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PROLOGUE - WHAT THE MANUAL COVERS.

This manual deals with the construction and use of
SOFTY which is a bench-tool for the system designer.
A professio~al level of understanding is expected and
assumed.

No apology is.offered to the beginner about the absence
of sections on the aspects of hardware and software design
of microsystems in general, There are no explanations of
Computer Architecture, Boolean Algebra or even Hexadecimal
Arithmetic and there is nothing about programming MPUs in
general or even about the INS 8060 in particular. Instead
a list of useful publications is appended.

SOFTY is about hardware and software design rather than
about programsiing.. The world has many programmers but very
few designers. |f you find these contents baffling take
heart: all the MPU does Is to turn bits on and off. Meanings
are often obscured in esoteric language but the concepts behind
the words are always simple. Each instruction causes bits
in registers to change in a straightforward and obvious way.
Complex functions are performed by sequences of such simple
instructions and that is all that programming is about,

SQETY - DEFINITLON.

SOFTY Is a small computer which iIs designed to be a
complete and useful tool in its own right. It is not a
minimal system to which memory cards and peripherals should
be added, SOFTY has all the peripherals it needs and it
would not be easy to add extra memory in addressing space.

SOFTY already has a Visual Display Unit which makes Internal
operatlon totally transparent. |t also has a cassette interface
for storing programs and an EPROM programmer for making programs
@ permanent part of any microsystem. It has twoe elght bit
1/0 ports which are capable of a wide variety of data transfers
and a serial I1/0 interface., SOFTY has a keyboard for entering
machine language programs and a set of assembler functions for
manipulating memory contents. Once a program has been written
SOFTY may action it using the internal MPU or offer It to
an external MPU for action. SOFTY is therefore a universal
program development system.

SOFTY is not designed to support a full-scale programming
language (1ike BASIC). It cannot directly be used to balance
your household accounts or play intergalactic snakes and ladders.

SOFTY is for the development of new PRODUCTS which are also
microsystems. These new products themselves might easily be
accounting machines or videogames. {ln fact SOFTY was used
to develop a TV chess game and is currently working on a Space
Raiders type of TV game)

The keyboard functions themselves form a special high
level language which interprets the requirements of the
system designer,

SQETY AS A CONTROLLER,

Most MPUs w11l not be used-in formal computers which have
alphanumeric keyboards and VDUs. The majority will be used
in communication and control systems., Most programs will
be developed In machine-code or assembler-language and contaln
relatively few instructions. When such controllers are produced
in large numbers they will be In the form of single chip
computers which [ncorporate the program in masked ROM. Low
volume applications will use EPROM for the program because
the numbers of units would not justify a masking charge.

SOFTY can be used by itself as a controller. |t can
also be used as a development-system for an INS 8060 three
chip microcomputer. The three chips would be 2708 (or 2716
if 2K of program memory was required) INS 8060 and INS B154,
The cost of such a control computer would be less than §£30
in quite small quantitles, SOFTY is such a minimal system
with a VDU, EPROM programmer, Kevboard etc added

SOFTY has a microcycle tlme of exactly one microsecond,
controlled by a crystal oscillator. The INS 8060 has an on-
chip programmable timer which will count microsecond increments
and therefore provide a real-time clock to synchronize events.
It is possible to calculate the execution time of any program
EXACTLY TO THE MICROSECOND, provided that it does not depend
on random Inputs.

When supplied SOFTY contains firmware in the form of a
1K x 8 EPROM TYPE 2708. The firmware forms a useful moni tor,
editor and assembler for the development of programs. There
is no reason to retain this firmware in many control
applications. SOFTY can be reprogrammed to do only those
tasks which are reguired.

A program in EPROM may also be run from the program socket.
This permits the retentlon of useful programs in EPROM
which may be plugged into the system when required,

Many novices believe that their particular application
requires a 'powerful' processor which has a complex instruction
set. This Is often untrue. The powerful processors have
limited application because they are not versatile, Simple
processors will have real benefits, such as control or flag
lines and on-chip clock, and the INS 8060 is often more cost-
effective than the Z80. - The only circumstance where =
powerful processor will be advantageous is one which will
use a lot of memory, and the additional complexity of the
hardware can be offset against memory costs.

Actual sales of MPUs reflect how
incorporated into real products: a
produce quite different favourites.
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CONSTRUCTION,

Looking at the top of the board which has the component
positions printed, every pad visible requires a 1ink to make
contact between tracks on the upper and lower sides. A wire link
should be inserted Into each of these holes, soldered and trimmed.

Next the switches should be installed. Clean the pins by
scraping to ensure a reliable soldered joint and insert them into
the board. Take care not to press on the button part of the
switch because this may damage the domed disc inside.

Do not do any soldering on the lower side of the board
until all the components and sockets have been placed correctly
with their leads bent and trimmed. Take particular care to
orient transistors, diodes and capacitors correctly. Solder
the components from the lower side and the pin-throughs all
at the same time. This way you are less 1ikely to miss any
joints,

The only holes which will not contain components are the
two dotted wire links for the cassette Interface and the EPROM
selection. Use of these will be explained in the text and they
may be left until the end of the testing stage.

When SOFTY is to be used by itself, and in any case to
test the device, the lines NCARD and NENIN should be connected
to ground.

I f SOFTY is to be used for program development in an external
microprocessor system the address and data lines should be
connected via the card edge and not via the EPROM socket.
Therefore the ribbon cable should be connected to a 43- way
edge connector. Remember to connect a common ground line,

NCARD, NENIN and NBREQ in some appropriate method to control
bus access. The 24 pin EPROM-type plug is for the non-SOFTY
end of the umbilical cord: this plug replaces the 2708 or
2716 EPROM device which SOFTY will later provide.

If SOFTY is to be used only as an EPROM programmer for
your system then you should devise a serial or parallel link
between your computer and SOFTY. The serial link can be via
the serial input(DIN socket) or any bit of either port. The
parallel link can be to port A with the handshake signals
going to the top two lines of port B. Consult manufacturers
data sheet on the INS 8154 1/0 port. The actual routine
which performs the transaction can be run in SCRATCHPAD or
programmed into an EPROM which [s placed in the program socket
when needed. Manual entry of programs from hex 1istings is
time consuming and prone to error.

Do not connect the program voltage at any time (other
than during actual programming). Be careful with this 27 volt
Itne which is capable of destroying every device on the board.

WHAT TO DO LF IT WILL NOT WORK,

1) Inspect the board with a magnifier In a strong light.
Look for solder bridges between adjacent lines, dry
joints and components inserted the wrong way round.
This is by far your best chance of finding the fault.

2) Use an oscllloscope for this and the following tests.
Check the power supply pins of each IC in turn, Any
feedthrough of signal shows that the pin is unconnected.

3) Trace the divider chaln through from the crystal.
Assume that any line which Is running between high and
low levels Is working correctly., Investigate any line
which appears to be conflicting or appears to be open-
clrcuit. Check any pln which is clamped at high or
low levels to find a loglical reason for this.

4) Investigate the address and data busses, first at the
card edge and then at each device visited. Make sure
that all 1ines are running and not shorted to each other
or to one of the supply rails,

5) Start looking at the control signals at the MPU. Try
to isolate the fault in one particular region by thinking
about it logically,

6) Even if the fault Is still present it is still almost
certainly due to a solder bridge, a dry joint or a
misplaced component.

SERVICE.

It could happen that you construct SOFTY with care and
attention and yet it refuses to work. Naturally you will
suspect the components which have been supplied so you should
identify them with a mark before returning the SOFTY with
the standard fee of £20,

The detection and correction of errors in assembly
is a task which can be as time consuming as that of building
the machine and in many cases replacement of the PCB Is
the only cure.

Any parts which have been spoiled will be charged also
- but if it appears that a defective part was originally
supplied the £20 will be refunded. Frankly this is a
slight hope.

GETTING A PICTURE,

SOFTY will produce a picture on a VIDEQ MONITOR or a TV
SET . If a monitor Is to be used the UHF modulator may
be left off the board but a wire-link should be made In
its place - the ground rail passes through it.

The modulator supplied will work with most sets of UK
and European origin designed to receive 625 line transmissions =
but not French second-serles sets which require another
pattern of modulator.

Tune a picture in channel 36. There may be pictures
in other channels but these will be inferior. The left
hand edge of SOFTY's picture Is In the same place as the
left hand edge of the test-card. |f the TV width control
Is wrongly set it should be readjusted. A TV set which
receives the SOFTY picture may be used for normal viewing
without readjustment.

KEYBOARD CHECKS.

First check that all the keys work. On keying RESET
you should see four shaded bands of hexadecimal characters
and at least one of the lines of Inverted video above them.
Inverted video means white characters on a black background.

It can happen that the domed disc inside a keyswitch
becomes displaced from Its central position leading to
unreliable entry. The cure is to remove the top of the
switch and recentralize the disc. Once you are sure all
the switches are working reliably the panel should be
fitted and secured with bolts.

Keys 0 to F enter hexadecimal information into memory.
There are also a serles of functions which may be used
after the SHIFT key has been pressed. The SHIFT key Is
next to the RESET key and 1s marked with upward and downward
arrows denoting change of case. WHEN SOFTY IS AWAITING
AN UPPERCASE (FUNCTION) KEYSTROKE THE MODE FLAG IN THE
STATUS LINE CONTAINS FF.

HOW SOFTY WORKS: THE HARDWARE.

The on-chip oscillator of the INS 8060 is controlled
at 4 MHZ by a crystal. This master clock frequency is divided
down by LS and CMOS counters. Sync, blank and shade signals
are derived and combined with serial hexform data to produce
a composite video signal. The video signal Is fed to a UHF
modulator to produce an RF signal which will drive a TV set
via the aerial socket.

The VDU divider echain also produces horizontal and vertical
addresses which pass through a tri-state buffer on to the main
address bus. This tri-state buffer Is enabled by the NENOUT
signal from the INS 8060 microprocessor. This allows the
VDU to scan memory by placing signals on the address bus when
the INS 8060 is not using the bus Itself,

The eight data lines are connected to a Quad multiplexer
which selects the high and low four bits in turn. These four
outputs are used to address a PROM which is also addressed by
line-select addresses from the VDU divider chain. The PROM
converts the four binary inputs into a visual hexadecimal form.
Each character so formed is three bits wide and another bit forms
the space between characters. The PROM outputs are connected
to a shift register and clocked out at 4 MHZ as serial hexform
data.

As all eight data bits are used a ninth bit Is added to
memory to form the cursor. The cursor memory Is a single
bit 1K RAM chip. This is written to from a flag line of the
MPU (FO0). The MPU does not read from this memory device.

The screen memory (WORKING RAM) is a pair of 2114 chips
glving 1K x 8. MNot all of this can be presented on screen at
the same time - each screen page shows the contents of 512
addresses, The screen page selected depends upon the position
of the cursor.

SOFTY's own working program Is contained in a 2708 EPROM.
Although the contents of the firmware EPROM cannot be presented
on-screen directly the firmware can be coplied into working
RAM by a keyboard instruction.

A programming socket for EPROM devices Is also provided
and data contents of devices can be read from this socket.
In this case the contents can also be observed directly on-
screen.

Also present in addressing space is an INS 8154 RAM 1/0
device which contains 128 bytes of RAM and two elight bit 1/0
ports, Bit A7 of the address bus which forms the memory-1/0
select to the chip Is Inverted and this allows part of the
chip's RAM to appear as Inverted video at the top and bottom
of the screen. This RAM Is used as SCRATCHPAD by SOFTY for
storage of routines and data which does not belong to the
program under development.



The last line of the SCRATCHPAD which appears directly
above the main screen contents is called the STATUS LINE.
The particular significance of each location is explained
:nbt?$ gfagram and these should be memorized or the TV screen
abe ed.

The keyboard is connected in a matrix across ports A and
B. SOFTY would scan a matrix of 64 keys but only 20 are present
The reset key is not part of the matrix: it is conditioned
with an R/C combination and a couple of gates and used to
reset the INS B060 and the INS 8154,

Seven lines from port B and Flag 2 from the MPU are connected
to an eight-input NAND gate which drives the CONT input of
the INS B060. When the MPU has no more work to do it
returns to the keyscan routine which places flag 2 high.
If no key is depressed all lines of port B will be high and
the CONT input will be driven low. The MPU then hands the
bus to the VDU scanner by placing NENOUT low.

The page of information to be scanned is derived from P1
(the cursor position pointer) and latched into the lowest two
bits of port A. Two screen pages of EPROM and two of RAM can
be selected in this way with parts of the SCRATCHPAD at the
top and bottom of the screen.

The INS 8060 cannot reclaim the bus until a key Is pressed
which will drive CONT high. The keymatrix is then scanned
and the particular function requested is actioned before
the program returns to the keyscan routine and flag 2 is
placed high again.

In applications which demand the use of ports A or B
the keyboard presents no problems: If no key is pressed It
may be ignored.

When the MPU Is using the bus the addresses are not being
scanned by the VDU in an orderly fashion and the picture will
be blurred and meaningless. Whilst the action is in the keyscan
subroutine as described above and a program Is being entered
the user has a clear view of memory contents.

Use of the PORTS A & B for serial and parallel data
transfers and use of the Serfal Input and the Serlal Output
will be covered In detall later.

IHE EPROM PROGRAMMING SOCKET.

The program socket may contain an EPROM device of the
2708 or 2716 variety as a board-strap option. During
programming the NHOLD input of the INS 8060 is driven low
which 'freezes' the data and address busses whilst the program
pulse is applied. A 555 timer determines the length of
the program pulse and R/C combinations observe the correct
set-up and hold times.

A high output on Flag 1 of the INS 8060 forms the
program-enable. 2708s are programmed with F linked to .
E. For 2716s link E to D. F then becomes the most significant
bit of the address and may be connected to Vcc or ground to
select which half of the 2716 will be programmed. The effect
of the link is to change which pin receives the program-enable
Input.

DO NOT ATTEMPT TO PROGRAM SINGLE RAIL DEVICES SUCH AS
THE INTEL 2716.

The 27 volt programming voltage |s connected at the point
marked P at the bottom right corner of the keyboard. The
program-voltage should not be left connected except when it is
actually required to program an EPROM.

BEWARE that If the program voltage is connected alonej
without the other voltage rails DESTRUCTION OF THE EPROM IS
GUARANTEED.

Care should also be taken that the high voltage line does
not contact any other devices on the board - this Is why it
is not brought to the card edge.

The EPROM socket is not only used for programming. It forms
2 useful extension for firmware because programs which have
been placed in EPROM may be actioned from this socket.

KEYBOARD EUNCTIONS,

When power is first applied each RAM cell takes up
an arbitrary state which results in a random display.

RESET zeros the internal registers of the INS 8060
and the INS 8154, The first instruction will then be
fetch from location #0001. (The # sign will be used for
a hexadecimal number) RESET may be used to terminate
any program which 1s running.

The SHIFT key is on the left of the RESET key. It is
used to select the functions which are described in the
upper half of each keylabel. When a keystroke should
be preceded by a SHIFT keystroke the $ symbol will be used
in the text.

When SOFTY is awaiting an UPPERCASE instruction, immediately
after the $ key is pressed, the byte FF will appear in the
MODE FLAG of the STATUS LINE.

Pressing the $ key again will exit from the uppercase
mode and at the same time remove any spurious cursor
highlights.

The effect so far would be to give a screenful of
random data with a single cursor at the top left corner.

$F (which means that the SHIFT key is struck and then
the key marked F is struck) will now clear memory and the
screen will be filled with FF bytes., The reason why an all-
clear of highs (FF) is chosen rather than all lows (00) is
that an unprogrammed EPROM is all-high. Therefore it

* permits the selective writing of programs into EPROM a

section at a time. §F clears only those locations which
are BEYOND the cursor.

Hexadecimal numbers may now be entered into memory
sequentially from the keyboard. All the keys labelled 0
to F should be tried and correct operation confirmed.

CURSOR keys will move the cursor backwards and forwards
in memory. The cursor will step if the key Is held down
and then jump a line at a time until the key is released.

NOTE that the first two digits In the STATUS LINE show
the first two digits of the absolute cursor location, and the
second two digits are the lower cursor address.

$0 is an exit from the SHIFT mode and is similar In
effect to keying § twice,

$1 stores the current cursor location for later return
or the calculation of jumps and displacements. When the
cursor Is moved subsequently the hex difference between the
two locations is shown in the penultimate byte of the STATUS
LINE. The stored cursor address appears in bytes 3 & &4,

$2 permits the definition of a block of data by moving

the cursor BACKWARDS. Start with the cursor on the last
location of the intended block.. The block may immediately
afterwards be stored away in SCRATCHPAD or moved toc a different
part of memory. The limiting size for storage In SCRATCH is
108 bytes. For block shifts 127 bytes is the limit. This
Is why the screen is divided into shaded bands of 128 bytes:
for most MPUs 128 bytes forwards or backwards is the limit
of a single byte displacement of program-counter relative
instructions. The shaded bands help in the estimation of
whether a particular location is within reach or not.

$3 will permit the shifting of the block as defined
by $2 forwards or backwards as directed with the cursor keys.
This is a system for rearranging memory contents. Intervening
data is not destroyed - it is shifted to the other side of
the block. A single § stroke will exit from this mode.
NOTE that this function will only work in RAM - data In EPROM
cannot be rearranged. :

$4 1ifts the aevined block into SCRATCHPAD and stores it
as a recursive subroutine. |In effect this enables the user
to program keyfunctions. For example a bipolar PROMburner,
Teletype 1/0, parallel interface to a Z80 system for which
SOFTY was acting as EPROM programmer and a subroutine to
convert hexadecimal into Baudot have all been fitted into
SCRATCHPAD as keyfunctions. Incidentally a recursive subroutine
is one which exits at its entry point and can therefore be
called time and time again without reloading polnters. If
it is possible to see the first line of inverted video
below the screen the effect of $4 can be viewed directly
and the mechanism of the recursive subroutine observed in
action. NOTE that it IS POSSIBLE to lift sections out
of EPROM using $4% but it [s NOT POSSIBLE to block-shift
out of EPROM using $3.

$5 writes back the block in SCRATCHPAD defined by $4
starting with the current location of the cursor. This
process has NO EFFECT on the contents of SCRATCH and it
may be repeated.

$6 hands control te a user program in the EPROM socket.
The user can make a library of useful routines In EPROM
which are placed in the EPROM socket when required and called
by $6.

$7 transmits the contents of working RAM in serial
form from the DIN socket in a TRANSWIFT transmission which
may be stored on cassette tape. When finished the MODE FLAG
contains an AA byte.

§8 samples the serfal input for an incoming TRANSWIFT
transmission, As received the data is written Into screen
RAM (the process is visible) and when complete the transmission
is checked for validity and the checkword placed in the MODE
FLAG. |If the transmission is valid the byte in the MODE FLAG
will be AA.

$9 copies back the contents of SOFTY'S own firmware on
screen.



$A compares the contents of screen RAM with the contents
of the EPROM in the programming socket. The number of differences
w!ll be counted in the MODE FLAG and any differing locations
will be highlighted. One use for this function Is to check
that an EPROM is erased by keying $F then $A.

$8 is the EPROM programming function. The 27 volt line
should be connected at the point marked P at the bottom rlight
corner of the keyboard first. On pressing $B the contents
of RAM will be transferred to the EPROM. Afterwards the contents
will be read and compared as described for $A. The correct
1inkage for 2708 or 2716 should be made as described elsewhere.
During the 100 hit cycles prescribed for EPROM programming
a counter is kept in the MODE FLAG. The process takes about
2 minutes per 2708,

$C copies the contents of EPROM Into screen RAM.

$D 1s the matchbyte function. When followed by two
hexadecimal digits all locations containing that particular
byte will be highlighted. The matchbyte function can be repeated
to find a particular section of code.

$E exchanges the contents of the stored cursor of $1
with the current cursor, This function Is useful for making
long range jumps and calculating the difference between
locations as a hexadecimal number. It will be noted that
the operation of $E will cause the penultimate byte In the
STATUS LINE to complement.

$F Is the all-clear function as previously explained.

BECOMMENDED READING.
PUBLISHER.

National Semiconductor.
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Pub No 426305290-001C INS8060
Single-Chip 8-Bit N-Channel
Microprocessor (SC/MP Family)
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N.5. SC/MP Microprocessor Applications
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SERIAL INTERFACES,

The INS 8060 ha: pins dedicated to serial input and serial
output which communicate directly with the Extension Register,
The serial output line 1s latched. Serial communications
may readily be handled by software.

Conditioning circuitry is interposed between the Sin and
Sout pins and the DIN socket via which serial communjcations
are handled. |In the case of Sout a 10K resistor is used
merely to protect the MPU pin against external high voltage
transients. This resistor could be removed to drive TTL directly
and replaced by a wire link.

The 5in line first passes through a capacitor and a 10K
resistor (which could also be removed for specific applications
which require signal reproduction down to d.c.) and then to
the input of an EX-OR gate which is suspended in the centre
of its transfer range by a 100K variable resistor from Vce
to Ground. This gate performs two functions: firstly
it amplifies and squares up the input signal and gives some
control of the mark/space ratio (using the YR) and secondly
it provides an easy way of inverting the input when necessary.
|'f the other input of the EX-OR gate s at Vcc the input will
be inverted - if it is at ground the signal will pass unchanged.
A dotted line will be found on the PCB marked A----B----C,

If A is linked to B the input signal will be unchanged. |If
B is linked to C it will be inverted.

SOFTY is capable of handling serial transmissions at 110,
300, 600, 1200, 2400, 4800, 6400, or 9600 baud using a subroutine
containing less than 35 bytes of code, but such routines do
not form a part of the provided firmware. When required such
programs should be run in EPROM or SCRATCHPAD, unless the user
chooses to modify the firmware.

IRANSWIFT, THE CASSETTE INTEREACE,

In order to leave the Serial Lines free for other forms
of synchronous and asynchronous data transmissions, such as
a CUTS FSK tape interface, teleprinter 1/0 or a direct line
to a larger computer, a method of storing data on tape has
been devised which entirely software,

TRANSWIFT Is a software modem, Patent application has been
made for this novel method of serial data transmission. The
name TRANSWIFT describes a preferred form of data transmission
in which each bit of a succession of binary bits is conveyad
as the interval of time between two successive changes In
magnitude., These intervals are predetermined by whether the
bit has a value 0 or 1. Inversion of the waveform has no
effect upon the essential succession of intervals. TRANSWIFT
has no clock and cannot be regarded as either synchronous or
asynchronous.

Recovery of data Is performed by squaring the waveform at
its points of transit across an intermediate voltage level
to produce a serial waveform of absolute binary values.
This waveform Is sampled at a STEP interval from each positive
(or negative) transition and the value of the STEP may be
calculated automatically from the incoming waveform.

In effect TRANSWIFT solves many problems with regard to
data transmissions in limited bandwidth media: 1t is relatively
insensitive to changes in speed and level and is therefore
less prone to the effects of 'dropouts'; it will run at
a data transmission speed which is close to the upper frequency
1imit of the band and virtually no hardware is required.
The 1imiting factor in speed is the ability of the processor
to sample and store the incoming data, rather than the
1imit imposed by bandwidth in cassette storage applications.

IRANSWIFT - SETTING UP THE CASSETTE INTERFACE.

The DIN socket is wired to- tape recorder standard: pin 1
is the input, pin 3 the output and pin 2 Is connected to
Ground. A mirror lead should be used to make direct data
transfers between SOFTY and a cassette recorder. It is also
possible to make data transfers between two SOFTIES.

Unfortunately not all tape recorder manufacturers use DIN
standard 1/0 but SOFTY should work with any recorder once
the correct method of interconnection has been found.

It is helpful to be able to hear the recorded data.
recorders the Insertion of a plug into the output socket
operates a cut-out switch: in such cases it is suggested
that the operation of this switch be defeated by bridging it
with a low value resistor. It may be that the setting of
the recorder's volume control will affect the output signal
- but this is not always so.

On some

Observe the voltage on pin 24 of the INS 8060 and confirm
that adjustment of VR1 will cause it to swing between Vcc and
Ground., Leave VR 1 set at the point of change. This should
be very close to the centre of travel.

Record some data which is easy to identify on tape and then
clear screen memory. Check for a loud and continuous tone
lasting about 5 seconds on replay. With SOFTY in the RECALL
mode attempt to recover the data. Even though the screen
will be obscured by constant action of the MPU the data should
be clearly seen as it is written into screen memory. When the
transmission Is complete SOFTYshould return automatically to
normal operation.

When the data has been recovered SOFTY will EXOR all the
data bytes together with a check-byte which was appended
at time of transmission and place the result In the MODE FLAG.
If the transmission has been received correctly the byte
flagged will be AA,

If attempts to recover data with AB linked are unsuccessful
then BC should be linked instead. Some slight improvements
may be effected by adjusting VR1 slightly, but such adjustments
are a waste of time if the system does not work at all.



The two eight-%it programmable 1/0 ports are a part of the i
facility of the INS 8154 RAM 1/0 chip. A more detailed description oo
Is available in the manufacturers data sheet.

28 - 36

AD11-ADS

Each port consists of an eight bit output data latch and an
eight bit input data latch. Any bit may be defined either as
an input or as an output. It is also possible to set, clear
or read any bit Individually. Moreover, port A may be operated
in strobed Input or strobed output modes,

PAOGAAM COUNTER

PROGHAM COUNTER
HIGH,

Associated with each port is an output definition register
(ODR). Each ODR is an eight bit latch which defines which of
the bits will be used as outputs. The ODR is a write-only
register,
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An Interrupt Request line from the INS Bl54 is connected
to Sense A of the INS 8060 and will generate an interrupt.
This signal is only active when port A s used in the strobed mode.

SOFTY's master reset line Is connected to the INS 8154, e i T
After reset all 1/0 ports will be In the basic 1/0 mode and 1 AND
KQUT ie———— TIMING GEN N

configured as inputs. |If SOFTY's firmware is retained port A
is then redefined as outputs and used to select the on-screen
page and to scan the keymatrix which is read from port B.

[
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As there are eight bits in each port SOFTY would scan a matrix Sohi] At
of up to B4 switches. Newgu —e—dg e
R e SENSE A
A port can have some inputs and some outputs since there is D,,.\| T IﬁZT”
an ODR latch for each bit In the port. A write to a bit defined o I
as an Input will load a new value Into the output data latch . |.ns._&__——

but It will have no effect on the |/0 line.
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A data read from lines defined as outputs will read the
data from the output data latch, provided there is no short
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circuit on the 1/0 line. - g
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3 * E: Anl 14 DTS
When port A is to be used in one of the strobed modes AT | 0NN
two bi;s of port B are used for handshake control functions.
&cfordln;Ty only six bits of port B are avallable for normal el
1f0. PB 7 and PB 6 are masked from parallel writes to T
port 3 when port A is in the strobed mode - but not from single L
Bit writes. When initiating strobed mode a write to port B — s {57
D08 sicwld be performed first of all with 8 in PB 7, 1 in PB 6 |: g ACaisTER
and The otiher bits as 1 (cutputs) or © (inputs) as requlred. =M s 53

The mode definition regiszer (MDR) is also a write-only
register wich defimes the operating mode of port A only.

it is 3 conwentiom on INSEDED systems to use P2 as the

R poimter. SOFTY uses P2 to poiat to the RAM [/0: locatlons gl
N to TF -npﬁ_address the RAN part of the INS8154. Locations
78 to 7F are im fact the STATUS LINE of information - memory INS8060 Internal Architecture

locations which are used internally by SOFTY's firmware.

Here is a table showing the manner in which the ports and
their associated registers may be addressed.

lostruction, Actijon, Remarks,
CA 9x Set Bit, Bit selected by X If X 0 A
v = L e
bit is in port A. If X =8 to F JENEL B o “
CA 8X bit is in port B. The accumulator SERIAL IN === Iﬁ) 2ERne
Clear bit, and data bus are not involved SERIAL OUT <#==={  INSBOGO 128 1/0 PORTS
in bit set/clear operations. FLAG [ ~fey “TREHS H
pra—— RA
c2 8x Read bit. The bit read does not appear in FLA i
Its normal place in the accumulator. FLAG 2
I't becomes the most significant
bit and the other bits become 0.
As only the sign bit is affected s 1%;3::
a bit read can be followed by a ROM 2048 x 8
conditional jump=if-positive. Lt
c2 A0 Read port A, e
C2 Al Read port B, -
CA AD Write to port A, SC/MP Minimum System
CA Al Write to port B.
.