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1. INTRODUCTION

Without a means to input instructions and data and a means to output results a computer would
be of very limited use. Your Nascom computer provldas several different methods of data input
and output. The most obvious of these are the video/televison output, the keyboard input and
the cassette drive interface, instructions on the use of which are contained in the main body
of your Nascom manual. If you do not wish to use any other input and output equipment you
will not need to read the remainder of this manual. However, as you become more ambitious and

wish to use printers, discs, direct input from switches, voltmeters etc, or ocutputs to
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control motors, heaters, etc then you should find the information contained in this manual
useful.

The manual contains several separate sections, each desaling with an aspect of input and or
output operations with your Nascom computer. The sections are:

1. A general overview of the way in which input/output (ifo) is handled by the computer.

2. A more specialised discussion of the use of Interrupts.

3. A description of the interface for serial inputfoutput (i/o) devices operating to y2h
RS232 or 20 milliamp standards. Many printers are of this type.
k. A description of the parallel interface used for connecting onfoff signals - up to b

independent signals at 5 volt levels can be handled by one such interface.
5. Instructions on how to connect a variety of different types of printer to your Nascom.

6. How to program i/o cperations in machine code or assembler with the aid of the NAS-SYS
operating system.

7. How to program input/output operations frem within BASIC programs.
8, Electrical considesrations in connecting external signals to your computer.

Q. Advice on trouble shooting.

2. OVERVIEW

Computers operate only on electrical signals that are either 'on' or 'off'. for intermal
calculations and memory storage these onfoff, (or blnary, two-state) signals are grouped in
gights, and the group of eight is known as a byte. The individueal signals are known as bits,
and therefore one group of eight bits is known as one byte. £xternzl inputs and outputs
linked to the computer must also consist of groups of on/off signals. Since these signals can
only have discrete values they are known as digitel sigrals. The switches of a computer
keyboard, for example, can 33311y form input signals, and the specific codes required to
operate printer mechanisms can also be output. Potential input signals which are of 2
continuously variable nature, such as a temperature input from 2 thermocouple, must be
converted to a digital form before they can be input to a computer. Devices called analog to
digital converters {ADC's) are used for this purpose, and might typically produce an eight
bit {1 byte) code to represent the measured value.
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In order to access these input or output signals the computer requires to be connected to
electrical interface components, and to have a means of addressing these interfaces {o read
data from them, or output data to them. Mest microprocessor chip families include special
purpose integrated circuits to simplify the electrical interface. Your Nascom compufer
contains two such chips - a UART serial interface and a PI0 parallel interface. These will be
described in more detail in subsequent sections of the manwal. The state of the inputs and
outputs can be read/written in a very similar way to that in which data is accessed in memory
locations. Indeed, some microprecessors do not distinguish between memory and external ifo
addressing, and instructions. This type of i/fo operation is known as 'memory mapped ifo',
since the inputs and outputs behave just like memory locations. It has the advantage that it
is sometimes easier to implement in small computer systems, and the full range of computer
instructions caen be applied to the inputs and ocutputs. However, in larger computer
confiqurations, the confiict with areas reguired for memory 1is a major handicap. The Z80A
used in your Nascom is nst limited to memory mapped ifo but features a full repertoire of i/o
nperations which can be applied to up to 256 ifo ports (1 port =1 8-bit byte of input or

output). ALl input and output on the Nsscom board itself, and on Nascom products uses this

form of input/output, although for anyone intending to design their own special purpose
interface circuitry for connection direct to the NASBUS there is nothing to prevent the use
of memory mapped i/o.

uters for innut and outnut are either elactromechanical in
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re operated by human beings (eg. keyboards). As a result, they are
slow in operation and consequently the computer could spend much of its time waiting for such
equipment to finish operating. In many microcemputer applications this is no great loss,

since the computer has nothing else which it can do until this operation is complete. However
in some instances this does represent a waste of time, for example where the computer has to
perform @ set of lengthy calculations, output a result on a printer and then continue with
the next calculation. The subsequent calculation could be proceeding while the computer waits
for individual letters te be printed. In another case a microcomputer might be required to
monitor the state of many position switches in an automatad manufacturing plant, and perform
control functiens based on the operation of these switches. In order to determine when any
switch may be operated it would be necessary for the computer to loop rourd looking at each
switch in turn, and when one is feund to be operated, to perform the necessary control
furction. Unfortunately, while the control functien is in progress, the inspectien, {or the
‘polling?, as it is known) of the other inputs is suspended, and this might have disasterous
consequences to the plant.

For many applications, waiting for the completien of each ife operation, or suitably frequent
polling of ife, is sufficient. However, in those instances where more efficient use of the
computer's power is required, or where very rapid response to extermal events is required, it
is necessary that such i/o requests be sensed by the computer and used to interrupt its
current operation. The interrupting event should then be processed, aiter which the previous
eperation can be resumed, This is in fact a description of how the computer interrupt system

An interrupt appears te the microprocessor as an electrical signal. This signal is generated
within the ifo interface c¢ircuit. The microprocessor responds to this signal by 'remembering’
where it currently is, ( by storing its program counter on the stack ) and then going to the

address of a program, knowr as the ‘'interrupt handler'. The actual address of the routine

which is executed Is determined by the curreat interrupt mode, and the form of interrupt
generated by the interface. These parameters must have been correctly set up by the
programmer when the main program was initiated. The types of interrupt available and the way
in which they are programmed are described in more detail in section 3 of this manuzl for

thosa who raguire such information.
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Computer systems can work perfecly satisfactorily without using interrupts, and indeed use of
interrupts has the following disadvantages:
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1. Complexity of preogramming.
2. Difficult to de-bug.
3. Interaction of interrupts can be troublssome.

4. Interrupt handling routines can be large.
5. Although execution begins almost immediately, interrupt handlers can be slower
than poiling in simple cases.

Your Nascom computer has available all the interrupt capability of the I80A microprocessor.
However the operating system NAS-SYS does not itself use the interrupt system as this would
increase complexity and none of the normal i/o devices warrant its use. The more advanced
NAS-SYS 3 operating system will support the use of interrupts, although it does not itself

utilise them for i/o to the screen, keyboard, cassette and serial ports.

We will revert now to a discussion of the arrangement of input and output interfaces present
in your Nascom system. As mentioned previously the ifo consists of up to 256 ports handling B
bits each. Ports 0 to 7 are associated with interfaces on the main Nascom board.

Port O is dedicated to system functions associated with the keyboard, single step and
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appears on pin 3 on the main circuit board, and whzch will be discussed ia connectzon with
printer interfacing in section 5, and output bit & which appears on pin 10 of the main board,
and which may be used with a suitable interface, to switch the cassefte motor on and of f (see
the Nascom hardware manual)}.

Port O

Qutput bits Input bits

7 Not available 7 Not used (pin 3)
6 Not available b Sb

5 Unused 5 35

4 Tape drive LED {pin 10) b sk

3 Single step logic 3 353

2 Unused 2 S2

1 Reset keyboard counter Y

0 Clock keyboard counter 0 30

Ports 1 and 2 are associated with the serial i/fo interface, which is also used for cassette
pe ifo. Port 1 handles the actual data, while port 2 is a control port used to indicate the

ts
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status of the interface. The use of the serial interface is described in detall in section k.
Port 1
Output bits Input bits

7 - 0 Data to interface 7 - 0 Data from interface



bit signal from UART

Data received
Trancmit huffar amntv
Transmit buffer empiy
Ho connection

Ho connection

Frame error

Parity error

Qvarrun error

No connection

[T A N = A

Part 3 is not assigned in the system,

Ports b - 7 are associated with the parallel ifo interface (PIO), which contains 2
independent 8-bit ports for data and 2 corresponding control perts. The twe ports in each PIO

are referred to as port A and port B of the PI0. The actual addresses used by the computer
are port 4 and port 5 for data related to the on-board PIO of the Nascom 2. The functions of
these ports are described in detail in section 5.

Port &
Qutput bits Input bits
7 -0 Dates out 7 -0 Data in
port A of the PIO port A of the PIO
Port 5
As port &, but for port B of PIO.
Port 6
Qutput bits Input bits
7 -0 Control: port A 7 - 0 Status: port A

($ee section 5 for details)
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As port 6, but for port B of interface.

811 other ports, 08 - FF, are available for use on expansion inputfoutput boards.

MAT |1y o,

ROTE: If the Nascom board is strapped for TINTERNAL i;‘rﬁ, the poris 08 - FF are mersly
reflections of ports 0 - 7. Therefore when using extension i/o make sure that the i/o strap,
iLSW2/8, is in the upper position.
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3. INTERRUPTS

The subject of interrupts was introduced in the previcus section. For further details of the

differant tvonas of interrunt and the wav that thay can he handleg the reader is rafarred tn
gliterent Lypes 0T interruptl and ine way Thatl Tngy can o€ nanclieo reager rgrarredc 1o

the I80 Technical Manual which forms part of the documentation provided with your Nascom
computer.

h. SERIAL INPUT/QUTPUT - THE 6402 UART

A serial ifo interface is extremely wuseful since this is the most common method of
communication used for printers, visual display units (VDU's) and linking computers. There
are also other instruments such as graph plotters and ADC's which can be used with a serial
interface. In many instances only a 4-wire 1link is required between the irstrument and
computer - a transmit, a receive, @ signal ground and 2 protective ground. Wiring is reduced
in this way, but on the other hand, the speed of transmission of data is reduced since each
bit is transmitted separately, by comparison with a parallel interface, in which & bits are
transmitted simultanecusly. The maximum speed of transmission of serial data is rarely more
than 19 200 bits per second { usually expressed as 19.2 K baud ). However, as most of the
devices with which this communication is associated are relatively slow this is not a serious
restriction. In fact, printers and ¥DU's are usually run at 1200 baud { 120 characters per
second) or less.

4.1 Hardware

The serial interface on the Nascom microcomputer uses the 6402 integrated circuit (IC20).
This is an extremely common serial interface chip, known as a UART, an abbreviation for
iniversal Asynchronous Receiver/Transmitter. This makes for very gasy programming of serial
3 fa Ammk T Tawly idkh ko maid Aaf fklhes wmnidkimas mTlweandy: mmaad 3. hoa MAT LWL nmesme i
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system. While the ifo is made simple in this way it should be noted that the UART cannot be
run in an interrupt mode, and therefore in applications involving slow. serial ifo of long
strings, and requiring a rapid response under interrupt to external stimuli, if will be

necessary to perform the serial i/o in short strings, or character by character, with

Lo Ulsduavl LU dVLal puUssauiET 4l (LR~

The YART on the Nascom computer is used to interface to the cassette data storage system.
When the cassette is not in use the serial port can be used for interfacing to other serial
devices such as printers. Additional UART's can be used with your Nascom by connecting Nascom
Input /Output interface cards to the computer via NASBUS.

The standards used for serial transmission vary in ddta rate, separation of 8-bit characters
and check bits ({parity). For this reason your Nascom has been designed to facilitate the
selection of the appropriate standard for your particular applicatien. The options are
selected by means of the jumpers/ switches at LSW 2 and LSW 1/5. The optiens are as follows:
(A switch up is equivalent to a made link, a switch down, a broken link).

1.Transmit Speed (1)

A speed of 300 baud (30 characters per second) or 1200 baud (120 characters per second) may
b 1

- sl oot
g 38l8cLled.

W

LSW2/1 4P = 1200 Baud BOWN = 300 Baud



2. Transmit Clock Select

Timing of the speed of transmission can be based on sither the on-board clock setting of 1.
above, or by the external setting of switch LSWZ/3 to be described in 3. below.
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3. Transmit Speed (2)

Thia ad ¥k inm 3
Wils 5Wiilchn 15 14
r

conventional 10 characte

LSW2/3 UP = External clock BOWN = 110 Baud telétype
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This selects the receive speed of 300 Baud or 1200 Baud in a similar way to LSW2/1 described
in 1. above.

LSW2 /4 UP = 1200 Baud DOWN = 300 Baud

5. Receive Clock Select

This selects between the on board timing switch LSW2/% and the external /teletype tlmlng
switch LSW2/6, in a similar way to LSW2/2 described in 2,

LSW2/5 UP = External/teletype  DOWN = On board setting

6. Receive Spesd {2)

This selects between an external timing input and a timing rate of 110 Baud for teletypes, in

3 similar way to LSW2/3. If LSW2/S is down this setting is ignored,

LSw2 /6 UP = External DOWN = 110 Baud teletype

7. Serial Input Select

The serizl 1nnnt!0u nut UART is weed for hoth cassette ifo and far the operation of other
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serial devices. When using cassette input an additional input circuit is used to condition
the signal before input to the UART. When serial input is from other serial devices, such as
the keyboard of a VDU, this circuit is not used. This switch is used to select between
cassette input via the additional circuit and serial input from some other terminal.

LSW2/7? UP = Serial termiral DOWN = Cassette

8. Stop Bits

In serial transmission systems the end of a character is denoted by the presence of stopbits.
Normally enly 1 stop bit is required, except when operating at 110 baud, when 2 stop bits are
required.
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LSW1/5 UP = 1 stop bit DOWN = Z stop bits

1 start bit is also present. These start and stop bits explain the apparent discrepancy
between 2 baud rate of 300 baud and the corresponding print speed of 3C characters/second,
ie each character is transmitted as 8 data bits + 1 start + 1 stop bit = 10 bits.
30 characters/second at 10 bits/character = 300 baud.

A1 the electrical connections from the UART are taken via signal conversion circuitry to
socket PL?Z on the rear edge of the main Nascom board. Cassette signals are also taken via
additional circuitry to pins 6,7 and 9. The sigrals provided at PLZ are suitable for the 2
electrical standards used for serial i/o, namely:

1. RS$232/¥24, in which levels of +12 and -12 volts are used to indicate 0 or 1 in a bit.

2. 20 mA current loop, in which zero current or 20 mA is used to indicate 0 or 1.

The connections on PLZ are as fellows:

PIN PIN

1 Tape drive control 9 20 mA leop in

2 +5 volts 10 +12 volis

3 RS232 in 11 Ground

4 Ext transmit clock 12 20 mA loop out

5 Ext receive clock 13 Cassette out {500 mV)
6 RS23Z out 14 Cassette out (50 mv}
7 -12 volts 15 Ground

8 Spare 16 Cassette in

Serial i/o connections on external devices are commonly by means of the 25pin Canon D type
connector. If you fit one of these sockets the normal connections used are:

Pin 41 - Protective ground

Pin 2 - Signal transmitted by Wascom
Pin 3 - Signal received by Nascom
Pin 7 - Signal ground

Conventions on the us

4.2 Programming

all the necessary rovtines needed
in the NAS-SYS operating system

The 6402 UART is extremely easy to program, and in fact
to use the UART on the main MNascom beard are included
manval, to which you are refsrred.

the serial ifo routines from NAS-SYS

When using zdditional UART's on extension ifo boards,

may be copied, using the appropriate new port addresses. The procedure is basically as
follows:

1. Qutput

Qutput the required character to port 1 of the UART.
Read port 2 and continue to do so until bit 6 goes high, indicating
has been accepted and transmitted.

that the



Continue in this way until the character string to be au

e
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£
24
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2. Input

Read port 2 to determine status.

If bit 7 is zero, no cheracter waiting, so continue.

Additicnal HNotes

fe keyboard should NOT be connected to PL2 - damage to the keybeard will

(&1

1. IT IS VITA

1. I AL

that
result.

2. Before attempting to connect external serial devices make sure whether they are 20 mA or
RS232, and connect accordingly. Also check the required transmission rate and number of stop

bits
5.

3, Remember, if you alter the settings of the receiveftransmit switches that these may affect
tape operation. If so, reset them before using tape agair.

4. Serial RS232 communication is used in linking computers and terminals over long distances
using modems and the Post Office telephone actwerk. However, the PO has very strict
requlations governing equipment which can be connected via modems to its telephone network
for safety reasons. Surprisingly this sven spplies to the use of us
You must not connect equipment in this way unless you have obtained Po
your system.

acoustically coupled modems.

al
t 0ffice approval for
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Your Nascom computer is fitted with-one PID {(programmable input output) chip, ICT9, which is
not utilised at all in the standard confiquration. This will allow for the conrection of up to

il :
16 individual onfoff electronic signals. These signals must be at TTL (transistor-transister-

logic) voltage levels - ie +5 volts and O volts. The PI0 is a highly sophisticated circuit
which =2llows many different modes of operationr. These modes of aperation are achieved by
programming of the PIQ itseif. This programming is carried out by outputting commands to the
PIO. The flexibility permitted by the PIO is unfortunately offset by the added complexity

involved in programming it before it can be used, However, if vou rgad carefully through the
explanation which fellows you should not experience any preblems. The P10 consists of 2
separate 8-bit i/o ports, each handling 8 parallel ifo lines. These will be referred to as
port A and port B -~ on the maimp board of the Nascom these are addressed as ports 4 and 5
respectively. The 2 ports behave almost identically. Associated with each of these data i/o
ports is a control port. fach port alsn has associated with it 2 additional bits which can he
used to ‘handshake' data inte and out of the port. These are known as the ‘'strobe' {(ST8) and
'‘ready' (RDY) lines.

{In the main Nascom board we therefore have:

Port & Inputfoutput data port A
Port 5 Inmput/output data port B
Port 6 Control for port &
Port 7 Control for port B

Because the PID must be programmed te specify its mode of operation it is essential that any
program which uses the PID should contain the instructions to issue the control commands to the
PIO. These instructions mest be in the user program - they are not carried out by the operating
system or BASIC automatically. Thus in BASIC the control commands must have been issved at some
time before 1IN and OUT instructions are used on the data parts. The commands can of course be
issued from BASIC using the QUT instruction to the appropriate control port.

1 af +h
i 07 1T

a BTN
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fhe first step in controlling the PID is to select which lines (bits) of the port are to be
used for input and which for output. To do this a byte of data is output to the control port (A
or B, corresponding to the data port we are using) of the following form:

AT I I O I I I I I

The values of M3 and M2 have the following effect:

0.0 11 the bits are used for output (mode 0)

0,1 11 the bits are used for input {mode 1)

1,0 All the bits are bidiractional {mede 2)

1,1 1 the bits are to be individually specified (mode 3)

In mode 3, a further byte must be output immediately to the control port to specify which bits
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. . .
in 3 1 in each bit wh

are input and which are output. This byte will conta hich is to be an imput,
and a 0 in each bit which is to be an output. In this mode the STB and RDY lines are not used.

In mode 0 (output) data appears on the outputs as soon as it is sent by the computer. The RDY
line is simultanesusly turned on to indicate to any external device connected to the port that
data is ready. The external device could then scknowledge once it has completed action on this
data by turning on the STB line. If the interrupt facility is use {(see section 5.3 below) then
this strabe can be used to cause an interrupt, which an interrupt handler can use as an
indication that the next block of data should be output.

than level, triggered. This strobe can also be used to cause an interrupt {if interrupt is
enabled) so that the computer can be programmed to react to the availability of data. When the
computer reads the data the RDY line is turned on to indicate to the external device that the
data has been accepted. If you wish to define the port as being for input, but without a STB te

cause data to be latched onto the port then the port should be defined as mode 0, 2ll inputs,

In mode 1 data is only read in to 3 port when the $T8 line is turned on. It 1is edge, rather

f
¢
rather than as mede 1.

The bidirectional mode, mode 2, requires the use of all % handshake lines associa ;ith the
one port. It can only be used with port A, and port B must be in mode 3, se that it does not
~ttemot to use handshake lines. In this mode the port A RDY and STB signals are used for output

TLLOWIPL LU Uuw Donuws FRNL -
control and the port B handshakes are use for input control. It is effectively a combination of
modes 0 and 1, except that data output from port A is only enabled when the A STB line is

turned on (in order to prevent conflict with dats input).

N a lsa on the STB line sent to a port is not remembered by the PI0. If the $18 is to
be used to notify the computer that input data is ready, or output has been completed, the PIC
should be run under interrupt {see section 5.3).

ate
gte
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5.1.2 Other contrel instructions

a2 oda

Thres other optional forms of control byte can be sent to the control port of a PI0. These are
all concerned with operatien under interr d as foll

nd
iptv, an{ are aus:

1. Mask cantrol

Y (Yiz(F8 (117

The mask contral register determines whether interrupt is enabled on the PI0 concerned, and in
mode 3 also allows particular bit patterns to cause an interrupt to be genersted. This is
described in more detail in section 5.3.

2. Interrupt enable

gloglojojo|o][}§

This cauces interrupts nenerated from the associated data port to be enabled.

3, Interrupt vector

plojofofoj0|0|1

The next byte sent to the control register will contain the interrupt vecter used to determine
the address of the interrupt handling program in memory. This is only applicable when the
computer has been programmed to work in interrupt aode 2 { see the 180 Technical manual ). The
3

setting of this vector is described in more detail in section 5.
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5.2 Data Input and futput

Data input and output via the PI0 is achieved simply by means of input and output instructions
addressing the appropriate data port. Programming can be carried out in either assembly

. .
Remember, however, that prior to data ifo the port must have

language / machine code or BASIC.
been programmed using the control instructions described in section 5.1 - at least to specify

whether ports and data lines are to be used for input or output.

5.3 Interrupts

The form that an interrupt from a P10 will take depends on 4 different control instructions
seat to it. The response of the computer will depend on the interrupt mode selected within the
program and the interrupt handling routines which the program provides. These modes of
within the computer itself are described in the 280 Technical Manual.

indarr
interrup an 1

Intersrupts will only be generated by the PI0 if the interrupt system of the PI0 is enabled.
This is done be sending 2 byte containing 03 to the control port of the PIO0 port. HNote that
this is in addition to the requirement that the computer's interrupt system should be enabled.

AL

5.3.2 Interrupt control word

This indicates the logic to be used in interrupt generation. It is speci
the cerresponding control port of the form

X[(y[ZEFEO 111

If bit X is zerc, interrupts from this PI0 port are disabled. If bit X is set then interrupts
are enabled. In mode 3, control mode, the bits ¥, 7 and F have the meaning shown below {(in
other modes they are not used):

y 1 weans All mamitnend 13

ge =gtiv generate an interrunt.

¥ = 0 means ANY monitored line going active generates an interrupt.
1 = 1 defines the active state as being high.
1 = 0 defines the active state as being low.

F = 1 means that a further byte will be transmitted to the control port specifying those lines
which are to be monitored - ie a mask word is to follow.
F = 0 means no mask is specified (all lines monitored).

5.3.3 Interrupt mask word

This determines which data lines on the port will be monitored to gemerate interrupts. as
described in 5.3.2. Only the data bits whose mask bits are set to O (2ER0) will be monitored
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5.3.4% Interrupt vector

When the cosputer is running in interrupt mode 2, as described in the 80 Technical manuel,

nEs wl

omp
the vector lndicating the low address byte of the interrupt handler must be specified to the
PI0. This is done by sending the control byte

vz [velvs |ve [v3 (vzivi]| D

to the control port, where ¥7 - V1 represent the required vector.

5.4 Priority of interrupts

The 180 microprocessor and its associated PI0's use a daisy chain interrupt system to allocate
priority to different interrupts. This gives, on the MNascom, the on-board PI0 the highest
priority in the chain. The prierity of other devices will depend entirely on their distance (in
logical terms of the wiring of the irnterrupts on the computer's backplane) from the processor.

When the power is turned on to the computer and iaterfaces they all perform 3 power on reset,
which clears internal registers snd leaves interrupts turned off. Howaver, 2 reset initiated by
the front panel reset switch does MOT reset the PI0's - this is a design feature of the PIO.
This maane that after nronram crashes !riarfim.llﬁl']}l when the i!‘ltgffﬂrnt S!‘St!' is in usa, the

..... after program craghes, particularl
PI0 may be left in a state where it is awaiting acknowledgement of an interrupt, thus disabling
further interrupts. This must be cleared to resume normal operation. This can be achieved in

seyeral ways -

1. Power the complete system off and on again.

2. Execute an RTI instruction, followed by a return to NAS-SYS in order to clear “the interrupt
in the normal way by seftware. This is done by executing
LD HL,0000 ;21 00 00 :
PUSH HL H3]
RETI +ED 4D
3. Outputting the value 83 to the control ports of the PIO,

These precautions are necessary only when using interrupts, and when programs have failed
leaving interrupts unacknowledged.



