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DISCLAIMER

Flite Electronics International Limited, makes no representations or warranties,
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FLITE ELECTRONICS INTERNATIONAL LTD
-DECLARATION-

APPROVED

1994 No. 3080

ELECTROMAGNETIC COMPATABILITY
The Electromagnetic Compatibility (Amendment) Regulations 1994

EDUCATION, TRAINING AND EVALUATION EQUIPMENT

Section 8-(1)

This regulation applies only to education and training equipment which would not, except for
the provisions of this regulation, conform with the protection requirements under normal
conditions of use in its usual electromagnetic environment.

! WARNING !

The use of this apparatus outside the classroom, laboratory,
or similar area invalidates conformity with the protection
requirements of the Electromagnetic Compatibility
Directive (89/336/EEC) and could lead to prosecution.

Electromagnetic Compatibility — Further Notes

From I* Janunary 1995 it is a legal requirement that we comply with the EEC directive (89/336/EEC). As
members of BESA (British Education Suppliers Association) and ETEMA (Engineering Teaching
Equipment Manufactures Association) EMC 1944 Ne 3080 (as amended) Section 8.1 is our lobbied
contribution to this statutory instrument enabling us to legally comply.

By using equipment within the confines of an electromagnetically safe environment i.e. 8 Faraday Cage, or
using the PCB in a completely sealed, earthed metal box, with correctly de-coupled and screened leads,
EMC radiation will be negligible and well within the wider remit of this directive. However, this makes
education training and evaluation equipment either impractical or impossible to use. Therefore Section 8.1
is one of the necessary recent amendments.

In short, use this product sensibly and not in an electromagnetic sensitive area and only within the confines
of a classroom, laboratory, study area or similar place. If in doubt, consult a professional electronics
engineer to review the electro-magnetic environment.

Flite Electronies International Limited and its staff are not liable for misuse o fits equipment or breaches of
this EEC Directive.
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INTRODUCTION

The FLIGHT 86 Trainer System is designed to simplify the teaching of the 8086 CPU
and some of its commonly used peripherals. It can be linked to most PCs with a simple
serial line, so that code may be assembled and debugged in a supportive software
environment before being downloaded into the RAM on the board. The board itself
may then be linked to other peripheral devices, A block diagram of this mode of
operation is shown below:

m o
o 8 OR 16-BIT
© PERIPHERAL 1
PC 1o FLIGHT 86 -
— MICROPROCESSOR
RS282 link (| TRAINER SYSTEM |
t—l 8 OR 16-BIT
2 PERIPHERAL 2

Once downloaded, the code may be executed and examined in a system which is
accessible to the user. Data may be manipulated on the board and the effects viewed
on the PC. The software which handles this two-way transfer is supplied with the
board, in the form of a monitor program resident on the board in EPROM, and a disk
containing the "host" software for the PC.

Apart from its use linked to a PC, the board may alse.be-used independently, under the
control of a user, either for fault-finding on 8086 systems, or for control projects. For
fault-finding excrcises, a number of test routines are.supplied with the monitor EPROM
which e¢nables many faults to be investigated using simple ‘scope techniques. The
accessibility of components on the board -means that the faults may be easily applicd.

In control applications, the board is ideal for projects from the simple ‘flashing LED’
variety, to sophisticated, real time systems such as floppy disc controllers. The control
program can be blown into the board’s EPROMs either in place of, or in addition to, the
monitor program already present. The board then becomes a powerful ‘stand-alone’
control system. The development and testing of the software is helped enormously by
using the system linked to a PC initially, and downloading development code into’
RAM,

This manual is organised to ensure all the information required for hardware or
software interfacing is availalble in a clear, concise form.

The hardware circuit diagram is split into easily managed sections, each on a fold-out
sheet. Each section of the circuit has a description attached. The circuit diagrams are
folded to allow two sections to be on view at a time if required. Chip information has
been minimised so that only information essential to usage and programming is
presented. The manufacturer’s data sheets should be obtained if a greater depth of
knowledge is required.

The software is covered by a pseudo-code listing and the full monitor source code,
liberally commented, to give the user a [lavour for 8086 code. The 8086 instruction set
is presented in two forms to cover differing requirements. It is expected that most
machine code will be generated using an assembler and downloaded to the controller
board using the software options supplied.
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Microprocessor
CPU 8086
CGD 8284A
Memory

EPROM 2764 x 2
RAM 6264 x 2
On-board Peripherals

PPI 8255A x 2

PIT 8253

USART 8251A

PIC 8259A

SPECIFICATION

Operating in Minimum Mode

Clock Generator Driver.
Oscillator source is a 14,7456 MHz quartz crystaI
CPU clock,"CLK, is 4.9152 MUz,

Peripheral clock, PCLK, is 2.4576 MIHz (ideal for baud rate
generator),

16k byte (expandable on board to 64k byte).

16k byte (expandable on board to 64k byte).

Programmable Peripheral Interface providing:
4 off 8-bit parallel ports with handshake lines.

Programmable Interval Timer providing:
3 off 16-bit counter/timer channels.

Universal Synchronous/Asynchronous Receiver/Transmitter
or Programmable Communication Interface providing:

Full duplex asynchronous RS232 link, using standard
MC145407 device for level shifting.

Baud rate software programmable using the 8253.

Programmabie Interrupt Controller providing:
8 levels of priority for above devices.

Power Supply Requircments

+ 9V @1 A

Physical and Controls

A mains adaptor having the required O/P is supplied
as part of the FLIGHT 86 Training System

UX 240V 50Hz version Part No. 523-027
European {10V 60Hz version Part No. 103-028

The board has a fused crowbar fitted for protection,

Dimensions 22imm x 156mm with fixing holes.
Non-maskable interrupt button

Reset button.

Fuse, 20mm, 1 A fast blow.

Interconnections

50 pin IDC male Bus Expansion connector.
2 off 40 pin IDC male Paralle! Interface connectors.
I off 9 way male ‘D’ type Serial Interface conncctor.

(vii)




OVERVIEW

Memory Address Dccoding

The on-board memory devices are fully address decoded, making off-board memory
expansion a realistic option.

The size of ROM and RAM fitted on board is link selectable making for flexible device
usage. They are mapped to make full use of the. 16-bit bus. See the Memory Map on
page 2 for full information.

1/O Address Decoding

The peripheral chips on the board are mapped in the I/QO (Input/Output) area, so are
accessed using the IN and OUT instructions. See page 4 for more detail,

Four spare isolated I/0O decoded signals are available on the expansion bus ensuring
peripheral device expansion is as simple as possible,

Parallel Input/Quiput

Each of the two 8255A PPI (Programmable Peripheral Interface) chips is connected to a
40 way IDC header connector. See page § for full wiring details.

Each connector has ftwo 8-bit ports with associated handshake control lines. These
handshake lines may be used to provide interrupt-driven I/0.

The PPIs are mapped to odd and even addresses giving full 16-bit I/O capability using
one instruction, iec OUT 00, AX will write the contents of the high byte of AX to Port
A of one PPI, and the low byte of AX to Port A of the other.

Serial Imput/Output

Asynchronous serial I/O is provided by the 8251A USART (Universal
Synchronous/Asynchronous Receiver/Transmitter), with a MCi45407 level shifter
providing full & 12V RS232 signalling, from the TTL levels, at the 9 way male ‘D’ type
connector. The MC145407 also reverses the process by shifting the = 12V levels back to
TTL for the 8251A. ‘

Hardware handshaking protocols may be implemented using RTS, CTS, DTR, and DSR
lines. The 8251A Rx and Tx READY lines are connected to the 8259A PIC to give .
- interrupt capability. The baud rate is software programmable using the 8253 PIT. The
Host to Contreller software normally uses 9600 baud without handshaking, although this
may be changed from the Host if desired. See page 7 for wiring details.

Timer

The 8253 PIT (Programmable Interval Timer) chip provides three 16-bit counter/timer
channels. The PIT input clock is PCLX, derived from the 8284A clock generator
driver.

A link allows the clock for channe!l 1 to bc'sclcctcd between PCLK and the output of
channel 0. Thus time delays in excess of 25 minutes may be achieved.

The output of one channel is available on the Parallel I/Q connectors. Channels
0 and 1 are available to the 8259A PIC chip to give interrupt capability.

Clock output 2 is used by the controller software as a baud rate generator for the
8251 A serial communication device,
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Interrupts

The 8259A PIC (Programmable Interrupt Controller) may be used to accept prioritised
interrupts from -the on-board peripheral chips. They are hard-wired to give a
pre-determined priority. See the interrupt table on page 4 for more detail,

A non-maskable interrupt, NMI, is provided by an on-board push button switch or via
P4, the bus expansion connector,

The monitor software has two NMI routines that are used by our Fault Finding books.
These routines are inhibited once serial communication with the host is established.

Host Software

The host computer must have a RS232 port fitted, The 8086 code may be assembled on
a standard MSDOS PC and the .OBJ files LINKED to extended Intel Hex format for
downloading to the controller board. See page 26 for details of Intel Hex format.

A CP/M PC may be used with a suitable 8086 cross assembler. (A special version of the
host software will be required depending on the serial interface devices used.)

The host software communicates with the controller software to give many of the
facilities available to a development system, allowing code development using the
controller board. See the command description on page 28§.

Controller Board Software

A simple Monitor program resides in the systemm ROM -primarily to allow code to be
downloaded from an Intel Hex file into the controller RAM, The monitor code also
enables development activity such as register and memory management and program
execution to take place, The monitor program may be enhanced to suit particular needs.
A full source listing is provided in this manual, starting at page 43,

The monitor software may be integrated into user code to allow fast, flexible code
development and an introduction into the techniques of interfacing software.

The monitor ROM will always reside between F000:E800 and FFFF, with a user boot
address allowed for at E80Q. See page 39 for details of user access to the monitor,

Expecriments

I/0 devices, driven from the 8255A PPIs, may be connected to the parallel ports. Your
existing units may well fit, with a suitable lead. See page 5 for wiring details,
Alternatively, Flight Electronics product 611-001 will enable connection via a 4mm plug
and socket.

The expansion bus allows more sophisticated peripherals to be added, and your existing
8085 devices may even work as the multiplexed bus of the 8086 is very similar to the
80835,

An experiment book is available. This is supplied with a modified monitor ROM that

contains the experiment model answers. These may be executed for demonstration
purposes if required.
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HARDWARE

The basic components are identified on page (vii), the SPECIFICATIONS, and the
BOARD COMPONENT LAYOUT is shown on page 8.

The following notes and tables are intended to give you detailed hardware information
about the board. This will be of particular interest to those wishing to expand the
existing facilities available on the board.

The circuit diagrams are on fold-out sheets to enable detailed work to be carried out

with test equipment and allow two different sections of the manual to be available at
any time. Each circuit diagram has a brief description attached.

Board Links

The board has 9 links fitted, labelled L1 to L9, clustered around the 8086 CPU chip.
These links have the functions described in the table below:

Link . Function
L1
L2 | Select RAM size (see page 3)
L3

L4 | Select EPROM size (see page 3)
LS

A PCLK
L6 | PIT channel 1 clock source B PIT channel0 output

remove for external control
L7 HOLD source {requires pull-up resistor)

18 Serial I/O RTS source remove for external control

L9 8086 TEST Mode remove for test mode only

The links are a shorting bar that slides on and off the protruding set of pins. The links
L1 to L6 go on two ways. The diagram below shows the two positions in section:

L 1 |
A B

The board is supplied with links L} to L6 fitted to position A, and links L7, L8 and L9
are fitted. Unless vou intend to make changes to the system this will be the default
condition,




Full Memory Map

FOOO.FFFF

FO00:E800

F000:C000

F000:8000

F000:0000

0000:FFFF

0000:4000
0000:3FFF

0000:0300
0000:04FF

0000:0400
0000:03FF

0000:0100

0000:00A0

0000:0080

0000:0020

0000:0000

MONITOR CODE

FFFF:.000F
FFFF:0000 8086 RESET entry

Available to user
if 2764 fitted

Available to user
if 27128 fitted

Available to user
if 27256 fitted

Available For

%External Expansion%

Available to user
if 62256 fitted

0050:FAFF (user default addresses)

0050:3B00

Available to user
User RAM

0050:3AFF

Default User
STACK

0050:0000

Assigned for
Monitor variables
and stack

Available to user
INT40 to INT63

INT32 to INT39
Used by 8259 PIC

Available to user
INTS to INT31

INTO to INT?
Used by Monitor




On-board Memory

The memory for this board is fully decoded, to allow for user expansion via the 40-way
IDC expansion bus connector, P4.

The memory is split into ODD and EVEN banks of 8-bit memory devices.
On-board RAM expansion
The board is supplied with 2 x 6264 8k RAM chips giving 16k byte of RAM. This may

be expanded, by plugging in 2 x 62256 chips and changing the board links as shown
below:

Link Position RAM Devi T i
1 15 L3 evice otal Storage Address Range
A(2-3) A(2-3) A(2-3) 6264 16k byte 00000 to O3FFF
B(2-1) B(2-1) B(2-1)1{ 62256 64k byte 00000 to OFFFF

On-board EPROM cxpansion

The board is supplied with 2 x 2764 8k EPROM chips giving 16k byte of ROM. This
may be expanded, by plugging in larger chips and changing the board links as shown
below:

Link Position | EpROM Device Total Storage  Address Range

L4 L5
AQ2-3)  A(2-3) | 2764 16k byte FCO000 to FFFFF
A(2-3)  B(2-1) | 27128 32k byte F8000 to FFFFF
B(2-1) B(2-1) | 27256 64k byte F0000 to FFFFF

Link pins are annotated I, 2, and 3 on the board, and identify as shown below:

Link Position | Link Pins
1 A 2-3
1 B 2-1
2 A 2-3
2 B 2-1
3 A 2-1
3 B 2-3
4 A 2-3
4 B 2-1
5 A 2-3
5 B 2-1
6 A 2-1
6 B 2-3

L




/O Map

'All the on board peripheral chips are 8-bit devices, with their I/O addresses mapped
EVEN. The exceptions are the two 8255A’s; one is mapped EVEN and the other ODD,
So true 16-bit I/O may be achieved,

Device Register Decoder Address
Qutput
8255A U0 PPI Port A Y0 00000000 (00)
Port B 00000010 {02)
Port C 00000100 (04)
Control 00000110 (06)
U9 PPI Port A Y0 00000001 (01)
Port B 00000011 (03)
Port C 00000101 (05)
Control 00000111 (07)
8253 U8 PIT Count 0 Y1 00001000 (08)
: Count 1 00001010 (0A)
Count 2 00001100 (0C)
Mode Word 00001110 (OE)
8259A Ull PIC ICWI1, OCW2-3 ¥2 00010000 (10)
ICW2-4, OCWI i 00010010 (12)
8251A U7 USART |Data Y3 00011000 (18)
Status/Control - 00011010 (1A)
Available on P4 (Pin 38) ¥4 00100xxx
Available on P4 (Pin 37) Y5 00101xxx
Available on P4 (Pin 36) Yé 00110xxx-
Available on P4 (Pin 35) Y7 00111xxx

Maskable Interrupt Wiring Table

The following on board peripheral device signals'are hard wired to the 8259A PIC with
priority shown. .

Device Signal Priority
8251A | U7 RxRdy 0

U7 TxRdy 1
8255A | U9 PC3 2

us PCO 3
8255A | Ul0 PC3 4

Ul10 pCo 5
3253 Ug Clock 0 6

U8 Clock | 7




Power Supply Connector P6

9V
oV
Power Supply Requirements
+9 V @I A The board has a fused crowbar fitted for protection.

Parallel Port socket, P1 and P2, connections

Connection to the 8255A PPI device is via 40 way IDC header connectors. The wiring
of PI and P2 is identical, except Pl connects to U0 and P2 connects to U9,

40 = ¢ 20
39 s ¢ 19
PIT-INT 38 o ¢ 18
PC7 37 je ¢ 17
PC6 36 |» o 16
35 |* ¢} 15 PAO
34 |e s} 1[4 PAI
33 | of [3 PA2
32 |s ¢ 12 PAS3
(Port B strobe) PC2 31 o » 11 0V
0V 30 (» ¢« 10 PA4
286 [ ¢ 9 PAS
PB7 28 i ¢ 8 PA6
PB6 27 e s 7 PAY
PB5 26 o #f 6 PC5 (Port A ready)
PB4 25 |* ¢| 5 PC4 (Port A strobe)
PB3 24 o ¢ 4 PC3
PB2 23 |* ¢ 3 PC! (Port B ready)
PBI 22 o o 2 PCO
PBO 21 o ¢ 1 +5V




Serial Socket, P3, connections

DSR 6
RTS 7
CTS 8

RI 9

1 DCD
2 RxD
3 TxD
4 DTR
50V

Expansion socket, P4, connections

P4 is a 50 way IDC male connector,
proper polarisation.

Pin 3 is not vsed so may be cropped to ensure

The pins are as viewed from the component side of the board, with the nearest board

edge on the right.

+5 Y 1
not used 3
HOLD 5
ADI1S 7
Al6 9
Al7 11
Alg 13
Al9 15
BHE 17
AD8 19
ADT 21
AD5 23
AD4 25
AD3 27
ADl 29
ADO 31
RESET 33

(CSD) 1/0 Y7 35
(CSB) I/O Y5 37
Ground = 39

not used 41

not used 43

not used 45
DT/R 47

DEN 49

P4

e o 2 +5V

+ 6 4 NMI

LI} HOLDA

e ¢ 8 PCLK

¢« ¢ 10 ADI4

+ s ]2 ADI13

+ o jJ4  ADI2

+ 8 1§ ADI1}

s ¢ 13 ADIO

e ¢ 20  ADY

« s 22 RD

e ¢ 24 ADS6

¢ of 26 WR

e ¢ 28 M/IO

¢« ¢ 30 AD2

* + 32 ALE

= ¢ 34 INTA_ __
¢ ¢ 36 I/0Y6 (CSC)
*+ ¢ 38 I/0 Y4 (CSA)
s o] 40 Ground

o o 42 not used

+ o 44 not used

s ¢ 46 not used

+ o 48 TEST

¢ 50 CLK




Host to FLIGHT 86 Connection

The board is connected to the host PC via an RS232 link terminating in P3, on the
controfler board, and the standard RS232 socket on the PC.

A 9 way female to 25 way female cable (part no. 998-009) is supplied with the Flight 86
system. Alternatively, a 9 way female to 9 way female cable can be supplied on request?
{part no. 998-014). P3 is a 9 way male ‘D' type connector which uses the same pinout as
the serial port used by the IBM AT and clones, detailed wiring opposite. The pins used
on the controller board are shown below (others are not connected):

PC PIN OUT NAMES

not used (Data Carrier Detect)
Receciver data input
Transmitter data output

Data Terminal Ready
Ground

Data Set Ready

Request to Send

Clear to Send

not used (Ring Indicator)

W00 w1 ON Lh I W B —

The communication software does not use hardware handshaking, so the minimum
handshake wiring required is that needed to allow the PC to send and accept data. A
standard printer lead with a gender changer at the controller board end will usually
suffice,

For IBM PC’s and clones a suggested lead wiring is shown below for both a 9 and
a 25 way conncctor:

IBM AT FLIGHT 86 IBM XT FLIGHT 86
9-pin female 9 way female 25-pin female 9 way female
Txdata 3 . 3 Rx data Tx data 2 . 3 Rx data
Rxdata 2 . 2 Tx data Rxdata 3 . 2 Tx data
' CTS 8§ — 8 DTR ' ' CIS 5 — 8 DTR

DTR 4 ... . 4 CTS DTR 20 .. . 4 CTS

Gnd 5 5 Gnd Gnd 7 — 5 Gnd
‘RQTS 7 — o T DSR \ RTS 4 . 7 DSR
DSR 6 e 6 RTS DSR 6 - . 6 RTS

*

DSR and CTS may be linked at the computer end to provide a null-modem
connection. As hardware handshaking is not required by the software, this is
usually perfectly satisfactory.

Fhe arrangements given above should work for all IBM AT and XT clones. For
non-IBM compatible machines the link should be similar. If in doubt please contact
your supplier for advice,

Communication defaults to 9600 BAUD, but may be readily changed using the host
TS command once communications have been initiated,




BOARD COMPONENT LAYOUT
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CPU & LATCH CIRCUIT

Ul, the 8086, is operating in minimum mode with its timing derived f{rom U2,
8284A, CGD (Clock Generator Driver).

Clock Generator Driver
The 8284A CGD provides the RESET, CLOCKS and READY signals for the system.

The system reset is derived from the R1, Cl combination, either by applying dc power
or pressing the RESET button.

The basic system timing is derived from the 14.7456 MHz quartz crystal. This
frequency is divided by three to give the CLK for the 8086, with a 1:2 mark-space
ratio. This is further divided by 2 to provide the symmetrical PCLK for on-board
devices such as the 8251 A and the 8253,

The 8284A is permanently enabled by taking RDY2, F/C, ete. to ground. So, the
READY input to the 8086 is simply synchronised to the crystal and the RESET inputs.

Address/Data Bus and Latch Circuitry

The 8086 multiplexed 16-bit data bus ADO to AD15 is available to the rest of the board
and to the expansion connector, P4,

The 8086 ALE signal is used to latch the ADO to ADI15, Al6 to Al19 and BHE signals
into the 74L8373 D-type latches to provide demultiplexed address lines for the board.

The ALE line is available on P4, the external expansion socket, to allow external
latching to take place.

Interrupts and Hold

Either the on-board NMI button or an external signal, from P4, may be used to apply
non-maskable interrupt control to the 8086, These signals are passed through a schmitt
NAND gate (Ul9¢) to ensure spurious noise does not cause repetitive interrupts.

INTR is hard wired to the 8259A, Programmable Interrupt Controller, providing
maskable interrupt capability [or the on-board peripheral devicess INTA returns to
the 8259A and is provided at the edge connector to allow external devices to be aware of
any on-board interrupts.

For an cxternal device to take control of the board it must raise the HOLD line. To
aflow this to happen link L7 must be removed.
NOTE: A suitable pull up resistor must be provided on the external board.

Sce page 6 [or details of the P4 connections,
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ADDRESS DECODER CIRCUIT

The address decoder provides ‘unique’ decoding for the ROM and RAM devices and
partial decoding for PORT devices. The decoded signals are active low and are
unique to allow for full cxpansion within the 8086 1 Mbyte addressing range. Sce
the simplified mcemory map on page 135.

RAM decoder

The RAM decoder has three links provided to allow for larger devices than the 6264
RAMs normally supplied. Using the 6264 the address lines Al4 to Al9 are ‘nanded’
using Ul7 and U19 with the M/I1O control line. Thus the RAM cannot be selected if
the M/IO line is low,

I the 62256 RAM chip is used then the address lines that are now used by the chip are
disabled in the address decoder, Al3 is a special case in that it is normally held high
for the CS2 of the 6264, With the larger device Al4 is allowed through to the chip
address inputs. The Link table shows the linkage required for the two RAM chips
capable of being used with the board.

The BHE and AO lines are used, via U20, to select the odd or even RAM chip sclect
lines, Under normal circumstances both RAMs are selected as a 16-bit word.

ROM decoder

The ROM decoder has two links provided to allow for larger devices than the 2764
EPROMs normally supplied. Using the 2764, the address lines Al4 to Al9 are ‘nanded’
using Ul8 with the M/IO control line. Thus the ROM cannot be sclected if the M/IO
linc is low,

If larger EPROMs arce to be used then the address lines that are now used by the chips
arc held high in the address decoder. The Link table shows the linkage required for
the different types of EPROM capable of being used with the board.

As with the RAM the BHE and AO lincs are used, via U20, to select the odd or even

ROM chip sclect lines.  Under normal circumstances both ROMs are sclected as a
16-bit word.

PORT decoder

The port decoder uses U22, 7418138, a 3 to 8 decoder, to provide the chip sclect signals
required for the 8255A, 8253, 8251A and 8259A 1/0 devices from the address lines A3
to AS.

The M/IO line must be low to activate the decoder circuit. BHE and AOQ are used to
sclect between the two 8255A devices. U0 is connected to the low data bus and U9 is
conneccted to the high data bus.  All other peripheral devices are connected to the low
data bus, so are decoded to even addresses.

Sparc decoded outputs are available on the expansion connector, P4,

They are Y4 = 00100xxx, Y5 = 00101xxx, Y6 = 00110xxx, Y7 = 001! 1xxx.
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FLIGHT 86 TRAINER - MEMORY CIRCUIT
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PARALLEL I/0, TIMER AND PIC CIRCUIT

Programmable Peripheral Interface (PPI)

Parallel Input/Output Interfacing may be cstablished through cither U9 or UIOQ,
8255A°%s, the PPI devices, and sockets P2 and Pl.

Connection to the 8086 bus is via the low 8 data bits, DO to D7, for U10 and the high 8
data bits, D8 to D15 for U9, A0 and Al are used to sclcct the programmable
registers. The 8086 RD and WR lines arc used to handle data transfer to and from the
bus. The CS line lfor U10 is decoded to even port addresses, U9 to odd, 00000xxx.

Connecctors P! and P2, female 25 way ‘D’ type conncctors, are wired direct to the 8§255A
ports A, B and the strobe lines of port C. To assist in the design of parallel peripheral
hardwarc, +5Y, 0V and timcer | output {rom the 8253 PIT arc also provided.

The 8255A% may be used in the strobed mode so PCO and PC3 of cach 8255A arc made
available to the 8259A Programmable Interrupt Controller. See page 4 for prioritics.

Programmable Interval Timer (PIT)

Connection of U8, 8253, to the 8086 bus is via the low 8 data ta_bits, DO to D7. A0 and
Al are used to select the programmable registers. The 8086 RD and WR lines are used

to handle data transfer to and from the bus., The CS line is decoded to even port
addresses 0001xxx.

Clock inputs 0 and 2 of the 8253 PIT are hard wired to the system PCLK, from the
8284 A,

Link 6 allows cither PCLK (positioﬁ A), or the output (rom timer 0O (position B), to be

used for clock input 1, giving the capability of gencrating very long delays if required.
Timer ! output is available at the sockets P1 and P2.

Timer 2 output is dedicated to the 8251A USART as a programmable baud rate

gencrator. Timer outputs 0 and | are available to the 8259A PIC as programmable
interrupts. Sce page 4 {or prioritics.

All 3 timer circuits arc permancntly enabled by taking the gate inputs high.

Programmable Interrupt Controller (P1C)

Conncction of Ull, 8259A, to the 8086 bus is via the low 8 data_bits DO to D7. A0 is
uscd to select the programmable registers.  The 8086 RD and WR lines are used to

handle data transfer to and from the bus. The CS line is decoded to cven port
addresses 00010xxx.

Eight levels of interrupt are hard wired to the 8259A, with IRO the highest and IR7 the
lowest. Sce table on page 4.

Interrupts are signalied to the 8086 via the INTR line. Two successive INTA pulses

from the 8086 force the vector address of the service routines to be placed on the bus
by the §259A.

The cascade lines CASQ to CAS2 arc not used and the 8259A is wired in the ‘master’
mode by taking SP/EN high.
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SERIAL CIRCUIT

Scrial Communications may be cstablished through U7 (8251A), the USART (Universal
Synchronous/Asynchronous Receiver/Transmitter) and socket P3,

Conncction to the 8086 bus is via the low 8§ data bits, DO to D7. Al is used to select
cither the Control/Status register or the Data register.  The_8086 RD and WR lines arc
used to handle data transfer to and from the bus. The CS line is decoded to even
addresses 00011xx0.  Whenever the system is RESET, the 8251A is reset via pin 21, so
the softwarc must re-initialise the chip.

RxC and TxC arc the clock signals from the 8253 PIT, clock 1, used as the baud rate
gencrator. The monitor software conditions this clock to 153.6 kHz for 9600 baud
signalling. RxRdy and TxRdy arc interrupt signals to the 8259 PIC. These may be
usced for interrupt driven transmit or recceive routines.

Conncction to P3, the RS232 line, is via level shifters. U2, MC145407 generates
internally +12 V and -12 V to provide signalling betwecen these levels for the line. sz
also provides shifting from these levels to TTL for incoming signals.

P3 is n malc 9 way ‘D’ typc conncctor providing emulation of an IBM AT or clone
serial port.

L8 is normally linked providing loopback to the 8251A for those not requiring the use
ol control lines RTS and CTS. To usc these control lines L8 must be removed.

POWER SUPPLY

The controller board power supply current requirements is 9 V supplicd via PG. This is
regulated to +5 V by Voltage Regulator U3 {or usc on the board.

The 5V supply is, partially, over-voltage protected by the ‘crowbar’ zener diode ZDI
and Fl the | amp fuse. C4 provides major supply decoupling, with C5 to C17 liberally
scattercd around the board for individual chip decoupling.

The power is provided to the board via the conncctor P6 on the circuit diagrams, where
it is regulated to +5 V. A sccond rail is provided via R4 to give a logic '1' for various
logic conditions around the rest of the circuit.
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SOFTWARE

Getting started

The first thing to do is check you have the correct software for your machine. The
disk supplied is normally a 5% 360k MSDOS format. Alternative software will also be
supplied on request, on a 3%" disc. If you specified another disk format please refer to
the additional information supplied with the disk for your machine.

The following notes assume you are using an IBM AT, XT or clone,

Boot-up your computer system and take a directory of the floppy disk supplied with the
board. You should have the following files:

FLIGHT86.COM the executable program file .
FLIGHT86.MSG the ASCII error and system message file (details page 73)
F86GQO.BAT a sample BATCH file (details page 25)

If you don’t have all three files, you should contact your supplier.
Optionally there may be a fourth file on the disk:

README this contains any additional information not supplied in the
technical reference manual concerning upgrades.

The disk supplied is NOT copy protcétcd, and you are urged to take a BACKUP copy,
and keep the master in a safe place. Accidents do happen, and usually when you
haven’t got a copy! :

Host Software Installation

Having established you have the correct software, and made your working copy, you
now need to check a few points before you attempt to use the system.

1. The Serial Link.

The link with the board is via an RS232 serial port, and this must be available, If
your computer has the COMLI: serial port available and you are using the LPTI:
parallel port for the printer, you may go to note 4. '

Otherwise there are three common scenarios:

a) Youare using a parallel printer but your computer doesn’t have a serial port fitted.

You will need to purchase and install a serial port. This is usually a
simple matter and your supplier will be pleased to advise if necessary. Once
this is done you may go to note 4.

b) You are using a serial printer and your computer has a second serial port
available, you should now read note 2.

¢} Your computer has only one serial port but it is used for something else, such as
a printer,

In this case you need to purchase and install a second one. This is usually
a simple matter and your supplier will be pleased to advise if necessary.
You should now read note 2.
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2. The Serial Ports

An alternative serial port to the COMI: may be specified by changing the contents
of the FLIGHT86.MSG file. See page 73 for details,

The Printer

The software uses the LST device, this is normally the LPTI1: parallel printer port.
If you are using a parallel printer connected to the LPTI1: port this does not affect
you, go to note 4,

If you have printer connected to another port, serial or parallel you will need to
redirect the printer output to the appropriate port. This is readily achieved using
a BATCH file, see page 24 for details on redirecting the printer.

Default disk drive

The software supplied operates from a floppy disk, but if your machine has a hard
disk, you may prefer to operate from there. This is easily done by setting up a
sub-directory and using another BATCH file. See page 24 for details of using a
hard disk.

The only constraint for the software operation is that the 2 files FLIGHT&26.COM
and FLIGHT86.MSG must be on the same disk, and either in the root dircctory or in
the same sub-directory. ‘

Error and Systcm Mcssages
To allow for changes to users own wording, and "possible language translation of

messages, the software reads its command information, error and systermn messages
from an ASCII file, FLIGHT86.MSG, when it first starts up.

You may edit this file, but take extreme care. See page 73 for details.

Host To Controller Board Communication

Starting Communications

To establish Host to Controller communications follow this set-up procedure:

L.

‘Boot-up’ your Host PC in your normal way,
Ensure you have the DOS prompt A> or C> depending on your system.

If you are using a floppy disk PC, insert the FLIGHT 86 disk into drive A and close

. the door. If you are operating from a hard disk you need do nothing more at this
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stage.
Turn OFF your Flight 86 board power supply.,

Connect the serial lead between the serial socket to be used on the PC and socket P3
on the Flight 86 board. See page 7 for the lead details,




Turn on the Flight 86 board DC power supply.

NOTE: the board indicates that power is actually applied by illuminating the green
LED, D1,

If you are using a floppy disk on a standard machine you may type FLIGHTS6.
If you have prepared a BATCH file type F86GO.
If using a hard disk type F86HGO.

If using 2 BATCH file you should see the message ‘Loading FLIGHT 86 host
program, please wait. ... ' displayed while the program is being loaded from disk.
After a few seconds you should see the following messages:

FLIGHTR®6 Controller Board., Host Program Version 2.0.

Press 7 and Enter for help - Waiting for controller board response. . .

ROM found at F0O00:CQ00 to FOOO:FFFF FLIGHT Monitor ROM version 2.0
RAM found at 0000:0000 to 0000:3FFF

Note: These messages may be slightly different depending on the software
versions and the size of ROM or RAM fitted,

The '~ is the host prompt.
You have control over the controlier board once this prompt is displayed.
You are ready for action. If you do not see the prompt, vou do not have
communication with the controller board. (If this cccurs during general usage it
probably means a command is in progress.)
If the above message stopped at ‘Waiting for controller board response. . . ' turn

the Controller board power supply OFF, wait a few seconds, and turn it ON again.
You should then see ‘Controller Reset’ followed by the memory test messages.

Some Common Problems

If you have difficuify setting up communications try the following:

a)

b)

d)

€)

Check ALL three power supplies are connected CORRECTLY, including the 0V, to
the controller board. Check the fuse on the controller board.

Check the link settings on the board are correct for the chips used and your
expected usage., The board is shipped with links L1 to Lé in position A and the
links L7 and L8 both {itted.

Check you have a serial lead {(properly wired) between the host and the controlier
board. Ensure it is firmly connected to the correct port.

Check you are using the COMI: port. If not, ensure you have altered the
FLIGHTS86.MSG file to the required port.

If possible, try to ensure you have communications under the default conditions
before making any ‘improvements’ to the FLIGHT86.MSG file,

If the host messages do not appear, make anothcr‘copy of the master disk supplied
and repecat the installation notes on page 21.




General Communications

During normal usage the ‘-’ prompt indicates when you may enter commands at the
Host PC keyboard. '

If this prompt does not appear when you expected it to, the host has lost control of
communications with the controller.

The usual reasons for this are:

A program was executed without a valid return to the monitor. See page 33 and
the G command for suitable options.

A program has over-written the monitor variables in monitor RAM.

The serial communications baud rate has been changed on the controller without
informing the host!

To restore communications, press the Esc key on the host, press the RESET button on -
the controiler board, then press X and the Enter key on the host. You should see the
normal FLIGHT 86 ‘boot message’ and the results of the ROM and RAM tests, As
these tests are non-destructive, any data in user memory will not be touched.

If you do not press the RESET button after pressing the Esc key you will see the
prompt, but will NOT have communications. You MUST press the RESET button,

Using a hard disk

All the notes applying to the floppy disk apply to the hard disk except the normal
drive is C instead of A and a sub-directory is recommended.

To store the program files on the hard disk, log onto the hard disk.
Make a fresh sub-directory using the command MD\FLIGHTSS.
Log onto this sub-directory using the command CD\FLIGHTS6.
Copy the files from the floppy disk, in drive A, using COPY A:FL¥*.*

To get best results a BATCH file is suggested. See a sample listing opposite,
F86GO.BAT., This file should be created using a non-document mode text editor and
put into the ROOT directory of the hard disk. ‘

Now you can boot-up the machine with the hard disk in the normal way, and when the .
C> prompt appears type FE6HGO to execute the software. The batch files should
return you to the same point when you Quit the FLIGHT 86 software.

Redirecting the Printer

To redirect the printer output to another port is a simple matter. It may be achieved
using the MSDOS MODE command. If you are using a floppy disk system you must
copy the MODE.EXE file from your MSDOS system disk to your FLIGHT 86 disk.

To redirect the printer output to the COMI: port use MODE LPTI1:=COMI.,,P

To make the process automatic a sample BATCH file, FR6GO,BAT, is included on your
FLIGHT 86 disk, listed opposite. Edit this file, with a non-document mode text

editor, to suit the redirection required, If you have difficulties, please contact your
supplier for assistance.
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F86GO.BAT

A sample batch file. Useful if you need to redirect the printer output or wish to
change default parameters.

Lines starting with REM are treated as comments until the REM statement is removed.

echo off

cls

echo Loading FLIGHTS86 host program, please wait, .

REM == - m s s s T T o s e e m s s e s e Test for program file
if exist eiolp.com goto okl

echo Program file FLIGHT86.COM missing - operation abandoned

goto errl

REM == - - m o mmmm e s s s e e s e m s m e m e == = Test for message file
o0kl :

if exist eiclp.msg goto 0k2

echo Message file FLIGHT86.MSG missing - operation abandoned

errl .

echo Both FLIGHTS86.COM and FLIGHT86MSG files must be on the default disk
drive '

goto fini

:0k2

REM m- - m - mmm s T m s s s s s s m redirect printer if necessary
REM the following is an example line for using COMI: for the printer

REM mode Iptli=coml:,P > nul

REM —mmm s s e e e e e e e s m s s execute host program
¢iolp
REM —==rmr-=-m~=m---~ when finished restore original port settings if necessary

REM the following are example lines to restore the PC to its original settings

REM echo Restoring original printer settings

REM mode coml1:9600,N,8,1,P > nul

REM mode Iptl: > nul

[fini

REM — - -7 - s s e s s s mm s s s m s e return to root directory
cd\

FLT86HGO.BAT

A suitable BATCH file for accessing the software from the ROOT directory of a
hard disk system. .

cls

echo

REM -======-=nm=ooo-=o- change to sub-directory containing FLIGHTS6 files
cd\flight86

REM =~ —- " - - - - - -s-smssm o mmm s s mmm e execute host software batch file

{1t86g0




Extended Intel Hex format

This is a line orientated industry standard ASCII communications data format. As the
software will accommodate a line of up to 128 characters, the ‘normal’ 16 or 32 data
bytes created by most assemblers will be easily handled,

It is the format displayed on the screen by the both the Upload and Download
commands.

Each line is terminated in a carriage return code and all the ASCII characters are in
the range 0. .9 and A. .F. The fields are defined as:

:nnaaaattdddddd. ... .. ddddce

where : is the record start
nn is the data byte count
aaaa is the address of the first data byte in the data field
tt is the type of record

00  indicates a data record
01 indicates an end record
aaaa will be 0000, dd is not used
02  indicates a segment address record
aaaa will be 9000
dddd will be the CS address
03 indicates a start address record
dddddddd becomes the CS:IP start address
dd are the actual data bytes
cc modulo 2 checksum of the entire line (except the @)
This means that when the entire line including the checksum
is added up, and the sum ANDed with FF, the result will be
Zero,

The monitor software handles each line individually, so the end record line is not
essential, although most assemblers create one.  This means that more than one file, or
parts of files, may be down loaded to ‘set-up’ different areas of memory,

Examples

To show examples of these lines in use it is assumed that the. the memory locations
from 0123:1240 to 1253 contain the following:

-M 123:1240 1253

00 01 02 03 04 05 06 07 08 03 OA OB OC OD OE OF Ascii-code
0123:1240 00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF .."3DUfW........
0123:1250 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF  «.ooooivioneennn
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If this data is now uploaded to a file SAMPLE.HX using the U command you will see

the following on the screen:

-U SAMPLE 123:1240 1253

:020000020123D8 (iine 1)
:1012400000112233445566778899AABBCCDDEEFFAG (line 2)
:04125000FFFFFFFF9E {line 3)
:00000001FF (line 4)
Taking these lines in turn (and expanding out the relevant fields):
line 1 : 02 0000 02 01 23 D8
: nn aaaa tt dd dd cc

record start —m._J—_l

nn =02 2 data bytes
aaaa = 0000 because type 02

tt =02 segment record
dddd =0123 segment address

ce =D8  checksum

{02-44004-00402+01423+D8 == 100 AND FF = Gﬂ).

line 2 : 10 1240 00 00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF 46

+ nn aaaa tt dd dd dd dd dd dd dd dd dd dd dd dd dd dd dd dd cc

record start . —. | ——J r
nn =10 16 data bytes
aaaa = 1240 offsef address
tt =00 data record

dddd = actual data bytes
ce =A6  checksum

(104+124404+00400+114+22+33+44+55+66+774+-884+99+AA+BB4CC+DD+EE+FF+AS = 900 AND FF = 00}

line 3 + 04 1250 00 FF FF FF FF 9E
: nh aaaa tt dd dd dd dd cc

record start -----—--—--—-——J——j ’
nn =04 4 data bytes
asaa = 1250 offset address
tt =00 data record

dddd = actual data bytes
cc =9E  checksum

(04+12+56+00+FF+FF+FF+FF+9E = 500 AND FF = 00}

line 4 . 00 0000 01 FF
¢ nn aaaa tt cc

record start ——} I
nn =00 no data bytes

aaaa = 0000 because type 01
tt =01 end record
dddd = none because type 01
ce =FF mod 2 checksum

{00+00+004+01+FF = 100 AND FF = 00)
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HOST COMMANDS

A prompt on the screen means that the host is ready to accept a command. With the
exception of the Esc command, all commands are of the form:

letter (A to Z)  space or comma or semi-colon parameter tail Enter or Return

The command line is executed immediately after the Enter or Return key is pressed.
Before this it may be edited using the Del key.

All data must be specified in hexadecimal, although leading zeros may be omitted.
Spaces are ignored for [lexible e¢ntry, although the first character of a line must be a
valid command letter.

The command line syntax uses squared brackets, [ ], to indicate parameter options. The
pipe symbol, |, is used to indicate a choice of parameters, one of which must be used.

If an invalid parameter is entered, the full command syntax and help line is displayed
to assist. If it is not possible to identify the intended command, you get a terse ‘invalid
command’ message.
The following sample command lines have the same effect:

M W 0001 0233

M, W, 1,233

M W 1;0233

They all display the contents of memory between 0001 and 023F in word format, for
the default segment. ‘

Command Summary

: DESCRIPTIONS
MEANING KEY PARAMETERS ON PAGE
Escape Esc 29
Reset X 29
Test MIR{CI|S 7] baud ‘ . 32
Register R [register] 31
Memory M [W] {segment:] address] [address2) 30
Fill F [W] [segment:] address]l address2 data 31
Port Input 1 [W] address 32
Port OQutput O {W] address data 32
Go G [ [segment:] address) 33
Breakpoint B R} 7185 [segment:] address 33
Single Step ) [R] ] [segment:} address] 33
Upload U [drive\path\] file[seg:] add] add2 34
Download [drive:\path\] filename 34
Directory D [drive\path\] [[ile mask] 34
Help ? {Command letter] 29
Printer P 29
Quit Q 29
Assemble A [ [segment:]address]] 35
Disassemble Z [ [Y] [scgment:} addresslfaddress2]] 37
Hex Arithmetic H numberi number?2 : 38
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Command Descriptions

Where appropriate the commands are described by way of specific examples, with the
command line first, followed by 2 brief explanation.

Help - 72 [Command letter]

Limited help is available through this command.

? displays the command menu with command syntax.
? M displays the command syntax and a single line of help for the Memory
command,

All the commands have an associated single tine of help available.

Escape - Esc
Press the Esc key to stop- the current command, This does not work for the GO

command. If you wish to return to the monitor from your program use the INT 5
instruction at a suitable point in your code, or set a break point using the B command.

Reset - X
Type X to ‘Warm’ reset the controller board. This sets up all the Monitor variables,
including the serial communications speed {(back to 9600 baud), and places the controller
board into a known working condition. It does not affect the current state of the user
registers so may be carried out at any time. The controller-memory is retested.

Note: this command will NOT reset the controller board if communijcations have

been ‘lost’. Press the board RESET button first, if this is the case,

Printer - p
Type P to echo all the screen output for subsequent commands to the printer. You will
be prompted to check that the printer is ONLINE; if this message persists your printer
is probably OFF and not oaline,
The command assumes a printer is connected, turned ‘on, loaded with paper and set
on-line. If this is not the case, the lack of printer may ‘lockup’ the computer. The
host assumes the printer is the LST device, normally the parallel printer, but this may

be redirected using the DOS MODE command, See page 24 for details,

Type P again to stop the screen echo, and stop output to the printer.

Quit - Q

Terminates running of host software and returns control to the operating system.
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Memory - M [W] [segment: ] address]l [address2]

Usage 1:

The first use of the M command allows blocks of memory to be displayed in
byte/ASCII or word/ASCII form..

Two addresses must be specified, the start and end address of the block., Address]
MUST be less than or equal to address2, this limits the display to a 64k segment.

Complete lines of data are displayed with the ASCII equivalent on the right hand side.
Complete lines are displayed even if just one byte is requested. If the screen becomes
full, a prompt message will appear asking you to press a key to continue. This will
continue until the command is completed.

You may return to the monitor prompt by pressing the Esc key while the display is in
progress,

M 100 IFF If the user default segment is 0050 then this will display the contents
of address 0050:0100 to 0050:01FF. The display shows the byte stored
at each address and the ASCII equivalent,

M W 100 IFF displays the 16-bit word (byte reversed) at each address and its ASCII
equivalent. This is ideal for examining look up tables etc.

The default segment may be overridden by specifying the segment required.

M W 100:20 3FF displays the word data froem 0100:0020 to QIQ0:03FF
M FO00:E803 E%05 displays the byte data from FOO0O0;ES00 to FOOO:E90F,

Usage 2:

The second use of the M command allows access to the memory to change the data byte
or word stored there. Only one address is specified.

Once the command has started press "Enter” to go to the next address or press the space
bar and "Enter" to go back to the previous address. You may return to the monitor
prompt by pressing the Esc key. -

M 104 displays the byte contents of address 0050:0104 (assuming the segment -
default of 0050) and waits for the user to enter the new data byte required
at this address.

M W 104 allows the 16-bit word at that address to be altered.

The default segment may be overridden by specifying the segment required.

M 100:20 starts the byte editing at address 0100:0020
MW 0:0 starts the word editing at address 0000:0000
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Fill - ¥ 1wy [segment: ] address! address2 data

The purpose of this command is to fill a block of memory with specified byte or word
data.  This command will fill a single byte to a 64k block.

When the command is completed, you will be returned to the monitor prompt.

F 100 200 42 If the user default segment is 0050, this will change the contents
of cach address in the range 0050:0100 to 0050:0200 to ‘B’

F W 100 200 1234 stores the 16-bit word (byte reversed) at each address in the
range.

The default segment may be overridden by specifying the segment required.

F W 100:20 1FF 12 fills from 0100:0020 to 0100:01FF with 0012.

Register - R [register]
The register command allows the user registers to be displayed or altered.

Usage I:
The first use of the R command is to display all user registers.
R displays the contents of all 14 user 8086 registers,

AX BX CX DX SP BP SI DI DS ES S8 cs IP FLAG
0000 0000 €000 0000 0500 0000 G6GOO0 0000 0050 0050 0000 0050 0000 0000

Usage 2:

The sccond use of the R command allows access to individual user registers to change
the contents. A valid register must be specified initially.

Once the command has started press "Enter” to go to the next register or press the
spacebar and "Enter” to go back to the previous register, The registers will *‘wrap
around’. You may return to the host prompt by pressing the Escape key.

R CS displays the contents of the CS register and will wait for the new contents to be
typed in.  Any valid 16-bit word may be specified.

You may change the default scgment by changing CS.

Note: The segment registers CS, DS, ES, SS ﬁnd the SP default to those shown abaove,
when the controller board is reset,
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Test-TM|R[C]|S ?][baud]

The Test Command performs a number of housekeeping tasks. It allows tests of the
controller board memory to be made, serial communications speed to be changed and
the Console mode to be entered.

™M a non-destructive RAM test on the controller board may be carried out at
any time. A report is issued indicating the start and end addresses of
the on-board RAM.

TR will identify the start of the Monitor ROM and perform an 8-bit check sum
of the monitor software only. If this is non-zero a warning is issued with
the checksum calculated, The checksum should always be zero unless the
Monitor code between FO00:E802 and FOOO:FFFF has been altered.

T C the host enters the Console mode,
HEALTH WARNING: YOU’RE ON YOUR OWN!!

All key entries are sent direct to the controller board. All output
from the controller board is put onto the screen. This allows
users to write routines that access the host screen and keyboard.

Press the Esc key or controller board RESET button to restore to host
control, provided you've left enough of the MONITOR variables intact,

T 8§ 9600  will se¢t the communications speed for the host/controller -software to 9600
baud. It is sometimes convenient to use slower data rates particularly
for user software development, Valid baud rates are 300, 600, 1200,
2400, 4800 and 9600, This option may not -be available on some non-IBM
compatible systems.

Warning: If the controller board RESET button is pressed it will default
to 9600 baud. This may cause a ‘lock-up’ if the host is set to another
speed, Enter the command T S 9600 to clear the condition.

TS ? Displays the current baud rate.

Port Input - 1 [w] address

The purpose of this command is to read a specified port and display the received byte
or word., The Port address may be anywhere in the range 0000 to FFFF, No checks
are made for port validity, so reading from non-existent ports may give odd results.

I4 Reads the byte from Port 04
I W 1A Reads the word from Port 1A and IB

Port Output - O {W] address data

The purpose of this command is to output a byte or word to a specified port. The Port
address may be anywhere in the range 0000 to FFFF. No checks are made for port
validity. Writing to non-existent ports should have no effect, but writing to the control
registers could force vou to RESET the board,

O 2 2A Writes 2A to Port 02
O W 04 123 Writes 01 to Port 04 and 23 to Port 03
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Go - G [[scgment: ] address]

This command allows the user to execute code that has been downloaded into RAM, It
is important to realise that once the user code has started there is no means of stopping
it from the host keyboard, There are four methods of exiting from user code back to .
the monitor (in prefered order):

use an INT 5 instruction at a suitable point in the code

set an official breakpoint at an opcode address

insert an unofficial breakpoint INT 3 instruction in the code
press the RESET button on the controller board.

o0 00

G Starts execution of code from current CS:IP.
G 100 Starts execution from current 0050:0100 if CS = 0050
G 100:10 Starts execution from 0100: 0010

If you get no sensible response from the host keyboard after using this command, type
X and "enter", then press.the RESET button on the controller board.

Single Step - S [R] {[scgment: ] address]

This command is provided to allow the user to step through code one instruction at a
time for debugging purposes, The display will be the next instruction address and
opcode byte with, optionally, the registers too, Once the command has started,
pressing the Enter key will execute the next instruction (other keys may work; Enter is
preferred). _

All these examples terminate with the next instruction address and opcode:

S Executes the instruction pointed to by current CS:IP
S 123 Executes the instruction at 0050:0123, assuming CS = 0050
S 100:AB Executes the instruction at 0100:00AB

The following examples terminate with the register contents as well:

SR Executes the instruction pointed to by current CS:IP
S R 200:234 Executes the instruc;ion at 0200:0234

As with the G command, if you get no sensible response from the host keyboard after using
this command, type X and "enter”, then press the RESET button on the controller board.

Breakpoint -B 7| R | S [segment: ] address

This command is intended for debugging user code. A breakpoint is an INT 3
instruction inserted at an opcode position, The original opcode at this address is saved.
When the code is executed it runs normally, at full speed, until it reaches this location,
The original opcode is restored and the registers, address and first opcode byte are
displayed. The user may set another break point and continue with a G instruction, or
may single step from this point,

Currently only one breakpoint may be specified at a time

B? Displays the current breakpoint address

B R Clears all breakpoints, if any, set

B R 100;20 Clears the breakpointat 0100:0020

B S 123 Sets the breakpoint at 0050:0123, if default CS = 0450
B § 100:20 Sets the breakpoint at 0100:0020
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Directory - D [drive:\path\] [file mask]

The command displays an ordered list of the specified disk directory. The MSDOS
version supports directory paths. If no drive or path is specified then the default
drive and directory is used. Pagination occurs if the list is too long for a single screen
display. Filename ‘wild cards’ are allowed.

D Displays current directory
D CA\USER\ Displays all the files in the subdirectory C:\USER\
D CAFRED\:HX Displays all the files with HX extension in C\FRED\

Upload - U {drive:\path\] file {seg: ] addl add2

This command allows a block of memory to be saved to a disk file. The data is saved
in the Extended Intel Hex format. If the file name extension is not supplied then it
defaults to .HX (unless this is changed in EIOLP.MSG), this makes file name entry
slightly more convenient., The MSDOS version supports directory paths.

One file is limited to a single segment of 64k, although a file of this size is not to be
advised. Any number of files may be saved as they are all ‘free standing’.

The command allows program development to ‘cease’ for the day and then return back
to the same state when work continues next day, or next week,

U FRED { 100
Saves contents of block 0050:0000 to 0050:0100 to file FRED.HX on the
default drive.

U CAUSERMALICEHEX 070:200 400
Saves contents of block 0070:0200 to 0070:0400 to file ALICE.HEX on
the drive C:;, subdirectory USER,

As the file is uploaded, each line is displayed on the host screen. These lines are in the
Extended Intel Hex format, described on page 26. If the file already exists you will be-
prompted as to whether or not you wish to overwrite it - take carel

Download -: [drive:\path\] filcname

This command loads an Extended Intel Hex file from disk and puts it inte the
appropriate memory locations. The original file may have been generated using an
assembler, compiler or the Upload command, If the file name only is supplied, then
the extension HX is assumed (unless this has been changed in EIOLP.MSG). The
MSDOS version supports directory paths.

: FRED downloads file FRED.HX from the default drive.
: CAUSERMNALICEHEX
downloads file ALICEHEX from drive C:, subdirectory USER,

As the file is downloaded, each line is displayed on the host screen. These lines are in
the Extended Intel Hex format, described on page 26.

If any attempt is made to place the file in non-RAM locations, you will receive a
suitable error message, and the download will cease.
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Assemble - A [ [segment;] addressl]

This command allows you to key in 8086 assembly code commands, and these will be
assembled and the bytes stored directly into memory. It is an ideal way of making
changes to existing code.

If an invalid opcode is specified, then assembly will not occur and an error message
will be issued.

There is a short delay as the bytes of code are sent to the board, This delay will vary,
depending on the number of bytes to go (between one and six).

Any text following a semicolon will be ignored. This may be handy if printing key
eniries to note why something was done.

A ; start assembly entry from the current address
A 100 ; start assembly entry from address 0100
A 60:100 ; start assembly entry from address 0060:0100

All numeric values, addresses and immediate data must be supplied as HEX numbers.

When specifying memory locations, you must use absolute addresses; generally the
address should be specified with [ ] brackets. These will be converted to relative
values, if necessary, by the assembly process.

The assembler will assemble the most suitable instruction for short, near or far jumps or
calls, However, these may be explicitly over-ridden by the use of the following
prefixes: :

SHORT jump within 128 bytes

NEAR jump within segment
FAR jump within segmentioffset

For example:

0050:0100 JMP 150 3 2-byte SHORT jump to 0050:0150
0050:0102 JMP NEAR 150 ; 3-byte NEAR jump to 0050:0150
0050:0105 JMP FAR 150 i 3-byte FAR jump to 0050:0150
005¢:010A JMP 350 i 3-byte NEAR jump to 0050:0350
0050:010D TMP 0050:350 : 5-byte FAR jump tp 0050:0350

The DB and DW directives may be used to specify bytes to be stored directly into
memory. ‘

Up to 6 bytes may be specified with the DB directive, and up to 3 words with the DW
directive. Separate each number with 2 comma.

For example:

0050:0112 DB 1,2,12 ; will place 01h at location 0050:0112
02h at location 0050:0113
12h at location 0050:0114

00500115 DW 32,5678 ; will place 32h at location 0050:0115
00h at location 0050:0116
78h at location 0050:0117
56h at location Q050:0118
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To avoid confusion between an immediate operand and a memory operand, all memory
operands should be enclosed in square brackets.

0050:0119 MOV AX,50 ; load AX with immediate value Q050h
0050:011C MOV AX,[50] ; load AX with the contents of
: ; memory locations 0050h and 0051h

Sometimes, the size of the memory location required cannot be determined by the
assembler from the information supplied. Under these circumstances the following
prefixes must be used:

BYTE PTR ; the word PTR is optional.
WORD PTR

For example;

0050:011F NEG BYTE PTR [300] ; negate the byte stored at 0050:0300
0050:0123 DEC WORD [S8]] ; decrement the word stored at the memory
; locations pointed to by the contents of SI

Alternative forms of register indirect command entry may be used.
For example:

0050:0125 MOV AX, [BX+SI] ; these three are the same
0050:0127 MOV AX, (BX]{SH

0050:0129 MOV AX, SI[BX]

0050:012B MOV [BX+S8I+23], AX ; and so are these four
0050:012E MOV [BX+SI123, AX

0050:0131 MOV [BX] [SI] 23, AX

0050:0134 MOV (23] BX SI, AX

String mnemonics must specify the string type, ie MOVSW for moving word strings, and
MOYVSB for byte strings.

Any of the four segment over-rides CS;, DS:, ES: and S8: may be used as a separate entry.
For example:

0050:0137 ES:
0050:0138 MOV WORD PTR [BX+SI+1234], 4A

Alternative valid opcodes for the same instruction may be uscci. The default is that used
by the disassembler. The list is:

DEFAULT OPTIONS DEFAULT OPTIONS
JB JNAE or IC JNL JGE

JNB JAE or JNC JNLE JIG

JE JZ REPNZ REPNE
JINE INZ - REP REPE
IBE INA LOOPNZ LOOPNE
JNBE JA LOOPZ LOOPE
JP JPE XLAT XLATB
INP JPO BYTE PTR BYTE

JL INGE WORD PTR WORD
JILE JNG
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Disassemble - z [ [V] [segment] address [address2] ]

This command allows the contents of memory to be reverse assembled to 8086 mnemonic
codes. Relative addresses are translated to absolute memory locations.

If the V option is specified, then the ascii codes for the disassembled bytes are
displayed alongside each line.

If the disassembler comes across a byte that cannot be properly disassembled, then all
the bytes read so far for that instruction are displayed as DB or DW directives.

Bytes stored with DB directives will be disassembled if possible.

Examples:

Z ; displays 10 lines of disassembled code starting at current address
Z 100 ; displays 10 lines of disassembled code starting at address 100

Z 100 120 ; displays the disassembled code between the addresses specified

Z 'V 100 130 ; displays the disassembled code between the addresses specified

with ASCII codes alongside,

The examples given with the assembler notes would be disassembled (provided the V
option specified) as follows:

-Z ¥V 100 138

0050:0100 EB 4E JMP  short 0150 i W N
0050:0102 E9 4B 00 JMP 0150 ;K
0050:0105 EA 50 01 50 00 JMP far 0050:0150 ; . PP,
0050:010A E9 43 02 JMP 0350 ; - C
0050:010D EA 50 03 50 00 JMP far 0050:0350 ; . PP
00500112 01 Q2 ADD [BP+SI], AX P
0050:0114 12 32 ADC DH, [BP+SI] )
0050:0116 00 78 56 ADD [BP+SI+56], BH ;o xY
0050:0119 B8 50 00 MOV AX, 0050 ; . P.
0050:011C A1l 50 00 MOV AX, [0050} A
0050:011F F6 1E 00 03 NEG byte ptr [0300] ;
0050:0123 FF 0C DEC word ptr [SI] :
0050:0125 8B 00 MOY AX, [BX+8I] ;
0050:0127 8B 00 MOV AX, [BX+S]] ;
0050:0129 8B 00 MOV AX, [BX+S]] M
0050:012B 89 40 23 MOV [BX+81+23], AX V. @#
0050:012E 89 40 23 MOY [BX+S8I1+23], AX P . @#
0050:0131 89 40 23 . MOV [BX +8I+23}, AX P @#
0050:0134 89 40 23 MOV [BX+S8I+23], AX D . @#
0050:0137 26 ES: .
0050:0138 C7 80 34 12 4A 00 MOV word ptr [BX+SI+1234], 004A ; . 4.1,

Notice the bytes entered as DB and DW directives have been disassembled,
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Hex Arithmetic - H numberl number2

This command allows you to enter 16-bit hex numbcré, and it will work out the 16-bit
sum and difference of these numbers. This is useful when calculating offsets and the
like.

You must enter two valid hex numbers, otherwise the command syntax is displayed. As
with all the commands, the leading zero’s may be missed ocut.

Examples:

H 12 34 ; displays 0012 + 0034 = 0046 ' 0012 - 0034 = FFDE
H FI123 d03a ; displays F123 + D03A = CISD F123 - DO3A = 20E9

Notice the results are truncated to 16-bits,
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The monitor code is written with the user in mind.

USER ACCESS TO MONITOR

It will always reside in the same

place in ROM ¢nabling users to program their code into the spare space and hook into
the operating system.

Auto-start of user routines

When the board is ‘powered up’, it is ‘initialised’ and then location FOQ0:E800 is read

for the start address.

change this address to access their own code,

Access to Monitor Commands

Normally the monitor code is executed, alternatively, users may

The user may access all of the monitor commands by calling the monitor command

handler.

stored at 0000:0265.
address from here.

segment must be set to FOOO before calling the handiler,

The absolute address of this handler may change but the start address is
The user may access the command handler by extracting the start
The command handler executes a NEAR return so the code

One word of warning: Any messages or results produced by the command handler are

sent to the host computer via the serial line.

‘hang’,

List of useful RAM locations

0000:0008

0000:0080
0000:0084
0000:0088
0000:008C
0000:0090
0000:0094
0000:0098
0000:009C

0000:0148
0000:0149
0000:014B
0000:014E
0000:014E

0000:0165
0000:01E5
0000:0265

Holds Non-maskable Interrupt Vector

. PIC, 8259A, prioritised vectors

8251A -Receiver
8251A  Transmitter
8255A  Even Port A
8255A Even Port B
8255A Odd Port A
8255A Odd Port B
8253A  Timer O output
8253A  Timer I output

Last character received from serial port
Character to go to serial port

ROM checksum

Top address of RAM

Baudrate word for serial communications speed

Word stored  Baud rate Word stored
0010 9600 0080
0020 4800 0100
0040 2400 0200

Start of input line from serial port
Start of line to be sent to serial port
Command Handler start address

If this is inoperative the system will

Baud rate
1200
0600
0300
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Interrupt Vector routines

There are a number of useful features that users may wish to implement into their own
code.

The interrupt vectors 0 to 7 are assigned, as listed in the monitor source code, and 20 to
27 are assigned to the PIC (Programmable Interrupt Controller). The others between 8
to 19 and 28 to 63 are available for users to assign {or their own usage.

Those that are normally assigned are available to the user il used carefully,

INT 2 May be assigned by the user to take control of the Non-Maskable Interrupt.
INT 5 May be executed by the user to return to the monitor program.
INT 6 May be executed to access the serial communications routines.
On entry AL is used to contain the function required:
Function 0 - Initialise the 8251A
sets up the 8251A and the 8253 channel 2 as the baud rate generator to
the desired speed. See baudrate table below,
Function 1 - 8251 A receiver input status
IF character waiting returns 02 in AL
ELSE : returns 00 in AL.
Function 2 - 8251 A receiver character input
IF character waiting returned {(capitalised) in location 0000:0148
ELSE 00 returned in location 0000:0148.
Function 3 - receive a complete line from serial port
will not return until & § or @ code received.
stores line of data bytes starting at 0000:0165
returns with length of line in CX
Function 4 - 8251 A transmitter output status
IF ready to send a character returns 01 in AL
ELSE returns 00 in AL
Function 5 - 8251 A transmitter character output
character at 0000:0149 sent to serial port
IF successful 0000:0149 loaded with 00
ELSE "~ 0000:0149 remains intact
Function 6 - send a complete line to serial port
returns when line sent complete
the line to be sent must start at 0000:01E5 and terminate in a $ (this
is extended to -$ for the host)
Function 7 - host reset command
sends *$ to the host to indicate the board has been RESET
the host re-tests the board and re-starts the monitor or user code, if thc
user start address has been used.
Function 8 - sets the serial port communications speed
vses the value stored at G000:014E to set the baud rate.

INT 7 May be executed provided the Experiment book EPROM is fitted to access the
model answers. You may find this useful if demonstrating the experiment
solutions.

INT 32 to INT 39
May be assigned by the user to take control of the 8259A Programmable
Interrupt Controller. These interrupts are extremely powerful and should be
used with care. ’

You will also need to access the 8259A registers at Ports 10 and 12 to set up
the §259A mode.
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MONITOR PSEUDO CODE LISTING

This listing gives an overview of the monitor program operation and flow, Line
numbers have been included to allow a link to the actual code to be made,.

MAIN ROUTINE

1544 COLD ENTRY (RESET button pressed, power up, INT 0 or INT 4)
210 initialise monitor and user registers (default segment = 0050)
239 WARM ENTRY (X command)
ensure monitor registers intact
246 initialise Interrupt Vectors (NMI suitable for fault book, (480))
initialise default user storage & PIC (disable interrupts)
initialise serial communications to 9600 baud
300 REPEAT
send ¥ to host to set up communications link
UNTIL ! received from host

306 send null line to host to indicate communications successful (893)
re-initialise NMI to default

308 check user ROM routine start address at FOO0:ECQ0
IF address at FOOO:E800 is NOT the monitor default, execute user routine
.REPEAT

314 execute command handler (921)

UNTIL forever
COMMAND HANDLER

All user commands from host processed here, Command tokens range from @ to-L,
these are used to access vector table of commands. - The suffix is in the range. 0 to 9.:If
the range for the individual command is exceeded the routine aborts and returns -
‘invalid suffix’ error,

921 get command line from host (838)
940 IF invalid comimand token return with ‘invalid command’ error (886)
ELSE extract command from table (starts at 795)
945 CASE command letter of
@: ESCAPE - usually used to establish communications handshaking
950 return with null line (§93)
A: RESET - re-initialise the system, not user registers
954 perform warm start (239)
B: TEST - performs testing, baud rate sctting and console tasks
959 CASE subscript of
972 0: RAM TEST - non-destructive, identifies RAM size
perform actual test (591)
979 IF Ramtop > 0 return with 0000 and Ramtop address (894)
977 ELSE return with ‘No RAM fitted’ error (887)
986 1: ROM TEST - checksum of monitor code FOOO:E802 to FO0O:FFFF

perform actual test (577)
return with ROM start address, and checksum (894)

1023 2: PRODUCTION TEST - not installed in most user ROMSs
return with ‘not available® error (883)
1008 3; COMMUNICATIONS SPEED

extract speced specified (0=9600. .. 6=300)
IF speed valid

1011 calculate setting for 8253, set up the new rate (666)
return with null line (§93)
1020 ELSE return with ‘not available’ error (883)
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C: REGISTER - allows access to user registers

1030 CASE subscript of
1339 0: UPLOAD ALL REGISTERS
return with all 14 user register contents (875)
1045 1: UPLOAD SPECIFIC REGISTER
extract register number
1064 IF valid return with register number and contents (894)
1072 ELSE return with ‘invalid command’ error (886)
1045 2: UPDATE SPECIFIC REGISTER
extract register number
1059 IF valid put new data in register, return with null line (893)
1072 ELSE return with ‘invalid command’ to host (886)
D: MEMORY - allows access to memory locations
1077 CASE subscript of
1096 0..1: UPLOAD ONE MEMORY LOCATION
IF 0 use default CS ELSE use segment supplied
1106 return with segment, address and byte (859)
1110 2 UPDATE ONE MEMORY LOCATION
store new data.
1099 IF stored ok return with null line (893)
1125 ELSE return with ‘write fail' error (901)
1123 3: INCREMENT CURRENT ADDRESS
increment address, return with new segment & address (1099)
1128 4: DECREMENT CURRENT ADDRESS
decrement address, return with new segment & address {1099)
1139 5..6: UPLOAD A BLOCK OF DATA
IF 0 use default CS ELSE use segment supplied
1142 force data to be one line minimum
1144 REPEAT
send segment, address and line of data (859)
1151 increment to next line
1158 IF finished return with null line (893)
1161 ELSE get next command from host (838)°

UNTIL next command <> ‘¢
E: FILL - allows a block of memory to be initialised

1178 IF subscript O use default CS
IF subscript | use segment supplied
1184 calculate number of bytes to do
REPEAT _
1201 IF byte store Lyte and step one address
1193 ELSE store word store and step two addresses
1212 . IF NOT stored ok return with ‘write fail’ error (901)

UNTIL all bytes stored
return null line (894)
F. PORT INPUT - allows port addresses to be read directly

1230 IF subscript 0 return with byte value read (894)
1235 IF subscript 1 return with word value read (894)
G: PORT OUTPUT - allow data to be sent to ports directly
1253 IF subscript 0 send byte, return with null line {(893)
1257 ‘IF subscript 1 send word, return with null line (893)
H: GO - allows users to exccute their own programs
1283 IF subscript 0 use default CS and IP
1274 IF subscript 1 use supplied CS and default IP
1276 IF subscript 2 use supplied CS and IP
EXECUTE USER CODE
444 , clear exit flag and check single stepping traps
restore user registers from storage
474 execute user routine
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I: BREAKPOINT - allows user to set break points in code for debugging
1288 CASE subscript of

0 DISPILAY BREAKFPOINTS
1301 IF one set return with number and address (893)
1318 ELSE return with ‘not set’ error (894)

1..2:  SET BREAXKPOINT
1338 IF 1 use default CS ELSE use supplied segment

Save current opcode, replace with CCh (INT 3)

1352 IF save ok  set flag and return with null line (893)
1359 ELSE return with ‘cannot set' error (902)

3 REMOVE BREAKPOINT
1327 make sure breakpoint removed (1364)

J: SINGLE STEP - allows user to step through code one instruction at a time
1381 save suffix for return

1401 IF subscript 0 use default CS and IP
1394 IF subscript I use supplied CS and default IP
1396 IF subscript 2 use supplied CS and IP

set single step flag and execute user code (444)
K: UPLOAD - allows user to save a block of memory to disk

1419 IF subscript 0 use default CS
1421 IF subscript i use segment specified
1422 REPEAT

Send segment, address and line of data (859)
increment to next line
get next command from host (838)

UNTIL next command <> *F

1441 return with null Iine {893)
L: DOWNLOAD - allows a disk file to be dumped into memory
1454 CASE record type
1495 0: DATA RECORD
do checksum (1480} IF ok store data bytes in memory
1519 I: END RECORD
do checksum {1480) only
1522 . 2: SEGMENT ADDRESS RECORD
do checksum (1480) IF ok update user CS
1528 3: START ADDRESS RECORD
do checksum (1480} IF ok update user CS and IP
IF checksum zero return null line (893)
ELSE return ‘checksum’ error (894)

NON-MASKABLE INTERRUPT ROUTINES

There are three NMI routines available, Two use the NMI button BEFORE serial
communication is established. These are used by the fault finding book.

48¢ DEFAULT NMI (does very little)
restore DS, set exit filag to 05, and return
192 FIRST NMI (before serial communications started)
initialise second NMI
loop forever doing nothing
202 SECOND NMI
initialise default NMI
loop forever writing to 0000:0400
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RETURN TO MONITOR FROM USER CODE

There are 4 mechanisms for the user getting to this point.

319
349
380
417

328
349
380

402

344
349
380
398

1F

IF

IF

from INT 1 (Single Step exit) restore DS and set flag to 01
recover user registers and store for later reference
ensure monitor vectors intact
IF registers required return with address and opcode byte and registers
ELSE return with address and opcode byte only
from INT 3 (Breakpoint exit) restore DS
recover user registers and store for later reference
ensure monitor vectors intact
IF official breakpoint set flag to 02
restore opcode to breakpoint position
return with ‘official breakpoint’ message (502)
ELSE unofficial breakpoint set flag to 03
return with ‘unofficial breakpoint’ message (902)
from INT 5 (User break exit) restore DS and sét flag to 04
recover user registers and store for later reference
ensure monitor vectors intact
return with ‘user exit' message (902)

SERIAL COMMUNICATIONS ROUTINES

These routines are available to the user through INT 6, with the operation in AL. This
value is used to vector to the routine start address from a table (start at 611).  All
subroutines subsequently return with an IRET instruction. AX and CX are used to
return values where appropriate.

653
676

683

701

729

736
757

712

666

44

CASE operation

0:
I:

2

INITIALISE UART
Put 8251 A into command mode and set speed.
INPUT PORT STATUS
1IF character waiting rcturn 02 in AL ELSE return 00
GET CHARACTER FROM SERIAL PORT
IF character waiting return with 0000:0148 & AL = character

ELSE return with 0000:0148 & AL = 00
GET A LINE FROM SERIAL PORT '
REPEAT

store character received in line starting at 0000:0165
UNTIL § received
QUTPUT PORT STATUS '
IF 8251A ready to send returns 01 in AL ELSE returns 00
OUTPUT A CHARACTER TO SERIAL PORT
IF 8251A ready, send value at 0000:0149, set [0000:0149] to 00

ELSE return with no change
QUTPUT A LINE TO SERIAL PORT
REPEAT

send characters (rom line starting at Q000:01ES
UNTIL § reached in line
SEND RESET TO HOST
send * to host using (748)
SET PIT BAUD RATE SPEED
Use speed setting at 0000:014E to set up 82353
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0000:0000
0000:0000
0000:0000
0000: 0000

0000:0000

0000:0004

MONITOR SOURCE CODE LISTING

0000:0000
0000:0002
0040z 0004
0600:0006
0000:0001
0006020003
0000:0005
0000: 0007
0000:0008
0000:000A
0000:000C
0000:000E
0000:0010
0000:0012
0000:0018
0000:001A

0000:0000
0000:FO0Q
0000:0050

LIST OH

QUTPUT 2500AD

COMMERT %
MOM.ASM version 2.0

Hritten by John Guy for:

Flight E[ect;onics Ltd.,

ist August 1990

Flight House, Ascupart Street, Southampton,Hampshire, S01 itu

This code may be copied, in its entirety, into EPROH for use by
users wishing to interface their routines with this FLIGHT86
Controller 8oard HONITOR software.

This code must not be copied for gain (financial or otherwise)}
or for use with any other hardware without the express written
consent of Flight Electronics Ltd,,

A Pseudo Code Listing is elsewhere in this manual.

%

ASSUHE CS:CODE; DS:DATA; ES:DATA; S$S:DATA

;o EQUATES & DEFINITIONS =-e--vreronanroceocnannancnns

PPIAA: EQU 00h
PPIAB: EQU 02h
PPIAC: EQU 04h
PPIAK: EQU 06h
PPIBA: EQU 01h
PPIBB: EQU 03h
PPIBC: EQU 05h
PPIBK: EQU 07h
cTeo:  EQU 08h
€Tet: EQU OAR
cTe2:  EQU OCh
CTcK:  EQu 0Eh
PICi: EQU 10h ;
pIc2: EQu 12h ;
UARTD: EQU 18h ;
UARTS: EQU 1Ah :
DATA
ABSOLUTE

ORIGIN 0000:0000

RAMSEG: EQU 0000h H
ROMSEG: EQU FOOCh
USRO: EQU 0050h H

INTO: DS 4 H

[HTY: DS 4 ;

i we e wE w4 mE WA mp s wR A e A

Port address definitions
Ut0 8255A Port A
Port B
Port €
Control Port
U9 8255A Port A
Port B
Port €
tontrol Port
Count 0
Count 1
Count 2
Hode HWord
011 8259A Reg 1
Reg 2
U7 8251A Data
Status & control

ugs 8253

; System Base asddress

start segment of monitor RAM
start address of this monitor EPROM
default user RAH segment

IHTO to IMT63 are available to the monitor and user programs.
Those marked with * are essential to proper monitor operatiocn.
They are reset every time the monitor restarts.

DIVIDE BY ZERO

Sets ZDIF flag and returns

SIHGLE STEP *

Used by official monitor single step
routine, If used unofficially treated
the same as an INYS.




61
62
63
64
65
1
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
8¢
g0
91
92
93
4
93
96
97
98
99
100
101
102
103
104
105
106
107
108
109
11¢
111
112
113
114
115
116
117
18
119
120

46

0006:0008

0000:000C

0000:0810

0000:0014

04600:0018

§000:001C

0000:00820

00600:0080
0000:0084
0000:0088
0000:008C
0000:0090
0000:0094
0000:0098
0000:009C

0000:00A0

0060:0100
0000:0128
0000:012A
0000:012¢C
0000:012E
0000:0130
0000:0132
0000:0134
06000:0136
6000:0138
0000:013A
0000:013C
0000:013E
0000:0140
0000:0142
06000:0144
0000:0146
0000:0148

[HT2:

IHT3:

INTG:

THTS:

INT6:

INY7:

DS

Ds

Ds

DS

DS

DS

Ds§

96

me ma ma g wa Wp w2 kg wa mp
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e

; The following interrupt
; They are all available to user programs.

1NT32:
INT33:
INT34:
IMT35:
INT36:
IHT37:
INT38:
14739;

bs
0s
Ds
bs
0s
bs
DS

DS

LI N L O )

0
o

e e my M ma mE ma w4 mp

e .

; From here to 0000:0400h
; These locations will not change for future enhancements

USRAX:
USRBX:
LUSRCX:
USRDX:
USRSP:
USRBP:
USRST:
USRDI:
USRDS:
USRES:
USRSS:
USRCS:
USRIP:
USRFG:

CURSEG:
CURADR:

RXCHR:

0s
DS
Ds
DS§
DS
Ds
bs
DS
bs
DS
0s
DS
133
DS
bs
DS
DS
Ds

L
o
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HH!

Hormally sets HMIF flag and returns.
Special case when COLD start or RESET
If serial comms not esteblished then
may be used to call 2 standard loops
for our fault finding books.
BREAKPOINT *

Used by officlal monitor breakpoint
routfne, I1f used unofficially treated
the same as an IHTS,

OVERFLOW *

Sets OVRF flag and returns,

USER EXIT *

Official method of user terminating
programs and returning to monitor.
SERIAL *

Serial comms routines readily
available to the user.

EXPERIMENTS

access to experiment book answers.
Interrupt [HT8 to INT31 may be safely
assigned by user programs here,

vectors are assigned to the 8259 PIC.

8259 VECTOR HAP

TIRQ0 B8251A Rx

IRQT 8251A Tx

tRG2Z 8235A Even port A
IRO3 8255A Even port B
IRQ4 8255A 0dd port A
IRQS 8255A 0dd port 8
IRQS 8253 Timer O
IMNT7 8253 Timer 1

Interrupt INT40 to INT63 may be safely
assigned by user programs here,

is reserved for MOKITOR usage

reserved

AX register USER REGISTERS
BX register

CX register

DX register

SP register

8P register.

S1 register

Dl register

DS register

£S register

$S register

CS register

IP register

FLAG register

current user segment
current. user address
tast character received




121 000010149 TXCHR: DS ] ; next character to go = 00 when sent

122 0000:014A ESCEHR: DS 1 : 00 = normal,
123 . : 40 = @ escape code received
124 0000:0148B ROHMSUH: DS 1 ; actual ROM checksum
125 0000:014C RAMLST: DS 2 ; actual RAM last address
126  0000:014E BAUDRT: DS 2 ; baud rate settings for 8253
127 . : 0010 for 9600 baud, 0020 for 4800 etc
128  0000:0150 CHMOLTR: 08 1 ; command letter
129 0000:0151 CMDSFX: DS 1 ; command suffix
130 0000:0152 o CHDPR1:-DS 2 «; command {fine parameters
131 0000:0154 CHDPRZ2: DS 2
132 0000:0154 CMOPRI: DS 2
133 0000:0158 CMDPR4: DS 2
134 0000:015A BPRECH: DS i : exited at break point
135 ; flag single step for next GO
136 0000: 0158 BPFLAG: DS 1 ; breakpoint flag
137  0000:015C BPCQDE: DS 1 : byte removed from user program
138  0000:0150 BPSEG: DS 2 ; user set breakpoint segment
139  0000:015F BPADR: DS 2 : user set breakpoint sddress
140  0000:0161 STDUKY: DS 1 : single step flag to atlow re-insertion
141 ; of breakpoint.
142  0000:0162 . STFLAG: DS 1 ; single step flag
143 0000:0163 STSFX: DS 1 ; single step suffix required
144 0000:0164 EXTFLG: DS 1 ; 01 = single step EXIT CODES
145 ; 02 = official break point
146 ; 03 =.unofficial breakpoint
147 ; 04 = user via INT 5
148 ;05 = NHI interrupt occured
149  0000:0165 INLME: DS 128 ; input command line
150  0000:01E5 OUTLHE: DS 128 ; output returned line
151 0000:0265 GETCOK: DS 2 : COMND start address
- 152
153  0000:0400 ORIGIM 0000:0400h
154 0000:0400 TOPSTK: EQU $ : top of monitor stack
155 0000: 0400 DUMMY: DS 1 ; used only by faultfinding routines
156
157  0000:0500 ORIGIMN 0000:0500h
158 0000:0500 USRSTK: EQU $ : top of default user stack
159 :
160  0000:0000 CODE
161  0000:0000 . RELATIVE
162
163 HEE USER SPACE in EPROM -=~-=cr---coemormmomccocrrrou-vonscces
164 : ORIGIN FO000:0000h  ; for 27256
165 ; -ORIGIN FOOC:8000h ' for 27128
166 : ORIGIN F000:C000h ; for 2764 EPROM (all to DFFFh}
167
168 §omm- EXPERIMENT BOOK SPACE --<=rr-r-----sesmmomccuuernrononco-
169  FODD:EQQQ ORIGIN FOOO:EQOOR
170 ; Model answer routines will reside from EOGOh to E7FFh.
171 ; New EPROMs, and listing will be available with this book
172 '
173 F000:E000 BO 00 DOEXP: MOV AL, O ; experiment number
174 FODO:E002 CD 07 THT 7 ; entry point for exeriments
175 FO00:E004 E9 B9 09 JHP HLOOP - ; return to monitor loop
176
177 FOOO;EQDT CF EXPER: IRET : in case called accidentally
178
179 ;oo HOMITOR CODE SPACE --=---==s--s-smsemsosnosoocasosanosas
180




181
182
183
184
185
186
187

188
189
190
191
192
193
194
195
196

197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236

48

FOOOU:EBOD

FOUQ:EBQO
FO00:EBG2
FO00:E808

FOOO:EB0A
FOQO:EB10
FOOO:E811

FOOO:EB13
F000:E819
FOOO:ES1F
FOO0:E825

FOO0:EB27
FOOO:EB2D
FO0O:EB30
FOO0:EB33
FOQ0:EB34

FO0D:EB36
FOOO:E839
FOOU:EB3B
FOO0:EB3D
FOOD:EB3F
FOOD:EB42
FOQ0:E845
FO0O:EB4B
FOQO:E849
FOOO:EB4A
FOO0O:EB4B
FOO0:EB4C
FO00:EB4F
FOOG:EB50
FO0G:EBS3
FOOO:E854
FOD0:E855
FOOD:E856
FOB0:E859
FOOD:E85A
FO0D:E858

| FO00:E85E

FOOQ:E85F
FO0D:£862
FO0D:E863
FO00:E866
FOO0:EBLT

QOED

4A
75

c7
g0
EB

20
54
61
20

c7
B8
A3
90
EB

B8
8E
BE
8E
BC
BF
B8
AB
AB
AB
AB
B8
AB
B8
AB
AB
AB
B8
AB
AB
B8
AB
B8
AB
88
AB
B8

6F
79

06
FD
46
38

72
20

06
55
00

FA

oo
121
co
o0
00
28
co

¢o

00

50

0o

50

oo

00

68

08

4c
36
64

08
55
04

]

o4
o1
0o

05

00

00

00

00

00

00

6E

00

20 47

27 EB

49 4T 48
20 42 6F

20

00

20 20

21 EB

1

ORIGIN

FO0O:EB00H

; User may alter this address to point to a location in ROH where
; their program resides, This means calls may then be made to
; the monitor commands leaving the user in controt of the board.

USER: 318
ME: DB

KLOOP
‘John Guy!

.
I
.
L

user boot address
author'ts name

;-Gives suitable loop conditions for the Fault Finding Book
; If HHMI pressed before serial communications established

NHIOHE: MOV

$1: HOP
JHP

UNIT: R

WORD PTR [NTZ2, OFFSET CS:HMITWO
E810h address required for

SHORT 31

t FLIGHTBS Board

faultfinding book

: Gives suitable loop conditions for the Fault Finding Book
; If HMI pressed again before serial communications established
; only escape from here is by pressing RESET

HMITHO: MOV

MOV AX, 5555h
$2: MoV {DUKMY], AX

HOP

JHP SHORT $2
;o ACTUAL COBE START
coLb: MOV AX, RAMSEG

HOV DS, AX

MOV ES, AX

MOV sS, AX

MoV SP, TOPSTK

MOV 01, USRAX

MOV AX, RAMSEG

STOSH :

STOSW

STOSW

STOSH

MOV AX, USRSTX

STOSW

MOV AX, RAMSEG

STOSW

“STOSW

STOSH

HOV AX, USRO

STOSW

STOSW

Hov AX, RAMSEG

STOSW

Hov AX, USRO

STOSW

KOV AX, RAMSEG

STOSH

KOV AX, 0000

HWORD PTR INT2, OFFSET CS:NMIDEF

s oy

EB30h address required for
faultfinding book

“n s wmp we

e ma me ma wp g e Wy

~ e

initialise segment pointers

to

bettom of map

access to base addresses
and stack

initialise user registers
point to first user register

AX
BX
cX
DX
sp

register
register
register
register
works down from USER BASE

gives a usable user stack

BP
S1
D1

DS
ES

Ss

cs

ip

register
register
register

register
register

register

register

register




237
238
239
240
241
242
243
244
245
246
247
248
249
250
234
252
253
254
253
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
27
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296

FOOO:EBGA

FOOO:EBSE
FO0Q:E84C
FOOQ:EB4F
FOOO:EBT1
FO0O0:E873
FO0O:E875

FOOO:E878
FOQO:EBTE
FOQ0:E884
FOOQ:E88A
FOQO:E890
FOOO:EE96
FOOO:EB9C
FO00:EBA2
FOQ0:EBASB
FOO0:EBAE
FO00:£8B4
OO0 ESBA
FO00:E8CO
FOOO:EBCS
FOOO:EBCC
FOOO:EBD2

FOOO:EBDB
FOOO:ESDE
FO0O:EBE4
FOOO:EBEA
FOOO:EBFO
FOO0:EBFS
FOOD:EBEC
FOO00:E902
FO00:ES08
FO00:EQOE
FDOO0:E914
FODO:ET1A
FOO0:ES20
FOOG:ES26
FO00:E92C
FO00:ED32
FODO:E938

FO00:EP3B
FOO0:ED4Y
FO00:E947
FOO0:EQ4C
FOOG:£951

"FO00:EQ57

FOOQ:E959
FOOO:EPSC
FODG:E95D
FO00:E60
FO00:EP62
FOO0:EDES
FO00:E956
FOO0:ES68
FOOO; EQ6D
FODO:ES6B

AB

FA
B8
8E
13
8E
BC

c7
c7
c?
c7
c7
c7
c7
c7
c7
c?
c7
c7
c7
c7
c7
c7

c7
c7
c7
c7
c7
c7
c7
c7
c7
cY
c7
c7
c7
c7
c7
c?
EB

c7
c7
cé
cé
c7
B0
BA
EE
B8
ce
BA
EE
80
EE
10
EE

00
[v2:]
co
0o
00

06
06
06
Q6
06
06
06
06
06
06
06
06
06
06
06
06

06
06
06
06
06
06
06
06
06
06
06
06
06
06
66
06
&0

06
06
06
06
0é
17
10

20
co
12
01

FF

00

04

02
00
06
04
0A
08
0E
oc
12
10
16
14
1A
18
1E
ic

82
1
86
84
8A
88
8E
8c
92
o0
96
94
QA
98
9E
9c
02

44
46
62
58
65
0¢
00

00

00
00
00
00
Q0
00
00
00
00
00
00
00
]
0a
il
0o

o0
G0
00
00
iy
00
00
00
0o
g0
00
0o
60
0o
oo
0o

01
01
01
01
02

Q0
FO
00
96
00
oA
00
Ab
t4i]
FO
00
BD
00
E9
00
07

00
30
00
31
00
312
00
33
0¢
34
6o
35
00
36
00
37

50
00
00
1]
80

FO
FF
FO
(34
FO
E8
FO
E9
FO
FE
FO
E9
FO
EB
FO
EQ

FO
EB
FO
EB
FO
EB
Fo
EB
FQ
EB
FO

‘EB

Fo
EB
FO
EB

00
00

ED

WARM:

STOSW

CLI
Kov
HOV
Koy
Hov
MOV

KoV
HOV
HOV
Hov
MOV
HOV
MOV
KOV
Moy
Hov
MOV
Moy
MOV
MoV
HOV
KOV

MOV
MOV
MOV
MOV
Hov
MoV
MoV
MOV
MoV
MOV
MOV
HOV
MOV
MoV
MOV
HOV
CALL

MOV
HOV
MoV
MOV
HOV
Hov
MoV
ouT
MOV
OR

MOV
ouTt
MOV
out
Mov
ouY

AX,
0s,
ES,
ss,
sp,

WORD
WORD
WORD
WORD
WORD
WORD
WORD
HORD
HORD
WORD
HORD
HWORD
HORD
HORD
HORD
HORD

WORD
WORD
HORD
WORD
WCRD
HORD
HORD
HORD
WORD
WORD
WORD
WORD
HWORD
HORD
WORD
WORD
RAHT

WORD
WORD
BYTE
BYTE
WORD
AL,
DX,
DX,
AX,
AX,
DX,
DX,
AL,
DX,
AL,
DX,

RAMSEG

AX
AX
AX

; FLAG register

bett and braces
initielise segment pointers

access to base addresses

and stack

TOPSTK

PIR
PTR
PTR
PTR
PTR
PIR
PIR
PTR
PIR
PIR
PIR
PTR
PTR
PTR
PTR
PTR

PTR
PTR
PTR
PTR
PTR
PTR
PTR
PTR
PTR
PTR
PTR
PTR
PTR
PTR
PIR
PIR
8T

PIR
PTR
PTR
PTR
PTR
17h
pict
AL

INT32/4

AX
pica
AL
01
AL
FFh
AL

: Set up major
INTO+2, ROMSEG
IHTO, OFFSETY CS:RESET
INTi+2, ROMSEG
INT1, OFFSET CS:SSTEP
IHT2+2, ROMSEG
INT2, OFFSET CS:NMIONE
INT3+2, ROMSEG
INT3, OFFSET CS:BPOINT
IMNT4+2, ROMSEG
INT4, OFFSET CS:RESET
INT5+2, ROMSEG
IRTS, OFFSET CS:UEXIT
INT6+2, ROMSEG
INT&, OFFSET CS:SERIAL
INT7+2, ROMSEG
INT7, OFFSET CS:EXPER

H
H
: to bottom of map
H
H

IHT vectors

L]

.
L]

r

; set up 8259 isr

IHT32+2, ROMSEG
INT32, OFFSET CS:IRQO
IHT33+2, ROMSEG
INT33, OFFSET CS:IRQY
IKT34+2, ROKSEG
INT34, OFFSET CS:IRQ2
INT35+2, ROHSEG
INT35, OFFSET CS:IRQ3
INT36+2, ROMSEG
INT36, OFFSET CS:IRQ4
INT37+2, ROMSEG
INT37, OFESET CS:IRQS
INT38+2, ROMSEG
INT38, OFFSET CS:1RQ6
1NT39+2, ROMSEG

reset board

for fault book

reset board

routines

INT39, OFFSET CS:IRQY .
. : ensures a suitable

L
USRO
0040
00
00
OFFSET

CURSES,
CURADR,
STFLAG,
BPFLAG,
GETCOM,

e e
e W ma

s we e

dummy

COMND
100010111
point to ICWi

send ICWi

interrupt type in AL

delay for host

fnitialise C§

and IP

clear single step flag

clear break point flag
; commands

initialise PIC

: point to ICW2
; send ICMZ

; send ICW4

; mask out 8259

49




297
298
299
300
301
302
303
304

305

306
307

308 .

309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
33
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356

FOO0:EQ6C
FOGO:EQ72
FOOO:EST4
FOO0:E976
FOOO:EQ78
FOQO:E9TA
£000:EP7D
FOOOD:EQ?F

FO00:E9P8B1
FOOO:E984
FGOO:EPBA
FOO0:E98E
FOGO:ESBF

FOOQ:EFS0
FOOO:E990
FOO0:E993

FO0O0:E996
FOOQ:EPPY
FOO0:E998
FOOG:EP9B
FOD0:E990
FOCO:EPAZ

FOOO:EQAS
FODQ:EPAS
FOO0:EQAT
FOOO:EPAA
FO00:E9AC
FOOD:EYAE
FOOO:E9B3
FO00:E9B5
FOO0:E9BY
FOOQ:EYBA

FOOO : E980
FOO0:EYBE
FOO0:E9BF
FOOQ:ESC2
FOOO:EQC4
FOOO:EPCY
FOOD:E9CA
FOOO:ESCD
FOOO:EQCE

FOOO0:EQDY
FOOO:EQDS
FO00:E9D9

c7
80
ch
B0
ch
EB
3C
75
E8
c7
2E
50
c3

E8
E?

1€
50
B8
8E
cé
39

1€
50
B8
8E
BO
80
7
FE
A2
E9

1E
50
B8
8E
cé
58
A3
58
A3

89
89
89

06
00
06
o7
06
98
21
F5

00
06
Al

2A
FA

00
DB
06
24

00
o8
02
3E
02
co
64
oc

0o
b8
06

28

38

1€

OE
16

4E 01 10 00

$i:

03

04 .
08 00 21 €8
00 ES

04 HLOOP:
FF

00

64 01 01
00

BPOINT:
00
58 01 ¢0

o1 $1:
00

MOV
KoV
INY
MoV
INT
CALL
CHP
JHE

CALL
MOV
Hav
PUSH
REY

DEFAULT

CALL
JHP

SINGLE STEP EXIT

PUSH
PUSH
MoV
MoV
MoV
JHP

BREAKPOINT EXIT

WORD PTR BAUDRT, 0010h

AL, D
é

AL, 7
é
GETCMD
AL, 1!
$1

HULLKE

’

.
+

]
!
.

; 9600 baud rate
; initialise the UART

send reset * to host
wait for t$ command

comms successful
send -% back to host

WORD PTR INT2, OFFSET CS:HMIDEF ; normal HM!

AX, USER
AX

MONITOR LOOP

COHKD
MLOOP

s
AX

AX, RAMSEG
DS, AX

[
L]

-~

BYTE PTR [EXTFLG]

TOMON

get user routine start address
wilt{ become the IP
start execution (current CS)

save user DS on user stack
save user AX on user stack

data segment accessible again
, 0 ; set exit flag code

save user DS on user stack
save user AX on user stack

data segment accessible again
; wWas it official

BYTE PTR {BPFLAG}, 00 ; breakpeint set 7

PUSH DS ;
PUSH  AX :
MOV AX, RAMSEG

MOV DS, AX ;
MoV AL, 02

cHp

JNZ $1

INC AL :
MOV

JHP TOMON :
USER EXIT

03 = unofficial breakpoint

-BYTE PTR [EXTFLGY, AL ; set exit flag code

complete return to monitor

i Graceful exit from user code and return to monitor
; User stack will show flags, IP, C5 and DS on exit

UEXIT:
00
64 01 04

TOHKOK:
01
01
2A 01

2¢ 01
2E 01

PUSH
PUSH
MovY
Mov
Hov
popP
MOV
POP
MOV

MoV
MOV
MOV

DS
AX

AX, RAHSEG
DS, AX

I3
T
.
4

.
:

BYTE PTR [EXTFLG]

AX
[USRAX}, AX
AX

[USRDS), AX

[USRBX], BX
{USRCX1, ©X
[USRDX], DX

.
I
L
.
+
.
L
.
&

-

save user DS on user stack
save user AX on user stack

data segment accessible again
, 04 ; set exit flag code
extract user AX from stack
salt away user AX

extract user D§ from stack
salt away user DS

and now do rest of registers
BX

CX

X




357
358
359
360
361
362
363
364
365
366
367
368
349
370
37N
vz
373
374
375
376
37
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

FOOO:ESDD
FOOO:EQE1
FOOOIEJES
FOOO:EQEY
FOOO:EDES
FOQOEQEE
FOOC:EQEF
FOOO:E9F2
FOOG:EQFS
FOOO:E9F8
FOOO:E9F9
FOOQ:E9FC
FOOO:EQFF
FOOO:EAD2
FOOO:EAQS
FGO0:EADS

FOOO:EADS
FOOO:EACB
FOOO:EADF
FOGO:EATZ
FOOO:EATS

FOOO0:EATG
FOOO:EAIC
FOOO:EAZ2Z
FOOO:EAZ8
FORO:EARE
FODO:EA34
FOOO:EA3A
FOOO:EA4D
FOOO:EA4S
FOOO;EA4LC
FOOO:EAS2
FOOO:EASS
FOOO:EASS
FOO00:EASB
FOO0:EASD
POOO:EASZ
FOOO:EALSL
£000:EAGY
FOQO:EASB
FOOO:EAGD
FOGG:EATO

FOOO:EAT2
FOOO:EATY
FOOO:EATA
FOOO:EATB
FOOO:EATE
FOOO:EAB1
FOOD:EAB4
FOOO:EABY
FODO:EABY
FOOO:EASC

FOOO:EABE
FOBQ:EAPD
FOOO:EAP3

89
89
89
&c
A3
58
A3
A3
A3
58
A3
A3
A3
58
Al
ac

A3
89
E9
0
BC

c7
c7
c7
c7
c7
7
c7
c7
£7
c7
80
co
80
74
80
74
80
74
BO
E8
EB

cé
Al
48
Al
A3
Al
E8
8O
E8
EB

BO
E8
EB

2E
36
3E
co
3A

40
46
54

3E
44
52

42
bo

3c
26
cé

00

06
06
06
06
06
0é
66
0é
06
Gé
00
06
3E
38
3€
OE
3E
23
0B
26
5F

06
40

46
40
S4
D7
09
0A
43

OA
03
3c

32
34
E13

01

01
01t
01

01
0t
01

01

o1
30
08

04

06
04
OE
oc
ié
14
1A
18
1E

.14
64

64
03
5A
01
01t
01
01

06

03

03

01
o1
01

01

00
00
00
6o
00
G0
00
H1)
00
00

01

ot

01

01

00
96
00
AS
o0
8D
00
E?
Q0
o7

01

02

03

FF

FO
34
FO
E?
FO
EQ
FO
EB
FO
EQ

V13AR:

KOV
KoY
HOV
MOV
HOV
POP
HOV
Hov
MOV
POP
HoV
HOV
HOV
POP
MOV
HOV

HOV
HOV
JKP
NOP
HoV

MoV
MOV
Hov
Hov

- Hov

OFBPEX:

UNBPEX:

MoV
Hov
MOV
MOV
Hov
MOV
INT
CHP
JE
CHP
JE
CHP
JE
HOV
CALL
JHP

HoV
Hov
DEC
HOV
MOV
Moy
CALL
HOY
CALL
JHP

Moy
CALL
JHP

[USRBPY, BP
(USRSIT, §!
(Usep1}, DI
AX, ES
(USRES}, AX
AX

{USRIP), AX
{CURADR], AX
{CMDPR2), AX
AX

[USRES), AX
{CURSEG), AX
{CHOPRY], AX
A%

[USRFGY, AX
AX, §S

[USRSS), AX
[USRSP], SP
Vi3A

§P, TOPSTK

-

s me me

~e

’

BP
st
01

ES

remove stored values off stack
1P

update current address

ready for exit message

Cs
update current segment
ready for exit message

; Flags

can noWw save user stack
conditions PRIOR to exit.
sS

SP

Version 1.3 patch

and return here

: ensure vectors intact

HORD PTR INT1+2, ROMSEG

WORD PTR INT1, OFFSET CS:SSTEP

WORD PTR INT3+2, ROMSEG

WORD PTR INT3, OFFSET CS:BPOINT
WORD PTR INTS+2, ROMSEG

WORD PTR INTS, OFFSET CS:UEX!IT

WORD PTR INT6+2, ROMSEG

WORD PTR INT6, OFFSET CS:SERIAL
WORD PTR INT7+2, ROMSEG

WORD PTR INT7, OFFSET CS:EXPER

AL, O
é

BYTE PYR [EXTFLGY, 1

SSEXIT

8YYE PTR [EXTFLGY, 2

OFBPEX

»
H

re~tnitialise the UART

; is this return from
; a single step ?
; official breakpeint?

BYTE PTR [EXTFLGl, 3 ; unofficial breakpoint?

UKBPEX
AL, 13
USRERR
SHORT EXRT

BYTE PTR [BPRECH]

AX, [USRIP]
AxX

[CURADRI, AX
[USRIP], AX
{CMDPR2), AX
CLRBRX

AL, 09
USRERR

SHORT EXRT

AL, 10
USRERR
SHORT EXRT

user exit message
send €S and IP

., FFh ; set break point flag
get [P

decrement (points to CC now)
update current address
update current IP

ready for exit message

clear break point

monitor breakpoint message
send CS and IP

unofficial break point message
send CS and [P

51




417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476

FOQO:EATS
FOGO:EADA
FOQO0:EATD
FOO0: EAAD
FODO3EAAZ
FOOO0:EAAS
FOGO:EAAS
FOOO:EAAA
FOQOEAAD
FOOO:EAAE
FO0O:EAB1
FGOO:EAB3
FGOO:EABT
FOOQ:EABA
FOOQ:EABB
FOOO:EABE
FOQD:EACS
FOQO:EACS
FOCD:EACS
FOOO:EACB
FOOO:EACE
FOOO:EAD1

FOO0:EADS
FOQO:EADY
FO00:EADD
FOOQO:EAE1
FOOO:EAES
FOOO:EAE?
f000:EAED
FOQO:EAFT
FOOO:EAF4

FOOD:EAFS
FOOO:EAFA
FOGO:EAFD

FOOO:EAFF
F000:EBO2
FOOO:EROD
FGOO:EBOA

FOQG:EBOC
FOOG:EBOF
FOOO:EB10
FOQO0:EB13
FOGO:EBT4
FOOO0:EBT7
FOO0:EBT8
FOCO:EB1B
fO00:EB1IC
FOOO:EBIF
FOOO:EB2D

cé
BB
Al
86
E8
At
86
ES
06
Al
BE
&8
26
07
E8
80
7C
89
BE
E8
ES
134

cé
88
88
88
88
ge
&g
Al
8E

88
Al

8g

Al
25
80
74

0D
58
Al
50
At
50
At
50
Al
iF
CF

06
ES
44
ED
c8
46
EC
co

&4
co
36
8A

Ab
3e
09
OE
28
96
Bé
BC

06
1€
CE
i6
2E
36
3€
3A
co

26

3C
Do

42
FF
3E
03
00
3
40

38

28

&2
01
01

00
0f

00

01

46
04

Go
63

0¢
01
02
02
FE

64
2A
2c
2E
32
34
36
ol

30
01

01

FE

62

01

01

01

01

01

01 00

gt

01 04

0t 00
01
01
01
01
01
01

01

01 00

SSEXIT: MOV BYTE PTR ISYFLAGI, 00h ; clear single step flag
KoV BX,0FFSET OQUTLNE ; point to start of line
Hov AX, {CURSEG} ! current segment
XCHG AH, AL
CALL TOASCS
Hov AX, [EURADR] ; current address
XCHG AR, AL
CALL TOASCA
PUSH ES
HOV AX, [CURSEG] ; address user area
HOV ES, AX
Koy 51, [CURADR]
HOV AL, ES:(SH) ; get opcode byte
popP ES
CALL TOASC2
CHP BYTE PTR [STSFX], 4 ; are registers needed ?
JL $1
MOV X, 14 ; number of registers to go
KOV §t, USRAX ; first register (ES = Q).
- CALL SHOWRD
$1: CALL ENDLHNE
EXRT:  JMP HLOOP ; return to monitor command mode
HEEE R EXECUTE USER PROGRAM -----------r-reencvrreramcnmmaaau e

; GO command branches to here with user registers €5 and IP set

GOTOIT: MOV

BYTE PTR [EXTFLG], O

; clear exit flag

MOV BX, [USREX] ; BX
MOV _CX, LUSRCX) : CX
Hov DX, IUSRDX] : bX
Hov BP, [USRBP] : BP
MOV SI, IUSRSI) ; sl
MOV DI, [USRDI] ; DI
MOV AX, [USRES] ; ES
MOV £S, AX
; re-establish user stack
MoV SP, [USRSP] ; SP
HOV AX, [USRSS] : S8
HOV 55, AX
; establish return conditions .
; on user stack
Hov AX, [USRFG] ; flags
AHD AX, FEFFh ; clear trap flag
CHP BYTE PYR (STFLAG], O ; see if single stepping
JE $1
OrR AX, 0100h : single stepping so set trap
$1: PUSH AX
Hov AX, [USRCS) ; €S
PUSH AX )
Hov AX, [USRIP] ;1P
PUSH AX
Hov AX, [USRDS] ; save DS on user stack
PUSH AX
KoV AX, [USRAX] 7 AX
pop 0s A
IRET : hoW excecute user routine.
HERE A HON-MASKABLE INTERRUPT ROUTIKE -rrrrrrsceecerrccrrencennn




477
478
479
480
481
482
483
484
485
4856
487
488
489
490
491
492
493
494
495
496
L97
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
513
516
517
518
519
520
521
522
323
524
525
526
527
528
529
53¢
531
532
533
534
535
536

FOOO:EB21
FO00:EB22
FOQO:EBZ23
FGOO:EB26
FOOO:EBZS
FOOO:EB2D
FOO0:EB2E
FOGO:EB2ZF

FOQ0:£830
FOOO:E831
FOQO:€B32
FOO0:EB33
FOOQ:EB34
FO00:EB35
FODO:ER3S
FOO0:EB37

FOOO:EB38
FOOO0:EB3A
FOOO:ER3C
FOOQ:EB3E

© FOOQ:EB4O

FOO0O0:EB42

FODO:EB43
FO00:EB4S
FO00:EB4T
FOGO:EB4Y
FOOO:EB4B
FO00:EB4D

FOOOD:EBAE
FOOO:EB4F
FOOD:EB51
FOQD:EBS3

FOO0:EB54
FODO:EB56
FOOO:EBSS
FOOG:EBSA
FOOQ:EBSC
FODO:EBSE
FOO0:£860
FO000:EBS!

FODO:EBG2
FOO0:EBBA
FOO0:EBST
FOO0:EBSY
FOBO:IEBGC

1€
50
88
8t
cé
58
1F
CF

CF
CF
CF
CF
CE
CF
CF
CF

3C
7C
3c
7F
2c
C3

3c
7C
3C
7F
04
c3

31
81
pe
59

24
04
3c
TE
04
88
43

'c3

8A
ES
84
E8
c3

0¢ 00
D8
06 64 01 G5

61
[
TA
02
20

41
06
SA
02
20

04
E8

oF
30
39
02
07
07

EOQ
E7 FF
Ch
E8 fFF

; Default routine that only sets the EXTFLG to 05

NHIDEF:

1RQO:
IRQ1T:
1RQ2:
IRQ3:
{RQ4:
1RQ5:
1RQ6:
{RQY7:

TOCAPS:

$1

"

TOLWR:

$t:

MSHIB:

LSHIB:

51:

TOASC2:

PUSH
PUSH
MoV
MOV
KOV
poP
poP

IRET

DEFAULT 8259 ROUTIHES

IRET
IRET
{RET
IRET
IRET
IRET
1RET
IRET

CHP
Ji
CHP
6
suB
RET

EMP
JL
EMP
JG
ADD
RET

pUSH
MOV
SHR
POP

AND
ADD
CKP
JLE
ADD
Hov
IHC
RET

Mav
CALL
Hov
CALL
RET

DS

AX .
AX, RAMSEG
DS, AX

.
1]

.

save user DS & AX on stack

monitor DS accessible again

BYTE PTR [EXTFLG), 0Sh ; set exit flag code

AX
0s

AL, ‘a!
$1

At, Tzt
$1

AL, 20h

AL, 'At
$1

AL, 1ZY
$1

AL, 20h

cX
cL, &
At, CL
X

AL, OFh
AL, 30h
AL, ‘9t
$1

AL, 7h
[8X3, AL
BX

Ak, AL
HSN1B
AL, AH
LSHIB

e

-

-

-~ wa

s wa me ma wp

-

recover user AX & D§

converts AL to upper case

convert

converts AL to lower case

convert

Most sig nibble of AL to ascii

shift to {s nibble position

Least sig nibble of AL to ascii
clear ms nibble
convert to ascii

if A to F finish conversion
gsave character
leave pointing to next loc.

AL to ascif store at DS:BX

save it

do most significant nibble

recover

do least significant nibble

AX byte reversed, to ascii
store in 4 loc'tns after DS:BX




537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577

578 |

579
580
581
sa2
583
584
585
586
587
588
589
590
5
592
593
594
595
596

F000:EBSD
FOOO:EBGE
FO00:EBT1
FO00:EBT2
FO0O:EBT4
FOOQ:EBTT

FOO0:EBTE
FOUO:EBTA
FOOG:EB7C
FOOO:EBTE
FOQO:EBB0
FO00:EBB2
£000:EB83

FO00:EBB4
FOOO:EBSS
FOO0:EBBS
FOOO:EBBA
FOOO:EBSEC
FOO0O:EBSE
FOOD:EBPY
FOQC:EBY3
FO00;:EBSS

FOOO0:EB95
FOGO:EB6
FOOQ:EBD9
FO00:EBYB
FOOO:EBYE
FO00:EBAD
FOO0 :EBA1

FOOQ:EBAZ
FOOO:EBA3
FOOO:EBAL
FOO0:EBA7
EQOC:EBAA
FOOO:EBAC
FOQO:EBAF
FO0O0:EBB2
FOOO:EBB3
FO00:EBBS
FOOQ:EBB6
FO00:EBBY
FOOO:EBBA

FOOO:EBBSB
FOOO:EEBC
FOOOQ:EBBF
FOOO0:EBCH
FOO0:EBC3
FOOO:EBCS

50
ES
58
BA
EB
c3

8A
2c
i
7E
2¢
43
c3

51
E8
8A
81
p2
E8
02
59
c3

51
E8
8A
E8
BA
59
£3

53
51
88
B?
28
BS
2E
43
EZ
59
58
A2
c3

53

-BB

BA
F6
BA
Fé

F1

c4
EB

07
30
09
02
67

FO
EQ
04
E4
E7
c4

EB
E8
E6
ES

02
00
c8
00
02

FA

4B

00
27
17
07
0o

FF

FF

F§

FF

FF

FE

EB
00

00
07

01

00

TOASC4: PUSH AX

CALL TOASC2

poP AX
HOV AL, AM
CALL TOASC2
RET

TOBIN: MOV AL, (8X]
sUB AL, 30b
CHP AL, ¥n
JLE $1
sus AL, Th

$t: IMC BX
RET

TOBIN2: PUSH CX

CALL TOBIN

HOV AH, AL
HOV oL, 4

SHL AH, CL
CALL  TOBIN

ADD AL, AH
POP X

RET

4 locations starting at DS:

temporary
convert AL

~a wa

: recover

convert AH

-

; ascii value at 0$:BX to bin
: get ascii value
; convert to bimary

; if A to £ finish conversion
point to next location
return in AL

2 loctns at DS:BX from ascii
for duration

s ma ma ms

save

-

; put inte ms nibble position

combine

-

; return in AX

BX are converted from ascii into AX

i
; Enter with DS:BX pointing to storage location start address
i

£xit with BX pointing to ch
; WARNIMG - values '0' to tot

TOB1N4: PUSH cX

CALL  TOBINZ
MOV CH, AL
CALL  TOBIN2
MOV A, CH
pop X
RET
PRETTRR MEMORY TEST ROUTINES

ROMTST: PUSH BX

PUSH cX
Hov BX, OFFSET ME
HOV cx, 0
suB X, BX
HOV AX, 0
$1: ADD Al, Cs:(8X]
1HC BX
Loop $1
POP fos 4
popP BX
MOV [ROMSUM] , AL
RET

RAMTST: PUSH BX

HOV BX,0
$1: OV AH, [BX]
®OT BYTE PTR (BX]
HOV AL, [8X)
KaT AL

aracter after those converted
and 'A' to 'F! only

; for duration

: convert first 2 bytes into AL
; save value so far

; convert next 2 bytes into AL
; complete the word i

; Test ROM checksum
; start of MOMITOR code

number of bytes to do
initialise sum

add in byte from ROH
; point to next

~e me me

; save for later (should = Q)

Non-destructive RAM test
initialise pointer

get byte from RAM

1's complement it

read it again

AH and AL should equal now

-~

-

e me ma e




597 FOO0:EBCT 3A EO CHP AH,AL ; if equal must be RAM

598 FOQO:EBCY 75 05 JHZ $2 ; else not RAM

599 FODO:EBCE 88 27 HOV [BX]) ,AH ; replace original value
600  FOOO:EBCD 43 INC BX ; point to next

601 FOOO:EBCE 75 EF JHZ $1 ; keep going

602

603 FGOO:EBDO 48 $2: DEC BX ; BX = last valid RAM address
604  FOOO:EBDY 89 1E 4C 01 Koy [RAMLST]Y, BX ; save for later reports

405 FOOQO:EBDD 5B POP BX

606 FOOO:EBDS c3 RET

607

608 R SERIAL COMMUNICATIONS ROUTIHES ==--ce-cccsmrmrvmcncrnnne
609

610 : INT 6 routines, Enter operation in AL
611 FOOQ:ERD7  14EC SERTBL: DW IHIT : 0 to initialise the 8251

612  FOO0:£8D9  4TVEC DW IHSTAT ; 1 to get status of RX comms

613 FOOO:EBDB 4CEC DWW [NCHR ; 2 to get character save in RXCHR
814 H returns 00 if nho char waiting
615 FO0Q:EBDD  6OEC by INLINE ; 3 to get & line from serial ends in $
616 H line at 0:INLME returns CX = end
617  FOOO:EBDF  BEEC b QYSTAT ; 4 see if 8251 ready to send

618  FOOO:EBED  93EC DY OTCHR ;7 5 to send char in memory TXCHR

619 FOOO:EBE3 B8EC oW OTLINE ; & to send line in 0:0UTLKE,

620 : line must end in $ (not sent)
621 H -$ added to end as terminator
622 FOOQ:EBES  D4EC DM RSTLME ; 7 to send *$ reset to host

623 FOOO:ERE7  32EC [1]E] SBAUD ; 8 set 8253 baud rate generator

624 FOOO:EBEY SEREHD: EQU $

625

626 FOOU:EBE? 1E SERIAL: PUSH DS ; execute command from table
627  FOQO:EBEA 57 PUSH DI

628 f000:EBEB 56 PUSH 81

629 FOOOQ:EBEC 53 . PUSH BX

630  FO00:EBED 50 PUSH AX ; temporary

631 FO00:EBEE B4 00 MOV AH, O ; clear top byte

632  FO00:EBf0 8B FO Mav st, AX . ; load pointer

633  FO0Q:EBFZ B8 00 00 Hov AX, O

634  FOOO:EBFS  8E 08 MoV DS, AX : RAM base

635  FOOO:EBF7 58 pop AX : recover

636 FOOO:EBFB D1 E6 SHL st, 1 ¢ x2 for table position

637 FOOO:EBFA 81 C6 DT EB ADD SI, OFFSET CS:SERTBL

638 FCOO:EBFE 81 FE E? EB cMP S$1, OFFSET CS:SEREND ; beyond end ?

639  FO00:ECc02 73 03 JHC $1

640  EFOOD:ECO4 28 FF 14 CALL €s:{sI] ; execute routine

6541  FO0Q:ECO7 5B $1: poP BX

642  FOOO:ECD8  SE POP |

643 FOOO:£CO9 5F POP DI

644 FOOD:ECOA iF POP DS

645 FOGO:ECOB CF IRET

646
E:1Y4 FOOQ:ECQC E6 1A SUART: OUT UARTS, AL H set up UART

648  FEOOD:ECOE B9 00 02 HOV X, 200h ; delay to ensure hardware/host
649 : catches up, no handshake
650  FOQ0:ECT? E2 FE $1: Loop $1 ; Approx 3us * 500 = 1.5 ms
651 FOO0:EC13 C3 RET

652

653 FOOO:EC14 80 00 IHIT: MOV AL,O ; send 3 times to ensure

654 FOOO:ECi6 E8 F3 FF CALL SUART ; in command mode

655 FODO:ECT? E8 FO FF CALL SUART

656 FO00:ECIC E8& ED FF CALL SUART




657
658
659
660
661
662
663
664
665
666
667
468
669
670
671
672
673
674
675
676
677
678
679
680
681
482
683
684
685
686
687
688
689
90
691
692
693
694
695
696
697
698
699
708
701
702
703
704
705
706
707

‘708
709
710
711
712
713
714
715
716

FOBO:ECTF
FoO0:EC21
FOOO:EC24
FO00:EC26
FE00:EC29
FOOG:EC28
FOOO:ECZE
FOOQ:EC3T

FOOQ:EC32
FOOD:EC34
FOOO:EC3é
FOO0:EC3Y
FOOO:EC3B
FOOD:EC3E
FOOD:IECAD
FOOO:EC43
FO00:EC4LS

FOOO:EC4T
FOO0:ECAY
FOOO:EC4B

FOO0:ECAC
FO00:EC4D
FOO0:ECS0
FOOO:ECS3
FOOO$ECSS
FOOO:ECST
FOOO:ECS?

FOGO:ECSC
FOOO:ECSE
FOQO:ECSF

FOOO:ECS0
FOOOG:ECHD
FOO0:ECH1
FOOO0:ECH2
FODU:EC63
FOO0:ECH6
FOOO:ECST
FOOO:ECS?
FOOOQ:ECAE
FQ00:EC71
FOOO:ECY3
FOOQ:ECTS
FOOO:EC7S
FOO0:ECT78
FOQQ:ECTA
FOOO:ECTF
FOOO:EC81

B0
£8
B0
E8
80
E8
E8
c3

BO
ES
AQ
E6
AQ
ES
E8
E8
c3

E4
24
c3

53
BB
E8
3c
74
E4
E8

88
58
c3

FA
53
FC
gB
53
8e
cé
E8
3c
74
AA
3C
75
cé
EB
3c

40
E8
4E
E3
37
DE
01

B&
t3
4t
oc
4F
oc
oF
oC

TA
02

48
Fé&
00
05
18
bocC

07

65

£8
06
pB
oo
134

40
07
06
ED
24

FF

FF

FF
00

o1

01

00
00

01
FF

FE

o

44 01 00
FF

LA 01 40

SBAUD:

INSTAT:

HOV
CALL
Moy
CaLL
Hov
CALL
CALL
RET

HOV
ouT
MOV
out
HOV
ouT
CALL
CALL
RET

In
AKD
RET

AL, 40h
SUART
AL, 4Eh
S{UART
AL, 37h
SUART
SBALD

AL, B&h
CTCK, AL

; put into command mode

; 01001110

; 00110111

} set up speed

; 10110110
; Counter G, both, mode 3, Binary

AL, BYTE PTR [BAUDRTYI ; ls byte

€102, AL

AL, BYTE PTR (BAUDRT+1) ; ms byte

£rc2, AL
SRTDEL
SRTDEL

AL, UARTS
AL, 02h

} Read character from 8251 into
; Returns character fn RXCHR or

$1:

PUSH
MOV
CALL
cHp
JE
IH
CALL

MOV
pop

" RET

BX
BX, RXCHR
INSTAT
AL, 00

$1

AL, UARTD
TOCAPS

[BX1, AL

-BX

; start counter 2

: get 8251 status
; is & character waiting ?
: 02 if char or 00 if not

RXCHR character buffer
00 in RXCHR if not one waiting

peint to char storage

check status

; is a character Waiting

if 00 then net one ready

get character

convert to upper case

belts and braces in fraw' mode
; save character in AL to RXCHR

s e

ne ma ma

-

: Saves serial data into INLNE will not return untit completed
; exit CX = number of chars

: $ normal line termination - clear escape flag _

; 8 escape tode received - set flag - wait for $ terminator

: interrupts killed white in operation

INLIKNE:

$1:

$2:

CLl
PUSH
CLD
MOV
PUSH
uov
MoV
CALL
CKP
JE
S§T0S8B
CHP
JHE
MoV
JMP
CHP

8X

BX, IMLHE
BX

DI, BX

BYTE PTR ESCCHR,
IHCHR

AL,00

$1

AL, @’
$2

BYTE PTR ESCCHR,
SHORT $1

AL,'S!

point to start of line

H
'+ save start address
H

set up pointer
a0 © i clear escape flag
; get character - returned in AL

; wait until vatid character
; store AL in tine pointed by DI
; escape code
; ves exit no change

40h ; set escape flag
; Wait for $ terminator
; end of Lline




717 FOO0:ECB3 75 E9 JHE $1 no so get next

i
718  FOQO:ECBS  4F DEC bl ; points to last character
719 FOO0:ECBS 5B pPoP AX ; recover start
720 FOQD:ECB7 &B CF HOV CX,0t : end
721 FOQO:ECS9 2B C8 sus CX,AX ; return length in CX
722 FOOO:ECB8B 58 pop BX
723  fFOOQ:ECBC  FB STI
724 FOO0:ECBD C3 REY ; exit finished
725
726 ; checks status of 825t if ready to send a character returns 01
727 ; if not ready returns 00, in AL
728
729 FOQO:ECBE E4 1A OTSTAT: IN AL, LUARTS
730 FOOO:ECP0 24 01 AHD AL, Oth ; Is 8251 ready to send
731 FOQ0:ECP2 (3 RET + change to 8th to implement DSR
732
733 : sends character in location TXCHR
734 ; if successful TXCHR = 0 if unsuccessful TXCHR unchanged
735 '
736 FO00:ECT3 8B 49 01t OTCHR: MOV BX, OFFSET TXCHR ; point to storage
737 FOOQ:ECP6 ES F5 FF CALL OTSTAT
738  FOOO:ECP? 3C €O CMP AL, 00h
739  FOOO:ECYB 74 OC JE $1
740 FOOQ:ECSD 8A 07 Hov AL, [BX} : get character from TXCHR
741 FOOO:ECOF E6 18 ouT UARTD, AL ; send it
742 FOOO:<ECAY cs 07 0¢ MoV BYTE PTR [BX1, QO ; clear character sent
743 FOQO;ECAL 51 PUSH CX
744  FOOO:ECAS EB 40 QO CALL OTDEL ; ensure hardware catches up
745 FOOO:ECAS 59 POoP CX
746 FOGO:ECA c3 $1: RET
747
748 FOCO:ECAA A2 49 01 QUTIT: MoV TXCHR, AL ; send char in AL
749 FOOO:ECAD E8 E3 FF CALL OTCHR
750 FOOO:ECBO B0 3E 49 01 00 CMP BYTE PYR TXCHR, 0
751 FOOO:ECBS 75 F3 ’ JHE ouTIT ; wait until gone
752  FOOQ:ECBY C3 REY
753
754 ; #ill not return until a tine is completely sent.
755 ; enter Wwith start of line in BX - terminates in %
756
757  FODO:;ECBS  E8 27 Q0 OTLINE: CALL SRTDEL
758 FOOO0:ECEB FC cLD
759  FODO:ECBC  BE ES 01 MoV S1, OFFSET QUYLKNE ; point to line start
760 FODO:ECBF  AC $1: Lobss ; get character from [$I]1 inc SI
761 FOOO:ECCD 3C & CHP AL, '$! ; is it end of tine ?
762  FOOD:ECC2 T4 05 JE $2
763 FOQ0:ECC4 E8 E3 FF CALL QUTITY ; Witl not return until gone
764 FOOO:ECCT EB Fé JHP SHORT %t ; do next character
765 :
766 FOOO:ECCY BO 20 - $2:¢ MOV AL, =1 ; add in terminator characters
767 FOCO:ECCB EB DC FF CALL QUTIT
7468 FOQO:ECCE BO 24 MoV AL, '$!
769 FOOO:ECDO E8 DY FF CALL QutTITY
770 FOOO:ECD3 c3 RET
771
772 FOOD:ECD4 E8 08 00 RSTLHE: CALL SRTDEL ; reset indicator to host
773  FO00:ECD7  BO 2A HoY AL, 1*t : reset flag
774 FOOO:ECDY E8 CE FF CALL OUTIT
775 FOOO:ECDC BO 24 MOV AL, %9 ; line terminator
776 FOOOD:ECDE E8 CY FF CALL OUTIT




777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
8346

58

FOOO:ECE1
FOOQ:ECE2
FOOO:ECES
FOOO:ECE7
FO0Q:ECES
FOOO:ECEC
FOOO:ECEF
FOOQ0:ECF1
FOOQ:ECF3
FOOQ:ECF5

FOOOQ:ECF6
FOOQ:ECF8

FOOQO:ECFA
FOOO:ECFC
FOOO0:ECFE

FO00:EDQO

FOOO0:EDD2

FOOO:E0O4

FOO0:EDOS
FOOO:EDOB

FO00:EDOA

FO00:EDOC

FOOQ:EDOE

FOOO:ED1C

FOOO:ED12
FOOO0:ED14

c3

B9
€2
c3

88
83
F7
&8
€2
c3

33
33

00
FE

0E
28
£1
c8
FE

co
co

FYED
FCED

O1EE

BEEE

F2EE

CAEF

35¢0

SFFO

83F0

BAFO

83F1

C5F1

22F2

op

20

4E 01
a0

RET
SRYDEL: KOV
$1: LQOoP
RET
OTDEL: KoV
HOv
HUL
HOV
$1: “'LOoP
RET

XOR
XOR

R COMMAND

CKOTBL: DW

bu

DW

DY)

Ny

by

DM

oW

oy

oW

oW

oW

D¥
CMDLEK: DB

; ---- ASSOCTATED SUBROUTINES

CX, 2000h
$1
£X, [BAUDRT]
AX, 40
[ 4
Cx, AX
$1
AX, AX
AX, AX
ROUTINES -~~~
ESCAPE ; O
WRESET ; 1
H
TEST ; 2
i
H
REGIS 1 3
i
H
MEHORY ; 4
H
H
H
H
H
FILL H-1
H
i
INPORT ; &
H
OTPORT ; 7
i
6o : 8
i
H
H
BREAK : 9
H
H
H
SIHGLE ;
H
:
h
UPLOAD

. .

’

I’

delay to ensure host waiting
; Approx 3us * 8000 approx 25ms

-

; get current speed (V1.3)

; 40 for 4,77 mHz machine

; 20 for 10 mHz machine. etc.
: gives the host

; time to catch up

; padding to keep addresses
; same as for V1.2

(3} abandon current command (not GO)
(A} Reset the target &

initialise all variables

(B) test target

0 = RAK 1 = ROM
2 = Production 3 = Speed

1t

{C) interrogate register contents

0 = get altl 1 = get specific
2 = update specific

{D) access memory

or 1 = access contents
new data for address
step to next address
step back an address
5 or é dump memory blaock

WO
o

(E) fill memory block

0 or 1= fill byte data
2or3 = fill word data

(F) read data port

0 = byte data 1 = dord data

(G) Write data to port

0 = byte data 1 = word data

{H) execute code

0 = from current CS:IP
1 = from IP specified
2 = from CS:IP specified

(1) access breakpoints

0 = display state
1t or 2 set breakpoint
3 = remove breakpoint

10 ¢(J) single step code

1

from 1P gpecified

from CS:1P specified

from IP specified + regs
from CS:1P specified + regs

WM = o
mnon

]

11 (K) upload code

0 = use current C§
i = from CS specified

DHLOAD ; 12 (L) down load code

($-CHDTBL)/2




837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
833
854
835
856
857
858
859
860
861
862
B43
864
865
866
867
1.3
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891

892 -

893
894
895
896

FO00:ED13
FOOQ:ED18
FOQO:EDTA
FOGO:EDIC
FOCO:EDIF
FOOO:ED21

F000:ED22
FOO0:ED25
FOQD:ED28

FOOO:ED2A
FOOO:ED2D
FOOO0:ED30
FOO0:ED33
FOCQ:ED36
FOOO:ED39
FQO0:ED3C
f000:ED3F
FO00:ED42

FOOO:ED43
FOOO:ED4S
FB00:ED4Y
FO00:ED4B
FOOG:ED4E
FOOC:ED5
FOOO:EDS3
FO00:EDS6
FOOQ:ED59

FOO00:EDSA
FOO0:EDSD
FOOO0:EDSE
FOOO:ED61
FOGO:EDSG3

FOOQ:EDES
FOOO:EDST
FOOO:EDEY
FOO0:EDGA
FOOO:EDGR
FOOO:EDGE
FOOQ:EDTO

FOOO:EDT1
FOOQ:EDT3

FO00:EDTS
FOOOQ:EDTY
FOOO:EDTA
FOQO:EDTD
FOOO:EDTE
FOGO:ED81Y

FOOO:EDB4
FOOO:EDB7
FOOC:EDBA
FOOO:£D8D

-2
BO
co
BB
8A
c3

Al
A3
EB

E8
A3
ES
A3
E8
A3
E8
A3
c3

BB
Al
86
E8
Al
86
EB
E8
c3

26
46
ES
E2
c3

26
8BS
46
46
E8
E2
c3

BO
EB

BO

cé
43
E8
EY

BB
cé
B8
80

65
03
06
65
07

3E
52
ué

68
52
62
54
5C
56
56
58

E5
52
EC
1F
54
EQ
i7
01

8A

01
E7

ée
EQ

FE
F4

06
92

00
ES
07

E1
2c

ES
07
ES
06

01

01

oi
0%

FE
01
FE
01
FE
o1
FE
01

o1

01

FE
01

FE

00

04

FE

04

FD

01
3F

Fp
0o

o1
24
01

GETCHD:

GETPRO:

GETPRY:

GETX:

SHDDTA:

SHOBYT:

SHDWRD:

NOTAVL:

"HOTVAL:

EXTERR:

HULLHE:
ENDLRE:

MOV
MOV
INT
MOV
Hovy
RET

MOV
HOV
JKP

CALL
MoV
CALL
L0
CALL
MoV
CALL
HOV
RET

MOV
Mov
XCHG
CALL
MOV
XCHG
CALL
CALL
RET

Hov
IKC
CALL
Loop
RET

MOV
XCHG
INC
Hc
CALL
Loop
RET

MoV
JHP

MoV
MOV
MOV
IHC
CALL
JMP

MOV
MoV
MOV
MOV

BX, OFFSET [IHLME;
AL,3 H
6 H
BX, OFFSET IMLME;
AL, [BX] H

AX, [USRCS] ;
{CHDPR1], AX

"SHORT -GETX

TOBIN4

CHDPRY, AX :
TOBIN4
CHDPR2, AX
TOBEN4
CHMDPR3, AX ;
TOBINL

CKDPR4, AX :

BX,OFFSET OUTLNE
AX, (CMOPR1]

AH, AL

TOASCS

AX, LCMDPR2]

AH, AL

TOASC4

SKDBYT

AL, ES:[s!]
st

TOASC2
SNDBYT

-y wr s my

AX, ES:{sSI) :
Ak, AL o

sl :

Sl
TOASCA
SHOWRD

AL, 06 ;
SHORT EXTERR

AL, 00
BX,OFFSET OUTLNE
BYTE PTR [BX], '7!
BX

TOASC2

SNDERR

BX,0FFSET OUTLNE
BYTE PTR [BX1, 'S$'
BX, OFFSET OUTLME
AL, &

point to start of line D§ = 0
input serijal line function
exit length of {ine in CX
point to start of line

get command letter

get user current CS:

segment address
start address
end address

data

: point to start of line

; byte reverse

; byte reverse
; send stream of data.

enter with numb bytes in CX
get first byte

point to next byte

convert to ascii & put in tine

enter with numb words in CX
get first word

byte reverse

point te next word

convert to ascii & put in line

command not available code

command invalid code
point to start of line
error indicator

wy we wma

; convert error code

; exit with null {ine
; line terminator

; output serial line

59




897
898
899
900
201
902
903
904
905
906
907
908
209
910
211
912
913
914
215
916
917
918
919
Q20
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956

60

FOOO:EDBF
FOOO:ED91
FOO00:EDY3

FO00:EDP4
FOOO:ED9S
FOOQ:ED9Y
FOOO:EDYC
FOOOSEDSD
FOOO0:EDAD
FOOO:EDA3
FOOD:EDAS
FOOO:EDAS
FOOO:EDAB
FOOO:EDAD
FOOO:EDBO
FOQ0:EDB3
FODO:EDBS
FOOO:EDBS
FO00:EDBA
FO00:EDBC

FOO0:EDBD
FOCO:EDCO
FOQQ:EDC3
FGOO:EDCA
FOOO:EDCS
FGOG:EDCA
FOGO:EDCC
FOCQO:EDCE
FOCO:EDDO
FO00:EDDZ
FOOO:EDD4
FOOQ:EDDS
FOO0:EDDY
FOOG:EDDA
FOOC:EDDC
FOGC:EDDE
FO0O:EDET
FO0Q:EDE2
FOOQ:EDES
f000:EDES
FOOQ:EDESB
FOO0:EDED
FOOO:EDEF
FOOQ:EDF1
FOOO:EDFS5
FOOO:EDF8

FOOO:EDF9
f000:EDFC

FOOO:EDFC

cD
80
c3

80
8B
cé

E8
Al
86
EB
Al

86-

E8
cé
B8
BO
cb
80
c3

E8
Bg
AC
3c
75
88
BA
3¢
75
BO
2C
A2
43
8a
2C
A2
43
AC
98
2E
73
b1
88
81
2E
c3

ES

EA

06
00

02
ES
07

ce
52
EQ
c5
54
EO
80
07
ES
96
06
£F

55
65
GA
40
02
07
07
21
02
40
40
50

07
30
R

50

3A
88
EO
FO
cé
FF

88

68

01
3F

fD
01

£O
01

FD

24
0

FF
01
01

01

a1

01

06 14 ED

FA EC
14

FF

E8 00 FO

INT &
Hov AL, O
RET
: segment
WRFAIL: MOV AL, 02
USRERR: MOV BX,0FFSET OUTLNE
MOV BYTE PTR [BXI, '?!
1HC 8X
CALL TOASC2
MOV AX, [CHOPR1]
- XCHG AH,- AL
CALL TOASCS
MOV AX, [CMDPR2]
XCHG AH, AL
CALL TOASCA
SHDERR: MOV BYTE PTR [BX1, '$!
Kov BX,OfFSET OUTLME
MOV AL, 6
INT 6
MOV AL, FFh
RET
7 ---- PARSE COMMAND LINE -------=
COMND: CALL GETCMD :
OKCMD: MOV 8X, OFFSET INLME;
Moy AL, [ESCCHR] ;
CHP AL, @
JHE HOTESC
KoV [8X1, AL :
NOTESC: MOV AL, 8X) :
CHP AL, 'Y i
JNE HOTEX
MOV AL, & :
NOTEX: SUB AL, '@ :
Mov [CMDLTR}, AL ;
NG BX
MoV AL, [BX] :
sus AL, 30h :
Moy [CMDSFX), AL :
INC BY
MoV AL, [CMDLTR] ;
ot ¥ :
CHP AL, CS:CMDLEN
JHe HOTVAL
SHL AX, 1
KOV Si, AX :
ADD S!, OFFSET C§:CHMDT
CALL ts: sl
RET
; omm--- ESC @
ESCAPE: JMP HULLNE
;ommee- RESET A -----mmemmcmvennns
WRESET: JHP FAR WARM ;

f

; indicates ok

in CMDPR1 address in CHDPR?
; Write failed code
; point to start of line
; error indicator

; errof number
; errofr segment

recover error address

-

line terminator

; output serial line

; indicates problem

..............................

tetter in AL suffix in AH
point to start of line
is escape flag set ?

stuff escape code into line
get command letter
is it { code

kid into thinking it's an 8
commands in range '& to Lt
save in parameter block

get command suffix
suffixes in range '0 to 9!
save in parameter block

load pointer
clear top byte of AX
is it beyond end 7

; x2 = table position

; set up pointer

BL ; add to start of table
; execute routine

~e
o
>
ad
x
-
lad
=
3
=4
—
—
-—
=]
-]

same as hardware reset except
user registers left intact




957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016

FOOO:EEDY
FOOQ:EED4G
FOOO:EEQS
FOOQ:EEQB
FOOQ:EEOA
FOOO0:EEQC
FOQO:EEQE
FOOO:EETD
FO00:EE12
f000:EE14
FOOO:EE1S
FOOO:EEYY

FOOO0:EEIA
FOQO:EEND
FOOO:EE20
FOOO:EE23
FOOO0:EE26
FOOO:EE28
FOOD:EEZA
FOOO:EE2D
FOOOU:EE3C
FOOG:EE33
FOOO:EE3S
FOQO:EE3B
FO0O:EE3B

FOOO:EE3E
FOO0:EE4T
FOOD:EE44
FOOO:EE4S
FODO:EE4LA
f000:EELD
FOOO:EESC
FOOO:EES3
FOOO:EES4
FOOO:EESS
FOOO:EESS
FOOO:EES7
FOOQ:EESA
FOOO:EE5D
FOOO:EESE
FOOO:EESF
FOOQO:EES2
FOOO:EEG3
FOOD:EESS
FOOQ:EE6S
FOOO:EEGT

FOOO0:EESA
FOOO0:EESD
FOOO:EESF
FOOO:EETY
FOOQ:EE73
FOOO:EE7S
FOOO:EEY?
FOOO:EETYB
FOOOQ:EE7D

AQ
3c
74
k19
74
ic
74
3c
74
58
Bo
£9

£8
:1:
Al
30
75
BO
39
B8
E8
Al
86
E8
EQ

E8
B8
2E
86
E8
AQ
EB
1E
07
0E
1F
B9
BE
FC
AC
26
43
E2
0s
iF
€9

£8
3cC
77
8A
B8
80
74
D3
A3

51
00
12
0t
32
02
TA
03
56

08
S0

3
ES
4C
00
05
01
4A
00
3A
4C
E0
32
49

61
ES
Al
EC
20
4B
OF

F7

88

F9

10

17
06
15
c8
10
F9
02
EQ
4E

o1

FF

£0
01
01
00

FF
oo
FD
01

FD
FE

FD
01
F5
FD

01
FD

G0

FF

07

FF

FD

00
00

01

FF

TRAM:

$1:

TROM:

$1:

TSPED:

£9:

CHP

CHP

JE

pop
HOV
JHP

CALL
MOV
MOV
CHP
JHE
MoV
JMP
MOV
CALL
Hov
XCHG
CALL
JHP

CALL
MoV
Hov
XCHG
CALL
MoV
CALL
PUSH
POP
PUSH
Pop
Mov
MOV
cLd
LODSB
MOV
iRC
Loop
PUSH
pPOP
JHP

CALL
CMP
JA
MOV
Hov
CHp
JE
SHL
MoV

AL, [CMOSFX]
aL, 0

TRAM

AL, 1

TROH

AL, 2 :
TPROD

AL, 3 ;
JSPED
AX

AL, 08
EXTERR

-

RAKTST
BX, OFFSET OUTLME
AX, [RAHLST)

AX, O

$1

AL, 01

EXTERR

AX, 0000

TOASCA

AX, [RAMLST]

AH, AL

TOASCA

ENDLNE

ROMTST

BX, OFFSET OUTLHNE
AX, CS:[ROM1}

AH, AL

TOASCA

AL, [ROMSUM]
TOASC2

DS

ES

cs

ps

cx, 8 ;
S1, OFFSET FLIGHY

;
ES:{BX), AL

ax

$1

ES

s

EHDLNE

TOBINZ -
AL, 6
$2 H
ct, AL
AX, 0010h :
CL, 0
%1 H
AX, CL ;

RAM test

ROM test
production test
set speed

remove return address
suffix overflow

; point to start of Lline
; ie no ram fitted

no ram fitted 'error!

-

; segment always Oh

1 get last RAM address
; byte reverse

point to start of line
; get ROM start address
; byte reverse

-

actual rom checksum

-~

number of characters to go

; get the hyte

get speed
invalid speed
153.6 kHz, x16 mode

9600 required
x setting

WORD PTR BAUDRT, AX

61




1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1631
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076

62

FOOO0:EESC
FOOO:EEB3

FOGO:EE8S
FOGO:EE8B7

FOOQ:EEBA
FOOD:EE8B

FOOO:EEBE
FOQO:EE?T
FOOQ:EEY3
FOOO:EESS
FOOG:EERY
FOGO:EED?
FOOO:EEPA
FOCO:EESC

FOQO:EERF
FOOO:EEA2
FOOO:EEAS
FOOO:EEAB
FOOO:EEAB

FOOO:EEAE
FOOO:EEBO
FOOO0:EEB3
FOOO:EEB4
FOOO:EEBS
FOOO:EEBS
FOOO:EEBB
FOO0:EEBD
FOOO:EECO
FO00:EECZ
FOOO:EECA
FO00:EECY
FOOG:EECY
FOOO:EECE
FOOD:EEDO
FOOO:EED3
FOOD:EEDS

FOGQ:EED?
FOOQ:EEDC
FOOOEEDF
FGOO:EEE2
FO00:EEE4
FOOO:EEES
FOOO:EEESB
FOOO:EEEB

FOOO:EEEE
FOOO:EEEF

ES
E9

58
EY

58

EP &

AQ
3c
74
3c
7c
58
80
(3%

BB
B®
BE
E8
EQ

8A
A2
43
98
25
3D
TF
30
74
D1
BE
03
&80
74
E8
26
E®

a8
AD
(]
88
43
B?
E8
ES

58
E?

AF
FE

EB

51
il
0A
03
15

08
o]}

ES
OE
28
BY
(i

o7
58

OF
0E
31
0o
2¢
£0
26
FO
3E
09
c2
89
AB

ES
58
61
o7

01

79
99

83

D
33

fE

FE

0i

FE
01
00
01

FE
FE

0t
o¢

tl)

00

01
31
FC
04
FE
o1

01
FC

00
FE

FE

01 01

CALL SBAUD
JHP RULLKE
$2: popP AX ; remove return address
JHP HOTVAL ; invalid command
TPROD: POP AX ; remove return address
JRP HOTAVL
; e REGISTER C w==ve----uccrcc e mms v e v s s msncnv e o
; Registers 8 b ¢ de f g h {1 7 k L mn
H AX BX CX DX 8P BP SI DI DS ES SS CS IP FLAG
REGIS: MOV AL, [CHDSFX]
CHP AL, 0 ; dump atl registers
JE REGO
CMP AL, 3 : {1 or 2) specific registers
JL REG12
POP AX
MoV AL, 08 ; suffix overflow
JHKP EXTERR
REGO: HOV 8X, OFFSET QUTLKE ; point to start of line
MOV cX, 14 ; number to go
MOV Sl, USRAX ; first register (E$=0)
CALL SHOUWRD
JMP ERDLHE
REGiZ: MoV AL, BYTE PTR (BX} 1 get register number
MOV BYTE PTR [CHDPR41, AL ; save it
1KHC BX : point to data if any
CBW
AND AX, OFh ; extract 1 to E
cHP AX, OEh ; make sure
JG REGE
CHP AX, 00
JE REGE
SHL AX, 1 ; register number x 2
MoV SI, USRAX-2 ; 2 before table start
ADD SI, AX ; point to register
CHP BYTE PTR [CMDSFX1, 1 ; get data only ?
JE REGR '
CALL TOBEH& ; extract data
MoV ES: {811, AX ; new data
JMP NULLKE
REGR: HOV BX, OFFSEY OUTLNE ; point to start of line
MOV AL, BYTE PTR [CHDPR4] ; recover register numb
CALL TOLWR ; make loWwer case again
MOV [BX], AL ; insert inte line
IKC BX
MOV cX, 1 ; only one reg to go
CALL SHOWRD
JMP ENDLNE
REGE; POP AX
Jup NOTVAL ; invalid register
yome--- MEMORY D ------------cccccmctctrnc s ccrcnsr e ran s




1077 FOOO:EEF2 A0 51 01 HEMORY: WOV AL, {CMDSFX]

1078  FOQO:EEFS  3C 00 : CHP AL, 0 : 1 byte memory dump no segment supplied
1079 FOOO:EEFY 74 1E JE KEMO

1080 FOOOEEF®  3C 01 CMp AL, 1 ; 1 byte memory dump segment supplied
1081  FODO:€EEFB 74 1F JE MEM1

1082 FOOO:EEFD  3C 02 CHP AL, 2 ; Write data to current address

1083  FOOO:EEFF 74 19 JE MEM2

1084 FOOO:EFO1 ic 03 CHP AL, 3 ; increment current address

1085 FOOO:EFO3 74 5C JE HEM34

1086  FOOO:EF05  3C 04 CHP AL, 4 ; decrement current address

1087  FOOQ:EFOT 74 58 JE HEM34

1088  FOOO0:EF09 3C 05 CHP AL, 5 ; memory dump no segment supplied
1089 FOOO:EFOB 74 72 JE KEHS

1090 FGOO:EFOD  3C 06 CHP AL, 6 ; memory dump segment supplied

1091 FOOOQ:EFOF 74 73 JE MEHS

1092 FOOOEF1T 58 popP AX

1093 FOO0:EF12 BO 08 MoV AL, 08 ; suffix overflow

1094  FOO0:EF14  E9 60 FE JHP EXTERR

1095

1096 FOOQ:EF17 EB 08 FE MEMO: CALL GETPRO ; no cs

1097 FOOO:EFIA EB 03 JHP SHORT MEMQ

1098 FOQG:EF1IC E8 0B FE MEM1: CALL GETPR1 ; cs supplied

1099 FOOG:EFTF 06 MEMQ: PUSH ES

1100 FOQO:EF20 A1 52 01 HoV AX, [CMDPR1] ; get segment address

1101 FOOQ:EF23 A3 44 01 MoV [CURSER], AX ; save current segment

1902 FOOO:EF26 8E CO . MoV ES, AX

1103 FOOD:EF28 8B 36 54 01 MoV $I, [CMDPR2] ; get start address = ES:Sl
1104 FOOO:EF2C 8% 36 46 01 MoV [CURADR], SI ; save current .address

1105  FOOO0:EF30 B9 01 00 MoV cx,1 ; one byte to go

1106  FO00:EF33 E8 00 FE CALL SHODTA ; put inte line

1107  FOO0:EF36 O7 poP ES

1108  FO00:£F37 E9 4D FE JHP EMDLNE

1109

1118 FOOD:EF3A €8 47 FC MEM2: CALL TOBINZ

1111 FOO00:£F3D  8A DO HOV DL, AL ; get data supplied
112 fO00:EF3F cé PUSH ES

1113 FOOO:EF40 A1 44 01 KOV AX, [CURSER) ; get current segment
1114 FOD0:EF43 AT 52 01 KoV [CHDPR1] ,AX ; pseudo tine data
1115 FOOD:EF46  BE CO KOV ES, AX

1116  FOQOD:EF48 8B 1E 46 01 HOV BX, [CURADR] ; get current address
1117  FOGO:Ef4C B89 1E 54 01 KoY - [CHDPRZ1, BX ; pseudo command

1118  FOGO0:€F50 26 88 17 MoV BYTE PTR £S:(8XT, DL ; store data

1119 FOQO:EFS3 26 BA 37 ] MOV OH, BYTE PTR ES:[BX] ; did it work

1120  FO00:£F56 07 , pop ES )

1121 FOO0:EF57 3A D6 CHP DL, DH

1122 FOQO:EF59 75 02 JHE MEMZE ; errof

1123 FOOQ:EF58 EB C2 JHP SHORT HMEMQ ; return normal line
1124 :

1125  FOO0:EFSD 58 MEM2E: POP AX

1126  FOOO:EFSE E9 33 fFE RE WRFAIL

1127 '

1128 FOO0:EFHY Al 44 01 MEK34: KOV AX, [CURSEG) ; get current segment
1129  FODO:EF64 A3 32 01 - HOV [CHDPR1], AX ; pseudo line data
1130 FOOD:EFET A1 46 01 HOV AX, [CURADR} ; get current address
1131 FOOO:EFOA 80 3£ 51 01 03 CHP BYTE PTR ICHDSFX), 3 ; is it increment ?
1132  FOQO:EF6F 75 N3 JHE MEM34S

1133 FODO:EFYY 05 02 00 ADD AX, 2 ; increment by 2

1134 FOO0:EF74 20 01 00 MEM345: sUB AX, 1 ; decrement by 1

1135  FOO00:EF77 A3 54 01 Hov [CMDPR2], AX ; pseudo line data
1136 FOOO:EFTA AZ 46 01 Hov [CURADR}, AX : update current address

63




1137
1138
1139
114¢
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1179

1172

1173
1174
1175
1174
177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196

64

FOOQ:EFTD

FOOO:EFTF
FOOO:EFB2
FOOO:EFB4
FOOO:EFBY
FOGO:EF8D
FOOQ:EF93
FOOO:EF94
FOOO:EF97
FOOO:EF?P9
FOOO:EF9D
FOOO:EFAD
FOOQO:EFAZ
FOOO:EFASL
FOOO:EFAS
FOOO:EFAC
FOOO:EFAF
FOOO:EFB1
FOOO:EFBA4
FOOO:EFBE
FOOO:EFBA

FOQO:EFBD
FOOO:EFCO
FOOO:EFC3
FOOO:EFCS
FOOO0:EFCY

FOOO:EFCA
FOQO:EFCD
FOOO:EFCF
FOQO:EFD1
FOOO:EFD3
FOOO:EFDS
FOOO:EFD7
FOOO:EFDB
FOOO:EFDA

FOOG:EFDD
FOOO:EFED
FOGO:EFE2
FOOG:EFES
FOOO:EFES

FOOO:EFED

FCOO:EFEB
FCOO:EFEF
FOOO:EFF3
FOOO:EFFS
FOOO:EFFS
FOOO:EFFD
FOOOEFFF
FO00:FO02
FOO0:FOQ5
FO00:FOO7
FO00:FOOA
FOOC: FOOD
FO00: FOOF

EB

E8
EB
E8
81
81
06
Al
8E
8g
89
E8
07
83
Al
30
74
Al
36
77
EQ

E8
E8
3c
74
EQ

AO
24
3c
74
3c
74

AD
03
A3
26
0E

52
co
36
10
AQ

0é6
54
0o
a9
56
ué
03
CA

c7
52
21
ce
£6

51
01
00
0A
01
0B

58

BG
E9

E8
EB
E8
06
At
8E
88
aB
2B
83
80
7C
Al
83
Dt
26
26
75
43

o8
9A

42
03
45

52
co
1E
OE
ce
ct
3E
16
58
c1
£9
a9
3B
10

FD
0
54
56
01
54
00
FD
54
a1
00

01
54

FD

FD

FD

FD

01

FD

FD

FD

01

54
56

01
31

01
01

67
07

61 FO FF
0% OF 00

01

01 10

0t

o1
01

01 02

MEMS:

KHEMG:
HEMD:

MEMS:

MEMX:

HEMWT:

FILLG:

FILL1:
FILLS:

FILLW:

JHP

CALL
Jup
CALL
AND
OR
PUSH
MOV
MOV
HOV
HOV
CALL
POP
ADD
HOV
cMp
JE
HOV
cMp
JA
JMp

CALL
CALL
CHP

JHP

MOV
AND
CHP
JE

CHP
JE

POP
MoV
JuP

CALL,
Jup
CALL
PUSH
HOV
Hov
Hov
KoV
suB
ADD
CcHp
Ji

MOV

ABD
SHR
MOV
CHP
JHE
INC

SHORT MEHQ

GETPRO
SHORT HEHKO
GETPR1

WORD PTR ([CMDPR2],

ES
AX, [CHOPRID
£S, AX

$1, (CHDPR2]
cX, 16
SHDDTA

£$

WORD PTR [CHMOPRZ],

AX, [CHDPR21
AX, O

MEMX

AX, [CHDPR3]
AX, [CHDPR2]
MEMWT

ENDLKE

ENDLNE

‘GETCMD

ALttt
HMEMS
OKCHD

AL, [CHDSFX]
AL, 01

AL, O

FILLO

AL, 1

FILLY

AX

AL, 08
EXTERR

GETPRO
SHORT FILLS
GETPRY

ES

AX, [CMDPR{]
ES, AX

BX, [CMDPR2}
CX, [CMDPR3]
cX, BX

cx, 1

¥

.
i

.
i

+
¥

FFFOh ; ensure ls nibble
WORD PTR [CMDPR3), 000Fh ; ensure ls nibble

.
L]
.
1
L]
.
L]

10h

return new values

no c¢s supplied

cs supplied

0
F
can noW use line again
get segment address

1

get start addr = ES:5l
number of chars to go

update start address
special case
test for over flow

for next {ine
is start > end ?

send this line
get command letter

return next line
ned command so abandon

no CS; Syte or word

Cs; byte or word

suffix overflou

-

e wma

BYTE PTR {CMDSFX], 2 ;

FILLB
AX, [CMDPR4]
cx, 1

ex, 1

ES: [BX], AX
AX, ES:[BX]
FILLE

BX

no CS supplied
€S supplied
get segment address

get start address
get end address

number of Bytes
0-1 = byte; 2-3 = word

get the data
ensure words done
divide by 2

store word

is it ok

error




1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241

1242

1243
1244
1245
1246
1247
1248
1249
1250
1251
j252
1253
1254
125%
1256

FO00:FO10
FOO0:FOT1
FOOQ:FO13
FO00:FO15
FOOO:FO15
FOQO:FO18
FOO0:FO1B
FOOO:FO1E
FOOO:FO20
FO00:F022
FO00:F023
FO00:£025
FOOO:F026
FO00:FO29

FOOO0:FO2C
FO00:FO30
FOO0:FO31
FO00:FO32
FO00:FO3S

FO00:FO35
FO00:F038
FOO0O0:FO3A
FO00:FO3D
FOOC:FO3F
FOOO:FO41
FOOO:F043
FOOO0:FO45
FOO0:F046
FO00:F048

FOO00: ¥ Q4B
FO00: FO4C
FOO00:FO4F
FO00:F052

FOO0:FO55
FO00:FO56
FOO0: FO59
FOQO:FO5C

FOOG:FOSF
FOOO:FOSF
FO00:F062
FO00:FO64
FO00:FO67
FO00:F049
FOQC: FO4B
FOO0: FO60
FOO0:FO&F
FO00:FO7C
F000:F072

FOO0:FO75
FOO0:FO78
FOOO:FO79

43
E2
EB

AD
26
26
3A
75
43
E2
07
BB
£9

8¢9
a7
58
E?

ES
88
AO
3c
74
3c
74
58
80
E?

EC
B8
E8
EG

ED
BB
ES
E9

EB8
&8
AD
3C
74
3c
74
58
B0
E9

E8
EE
E9

Fé
10

59
88
BA
cé4
0A

F3

ES
58

1€

5F

50
oo
51
00
QA

o1

10

08
2C

ES
10
32

ES
11
28

33
bl
51
00
0A
01
oD

08
02

U

08

01
07
27

01
FD

54

FD

FB

01

FD

01
FB
FD

01
FB
FD

FE

01

Fp

F8

FD

01

FILLE:
FLB:

FILLF:

FILLE:

IKPORT:

INC
LooP
JHP

HOV
HOV
MOV
CcHP
JINE
INC
LOOP,
pop
MOV
Jup

MOV
poP
POP
JHP

PORT INPUT F

CALL

. HOV

INPO:

IKP1:

OTPORT:

ouTPO:

MOV
CuMp
JE

CHMP
JE

Pop
Hov
JHP

IN
MOV
CALL
JHP

IN
Hov
CALL
JHP

PORT OUTPUT &

CALL
HOY
MOV
CHP
JE
CHP
JE
POP
MOV
JHP

CALL
ouT
JHP

BX
FILLW
SHORT FILLF
AL, {CKDPR4+1}

BYTE PTR ES:(8X], AL
AH, BYTE PTR ES:(BX]
AL, AM

FILLE

BX

FLS

ES

BX, OFFSET OUTLHE
ENDLNE

[CHDPR2], BX
ES

AX

WRFAIL

TOBIN4

DX, AX

AL, [CMDSFX1
AL, O :
INPO

AL, 1 H
INp1 i
AX

AL, 08 H
EXTERR

“a

AL, DX
B8X,0FFSET OUTLKE
TOASC2
ENDLNE

AX, DX
BX,0FFSET OUTLRE
TOASC4
ENDLNE

s 4w

LT

get data
store it
did it work

efrror

start of line
return -$

save failed address

remove return address

port address
Byte to be read

Wword to be read

suffix overflow

noW get the data
point to start of line

noW get the data
point to start of line

TOBING

DX, AX : port address

AL, [CMDSFX]

AL, O ; byte to be Written
OUTPO

AL, 1 : Word to be written
ouTP1

AX

AL, 08 ; suffix overflow
EXTERR

TOBINZ2 ; get data to go

DX, AL : now send the byte
HULLNE
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1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
12n
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1313
1316
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FO00:FO7C
FOOQ:FO7F
FO00:FOBO

FQOC: FOB3
FOO0:FOBS
FOOQ:F0B8
FOOO:FOBA
FOOO:FOBC
FO0O:FOBE
FOO00:FOT0
FODO:FO92
FOOO:FO93
F000:FO95

FOOO0: FO98
FOOO:FO9B
FOOQ:FO9D
FOOO: FOAD
FOO0: FOA3
FOOO:FOASL
FO0Q:FOAS
FOOG:FOAL
FGOO: FOAF
FOOG:FOBZ
FOOO0:FOBY

FOO0: FOBA
FOGO:FOBD
FOOO:FOBF
£000:FOC1
FO00:FOC3
FO00:FOCS
FB00: FOCY
FOOO:FOC%
FOQO:FOCB
FOOO:FOCD
FOOO; FOCE
FOOD:FODO

FGO0:FOD3
FOO0:FODB
FOOO0: FODA
FOQO: FODD
FOOQ: FODF

FO00:FOET

FO00: FOE2
FO00: EOE4
FOO00: FOES
FO0O: FOE7
FO00: FOEA
FO00: FOEC
FOOO: FOEF
FOOO: FOF2
FOOO0: FOF4
FGOO: FOF?

E8
EF
£9

AD
3c
74
3c
74
3c
74
58
B0
ES

E8
EB
E8
Al
A3
A3
At
A3
A3
cé
E9

AD
3c
74
3c
74
3c
74
3C
74
58
BO
EY

80
74
8B
80
88
43
BO
88
43
At
86
E8
Al
86
E8
€9

16

01

51
00
28
01
GA
02
08

98
GF

87
03
BA
52
3€
44
54
40
46
06
1A

51
00

01
59
02
5A
03
3D

08
A4

3€
20
ES
31
o7

31
07

5D
EQ
7E
5F
EQ
76
8D

F8

FD

01

FC
FC

fFC
"
01
01
01
ot
o1
62
FA

61

£C
58

01

01

FA
01

FA
EC

0t 00

01 00

ouTP1:

GO1:

402:
GOS:

GOTY:

BREAK:

BRKO:

CALL
Uy
JHP

MOV
CHP
JE

CHP

JE

CHP
JE

POP
MOV
JKP

CALL
JHP
CALL
uov
Hov
HOV
HOV
Hov
Mov
HOV
JHP

BREAK POINT 1

o1
CHP
JE
CHP
JE
CHP
JE
CHP
JE
POP
MoV
JMP

CHP
JE
MoV
MOV
MOov
INC
Hov
MOV
INC
MoV
XCHG
CALL
HOV
XCHG
Catll
JHP

TOBINA :
DX, AX ;
HULLHE

AL, [CHDSFX)

AL, © ;
GOTT

AL, 1t H
G01

AL, 2 :
G602

AX

AL, 08 :
EXTERR

GETPRO H
SHORT GOS

GETPR1 :
AX, [CMDPR1)
[USRCSI, AX :
{CURSEG), AX

AX, [CHDPR2]
[USRIP), AX H
[CURADRY, AX

BYTE PTR [STFLAGI
GOTOIT ; execute

AL, [CHMDSFX]

AL, O ;
BRKO

AL, 1 H
BRK1

AL, 2 H
BRKZ

AL, 3 :
BRK3

AX

AL, 08h ;
EXTERR '

BYTE PTR [BPFLAG]
BRKOE

BX, OFFSET OUTLME
AL, "1t

8X1, AL

BX

AL, "1

[8X1, AL

BX

AX, [BPSEG]

AH, AL

TOASC4

AX, [BPADR]

A, AL

TOASCA

EMDLNE

data to go
send the word

use user CS:IP

use user CS supplied 1P

use supplied CS:IP

suffix overflow

ne €S supplied
€S supplied

set €8

set 1P

. 00h ; clear single step flag
user code using current CS:Ip

display breakpoints set
set no cs supplied
set cs supplied

remove break points

suffix overflou

, 00 ; is one set ?

point to start of line
breakpoint number = 1

we e

11t = gt

~a

segment address

-~

address

~




1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376

FOOO:FOFA
FO0O:FOFD
FOQQ:FOFF
FOQO:F101
FO09:¥102
FO00:F104
FODO:F106
FO00:F107

FOOQ:F10A
FOO0:F10C
FOO0:F10E
F000:F110
FOOO:F112
FO00:F114
FOGO:F115

FO00:F118
FOOO:Ft18

FOOO0:F11E
FOQO:F121
FOO0:F123
FO00:F126
FOOO:¥129
FOOO:F12A
F0OO:F12D
FO00:F12F
FOOG:F133
FOO0:F136
FOO0:F139
FOOO:F13D
FOO0:F140
FOGO0:Fi42
FOOO:F144

FOOO0:F149

FODO:F14D
FOOD:F14F
FO00:F153
FO00:F154

FOOO:F157
FOOO:F158
FOOO:F159
FOOO:Fi58

FOOO0:F13E
FO00:F163
FOOO:F165
FGOO0:F166
FOBO:F168
FOOO:F16E
F000:F170
FOOO:F174
FOO00:F177
FOQO0:F179
FOO0:F178
FO0O0:F17E
FO00:F181

8B
BO
88
43
1)
88
43
EY

8A
3c
74
3c
74
58
E?

ES
E?

E8
EB
EB
E8

06

Al
BE
&8
26
A2
26
26
3c
75
cé
89
ac
8cC
o7
E?

07
58
BQ
E9

80
74
06
cé
Al
8E
&g
26
3c
75
AD
26
07

ES
3
o7

30
07

70

07
30
08
3%
04

59

43
66

01
03
04
35

52
co
36
8A
it
cé
gA
cC
13
06
36
co
113

20

03
38

3E
1b

06
S0
co
36
BA
cC
06
5¢C
88

01

FC

FC

00
FC

FC

FC
00

01
54
04
01

04
64

58

SF

5D

£C

Se

58

01

5F

04

01
04

ot

cc

01 FF
01

01

01 00

01 00

01

BRKOE;

BRK3:

$1;

BRK1:

BRK2:
BRKS:

BRKSE!:

CLRBRK:

$2:

HOV
Hov
HOV
IHC
HOV
Hov
INC
JHP

HOV
CMP
JE

CHP
JE

pop
JMP

CALL
JMP

CALL .

JHP
CALL
CALL
PUSH
MoV
HOV
MoV
MoV
MOV
HOV
KOV
CHP
JHE
KoV
oV
KoV
HOV
POP
Jup

POP
pop
HOV
JMP

CHP
JE
PUSH
KOV
HOY
Hov
HOV
HOV
CMP
JNE
HOV
MOV
pPOP

BX,OFFSET OQUTLNE
AL, 111

(BX1, AL

BX

AL, 'O!

(BX1, AL

BX

ENDLNE

AL, (BX]
AL, 10¢
$1

AL, 1!
$1

AX
HOTAVL

CLRBRK

HULLME

GETPRO ; no C$
SHORYT BRKS

GETPR1 ;
CLRBRK ;
ES

AX, [CHDPRI]

ES, AX

SI, [CHDPRZ]

AL, ES:{SI]

BYTE PIR (BPCODE], AL
BYTE PTR ES:[SI1, CCh
AL, ES:[SD)

AL, CCh

BRKSE

BYTE PTR [BPFLAG], FFh
[BPADR], SI

AX, ES

[(BPSEG], ES

ES

HULLKE

ES
AX

AL, 03
USRERR

BYTE PTR [BPFLAGI, O
$3

£S

BYTE PTR {BPFLAGI, 0
AX, [BPSEG)

ES, AX

$1, [BPADR]

AL, BYTE PTR E$:{$SI]
AL, CCh

$2

AL, [BPCODE]

BYTE PTR ES:(SI], AL
€S

-~

“s

point to start of line
breakpoint number

g = not set

get breakpoint number

10" = all break points

t11' for breakpoint 1

'oops

clear breakpoint

supplied

e wmy me

-

-

. wmy ~ we -

s ma ma

cs supplied
clear it in case already set

set segment address

get address

get current opcode
save it

install breakpoint
check it went ok

set breskpoint flag
save address

save segmeht

cannot set breakpoint

clear break point
is one set ?
ne so do nething

clear flag what ever
segment address

set segment address
set address

get code already there
is it break point code
no so do nothing more
get removed code
restore original code
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1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1611
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1434
1432
1433
1434
1435
1436
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FOQO:F182

FOO0:F183
FO00: F186
FOOO:F189
FOOO:F188
FOOO:F18D
FOOO:F18F
FOOO: F191
FOO0:F193
FO00:F195
FOOO:F197
FO00:F198
FOOO:F19A

FOOO: F190
FOOO:F1AC
FOO0:F1A2
FQ00: F1A5
FO00:F1A8
FOOQ:F1AB
FOOO:F1AE
FOO0:F1B1
FO00: FiB4
FOOO:F1B7
FOQO;s F1BA
FOOO:F1BD
FO00:fFic2

FOOQ:F1CS
FOOO:F1C8
FOOO:FICA
FOOD:FiCcC
FO00:F1CE
FOOO:F1DO
FOOO:F1D1
FOO0:F1D3

FOOO:FiD6
F000:F1D9
FOO0:F1DB
FOCQ:FIDE
FOQO:FI1DF
FQOO:F1E2
FOO0:FIE4
FOOO:FI1ES
FOOO:F1EA

" FOO0:F1EE

FOOO0:F1F2
FOOO:F1F4
FGOO:F1E8
FOOO:F1FC
FOOO:FIFF
FO00:F200
FODO:F203
FOOO:F204

c3

AQ
A2
24
3c
74
3C
74
3c
74
58
B0
E?

E8
EB
E8
Al
A3
Al
A3
Al
A3
Al
A3
cé
EQ

AC
3C
74
3ic
74
58
BO
E?

£8
EB
E8
06
Al
8E
88
ge
81
39
77
ge
28
83
51
E8
59
07

51
63
03
00
22
01
OA
02
08

08
DA

51
0a
A
01
08

08
Al

49
03
4C

52
ca
36
CE
ce
0t
04
0E
113
Ci

40

01
01

FB

FB

FB
o1
01
o1
01
01
01
01
01

62

3

01

FB

FB

FB

01

54

OF
56

56
54
01

FB

01 FF

01

60
01

01
01

SIKGLE:

SHGO:

SHG1:
SHGS:

SHOR:

UPLOAD:

uPo:

upr1:
ups:

UPHR:

RET

SINGLE STEP J

HOV
Mov
AKD
CHP
JE

CKP

" JE

CHMP
JE

pOP
MOV
JHP

CALL
JHp
CALL
MOV
Hov
MoV
MoV
MOV
MoV
MoV
MOV
MaV
JHP

UpLOAD X

MOV
CKP
JE

CHP
JE

poP
MoV
JHP

CALL
JHP
CALL
PUSH
MOV
Hov
MoV
MOV
OR
CcHp
JA
MOV
sug
ADD
PUSH
CALL
PQp
POP

AL, [CHDSFX)
[STSFX1, AL
AL, 03

AL, O

SHOR

AL, 1

" SHGO

AL, 2
SNG1

AX

AL, 0Bh
EXTERR

GETPRO

SHORT SNGS
GETPRI

AX, ICMDPR11
[USRCS], AX
AX, [CMDPR2]
[USRIPY, AX
AX, [USRCS]
{CURSEG], AX
AX, [USRIP)
{CURADRY, AX

L

I

¥

L

I

BYTE PTR [STFLAGI

GOTOIT

; save for return from execution
; so only need to test 2 bits
; nothing specified

from IP specified

from CS:IP specified
suffix overflow

no €S supplied
€S supplied

set CS

; set [P

., FFh ; set single step flag

AL, [CMDSFX]
AL, 0

uPo

AL, 1

uP1

AX

AL, 08
EXTERR

GETPRO
SHORT UPS
GETPR1

ES

AX, . [CHDPR1]

ES, AX

—t

1, [CMDPR2]
cx, st
cX, 00OFh
[CHDPR3], CX
UPHR

CX, C[CMDPR3)
X, [CHMDPR2]
cx, 1

cx

SNDDTA

cX

£s

’

i

; no segment specified

segment specified
remove return address
suffix overflow

no C$ supplied

Cs supplied

get segment address

; get start = ES:S]

possibte end of line

finished
number of chars to go




1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
j448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496

FOOO:F205
FO00:F209
FOOO:F20C
F000:F210
FOO0:F212

FOOO:F215
FO00:F218
FOOO:F218
FOOQ:F21D
FOOO:F21F

FOOO:F222
FO00:F223
FOOO:F226
FO00:F227
FOOO0:F22A
FOQO:F22D
FO00:F230
FO00:F233
FO00:F234
FO0Q: F237
FOOQ: F23A
FO00:F23D
FO0O0:F240
FOOG:F243
FOOO0:F246
F000:F248
FOOO:F24A
FOOO:F24C
FO00:F24E
FOO0:$250
FOO0:F252
FOO0:F254
FOD0:F256
FOO00:F257
FOOG:F259

FOG0:F25¢C
FOQ0: F25E
FOO0:F261
FOO0:F265
FOO0:F268
FOO0:F268
FOQO:F26D
FO0O:F26F
FOQO0:F272
FO00: F274
FOOO:F275
FO00:F276
FOO00:F278
FODO:£278

FOQO:F27C
FOOO:F27F

01
E9
38
73
EY

E8
ES
3c
T4
£9

4B
E8
98
A3
E8
A3
E8
98
A3
E8
A3
ES
A3
Al
3c
74
3C
74
3c
74
3C
74
58
BO
E?

33
B
03
88
E8
02
E2
B0
T4
58
58
BO
E?
c3

E8
g8

CE
D6
06
03
72

of
FA
21
BF
9E

S5E

50
68
52
31

54
£1:)
56
53
58
54
oo
32
01
&7
02
69
03
74

07
18

pe
05
0E
66
19
00
F$
FA
07

04
FC

oo
36

54 01
Qo
54 01

FB

8
FA

FB

F9

o1
Fe
01
Fe

o1
F9
01
FQ
01
01

FB

1]
50 01
01
Fe

00

FA

FF
52 01

V1i3BR:

UPWT:

’
; format nnaaaattxxXxyyyy etc

; tt
;tt

OKLOAD:

CHKCHK:

$1:

$2:

DWHO:

ADD {CKDPR2], CX
JHP V138

CHP AX, [CMDPR2Z]
JAE UPWT

JHP ENDLHE

CALL ENDLNE

CALL GETCHD

CHP AL, 't

JE UPs

JMP OKCHD
DOMKLOAD L

00 data follows; tt =
03 xxxxyyyy = CS:IP start address

DEC
CALL
cBW
MOV
CALL
Mov
CALL
cau
MOV
CALL
MoV
CALL
HOV
HOV
CHP
JE
CMP
JE
CHP
JE
CHp
JE
POP
MoV
JHP

XOR
HOV
ADD
Moy
CALL
ADD
Loop
CHP
JE
pPoP
poP
HOV
JMP
RET

CALL
HOV

BX
TOBIN2

[CMDLTRI, AX
TOBING
[CHDPR11, AX
TOBIN2

[CHDPR2}, AX
TOBIHG
[CMDPR3T, AX
TOBING
[CMDPR4T, AX
AX, [CHDPR2]
AL, ©

DWNO

AL, 1

DWH1

‘AL, 2

DHNZ
AL, 3
DHN3
AX

AL, OF
EXTERR

ox,0X%

CX,5

CX, [CMDLTR)
8X, THLNE + 1
TOBIN2

DL, AL

$1

bL, 0

$2

AX

AX

AL, 04
EXTERR

CHECHK
$1, [CKDPR1]

update for next line
: Version 1.3 patch
; is start > end ?

“s

: send this line
; returns command letter

; new command so abandon

{checksum follows)

01 end record ; tt = 02 xxxX =

; nn number of data records

aaaa address

-

; tt record type

; XXXx segment address
: Yyyy start address

; data record

end record

-

; segment address record

start CS:IP record

-

—invalid hex line

-

line checksum routine
clear sum

; always 5 bytes in line
gives the totat in line
start of data

get byte

add into total

; (allow to overflow)

; is checksum correct ?

EYER )

Ay wr me me

; this return address
; main routine address
; checksum error

; get aaaa
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1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
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FOOO:F283
FOO0:F284
FOCO:F287
FOQQ:F289
FO00:F28D
FO00:F290
FOO00:F293
FO00:F296
FOOO:F299
FO0O:F2v8
FOO0:£290D
FOOO:F2A1
FOOO:F2A2
FOOO:F2A4
FOQO: F2A5

FOOO:F2A8
FOOD:F2AC
FOOO:F2B0
FOO0:F281
F000:F2B82

FOOO:F285
FOO0:F2B8

FO00: F288
FOQO:F2BE
F000:F2C1
FOO0:F2C4
£000:F2CT7

FOQO0: F2CA
FOO00:F2CD
FGOO:F200
FOO0:F2D3
FO00:F2D6

FO0G:F208
FOO0:F208B
FOGO: F200
FOQD:F2DF
FO0O:F2E2
FOO0O:F2ES
FOO00: F2ES
FOO0:F2EA
FOQO:F2ED
FOQO:F2FO
FOOO:F2F3

FOOO:FEC6
FO0O:FFCé
FOOD:FFDA

FOOO:FFFO
FOOOsFFFS
FOOO:FFFT
FOOO:FFFD
FOOO:FFEF

06
Al
8E
as
88
3]
26
26
3A
75
89
46
E2
07
E9

8c
89
07
58
E?

E8
E?

ES
Al
A3
A3
EQ

E8
Al
A3
A3

EB

B8
8€
8E
ES
At
30
75
E?
Al
E9

43
46

EA

44
co
0E
6E
F1
88
BA
EC
08
36

EC

DC

06
36

DF

Ab
ce

9E
56
3E
44
BA

8F
58
40
46
E6

09
Co
Do
30
54
i)
03
9A
56
19

43
46

36

00co

46
32
81

4C
30

01

50
01
F8
04
24

44

FA

52
54

FA

FF
FA

FF
ot
0t
01
FA

FF
01
01
01

00

F7
01
00

FA

o1
FF

6F

6C

E8

49

01

01

01
01

6F 70 70
6C &9 69

0o FO

47 48 54

$1:

$2:

DWN1:

DWNZ2:
DUNZ22:

DHN3:

VI3A:

Vi3s:

1

RESET:
ROM1:
FLIGHT:
VERS:
CHKSUM:

PUSH
HOV
HOY
Hov
KoV
CALL
MOV
MOV
CHP
JNE

CHOV - o

INC
Loop
PoP
JHP

MOV
Hov
POP
pPOP
JHP

CALL
JHP

CALL
MOV
MOV
MOV
JHP

CALL
MOV
MOV
HOV
JHp

MoV
Moy
MOV
JHP
MOV
CHp
JHE
Jup
MOV
JHP
8LKB

COPYRIGH
ORG

be

B

RESET VECTOR and BEYOKD

JHP
by
DB
DB
D8

ES

AX, {CURSEG]
ES, AX

CX, CCMDLTR]
BX, INLHE + §
TOBIN2
ES:ISI1, AL
AN, ES:(S0]
AN, AL

$2
[CURADR], ST .
|

$1

ES

NULLKE

{CHOPR1], ES
[CMDPR2), Si
ES

AX

WRFAIL

CHKCHK
NULLNE

CHKCHK
AX, [CHDPR3]
[USRCS], AX
[CURSEG], - AX
HULLNE

CHKCHK

AX, [CMDPRA]
[USRIP], AX
[CURADR}, AX
SHORT DMH22

AX, RAMSEG
ES, AX

SS, AX
VI3AR

AX, [CMDPRZ]
AY, ©

$1

ENDLHE

AX, [CHDPR3]
V138R

FECBh - $, FFh

ma s me ma -

-

-~

e wr mg e wma oy e s wy s mp wa

-~ wma

get current segment
number of data bytes
start of data

get byte

store it

was it stored ok ?

update current address

save segment of failure
save address of failure

main routine address
write fail ercor

no further action end record

get XXXX
update user C$§
update current segment address

get yyyy
update user IP
update current segment address

V1.3 patches

.access to base addresses

and stack

end of patch Vi3A
special case

test for overflow

end of patch Vi3s
ensure full of FF's

T HOTICE =--emmmemmme e e
FOBO: FFCSh

'CCooppyyrriigghhtt * ; copyright message
'FFULiTgghhtt  11999900';in both EPROMs

FAR COLD
C000h
'FLIGHT?
12010

81h

same as FFFF:;0000h

ROM start address (2764)
our name

version number

ROM checksum (2764)




MONITOR SOURCE CODE SYMBOL TABLE

Symbol
BAUDRT
BPADR
BPCODE
BPFLAG
BPOINT
BPRECH
BPSEG
BREAK
BRKO
BRKOE
BRK1
BRKZ
BRK3
BRKS
BRKSE
CHKCHK
CHKSUM
CLRBRK
CHDLEN
CHDLTR
CMDPR1
CHDPR2
CMDPR3
CHDPR&
CMDSFX
CMDTBL
CODE
coLp
COMND
cTCo
cTCt
crce
CTCK
CURADR
CURSEG
DATA
DHLOAD
DOEXP
DUMMY
DUNG
DHN1
DUN2
DUH22
DWH3
ENDLKE
ESCAPE
ESCCHR
EXPER
EXRT
EXTERR
EXTFLG
EXTRA
FILL
FILL0
FILLA
FILLB
FILLE
FILLF
FILLS
FILLW

Defined
126
139
137
136
328
134
138
1288
1301
1318
1338
1340
1327
1341
1359
1480
1556
1364
834
128
130
131
132
133
129
795
Pre
210
921

34
- 35

36

37
119
118
Pre
1454
173
155
1495
1519
1522
1523
1528
894
950
122
177
438
887
144
Pre
1168
1178
1180
1201
1212
1208
1181
1193

Value
0000:014E
0000:015F
0000:G15¢C
0000:0158
FOOO:ESAS
0000:0154
0000:0150
FOOO:FOBA
FOO0:FOD3

FOOQ:FOFA

FOO0:F11E
FO00:F123
FOOO:F10A
FOO0:F126
FOOO:F157
FOOO:F25C
FOCO:FFFF
FO0Q:F15E
FO00:EDT4
0600:0150
0000:0152
0000:0154
0000:0156
0006:0158
0000:0151
FOOO:ECFA
FOOO:EBOD
FO0O:E836
FOO0:EDBD
0000:0008

0000: 0004

06000: 000C
0000: 000E
0000:0146
0000:0144
0006:0000
FOOG: F222
F000:E000
0000:0400
FOOO:F27C
FOO0:F2B5
FO00:F2BB
F000:F2BE
FOGO:F2CA
FO00:ED87
FOOO:EDF9
0000:014A
F000:E007
FOD0:EAD1
FO00:EDT7
0000:0164
0000: 0000
FOO0:EFCA
FO00:EFOD
FOOO:EFE2
FODO:FO15
F000: E02C
FO00:FO25
FODO:EFES
FOO00: FOO7

Symbol
FLB

FLIGHT
GETCKD

GETCOM

GETPRO
GETPR1
GETX
Go

GO1

TG02

GOs
GOTOIT
GOTT
INCHR
INIT
THLINE
ITHLNE
INPO
INP1
IHPORT
ITHSTAT
INTO
INTH
INT2
INT3

- INT32

INT33
INT34
IHT35
INT36
INT37
INT38
IHT39

CINT4

INTS
INT6
INT7
1RGO
IRQ1
IRG2
IRG3
IRQ4
1RG5
§:00 03
1RQ7
LSK1g
ME
HEMO
MEM1

‘MEMZ

MEMZE
MEM34
HMEM348
HEMS
HEM6
MEMD
MEMORY
MEHQ -
MEHS
MEMWT

Defined
1202
1554

838
151
845
849
851
1263
1274

T1276°°

1277
444
1283
683
653
701
149
1230
1235
1219
676
5%
57
61
67
88
89
90
21
92
93
94
95
71
73
76
79
491
492
493
494
499
496
497
498
321
187
1096
1098
1110
1125
1128
1134
1139
1141
1142
1077
1099
1144
1160

Vatue
FOOOQ:FO18
FOOO:FFF7?
FOOO:ED15
0000:0265
FOOO:ED22
FOOO0:ED2A
FOGO0:ED30
FOOO:FOB3
FOQO:F098

TUTFOO0 S FO9D
FOOO:FOAQ
FOOO0:EAD4
FO00:F0B2
FOOO0:EC4C
FOQO:EC14
FOOO:ECH0
0000: 0165
FOOC: FO4B
FOO00:FO55
FGOO0:FO35
FOOQO:EC4T
0000:0000
0000:0004
0000:0008
0000:000C
0000:0080
0000:0084
0000:0088
0000:008C
06000:0090
0000:0094
0006:0098
0005:009C
0000:0910
0000:0014
0000:0018
0000:001C
FOO0:EB30
FOO0:EB3!
FOO0:EB32
FOD0:EB33
FOOD:EB34
FOO0:EB35
FOOO0:EB36
FOOO0:EB37
FOOO:EBS4
FOO0:E802
FOOO:EF17
FOOO:EF1C
FOOO:EF3A
FOOO:EF5D
FOOO:EFA1
FOOO:EFT4
FOOO:EF7F
FOOO:EF84
FOOO:EF87
FOOO:EEF2
FODO:EF1F
FOOO:EFP3
FOGO:EFBD
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Symbol
MEXX
HLOOP
MSKIB
HMIDEF
HMIOME
HMITWO
HOTAVL
HOTESC
HOTEX
HOTVAL
HULLHE
OFBPEX
OKCMD
OTCHR
OTDEL
OTLINE
OTPORT
OTSTAT
QUTIT
QUTLNE
ouTPO
ouTP1
PICY
pIC2
PPIAA
PPIAB
PPIAC
PPIAK
PPIBA
PPIBB
PPIBC
PPIBK
RAMLST
RAMSEG
RAMTST
REGO
REG12
REGE
REGIS
REGR
RESEY
ROM1
ROMSEG
ROMSUH
ROMTST
RSTLHE
RXCHR
SBAUD
SEREND
SERIAL
SERTBL
SINGLE
SNOBYT
SHDDTA
SROERR
SHOHRD
SKHGO
SHG1
SKGS
SHOR

Defined

1158
314
516
480
192
202
883
927
931
LT
B93
402
922
736
783
757
1242
729
748
150
1253
1257
38
39
26
27
28
29
30
31
32
33
125
4
591
1039
10645
1072
1030
10663
1552
1553
48
124
577
772
120
666
624
626
611
1381
86%
859
212
875
1394
1396
1397
1401

1n

value
FOOO:EFBA
FOOO0:E990
FOQO:EBAE
FOQO:EBZ21
FOOO:E80A
FOQ0:EB27
FOOQ:EDT
FOOQ:EDCC
FOO0:EDDS
FOOOQ:EDTS

" FOOO:IEDSS

FOOOIEAT2
FOO0:EDCO
FOO0:ECY3
FOOO0:ECES
FOOG:ECRS
FOO0:FOSF
FO00:ECBE
FOOO0:ECAA
0000:01E5
FOUO:FO75
FGOO:FO7C
0000:0010
0000:0012
00006: 0000
6000:9002
0006: 0004
0000:0006
0000: 0001
0000:0003
0000: G005
0000: 0007
g000:014¢C
0000:0000
FBOO0:EBBB
FOOO:EEQF
FOOO:EEAE
FOQO:EEEE

" FOOO:EEBE

FO00:EEDS
FOQO:FFFO
FO0O:FFF5
0000:F000
0000:0148
FOOC:EBA2
FO00:ECD4
0000:0148
FO00:EC32
FOOO:EBEY
FOOO:EBES
FOO0:EBD7
FOO0:F183
FO00:EDSA
F000:ED43
FOBO:EDBO
FOO0:EDSS
FO00:F19D
FO0O:F1A2
FOO0:F1A5
FO00:F181

Symbol
SRIDEL
SSEXIT
SSTEP
STACK
STOUNY
STFLAG
STSFX
SUART
JEST
TOASC2

"TOASCA

TOBIN
TOBIN2
TOBIN4
TOCAPS
TOLWR
TOMON
TOPSTK
TPROD
TRAM
TROM
TSPED
TXCHR
UARTD
UARTS
UEXIT
UNBPEX
UNTT
uro
up1
UPLOAD
UPHR
ups
UPWT
USER
USRO’

_USRAX
USRBP
UsRBX
USRCS
USRCX
USRD1
USRDS
USRDX
USRERR
USRES
USRFG
USRIP
USRSI
USRSP
USRSS
USRSTK
v1i3A
V13AR
viie
V13BR
VERS
WARH
VRESET
URFAIL

defined

779
417
319
Pre
140
142
143
647
959
530

537
544
552
567
502
509
349
154
1023
972
286
1008
121
40
41
344
413
196
1419
1421
1410
1431
1422
1443
186
49
104
109
105
115
106
111
112
107
902
113
117
116
110
i08
114

158
1534
377
1538
1439
1555
239
954
901

Value
FOOO:ECEZ
FOOO:EA9S
FOGO:E996
0000:0000
0000:0141
0000:0162
0000:0143
FOOO0:ECOC
FOOO:EEQ!
FOQO:ERS2Z

""FOCO:EB6D
FOOO:EB78
fO00:EBBS
FGOO:EBYS
FO00:EB38
FOOD:EB43
FOOO:E9C?
06000:0400
FOOO:EEBA
FOOO:EETA
FOOO:EE3E
FOOO:EESA
0000:0149
0000:0018
0000:001A
FOOO:E9BD
FOOO:EASBE
FOOO:EB13
FO00:E1D6
FOO0:FiDB
FOOO:FI1CS
FOOO0:F1F8
FOCQ:F1DE
FOOO:F215
FO09:EB00
= 0600:0050
0000:0128
000G:0132
0000:012A
0000:013E
0000:012C
0000:0136
£0Cc0:0138
G000:012E
FO00:EDGS
0000:013A
0000:0142
0000:0140
0000:0134
0000:0130
0009:013C
= (000:0500
FCOC:F208
FOOO:EAT2
FO0O0:F2E2
FOQ0:F20C
FOOO:FFFD
FOOO:E868B
FOOO:EDFC
FOOQ:EDR4
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FLIGHT86.MSG FILE

To give a degree of flexibility the file FLIGHT86.MSG may be edited allowing users to
modify messages and even command letters. If using MSDOS, this file MUST be in the
current active directory. If using CP/M the file must be in the default user number
area.

FLIGHT86.MSG is an ASCII file that may be edited with most word processors using
their ‘program’ or ‘non-document’ mode; an extract is listed overleaf. Extreme care
must be taken that the position of messages is not changed.

Before starting to make changes be sure you have a printed hard copy and a BACKUP
copy of the file, If translating, replace each phrase by a phrase of the same meaning.
Be careful to preserve the positions of columns and the meanings of rows., Change
only ONE item at a time and test the software thoroughly after each change.

Lines commencing with { are treated as comment lines and are ignored, you may
include as many of these as you wish to assist the reader. Sections MUST be
terminated by a line starting with {#.

The COMMANDS - Scction One

Each command uses 2 lines. DO NOT change their ORDER.

The first line is used for the command meaning followed by the command letter in
column 18 (this MUST be maintained). An explanation of the command syntax (not to
exceed 40 characters) should follow, starting in column 20,

The sccond line is up to 79 characters of help for use with the Help command.

The OPTIONS - Scction Two

The OPTION letters are used in the command tails, DO NOT change their ORDER.

Ensure your option letter cannot be mistaken for a single digit Hex address. (This can
give unexpected results)

The final option is the response expected for a Yes/No question. You may use this to
give 2 choices for an exit instead of the upper/lower case choice,

ERROR & SYSTEM Messages - Section Three

These are the messages displayved as a result of an error condition or as instructions to
the user. DO NOT change their ORDER.

The maximum Iength of any message is 79 characters, Some messages are joined
together so test your translation thoroughly. This is not casy with error messages
unless you can ‘force’ the error to occur,

Serial Port - Scction Four

This is the communications port to be used if using an MSDOS machine.

Make sure your printer is NOT redirected to the serial port to be used as this can

produce unexpected results. It is gquite acceptable to use the printer LST redirected to
COMI and then enter COM2 for the communications port,
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File Extension - Section Five

Intel Hex files saved to disk are given the extension specified here. It must be one to
three characters. We urge you NOT to use HEX as you may accidentally overwrite a
file created by the assembler. Similarly don’t use an extension that occurs regularly on
the disk (ie COM, EXE, ASM etc) for the same reason.

Structure of FLIGHT86MSG file

This is an extract from the FLIGHT86.MSG file to indicate the style of entry expected,
the important aspects have been highlighted. Please take a print out of the file for the
complete story.

{(FLIGHT86.MSG
{ some messages and instructions here
{ """ COMMANDS ~ -~ m " " - " m - o mm e e e e e e e ———— -
{ some messages and instructions here
Escape Esc
Stops current command (except GO)
{ some messages and instructions here
Reset X
‘Warm’ reset of controller board, lcaving user registers intact
{ some messages and instructions here
more commands here
{ some messages and instructions here

Quit Q

Terminates host software, return fo operating system

{

{# - - End of COMMANDS ~~~~~-~-- Start of OPTIONS ~----rrmrmemmmene - oo

{ some messages and instructions here
{ note about option letter
M
more option letters
{ note about option letter
Y

y . .
{# -~ End of OPTIONS - ==~~~ ==~ Start of ERROR MESSAGES ~~~-=-==-~-=~=~
{ some messages and instructions here a list of messages follow
Invalid Command :
No RAM found }!
many more messages here

No Breakpoint Set
{# - - End of ERROR MESSAGES -~ Start of SYSTEM MESSAGES -~~~ ~~~---=-==~
{ some messages and instructions here
RAM found at

. Block(s) of RAM found at

. many more messages here
No ROM found !!
(# ~— - End of SYSTEM MESSAGES - - Start of SERIAL PORT ----~===--=-~-~~-~
{ some messages and instructions here

COM1
{# - - End of SERIAL PORT ~--~-- Start of DEFAULT FILE EXTENSION ===--~-

{ some messages and instructions here
HX
{# - - End of message file ==~ -~—-~~-= -~ --c - - e e s m e e m
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CHIP DATA

The following pages give a precis of the data for the major chips used by the
FLIGHT 86 controller board. This means that certain modes of operation are not
described because they are not applicable to this board. We suggest you obtain the
chip data sheets from the manufacturer if you need more detailed information. Much
of the information you will need, for most applications, is extracted from these data
sheets and presented here for easier assimilation.

Each chip description follows a similar format. First there is a block diagram of the
chip alongside a physical pin layout diagram,

The manufacturers maximum current requirement for the chip is stated, this allows an
estimate of the maximum current required by the board to be made.

Any programmable registers accessible are listed with the types of activity allowed and
their Port addresses on the FLIGHT 86 controlier board.

The function and operation of each pin on the chip then follows.

If appropriate the general operation of the chip is described together with any
programming information,

At the end of this section, the pin out diagrams of all the other chips used on the
board is supplied. :

Our Experiment Book makes use of these major chips and should be studied for a

deeper insight into their operation. Our Fault Finding book makes reference to some
of these devices, particulariy from the hardware point of view,
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TEST
INT
NMI

HOLD
HLDA

OLK

RESET

READY
MN/MX
GND

cC

EXECUTION UNIT

8086 CPU (MINIMUM MODE)

BUS INTERFACE UNIT

REGISTER FILE l [

RELOCATION

REGISTER FILE

|

SEGMENT
REGISTERS &
INSTRUCTION

POINTER

(5 WORDS)

DATA,
POINTER &
INDEX
REGISTERS
{8 WORDS)
16-BIT ALU
FLAGS
—e it
——
iy
CONTROL
.| AND TIMING
et}
At
——n gt
——ei
At
— e
e

BUS
INTERFACE
UNIT

l . BHE /ST

A19/56

ili

4L

6-BYTE
INSTRUGCTION
QUEUE

Maximum current requirement - 340 mA

8086 Pin description (minimum modc)

ADQ - ADI15 Address/Data Bus (input and output),
The low 16 multiplexed address and data lines.
interrupt acknowledge or hold.

A16/83 - A19/56 High Address Bus (output)
High 4 multiplexed address and status lines.

BHE/S7 Bus High Enable (output)

Multiplexed with a status line.

Gnd E
AD14 [Z
AD13 E

" AD12 E

Ap11 [5 |
ADIC [ ]
AD9 [7 ]
ADS [8 |
AD7 [o ]
AD6 (10]
ADS [11]
AD4 [12]
AD3 [13]
AD2 [14]
AD1 [15]
ADO 18]
NMI f17)
INTR (18]
CLK [19]
Gnd @

8086
CrU

@ VCC
E AD15

38) A16/53
37) A17/54
36] A18/55
35] A19/s6
34] BHE/S7
3] MN/MX
32] RD

3:1] HOLD
30] HLDA
9] WR

28] M/To
27] DT/R
26] DEN
25] ALE
24} INTA
23] TEST
E READY
21] RESET

Tri-state during a hold.

functions and to enable data onto the odd half of the data bus (D8 - DI15).

tri-state during a hold.

ALE Address Latch Enable {output).
Used to latch the address information from the Address/data bus.

___during Tl of any bus cycle.

RD Read (output).

Strobed low when the 8086 is performing a memory or I/0 read cycle.
It is tri-state during a hold.

___during the T2, T3 and Tw cycles,

WR Write (output).

Strobed low when the 8086 is performing a memory or 1/0 write cycle.
It is tri-state during a hold.

during the T2, T3 and Tw cycles,

16

It is never tri-stated,

They are tri-state during an

It is used, with AQ, to condition the chip select

It is

It is pulsed high

Active low

Active low




M/TO Memory Input/Qutput Status (output).
High during a memory access, low during an 1/0. Tri-state during a hold.

READY Ready (input).
Acknowledgement from the addressed device that it has completed the data transfer.
Synchronised by the 8284A CGD.

HOLD Hold Reqguest (input),
If another device requires access to the 8086 bus it takes this line high. The 8086
issues a HLDA in response.

HLDA Hold Acknowledge {(output).
After the 8086 receives a "hold request it takes ‘the"HLDA line high during the T!
clock cycle and will tri-state the buses and most control lines.

RESET Reset (input).
A high forces the 8086 to abandon the current activity, and causes the buses and
most output control lines to go tri-state,
When returned low the 8086 starts execution from FFFF:0000.

INTR Interrupt request {input).
This line is sampled during the last clock cycle of each instruction. If it is high
the 8086 issues INTA pulses to enable the interrupting device to place a vector
___address on the bus. The action may be masked by software.

INTA Interrupt Acknowledgc {output).
Used as a read strobe in response to an interrupt request, Strobed low during the
T2, T3 and Tw cycles,

NMI Non-maskable Interrupt (input).
A low to high transition (release of the NMI button) causes an INT2 instruction to
be executed. The action cannot be masked by software.

CLX. Clock (input). :
Provides basic timing signal, ideally with a 33% duty cycle. The frequency must
not fall below 2 MHz,

Yee +5 V power supply,

Gnd 0 V power supply return

MN/MX Minimum/Maximum mode control (mput) Wired high on FLIGHT ‘86 board.
When high the 8086 operates in the minimum mode.

TEST Test (input). Wired low on FLIGHT 86 board.
When high the 8086 idles. It may be examined by software.

DT/R Data Bus Transmit/Receive {output). Not used on FLIGHT 86 board.
___Used to control direction of a bus transceiver. Tri-state during a hold,

DEN Data Enable (output). Not used on FLIGHT 86 board.
Used to enable a bus transceiver, Tri-state during a hold.

General Operation

The 8086 is split logically into two processing units, the BIU (Bus Interface Unit) and
the EU (Execution Unit} as shown on the block diagram, page 72. They can, and do,
interact but for the most part are separate processors.

The BIU handles the instruction fetch operations, utilising a 6-byte FIFO (First In
First Out) buffer instruction queue to allow instructions to be pre-fetched while the
EU is processing previous instructions,

Whenever there are two bytes of space in the queue, the BIU will attempt a fetch
memory cycle. This reduces the ‘dead-tim¢’ on the system bus. The EU extracts the
instructions from the gueue as required.

The queue is flushed whenever a branch instruction is executed, the first instruction
to enter the queue will be available to the EU,

Memory operands are passed through the BIU, when required, for processing by the
EU, and the results are returned to the BIU for storage,

The BIU also handles the basic bus control signals.
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Bus Operation

Refer to the timing waveforms opposite when reading these notes. DEN and DT/R
are shown for completeness, they are not used on the EIQLP board. Each
processor bus cycle consists of 4 clock cycles, Tl, T2, T3 and T4, The 8086
outputs the address during T1 and data transfer occurs during T3 and T4.

If the READY line is low then WAIT states will be inserted between T3 and T4.
You cannot insert WAIT, Tw, states on the EIOLP board becausc the RDY lines of
the 3284A are hard wired.

T1 or ‘Idle’ states, occur during 8086 processing, when the queuve is full and no
memory operands are required,

Each cycle starts in T1 with the ALE (Address Latch Enable) signal from the 8086.
The falling edge of the ALE is used to latch the multiplexed bus signals ADO to
ADI13, Al6/S3 to Al9/56 and BHE/S? with a set of address latches to provide the
lines AO to A19 and BHE. Se¢e the circuit on page 12,

During the four clock cycles the M/IO line indicates; ‘1’ for a memory or ‘0’ for an
1/0 operation.

The D’I‘/E—?. and DEN lines are normally provided for external bus drivers
Read Operation

M/IO will be high. During T2 the address is removed from the multiplexed
address/data bus, which goes tri-state. The RD line goes low, after allowing time for
the bus to float, causing the addressed device to-place its data on the bus some time
later (dependmg on the device access time)., The 8086 will read the data from the bus
prior to raising the RD line again.

Write Operation

M/IO will be high. During T2 the address is removed from the multiplexed
address/data bus, and the 8086 places the data to be written to the addressed device on
the bus. The data is valid until the end of T4 when the bus is tristated, The WR line
goes low at the start of T2, rather earlier than the RD line, giving the addressed
device as much time as possible to read the data.

1/0 Operations

The timing of I/O operations is the same as memory read/write operations, except
M/I0 will be low.

Status Lines
The status lines are used to indicate internal events to the outside world. These lines

are valid during the T2 to T4 time. 83 and S4 indicate the segment used in forming
the address, as shown below:

S3 54

0 0  Extra segment |
0 1 Stack segment
I 0 Code segment
1 I Data segment

S5 indicates the state of the [lag register interrupt enable bit.
S6 is always O
S7 is a spare status bit.
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. (RD, INTA, DT/R = ‘1)

8086 T!M!NG WAVEFORMS (MINIMUM MODE)

COMMON SIGNALS

M/10 X
BHE/$7, A16/53-A15/S6 _ X}ﬁAlg-M;X $3 - 87 X

w T /

READ CYCLE ] l , I j
(WR, INTA =17
ADO-AD15

DT/R

DEN

e

ADO-AD15 XADO;- ADI1s X DATA Ol'JT >_ - C

= \ S
o \ /——

INTERRUPT ACKNOWLEDGE _ l

(2ND CYCLE) (RD, WR = '1', BHE = 0)
ADO-ADIS — o o e e e e e e e - POINTER _______
FLOAT FLOAT
DT/R \ /
INTA

DEN . ;!
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Reset & Initialisation

The RESET signal is provided by the 8284A on the FLIGHT 86 controller board.
The 8284A ensures the RESET is high for the required minimum of four clock
cycles. Whilst the RESET line is high the 8086 is ‘dormant’ with most of the data and
control lines in the tri-state condition. A low on the RESET line for a minimum of
10 clock cycles, causes the 8086 to start execution from address FFFFO (FFFF:0000).

Interrupts

The 8086 handles both software and hardware interrupts. Both use a look-up table of
interrupt types, in RAM, of start addresses for the appropriate ISR (Interrupt Service
Routine). See page 36 for the assignments available on the FLIGHT 86 board. Each
element in the table is 4 bytes and comprises of the Offset and then the Segment
address of the ISR. These must be initialised BEFORE use. The software interrupts are
the INT N instructions where N is the type number.

All interrupts resuit in the current Code segment, Instruction Pointer and the flag
register being PUSHED onto the stack. The Interrupt Enable Flag is then reset to
disable further non-maskable interrupts from occurring. The IRET instruction POPs
the flag conditions PRIOR to the interrupt,-before returning from the ISR.

Non-Maskable Interrupt Opcration

A low to high transition on this input, sustained for at least 2 clock cycles, is latched
in the 8086. This will cause an INT 2 instruction to be executed, after the current
instruction has been completed The subsequent high to low transition may occur at
any time, although it is important that this signal is free from ‘glitches’ or ‘bounce’,
The FLIGHT 86 board has used a Schmitt buffer on the NMI- button to provide a
bounce free signal. See the circuit on page 12,

The FLIGHT 86 software has three NMI routines, built into the monitor ROM. These
are documented in the pseudocode listing, on page 39.

Maskable Interrupt Opecrations

The INTR line is level sensitive and is sampled during T4. If it is high the 8086
issues two INTA pulses. During the first pulse the multiplexed address/data bus
floats and this warns the interrupting device to be ready for the second INTA pulse.
The second pulse is treated as the RD line, and the interrupting device places an
interrupt type on the bus. The 8086 multiplies this type number by 4 and uses this as
the address of the pointer to the interrupt service routine. The second pulse timing
is shown on the timing diagrams of page 75. :

On-board interrupts are handled by the 825%A, PIC,

HALT
When a software HALT instruction has been exccuted, the processor issues on¢ ALE

signal WITHOUT the qualifying control line signals. Only an external interrupt
request signal or a RESET will bring the 8086 out of this condition.
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8086 Register Summary

The 8086 has fourtcen 16-bit registers accessible to the programmer; 4 of these may also
be used as 8-bit registers.

16-bits 8-bits
Accumulator AX or AH and AL
Base BX or BH and BL
Counter CX or CH and CL
Data DX’ or DH and DL
Stack Pointer Sp (uses SS register)
Base Pointer BP (uses SS register)
Source Index ST (uses ES register)
Destination Index DI {uses DS register)
Code Segment CS
Data Segment DS
Stack Segment S§
Extra Segment ES
Instruction Pointer iP {uses CS register)
15 8§ 17 0 BIT
Status Flags xXxxxODITI{SZxAxPxC
Hi flag : Lo flag (=8085)
Flag definitions: x Don’t care
O Overflow Set if signed result too large for number of bitz allowed
D Direction If set string instructions auto decrement else increment
I Interrupt Enable If set allows maskable interrupts to oceur
T Trap If set CPU is in single step mode
S Sign Made equal to high order bit of result
Z Zero Set if result is zero
A Auxiliary carry Set on bit 8, low nibble, if BCD carry or borrow
P Parity Set if low 8-bits contain an even number of ones
C Carry Set on highest bit (7 or 15) carry or borrow

Physical Address Calculation

The 8086 has 20 address lines, with an addressing range of 00000 to FFFFF, giving
access to 1 Mbyte of memory. The physical 20-bit address is calculated- from the 16-bit "’
segment address and the 16-bit logical offset. The segment address is that contained in
the segment register being used and is always on a 16-bit paragraph boundary (ie. a 0 is
tacked on the end).

The diagram below may help show how the segment and offset are combined; it
assumes the segment is FCO1 and the offset is 1234:

16-bit segment Paragraph 16-bit of fset

ECO1 0 1234
™~ FC010 ~ 1234/

FD244 (20-bit physical address)
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8086 Operand Summary

The 8086 software instructions are formed by a sequential series of one to six bytes,
shown in general terms:

e e b b i dm e v v e W e e R M e Em S WA e b he e e mm mm e B 4 e et e G

Opcode | mod reg rm | offset low | offset high ! data low , data high |

— e = g = = e T I e L _—r— e e s R e e = = —

T : . r
t optional displacement optional data i
! 0, I or 2 bytes ! 0, 1 or 2 bytes !

The instruction always starts with an opcode, these are listed in the matrix opposite and
in more detail on the following pages. The 8-bit mod reg rm field, if used, specifies
the operands of the instruction. This is followed by any displacement bytes (0, I or 2)
finally any data bytes (0, 1 or 2),

A single byte segment register override prefix may be added to the instruction to
specify which segment is to be used. This byte occurs before the opcode.

The mod reg rm field is defined as:

mod reg rm
(mode) {register) (register or memory)
D7 D6 D5 D4 D3 D2 DI DO

The mod and rm fields determine the register and displacement values as shown in the
table below (EA times in parentheses):

MEMORY ACCESS REGISTER ACCESS
mod value . 00 01 10 N 11
rm value word byte
000 [BX+s1] (7) | [BX+SI+disps] (11} | [BX+SI+disp16] (11} AX AL
001 [BX+DI} (8) | [BX+DIt+disps] (12) | [BX+DI+dispie] (12) cX CL
010 [BP+SI] (8) [BP-+SI+disp8] (12) [BP+SI+displs] (12) bX ‘DL
011 [Br4+D1] (7) | [BP+DI+disp8] (11) | [BP+DI+disple] (11) BX BL
100 (sy] (5} | [SI+disps) {8} | [Si+dispi6] © sP AH
101 D1 (5) | [DI+disp8] {9) { [DI4disp1s} {9) BP CH
110 direct (6) | [BP-+disps] {9} | [BP+dispis) (®) SI - DH
111 IBX]} (5} | [BX+disp8) (2} | [{BX+dispis] &) DI BH
Notes: mod 00 if rm = 110 then the displacement is a direct memory address
mod 0L disp8, 00 to FF, is a signed 2's complement number (-80 to +7F)
mod 10 disp16, 0060 to FFFF, is also & 2's complement {-8000 to +7FFF)

If O is used gome assemblers freat this as mod 00 while others insert 00 or Q00Q as the
displacement value.

Effective Address (EA) calculations

In the Instruction set summary starting on page 80 many of the instruction timings
include an EA time. This depends on the type of instruction and the calculation
should include the following considerations:

Add 2 cycles for segment override prefix.

Add 6 cycles for a displacement only
Other times are shown in the table above in parentheses,
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8086 INSTRUCTION SET MATRIX

is  immediate byte sign

83

Lo ¢ 1 2 3 4 5 6 7 8 9 A B C D E F
HI
0 ADD ADD ADD ADD | ADD | ADD {PUSH | PCOP OR OR OR QR OR OR PUSH | POP
b.frm wirm jbtrem { w.t.am| bia w.i.a ES ES |bJgrm {wilrm | birem |w.trm| bia | wia cs Cs
I ADC ADC ADC | ADC | ADC | ADC [ PUSH| POP { SBB SBB SBB SBB SBB SBEB | PUSH | POP
b.frm wirm (bitrm jw.itaom] bia w.i.a sSs RE bd.am [ wirm | btrm | wtami bia | wia DS DS
5 AND AND AND | AND | AND | AND ES DAA | SUB SUB SUB SUB SUB | SUB Cs DAS
bfrm | wiem jbiom [wtaom| bia | wia 50 ' biom | wirm | btirm | wetem | bia | wia so
3 XOR XOR XOR | XOR | XOR { XOR 58 AAA | CMP | CMP CMP | CMP | CMP | CMP ns AAS
b.i.rm wifrm [b.trm |w.torm| bia | wia 50 bform { wirm | bitoom [ witam| bias | wia s0
4 ING INC INC INGC INC INC INC | INC |DEC | DEC | DEC { DEC | DEC | DEC | DEC | DEC
AX cX DX BX SP BP 51 pI AX cX DX BX sp BP L3 DI
5 PUSH PUSH |PUSH | PUSH | PUSH | PUSH { PUSH |PUSH|{ POP | POP | POP | POP | POP | POP { POP | POP
AX CX DX BX sp BP SI DI AX cX DX BX sp BP st DI
6
7 Jo INO JB JNB | JE- | JNE | IBE |INBE| IS INS JP JNP JL JNL JLE | JNLE
JNAE | JAE
16 NG JZ INZ JNA JA JPE JPO { INGE | JGE JNG JG
8 Immd Immd | Immd | Immd } TEST TEST | XCHG |XCHG | MOV | MOV | MOV } MOV | MOV | LEA | MOV | POP
b.:m w.‘rm b.ufrm w"‘i‘rm bem | woem | bam | wom {bdem [ wilrm | b.tam | w.tam | srdrm sr.t.om m
9 NOP XCHG IXCHG | XCHGIXCHG | XCHG |XCHG |XCHG | CBW | CWD | CALL | WAIT |PUSHF|POPF| SAHF | LAHF
cX DX BX SP BP 81 D1 Id
A MOV MOV MOV | MOV |MOVS|MOVS | CMPS | GMPS | TEST | TEST | STOS | STOS | LODS [LODS| SCAS { SCAS
‘m—~AL | m~AX [AL-m JAX"m b w b w b.la wi.a b w b w b w
B MOV MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV | MOV § MOV ] MOV | MOV
i“AL i~CL iDL [ i#*BL {i—“AH { i"CH {i~DH | i7*BH |i#AX | I?*CX | i"*DX ] i#BX | i?*SP {i~BP i*8I | =Dl
C RET | RET | LES LDS | MOV | MOV RET | RET | INT | INT | INTC | IRET
n+SP birm | w.irm f.n+SP 1 3 n#3
D Shift Shift Shift Shift | AAM | AAD XLAT | ESC | ESC ESC ESC ESC ESC ESC ESC
b woo by LWy o | oA 0 1 2 3 4 5 s 7
* L] * *
E LOOPNZ | LOOPZ | LOOP | JCXZ IN IN QUT { OUT { CALL | JMP JMP IMP IN IN ouT ouT
LOOPNE|LOOPE | : b w b w | sid d Ld | std. | by | wy | by | wv
si s si si _
F LOCK REPNZ| REP | HLT | CMC | Grpl | Grpl | CLC STC CLI 8TI CLD STD Grp2 | Grp2
’ REPNE| REPE | - borm | waom borm | w.orm
REPZ * . * +
Abbreviations used:
: : id indirect d  direct
Specials reg value in mod reg rm i immediate P register
" . a  accumulator m  memory
o0 looi | oto |ou |too  |ien |10 pnupg gRmAd P T
; w  word operation n  number
Immd ADD OR ADC SBB AND SUB XOR CMP s segment override
Shift ROL ROR RCL RCR SHL/SAL| SHR SAR t  to CPU register
st segment register
Grpl TEST NOT NEG MUL IMUL { DIV DIV ¢ from CPU register
Grp2 INC DEC CALL CALL | IMP IMP PUSH rm EA is second byte
. . . . si  short - intrasegment
id Lid id Lid 1 long - intersegment




8086 Instruction Set Summary - by group

Each 8086 instruction tvpe is listed with a precis of operation, the opcode and operands with

approximate clock timings.

DATA TRANSFER GROUP

MOV move data
register to register

register to memory
memory to register
memory to AX/AL
AXJAL to memoty
Immediate to register
Immediate to memory, direct
Immediate fo memory, indirect
Memory to/from seg register
Register toffrom seg register
PUSH memory onto the stack
ward register
segment register
PUSHF push flags onto stack
POP memory f{rom stack
word register
segment register

POPF  pop flags from stack

XCHG exchange
Register with register

Word register with AX
Memory with register
IN input from fixed port

from port [defined in DX}

ouT output to fixed port
to port [defined in DX}

XLAT  table look up translation
LDs load pointer to DS

LEA load effective address
LES load pointer to ES
LAHF load AH with flags
SAHF store AH into flags
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Operation Opcode Operands Clocks
reg8 + reg8 8A mod reg rm 2
reglé * reglf 8B mod reg rm 2
mem8 * regd 88 mod reg rm Lomem | Himem 9+EA
memlé + reglé 89 mod reg rm | Lomem | Himem S+EA
reg8 * mem3 8A mod reg rm | Lomem | Himem 84+EA
reglfé “ memlé 8B mod reg rm | Lomem | Himem 8+EA
AL * mem3 A0 Lomem Himem 10

AX * memlé Al Lomem Himem 10
mem8 + AL A? Lomem Himem 10
memis ~ AX A3 Lomem Himem i0
reg8 + immé BO+reg | Data 4
reglé + immlé B8 4reg | Lodata Hidata 4
mem8 < imm8 Cé mod 000 rm | Lomem | Himem | Data 10+EA
meml6 * immié Cr mod 000 rm | Lomem | Himem | Lodata | Hidata | 104+EA
[regi6] - imm8 Ce mod 000 rm | Data 10+EA
[regis] < immls c1 med 000 rm | Ledata | Hidata 10+EA
memlé “ seg reg 8C mod seg rm | Lomem { Himem 9+EA
seg reg * memlsé 8E mod seg rm | Lomem { Himem 8+EA
reglf < seg reg 8C mod seg rm 2

seg reg *- reglé 8E rod seg rm 2

[SP} <~ meml1s, SP-- | FF mod 110 rm | Lomem | Himem 16+EA
[SP] + regl6, SP-- 50+reg 11

[SP] + seg reg, SP-- 06 +seg 10

[SP] + flags, SP -~ aC 10
meml1s + [SP], SP++ | 8F mod 000 rm | Lomem | Himem 174EA
regl6 < [SP], SP ++ 58 +reg 8

seg reg * [SP], SP++ | 07+seg 8

flags + [SP}, SP 4+ oD 8

reg8 * regd 86 mod teg rm 4
reglé “* regl6 87 mod reg rm 4

AX 7 reglé 90 +reg 3.
mem8 “* reg8 88 mod reg rm | Lomem | Himem 174+EA
meml8 +* reglé B7 mod reg rm | Lomem |} Himem 174EA
AL « port8 E4 Port 10

AX “ port8 ES5 Port 10

AL < [DX] EC 8

AX = [DX) ED 8

portd + AL Eé Port 10
port8 ~ AX E7 Port 10
[DX] + AL EE 8

[DX] + AX EF 8

AL *+ table entry DY 11
DS:reglé < mem32 Cs mod reg rm | Lomem | Himem 16+EA
reglé + meml@ 8D mod reg rm | Lomem | Himem 24EA
ES:regl6 * mem32 C4 mod reg tm | Lomem | Himem 16+EA
AH + lo flags gF 4

lo flags < AH 9E 4




ARITHMETIC GROUP

ADD register plus register
memory plus register
register plus memory
AX/AL plus immediate

memory plus immedizate
(indirect)

‘memory plus immediate
{direct)

ADC addition with carry

Memory /register plus memory fregister

Immediate plus AX/AL

Immediate plus memory /register

INC increment word register
byte register
memory

"AAA aseli adjust for addition

DAA decimal adjust for addition

SUB register from register
register from memory
memory {rom register
Immediate from AX/AL

Immediate from memory
{indirect)

Immediate from memory
{direct}

SBB subtraction with borrow

Memory [register less memory fregister

AX/[AL less immediate

memery fregister less immediate

CMP compare 2 operands
register with register

register with memory
memory with register
AX /AL with immediate

memory with immediate
(indirect)

memory with immediate
{indirect)

85

Operation Opcode Operands Clock
reg8 * reg8reg8d 02 mod reg rm 3
reglé < reglG+reglb 03 mod reg rm 3
mem8 * mem8freg8 00 mod reg rm | Lomem | Himem 16+EA
meml1d “ meml6+reglé 01 mod reg rm | Lomem { Himem 16+EA
reg8 * reg84mem8 02 mod reg rm | Lomem | Himem 94+EA
reglé * reglé +memif 03 mod reg rm | Lomem | Himem S+EA
AL *+ AL+4imm8 04 Data 4
AX =~ AX +immié 05 Lodata Hidata 4
byte{BX] ~byte[BX]+imm8 80 mod 000 rm | Lodata 4
word[BX] + word[BX]-+imm8 83 mod 000 tm | Lodata 4
word[BX} = word[BXj+imm16 | 81 mod 000 rm | Lodata | Hidata 4
mem8 * mem8+imms 20 mod 0G0 rm | Lomem | Himem | Data L7+EA
memlé < meml6+imms 83 med 000 rm | Lomem | Himem | Data 174+EA
meml8 + meml6+immlé 81 mod 000 rm | Lomem | Himem | Lodata | Hidata | 174+EA

same as ADD except +CY; opcode = 1x

same as ADD except +CY; opcode = 1x

same as ADD except modomrml; +CY; opcode same
regl}s ~ regl6+1 40 +reg 2
reg8 “ reg8+1 FE meod 000 rm 3
mem8 “ mem8+1 FE mod 000 rm | Lomem | Himem -154+EA
meml8 < memlé41 FF mod 000 rm | Lomem | Himem 154EA
adjust AL, flage AH 37 4
adjust AL, flags' AH 27 4
reg8 “ reg8- regd 2A mod reg rm 3
reglé * regl6 -reglé 2B mod reg rm 3
mem8 * mem3 - reg8 28 mod reg rm | Lomem | Himem 16+EA
memlé ¢ meml6 -reglé 29 mod reg rm | Lomem | Himem 16+EA
reg8 *+ regd - mem8 2A mod reg rm Lomem Himem S+EA
reglé + regl6 -memlé 2B mod reg rm | Lomem | Himem 94+EA
AL < AL-imm8 2C Data 4
AX + AX -immlé 2l Lodata Hidata 4
byte|BX] +byte[BX]- imm8 80 mod 101 rm | Data 4
word[BX} + word{BX]- imm8 83 mod 101 rm | Data 4
word[BX] +~word[BX]- imm16 | 81 mod 101 rim | Lodata | Hidata 4
mem8 * mem$§-imms8 - 80 mod 101 rmn | Lomem | Himem | Data 17+EA
memlf * memlé - imm8 83 meod 101 rm | Lomem | Himem | Data 17+EA
memlé < meml6-immié 81 mod 101 rm | Lomem { Himem | Lodata { Hidata [ 174+EA

same as SUB except -CY; opcode = Ix

same as SUB except -CY; opcode = 1Ix

tame as SUB except | modOllrmE; ~GY; opcode same
flags + reg8 - reg8 3A mod reg rm 3
flags * regl6-reglé 3B mod reg rm 3
flags + mem8 - reg8 38 mod reg rm | Lomem | Himem 9+EA
fiags * meml6 -reglf 39 mod reg rm | Lomem | Himem 9+EA
flags + reg8- mem8 3A mod reg rm | Lomem | Himem 9+EA
flags * reglf - memlé 3B mod reg tm | Lomem { Himem 9+EA
flags < AL -imm8 3C Data 4
flags +~ AX-immisé 3D Lodata Hidata 4
flags + byte{BX]-imm8 80 mod 111 rm | Lodata 4
flags + word{BX]-imms38 83 mod 111 rm | Lodata 4
flags ~ word[BX]-immilé 81 mod 111 rm | Lodata | Hidata 4
flaga + mem8-imm8 80 mod 111 rm | Lomem | Himem | Data i04+EA
flags * meml6-imms 83 mod 111 rm | Lomem { Himem | Data 10+EA
flags < meml6-imml8§ 81 moed 111 rm | Lomem | Himem | Lodata | Hidata | 104EA




ARITHMETIC GROUP continued

DEC decrement word register
byte register
memory

NEG two's complement

AAS ascii adjust subtraction
DAS decimal adjust subtraction

MUL unsigned multiplication

IMUL signed multiplication
AAM ascit adjust, multiplication

D1V unsigned division

IDIV signed division
AAD ascil adjust for division

CBW convert byte to word
CWD convert word to double

LOGIC GROUP

NOT one's complement

SAL (SHL) shift arithmetic/logical left -

Memory [register by 1

Memeory fregister by [CL]

SHR legical shift right

SAR shift arithmetic right
ROL rotate left

ROR rotate right

RCL rotate left through carry
RCR rotate right through carry
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Operation Opeode | Operands Clock
reglf + reglé-1 48+reg 2

reg8 “ reg8-1 FE mod 001 rm 3

mem8 + mem8-1 IE med 001 rm | Lomem Himem 154+FA
memlif +* memlé-1 FF mod 001 rm | Lomem Himem 15+EA
regd *+ 0Oh -reg8 F6 mod 011 rm 3

reglé + 0000h - regls F7 mod 011 rm 3

mem8 * 00h- mem8 Fe mod 011 rm | Lomem Himem I6+EA
memlé 2 0000h -memlé | FT. .mod 011 rm | Lomem Himem . 16+EA
adjust AL, flags AH 3F 8
adjust AL, flags updated | 2F 4

AX + ALYreg8 Fé mod 100 rm 77
DX:AX ~ AX'reglé F7 mod 100 rm 113

AX < AL*mems3 s mod 100 rm | Lomem { Rimem 83+EA
DX:AX < AX¥meml$ F7 mod 100 rm | Lomem Himem 139+EA
same as MUL except mod 101 rm MUL421
adjust AX D4 0A | 83

AX ~ AX/[reg8 Fs mod 110 rm 90
DX:AX + AX/[reglé FT7 mod 110 rm 162

AX = AX/mems8 F6 mod 110 rm { Lomem | Himem 96+EA
DX:AX < AX/memlé r7 mod 110 rm | Lomem Himem 168+EA
same as DIV except | mod 111 rm I Div+22
adjust AX DS 0A 60

A +~ AL 98 2
DXCAX « AX 99 [
Operation Opcode | Operands Clock
reg8 < FFh-regd Fo mod 013 rm 3

reglé < FFFFh-reglé F7 mod 010 rm 3

mem8 < FFh-mem§ Fé mod 010 rm | Lomem Himem 164+ EA
meml6 < FFFFh-meml6 | F7 mod 010 rm | Lomem Himem 16+EA.
shift reg8 by 1 Do mod 160 rm 2

shift reglé by 1 D1 mod 100 tm 2

shift mem8& by 1 Do med 100 rm | Lomem | Himem 154EA
shift meml1s by 1 p1 mod 100 rm | Lomem Himem 16+EA
shift reg8 by [CL] D2 mod 100 rm 8+4/bit
shift reglé by [CL] D3 mod 100 rm 844 /bit
ghift mem8 by [CL) D2 mod 100 rm | Lomem Himem 20+EA+4/bit
thift mem16 by [CL} D3 mod 100 rm | Lomem | Himem 20+EA+4/bit
similar to SAL except | mod 101 rm

similar to SAL except | mod 1II rm

similar to SAL except | mod 000 rm

gimilar to SAL except | mod 001l rm

similar to SAL except | mod 010 rm

similar to SAL except | mod 011 rm




AXND logical

register AND register
memary AND register
register AND memory
AX/AL AND immediate
memory AND immediate

(indirect}

memory AND immediate
(direct)

TEST logical compare

register AND register
memory /register AND
memory fregister
AX/AL AND immediate
memory AND immediate
{indirect)

memory AND immediate
(direct)

OR logical inclusive OR

register OR register
memory OR register
register OR memory
AX/AL OR immediate
memeory OR immediate

(indirect}

memory OR immediate
(direct}

XOR logical exclusive OR

register XOR register
memory XOR register
register XOR memary
AX/AL XCOR immediate
memory XOR immediate
(indirect)

memory XOR immediate
(direct)

LOGIC GROUP continued

Operation Code| Operands Clock
reg8 * reg8 AND reg8 22 | mod reg rm 3
regl6 * regl6 AND regl$ 23 | med reg rm 3
mem8 * mem8 AND reg8 20 | mod reg rm Lomem | Himem 16+EA
meml6 < meml6 AND reglé 21 | mod reg rm Lomem Himem 164EA
reg8 * reg8 AND mems 22 mod reg rm Lomem Himem 9-+EA
reglé + reglé AND meml$ 23 | mod reg rm Lomem Himem S+EA
AL + AL AND imm8 24 | Data i

AX = AX AI*{D imt:n}_G 25 Lodata ] _Hidata 4
byte[BX] ~byte[BX] AND imm8 | 80 | moed 100 rm | Lodata 4
word[BX] ~wordBX] AND imm16| 81 | mod 100 rm | Lodata 4
mem8 * mem8 AND imms8 80 mod 100 rm Lomem Himem Data 174+EA
memlé ~ meml8 AND immié | 83 | mod 100 rm Lomem | Himem Lodata § Hidata | 17+EA
flags + reg8 AND reg8 84 } mod reg rm- 3

flags + regl8é AND reglé 85 | mod reg rm 3

flags “ reg8 AND mem3 84 mod reg rm Lomem | Himem 9+EA
flags <~ reglé AND meml$ 85 mod reg rm Lomem Himem 94EA
flags « AL AND imms8 A8 | Data 4

flags + AX AND immlé A9 1 Lodata Hidata 4

flags + byte [BX] AND imm38 F6 | med 000 rm | Lodata 5

flags < word |BX] AND immlé | F7 | mod GO0 rm | Ledata { Hidata 5

flags *~ mem8 AND immn8 F6 | mod 00 rm Lomem Himem Data 1i4+EA
flags = meml6 AND immilé F7 | med 000 rm Lomem Himem Lodata | Hidata | 11+EA
regd “ reg8 OR reg8 OA | mod reg rm 3
reglé * reglté OR reglé 0B | mod reg rm 3
mem8 +~ mem8 OR regl® 0A | mod reg rm Lomem Himem 16+EA
meml6 “ memlé OR reglf 08 | med reg rm Lomem | Himem 164+EA
reg8 + reg8 OR mem$ 09 mod reg rm Lomem Himem I4+EA
reglé + reglf OR meml6 "OB| med reg rm Lomem Himem 9+FA
AL < AL OR imms8 0C | Data 4

AX + AX OR immié 0D | Lodata Hidata 4

fiags - byte [BX] OR imm8 80 | mod 001 rm | Lodata 5

flags < word [BX] OR imm16 | 81 | mod 001 tm | Lodata | Hidata 5
mem8 ~ mem8 OR imm3 80 | mod 001 rm Lomem | -Himem Data 17+EA
meml6é < memlid OR immlé 81 | mod 001 tm Lomem | Himem Lodata | Hidata | 174+EA
reg8 + reg8 XOR reg8 32 [ mod reg rm 3
reglé “ reglf XOR reglé 33 | mod reg rm 3
mem8 ~ mem8 XOR reg8 30 | mod reg rm Lomem | Himem I64+EA
meml6 + memls XOR regls 31 | mod reg rm Lomem | Himem 164+EA
reg8 *+ reg8 XOR mem8 32 | mod reg rm Lomem | Himem S+EA
reglé + reglé XOR meml6 33 | mod reg rm Lomem | Himem 9+EA
AL = AL XOR immS8 34 Data 4

AX = AX XOR immi16 35 | Lodata Hidata 4
byte[BX} “byte[BXj XOR imm8 | 80 | mod 110 rra | Lodata 4
word[BX] ~word[BX] XORimm16| 81 | mod 110 rm | Lodata ! Hidata 4
mem8 < mem8 XOR imm8 80 | mod 110 tm Lomem | Himem Data 174EA
meml6 ~ memlé XOR immié | 81 Lomem | Himem Lodata | Hidata | 17+EA

mod 110 tm
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CONTROL TRANSFER GROUP

Cperation Code| Operands Clock
CALL a subroutine
within segment, IP relative ISP] + IP, IP + 1P+disp E3 | Lodisp Hidisp 19
indirect [SP] « IP, IP * IP+regl6 FF | mod 010 rm 16
[8P] ~ IP, IP * meml6 FF | mod 010 rm | Lomem | Himem 21+EA
inter segment, direct [sP} «~ IP, [SP-2] < IP,
C8 * seg, 1P + off 9A | Lo off Hi off Lo seg | Hi seg | 28
indirect [SP] + 1P, {SP-2] + IP,
1P+ [memi6], C5 * [meml16+2] | FF |{ mod 011 rm | 37T+EA
RET return from subroutine
within segment IP + [SP] C3 8
inter segment Cs < I8P}, IP « [SP47) CB 12
RET data return add data to SP
within segment IPr + [SP], SP+data C2 | Lodata Hidata i3
inter segment CS + [SP], IP + [SP+2|, SP+data | CA | Lodata Hidata 17
IMP
within segment, IP relative 1P < IP4displé E9 | Lodisp Hidisp 15
IP + IP-+disp8 EB | Lodisp 15
indirect IP + reglé FF | mod 100 rm 134
IP + memlé FF | mod 100 tm | Lomem | Himem 18+EA
inter segment, direct CS + seg, IP + off EA | Lo off Lo off { Lo seg | Hi seg | 15
indirect IP + {memi8), CS * [meml16+2] | FF | mod 101 rm 24+EA
J condition jump on ‘condition'
JA, INBE above, not below or equal 77 | disp 16 or 4
JAE, JNB, IJNC above or equal, not below, not carry 7% | disp 16 or 4
JB, - JNAE, JC below, not above or equal, carry 72 | disp 16 or 4
JBE, JNA below or equal, not above 76 -1 disp 16 or 4
JE, JZ equal, zero 74 | disp 16 or 4
h[e IJNLE greater, not less or equal 7F | disp 16 or 4
JGE, JNL greater or equal, not less 7B | disp 16 or 4
JL, INGE less, not greater or equal 7C | disp 16 or 4.
JLE, IJNG less or equal, not greater 7E | disp 16 or 4
JNE, JNZ not equal, not fero 75 | disp 16 or 4
JNO not overflow 71 disp 16 or 4
JRP, JPO not parity, parity odd 7B | disp 16 or 4
JNS, not sign 76 | disp 16 or 4
10 overflow 70 | disp 16 or 4
JP, JPE parity, parity even 7A | disp 16 or 4
Is sign 78 | disp 16 ar 4
JCXZ if CX = @ (no flag test} E3 { disp 18 or 6
LOOP until CX = 0 CX « CX-1 E2 | mod reg rm 17 or 5
LOOPE/LOOPZ  ZF must be I as above E1 | med reg rm 18 or &
LOOPNE/LOOPNZ ZF must be 0 as above EQ | mod reg rm 19 or 5
INT 3 single step interrupt cC 52
INT n  interrupt type specified CD{n 51
INTO interrupt on overflow INT 4 if OF set CE 63 or 4
IRET  return from interrupt cr i | 24
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STRING MANIPULATION GROUP

Operation Opcode Operands Clock
REP repeat next instruction repeat untii CX = 0 F3
REPE/REPZ ZF must be 1 repeat until CX = 0 F3
REPNE/REPNZ ZF must be 0 repeat until CX = ¢ F2
CMPSB compare byte string flags + {SI] %o {DI] A8 22
CMPSW compare word string flags + [S]] to {DI] AT 22
LODSB load byte string AL + [s]] AC 12
LODSW load word string AX + (8] AD 12
MOVSB move byte string Apy + (s]) Ad 18
MOVSW move word string “on ~ [s1) AS ) i 18
SCASB scan byte string flags + [DI] - AL AE 15
SCASW scan word string flags + [DI] - AX AF 15
STOSB stare byte string [pI] ~ AL AA 11
STOSW store word string 1] +~ AX AB 11
PROCESSOR CONTROL GROUP
Operation Opcode Operands Clack
CLC clear carry flag CF <0 F3 2
CMC complement carry flag CF « EE F5 2
STC set carry flag CF <1 F9 2
CLD clear direction flag DF < ¢ FC 2
sTD set direction flag DF + 1 FD 2
CLI clear interrupt enable flag iF <0 FA 2
STI set interrupt enable flag IF <1 ¥B 2
HLT halt halt F4 2
WAIT wait for TEST line 8B 3+5n
ESC n  to external device, register data bus D&+n mod xxx rm 2
memory data bus D&84n mod xxx rm Lomem Himem S8+EA
LOCK  assert bus lock prefix lock next instr Fo 2
NOP do nothing AX — AX 90 3
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8251A UNIVERSAL SYNCHRONOUS/ASYNCHRONOQUS RECEIVER/TRANSMITTER

_\/’
TRANSMIT
DATA BUs {A__N [_f\
D6-D7 BUFFER BUFFER |, TxD D2 L 28] D1
VI Vv (P =8} D3 [2] 27] Do
5 v
Gna [4 | 26] RxC
o] S81A A
RESET | DS E 2_—3] E:fg
CLK READ /WRITE — TxRDY
K — TRANSMIT —_
G/D — .| CONTROL \J—|/ CONTROL |—— TXEmpty De [7 | 22] DsR
RD —qd LoOGIC e D7 [8 | 21] RESET
WR —wd TxC [o] 20] CLK
WR [10 1] TxD
_5-5 5§ E E TxEmpty
c _ -
/L- RECEIVE /D [i2] 17] cTs
— N\ BUFFER o RxD RD fi3] 16] SYNDET/BD
298 N e =P RxRDY [14] 18] T=RDY
DTR —-——o mMopeM *
— CONTROL /I_r\
CTS —
o5 \—/ |
. RxRDY
RECEIVE —
=1 CONTROL [~— RxC
| « . SYNDET
Maximum current requirement - 100 mA
Register Addresses
Register Activity allowed C/D | Actual Port address
Data Read/Write 0 18
Mode Read/Write ) 1A
Control/Status Write only 1 A

Function and Pin descriptions

The 8251 is shown on the circuit diagram on page 18.

DO - D7 _
RD & WR

CS

c/D

RESET
CLK

INTERFACE TO 8086 BUS

Data Bus connections to low 8-bits of the board data bus,
Control lines from the 8086

Chip Select, decoded to port address 0001 1xxx.

data registers.

A high forces an ‘idle’ mode,
Internal device timing signal, must be > 30 times baud rate.

A command reset does the same.

Connected to PCLK on the FLIGHT 86 Controller Board
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MODEM CONTROL

DSR Data Set Ready input, can be tested using a status read.

DTR Data Terminal Ready output, can be set using the command word.

RTS Request to Send output, can be set using the command word.

CTS Clear to send input. Provided the Tx enable bit is ‘0, a low on this enables

the 8251 A to transmit serial data.

TRANSMITTER BUFFER
Converts parallel data from Data Bus to a serial bit stream.

TxRDY Transmitter ‘Ready indicates"when ready-to-accept-another data byte. - -

TxEmpty Transmitter Empty goes high when no characters to send,

L Not implemented on controller board

TxC Transmitter Clock controls rate of transmission of the serial data
stream. Actual speed depends upon software multiplication factor,

TxD Transmitter Data output pin for the serial data stream.

RECEIVER BUFFER
Accepts serial data and converts it to parallel ready for sending to the

data bus

RxRDY Receiver Ready indicates when ready to accept another data byte.

RxC Receiver Clock controls rate of transmission of the serial data stream.
Actual speed depends upon software multiplication factor,

RxD Receiver Data input pin for the serial data stream,

SYNDET/BD Is only used with synchronous data transfers, it may be input or output
for synchronising the data characters.
It is not implemented on the controiler board.

General Operation

The 8251A may opcrate its transmitter and receiver independently, It may -even
operate them at different speeds. On the controller board they must both work at
the same speed, software programmable using the 8253 clock. Although it is capable
of operating in the sychronous mode it is probable that most work will be carried out
in the asynchronous mode. Asynchronous operation only will be described in this
note,

The programming is straight forward, but needs some ‘tricks’ to work under all
circumstances.

Once programmed, the transmitter indicates it is ready to accept a character from the
CPU by raising the TxRdy line. This will not occur until the TxEnable bit has been
set in the Command instruction and has received a Clear To Send input,
Likewise, once the receiver has a complete character from the serial line in its buffer,
it raises the RxRdy line to tell the CPU it can take it. Until the CPU reads the
character, any more will inhibited from being sent down the serial line.

The control words are split into 2 formats:

The Mode Instruction, which MUST follow a reset (internal or external),
determines the general operation of the 8251A.

The Command Instruction defines the detailed operation.
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Programming

After a system RESET the MODE register must be the first to be set up. Because the
8251A may be in an unknown state it is normal practise to send the byte 00 to the
control address three times. This will guarantee the $25!A command register is
active. Now the byte value 40, bit 6 set, is sent to activate the mode register. The
serial word format may now be set up.

The baud rate factor is the multiple of the input clocks required to satisfy the
‘bit time’ for the serial datai ~'On- the ' FLIGHT86 board-a factor ‘of~16 is convenient
to match the range available from the 8253. If parity is enabled, the parity bit is
not considered as one of the data bits. If less than 8 data bits are defined, the other
most significant bits are ‘zeroed’ before transfer to the data bus, and ignored by the
transmitter,

Once the mode has been programmed the 8251A will revert to the command register.
All bytes sent to the command register should keep bit 6 reset. The command
register controls the transmitter and receiver control lines.

The 8251A Status

The CPU can examine the status register at any time to determine the current
condition of the 8251A. This is particularly important when duplex communication
and interrupt routines are being used. The status of the transmitter and receiver are
readily interpreted by analysis of this register.

Under most circumstances the state of the three error flags (overrun, framing and
parity) can be ignored. This is because most simple systems can do nothing about the
error, anyway. ‘The 8251A continues working normally for the next data byte even
though an error was detected.

Scnding Data

Provided the transmitter is enabled, as soon as a data byte is written to the data
register, the 8251A will convert this to a serial form and send it to the TxD pin in the
format specified. If the receiving device is not ready the word will be held and sent
as soon as possible, :

The serial data always starts with a start bit, in the reccive mode this synchronises the
data transfer to the centre of the bit times. The TxD output is held high uniess a
character is being sent. Thus the start bit is always the [irst low transition of one
bit time.

Recciving Data

Provided the receiver is enabled, the 8251A will receive a serial word sent to it from
another device, and will store the word in a buffer. The CPU can identify if a
character has been received and read the data byte from the buffer. Once the data
byte has been read the buffer is flushed and the data lost, as far as the 8251A is
concerned,
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Asynchronous Mode Instruction Format

D7 D6 D5 D4 D3 D2 D1 D¢

Action Options 52 81 EP PEN| L2 LI B2 Bl
Baud rate factor Synchronous 0 0

x 1 0 1

x 16 i 0

x 64 1 1
Character length 5 bits . 0. 0.

6 bits 0 1

7 bits 1 0

8 bits l 1
Parity Disable X 0

Odd enable 0 1

Even enable 1 |
Stop bits invalid 0 0

1 0 1

1% 1 0

2 1 i

Command Instruction Format
D7 |D6 (D5 (D4 D3 D2 |DI Do

Action Options EH |IR |RTS|ER |SBRK{RxE |[DTIR TxEN
Transmitter . Disable 0

Enable i
Force DTR pin to ‘1’ 0

SOS I
Receiver Disable 0 '

Enable i
Send break Normal operation 0

Force TxD low i
Reset 1
Force RTS pin to ‘1’ 0

N'a 1
Internal Reset Stay in command 0

Force to Mode 1
Enter Hunt mode  Asynch ignores x

Status Read Format
D7 |Dé (b5 (D4 D3 D2 DI Do
Action Options DSR|SYN{FE |OE |{PE TxE |[RxRDY [ TxXRDY
Transmitter Ready 1
Receiver Buffer Full 1
Transmitter Buffer Empty 1
Parity Error {(825IA stiil works) 1
Overrun Error (8251A still works) 1
Framing Error (8251A still works) 1
Used for synchronous mode only X
DSR is NN i
1 0
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8253 PROGRAMMARBLE INTERVAL TIMER

e CLKO
DATA BUs |A__N COUNTER -
DO-DT( > < > o | . GATEO Y
' L |, OUTo D7 1| 24] v,
D6 [z | 23| WR
D5 [3 ] 22] RD
_ D4 [t ] 21] Cs
RD —q e LKL ps f] 8253 fig) as
WR - o READ/WRITE| .. .. .| - J\ COUNTER . | . . D3 - PIT -
A0 LOGIC —I/ 1 je—— GATEIL D2 [6 | 19] A0
Al ] | | . OUTI p1 {7 | 18] cLK2
Do B | 17) ouT?
} CLKO o | 16] GATE?
cs ouTo {i0] 18] oLk
GATEO [11] 14] GATEL
- CLK2 Gnd [t2] 13] ouTs
CONTROL /1 /1 COUNTER
WORD ‘ 2 |« . GATE2
REGISTER
\[ \l . OUT2
]
Maximum current requirement - 140 mA
Register Addresses
Register Activity allowed Al AQ Actual Port address
Counter 0 Read/Write 0 0 08
Counter 1 Read/Write 0 1 0A
Counter 2 Read/Write 1 0 oC
Mode Control Write only i 1 0E

Function and Pin descriptions

The 8253 is shown on the circuit diagram on page 18.

DO - D7 _
+  RD&WR

S

Al & A0

CLXx
GATEx

OUTx
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INTERFACE TO 8086 BUS

Data Bus conncctions to low 8-bits of the board data bus.

Control lines from the 8086.

Chip Select, decoded to port address 00001xxx.
Connected to A2 & Al of the board address, selects internal registers.

COUNTERS - Each of the three counters is identical

Counter clock source input

Hardware counter control, can be used to inhibit the count.
They are permanently enabled on the controller board.

Counter output signal.

Action determined by mode programmed.




General Operation

The action of cach counter is independent so may be changed at any time. Note that
on power-up the mode, count and output of all counters is undefined.

The Mode control register is used to determine the mode, size and type of count for
cach counter to be used. See the table below. The mode register is "write only" so
software cannot determine the mode previously set.

The counter “register “is “not “loaded until the“next falling- edge ~of~ its~tounter “clock
input. If the register is read before this time the result will be invalid. The counters
are down counters and are decremented on the falling edge of the counter input
clock. Loading zeros in the count register will result in the maximum binary count of
218, or 10* in BCD.

Control Mode word format

D7 D6 (D5 D4 b3 D2 DI Do
Action Options SCI SCO | RL1 R1LO} M2 M1 MO | BCD

Counter type 16-bit binary 0
4 decade BCD

et

Count Mode

o D B — D
—— MO
OO = = DO
b D b D 0D

Latch Counter 0 0
Read/Load least significant byte 0 1
most significant byte 1 g
ls byte first then ms byte 1 1
Seclect Counter 0 ¢ 0
1 0 1
2 1 0
Invalid Code 13 I

Programming

The number of bytes (one or two) to be loaded or read is sect by the mode command
and this must be adhered to when loading or reading the counter values. If 2 bytes
are to be used, the least significant byte is loaded or read first.

The only sure way of rcading a stable count ‘on the fiy’ is to use the mode command

with both RL1! and RLO sct to '0’, to latch the current register count, and then to read
the counter value(s).
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Mode 0 - Interrupt on Terminal Count

The output goes low after the mode set operation, and remains low while counting
until the count decrements to zero (terminal count). The output will go high and
remain high until the next mode is set or a new count is loaded. The counter
continues decrementing internally.

Mode 1 - Programmable One-shot (monostable)

This mode requires—a-trigger- at-the ~counter gate -input, so 1is not available on the
controller board.

Mode 2 - Rate Generator

A divide by N counter. The output is low for one input clock period and then high
for N clock periods, the cycle repeats until a new mode is selected., If the counter is
reloaded between output pulses the current count is not affected but the count after
the next input pulse will reflect the new value,

Mode 3 - Square Wave Rate Generator

Similar to mode 2, except the output is high for the first half of the count and goes
low for the other half, If an ODD numbered count (ic 5) is specified the square wave
output will be assymetric (by one input clock ¢ycle).

Mode 4 - Software Triggercd Strobe

The output goes high once the mode is set, and remains high while the counter is
decrementing. On count termination, the output will go low for one input clock

cycle and then go high again. The output will remain high until a new mode or count
is loaded.

Mode 5 - Hardware Triggered Strobe

This mode requires a trigger at the counter gate input, so is not available on the
controller board,
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8284A CLOCK GENERATOR DRIVER

RES fl> D
Q RESET
SCHMITT LOK ——
X1 N
OSCILLATOR CSYNCE 18] v
cC
%2 l|>c - 0SC PCLK E 17} X1
AEN] [3 16| X2
- CT T rbwi e} U 8284A A asvRe
- CGD
£/ READY (5 4] EFI
+3 _ﬂ,_D +9 == PCLK -
RDYZ [6 3] F/C
EFI AEN2 [7 Q 08¢
YNC l l CLK [8 11| RES
"———D—*— CLK Gnd [o 10] RESET

DY1 ‘
] . ! -

EN1 TOK 1CK

DY?2 D D Q| READY
. Q

N FF1 FF2

INC

Maximum current requirement - 160 mA
Pin descriptions
The 8284A is being used in its simplest form on the controller board, see the circuit

on page 12, so many of the input control lines are not actively utilised or are hard
wired to a logic level. These are:

AENI, AEN2 Address Enable inputs
RDYI, RDY2 Bus Ready inputs
ASYNC Ready Synchronisation Select for the READY input
(It is pulled-up internally)
CSYNC Clock Synchronisation input, allows multiple 8284’s to be used.
F/C Frequency/Crystal select determines source of control frequency.
‘0’ uses the external crystal, ‘I* uses the EFI oscillator input.
EFI External Frequency Input. Only used when F/C is high,
OscC Oscillator Qutput is the TTL level output of the crystal.

The active lines are:

X1, X2 Connections for external series resonant crystal.
Crystal frequency is 3 times the desired CPU frequency.

RES Reset Input. A low input produces a high RESET output.

RESET Reset output is active high, synchronised to the falling edge of
CLK.

READY Ready output is active high, synchronised to RDY input.

CLK Processor Clock output for direct connection to the 8086 CLK
input,
The frequency is a third that of the crystal with a 33% duty
cycle. '

PCLK Peripheral Clock output, haif the CLK output with a 50% duty
cycle.
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e

DATA
BUS
BUFFER

RD gy
WR

¥\ —

READ/
WRITE
LOGIC

s 1

S0 g
-3 —

52 ]

CASCADE

BUFFER

INTA INT
CONTROL LOGIC

— !

il

i

INTERRUPT
IN REQUEST
SERVICE |, |  REG
REG [ A (RR)
(ISR) &
PRIORITY
RESOLVER

|

i

INTERRUPT MASK
REGISTER (IMR)

Maximum current requirement - 85 mA.

Register Addresses

le— IRO

IS § 34 |

IR2
IR3

fe— 1R4
e— IRG

IR6

. IR7

8259A PROGRAMMABLE INTERRUPT CONTROLLER

J
cs 1]
WR [z ]
RD [5 |
D7 [¢ |
D6 5] gas0a
psfe | PIC

D4 [r ]
D3 [8 |
D2 o]
D1 [10]
DO [11]
CASO [12]
CAS1 [18]
Gnd E

E VCC
27] A0
26] INTA
26) 17
24] 1R6
23] IRs
22] IR4
21] 1IR3
20] IR2
19] 1R1
18] 1RO
17] INT
16] SP/EN

15] CAS2

Register Activity allowed| A0 Actual Port Address
Initialisation Command Words
ICW1 Write only 0 10 +
ICW2, 3, 4 Write only i 12
Operation Command Words
QCW!1 Write only 1 12
OCwW2 Write only 0 10 +
OCW3 Write only 0 10 +
Status Registers
IMR (Interrupt Mask Register) Read only P 12
IRR (Interrupt Request Register) Read only 0 O #
ISR (In-Service Register) Read only 0 10 +

* gactivated and identified using OCW3

+ ICWI], OCW2 and OCW3 are identified using bits 3 and 4
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Function & Pin Descriptions
The 8259A is shown on the circuit diagram on page 18.

INTERFACE TO 8086 BUS
D0-D7 Data bus connections to low 8-bits of board data bus.

RD & WR Control lines from the 8086.

CS Chip Select, decoded to port address 00010xxx.
AQ Connected 'to ‘Al of the board-address, selects internal registers.
INT Interrupt output pin. Connected to 8086 INTR pin.
Goes high when a valid interrupt is available.
INTA Interrupt Acknowledge input from 8086 used to strobe data from

8259A onto the data bus.

INTERFACE TO PERIPHERAIL CHIPS

IRx Interrupt Request asynchronous inputs. A peripheral requests an
interrupt response by taking its individual line from low to high,
see page 4 for priority table.

INTERFACE TO SLAVE 8259A’s (not available on FLIGHT 86 board)
CASx_ Cascade lines form a ‘private’ bus for :master slave action.
SP/EN Slave Program/Enable Buffer. Designates master slave operation,

General Operation

The 8259A PIC operates as an overall manager for the FLIGHT 86 peripheral chip
system, allowing them to operate in an interrupt driven mode if required. It
accepts requests from the peripheral chips and determines -which of the incoming
requests has the highest priority. The 8259A then issues the interrupt to the 8086
and supplies a type pointer to the 8086 to enable ‘the correct Interrupt Service
Routine to be executed. Because of the confusion of terms, ISR will mean
In-Service Register in this 8259A note. o

The 8259A can manage eight levels or requests, which can be expanded to 64 levels
by using up to seven more slave 8259A’s, This is not possible on the FLIGHT 86
controller board. The 8259A is programmed by uscr software to perform a number
of modes of operation. These may be changed dynamically at any time in the
program,

Resolving Interrupis

The peripheral interrupt requests are handled by the IRR (Interrupt Request
Register) and the ISR (In-Service Register) in cascade. The IRR stores all the
interrupt levels of the devices requesting service, and the ISR stores all the
interrupt levels that are being serviced.

The highest priority in the IRR is determined by the priority resolver and this is
selected and strobed into the ISR during an INTA pulse,

The IMR (Interrupt Mask Register) stores the bits that determine the masking of
interrupts, The IMR determines which bits in the IRR are allowed through to the
ISR. Masking is individual so a masked bit does not affect another level.

The contents of the IRR ISR and IMR may be read by the 8086 with suitable
programming of the OCW3 register.
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Interrupt Scquence

I. An IRx (Interrupt Request) line is raised by a peripheral device, setting the
corresponding bit in the IRR.

2. If the bit is NOT masked in the IMR and the interrupt is enabled, the $259A

will send an interrupt to the 8086 via the INT line.

The 8086 acknowledges the interrupt request with a INTA pulse.

4, Upon receipt of the INTA from the 8086 the 8259A freezes the pending
1ntcrrupts The highest pendmg priority ISR bit is SET and the corresponding
IRR bit-is RESET: ~No-data~is placed on~the bus at this stage.

5. The 8086 sends a second INTA pulse, the 8259A treats this as a Read pulse and
places an 8-bit pointer onto the data bus,

6. If the 8259A is in the AEOI (Automatic End Of Interrupt) mode then the ISR
bit is reset. Otherwise the ISR bit remains set until a suitable EQI command is
issued (usually at the end of the Interrupt Service Routine).

e

If the interrupt was removed before step 4 then the 8259A will issue the lowest
level interrupt 7.

The Command Words

ICW’s (Initialisation Command Words).
Before the 8259A can operate normally it must be initialised by a sequence of
three ICW commands {(Could be 2 to 4, but the FLIGHT 86 board will always
requires 3 as it uses the 8086 and no slave can be fitted).

OCW’s {(Operation Command Words),
These set the 8259A to the various possible modes of interrupt, (fully nested,
rotating priority, special mask, polled), and can be written at any time,

Reading the Status Registers

The IMR, 8-bit register, contains the interrupt lines mask state (I= masked or
inhibited, 0 = not masked or enabled). The IMR may be read at any time from
address 12, The bit order is the same as in the OCWI,

The other two registers IRR and ISR can only be read, from address 10, if the RR
bits have been pre-programmed using an OCW3. After initialisation the 825%9A
defaults to read IRR until a suitable OCW3 is received.

The IRR, 8-bit register, contains the levels requesting interrupts, yet to be
acknowledged. The highest request is reset when the INTA is received,

IMR does NOT affect these states.

The ISR, 8-bit register, contains the priority levels that are being serviced. The ISR

" is updated when the EOI or AEOI is received,

30

Initialisation

An ICWI has been issucd by the 8086 if AC = 0 and D4 = [, so OCW2 and QCW3
must ensure D4 = 0. The ICW! starts the initialisation sequence, which MUST be
completed, and causes the following to happen internally:

1. The IRR edge sense circuit is reset, so the IRx inputs must go low to high to
generate an interrupt.

The IMR is cleared.

IR7 input is assigned priority 7,

The slave mode address is set to 7 (not used on FLIGHT 86 board).

The Special Mask Mode is cleared and the Status read is set to IRR.

If IC4 = 0 then ICW4 is zeroed (the 8086 requires IC4 = 1).
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ICW1 Format

Action Options

D7 D6 D5 D4

D3
LTIM

D2
ADI

D1
SNGL

Do
IC4

ICW4 not needed
ICW4 needed

(8085)
(8086)

Cascade 82595
Single 8259

{(ICW3 required)

(No ICW3)

Address Interval

8 bytes
4 bytes (8086)

Trigger Mode

Edge
Level

Must be 1

Not used by 8086 systems

ICW2 Format

Action Options

D7
T7

- Dé
T6

D5
TS

D4
T4

D3
T3

D2

D1

Do

Not used by 8086 systems

monitor

Interrupt Type Pointer
Preset to INT32 by FLIGHT 86

ICW3 Format

NOTE: NOT used on FLIGHT 86 board

Action Options

D6
S6

D5 -
S5

D7
S7

D4
54

D3
S3

D2
S2

DI
S1

Do
S0

Slave device position used

X X X

ICW4 Format

Action Options

D7 D6 D5| D4

SFNM

D3
BUF M/S

D2

Dl
AEQI

D@
uPM

Microprecessor Mode 8085

8086

Single 8259

End of Interrupt Normal

Automatic

—

Mode Non buffered (FLIGHT 86
board)
Buffered Slave
Buffered Master

Not SFNM (FLIGHT 86 board)
Special Fully Nested Mode

pa—y

Always zero

Once the ICW sequence is complete the 8259A is ready to accept interrupts on the
IRx lines. The default conditions may be overridden by use of the OCW's.
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Operation Commands

These commands may be sent at any time, after initialisation, to dynamically alter

the 8259A operation,

OCW1 Format - sets and clears the mask conditions in the IMR (Interrupt Mask
Register). 1 to mask or inhibit the channel, 0 to unmask or enable the channel.

Action Options D7 | D6 | D5 | D4 | D3 | D2| DI | DO
M7 | M6 | MS| M4 | M3 |M2| Ml | MO
Mask channel o/b 1 6/y 1 0/1 1 0/ | O/ 10711 071 10/
QOCW2 Format - controls the Rotate and end of interrupt modes.
Action Options D7 D§ D5| D4 D3 D2 Dl Do
R SL EOI L2 L1 Lo
Interrupt level to be used IRO 0 0 0
IR} 0 0 1
IR2 0 1 0
IR3 0 1 1
IR4 1 0 0
IR5 1 0 1
IR6 1 1 0
IR7 1 1 1
Always 0 identifies OCW2 0
Always 0 identifies OCW _ 0 ‘
End of Interrupt Non specific EOI | 0 0 1
Specific EQOI * 0 1 I
Rotation on non-specific EOI 1 0 1
in automatic EOI mode set 1 0 0
EOI mode cleari 0 0 0
Rotate on specific EOL * 1 I 1
Set priority to lowest * i 1 4]
No operation . 0 I 0 * uses L2 to LO

OCW3 Format - controls the special mask mode and status register usage.

Action Options D7 D¢ D5S|{ D4 D3 D2| DI DO
ESMM SMM P RR RIS
No action 0 X
Enable Read IRR 1 0
ISR 1 i
Poll Mode Not polled 0
polled * i
Always | identifics OCW3 1
Always Q identifies OCW 0
No action 0 X
Reset special mask i 0
Set special mask 1 i
Always zero 0

* polling overrides the status read (RR must be | to be active)
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Fully nested mode

The interrupt requests are ordered as IRO (highest) through IR7. The highest
priority pending interrupt is used when the INTA signal is received. The
corresponding bit is set in the ISR, and this remains set until an EOQOI is received.
While this bit is set all interrupts of the same or lower priority are inhibited.
Priorities may be changed using the rotating priority mode.

AEOY, Automatic End of Interrupt

If bit I, the AEOTI bit, of ICW4 is set, the appropriate bit in the ISR will be reset
automatically following the {alling edge of the second INTA pulse,

EOI, Normal End of Interrupt

If the AQEI bit is not set, a specific command must be issued to the 8259A before
returning from the interrupt service routine. The 8259A can determine the bit to
be reset if it is being used in a fully nested mode. A Non-specific EOI may be
issued, with OCW2, this resets the highest bit set in the ISR, If an ISR bit is
masked by an IMR bit, it will NOT be cleared by a Non-specific EQI command.

If the 8259A is béing used in a mode that has disturbed the priorities, then a
specific EOI must be used, with OCW2. The values in LO to L2 determine the
position of the bit to be reset.

Rotating Priority modes

If equal priority is required for interrupting devices, the last device to be serviced
may be set to the lowest priority. This is achieved by rotating the priorities in
the ISR when the EOI is issued. Automatic or specific rotation may be used with
the OCW2,

Specific priorities may be set by programming the-lowest priority in OCW2,
Special mask mode

The special mask mode enables lower level interrupts to be used even though an
EQOI has not been issued for the current interrupt. If the SMM bit and ESMM bits
are set in OCW3 then any interrupts may be sclectively enabled by loading the
mask register.

Polled mode.

The 8259A may be ‘polled’ if the 8086 interrupts are disabled, by setting bit 2, the
P bit, in OCW3. Any read from the 8259A will result in D7 being set if a device
is requesting service, and bits D2 to DO represent the binary code of the highest
priority level requesting service,

Edge and Level triggered modes.

Programmed by using bit 3, the LTIM bit, in ICWI. In the edge triggered mode
the IRx input can remain high without triggering another interrupt request. If
the Ievel mode is used the high on the IRx input MUST be removed before the EOI
signal is issued. In BOTH modes the IRx input MUST remain high until after the
falling edge of the first INTA. If the IRx signal is removed prior to this, the
priority will default to IR7, To differentiate between a ‘genuine’ and an
‘enforced” IR7, the IR7 interrupt service routine should examine the ISR, The IR7
bit will be set for a genuine IR7 interrupt request,
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8255A PROGRAMMABLE PERIPHERAL INTERFACE

S
. Vo PA3 o | 40} PA4
GROUP A| | A PORT K" PA0-PA7  PAZ £ 53] PAs
NTTV PA1 [3 ] 38| PAS
—
N PAQ [t ] 37] PAT
] | } RD [5 | 36] WR
} cs f¢ ] 35| RESET
DATA R . ) _ _
Gnd 7] B255A |a|Do
-D7 <:::> Bus K, > HIGH /0 [: PPI
BUFFER A PORT <: PC4-PCT Al [8 s3] D1
NV @) Ao [o] 32} D2
[ - pc? 0] 31| D3
PCs 11] s0] D4
PC5 [12] 20| D5
PCt [13] 28] D6
READ/ LOW 1/0
4 «] PorT KT > Fco-pos  peo (] 27 D7
WRITE K—J GC
75 CONTROL O] ro1 [is] z6] v,
wR OO LOGIC po2 [16] 25] PB7
AL ] f pCs [17] 24] PB6
SJ‘E\?I‘-———-— [ | Y PBO [18] 23] PRS
Sre——vrrver{— -
A pB1 [19 22| PB4
= GROUP BN PORT <: /0 [: :l
CONTROL <::> B PEO-PB7  PB2 [20] 21} PB3
és _j

Maximum current requirement - 120 mA.

Register Addresses

. Actual Port Addresses
Register Activity allowed | Al & A0 UlI0 U9
Port A Read/Write 0 0 00 01
Port B Read/Write 0 1 02 03
Port C Read/Write 1 0 04 05
Control (D7 defines use) "~ Write only I 1 06 07

Fanction & Pin Decscriptions

The 8255A is shown on the circuit diagram on page 18.

DO-D7__
RD & WR
cs

Al & AO

RESET
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INTERFACE TO 8086 BUS

Data bus connections to low 8-bits of board data bus.

Control lines from the 8086.

Chip Select, decoded to port address 00000xxx.

Connected to A2 and Al of the board address, selects internal
registers.

Reset, a high on this pin clears the control register and all three
ports are set to input mode, ie tristate. After a reset the 8255A
will remain in the input mode. Connected to 8086 RESET line.




GROUP A
PAO-PA7
PC4-PC7

GRQOUP B
PBO-PB7
PCO-PC3

INTERFACE TO QUTSIDE WORLD

Port A, 8-bit programmable input/output port.
High nibble of Port C, 4-bit programmable input/output port, and
may be used as controller for the A port.

Port B, 8-bit programmable input/output port.
Low nibble of Port C, 4-bit programmable input/output port, and
may be used as controller for the B port.

General Operation

The 8255A can operate in three modes: ‘

Mode O
Mode |
Mode 2

Basic Input/Cutput
Strobed Input/Output
Bi-directional bus (not available on FLIGHT 86 board)

The modes for Ports A and B may be separately defined, and Port C is assigned
between them to act as a control port if desired. Whenever a mode is changed ALL

the output registers will be reset,

The control word defines the activity of the

individual ports.

Control Word Formats

D7 |D6 D5 D4 D3 |D2 DI |DO

MODE DEFINITION FORMAT i

GROUP A Port A Mode O

Mode 1
Mode 2

—_— O
—

Direction Output 0
Input 1

Port C High Direction Qutput

Input

—

GROUP B Port B

Mode 0 0
Mode 1 1

Direction Qutput 0
Input 1

Port C Low Direction QOutput 0
‘ Input ‘

[r—y

PORT C BIT SET/RESET FORMAT 0

Don’t care

Select

Bit 0
Bit 1
Bit 2
Bit 3
Bit 4
Bit 5
Bit 6
Bit 7

s et b e (DO OO
= b ) D e e (DD
— O D e OO e O

Set/Reset

Reset
Set

— D




The Port C Bit Set/Reset format is shown on page 101, for this to take effect D7
must be reset. This mode gives individual bit set/reset facilities for Port C.
This is particularly useful when Port C is used to control either Port A or Port B.
These lines may also be used to control the interrupt lines, reset the bit to disable,
or set the bit to enable the interrupt,

Note: all these mask flip-flops are reset during mode selection or a RESET.
PC6 and PC7 are not used on the FLIGHT 86 board.

Mode 0 Operation

Mode O configuration gives the simplest form of I/0 possible, where no
‘handshaking’ is required. Data is simply read from or written to the specified
port. The 16 possible control words are shown below.

Mode 0 Port definition

Note D7, D6, D5 and D2 are fixed.

GROUP A GROUP B
PORT A PORT C |PORTRB PORTC

high low b7 D6 D5 D4 D3 D2 DI Do
ouT ouT ouT ouUT 1 0 0 0 0 0O 0 0
ouT ouT ouT IN 1 0 0 0 0 0 0 1
OUT ouT IN OoUT 1 0 0 0 0 0 1 0
OUT ouT IN IN i 0 ] 0 0 0 1 1
ouT IN ouT ouT H 0 0 0 1 0 0 0
ouT IN ouUT IN 1 0 0 0 1 0 0 i
ouT IN IN ouT 1 0 0 0 1 0 1 0
ouT IN IN IN I 0 0 0 1 0 1 1
IN OoUT ouT ouT ! 0 0 1 0 0 0 0
IN ouT ouT IN I 0 0 I 0 0 0 1
IN ouT IN ouUT 1 0 0 1 0 0 1 0
IN ouT IN IN 1 0 0 1 0 0 1 1
IN IN ouT ouT i ] 0 1 1 0 0 0
IN IN ouT IN i 0 0 1 1 0 0 1
IN IN IN ouT | 0 0 1 1 0 1 0
IN IN IN IN 1 0 0 1 1 0 1 1

Mode 1 operation
Mode 1 gives the facility of strobed input/output. Thus ‘handshaking’ signals may

be used for the transfer of data. The nibble of Port C assigned to either the Port
A or Port B is used for the handshake control,
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Strobed Input Control Signals

The control word for Port A strobed input is 10lIxxxx and for Port B strobed
input is 1xxxx1Ix. They may both be defined strobed input with 1011x11x.

The Port C pin definitions are usually renamed for this mode:

PORT A PORT B Function
PC4 = STBa PC2 = STBb Strobe, input
PC5 = IBFa PCl = IBFb Input Buffer full, cutput
PC3 = INTRa PCO = INTRbD Interrupt request, cutput

When the strobe input goes low the port data is loaded into the latch,

The buffer full output goes high to indicate the latch has been loaded. It does not
go low again until the data in the latch is read.

The interrupt recquest output, may be used to interrupt the 8086, via the 8259A.
It goes high, provided STB and IBF arc both high and the interrupt enable flag is
set. The interrupt e¢nable for Port A is controlled by the set/reset of Port C4, Port
B is controlled by the set/reset of Port C2,

Strobed Output Control Siznals

The control word for Port B sirobed output is Ixxxx10x. You cannot use Port A
in the strobed output mode, on the FLIGHT 86 board, as PC6 & PC7 are not
available,

The Port C pin definitions are usually renamed for this mode;

PORT A PORT B Function
PC7 = OBFa PC1 = OBFb Output Buffer full, output
PC6 = ACKa PC2 = ACKD Acknowledge, input
PC3 = INTRa PCO = INTRb Interrupt request, output

The output buffer full goes low to indicate the valid data has been written to the
port by the 8086 and now contains valid data. It does not go high again until
the external device acknowledges this.

A low on the acknowledge input indicatcs the external device has accepted the data
on the port. When this line goes high the 8086 can write another byte to the port.

The interrupt request output, may be used to interrupt the 8086, via the 8259A. It
goes high, provided ACK and OBF are both high and the interrupt enable flag is
set. Port B is controlled by the set/reset of Port C2.

Mode 2 operation

This mode of operation is not available on the FLIGHT 86 board.
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CHIP DATA
CLK

Clock Generator Driver {see CGD)
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Command descriptions
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Command summary
Command tokens
commands
Communications speed
Console mode

Control Transfer Group
.Controller Board Software
Controller Reset

CP/M

CPU & LATCH CIRCUIT
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crowbar

crystal
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current baud rate

D command
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Data transfer group
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decoupling
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disk directory

disk drive
displacement
display registers
DOS prompt
Download command
DSR

DTR
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G command
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Getting started

Go command
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HALT

hard disk
HARDWARE
Help command
hex file

Hold

HOLD sotirce
HOST COMMANDS
host prompi
Host Software
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INT 32-39

INT 40-63

INT §
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Intel Hex format
Interconnections
Interrupt vector routines
Interrupts

INTR
INTRODUGTION
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