn more detzil in section 4.3.

2+ Interrurt enable

0|10j0 |0j0j0§1]| 1

This causes interrusts dererated from the assicaited datz =art to
be enabled.

3. Interrurt vector

010]0{0]0;0}011

(_} The next bute gent +to the control redister will contsin the
interrust vector used to determine the address of the interrust
handling erodram in memorw. This is only arelicable when the
computer has been rrogrammed o work in interrusrt mode 2 (see
section 3). The getting of this vector is described in more detazil
i section 4,3,

F.2 Data Inrut and Outeut

Iiata ineut and outeut via the PI0 is achieved simrply by means of
inrut and outeut instructions addressindg the aserropriate datz rort.
Frodramming can be carried out in either assembly languadge smachine
code or BASIC, Remembery howevers that erior to data i/0 +the resort
must have heen rrogsrammed using the contral instructions described
in section 4,2 - at lesast to specifwu whether eports snd data lines
are to be used for ineut or outeut.

() 5,3 Interrupts

T g e ey

The form that an interrurt from a3 FPID will take derends on 4
different control instructiomns sent to it, The resronse of the
comrFuter will derend on the interruet mode selected within the
rrogram and the interrurt handling routines which the =rodgram
rrovides, These modes of interruert handling within the comruter
itsel? sre described in section 3 of this manusl.

3+3.1 Interrust enable
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Interrusts will only be denerated bu the PIO if the interrurt
sustem of the PI0 is enabled., This 1is done be sending a bote
containing 03 to the control rort of the PI0 rort. Note that this
is in addition to the reauiremert that the comruter’s interrupt
sustem should be enabled.,
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The values of Ml and M2 nave the following effect!

¢ All the bits are used for outrut (mode 0)
I | All the bits are used for inrut (mode 1)
0 All the bits are bidirectional (mode 2}
1 All the bits are to be individually srecified (mode 3)

OO
-

In mode 3 a2 further bute must be nutrut immediatelw to the conmtrol
rort to srecify which bits zre inrut and which are outrut., This
butie will contain 2 & in each bit which is to be an inrutr a3nd 3 0
in ‘each bit which is to be an putrut. In this mode the STE and RDY
lines are not used.

In mode 0 (outrut) data aepears oun the outputs 3s soconm 35 it is
sent bw the computer, The RDY lirie is simultanecusly turned on to
indicate to any external device cornnected to the rort that dats is
ready. The external device could then acknowledde agne it has
comrleted action on this datas bw turning on the STEB lirne. If the
interrurt facility is use (see section 4.3 below) then this strobe
can be used to cause an interrurty which 2n interruert handler can
use 3% a3n indication that the next block of data should be outsut.

In made 1 data is only read in to 8 rort when the STRE line is
turned on. It is edger rather than levelr triggered., This strobe
can also be used to cause sn interrurt (if interrurt is enabled) so
that the comruter can be erodrammed to resct to the availabilitw of
data. When the computer reads the data the ROY lire is turned on to
indicate to the external devive that the dats has been accepted., I
2o Wwish to define the rort as being for inputy but without 3 STR
to casuse data to be latched onto the rort then the rort should be
defined 33 mode ¢r 311 inrutse rather than 25 mode 1,

The bidirectionzsl moder mode 2y reauires the use af 211 4 handshaske
lires associsted with the one rort. It can only be used with sart
Ar and rort B must be in mode 3» so that it does not attemet Lo use
hanrdshake limes, In this mode the rort A RIY and STR sidgnzls are
wsed for outeut contrel and the rort B handshakes are use for ineput
control. It is effectively 3 combirmstion of modes 0 anmd 1s encert
that dats outrut from rort A is onlw enabled when the A STR lire is
turned on (in order to erevent conflict with data irmeut).

Note that 8 rFulse on the STR line sent to 8 rort is rot remembered
by the FIO, IFf the STR is to be used to notify the computer that
inprut data is readyr or ocuteut has been completeds the PIO  shouwld
be run under interruert (see section 4.3),

5412 0Other control instructions
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Three other ortional forms of control bute can be sent to the

control rort of 3 PIO. These are 3ll concerned with oreration under
interrurty and are a8 follows!




5,3.2 Interrurt control word

This indicates the lodic to bhe used in interrurt deneration. It is
srecified by 2 bute sent to the corresronding control rort oaf the
form

XY Z2 F ¢ 1 1 1

If bit X is zerors interrusts from this FIO rort are disabled. If
bit X is set then interrusts are enabled. In mode 3» control moder
the bits Yy Z and F have the meanind shown below (in other modes
they are not usedi!

Y = 1 means ALL monitored lines must =o active to dZSenerzte 2an
interrurt.

Y 0 means ANY monitored line dpind active denerates an inmterrurt.

It

Z = 1 defines the active state as bheing hidh.
Z = 0 defines the active state as beinzg low.

F = 1 means that a further bgte will be transmitted tc the cotral
ort specifuind those lines which are to be monitored - ie a2 mask
word is to feollows, Only lines for which the mask bits are Q9 (ZERO)
will be moritored.

F = 0 means no mask is srecified (211 monitarer).

9¢3+3 Interrurt mask waord

This determines which data lines on the rort will ke moitored to
dgenerate interruptsy a3s described in 5.3.2. 0Onlwe the datz bits
corresronding to mask bits set to O (ZERQ) zre monitored.

5+3.4 Interruet vector

When the computer is running in interrurt mode 2y 3s described in
section 3» the vector indiecating the low address nute of the
interrurt harmdler must bhe gsepecified to the PI0. This is done hw
sendind the control bhute

V72 V& VY5 Vvg P33 Y2 yi 0
to the control rports where ¥7 - V1 rerresent the reauired vector.

9.4 Priority of interrurts

The Z80 microrrocessor and its associated PIO’s use a3 daisw chain
interrurt sustem to z3llocate Frriority to different interrurts, This
givess on the Nascoms the on-beard FIO the hishest eriority in the
chain. The pPriority of other devices will derend entirelwy on their



1 terms of the wiring of the interrusts on the

distance (in losica
s iz discussed inm more

comruter’s backelane) froa the processor, Thi
detail in section 3.

IMPORTANT NOTER-

When the rower is turned on to the computer and interfaces they azll
cerform 2 FrOwWer ON recety which clears internal redisters and
jeaves intrrupts turned off. Howevery 3 reset initiated bw the
front ranel resetl switch does NOT reset the PI0’s -~ this is 2
design feature of the PI0. This means that after program crashes:e
sarticularly when the interrupt sustem is in user the P10 maw be
1eft in @ state where it is awasiting acknowleddement of 2an
interrurty thus disanling further interrurts. This must be cleared
to resume normal oreration. This can be achieved in spverasl wass -

i, Fower the comrlete sustem off and on adain.

follwed bw a return to NAS-BYS in

2, Execute an RTI instructions
w software. This is

als #

order to clear the interrurt in the normal waw [
dore by executing

LE HLsQ000 321 00 00
FUSH HL. FES

RETI FED A

3, Qutrutting the value B3 to the control rorts of the FI0.

when usind interrurtss and

These rrecautions are necessars ornly
unacknowledded,

when erodrams have failed leaving imterrurts

P




