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CHAPTER 1

GENERAL INFORMATION

l.1. INTRODUCTION

This Manual describes the MVME10lbug 3.1 Debug Package. The package
includes two EPROMs with the MVME1Olbug object code, .four static RAMs, and
an Address Decoder PROM for installation on the MVME101 MC68000 Monoboard
Computer. MVMELOlbug 3.1 is also available on disk as a package of source
and object modules which will run under VERSAdos in Motorola MC68000
development systems. The latter option facilitates the creation of a
debug/monitor which meets the specific requirements of an application.

1.2, SYSTEM ENVIRONMENT

MVME1Olbug 3.1 is a firmware~resident debug package, ready for installation
on the MVME1Ol MC68000 Monoboard Computer. The program uses the on-board
I/0-devices for peripheral communications and requires only a terminal
connected with Serial Port 1l to function. MVMEIOlbug 3.1 uses this port
for all communications with the operator such as command inputs and message
outputs. For serial data input/output, another terminal or computer may be
connected with Serial Port 2, The Peripheral Interface Adapter may be used
to drive a Centronics compatible printer through the lower rear connector
P2, MVMElOlbug 3.1 provides the necessary driver routines.

MVME10lbug 3.1 provides several basic disk I/0 functions in conjunction
with an MVME319 Intelligent Disk/Tape Controller module and various hard
disk, floppy disk, and FloppyTape drives. These disk I/0 functions include
disk controller initialization, physical sector read/write, and program
bootstrap operations.

1.3. REFERENCE MANUALS

The following manuals may be used for further information about the system
environment in which MVME1Olbug 3.1 is used:

* MOTOROLA MC68000 16-bit Microprocessor User’s Manual
* MOTOROLA MVMELOLl MC68000 Monoboard Computer User’s Manual
* MOTOROLA MVME319 Intelligent Disk/Tape Controller User’s Manual




CHAPTER 2

SYSTEM INSTALLATION

2.1, MVME101 MONOBOARD COMPUTER

The following sections describe address map configuration, memory
installation, and jumper configurations on the MVME10l Monoboard Computer
for wuse with MVME1Olbug 3.1 and VERSAdos. For functional description and
configuration details, refer to the MVME101 Monoboard Computer User’s

Manual. Figure 2.1 shows the device locations to be configured on the
MVME10! module. '

2,1.1. Address Decoder PROM

The Address Decoder PROM delivered in the MVME1Olbug 3.1 package must be
installed at 1location U49 on the MVMELOl module and defines the standard
system address map shown in Table 2.1.

Addresses $000000-$001FFF are assigned to on-board RAM for MPU exception
vectors, stack, and MVME1Olbug 3.1 scratchpad area.

Addresses $002000-$002FFF are assigned to optional on-board RAM for user
programs.

The MVMElOlbug 3.1 program resides in on-board ROM and is located at
addresses $F00000-$FO7FFF.

‘The on-board I/0-devices on the MVMELO1 module occupy the address segment
$FEOO00-$FEOFFF. An I/0-register address list is given in Table 2.2.

The upper 64K bytes in the address map are dedicated to I/0~devices on the
VMEbus which are accessed with Short 1/0 Address encoding in the address
modifiers, such as the MVME319 Intelligent Disk/Tape Controller.

All remaining addresses in the map are decoded as VMEbus Standard Addresses
for access to off-board memory and memory-mapped devices.

{
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_Figure 2,1: MVME1Ol Memory and Jumper Locations Table 2.1: Standard Address Map

‘LI ( f ( | ADDRESS | CONTENTS i SELECTED DEVICES ]
‘ SFFFFFF
! : VMEbus Short I/0 Addresses Global I/0O-devices
| $FF0000 ’
$FEFFFF Global Memory
H VMEbus Standard Addresses or
SFE1000 . Memory-mapped Devices
$FEOFFF
H On-board 1/0 Registers Local I/O-devices
$FE0000 (Only odd addresses used)
$FDFFFF Global Memory
H VMEbus Standard Addresses or
$F08000 Memory-mapped Devices
! $FO7FFF 2 x 16K bytes Local ROM
s MVMELOlbug 3.1 Debug Package in
SFO0000 R Memory Socket Pair &
$EFFFFF
-3 s
9 U H Global Memory
g H VMEbus Standard Addresses or
‘ : : Memory-mapped Devices
K12 K13 K14 :
o w ® N 3K 4 :
& = s X bt .
§ H ; H H $003000
m 8 + — : 4 +
£ § g $002FFF : 2 x 2K bytes Local RAM
a : User Program/Data in
o5 T u?é \ 1 $0020004 ! Memory Socket Pair 3 !
» » ® » $O01FFF 2 x 2K bytes Local RAM
£ X L L% : MVME1Olbug 3.1 Data/Stack in
2 °® é e g K16 $001000 - Memory Socket Pair 2
: 2 + + : +
o a § H $000FFF
: MVME1Olbug 3.1 Data/Stack
vel Ue3 Uex " P | $000400 | Bl 2x 2K byt:i Local RAM
$0003FF Memory Socket Pair 1
: MPU Exception Vectors
$000000
2-2

2-3




- Table 2.2: I/O-Register Address Map 2.1.2, User Defined Address Maps
P e g o
N - ' H ’ If the standard address map described above does not meet your actual
JDEVICE! ADDRESS l MODE ! REGISTER l ( ( requirements, you may specify any other configuration, and program the
M 1 1 H | address decoder PROM accordingly. A detailed step-by-step description of
1 MCR l SFEQOF1 l r/w 4‘ Module Control Register l ; this procedure is given in the MVME1Ol MC68000 Monoboard Computer User’s
| MSR | $FEOOE1 | r/w | Module Status Register I | Manual, .
i PTM i $FEOODF 1 read i LSB buffer register i : Keep the following considerations in mind when you define a new address map
$FEOODF | write | Timer #3 latches with MMELOlbug 3.1: A :
Zgggggg ::::e l'ﬁ;:e;uf#:f’e:-o::t::te r . The MVME1Olbug EPROMs are intended for use in memory socket pair 4 on the
SFEOODB | read LSB buffer r gister MVMELOl module. Therefore, the first two long word addresses of the EPROMs
$FEQODB | write | Timer #2 late‘ges contain the initial stack pointer and program counter, and MVME1Olbug is
$FEOOD9 | read Timer #2 couﬁtet entered immediately after a board reset. However, the object code of
$FEOOD9 | write | MSB buffer register MVME1Olbug is position—independent and will execute anywhere in memory. If
SFEOOD7 | read LSB buffer register - the debug package is moved, it must be moved as a'unit, {.e. no portion
$FEOOD7 | write | Timer #1 latcﬁ'es must be moved unless it all is moved. The entry address of the moved
$FEOODS | read Timer #1 counter ) MVME1Olbug code can be calculated by adding the displacement offset to the
$FEOODS | write | MSB buffer register original value of the initial program counter.
gggggg ::‘i:e iziizilrigi::::r #2 . i Stack and scratchpad RAM is addressed absolutely, i.e. these addresses
$FEOODL | read o o eratig n remain unchanged, even if MVMElOlbug is moved or linked upon another
SFEOODL | write CRZOP- 1: control resister #1 address in the map. MVMELOlbug requires the lower 8K bytes in the address
$FEOODL | writ CR20 = 0: trol egister #3 map for MPU exception vectors, stack, and temporary data storage. You may
+ - I e H i control reg N | assign these addresses either to on-board or off-board RAM; however, for
1 PIA i $FE00CT 1 iy 1 Section B control register optimum system performance, it is recommended to supply on-board RAM at
$FE00CS5 r/w CRB-2 = 1: Section B peripheral register these locations.
gggggg :;: . g:i:io; 2= sz::z;nr: ;i:::rditection register ! ‘ All on-board and off-board I1/0-devices are also addressed absolutely., The
SFE00CL e CRA-2 = l-cge tion Ag eripheral register address . segment $FE00Q0-$FEOFFF must be assigned to the local I/O-devices.
S$FE0OCL iy CRA-2 = 0: s ct fon A dpatap direct 105 register If an MVME31l9 Intelligent Disk/Tape Controller is ianstalled in the system,
. N . H P Sec 8 H . the wuppermost 64K addresses $FFO000-$FFFFFF must be agssigned to VMEbus
PCI2 | $FEQOB? /v command register Short 1/0. ' ’
$FEOOBS r/w mode register #1 / mode register #2 )
$FEOOB3 | read status register
$FEOOB3 | write | SYNl register / SYN2 register / DLE register ' 2.1.3. MNMELOIbug Installation
$FEOOBl | read receive holding register .
+ N $.FE00314 write N transmit holding register - MVME1Olbug 3.1 4is contained in a pair of 27128-type EPROMs. Insert the
; 3 ) j | EPROM device with the even address locations in memory socket US56, the
PCI! :ggggg r;: cg:]mnnd ;egist;rl: / wode register #2 EPROM device with the odd address locations in memory socket U64.
$FE00A3 t:a d :ta:u:efesi:;‘er & . i Configure the corresponding jumper area Kl4 for 27128-type EPROMs, The
$FEOOA3 | write | SYNI regigter / SYN2 register / DLE register : figure below shows the installation of EPROMs and jumpers.
$FEOCAL | read receive holding register | K3
$FEOOAL | write | transmit holding register
+ + 4 + + |0 0O
Zoz
-0
x -]
3l@ o




2.1l.4. ROM Access Time 2,1.7. System Control Functions

Jumper area K4 éeéeﬁnines the local ROM access time and must be configured ('4’ (" When used as system controller module, the MVME1Ol Monoboard Cbmputer
according to the MVME1Olbug EPROM access time. The figure below shows the supports the system clock, system failure, system reset, and VMEbus arbiter
K4 configuration for an access time of 450 ns. : functions. The figure below shows the configuration of the corresponding

Jjumper area K3,
K

HE ] g3

2.1.8, User~Vectorized Interrupts

2.1.5., RAM Installation

MVME1O0lbug requires 8K bytes of RAM at the bottom of the address map for

MPU  exception vectors, stack, and MVME1Olbug scratchpad area. The Jumper area K5 determines which of the seven interrupt request lines on the
MVME1Olbug package contains four static RAMs, organized in 2K x 8 bits, for VMEbus may interrupt the onm-board MPU, Conventionally, the interrupter on
this purpose. Insert the RAM devices in memory sockets U53, US54, U6l and the MVME319 Intelligent Disk/Tape Controller operates on interrupt level 3.
U62, and configure the corresponding jumper areas K1l and K12 for 2k x 8 Therefore, when an m319 module is installed, at least the level 3 VMEbus
RAMs. . interrupt request line IRQ3* must be jumpered to the MVME1Ol Interrupt
Handler, as shown in the figure below. The configuration of the remaining
As user opf.ion, the Address Decoder PROM provides for another two 2K x 8 interrupt levels depends on the distribution of additional interrupters and
bits static RAM devices installed in memory sockets US55 and U63. interrupt handlers in the VME system and must be evaluated according to the
MVMELOlbug does not access these devices, i. e., if installed, they are actual application.
available for user programs. s
The figure below shows the installation of RAMs and Jumpers. ; o0 oo : )
( ‘ cooo0@o0o0
{x13) (uss) " P
(x12)

K11

2,1.9. Auto-Vectorized Interrupts

2K x8 Static RAM q Jumper area K6 determines the priority levels of interrupters which request
auto-vectorized interrupts. MVME1Olbug does -not respo
levels 1-6. VERSAdos however requires the following configuration:
| SASASASASACASASASAATAS] I >k 7 SYSFAIL*: interrupt level 1
< {evndpicdney PTM: interrupt level 2
ARLET PIA: interrupt level 3
2.1.6. VMEbus Requester Priority ; R PCIL: interrupt level &
5‘/:"5' " PCI2: interrupt level 5
See Dpp
The VMEbus Requester on the MVME1Ol module has to operate on bus The figure below shows the corresponding jumper configuration.

arbitration level 3. The figure below shows the configuration of the
corresponding jumper areas Kl and K2,

L | E33588

©C00o0O0O g ooox n
000000 LX)
5

1




2.1.10, Seriai Port i Configuration

Jumper area K7 determines the Pin assignment of Serial Port 1 connector

SPl1, Configure SPl as asynchronous data set for terminal connection, as
shown in the figure below.

K7

§.000e
1

88

2.1.11. Serial Port 2 Configuration

Jumper area K15 determines the pin assignment of Serial Port 2 connector
SP2. K15 wmust be configured according to the device connected with SP2,
which wmay be either a data terminal or a data set. As an example, the
figure below shows the K15 configuration for connectlon with a computer
being an asynchronous data set. For details on Serial Port 2
configuration, refer to the MVMELOQL Monoboard Computer User’s Manual.

PPN 531113

2,1.12. Serial Interface Control

VERSAdos requires that the interrupt outputs RXRDY and TXRDY of both
Programmable Communication Interfaces are connected with the interrupt
handler. Also, the CTS input of both devices must be controlled from the
peripheral. The figure below shows the configuration of the corresponding
jumper areas K9 and K10,

< ' X9

2.1.13. Programmable Timer Configuration

MVME10lbug does not use the Programmable Timer Module and leaves the device
free for user applications. VERSAdos however uses the PTM for periodic
interrupt generation, and requires that no jumpers are placed on the
corresponding jumper area K16,

K%
[o0000co000000600 0]

1 1“*

2.2, OTHER VME SYSTEM COMPONENTS

The MWMELOL Monoboard Computer and MVMELOlbug 3.1 may be wsed in -

conjunction with a wide variety of additional VME hardware and software
products, such as the MVME200 series memory modules, the MVME319
Intelligent Disk/Tape Controller, the RMS68K- Real-Time Multitasking
Software, the VERSAdos Operating System, and many others.

For configuration and installation instructions of such additional VME
8ystem components refer to the user’s manuals of your specific modules.

2.3, TERMINAL CONFIGURATION

The Serial Ports on the MVMEIOL module are initialized by MVMElOlbug for
asynchronous operation, 8 bit character length, no parity, and one stop
bit. The Serial Port signals RTS and DIR are constantly asserted. The
data receivers do not rely on any control signal inputs.,

After power-up or board reset, MVMElOlbug enters an automatic Baud rate
detection routine, indicated by a "B" on the MVMEIOl STATUS display.
MVMELOlbug now requires a carriage return ($0D) character being input at
Serial Port ! for measuring the terminal’s Baud rate. The following Baud
rates are valid: )

110, 150, 300, 600, 1200, 1800, 2400, 3600, 4800, 7200, 9600, 19200 Baud.
After determining the Baud rate at Serial Port 1, MVME10lbug 1initializes
both serial ports identically. To support different port characteristics,

you may reinitialize the serial ports with the PF command. Note that
automatic Baud rate detection cannot be implemented at Serial Port 2.

2.4, PRINTER CONNECTION

MVME1Olbug supports a Centronics printer interface through the Peripheral
Interface Adapter on the MVMEIOl module. Note that the PIA input/output
lines at connector P2 are not buffered. You have to provide interfacing
hardware to meet the electrical specifications of a Centronics interface.
Appendix D gives an example for a connector/buffer/cable assembly,

2.5, MVME10l INITIALIZATION

After power-up or board reset, a ‘B’ is shown on the STATUS display of the
MVMEIOl module. This indicates that MVMELOlbug is expecting a carriage
return character from the terminal at Serial Port I, After that, the
program enters the initialization routines.

Both serial ports are initialized for asynchronous operation, 8 bit
character length, no parity, one stop bit, and the detected Baud rate. The

2-9
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Programmable Timer Module and the Peripheral Interface Adapter are reset.
The Bus Request Time-Out Counter is disabled and the Data Transfer Time-Out
Counter is enabled, The MPU exception vector table is initialized with the
default addresses used by the debug package.

Then a "1™ is ghown on the STATUS display and the pPrompt message is trang-
mitted to the terminal, indicating that MVME10lbug is ready for command
inputs.,

When MVME1Olbug regains countrol after program execution, it will overwrite
any number on the STATUS display with "1", Note that bits 5, 6, and 7
(BBIR, EBRTO, EDTTO) of the Module Control Register are not affected by
that. Also, the I/0~devices on the MVME101 module are not re~initialized
when returning to the MVME10lbug prompt.

CHAPTER 3
MVME101BUG COMMANDS

3.1. COMMAND INPUT

Command entry is similar to that used in many buffer-organized systems,

Typed characters, which may be either upper-case or lower-case, are

accumulated in the command line buffer by the input routine. A command is
Processed for execution following entry of a carriage return character,

MVME1Olbug provides limited editing capabilities for command entry. The
DELETE key, BACKSPACE key, or CTRL H can be used to delete previously
entered characters. CTRL X cancels an entire line and waits for new input,
CTRL D redisplays a previously entered line.

During output to the console, CTRL W suspends the output until another key
is pressed. The BREAKR key aborts the execution of console input/output
commands, -

Variations in the basic function offered by many primitive commands can be
obtained by entering appropriate - characters in the option field of a
command line, Some command functions are switched off by prefixing the
command with NO, For example, a breakpoint 1s set with the command BR and
removed with the command NOBR.

3.1.1. Command Syntax.

Commands and other I/0 functions are Presented in this manual in a modified
Backus~Naur Form (BNF) syntax. Certain symbols in the syntax, where noted,
are used i{n the real 1/0 format, However, others are meta-symbols whose
usage 1is restricted to the syntactic structure. These meta=-symbols and
their meanings are as follows:

<> Angular brackets enclose a symbol, known as a syntactic variable,
that is replaced in a command line by one of a class of symbols it
represents.

[} Square brackets enclose a symbol that is optional. The enclosed

symbol may occur zero or one time,

{ Joes  Square brackets followved by periods enclose a symbol that is
optional/repetitive. The enclosed symbol may appear zero or more
times.

In the examples given in the following sections, the operator entries are
shown underscored for clarity only, i.e., the underscore is not to be
typed. Operator entries are followed by a carriage return unless otherwise
specified.




3.1.2. Command Line Forma:

The format of the command line is:

MVME1Olbug 3.1 > [NO]<command>[<parameter>][;<options>]

MVME1Olbug 3.1 > is the MVME1Olbug prompt.
{command)> is the primitive command.

{parameter> is a field containing of one or more parameters. Such
parameters may be addresses, numbers, text, or other
variables. Multiple parameters are separated by spaces.
Although several commands do not limit the length of a

parameter field, the total length of one command 1line

must not exceed 100 characters.

<{options> . 1s a field opened with a semicolon, and containing one or
more options. Multiple options need not be separated by
spaces.

3.1,3. Address Parameters

An address, when used as a parameter, must follow the syntax accepted by
the MC68000 assembler, except for the memory indirect mode, Numeric values
may be entered in the same formats as data parameters (see section 3.1.4).
The following address formats are accepted:

FORMAT EXAMPLE DESCRIPTION

address 140 absolute address

addresstoffset L30+R5 absolute address plus offset register value

(A@) ' (AS) address register indirect

(AQ,DQ) (A6,D4) address register indirect with index

address(A@) 120(a3) address register indirect with displacement

address(A@,DQ) 110(A2,D1) address register indirect with index plus
displacement

[address] [100} memory indirect (note that this ;ddressing

mode is not accepted by the assembler.)

3.1.4. Data Parameters

A data parameter is a numeric value which may be entered in binary, octal,
decimal, or hexadecimal format. The format is specified by preceding the
number with one of the following characters: .

4 percent specifies a binary number
a commercial at specifies an octal number
& ampersand specifies a decimal number
$ dollar specifies a hexadecimal number

none specifies a hexadecimal number (default)
EXAMPLE: 710101010 = @252 = §170 = $AA = AA

Several commands allow arithmetic -expressions consisting of multiple
numbers in any format, separated by the operators plus (+) or minus (-).

EXAMPLE: 2101010104+@3651-54096+$3FFE

The data formats and maximum values which are valid for a specific command
can be found in the command descriptions.

3.1.5. Other Parameters

There are several other types of parameters whose usage will be explained
in the command descriptions. As an overview, some of these are summarized
below:

PARAMETER DESCRIPTION

D L ——. e e e .

{character> a single ASCII character.

<controller#> a single digit -which specifies a disk controller module for
disk 1/0 operations.

<count> a single binary, octal, decimal or hexadecimal number
following the same syntax rules as data parameters,

<drive#> a single digit which specifies a disk drive for disk 1/0
operations.

<filename> an ASCIT string which specifies a VERSAdos file on a disk.

<mask> a single binary, octal, decimal or hexadecimal number

following the same syntax rules as data parameters.
<{port> a single digit which specifies an on-board I/0-device.

<{text> a string of visible ASCII characters.
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3.1.6., Command Echo Back ' Then, for all exception routines, a message is transmitted indicating the
event which caused exception processing :

As an aid to the user, MVME1Olbug displays for most commands 1its (’ (’ MESSAGE VECTOR EVENT
interpretation of the values entered as data and address parameters in a -
physical format. For example, 1f A0O0 had been typed in the parameter

field of a command requiring that the contents of offset register RO (1000, ACFAIL LOW 31 VMEbus ACFAIL* asserted
say) be added, then the resulting display would be O0000BOGO for that
address parameter: ADER EXCEPTION 3 " Address error detected
MVMELOlbug 3.1 > RO 1000 : AT BREAKPOINT 4 Breakpoint encountered
MVME10lbug 3.1 > G AOQQ - AV#1 EXCEPTION 25 Auto-vectorized interrupt level 1
PHYSICAL ADDRESS=0000B000 : H H H :
AV#6 EXCEPTION 30 Auto-vectorized interrupt level 6
BERR EXCEPTION 2 VMEbus BERR* asserted
3.1.7. Exceptions and Errors
BRTO EXCEPTION 2 Bus Request Time Out occured
MVMELOlbug shares resources with the target program under test, i.e., each CHCK  EXCEPTION 6 CHK instruction encountered
affected resource can only be used by either the debug program or the . :
target program at any given time. DIVO EXCEPTION 5 Division by zero
The exception vectors in memory locations $000000 through $0003FF are : DTTO EXCEPTION 2 Data Transfer Time Out oceured
initialized by MVMELOlbug 1in the reset routine after power-up or board .
reset. If the target program uses any of these vectors, they must be ILLEGAL INSTRUCTION 4 Illegal operation code encountered
overwritten following each reset. The assoclated MVME10lbug function for
the overwritten vectors will be lost. . PRIV EXCEPTION 8 Privileged instruction in user state
Table 3.1 lists the MC68000 exception vectors and gives a short description SOFTWARE ABORT 31 ABORT pushbutton pressed
of - the associated MVME1Olbug routines. Note that a Data Transfer Time-Out
and a Bus Request Time-Out exception can occur only when the corresponding SPUR EXCEPTION 24 BERR during interrupt acknowledge
control bits in the Module Control Register are set.
TP V EXCEPTION 7 TRAPV instruction encountered

When a MVMElOlbug exception routine is entered, first the complete MPU
contents 1s saved on the stack. In case of Bus Errors and Address Errors, TRAC EXCEPTION 9 Trace bit in status register set
the exception status on the stack is also transmitted to the terminal:

] UT0  EXCEPTION 32 TRAP #350 instruction encountered
XXXX AAAAAAAA IIII : : ¢ : : :
| UTE  EXCEPTION 46 TRAP #$E instruction encountered

+-- Instruction .Register

1

bits 0-15 : first word of aborted instruction ; 1010 EXCEPTION 10 Unimplemented instruction encountered
4mmmmemmees Access Address § 1111 EXCEPTION 11 Unimplemented instruction encountered
bits 0-23 : address accessed during the aborted eycle
bits 24~31: not defined ??7?? EXCEPTION 12-23,48-255 Unitialized or unassigned exceptions
+ Miscellaneous Status Below the exception message, the stacked contents of all MPU registers is
bits 0-2 : MPU function code displayed. The program counter points to the nmext instruction to be
bit 3 ! type of aborted process : executed. This instruction is then disassembled and displayed below the
0 = instruction or exception group 2 register table in the standard assembler language format. At 1last,
1 = exception group 0 or group 1 MVME1Olbug transmits the prompt message and 1s ready for command inputs
bit 4 : data transfer direction : from the console.
0 = write cycle .
1 = read cycle : Note: The TRAP #15 instruction exception is reserved for user access to
bits 5-15 : not defined the MVMElQlbug I/0 routines. See Chapter 4 for a detailed
description.,




Table
| VECTOR | ADDRESS | ASSIGNMENT | MVME101bug FOUNCTION }
M ' h . .
} 0 | $000-5007 | Initial SSP and PC | Uninttialized |
2 $008-$008 | Bus Error Display bus error source
(BERR, BRTO, DTTO0), stack
status, and MPU registers
l 3 l $00C-$00F ’ Address Error Display stack status and |
MPU registers.
4 $010-$013 | Illegal Instruction Breakpoint: Restore origi-
nal op-code and display
MPU registers.
] 5 | $014-$017 | Zero Divide | Display MPU registers. |
j 6 | $018-$01B | CHK Instruction | Display MPU registers. |
| 7 | $01C-$O1F | TRAPV Instruction | Display MPU registers. ]
| 8 | $020-5023 | Privilege Violation } Display MPU registers. ]
] 9 | $024-5028 | Trace | Display MPU registers. |
| 10 | $028-5028 | 1010 Code Emulator | Display MPU registers. ]
|11 | $02c-$02F | 1111 Code Emulator | Display MPU registers. |
| 12-14 | $030-$038 | Unassigned, reserved | Display MPU registers. |
} 15 | $03c~$03F | Uninictalized IRQ | Display MPU registers.
| 16-23 | $040-g05F | Unassigned, reserved | Display MPU registers. |
| 26 |<5060-3063 | Spurious IRQ | Display MPU registers. ]
| 25-30 | $064-3078 | av Interrupt Level 1-6 | Display MPU registers. j
31 $07C-$07F | AV Interrupt Level 7 Display interrupt source
(ACFATL, SOFTWARE ABORT)
and MPU registers,
| 32-46 | $080-$0BB | TRAP #0 - #14 Inscr. | Display MPU registers. |
47 $0BC~$0BF | TRAP #15 Instruction Branch to I/0 routine spe-
cified by the following
word. (See Chapter 4)
| 48-63 | $0CO~$OFF | Unassigned, reserved | Display MPU registers. |
| 64=-255 | $100-$3FF | Uv Interrupts | Display MPU registers. ]

3.2. COMMAND SET

This

section describes the MVME1Olbug 3.1 commands by syntax,

functions,

and examples, Table 3.2 gives a summary of all MVME1Olbug 3.n commands. A
complete list of all messages can be found in Appendix C.

Table 3.2:

MVME1Qlbug Commands

COMMAND SYNTAX

4—

|

DESCRIPTION

4-—1“

<A
«A0 = (A7 [<addr>/<datad>]
D

<D0 = D7 [<addr>/<datad]
«PC [<addr>/<datad>}

+SR [<addr>/<datad>}

«SS [<addr>/<datad]

«US [<addr>/<datad]

+RO - ,R6 [<addr>/<datad>]
DF

OF

i

Display all address registers
Display/set address register
Display all data registers
Display/set data register
Display/set program counter
Display/set status register
Display/set superv, stack pointer
Display/set user stack pointer
Digplay/set relative offset
Display formatted MPU registers
Display all relative offsets

BF <{addrl> <addr2> <datad

BI <addrl> <addr2>

BM <addrl> <addr2> <addr3>

BS <addrl> <addr2> <datad>/<textd>
BT <addrl> <addr2>

MD[<port>] <addr>| <count>][;<opt>]
MM <addr>[<;optsd]

MS <addr> <{datad/<textd ...

Block of memory fill

Block of memory initlalize

Block of memory move

Block of memory search

Block of memory test

Memory display/disassembly

Memory modify/disassembly/assembly
Memory set

+

BR [<addrl1>[<;countl>]] ...
NOBR [<addrl>] ...

GO [<addr>]

GT <addr>

GD [<addr>)

TR [<count>]

TT <addr>

Breakpoint set

Breakpolint remove

Go execute program

Go execute program to breakpoint
Go direct execute program

Trace one instruction

Trace to temporary breakpoint

+

+

BD [<Kdrvi>][,<ctrd>]

BH {<drv#>]{,<ctr#>]

BO [<drv#>][,<ctr#>][,<£11>][;<opt>]
10P

10T

Bootstrap dump
Bootstrap halt
Bootstrap program
Disk I/0 physical
Disk I/0 teach

+

DU[<port>] <addrl> <addr2> [<text>]
LO[; [<opts>]{=<text>]]
VE[;=<text>]

Dump memory (S-records)
Load memory (S-records)

_Verify memory (S-records)

+

DC <addr>/<datad>
HE

PA

NOPA
PF[<port>]
. ™ [<char>]

-+ —e-

+

Data conversion
Help :
Printer attach
Printer detach
Port format
Transparent mode

+




3.2.1, BD ~ Bootstrap Dump

BD [<drive#>][,(controlier#)]

ddrive#> is the logical number of the disk drive to be
accessed (default = 0),

<controller#> is the logical number of - the MVME319
Intelligent Disk/Tape Controller to be accessed
(default = 0).

The BD command dumps the data from all local RAM on the MVMELOl Monoboard
Computer and from all global VME system RAM through the MVME319 Intelligent
Disk/Tape Controller onto a VERSAdos disk, This feature is wuseful for
saving the actual system status after a system crash. The dumped data may
then be analyzed with the VERSAdos dump analysis utility DUMPANAL (see
VERSAdos System Facilities Reference Manual for ‘details).

The MVME319 module to be accessed is specified by its corresponding logical
controller number. Up to eight MVME319 modules may be placed in the system
with their command channels located adjacently in the address map, starting
at address $FF0000. The controller number defines the command channel
address used by the BD command as the number of 512 byte increments
relative to the base address $FF0000. If no <controller#> parameter is
specified in the command line, the BD command assumes a default value of 0.

.The disk to be accessed 1is specified by a logical drive number
corresponding with the device nomenclature used in VERSAdos. Anyone of up
to four hard disk drives (<drive#> = 0-3) or of up to four floppy disk
drives (<drive#> = 4-7) may be selected. 1If no <drivedd parameter 1is
specified in the command line, the BD command assumes a default value of 0.

The BD command cannot be used with FloppyTape drives.
The memory data will be dumped on the disk into the dump area DUMP.SY which

is generated during VERSAdos disk initialization (INIT utility). If there
is no dump area on the disk, or if it is too small to store the complete

system memory contents, an error message is displayed on the console, and .

control is returned to MVME1Olbug without.dumping any data.
The BD command executes the following sequence:

l. The first 256 bytes of off-board RAM are made free by copying the
contents to on-board RAM, starting beyond the scratchpad area at
address $001E00. Then the volume ID (sector 0) of the specified disk is
transferred into the free VME system RAM locations.

2. The volume ID locations $F8~$FF are read to ensure that they contain the
string EXORMACS, which indicates a VERSAdos disk. If the string is not
found, the message ERROR is displayed on the console and control is
returned to MVME1Olbug.

w
.

table 1is obtained from the volume ID locations $90-$93. The length of
the disk configuration table (normally ome sector) is obtained from the
volume ID location $94.

The logical sector address (normally sector 1) of the disk configuration

4, If there is no configuration table on the disk, the default parameters
(as initialized by system reset or by the IOT command) are used to write
to the disk., If there is a configuration table on the disk, it is read
into VME system RAM, and either an "Initialize Hard Disk Parameters” or
an "Initialize Floppy Disk Parameters” command with the parameters given
in the configuration table is transmitted to the MVME319 module,

5. The starting sector address of DUMP.SY is obtained from the volume ID
locations $84~$87. If there is no dump area specified (i.e. $84-$87 = 0)
the message DUMP FILE NOT FOUND is displayed on the console and control
is returned to MVME10lbug. .

6. The 1length of DUMP.SY is obtained from the volume ID locations $88-$89.
The dump area size is compared with the sum of local and global system
RAM, If DUMP.SY is too small to store the complete system memoty
contents, the message DUMP,SY TOO SMALL is displayed on the console and
control is returned to MVME1Olbug.

7. The saved copy of the first 256 bytes of off-board RAM is restored in
the original locations.

8. The complete system memory contents is writtem into DUMP,SY, starting
with local memory from address $000000 up to the end of on-board RAM,
and then continuing with global memory from the first up to the 1last
address of off-board RAM. DUMP,SY is an exact image of the system
memory, f.e. the memory addresses are equivalent with the data
locations within the dump file. If there is no off-board memory in the
VME gystem, the message NO OFF-BOARD MEMORY is displayed on the console
and control is returned to MVME10lbug.

9. The message BD COMPLETE is displayed on the console and control is
returned to MVME10lbug. :

MVME1Olbug 3.1 > BD
BD COMPLETE

(Dump memory to hard disk #0 / IDTC #0)

MVME1Olbug 3.1 > BD 6,1
BD COMPLETE

(Dump memory to floppy disk #6 / IDTC #1)
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3.2.2. BF - Block of Memory Fill

BF <addressl> <address2> <data)

<addressl> is the beginning address of the memory block
to be filled.
<address2> is the ending address of the memory block to
be filled.
<data> is the data word to be stored in the memory
o block.

The BF command fills all memory locations from <addressl> through
<address2> with <data>. Both addresses must be given as word boundaries
(even addresses). <data> must not exceed word (2 bytes) size and may be
expressed in binary, octal, decimal, or hexadecimal format. If data of
less than word size is entered, the data is right-justified and 1leading
zeros are inserted by MVMElOlbug.

EXAMPLE

MVMELOlbug 3.1 > MD 900
000900 FF FF 00 00 FF FF 00 00 FF FF 00 00 FF FF 00 00 ouvvvvvoncenness

MVME1Oibug 3.1 > BF 900 90E 4E75
PHYSICAL ADDRESS=00000900 0000090E

MVME1Olbug 3.1 > MD 900 .
000900 4E 75 4E 75 4E 75 4E 75 4E 75 4E 75 4E 75 4E 75 NUNUNUNUNUNUNUNU

3.2.3. BH - Bootstrap Halt

BH [<drive#>][,<c6ntroller#>]

drive#> is the logical number of the disk drive to be
accessed (default = (),

<controller#> is the logical number of the MVME319
Intelligent Disk/Tape Controller to be accessed
(default = 0),

The BH command loads the Initial Program Load file IPL.SY from a VERSAdos
disk through the MVME319 Intelligent Disk/Tape Controller into VME system
memory (see the VERSA .8 System Facilities Reference Manual for details on
IPL.SY). ]

The MVME319 module to be accessed is specified by its corresponding logical
controller number. Up to eight MVME319 modules may be placed in the system
with their command channels located adjacently in the address map, starting
at address $FF0000. The controller number defines the command channel
address used by the BH command as the number of 512 byte increments
relative to the base address $FF0000. If no <{controller#> parameter is
specified in the command line, the BH command assumes a default value of 0.

The disk to be accessed 1is specified by a logical drive number
corresponding with the device nomenclature used in VERSAdos. Anyone of up
to four hard disk drives (<drive#> = 0-3) or of up to four floppy disk
drives (<drive#> = 4-7) may be selected. If no <drive#> parameter is
specified in the command line, the BH command assumes a default value of O,

The BH command cannot be used with FloppyTape drives.

The Initial Program Load file will be loaded into VME system memory
starting at the address specified in the volume ID (sector 0) of the disk
during system generation.

After loading IPL,SY, the BH command returns control to MVME1Olbug.
The BH command executes the following sequence:

1. The volume ID (sector 0) of the specified disk is transferred into RAM
starting at the first VME system memory location.

2. The volume ID locations $F8-SFF are read to ensure that they contain the
string EXORMACS, which indicates a VERSAdos disk. If the string is not
found, the message ERROR is displayed on the comsole and control is
returned to MVME1Olbug.

3. The logical sector address (normally sector !) of the disk configuration
table is obtained from the volume ID locations $90~$93. The length of
the disk configuration table (normally one sector) is obtained from the
volume ID location $94.

4, 1f there is no configuration table on the disk, the default parameters
(as initialized by system reset or by the IOT command) are used to read
the disk., If there is a configuration table on the disk, it is  read
into VME system RAM, and either an "Initialize Hard Disk Parameters" or
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3.2.4. BI -~ Block of Memory Initialize

an "Initialize Floppy Disk Parameters" command with the parameters given

in the configuration table is transmitted to the MVME319 module.

. ) BI <{addressl> <address2>
5. The file IPL.SY is read into VME system RAM starting at the load address {

specified in the volume ID locations $1E-$21. The starting sector ! ‘ {addressl> is the beginning address of the memory block
address of IPL,.SY is obtained from the volume ID locations $14-$17. The to be initialized.
length of IPL.SY is obtained from the volume ID locations $18-$19,
<address2> is the ending address of the memory block to
6. After loading IPL.SY, control is returned to MVME10lbug. be initialized. .

. The BI command initializes the parity bits in off-board dynamic memory from
EXAMPLES ) <addressl> through <address2)>. Both addresses must be given as word
———————— CL . boundaries (even addresses). The parity initialization 1s non-

: destructive, 1i.e., if a memory location contains correct parity, the data
MVME1Olbug 3.1 > BH (Boot IPL.SY from hard disk #0 / IDTC #0) will not be changed. However, if a memory location contains incorrect
parity, the data word $6D3F = "m?" will be stored in that location, forcing

MVME1Olbug 3.1 > BH 6,1 (Boot IPL.SY from floppy disk #6 / IDTC #1) correct parity.

If the parity bit cannot be set, the message BERR EXCEPTION and the MPU
registers are displayed on the console. The BT command may be used to
isolate the failure (see section 3.2.9).

If no memory is resident at the specified addresses, the message DTIO
EXCEPTION and the MPU registers are displayed on the comsole.

The BI command may take several seconds to initialize a large block of
memory.

EXAMPLE

MVME1Olbug 3.1 > BI 14000 1FFFE
PHYSICAL ADDRESS=00014000 O001FFFE
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M ~ Block of Memory Move

BM <addressl> <address2> <address3)

<addressl> : is the beginning address of the source memory
block.

<address2> is the ending address of the source memory
block.

<address3> is the beginning address of the destination

memory block.
The BM command duplicates the contents of all memory Ilocations from
<addressl> through <address2> in another block of memory beginning at
<address3>. The data may be moved either upward or downward in the memory
map, and the source and destination memory blocks may overlap.

If no memory is resident at the specified addresses, the message DTTO
EXCEPTION and the MPU registers are displayed on the console.

MVMEIOlbug 3.1 > MD 900 A;DI

000900 1018 MOVE.B (A0)+,D0
000902  0C000000 CMP.B  #0,D0
000906 . 67F8 BEQ.S $000900
000908  4E75 RTS

MVMELOlbug 3.1 > MD AOO A;DI

000A00  FFFF DC.W  SFFFF
000A02  OOGOFFFF OR.B  #-1,D0
000A06  OO20FFFF OR.B  #-1,~(A0)
MVME1Olbug 3.1 > BM 900 909 A00

PHYSICAL ADDRESS=00000900 00000909

PHYSICAL ADDRESS=00000A00

MVME1Olbug 3.1 > MD AOO A;DI

000400 1018 MOVE.B (A0)+,D0
000402  0C000000 CMP.B  #0,DO0
000406  67F8 BEQ.S $000900

000408 4E75 RTS

3.2.6, BO - Bootstrap Program

BO [<drive#>][,<conttoller#>][,<f11ename>][;(options)]

<drive#> is the logical number of the disk drive to be
accessed (default = Q),

<controller#> is the logical number of the MVME319
Intelligent Disk/Tape Controller to be accessed
(default = 0), ’

<filename> specifies the file being loaded by the initial
program loader (default = 0..VERSADOS.SY).
<options> is one or both of the following options:
H returns control to MVME1O0lbug

after the program has been loaded.

L=§xxxxxx specifies the starting load
address of the program in system
memory.,

The BO command loads a program from a VERSAdos disk through the MVME319
Intelligent Disk/Tape Controller into VME System memory. In addition to
the program being loaded, the VERSAdos disk must contain the Initial
Program Load file IPL,.SY (see the VERSAdos System Facilities ‘Reference
Manual for details on IPL.SY). -

The MVME319 module to be accessed is specified by its corresponding logical
controller number. Up to eight MVME319 modules may be placed in the system
with their command channels located adjacently in the address map, starting
at address $FF0000, The controller number defines the command channel
address used by the BO command as the number of 512 byte increments
relative to the base address $FF0000., If no <controllerf> parameter 1{is

specified in the command line, the BO command assumes a default value of 0.

The disk to be accessed is specified by its corresponding logical drive
number. Anyone of up to four hard disk drives (<drive#> = 0-3) or of up to
four floppy disk drives (<drive#> = 4-7) may be selected. If no {drive#>
parameter is specified in the command line, the BO command assumes a
default value of O,

The BO command cannot be used with FloppyTape drives.

The <filename)> parameter defines the program to be loaded by user number,
catalog, filename and extension in the standard VERSAdos syntax. The
default user number {s 0, the default catalog is 8 blanks, the default
filename 1is VERSADOS, the default extension is SY. If no <filenamed> is
specified in the command line, the BO command will boot the VERSAdos
operating system (file 0,.VERSADOS,.SY).

The program will be loaded into VME system memory starting at the address
specified in the <option> field of the BO command. If no L option has been
entered, the starting load address, as defined during system generation,
is obtained from the information contained in the file IPL.SY.
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After loading the specified program, the Initial Program Loader either
gives control to that program, or, if the H option has been entered,
returns to MVMELOlbug. -

The BO command executes the following sequence:

1. The volume ID (sector 0) of the specified disk is transferred into RAM
starting at the first VME system memory location.

2, The volume ID locations $F8~$FF are read to ensure that they contain the
string EXORMACS, which indicates a VERSAdos disk. If the string is not
found, the message ERROR is displayed on the console and coatrol is
returned to MVME1Olbug.

3. The logical sector address (normally sector 1) of the disk configuration
table is obtained from the volume ID locations $90-$93. The length of
the disk configuration table (normally one sector) is obtained from the
volume ID location $94. ’

4, If there is no configuration table on the disk, the default parameters
(as 1initialized by 8ystem reset or by the IOT command) are used to read
the disk. If there is a configuration table on the disk, it is read
into VME system RAM, and either an "Initialize Hard Disk Parameters” or
an "Initialize Floppy Disk Parameters" command with the parameters given
in the configuration table is transmitted to the MVME319 module.

5. The file IPL.SY is read into VME system RAM starting at the load address
specified in the volume ID locations $1E-$21. The starting sector
address of IPL.SY is obtained from the volume ID locations $14-$17. The
length of IPL.SY is obtained from the volume ID locations $18-~819,

6. The MPU registers are initialized for IPL execution. If a <filename)
parameter was specified in the BO command line, registers A5 and A6
point to the first and the last plus one characters of the string in the
input buffer. If no filename was specified, register AS is equal to A6,
and the default filename 0.,VERSADOS.SY will be taken. The status
Tegister is set to supervisor mode and interrupt mask level seven. The
supervisor stack pointer is evaluated from the IPL.SY locations $0-$3,
The program counter is evaluated from the IPL.SY locations $4~$7.

7. IPL.SY reads the program into VME system memory starting at the address
specified in the <option)> field of the BO command. If no L option has
been entered, the starting load address is obtained from the IPL.SY
locations $38-$3B,

8. After loading the specified program, IPL.SY gives control either to that
program, or, if the H option has been entered, back to MVME10lbug.

EXAMPLES
MVME1Olbug 3.1 > BO (Boot VERSAdos from hard disk #0 / IDTC #0)
MVME1Olbug 3.1 > BO 6,1 (Boot VERSAdos from floppy disk #6 / IDTC #1)

MVME1Olbug 3.1 > BO 22 TEST.LO  (Boot 0,.TEST.LO from hard disk #0 / IDTC #0)

3.2.7. BR / NOBR - Breakpoint Set / Remove

BR [<address>[;<count>]] [<address>[;<countd}] ...
NOBR [<address>] [<address>] ...

<address> is the memory -address where Program execution

will stop.
<count> specifies the number of breakpoint encounters

until program execution will stop.

The BR command, when. used without parameters, displays all currently
effective breakpoint addresses.

If one or more <address> parameters are entered, the BR command sets
breakpoints at these addresses., Breakpoints can only be set on instruction
addresses in RAM. A maximum of eight breakpoints may be set.

When program execution is started with the GO or the GT command, the
original contents of the breakpoint address is saved in the breakpoint
table and replaced by the 1llegal instruction op~code $4AFB. VWhen the
Program encounters a breakpoint, the original instruction is restored, and
the message AT BREARPOINT and the MPU registers are displayed. The
original op-code is also restored whenever MVME101lbug regains control,

If program control is lost during the execution, and a board reset is used
to regain control, breakpoints may be left in the user target program
containing the illegal instruction op-code $4AFB,

While tracing through a program, the original contents of breakpoint
addresses remaing unchanged.

If a <countd parameter is specified, it will be decremented by one each
time the progrim encounters the breakpoint. When <count> ig zero, the
program execution will stop at the breakpoint, and the breakpoint will be
deleted from the breakpoint table. <countd may be expressed in binary,
octal, decimal or hexadecimal format.

The NOBR command, when used without parameters, removes all breakpoints
from the breakpoint table., If one or more <address> parameters are
entered, the NOBR command removes the breakpoints from these addresses.

COMMAND FORMAT DESCRIPTION

BR Display all breakpoints.

BR <address)> Set a breakpoint on <address>.

BR <address>;<count)> Set a breakpoint on <address> with

a count, Program execution will
stop at the breakpoint after it has
been encountered <count> times.

NOBR Remove all breakpoints.

NOBR <address> Remove a breakpoint from <address).
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EXAMPLE

MVME1Olbug 3.1 > BR 900 A0O 14000 1000

BREAKPOINTS

000900 000900
000A0C  000A00
014000 014000
001000 001000

MVME10lbug 3.1 > NOBR A00 1000
BREAKPOINTS

000900 000900

014000 014000

MVME1O1bug 3.1 > NOBR
BREARPOINTS

MVMELOlbug 3.1 > LRl 14000

MVME1Olbug 3.1 > BR 900+Rl AOO+R1 14C00 -

BREAKPOINTS

000900+R1 014900
000AOO+R1 014A00
000CO0+R1 014C00

MVME1Olbug 3.1 > NOBR AQO+RI -

BREAKPOINTS
000900+R1 014900
000CO0+R1 014C00

3.2.8. BS - Block of Memory Search -

BS <addressl> <address2) ‘<text>’
BS <addressl> <address2) <data> [<mask>][;<option>]

<addressl> is the beginning address of the memory blgck.
<address2> is the ending address of the memory block.
{text> is the string to be found.
<data> : is the data to be found.
<magk> specifies the bits to be compared.
<option> is one of the following options:

B search matching bytes,

W search matching words (two bytes).

L search matching”long words (fo;r bytes).

If no option is entered, byte-sized data is
used.

The BS command searches memory from <addressl) through <address2> for the
specified <textd> or <data> parameter.

<text> parameters are entered as ASCII strings enclosed by quotation marks
up to the input buffer length (100 characters).

<data> and <mask> parameters may be entered in binary, octal, decimal, or
hexadecimal format and are right-justified and extended to the data size
specified in the <option> field. The optional <mask> parameter defines the
bits which are significant for the search. If a mask is given, it is
logically ANDed with the memory data before the comparison is made.

All memory -addresses where the specified pattern is found and the data
contained in the addresses are displayed on the console.

EXAMPLE

MVME1Olbug 3.1 > MD 1000
001000 41 42 43744 00 00 25 35 00 00 00 00 00 00 00 00 ABCD..Z5..0000..

MVMELOlbug 3.1 > BS 1000 1010 ‘ABCD’
PHYSICAL ADDRESS=00001000 00001010
001000 ‘ABCD’

MVME1Olbug 3.1 > BS 1000 1010 05 OF
PHYSICAL ADDRESS=00001000 00001010
001006 25
001007 35
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3.2.9. BT - Block of Memory Test

BT <addressl> <address2>

<addressl> is the beginning address of the memory block
to be tested.

<address2> is the ending address of the memory block to
be tested.

The BT command tests all memory locations from <addressl> through
<address2>, Both addresses must be given as word boundaries (even
addresses). The test is destructive. If the test is completed without
detecting an error, all tested memory locations are cleared.

When a malfunction of a memory location is detected, the address, the data
stored, and the data read of the failing memory location are displayed, and
control is returned to MVMELOlbug.

- The BT command may take several seconds to test a large block of memory,

If no memory is resident at the specified addresses, the message DTTO
EXCEPTION and the MPU registers are displayed on the console,

MVME1Olbug 3.1 > BT 14000 17FFE

3.2.10, DC - Data Conversion

DC <data>

DC <address>

<data> is the numerical value to be converted,
<address> is the address to be converted.

The DC command converts a <datad or <address> parameter into 1its
hexadecimal and decimal equivalent,

{data> parameters may be entered in binary, octal, decimal, or hexadecimal
format, A <datad parameter string of multiple values, separated by the
arithmetic operators plus (+) or minus (=), is allowed.

<address)> parameters may be entered as specified in section 3.1.3.

The result is displayed in hexadecimal and decimal format. Negative values
are additionally shown as two’s complement integer. .

The offset registers R1-R6 are not used with the DC command. When RO is
set, its contents is added to the result of the DC translation.

The DC command is useful for calculhting the displacement values of branch
instructions or relative addressing modes.

S5=00014000 00017FFE

MVMELOlbug 3.1 > BT 18000 1FFFE
PHYSICAL ADDRESS=00018000 0001FFFE
FAILED AT O180FE WROTE=FFFF READ=0000

MVME1Olbug 3.1 >-DC_§120
$78=5120

MVME1Olbug 3.1 > DC -1000
$FFFFF000=-$1000=~§4096

MVMEIOlbug 3.1 > DC &15-$9+@14-%1100
$6=56

MVME1Olbug 3.1 > .A0 1000

MVME1Olbug 3.1 > DC (AQ)
$1000=54096
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3.2,11, DF =~ Display Formatted MPU Registers

DF

The DF command displays the current contents of all MPU registers on the

console in hexadecimal data format. The program counter points to the next

instruction to be executed. This instruction is disassembled and displayed
in the standard assembler syntax.

The register display is also provided whenever MVME10lbug gains control of
the program execution, i,e., after exceptions, at breakpoints, and when
tracing, ’

Any single MPU register can be displayed or changed with the Display/Set
Registers Command described in section 3.2.12,

EXAMPLE

e

MVMELOlbug 3.1 > DF
PC=000000 SR=2704=.57..Z,. US=FFFFFFFF SS=000007BC

D0=00010434 D1=230A0444 D2=04060444 D3=00000000

D4=00010031 D5=0000072C D6=00000004 D7=00000000

AO=00FE8001 Al=FFFFFFFF A2=00000454 A3=0000054F

A4=000131E0 A5=00002704 A6=00010158 A7=0000078C

000000  OFQFOFOF MOVEP.W $OFOF(A7),D7

MVME1Olbug 3.1 > ,PC 10000
MVMELOlbug 3.1 > ,SS €00

MVME1Olbug 3.1 > DF '

PC=010000 SR=2704=,57..2.. US~FFFFFFFF S$S=00000C00
D0=00010434 D1=230A0444 D2=04060444 D3=00000000
D4=00010031 D5=0000072C D6=00000004 D7=00000000
AD=00FE8001 A1=FFFFFFFF A2=00000454 A3=0000054E
A4=000131E0 A5=00002704 A6=00010158 A7=00000C00

010000 4E75 RTS

3.2.12. Display/Set Registers

.<{register> [<data)]

«Sregister> [<address>] .

<register)> specifies the register to be displayed or set,

<{data> 1s the numerical value to be stored in the
register.

<{address> is the address to be stored in the register,

The .<register> command, when used without a parameter, displays the
current contents of the specified register(s) on the console in hexadecimal
data format,

The .<register> <data> command stores the <data> parameter value in the
specified register. <data> may be entered in binary, octal, decimal, or
hexadecimal format. A <data> parameter string of multiple values,
separated by the arithmetic operators Plus (+) or minus (=), is allowed.
The .<register> <address> command stores the <address> parameter value in
the specified register. <addressd> may be entered in the formats specified
in section 3.1.3,

COMMAND FORMAT DESCRIPTION

A Display all address registers
+AD-,A7 [<data>/<address>] ’ Display/set address register
D ) Display all data registers
«D0-.D7 [<data>/<address>] Display/set data register

-RO~.R6 [<datad/<address>] Display/set relative offset register
. (see OF command)

.PC [<datad/<address>] Display/set program counter

<SR [<data>/<address>] Display/set MPU status register

88 [<data>/<address>} Display/set supervisor stack pointer
.US [<data>/<address>) Display/set user stack pointer

MVME1Olbug 3.1 > .SS 1EOQ
MVME1Olbug 3.1 > .US 100(A7)
MVMELOlbug 3.1 > ,US
.US=00001F00
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3.2.13, DU - Dump Memory (S=Records)

DU[<port>] <addressl> <address2> [<text>]

<{port> specifies the output port number.
<addressl> is the beginning address of the memory block
to be dumped.
<address2> is the ending address of the memory block to
. be dumped.
<{text> ) is an optional header string in the SO record.

The DU command formats memory data from <addressl) through <address2> 1in
S-records and transmits it through the gpecified port, The first record
output is a SO-record which contains the <text)> parameter, if specified in
the command line. The last record output is a S9-record. (See Appendix B
for information on S-records.)

The DU command does not transmit comtrol characters to start or stop
peripheral devices. Prior to transmission, make sure that the specified
port is configured properly for the connected device.

COMMAND FORMAT DESCRIPTION

DU <addrl> <addr2> Transmit S-records through Serial Port 1.
DUl <addrl> <addr2> Transmit S-records through Serial Port 1.
DU2 <addrl> <addr2> Transmit S-records through Serial Port 2,
DU3 <addrl> <addr2> Transmit S~records through Parallel Port.

Any <port>=number other than 1, 2, or 3 is interpreted as Serial Port 1.

MVMELOlbug 3.1 > DU 900 90F DUMP TEST
PHYSICAL ADDRESS=00000900 0000090F
500C000044554D5020544553545D
52140009001018OCOOOOOO67F84E75000000000000BC
§9030000FC

3.2.14, GD - Go Direct Execute Program

GD [<address>]
<address> is the starting address of the program.
The GD command performs the following:
1. The number "O" is shown on the MVME101 STATUS display. Note that bits
5, 6, and 7 (BBTR, EBRTO, EDTTO) of the Module Control Register are
unaffected.

2, The MPU registers are initialized as displayed by the DF command.

3. If an <address) parameter is given in the command line, the program
counter 1s set to the specified value,

4, The target program execution starts immediately at the program counter
address in real time.

The GD command does not change any of the exception vectors. Also, no

breakpoints are set into the target program. However, all previously set
breakpoints remain in the breakpoint table for future use,

EXAMPLE

L .

MVMELOlbug 3.1 > MD AOO A;DI

000400 1018 . MOVE.B (AQ)+,D0
000402 0C000000 CMP.B #0,D0

000406 67F8 - BEQ.S $000A00
000408 60FE BRA $000408

MVME1Olbug 3.1 > BR A06 A0S
BREAKPOINTS -
000406 ~ 000406
000408 000408

MVME1Olbug 3.1 > GO AQO
PHYSICAL ADDRESS=00000A00

AT BREAKPOINT

PC=000406 SR=2700=,87...., US=FFFFFFFF 88=00000C00

D0=00000034 D1=230A0444 D2=04060444 D3=00000000

D4=00010031 D5=0000072C D6=00000004 D7=00000000

A0=00FE8001 Al=FFFFFFFF A2=00000454 A3=0000054E

A4=000131E0 A5=00002704 A6=00010158 A7=00000C00

000406 67F8 BEQ.S  $000A00

MVME1Olbug 3.1 > GD A0O
PHYSICAL ADDRESS=Q0OC0A00

(Program is executing ignoring any breakpoints)

3-25

—




R

3.2.15, 60 -~ Go Execute Program

G[0] [<address>]

<address)> is the starting address of the program.

The GO or G command performs the following:

1. The original contents of all breakpoint addresses is saved in the
breakpoint table and replaced by the illegal instruction op-code $4AFB.

2, The original illegal instruction exception vector (address $10) is saved
and replaced by the breakpoint routine pointer.

3. The number "0" is shown on the MVMELIOl STATUS display. Note that bits

5, 6, and 7 (BBTR, EBRTO, EDTTO) of the Module Control Register are
unaffected.,

4, The MPU registers are initialized as displayed by the DF command. !

5. If an <address) parameter is given in the command line, the program
counter is set to the specified value,

6. The target program execution starts at the program counter address by
‘tracing the first instruction and then proceeding in real time.

When breakpoints with a count are reached, real time pProcessing 1s not
achieved. The program execution will not stop until the count is zero, but
processing overhead is required for decrementing the count.

As  the first instruction of ‘the target program is traced, this instruction
mst not cause exception processing. -

EXAMPLE

MVME1Olbug 3.1 > MD AQO A;DI
000400 1018

000402 0C000000

000406 67F8

MOVE.B (A0)+,DO0
CMP.B  #0,D0
BEQ.S $000A00

MVME10lbug 3.1 > BR A06

BREAKPOINTS
000406 000406

MVMELOlbug 3.1 > G A00
PHYSICAL ADDRESS=00000A00

AT BREAKPOINT

PC=000A06 SR=2700=,87...,.. US=FFFFFFFF S$S=00000C00
DO=00000034 D1=230A0444 D2=04060444 D3=00000000
D4=00010031 D5=0000072C D6=00000004 D7=00000000
AO0=00FE8001 Al=FFFFFFFF A2=00000454 A3=0000054E
A4=000131E0 AS=00002704 A6=00010158 A7=00000C00

000A06 67F8 BEQ.S  $000400

3.2.16. GT - Go Execute Program to Temporary Breakpoint

GT <address>
<address> is the temporary breakpoint address.
The GT command performs the following:

1. The original contents of all breakpoint addresses 1s saved in the
breakpoint table and replaced by the illegal instruction op-code $4AFB,

2, A temporary breakpoint is set on the specified address. 1Its original
contents is saved and replaced by the illegal instruction op-code $4AFB.

3. The original {llegal instruction exception vector (address $10) is saved
and replaced by the breakpoint routine pointer.

4, The number "0" is shown on the MVMEIOL STATUS display. Note that bits
5, 6, and 7 (BBIR, EBRTO, EDTTO) of the Module Control Register are
unaffected. :

s, The MPU registers are initialized as displayed by the DF command.

6. The target program execution starts at the program counter address by
tracing the first instruction and then proceeding in real time.

A temporary breakpoint must not be set at an address already existing in
the breakpoint table.

When MVMEIOISug regains control before the specified address has been
reached, the temporary breakpoint is reset.

As the first instruction of the target program is traced, this instruction
must not cause exception processing.

EXAMPLE

- ———

MVMELOlbug 3.1 > MD A0O A;DI
000A0C 1018

000402  0C000000

000406  67F8

MOVE.B (A0)+,DO0
CMP,B  #0,D0
BEQ.S $000A00

MVME1Olbug 3.1 > GT A06
PHYSICAL ADDRESS=00000406
PHYSICAL ADDRESS=00000A00

AT BREAKPOINT

PC=000A06 SR=2700~=.57.,... US=FFFFFFFF $S=00000C00

DO=00000034 D1=230A0444 D2=04060444 D3=00000000

D4=00010031 D5=0000072C D6=00000004 D7=00000000

A0=00FE8001 Al=FFFFFFFF A2=00000454 A3=0000054E

A4=000131E0 A5=00002704 A6=00010158 A7=00000C00

000406 67F8 BEQ.S = $000A00
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3.2,17, HE - Help 3.2,18, I0P - Disk I/0 Physical

HE ( % 0P
The HE d 4t MVME The IOP command requests the MVME319 Intelligent Disk/Tape Controller to
console, comand displays all commands available in 101bug on the transfer data between a hard disk, floppy disk or FloppyTape and VME system

memory. MVME1Olbug provides this.command for verifying that disks and tapes
can be addressed, read, and written, and for examining the physical data on

EXAMPLE the media. The IOP command asks whether data will be read or written, and
———— : : vhich drive, media sectors and system memory addresses will be used, and
then transmits either the "Read Sectors” or "Write Sectors" command to the
MVMEIOlbug 3.1 > E s MVME319 module.
.PC ,SR ,US .SS
As the disk or tape access is specified by block numbers rather than file
.D0 D1 .D2 ,D3 ,D4 .D5 .D6 D7
<D LAl A2 .A3 A4 .AS .A6 .A7 ! names, - any file security system will be bypassed. So be careful not to
.RO .R! ,R2 ,R3 .R4 .RS :R6 * destroy structures on your media accidentally,
BD BF BHE BI BM 0 BR NOBR Never use your master disks with the IOP command !

BS BT DC DF DU

6T HE IOP IOT LO
MS OF PA NOPA PF Before accessing a disk or tape with the IOP command, the drive and media

TT VE parameters must be initialized correctly with the Disk I/0 Teach (IOT)
command (see section 3.2.19). .

HEXow

GD
MD
™

HE8

When used with a FloppyTape, the first IOP opétation must be reading sector
#3 to load the bad segment list from the tape into the MVME319 module.

For detailed descriptions of the MVME319 module operations and logical disk
and  tape organizations refer - to the MVME319 Intelligent Disk/Tape
Controller User’s Manual. :

After being invoked, the IOP command enters an interactive subcommand mode

where each currently effective operation parameter is displayed separately

on the console. The operator then may either enter a new value, or leave

the parameter unchanged by typing only carriage return. Note that all

numerical parameters are interpreted as hexadecimal values by default.

< ’ . However, decimal values are also accepted when preceded by an ampersand
sign (&).

In the following, each parameter is discussed in detail.
R/W=.,.00eeeeR 2

R/W specifies whether data will be read from or written to the media. Type
R or W, respectively. ’

MEM-ADD=,$00000000 ?

MEM-ADD corresponds with the starting memory address in the MVME319
commands and specifies the first address in system memory for the data
transfer. The starting address may be any even address within the 16 Mbyte
system address range. Note that the memory address must be accessible from
the VMEbus, i.e. local memory on the MVMELO!l module cannot be used.

The address modifier code used by the IOP command is $3E (standard
supervisory program access).
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' . In case of a malfunction, the IOP command will display an error message and
CTR-DRV=.......500 ? ’ the formatted MPU registers on the console. Register D7 will contain three
bytes which represent the status type and status code received from the

CIR-DRV is a two-digit parameter which corresponds with the controller and . MVME319 module. This status information can be interpreted with the IDTC
drive number 1in the MVME319 commands and specifies which drive will be ) ( Status Messages descriptions in the MVME319 User’s Manual. ’
accessed. . '

For selecting a hard disk, the first digit specifies the controller EXAMPLE
($0x-$7%) according to the address Jjumper on the SASI/SCSI hard disk
controller, the second digit specifies the hard disk drive ($x0-$x1)

connected with that controller. For controller 0, the first digit may MVME1O0lbug 3.1 > MS 10000 ‘THIS IS A DISK WRITE/READ TEST’
be omitted, Hard disks connected with controller ! ($10 and $11) may . . -
alternatively be selected with CTR-DRV numbers $3 and $4, ’ MVMEL1Olbug 3.1 > IOP  (write string to floppy disk sector $100)
R/W=eoeueeseeR 2 W
For selecting a floppy disk, the first digit must be O (or may be omitted), j MEM-ADD=,$00000000 ? 10000
the second digit specifies the floppy disk drive ($4~$7). i CTR=DRV=,,,,...$00 ? E— -
IPC-NUM=.......$00 ? (CR)
For selecting a FloppyTape, the first digit must be O (or may be omitted), 1STSECT=.$00000000 ? 100
the second digit must be $4. S HOWMANY=,.,,.$0000 72 T
' SIZE=....,$0100 ? (CR)
IPC-NUM=.......$00 ?
ARE YOU SURE, (Y/N) ? Y
IPC-NUM is the logical controller number ($0-$7) of the MVME319 module to
be accessed. Up to eight MVME319 modules may be placed in the system with "W ZAPPED
their command channels located adjacently in the address map, starting at ;
address $FF0000. The IPC number defines the command channel address wused MVME1Olbug 3.1 > IOP (read string from floppy disk to memory)
by the IOP command as the number of 512 byte increments relative to the R/W™erreeesesW 2 R
base address $FF0000. MEM-ADD=, $00010000 ? 20000
CIR-DRV=,....,.$04 ? (CR)
1STSECT=.$00000000 ? IPC-NUM=.......$00 ? (CR)
1STSECT=,.$00000100 ? (CR)
1STSECT corresponds with the continuous block number in the MVME319 HOWMANY=,,,,,$0001 ? (CR)
commands and specifies the first sector to be read or written. ’ SIZE=.....$0100 ?

HOWMANY=,,,..$0000 ? ARE YOU SURE, (Y/N)

HOWMANY corresponds with the number of blocks in the MVME319 commands and "R" ZAPPED
specifies how many continuous blocks will be read or written.

-
I |
* 8
[ |

MVME1Olbug 3.1 > MD 20000 20 (verify string in memory)
SIZE=,....$0100 2 020000 54 48 49 53 20 49 53 20 41 20 44 49 53 4B 20 57 THIS IS A DISK W

020010 52 49 54 45 5C 52 45 41 44 20 54 45 53 54 00 00 RITE/READ TEST..
SIZE corresponds with the block size in the MVME319 commands and specifies

the number of bytes contained in one block. The block size may be 256
($100), 512 ($200), or 1024 ($400) bytes, but must at least be equal to the
physical sector size of the selected media, Note that VERSAdos uses 256
byte blocks on hard disks, floppy disks and FloppyTapes.

ARE YOU SURE, (Y/N) ?
Before execution, the IOP command allows a verification of all specified
parameters, If N is entered, the IOP command will be cancelled without

accessing the media. If Y {g entered, the parameter table will be closed
and the disk or tape I/0 performed.

The successful completion of the data transfer will be indicated by one of
the following messages on the console:

"R" ZAPPED ( for read from disk/tape )
"W" ZAPPED ( for write to disk/tape )
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3.2.19. I0T - Disk I/O Teach

I0T

The IOT command 4nitializes the hard disk, floppy disk and FloppyTape
parameters of the MVME319 Intelligent Disk/Tape Controller. The MVME319
module provides a unique and independent parameter table for each connected
drive. After system reset the MVME319 firmware loads these tables with
default values which must be re-initialized if the actual device parameters
are different. For that purpose, MVME1Olbug provides the IOT command which
asks the operator for the desired parameter values and then transmits
either the "Initialize Hard Disk Parameters” or "Initialize Floppy Disk
Parameters” or "Initialize FloppyTape Parameters" command to the MVME319
module.

For detailed descriptions of the MVME319 module operationms and supported
devices refer to the MVME319 Intelligent Disk/Tape Controller User’s
Manual. : ' .

Before accessing a disk.or tape with the IOP command, or before booting
from a disk without a configuration table, drive and media parameters must
be initialized correctly with the IOT command .

The I0T command provides independent parameter sets for hard disks, 8 inch
floppy disks, 5.25 inch floppy disks, and FloppyTapes. The default hard
disk parameters support the ADAPTEC ACB4000 disk controller and the TANDON
TM755 disk drive. The default floppy disk parameters have -been chosen
according to the characteristics of the VERSAdos media, as  shipped from
Motorola, The default FloppyTape parameters support the CIPHER (T525
FloppyTape drive,

After being invoked, the IOT command enters an interactive subcommand mode
vhere each currently effective drive and media parameter is displayed
separately on the console. The operator then may either enter a new value,
or leave the parameter unchanged by typing only carriage return. Note that
all numerical parameters are interpreted as decimal values by default.
However, ~“hexadecimal numbers are also accepted when preceded by a dollar
sign (3).

In the following, the hard disk, floppy disk and FloppyTape parameters are
discussed in separate sections.

Hard Disk Parameters

For hard disks, the following parameters are displayed and may be altered
with the IOT command:

IDC number to be specified (0 - 7) vaee { 0}

The IDC number is the loglcal controller number (0-7) of the MVME319 module
to be initialized. Up to eight MVME319 modules may be placed in the system
with their command channels located adjacently in the address map, starting
at address $FF0000. The IDC number defines the command channel address
used by the IOT command as the number of 512 byte increments relative to
the base address $FF0000.
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Drive number to be specified (0,1,4-7). { 0}

Drive numbers O and 1 select the respective hard disks connected with _the
controller specified below. Note that drive numbers 4 to 7 are reserved
for floppy disk and FloppyTape drives.,

SASI controller number (0 = 7) veversss { 0}

The SASI controller number (0-7) must be specified according to the address
jumper configuration on the SASI/SCSI hard disk controller.

SASI controller type (0 = 2) covvvcnnes { 2}

This is a code number which specifies the SASI/SCSI hard disk controller
type. O denotes a XEBEC S1410/S1410A controller, 2 denotes an ADAPTEC
ACB4000 controller. Other numbers are invalid and reserved for future use.

Fumber of sectors per track eeeesesse.. { 32}

The number of sectors per track depends on the physical sector size
specified below. Enter 32 for 256 bytes, 17 for 512 bytes, 9 for 1024 bytes
per sector.

Physical sector size in bytes seee.... { 256}

The physical sector size may be 256 or 512 bytes with the XEBEC
S1410/S1410A controller, and 256, 512, or 1024 bytes with the ADAPTEC
ACB4000 controller., Note that VERSAdos uses 256 byte sectors on hard disks.

Number of cylinders per disk eseeev... { 981}

The number of cylinders per disk depends on the type of disk drive used and
must be specified accordingly. The default value of 981 is valid for the
TANDON TM755 disk drive.

First cylinder with compensation ..... { 490}

The number of the first cylinder with compensation depends on the type of
disk drive used and must be specified accordingly. The default value of
490 is valid for the TANDON TM755 disk drive.

First cylinder with reduced current .. { 982}

The number of the first cylinder with reduced current depends on the type
of disk drive used and must be specified accordingly. If reduced write
current is not required, enter a value greater than the number of cylinders
per disk.

Interleave factor eeveesoescecsesseseas { 2}
The optimum value for the interleave factor depends on the type of hard
disk controller used. Recommended values are 5 for the XEBEC S1410/81410A

controller, and 2 for the ADAPTEC ACB4000 controller. A value of I results
in no interleaving.
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Stepping rate code .eveesesssnreverenss { 2}
This is a code number which specifies the stepping rate as shown below.

3 ms not buffered (S1410/S1410A and ACB4000)
28 us buffered (ACB4000)
" 12 us buffered (ACB4000)
200 us buffered (S1410/S14104)
70 us buffered (S1410/S1410A)
30 us buffered (S1410/514104)
15 us buffered (S1410/S1410A)

NN~ O
LI N I B B A ]

The optimum stepping rate depends on the type of disk drive used. The
default value of 12 us is valid for the TANDON TM755 disk drive.

Number of ‘heads seceesessasccnconcneses { 5}
The number of heads depends on the type of disk drive used and must be
specified accordingly. The default value of 5 is valid for the TANDON
TM755 disk drive.

ECC data burst length veseeeseseccseese { 0O}
The ECC data burst length depends on the type of SASI/SCSI hard disk

controller used and must be specified accordingly. The default value 0 {is
valid for the ADAPTEC ACB4000 controller. '

Floppy Disk Parameters

For floppy disks, the following parameters are displayed and may be altered
with the IOT command:

IDC number to be specified (0 - 7) .... { 0}

The IDC number is the logical controller number (0-7) of the MVME319 module
to be initialized. Up to eight MVME319 modules may be placed in the system
with their command channels located adjacently in the address map, starting
at address $FF0000. The IDC number defines the command channel address
used by the IOT command as the number of 512 byte increments relative to
the base address $FF0000.

Drive number to be specified (0,1,4-7), { 0}4

If no FloppyTape drive is connected, drive numbers 4 to 7 select the
respective floppy disks. If a FloppyTape drive is connected, drive number 4
selects the FloppyTape, drive number 5 is not available and must not be
used with any command, and drive numbers 6 and 7 select the respective
floppy disks. Drive numbers O and 1 are reserved for hard disk drives,

Floppy disk or FloppyTape drive (F/T) ... {F} for drive #4
This parameter is only displayed if drive number & is selected, and

specifies whether drive 4 is a floppy disk or FloppyTape drive. Enter F to
select a floppy disk.

3-34

8" or 5 1/4" disk size (8/5) vevseseccoes {8}
The disk size may be either 8 or 5.25 inch. Enter 8 or 5, respectively.
Depending on the given size, the IOT command will select different default
values for some of the following parameters.,

Single or double density (S/D) ...eveeu... {S} for 8"
Single or double density (S/D) eeveeessss. {D} for 5.25"

For either disk size, single (FM) or double (MFM) data density may be
specified. Enter S or D, respectively.

Single or double sided (S/D) eeeececevess {D} for 8" and 5.25"

For either disk size, single or double sided media may be specified. Enter
S or D, respectively.

MOTOROLA or IBM format (M/I) seuveeeesce. {M} for 8"
MOTOROLA or IBM format (M/I) sesevesesses {I} for 5.25"

For either disk size, Motorola or IBM format may be specified. Enter M or
I, respectively., Note that VERSAdos is shipped in Motorola format on 8
inch diskettes, and in IBM format on 5.25 inch diskettes.

Pre-, no, or post- compensation (+/0/-) . {+} for 8"
For 8 inch disk size, write pre—compensation, no compensation, or read
post—compensation may be selected. Enter 4, 0, or -, respectively. 5.25
inch disks do not use compensation.

Spiral offset (Y/N) ceveecersscnccncosnss {N} for 8" and 5.25"

For either disk- size, you may specify a spiral offset or none. Enter Y or
N, respectively.

Number of sectors per track .e.eeeeesss { 26} for 8"
Number of sectors per track eeceeeesess { 16} for 5.25"

The number of sectors per track depends on disk size, data density, and
physical sector size as shown below.

disk size ] 5.25 inch 8 inch

data density single (FM)|double (MFM)|single (FM)|double (MFM)
# bytes per sector 128 256‘512 256‘512'1024 1281256512 256,512 1024
# sectors per track 16] 91 5§ 16] 9 5] 26] 15 26] 15 8

Physical sector size in bytes eeeees.. { 128} for 8"
Physical sector size in bytes eeseeoe. { 256} for 5.25"

The physical sector size may be 128, 256, 512, or 1024 bytes, Note that
VERSAdos uses 128 byte sectors on FM and 256 byte sectors on MFM disks.,

Number of cylinders per disk eessseses { 77} for 8"
Number of cylinders per disk ..ecsees. { 80} for 5.25"

The number of cylinders per disk depends on media size and track density.

Maximum values are 77 for 8 inch disks, 40 for 5,25 inch disks with 48 TPI,
and 80 for 5.25 inch disks with 96 TPI.
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First cylinder with compensation ..... { 44} for 8"

The number of the first cylinder with compensation depends on the type of
disk drive used and must be specified accordingly. The default value of 44
is valid for Motorola’s EXORdisk IV Disk Drive Unit. 5.25 inch disks do
not use compensation.

Interleave factor e.esevessscssecencess { 1} for 8" and 5.25"

For either disk size, an interleave factor may be specified. The maximum
value 1is the number of sectors per track minus one. A value of 1 results
in no interleaving.

Stepping rate in ms (3/6/10/15) +...... { 6} for 8"
Stepping rate in ms (6/12/20/30) ...... { 6} for 5.25"

The stepping rate depends on the type of disk drive used and must be
specified accordingly. Available stepping rates are 3, 6, 10, and 15
milliseconds for 8 inch drives, and 6, 12, 20, and 30 milliseconds for 5.25
inch drives.

FloppyTape Parameters

For a FloppyTape, the following parameters are digplayed and may be altered
with the IOT command:

IDC number to be specified (0 - 7) .... { -0}

The IDC number is the logical controller number (0-7) of the MVME319 module
to be initialized. Up to eight MVME319 modules may be placed in the system
with their command channels located adjacently in the address map, starting
at address $FF0000. The IDC number defines the command channel address
used by the IOT command as the number of 512 byte increments relative to
the base address $FF0000.

Drive number to be specified (0,1,4-7), { O0}4
Drive number 4 selects the FloppyTape. If a FloppyTape drive is connected,
drive number 5 is not available and must not be used with any command.
Drive numbers O and 1l are reserved for hard disk drives, drive numbers 6
and 7 for floppy disk drives.

Floppy disk or FloppyTape drive (F/T) ... {F}T for drive #4
This parameter is only displayed if drive number & 1is selected, and
specifies whether drive 4 is a floppy disk or FloppyTape drive. Enter T to
select a FloppyTape.

Number of sectors per segment eeeseesss { 44}
The number of sectors per segment depends on the physical sector size

specified below. Enter 44 for 256 bytes, 32 for 512 bytes, 17 for 1024
bytes per sector.
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Physical sector size in BYtes weeeesses {256}

The physical sector size may be 256, 512 or 1024. Note that VERSAdos uses
256 byte sectors on FloppyTapes. .

Skip FACLOY seveenecscescscssncnasssees { 2}
Skip factors from 1 to 4 may be specified. A value of 1 results 1in no

skipping. Note that VERSAdos uses a skip factor of 2.

EXAMPLE

The examples show the default IOT parameter tables for hard disks, 8 inch
floppy disks, 5.25 inch floppy disks, and FloppyTapes.

MVMELOlbug 3.1 > IOT (verify hard disk parameters)

IDC number to be specified (0 ~ 7) .... { O0}{CR)

Drive number to be specified (0,1,4-7). { O}(CR)

SASI controller number (0 = 7) eevevsss { O}(CR)

SASI controller type (0 = 2) vveeevenses { 2}(CR)

Number of sectors per track eseee.. { 32}(CR)

Physical sector size in bytes eeese... { 256}(CR)
Number of cylinders per disk eeesscess { 981}(CR)

First cylinder with compensation ee... { 490} (CR)
First cylinder with reduced current .. { 982} (CR)
Interleave factor seesecececccscesenses { 2}(CR)
Stepping rate code seseresccccccccseses { 2} (CR)
Number of heads sesesecesccrvsssocscass { S5}(CR)
ECC data burst length seeeeseseecsecess { O}(CR)

|

MVME1Olbug 3.1 > IOT  (verify 8 inch floppy disk parameters)
IDC number to be specified (0 = 7) .... { 0}(CR)
Drive number to be specified (0,1,4~7), { 0}4(CR)
Floppy disk or FloppyTape drive (F/T) ... {F}(cR)
8" or 5 1/4" disk size (8/5) veveescesess {8}(CR)

Single or double density (S/D) eeceeevsss {S}(CR)
Single or double sided (S/D) eeevvescosss {D}(CR)
MOTOROLA or IBM format (M/I) seeeeeccesss {M}(CR
Pre-, no, or post- compensation (+/0/~) . {+}(CR)
Spiral offset (Y/N) eeecscccccoscncsccses
Number of sectors per track ececesesees { 26
Physical sector size in bytes eeeseees { 128
Number of cylinders per disk eeeesssss { 77
First cylinder with compensation ..... { 44
Interleave factOT eeevnvecsscovcconssee { 1
Stepping rate in ms (3/6/10/15) ..ev.u. { 6
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MVME1Oibug 3.1 > I0T  (verify 5.25 inch floppy disk parameters)

IDC number to be specified (§ - 7) .... { 0}(CR)
Drive number to be specified (0,1,4=-7). { 4}6(CR)
8" or 5 1/4" disk size (8/5) veveecvensnn {8}5(cr)

Single or double density (S/D) vevoeveen. {D}(CR)
Single or double sided (S/D) veveeecvons. {D}(CR
MOTOROLA or IBM format (M/I) eessvesseess {I}(CR
Spiral offset (Y/N) ceeueeveesesccecnoons {N}(CR
Number of sectors per track seeeeeece.. { 16}(CR)
Physical sector size in bytes v...o... { 256}(CR
Number of cylinders per disk s.oeeeee.. { 80}(CR
Interleave facCLOr seseesessercsccscacss {1
Stepping rate in ms (6/12/20/30) ...... { 6
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MVME1Olbug 3.1 > I0T  (verify FloppyTape parameters)

. IDC number to be specified (0 -~ 7) .... { O}(CR)
Drive number to be specified (0,1,4-7), { 6}4(CR)

Floppy disk or FloppyTape drive (F/T) ... {F}T(CR)

Number of sectors per segment seeeee... { 44}(CR)

Physical sector size in bytes .eeeee... {256} (CR

e

Skip £ACLOT eereesascvssserseescccscnes { 2}(CR

e
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3.2.20. LO - Load Memory (S-Records)

LO[;{<options>][=<text>]]

<options> is one or both of the following options:

;C : ignores checksum while loading.

X echoes received data to console.
{text> » is an optional string to be transmitted through

Serial Port 2 before loading.

The LO command formats S-records received at Serial Port 2 in object data
and stores it in the memory locations specified in the S-records. If the
offset -register RO is set, it will be added to the specified address.

Each S-~record data is cémpared with i{ts checksum. Any mismatch results in
an error message display. The checksum comparison may be suppressed with
the -C option. ’

The S-~records being loaded may be echoed on the console with the X option,
Note that a printer must not be attached when this option is used, to avoid
slowing down the character input from the host.

If a <text> string is specified in the command line, it will be transmitted
through Serial Port 2 prior to loading S-records. It may happen that the
host’s character input routine is too slow to cope with the rate at which
the string is output. In this case it is recommended to use the PF2 command
for inserting some null characters. Also, no attempt is made to control
the host transmission. Prior to loading, make sure that Serial Port 2 is
configured propetly for the connected device. .

Any lines not beginning with an "S" character are ignored. If an error
occurs, all records transmitted by the host during the error message output
time will be lost.

Control is returned to MVME1Olbug when a S9-record is received.

After having loaded a file with an offset, RO must be cleared using the
command ".RO O+R7" (see section 3.2.24).

A program is linked upon address $4000, but the target system memory starts
at $10000, The program is position-independent and can therefore be loaded
at $10000 by setting offset register RO to $C000 (= $10000 minus $4000).
The S-records transmission from the connected computer is initfated with
the command "COPY FILE.MX,#".

MVME1Olbug 3.1 > ,RO CO00

MVME1Olbug 3.1 > LO;=COPY FILE.MX,#

MVME1Olbug 3.1 > .RO O+R7
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3.2.21, MD - Memory Display/Disassembly i ) ' 3.2,22. MM - Memory Modify/Disassembly/Assembly .

MD[<port>] <address>| <count>][;DI] ( i (’ M[M] <address>[;<options>]

<port> specifies the output port number. ‘ <address> is the memory address to be modified.

<address> is the beginning address of the memory section <options> 1s one or two of the following options:

to be displayed. )
0 Use byte-sized data, access only odd

<{count> is the number of bytes to be displayed. addresses.
The MD command displays <count> bytes of memory beginning at <address> on v Use byte-sized data, access only even
the device connected with the specified port. The output device may be addresses.
either one of the serial ports or the parallel port. The address must be
given as word boundary (even address). w Use word-sized data (two bytes).
The <count> parameter may be entered in binary, octal, decimal or L Use long-word-sized data (four bytes).
hexadecimal format. If no <countd is specified, it defaults to 16 bytes. |
For the display, the <count) value will be extended to the following ! N Do not read data. This option is useful
multiple of 16 bytes. Once the MD command is entered, it will continue ; for initializing write-only registers.
displaying the next 256 bytes each time a carriage return (CR) is entered |
on the console. Any other command exits MD and executes the mew command, : DI Enter disassembler/assembler mode.
The memory data 1is displayéd both in hexadecimal format and its ASCII If no option is entered, byte-sized data and

character equivalent. both even and odd addresses are used.

4

COMMAND FORMAT DESCRIPTION The 0, V, W, and L options are mutually
———————————— ——— exclusive, but may be used with the N option,
. delimited by a semicolon. The DI option must
MD <addr>{ <count>] Digplay memory data at Serial Port 1. . not be used with any other option.
MD1 <addr>{ <count>] Display memory data at Serial Port 1. The M or MM command displays and modifies data in memory and memory-mapped
’ . devices. The command displays the examined address and its curreat
MD2 <addr>[ <count>} Display memory data at Serial Port 2. contents in the specified data size, and then enters a subcommand mode,
The subcommand prompt is the question mark (7). The following subcommands
MD3 <addr>[ <count>] Display memory data at Parallel Port. ' are valid: ‘
<
Any <port> number other than 1, 2, or 3 will be interpreted as <address>. [<data>](CR) Update location and go to following address..
The MD command supports the DI option. This option will cause one-line [<data>]~(CR) Update location and go to previous address.
disassembly to occur on the number of bytes specified. If no {count> is '
specified, the MD <address>;DI command disassembles one instruction. The {<data>]=(CR) Update location and redisplay same address.
one-line disassembler is described in the MM command (section 3.2.22).
[<datad].(CR) Update location and return to MVME10lbug.,
EXAMPLE <data> is the new data to be stored in the 1location.
——————— If no <data> is entered, the current contents
of the examined location remains unchanged.
MVME1Olbug 3.1 > MD 900 IF
000900 20 3C 00 00 43 43 24 19 D6 82 OC 82 7F FF FF FF eoCC8uVuronnan <{data> parameters may be entered in binary, octal, decimal, or hexadecimal
000910 67 02 00 00 FF FF 00 00 FF FF 00 O4 FF FF 00 00 Guivvervnovenonnns format, A <data> parameter string of multiple values, separated by the
arithmetic operators plus (+) or minus (=), is allowed. Before being
MVME1Olbug 3.1 > MD 900 A;DI ' stored, the <data> entered is right-justified and extended to the size
000900  203C00004343 MOVE.L. #17219,D0 specified in the MM command option field. Unless the N option is used, the
000906 2419 MOVE.L (Al)+,D2 stored data is verified. In case of a mismatch, the message DATA DID NOT
000908 D682 ADD,L  D2,D3 STORE {s displayed, and control is returned to MVME1Q1lbug.
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——————

The MM <address>;DI command enters the one-line disassembly/assembly mode. In some cases, instructions having different mnemonic forms assemble into
The command displays the examined address and the instruction it contains identical machine code. In such cases, the disassembler always chooses the
as hexadecimal value and in the assembler syntax. Then a subcommand mode same one of two mmemonics. For example, the one-line assembler will

~ is entered. The subcommand prompt is the question mark (?), The following

(/ produce the same code from the branch “instructions BT (branch if condition
subcommands are valid: (

true) and BRA (branch always). For both source mnemonics, the disassembler
pPresents BRA when it encounters the instruction.
/\<instruction>(CR) Assemble {instructiond, store it in current

location, display instruction in hex and When the disassembler encounters an address containing a data word which is
SW‘ assembler syntax, and proceed to the address not defined as an MC68000 op-code, it will be interpreted as DC.W <datad
: following the instruction op~code. instruction.
(CR) Proceed to the following instruction.
EXAMPLE
+(CR) Return to MVME10lbug. I
The one-line assembler accepts the assembler syntax as described in the MVME1Olbug 3.1 > M 1000;L
MC68000 16-bit Microprocessor User’s Manual, Labels cannot be used, i.e., 00001000 00000000 2200=
branch destinations mmst be glven as absolute addresses. The instruction . 00001000 00000200 7.
mnemonic must be preceded by a space character. Invalid instructions or | ’
addressing modes are not accepted by the assembler. In such cases the MVME1Olbug 3.1 > Q_M
address pointer is not advanced, and the assembler returns an "X" character : 00002002 2357 NOTE _s
to the console. ) | 00002000 234, ANCE -
In addition to the MC68000 instruction set the one-line assembler accepts ‘ MVMELOlbug 3.1 > M 1000;DI
the instruction: ’ " P ‘ 001000 02000000 AND.B. #0,D0 ? MOVE.L #3072,A5
001000  2A7C00000C00 MOVE,L #3072,A5
DC.W <data> Define Constant. <data) is 16~bit extended, 001006 0000 DC.W $0000 ?_MOVE.L AS5,A6
right  justiffed, and stored in the current 001006  2c4D MOVE.L A5,A6
address. 001008 0000 DC.W $0000 ? RTS
‘ . 001008  4E75 RTS
If an old instruction is overwritten by a new one that assembles into a 001004 0000 DC.w $0000 2,

longer op-~code, the following imstruction will be destroyed.
¢ g ’ ¢ 7 MVME1O0libug 3.1 >'M 1000;DI

The disassembler evaluates data in several ways, depending on the context ° 001000  2A7€00000C00 MOVE.L #3072,A5 ?(CR)
in which it {s found. Addresses are displayed as hex numbers, operands are 001006 24D MOVE.L A.E,AG 7{CR)
displayed as decimal numbers. For example, the source line 001008 4E75 RTS

HOVE.L #§1234,5678 )
assembles into the following eight hex digits:
21FC00001234162E
The same line disassembled will show:

MOVE.L #4660,$0000162E
Note that the disassembled version differs from the original source line.

Many assemblers, including the M68000 Resident Structured Assembler,
perform range checking to optimize the object code. Optimization occurs
when an assembler, given a source instruetion for which two forms exist,
chooses the shorter form. For example, if the immediate data value given in
an ADDI instruction is 7 or less, the assembler will substitute an ADDQ
instruction. In such a case, the disassembled version will differ from the
original source instruction. Note that the MVME10lbug one-line assembler
does not perform range checking and, therefore, will not cause optimization
. differences between original and disassembled instructions,
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3.2,23, MS - Memory Set

MS <address> [<data>] [’'<text>’] [<datad] [‘<text>’] ...

<address> is the beginning address of the memory section
to be set.

<data> is a hexadecimal number to be stored in memory

{text)> is a text string to be stored in memory.

The MS command stores the specified parameter string in memory, starting at
the given <address>,

<data> parameters must be entered as hexadecimal numbers without leéding
dollar ($) signs. The maximum value for numbers is 8 hexadecimal digits.,
Numbers are 8-bit extended and right-justified before being stored.

<text> parameters are entered as ASCII strings enclosed by quotation marks.

A string of multiple parameters in any combination of <datad and <{text> is
allowed up to the input buffer length (100 characters).

The MS command verifies the data stored. In case of a nismatch, the message
DATA DID NOT STORE is displayed, and control is returned to MVME1Olbug.

EXAMPLE

MVME1Olbug 3.1 > MS 2000 123 456

MVME1IOlbug 3.1 > MD 2000
002000 01 23 04 56 00 00 00 00 00 00 00 00 00 00 00 00 o#.Veeuousonnnns

MVME1Olbug 3.1 > MS 2100 ‘ABCDEFGH’

MVME1Olbug 3.1 > MD 2100
002100 41 42 43744 45 46 47 48 00 00 00 00 00 00 00 00 ABCDEFGHevo 000

MVME1Olbug 3.1 > MS 2200 A D ‘THIS IS A MESSAGE’ OAOD 04

MVME10lbug 3.1 > MD 2200 20
002200  0A OD 54 48 49 53 20 49 53 20 41 20 4D 45 53 53 ,.THIS IS A MESS
002210 41 47 45 0A OD 04 00 00 00 00 00 00 00 00 00 00 AGE..eoevesosss.
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3.2.24, OF - Display All Relative Offsets

OF

The OF command displays .the current contents of all relative offset
registers. These registers assist in debugging relocatible and position
independent code. :

The offset register RO is used with the LO command for relocating object
data (see section 3,2,20). After the download is finished, RO must be
reset to zero for suppressing its effect on further parameter calculations.
RO can be cleared with the command ".RO O+R7".

Linked segments of code will each have different load addresses. For
translating the physical addresses of the linked program into the 1logical
addresses of the source listing, MVME1Olbug provides six general purpose
offset registers (Rl through R6). These registers may be individually
displayed or set with the Display/Set Register commands ".R1" - " R6" (see
section 3.2.12). The offset register R7 is not accessable and its value is
always zero. This provides a convenient technique of entering an address
without an offset. Also, R7 is used for clearing offset register RO with
the command ".RO O4R7",

If one of the general purpose offset registers is set, MVME1Olbug displays
addresses as the sum of the nearest offset and the logical address relative
to that offset. For example, if a module is linked upon $4000, and Rl is
set to $4000, the physical address $4008 is displayed as "000O08+R1™,

Once set, the general purpose offsets may be added to any address parameter
in the MVMEIOlbug commands. The offset register to be added must be
entered behind the logical address, delimited by a plus sign (+). For
example, if RIl' is set to $4000, the command ".A0 1000+R1" will set the
address register A0 to $00005000.

EXAMPLE

MVME1Olbug 3.1 > .RO 1000

MVME10lbug 3.1 > LO;=COPY TEST.MX,{

MVME1Olbug 3.1 > RO O+R7
MVME1Olbug 3.1 > .R1 1000
MVMELOlbug 3.1 > ,R2 1006

MVME1Olbug 3.1 > OF
RO=00000000 R1=00001000 R2=00001006 R3=00000000
R4=00000000 R5=00000000 R6=00000000 R7=00000000

MVME1Olbug 3.1 > MD 1000 A;DI
000000+R1 1018 MOVE.B (AO)+,DO
000002+R1 0CO00000 CMP.B  #0,D0

000000+R2 67F8 BEQ.S $001000
000002+R2 6OFE BRA.S $001008
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3.2.25, PA / NOPA - Printer Attach / Detach 3.2.26. PF - Port Format
PA . ( » PF[ <po‘rt>]
NOPA { .
) . <{port> specifies the port to be formatted.
The PA command attaches a printer such that all information transmitted
through Serial Port 1 is copied to the Parallel Port. 'l’het PF command displays and changes the characteristics of the serial
ports.

The NOPA command terminates the data output at the Parallel Port. .
COMMAND FORMAT DESCRIPTION

When used as printer interface, the Peripheral Interface Adapter 1is

initialized by MVMELOlbug to deliver a Centronics compatible signal at the !

lower rear connector P2, PF Display characteristics of both serial ports.
(first column SPl, second column SP2)

Note that the PIA input/output lines are not buffered. Additional '

interfacing hardware must be provided to meet the electrical specifications i PF1 Display and change Serial Port 1.

of a Centronics printer interface. Appendix D gives an example for a

connector/buffer/cable assembly. PF2 Display and change Serial Port 2.

Any other <port> parameters are interpreted as not existant.

The following characteristics are displayed and may be changed by entering
2 new value behind the PF subcommand prompt (?): .

BAUD RATE = hexadecimal contents of EPCI mode register 2
STOP BITS = hexadecimal contents of EPCI mode register 1
CHAR NULL = hexadecimal number of nulls between characters
C/R NULL = hexadecimal number of nulls after (CR) and (LF)

For initializing the EPCI mode registers refer to the MC68661 Enhanced
Programmable Communications Interface data sheet 4in the MVMEIOl Monoboard
Computer User’s Manual.

EXAMPLE

MVME1Olbug 3.1 > PF

BAUD RATE=3E 3E
STOP BITS=4E 4E
CHAR NULL=00 00
C/R NULL=00 00

MVME1Olbug 3.1 > PF2

BAUD RATE=3E?35 (300 Baud)

STOP BITS=4E?CE (two stop bits)

CHAR NULL=00?72 (two character nulls)
C/R NULL=00?4 (four (CR)/(LF) nulls)

MVME1Olbug 3.1 > PF
BAUD RATE=3E 35
STOP BITS=4E CE

CHAR NULL=00 02
C/R NULL=00 04
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3.2.27. ™ - Transparent Mode

TM [<character>}
<character> specifies the exit character code.

The TM command provides a data link between the serial ports through the
MVME10l module. Serial data received at SPl is transmitted through SP2,
and serial data received at SP2 is transmitted through SPl, In this mode,
the MVMELIOl module appears as being transparent for the connected devices.

The transparent mode is switched off and control is returned to MVME1OQlbug
when the module receives the specified exit character. By default, the
exit character is CTRL A ($01), However, any other character may be
defined in the command line. For verification and as a reminder, the exit
character is displayed on the console before MVME1Olbug enters the
transparent mode.

For proper operation, the character transmission frequency of either port
mst not fall below the character imput frequency at the other port. Before

using the TM command, make sure that the baud rates and the null characters
of both ports are formatted such that no data overrun will ocecur.

EXAMPLE

MVMELOlbug 3.1 > T
*TRANSPARENT* EXIT=$01 = CTL A

(User corresponds directly with a computer connected with SP2, For example,
a file may be edited, assembled, and linked.)

CIRL A

MVMEIOlbu} 3.1 >
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3.2,28. TR - Trace

T[R] [<count>]
<{count> is the number of instructions to be traced.

The TR or T command executes <count) number of instructions, beginning at
the program counter address. <count)> may be entered in binary, octal,
decimal, or hexadecimal format. If no count is specified, one instruction
will be traced. After execution of each instruction, the MPU registers are
displayed on the console.

Breakpoints and breakpoint counts are in effect during tracing. The
instructions on breakpoint addresses are not overwritten. When any
breakpoint address is encountered during tracing, the trace count is reset,
and control is returned to MVMElOlbug. The trace mode i{s not left,

Once the trace mode is entered, the prompt includes a colon before the

greater~than sign (:>). While in this mode, entering carriage return (CR)

on the console will cause the following instruction to be traced. Entering
any command (except trace commands) terminates the trace mode.

Trace cannot be used to step through interrupts or any other exceptions.

In detail, the TR command performs the following:

1. The number "“O" is shown on the MVME10l STATUS display. Note that bits
5, 6, and 7 (BBTR, EBRTO, EDTTO) of the Module Control Register are
unaffected. .

2. The MPU registers are initifalized as displayed by the DF command.

3. One instruction is executed, the MPU registers are displayed on the
console, the <count> parameter is decremented by one. This is done
until either a breakpoint address is encountered, or the trace count is
zero. Then:

4, Control is returned to MVME1Olbug in the trace mode.

Note that 1if the program counter contains an address that falls 1into

MVME1Olbug, the warning message ".PC within debugger" will be returned.

Processing will continue, but with unexpected results if stack pointers and
registers are not handled properly.
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EXAMPLE

MVME1Olbug 3.1 > .PC 2000

MVME10lbug 3.1 > T 2

PHYSICAL ADDRESS=00002000

PC=002002 SR=2709=.S7.N..C US=FFFFFFFF $$=00000900
D0=00010434 D1=230A0444 D2=04060444 D3=00000000
D4=00010031 D5=0000072C D6=00000004 D7=00000000
AO=0OFE8001 Al=FFFFFFFF A2=00000454 A3=0000054E
A4=000131E0 A5=00002704 A6=00010158 A7=00000900

002002  4E71 NOP
PC=002004 SR=2709=,S7.N..C US=FFFFFFFF 55=00000900
D0=00010434 D1=230A0444 D2=04060444 D3=00000000
D4=00010031 D5=0000072C D6=00000004 D7=00000000
AO=0OFE8001 Al=FFFFFFFF A2=00000454 A3=0000054E
A4=000131E0 A5=00002704 A6=00010158 A7=00000900

002004  4E71 NOP

MVME1Olbug 3.1 :> (CR)

PHYSICAL ADDRESS=00002004

PC=002006 SR=2709=,57,N..C US=FFFFFFFF SS=00000900
DO=00010434 D1=230A0444 D2=04060444 D3=00000000
D4=00010031 D5=0000072C D6=00000004 D7=00000000
AO=OQOFES001 Al=FFFFFFFF A2=00000454 A3=0000054E
A4=000131E0 A5=00002704 A6=00010158 A7=00000900

002006  4E71 NOP
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3.2,29. TT - Trace to Temporary Breakpoint

TT <address>
<address> is the temporary breakpoint address.

The TT command sets a temporary breakpoint on the specified address, and
then starts tracing at the current program counter address. After execution
of each instruction, the MPU registers are displayed on the conmsole.

Previously set breakpoints and breakpoint counts are in effect during
tracing. The instructions on breakpoint addresses are not overwritten.
When such a breakpoint is encountered, the temporary breakpoint is reset,
and control is returned to MVMEl1Olbug. The trace mode is not left.

Once the trace mode is entered, the prompt includes a colon before the
greater—than sign (:>). While in this mode, entering carriage return (CR)
on the console will cause the following instruction to be traced. Entering
any command (except trace commands) terminates the trace mode.

Trace cannot be used to step through lntettupts or any other exceptions.

In detail, the TT command performs the following:

1. The specified address of the'tempotary breakpoint 18 put into the
breakpoint table.

2. The number "0" is shown on the MVME10l STATUS display. Note that bits
5, 6, and 7 (BBTR, EBRTO, EDTTO) of the Module Control Reglister are
unaffected. ’ ’

3. The MPU registers are initialized as displayed by the DF command.

4, One 1instruction is executed, the MPU registers are displayed on the
console. This is done until any breakpoint is encountered. Then:

5. Control is returned to MVMEIOlbug in the trace mode.
Note that if the program counter contains an address that falls into
MVME1Olbug, the warning message ".PC within debugger" will be returned.

Processing will continue, but with unexpected results if stack pointers and
registers are not handled properly.
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MVME1Olbug 3.1 > .PC 2000

MVME1Olbug 3.1 > TT 2006

PHYSICAL ADDRESS=00002006

PHYSICAL ADDRESS=00002000

PC=002002 SR=2709=.57,N,.C US=FFFFFFFF 55=00000900
D0=00010434 D1=230A0444 D2=04060444 D3=00000000
D4=00010031 D5=0000072C D6=00000004 D7=00000000
A0=00FE8001 Al=FFFFFFFF A2=00000454 A3=0000054E
A4=000131E0 A5=00002704 A6=00010158 A7=00000900

- 002002 4E71 NOP
PC=002004 SR=2709=.S7.N..C US=FFFFFFFF $S=00000900
D0=00010434 D1=230A0444 D2=04060444 D3=00000000
D4=00010031 D5=0000072C D6=00000004 D7=00000000
A0=00FE8001 Al=FFFFFFFF A2=00000454 A3=0000054E
A4=000131E0 A5=00002704 A6=00010158 A7=00000900 -
002004 4E71 NOP

AT BREAKPOINT : .
PC=002006 SR=2709=.57,N,.C US=FFFFFFFF SS=00000900
D0=00010434 D1=230A0444 D2=04060444 D3=00000000
D4=00010031 D5=0000072C D6=00000004 D7=00000000
A0=00FE8001 Al=FFFFFFFF A2=00000454 A3=0000054E
A4=000131E0 A5=00002704 A6=00010158 A7=00000900

002006 4E71 NOP
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3.2.30, VE - Verify MemoryA(S-records)

VE[;=<text>]

{text> " is an optional string to be transmitted through
Serial Port 2 before verifying.

The VE command formats S-records received at Serial Port 2 in object data
and compares it with the memory contents in the locations specified in the
S-records.

Each S-record data is compared with its checksum. Any mismatch results in
an error message display.

If a <{text> string is specified in the command line, it will be transmitted
through Serial Port 2 prior to verifying S-records. It may happen that the
host’s character input routine is too slow to cope with the rate at which
the string is output. In this case it is recommended to use the PF2 command
for inserting some null characters. Also, no attempt is made to control
the host transmission. Prior to verifying, make sure that Serial Port 2 is
configured properly for the connected device.

When any mismatch between S-record data and memory data is found, the
S-record containing the differing data will be displayed.

Any lines not beginning with an "S" character are ignored.

If any error occurs, all records transmitted by the host dufing the error
message output time will be lost.

Control is returned to MVME1Olbug when a S9-record is received.

EXAMPLE

Object data in memory which was downloaded from the file TEST.MX is to be
verified. The S-record transmission from the connected computer is
initiated with the command "COPY TEST.MX,#". A data mismatch is found at
the addresses 1003 and 1005, (Sl-record, 23 bytes, starting address =
$1000)

MVME10lbug 3.1 > VE;=COPY TEST.MX,#
§1231000=,=.49= 4E= = = - = = = o = -~ -,
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CHAPTER 4
TRAP #15 USER I/0 ROUTINES

4.1 INTRODUCTION

As an aid in program development, MVME1Olbug provides entry into some of
its general purpose I/0 routines. These routines include data conversionm,

serial port initialization, string input/output routines, BREAK handlers,
and similar tasks. )

The available MVMEIOlbug routines are entered using the TRAP #15
instruction ' and defining the specific routine to be entered as a parameter
in the following data word using the DC.W <datad instruction. Although the
TRAP #15 instruction causes exception processing, it can be regarded in
this context as a jump to a subroutine. Program execution will continue at
the address following the DC.W <datad instruction, and the MPU registers
(except the registers affected by the exit conditions) will not be changed.
Note that during execution of a TRAP #15 routine, the MPU interrupt mask is
set to 7,

Table 4.1 lists the available routines and which constant must be defined
to enter them. The following paragiaphs explain each routine in detail.

Table 4.1t TRAP #15 User I/0 Routines

| PARAMETER | .SUBROUTINE DESCRIPTION ]

DC.W $00 Convert binary data to ASCII string
DC.W $01 Convert ASCII string to binary data
DC.W $02 Initialize both serial ports

< DC.W $03 Change BREAK handler entry address
DC.W $10 Display MPU registers and return to MVME10lbug
DC.W $11 Receive ASCII character from Serial Port 1
DC.W 12 Transmit ASCII character through Serial Port 1
DC.W $13 Receive ASCII string from Serial Port 1
DC.W $14 Transmit ASCII string through Serial Port 1
DC.W $15 Check Serial Port 1 for BREAK condition
DC.W $21 Receive ASCII character from Serial Port 2
DC.W §22 Transmit ASCII character through Serial Port 2
DC.W 823 Receive ASCII string from Serial Port 2
DC.W $24 Transmit ASCII string through Serial Port 2
DC.W $34 Transmit ASCII string through Parallel Port




-

4.2, CONVERT BINARY DATA TO ASCII STRING 4.4. INITIALIZE BOTH SERIAL PORTS

Instruction: TRAP #15 p Instruction: el ;ég
DC.W $00 { ' °
D iption: th i t r initialized ing the ¢ t
Description: A data byte 1s converted to a string of two hexadecimal escription Bo serial ports are nera ev using the curren

parameters in the fnitialization table. This table is
set up by MVMELOlbug after the automatic baud rate
detection, and may be changed at any time with the PF
command.

ASCII characters and stored in RAM.

Entry Conditions: DO.B contains the data to be converted.
A6.L points to the address where the first character of
the string has to be stored. Entry Conditions: None.

Exit Conditions: A6.L points to the address following the 2nd character. Exit Conditions: None.

4.3. CONVERT ASCII STRING TO BINARY DATA 4.5, CHANGE BREAK HANDLER ENTRY ADDRESS

Instruction: TRAP #15

Instruction: TRAP #15
DC.W §01 DC.W $03
Description: © A [ASCI§ character string in memory, representing a : Description: This instruction is used to change the entry address of
mum 32-bit number, is comverted to binary data. the BREAK handler routine. After having detected a

The ASCII number may be specified in binary, octal,

framing error at Serial Port 1 the program transmits
decimal, or hexadecimal format by a preceding character: aming err » prog:

the "BREAK" message to the console, and then Jumps to

. Znumber> specifies a8 binary number, the specified address.

@<number> specifies an octal number,
&<{number> sgpecifies a decimal number,
$<number> or <number> specify hexzadecimal numbers.

Entry Conditions: DO.L contains the address of the user BREAK handler., If
DO.L = 0, the MVME1Olbug BREAK handler routine
will be restored.

Illegal strings are flagged. Exit conditions: None.

Entry Conditions: AS.L points to the starting address of the string.
A6,L points to the address following the last character

< of the string. 4,6, CHECK FOR BREAK CONDITION

Exit conditions: - DO.L contains the converted binary data.
B

DI1. is the error flag register: : Instruction: TRAP #15
DI.B = 00 : No error has occured. ; DC.W $15
D1.B = 01 : ASCII string is illegal. !
' Description: Serial Port 1 1s checked for the occurence of a BREAK

input. If a framing error 1is flagged, the "BREAK"
message is displayed on the console, and program control
is given to the BREAK handler routine.

Entry Conditions: None.

Exit conditions: None.




4.7. RETURN TO MVME1Olbug

Instruction:

Description:

Entry Conditions:

Exit conditions:

4.8, RECEIVE ASCII

TRAP #15
DC.W §10

The formatted MPU registers are displayed on the console
and program control is returned to MVME1Olbug. This
instruction can be interpreted as being a non-removable
breakpoint, The program counter points to the address
following the DC.W $10 instruction.

None.

k)
None.

CHARACTER

Instructions:

Description:

Entry Conditions:

Exit conditions:

TRAP #15
DC.W $11

Receive character from Serial Port 1

TRAP #15
DC.W $21

Receive character from Serial Port 2

This instruction polls the specified serial port until
an ASCII character is received, and then returns the
character in the MPU data register DO.

None.

DO.B contains the received character.

4.9. TRANSMIT ASCII CHARACTER

Instructions:

Description:

Entry Conditionms:

Exit conditions:

TRAP #15 Transmit character through Serial Port 1
DC.W §12
TRAP #15 Transmit character through Serial Port 2
DC.W $22

The ASCII character contained in the MPU data register
DO is transmitted through the specified serial port.

DO.B contains the character to be transmitted.

None.

4,10. RECEIVE ASCII STRING

Instructions:

Description:

Entry Conditioms:

Exit conditions:

TRAP #15 Receive string from Serfal Port 1
DC.W $13 ’
TRAP #15 Receive string from Serial Port 2
DC.W $23

The ASCII string received from the specified serial port
is stored in RAM. When a carriage return character ($D)
is received, the routine returns to the calling program.
Data - fetch 1is done by polling the serial port. The
received characters are echoed to the input device. The
maximum string length is 128 ASCII characters.

A5.L and A6.L point to the address where the first
character of the string has to be stored.

A5.L has not changed.
A6.L points to the address following the last character
of the string.

4,11, TRANSMIT ASCII STRING

Instructions:

Description:

Entry Conditions:

Exit conditions:

TRAP #15 Transmit string through Serial Port 1
DC.W §14
TRAP #15 Transmit string through Serial Port 2
DC.W $24
TRAP #15 Transmit string through Parallel Port
DC.W $34

An ASCII string contained in memory 4is transmitted
through the specified port. The output device may be
either one of the serial ports or the parallel port. If
the parallel port is specified, the Peripheral Interface
Adapter is initialized as Centronics compatible printer
output prior to data transmission.

A5.L points to the starting address of the string.
A6.L points to the address following the last character
of the string..

None.
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APPENDIX A

SOFTWARE ABORT

-Software abort provides a convenient way to interrupt the current program

and return control to MVMElOlbug. Pressing the ABORT pushbutton on the
MVMELIOl front panel causes a non-maskable interrupt at the MPU (auto-
vectorized interrupt level 7). The interrupt routine first saves all MPU
registers, then displays the message "SOFTWARE ABORT" and the formatted MPU
registers on the console, and at last enters the MVME1Olbug command input
routine. All data in memory and I/0 registers will be preserved.

Note that the software abort function will be lost if the target brogram
changes the level 7 interrupt auto-vector.

Software abort cannot be used to regain control when the MPU hangs wup
within a cycle. This may happen when the Data Transfer Time-Out counter is
disabled and non-existant or defect locations are addressed. In such cases
the RESET pushbutton must be used to return to MVMEL1Olbug. By that the

- MVME10l module will be reinitialized as described in section 2,5, and all

user data in the vector table and in the I/0 registers will be lost.




APPENDIX B

S-RECORD FORMAT

The S-record format for output modules was devised for the purpose of
encoding programs or data files in a printable format for transportation
between computer systems. The transportation process can thus be visually
monitored and the S-records can be more easily edited,

1. S=RECORD CONTENT

. When viewed by the user, S-records are essentially character strings made

of several fields which identify record type, record length, memory
address, code/data, and checksum. Each byte of binary data is encoded as a
2-character hexadecimal number: the first character represents the high-
order 4 bits and the second character the low-order 4 bits of the byte.

The five fields which comprise an S-record ére shown below:

| type | 1length | address | code/data | checksum |

FIELD CHARACTERS CONTENTS

type 2 S-record type —— SO, Sl, etc.

length -2 The count of character pairs in the record
excluding the type and record length.

address 4,6, or 8 The 2, 3, or 4 byte address at which the

, data field is to be loaded into memory.

code/data 0-2n From O to n bytes of executable code,
memory loadable data, or descriptive infor-
mation. For compatibility with teletype-
writers, some programs may limit the number
of bytes to as few as 28 (56 printable
characters in the S-records). .

checksum 2 The least significant byte of the one’s

complement of the sum of the values repre-
sented by the pairs of characters making up
record length, address, and code/data
fields . '

Each record may be terminated with a ‘CR/LF/NULL. Additionally, an S-record
may have an initial field to accommodate other data such as line numbers
generated by some time-sharing systems.

Accuracy of transmission is ensured by the record léngth (byte count) and
checksum fields.




2, S-RECORD TYPES

Eight types of S-records have been defined to accommodate the several needs
of encoding, transportation, and decoding functions. The various Motorola
upload, download, and other record transportation control programs, as well
as cross assemblers, linkers, and other file creating or debugging
programs, utilize only those S-records which serve the purpose of the
program. For specific information on which S-records are supported by a
particular program, the user’s manual for that program must be consulted.

An S-record-format module may contain S-records of the following types:

80  The header record for each block of S-records. The code/data field may
contain any descriptive information identifying the following block of
S-records. Under VERSAdos, the resident linkers IDENT command can be
used to designate module name, version number, revision number, and
description * information which will make up the header record. The
address field is normally zeroes.

S1 A record containing code/data and the 2-byte address at which the
code/data is to reside.

82 A record containing code/data and the 3-byte address at which the
code/data is to reside.

83 A record containing code/data and the 4~byte address at which the
code/data is to reside.

S5 A record containing the number of 81-, S2~-, and S3-records transmitted
in a particular block. This count appears in the address field. There
is no code/data field.

S7 A termination record for a block of $3-records. The address field may
optionally contain the 4-byte address of the instruction to which
control is to be passed. There is no code/data field.

S8 A termination record for a block of S2-records. The address field may
optionally contain the 3-byte address of the instruction to which
control is to be passed. There is no code/data field.

$9 A termination record for a block of Sl-records. The address field may
optionally contain the 2-byte address of the instruction to which
control is to be passed. Under VERSAdos, the resident linker’s ENTRY
command can be used to specify this address. If not specified, the
first entry point specification encountered in the object module input
will be used. There is no code/data field.

Only one termination record is used for each block of S-records. 87- and
S8~records are usually used only when control is to be passed to a 3- or
4-byte address, Normally, only one header record is used, although it is
possible for multiple header records to occur. :

3. CREATION OF S-RECORDS

S-record-format programs may be produced by several dump utilities,
debuggers, VERSAdos’ resident linkage editor, or several cross assemblers
or cross linkers. In VERSAdos, the Build Load Module (MBLM) utility allows
an executable load module to be build from S-records, and has a counterpart
utility in Build S-Record (BUILDS), which allows an S-record file to be
created from a load module.

Several programs are available for downloading a file in S-record format

_ from a host system to an 8-bit or 16-bit microprocessor-based system.

Programs are also available for uploading an S-record file to or from a
VERSAdos system.

Shown below is a typical S-record-format module, as printed or displayed:

5006000048445218
S1130000285F245F2212226A000424290008237C2A
§11300100002000800082629001853812341001813
$113002041E900084E42234300182342000824A952
§107003000144ED492

$9030000FC

The module consists of one SO-record, four Sl-records and an S9-record.

‘The SO-record is‘éomprised of the following character pairs:

SO S-record type SO, indicating that it is a header record.

06 Hexadecimal 06 (decimal 6), indicating that six character pairs
(or ASCII bytes) will follow.

0000 Four-character 2-byte address field, zeroes in this example.
48 44 52 ASCII H, D, and R - “HDR".

1B The checksum.

The first Sl-record is explained as follows:

sl S-record type S1, indicating that it is a code/data record to be
loaded/verified at a 2-byte address.

13 Hexadecimal 13 (decimal 19), indicating that 19 character pairs,
representing 19 bytes of binary data, follow,

0000 Four-character 2-byte address field; hexadecimal address 0000,
where the data which follows is to be loaded. .




& .

The next 16 character pairs of the Sl-record are the ASCII bytes of the ! APPENDIX C
actual program code/data. In this assembly language example, the hexa-—-- |
decimal opcodes of the program are written in sequence in the code/data MVME1Olbug MESSAGES
fields of the Sl-records: ! (
{ {
OP INSTRU N v - :
...E(_)Bf - STR CTEE_ MESSAGE MEANING
285F MOVE.L  (A7)+,A4
245F MOVE,L  (A7)+,A2 ACFAIL LOW VMEbus signal ACFAIL* asserted
2212 MOVE.L  (A2)+,D1
226A0004 MOVE.L  4(A2),Al ADER EXCEPTION Address error detected
24290008 MOVE.L  FUNCTION(AL),D2
237¢C MOVE,L  #FORCEFUNC, FUNCTION(AL) AT BREAKPOINT Breakpoint encountered
(The balance of this code is continued in the code/data fields Avfl EXCEPTION Auto-vectorized interrupt level 1
h ini S1- ti : H :
g(f) lg’e ::,x:) ng records, and s;ored in the memory location AV#6  EXCEPTION Auto-vectorized interrupt level 6
2A The checksum of the first Sl-record. ' | BD COMPLETE Bootstrap dump successfully completed
BERR EXCEPTION VMEbus signal BERR* agserted

The second and third Sl-records each also contain $13 (19) character pairs BREAK sp1
and are ended with checksums 13 and 52, respectively. The fourth Sl-record Framing error at detected
contains 07 character pairs and has a checksum of 92.

BRTO EXCEPTION Bus request time-out occured
The S9-record is explained as follows: CHCK  EXCEPTION CHK instruction encountered
89 ‘S-record type §9, indicating that it is a termination record. CHRSUM=XX XX is S-record ghecksum ‘
03 Hexadecimal 03, indicating that three character pairs (3bytes) » DATA DID NOT STOR_E Memory data verification failed
will follow. ‘ DIVO EXCEPTION Division by zero
0000 The address field, zeroes. DTTO EXCEPTION Data transfer time-out occured
Fe 'l't}e checksum of the §9 record. DUMP FILE NOT FOUND Specified disk does not contain dump file
Each printable character in a S-record is encoded in hexzadecimal (ASCII in DUMP.SY TOO SMALL Dump file is smaller than system memory
ited L) reprasentation of the blusry bits hich are actuslly  trans- rxson Exror (Pretiz)
+ : : —+ : + FAILED AT.. WROTE=,, READ=,, Data verification during BT command failed
l type , length:l address ! code/data ,.I chksm ! ILLEGAL INSTRUCTION Instruction used an illegal op-code
+|S ! l 13 l 0 0 0 © I 2 8 5 F 2 4 ... l 2 a l INVALID ADDRESS Data cannot be stored on specified address
ls53]ss1!s31;s33:}s3o|$3o]sso|s3ﬂssz|s38|s351546|s321334|.........:lsszlsu! INVALID TRAP #15 XXXX ERROR XXX is invalid TRAP #15 parameter
1S NOT HEX DIGIT Invalid character in command line
MVME1Olbug 3.1 > MVME1Olbug prompt
NO OFF-BOARD MEMORY No memory found off-board
NOT HEX Invalid character in command line
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MESSAGE

-

PHYSICAL ADDRESS
PRINTER NOT READY
PRIV EXCEPTION
"R" ZAPPED
SOFTWARE ABORT
SPUi EXCEPTION
SYNTAX ERROR

TP V EXCEPTION
TRAC EXCEPTiON
*TRANSPARENT* EXIT=$01=CTL A
UT0  EXCEPTION
UiE EXCEéTION
WHAT

"W" ZAPPED

1010 EXCEPTION
1111 EXCEPTION

???? EXCEPTION

o

MEANING

Physical address used by command

Printer ready signal negated

Privileged instruction in user state

Disk read operation successfully completed
ABORT pushbutton pressed

Bus error during interrupt acﬁnowledge
Error in command line

TRAPV instruction encountered

Trace bit in status register set
Transparent mode, exit character

TRAP #$0 instruction encountered

TRAP #SE 1nstr;ction encountered

User’s entry is not recognized

Disk write operation successfully completed
Unimplemented instruction encountered
Uﬁimplemented instruction encountered

Unitialized or unassigned exception
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APPENDIX D

CENTRONICS PRINTER INTERFACE

Figure D.1: Centronics Printer Interface Schematic Diagram
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Figure D.2: Centronics Printer Interface Assembly
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2.5. MODULE STATUS REGISTER

T 00 s S . > S G S S - S LT WS S . WD G W s W

Through the Module Status Register ( MSR ) the current status of several
on-board signals and VMEbus lines can be monitored. By that the MPU can
detect certain system conditions and branch to the appropriate servicing
routines. ' -

The MSR appears as an 8-bit register in the on-board I/0-devices address
segment. Paragraph 2.7 gives more detailed addressing information.

Figure 2.3 shows how the MSR is interconnected with VMEbus signals and
with ‘other functional blocks on the MVME1l0l. During a read operation,
the outputs of the MSR are enabled and put on the lower order data lines
D00-D07. The outputs MSRO-MSRS represent the current states of the
signals ACFAIL*, SYSFAIL*, ABORT*, BCLR*, BAV* and PCI1RXD*. MSR6
and MSR7 are Flip-Flop outputs which are set to 0 when a bus request
time~out ( MSR6 ) or a data transfer time-out ( MSR7 ) occured. Any
write operation to the MSR clears MSR6 and MSR7 to 1, regardless of the
data transferred. ‘

All signals represented in the MSR are active low. A bit value of 0

indicates that the corresponding signal is asserted, a value of 1 means
that it is negated.

Figure 2.3: Module Status Register
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Table 2.3 shows

‘Table 2.3: Module Status Register

the allocation of signals in the MSR and explaines the
information contained in each bit.

o dmm——— v S — e o o o e e e B 1 o e S
l| BIT | SIGNAL | DESCRIPTIO l
Fmmm——— b ——————— o e e e o o o e e e e e e e e - e o e o e +
MSR7 DTTO* MSR7 = 0: A Data Transfer Time-Out occured.
I MSR7 = 1: A Data Transfer Time-Out did not occur.
Note: Paragraph 2.9.4 describes the Data
Transfer Time Out counter in detail.
e om o o o e e e e T - o o e o +
I MSR6 | BRTO* MSR6 = 0: A Bus Request Time-Out occured.
MSR6 = 1l: A Bus Request Time-Out did not occur.
' Note: Paragraph 2.9.4 describes the Bus
Request Time Out counter in detail.
dom o b ————— o e ot e e e o o e e +
MSRS PCI1RXD* | MSR5 reflects the current state of the data input
I of Serial Port 1.
Note: Paragraph 2.4.2.5 déscribeg how MSRS
l can be wused for automatic baud rate
detection. |
B fom e ———— e +
MSR4 BAV* MSR4 = 0: The VMEbus is available.
I MSR4 = 1l: The VMEbus is not available.
Note: Paragraph 2.8.2 describes how the BAV*
' signal is used for bus arbitration.
m—— b —————— e e e e e e e s e e e e e +
MSR3 BCLR* MSR3 = 0: The VMEbus signal BCLR* is asserted.
l MSR3 = 1: The VMEbus signal BCLR* is negated.
Note: Paragraph 2.8.2 describes how the BCLR*
signal is used for bus arbitration.
o —— o o o e e e e e e o e e +
l MSR2 ABORT* MSR2 = 0: The ABORT switch is pressed.
MSR2 = 1: The ABORT switch is released.
I Note: Paragraph 2.11.1 describes the ABORT
function.
Fomm——— Fmm——————— et T UL S S S —————— O S +
I MSR1 SYSFAIL* MSR1 = 0: The VMEbus signal SYSFAIL* is asserted.
' MSR1l = 1: The VMEbus signal SYSFAIL* is negated.
Note: Paragraph 2.11.2 describes the SYSFAIL
l function.
bomm———— tmm———— e e e e e e e e e e o e ————
MSRO ACFAIL* MSRO = 0: The VMEbus signal ACFAIL* is asserted.
l MSRO = 1: The VMBbus signal ACFAIL* is negated.
Note: Paragraph 2.11.1 describes the ACFAIL
. function.
l o e torr————— tmme e e - +
l 2-12
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2.6. MODULE CONTROL REGISTER

T S - > Y D " I — G T D W S Y o —— > > -

single bit manipulations,

and read.

The Module Control Register ( MCR‘)
various module functions and the hexadecimal STATUS display.
the data byte in the MCR can be both written

contains eight bits for controlling
To support

The MCR appears as an 8-bit register in the on-board I/O-devices address

segment.

Figure 2.4
blocks on the MVMEl0l.
lower order data lines D00-D07 is stored in the MCR.
MCRO~-MCR3
binary data format.
when the hex number P is
MCR4 is used to switch the display on and off.
The bits MCR6 and

asserted.
the bus block transfer mode of the VMEbus Requester.

shows

how the

Paragraph 2.7 gives more detailed addressing information.

MCR is interconnected with other functional

During a write operation, the bit pattern on the

In addition,

displayed,

the VMEbus

MCR7 are used to enable or disable the time-out counters.

After a system reset all bits -in the MCR are cleared to 0.

the MPU has halted due to a double bus error,

All

signals

its negation.

Figure 2.4:

controlled by the MCR are active high.
causes the assertion of the corresponding signal,

The

four
represent the hex number to be shown on the STATUS display in
when MCRO-MCR3 all are set to 1,

signal SYSFAIL*

bits

i1.e.
is

MCRS5 controls

Also,
the MCR is cleared,
both decimal points on the STATUS display are 1lit.

a ' value of 0

Module Control Register

DATA

TRANSFER

TIME-QUT

Bus

REQUEST

TiME-Ovr

MPY

HALT ¥

MCR

U

ADDRESS

DECODER

MCRRDPR

MCRWR®

Fravid
N€ R
méirg

READ
WRITE

YMEBUS

SYSFAIL %

|

when
and

A bit value of 1
causes

VYMEBUS

REQUESTER
DISPLAY
—EDDIO —D—o BLANK
EBRTO
—BBTR ‘ {EFF POINT
RLON RIGHT POINT
____gﬁ.DS 23
= »z
222 Y
| DPD& Yy
If_ 3
N\ 100,
) 70 9
9,
1© 9,
l-o—o-l
2-13 -




Table 2.

Fmmon $mm————— o ot o e s s e e 2 e b S . e o o B 0 o e e +
| BIT | SIGNAL | DESCRIPTION |
T Fr————— o e e e e et e e e o o o e o +
MCR7 | EDDTO MCR7 = 0: Disable Data Transfer Time-Out counter.
MCR7 = 1l: Enable Data Transfer Time-Out counter.
Note: Paragraph 2.9.4 describes the Data Trans-
fer Time-~Out counter in detail.
e it o o o e i e o o o i e e ———————
MCR6 | EBRTO MCR6 = 0: Disable Bus Request Time-Out counter.
MCR6 = 1l: Enable Bus Request Time-Out counter.
Note: Paragraph 2.9.4 describes the Bus Request
Time-Out counter in detail.
S fmm————— o e o e e e o e 0 e o o +
MCRS5 | BBTR MCR5 = 0: Negate Bus Block Transfer Request. |
MCR5 = 1l: Assert Bus Block Transfer Request. -
Note: Paragraph 2.8.2 describes the function of
the BBTR signal.
S frmm———— o e e e e e s e e o o e +
MCR4 SDON MCR4 = 0: Blank STATUS Display.
MCR4 = 1: Lit STATUS Display.
Note: The STATUS Display is also blanked after
system reset and when the MPU has halted.
e Frmm———— P e e e ————————— ———————— +
MCR3 SDD3 sbp3,spp2,sppl,sSppo0 = 0,0,0,0: Display "0"
MCR2 SDD2 spbp3,spp2,sppl,spp0 = 0,0,0,1: Display "1"
MCR1 SDD1 : H
MCRO SDDO : :
spp3,spp2,sppl,son0 = 1,1,1,0: Display "E"
spp3,spp2,8DD1,SPPO = 1,1,1,1: Display "F" and
) assert SYSFAIL*
The bits SDD0-SDD3 are the binary equivalent of the
hexadecimal number on the STATUS display. Also,
these bits are used to assert the SYSFAIL* signal on
the VMEbus by setting them all to 1, i.e. by writing’
"F" into the STATUS display.
Note: Paragraph 2.11.2 describes the SYSFAIL +&
function. .
ot e e b ——— o e et e e e e e i 1 o e o o o o

4 shows

the allocation of signals in the MCR and explaines the
function of each bit.

Table 2.4: Module Control Register




l Table 2.5: Original Address Map
tomm e ——— e ————— e Fo ot e e e e e e +
ADDRESS | CONTENTS | SELECTED DEVICES |
tom——— T —— e ——— + :
FFFFFF = : ‘ (
8 VMEbus Short I/0 Addresses |~ Global 1/0-devices
FF0000 - : : ;
__________ e o o e o e e e e e s e e e e oo 40 o e o - A R :
FEFFFF, ‘ . ' Global Memory i
. VMEbus Standard Addresses or
FE1000, i S . , Memory-mapped Devices : :
---------- Fom e - T PR — |
FEOFFF 5 L , S :
: On-board .I/0 Registers Local I/O-devices
I FEC0O00 (Only odd addresses .used) ,
e ————— Fomm e ——— e R +
FDFFFF : _ . Global Memory
B VMEbus Standard Addresses or
‘F04000 Memory-mapped Devices
tom——————— Fo e e ——— Fr e —— e ———————— +
I FO3FFF MVMElOlbug Debug Package 2 x BK bytes Local ROM
: or in
F00000 User-provided Program Memory Socket Pair 4
b ——— Rt T MO o e e e +
EFFFFF

Global Memory
VMEbus Standard Addresses or )
Memory-mapped Devices

o8 06 08 00 e o0 oo

003000
T o R T +
002FFF 2 x 2K bytes Local RAM
l User Program/Data in
002000 ' Memory Socket Pair 3
---------- e i T T TSI LY §
IOOlFE‘F 2 x 2K bytes Local RAM
User Program/Data in
001000 < Memory Socket Pair 2
Hf——— et —————— . ——— ey Sy +
000FFF
: User Program/Data
0008100
i~ ———————— o —————— e e +
000715'1? 2 x 2K bytes Local RAM
MVME10lbug Data/Stack in
0004100 Memory Socket Pair 1
+I- --------- tor e — e ——— -———t :
0003FF
: MPU Exception Vectors
000000
+i——————— R T NS tomm——————— - e e e e o o o e +

I \ 2-18
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Table 2.6:

Original I/O-Register Address Map

—+-——————-——-—————-—-———--..———‘- —————————————————— o+

+ e S
| DEVICE | ADDRESS | MODE | REGISTER o o l
- Forrm————————— o e o e e e e e e e +
| MCR | FEOOF1 l r/w | Module Control Register -~ - I
+ + ———— o ————————— e ——————————————————— +
| MSR | FEOOEl | r/w | Module Status Register i -
+ - + o o e e e e e e e e 0 e o +
PTM | FEOODF read LSB buffer register
FEOODF | write | Timer #3 latches
FEOODD read Timer #3 counter
FEOODD write MSB buffer register
FEOODB read LSB buffer register
FEOODB write | Timer #2 latches
FEOOD9 read Timer #2 counter
FEOOD9 write | MSB buffer register
FEOOD?7 read’ LSB buffer register
FEOOD?7 write Timer #1 latches
FEOODS read Timer #1 counter :
FEOODS write | MSB buffer register
FEOOD3 read status register
FEOOD3 write control register #2
FEOOD1 read no operation
FEOOD1 write | CR20 = 1l: control register #1
FEOOD1 write | CR20 = 0: control register #3
b et tomm————— o e e e e e e e e e e e e e e e e e +
PIA FE00C7 r/w Section B control register
FEOOC5 r/w CRB-2 = l: Section B peripheral reglster
FEOOC5 r/w CRB-2 = 0: Section B data direction register
‘ FE0OC3 r/w Section A control register
| FEOOC1 r/w CRA-2 = l: Section A peripheral register
1 FEOOC1l r/w CRA-2 = (O: Section A data direction register
oo o n e s T Fomm————— Fo e e e +
PCI2 FEOOB7 r/w command register .
FEOOBS r/w mode register #1 / mode register #2
FEOOB3 read status register
FEOOB3 write | SYNl register / SYN2 register / DLE register
FEOOB1 read receive holding reglster
FEOOB1 write transmit holding register
oo e T —— R —— o e e e +
PCIl FEOQA7 r/w command register
FEOOAS r/w mode reglster #1 / mode register #2
FEOOA3 read status register
-FEOOA3 write SYN1l register / SYN2 register / DLE register
FEOOALl read receive holding register
FEOOAL | write transmit holding register
fm———— e o e e et e e e e e e e e e +
SR o cpiin g
P ™ )
1 0 T MORXT T OR g b N
e o BE T fo 2 e
feTd . e
’ Yoy e B, LR
(@ FFEYes
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Figure 4.5: Schematic Diagram Sheet 4/11
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Figure 4.6: Schematic Diagram Sheet 5/11
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M) MOTOROLA

SEMICONDUCTORS

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721

(1.0 Mitz)
MCG68A40
(1.5 MHz)

‘MC68B40
(2.0 MHz) _

PROGRAMMABLE TIMER MODULE (PTM)

The MC6840 is a programmable subsystem component of the M6800
family designed to provide variable system time intervals.

The MC6840 has three 16-bit binary counters, three corresponding
control registers, and a status register. These counters are under soft-
ware control and may be used to cause system interrupts and/or
penerate output signals. The MC6840 may be utilized for such tasks as
frequency measurements, event counting, interval measuring, and
similar tasks. The device may be used for square wave generation,
gated delay signals, single pulses of controlled duration, and pulse
width modulation as well as system interrupts.

@ Operates from a Single 5 Volt Power Supply

@ Fully TTL Compatible

@ Single System Clock Required (Enable)

©® Selectable Prescaler on Timer 3 Capable of 4 MHz for the MC6840,

6 MHz for the MC68A40 and 8 MHz for the MC68B40
@ Programmable Interrupts (IRQ) Output to MPU
@ Readable Down Counter Indicates Counts to Go Until Time-Out
@ Selectable Gating for Frequency or Pulse-Width Comparison

o RESET Input

@ Three Asynchronous External Clock and Gate/Trigger Inputs
Internally Synchronized

® Three Maskable Outputs

MOS

(N-CHANNEL, SILICON-GATE
.. DEPLETION LOAD)

PROGRAMMABLE TIMER

MAXIMUM RATINGS

L SUFFIX
CERAMIC PACKAGE
CASE 719

P SUFFIX
PLASTIC PACKAGE
CASE 710

$ SUFFIX
CERDIP PACKAGE
CASE 73

Rating Symbol Value Unit
Supply Voltage Vee [-03t10+70 )| V
input Voltage Vin -03t0+70] V
Operating Temperature Range — Ti to Th
MC6840, MC68A40, MCE8B4D T Oto +70 oc
MC6840C, MCB8A40C A - 40 to +85
Storage Temperature Range ng ~55t0 +150 | °C
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Therma! Resistance
Cerdip 65
| Plastic LATY 115 °C/W
L—Ceramic i 60

This device contains circuitry 10 protect the inputs against damage due to high
static voitages or electric fields; however, it is advised that normal precautions’
bz taken to avoid application of any voltage higher than maximum rated voltages
to this high-impedance circuit. Reliability of operation is enhanced if unused in-
puts are tied to an appropriate logic voltage level le.g., either Vgg or V).

FIGURE 1 — PIN ASSIGNMENT

Vsshh @ ¢
G202 ol
0213 Gt
czq 4 | DO
Galls D1
03[s D2
caq 7 D3

Ressrq 8 D4

moq 9 05

Rsof}10 D8

RSN D7

Rs2[] 3

R/W cst

veel] I3

©MOTOROLA INC., 1981 DS-8802 R1




M MOTOROLA

SEMICONDUCTORS

L

(1.0 MHz)

mogsart

MC68B21

3501 ED BLUESTEIN BLVD AUSTIN, TEXAS 78721 (2.0 MHz)
PERIPHERAL INTERFACE ADAPTER (PIA)
The MC6821 Peripheral Interface Adapter provides the universal MOS ]

means of interfacing peripheral equipment to the M6800 family of

microprocessors. This device is capable of interfacing the MPU to -

peripherals through two 8-bit bidirectional peripheral data buses and
four control lines. No external logic is required for interfacing to most
peripheral devices.
The functional configuration of the PIA is programmed by the MPU
during system initialization. Each of the peripheral data lines can be pro-
grammed to act as an input or output, and each of the four con-
trol/interrupt lines may be programmed for one of several control
modes. This allows a high degree of fiexibility in the overall operation of
the interface.
©® 8-Bit Bidirectional Data Bus for Communication with the
MPU

@ Two Bidirectional 8-Bit Buses for Interface to Penpherals

® Two Programmable Control Registers

® Two Programmable Data Direction Registers

® Four Individually-Controlled Interrupt input Lines; Two
Usable as Peripheral Control Outputs

® Handshake Control Logic for input and Output Peripheral
Operation

@ High-Impedance Three-State and Direct Transistor Drive
Periphera! Lines

@ Program Controlled Interrupt and Interrupt Disable Capability

® CMOS Drive Capability on Side A Peripheral Lines

® Two TTL Drive Capability on All A and B Side Buffers

@ TTL-Compatible

® Static Operation

(N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)

PERIPHERAL INTERFACE
~ ADAPTER

v L SUFFIX
CERAMIC PACKAGE
CASE 716

" S SUFFIX
CERDIP PACKAGE
CASE 734

P SUFFIX
PLASTIC PACKAGE
CASE T

PIN ASSIGNMENT

vssljt @ 7  wfical
PAO[] 2 3sf]CA2
MAXIMUM RATINGS PAIQ 3 38[11RQA
» ) PA2[} 4 37[11RQB
Characteristics Symbol Value Unit PA3
Supply Voltage Vee | ~03tw0+70 | V gs 3%[IRS0
input Vohage . Vin |-03w0+70] Vv PA4ll6 35[RS1
Operating Temperature Range TLto Ty PASH 7 34 DRESET
MC6821, MC68A21, MC68B21 TA 0 1070 °Cc
MCB821C, MCBBA21C, MCB8B21C —40 1o +85 PAsl 8 B[00
Storage Temperature Range Tsig | -850 +150 | °C pPA7[] 9 32f]o01
4 . PBOf}10 31f1p2
THERMAL CHARACTERISTICS Paitln o3
Characteristic Symbol Value Unit pe2fl12 »h04
h | Resi -
Therma ! esistance » peafis 2 []D5
Ceramic 0 60 oCIW
Plastic » JA 100 PB4A[J14 2711106
Cordip , & pesfis 2607
Paaﬁ 18 b1 3
This device contains circuitry to protect the inputs against demage due to high pe7f17 24[1Cs1
static voltages or electric fields; however, it is advised that normal precautions csi1lje 2 J&E
be taken to avoid application of any voitage higher than maximum-rated
voltages to this high-impedance circuit. Reliability of operation is enhanced if ca2ll19 22{1Cs0
unused inputs are tied to an appropriate iogic voltage (i.e., either Vgs or Voc). veelj2o 21[IR/W
©MOTOROLA INC., 1981 DS8436-R2
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Advance Information

MC2661A/MC68661A
(Baud Rate Set A) .

MC2661B/MC68661B
- -+ - (Baud Rate Set B)

MC2661C/MC68661C
(Baud Rate Set C)

ENHANCED PROGRAMMABLE COMMUNICATIONS -
INTERFACE (EPCI)

The MC2661/MC68661, Enhanced Programmable Communications
Interface (EPCI), is a universal synchronous/asychronous data com-
munications controller chip that is an enhanced version of the Signetics
2651. The EPCI directly interfaces to most 8-bit MPUs and easily to the
MC68000 MPU and other 16-bit MPUs. It may be used in either a pollied or
interrupt driven system. Programmed instructions can be accepted from
the host MPU while supporting many synchronous or asynchronous serial-
data communication protocols in.a full or half-duplex mode Special sup-
port for BISYNC is provided.

The EPC! converts parallel data characters, accepted from the
microprocessor data bus, into transmit-serial data. Simultaneously, the
EPCI can convert receive-serial data to parallei data characters for input to
the microprocessor.

A baud rate generator in the EPCI can be programmed to either accept
an external clock, or to generate internal transmit or receive clocks. Sixteen
different baud rates can be selected under program control when operating
in the internal clock mode. Each version of the EPCI (A, B, C} has a dif-
ferent set of baud rates.

FEATURES _
® Synchronous Operation
* Single or Double SYN Operation
¢ internal or External Character Synchronization
* Transparent or Non-transparent Mode
¢ Transparent Mode DLE Stuffing (Tx} and Detection (Rx)
® Automatic SYN or DLE-SYN Insertion
* SYN, DLE, and DLE-SYN Stripping
® Baud Rate: dc to 1M bps (1X Clock)
® Asynchronous Operation
® 1, 1%, or 2 Stop Bits Transmitted ]
® Parity, Overrun, and Framing Error Detection
* Line Break Detection and Generation
* False Start Bit Detection
® Automatic Serial Echo Mode (Echoplex)
® Baud. Rate: dc 1M bps (1X Clock)
dc to 62.5k bps (16X Clock)
dc to 15.625k bps (64X Clock)
® Common Features
® Internal or External Baud Rate Clock; No System Clock Required
¢ 3 Baud Rate Sets (A, B, C); 16 internal Rates for Each Set
® 5- to 8-Bit Characters plus parity; Odd, Even, or No Parity
® Double Buffered Transmitter and Receiver
Dynamic Character Length Switching
Full- or Half-Duplex Operation
Local or Remote Maintenance Loop-Back Mode
TTL-Compatible inputs and Outputs
RxC and TxC Pins and Short Circuit Protected
3 Open-Drain MOS Outputs can be Wire ORed
* Single 5 V Power Supply
® Appilications
* Intelligent Terminais
® Network Processors
Front End Processors
Remote Data Concentrators
Computer-to-Computer Links
Serial Peripherals
BISYNC Adaptors

MOS

(N-CHANNEL, SILICON-GATE}

ENHANCED PROGRAMMABLE
COMMUNICATIONS INTERFACE
(EPCI)

L SUFFIX
CERAMIC PACKAGE
CASE 719

P SUFFIX
PLASTIC PACKAGE
CASE 710

C SUFFIX
CERDIP PACKAGE
CASE 733

PIN ASSIGNMENT

p2f1e ~ 2spo
D3 ]2 27 1 po
RxD 13 26 1 vce
GND [j4 25 {1 RXC/BKDET
D4 15 24 I TR
D5 6 23 [1 ATS -
D6 [} 7 22 [1 BSR
D7 ] 21 [ RESET
TXC/XSYNC[] ® 20 [1 BRCLK
Al 0 190 TxD
TE1 18 [1 TXEMT/DSCHG
Ao f]12 17 {1 TT8
R/w ] 13 - 16 [1 BCO
RxRDY ] 14 15 [1 TxRDY

‘This document contains information on a new product. Specifications and information herein
are subject to change without notice.

ADI-868-R1







0080 A TCSR EQU

~000D
- 0011

.'00¥2

- -0080

0080 A IRQSRV COM

© 00

l:: 10 -
00’

08

09 2017 BMI  TIMICL

11
EO

- 08 201C BNE

A TIMIC LDAA 'TCSR

“A TRCSR EQU.-~

CA T omma’ #8510 7

- TIMER C/S REGISTER -
° CAPTURE REGISTER - :
. TX/RX C/S REGISTER .-
A RXBUF EQU° © RECEIVE BUFFER © - *
A IRQTST EQU - © RAM BYTE AT $0080
TP ORGT $20000 7 Tt ind
" #IRQ1 SERVICE ROUTINE ™' "' @+ @' -

[ IRQTST  CHANGE IRQTST: ~ "¢

TSX © X=SP+1 o
‘A’ " “"ipaA 0,X 7 THE CCR BYTE ON STACK
A SET I-BIT POR RETURN

‘A CAPREG EQU

-

A’ 'STAA  0,X )
CHECK INPUT CAPTURE
TIMER INPUT CAPTURE PENDING
a LDD TRCSR  CHECK SCI IRQ2 REQUESTS
a BITA  #$EO CHK RDRF,ORFE,TDRE FLAGS
SCIIN2 SERVICE SCI INTERRUPT

RTI - EXIT:NO INTERRUPTS. PENDING
#I~BIT IS SET TO PREVENT IRQL RESERVICE

A LDAA  TCSR

ARM ICF FOR CLEARING
A TIMIC1 LDD  CAPREG .. CLR ICF, GET CAPTURE DATA
* . 3 . .
.,
* ACCA=TRCS, ACCB=RXBUF ~
SORT OUT SCI FLAGS

A SCIINT LDD -TRCS

SCIIN2 ASIA
L%

RTI

FIGURE A2 t
Routine IRQSRY can also poll other interrupt
requests when using TRQ1 as an input.

*BEFORE RTI, SEE IF OTHER INTERRUPTS ARE PENDING |

INTERFACING M6800 PERIPHERAL
DEVICES TO THE MC68000
ASYNCHRONOUSLY

Prepared by:
~ Arnold J. Morales
Microprocessor Applications Engineerv ‘ S

This application note describes a technique for interfacing
M6800 peripheral devices to a MC68000 microprocessor
using a four-chip TTL circuit. Any M6800 peripheral is easily
interfaced to the MC68000 using the M6800 peripheral con-
trol interface (E, VMA, VPA) that is designed_into the
MC68000. However, when using this interface, the
peripheral must be driven by the MC68000 enable (E) signal,
The frequency of this clock is oue-tenth of the MC68000

clock frequency with a 60/40 (6 clocks high, 4 clocks low) du-.

ty cycle. Certain applications may require a clock frequency
other than the one-tenth sample that is readily available. An
application using a MC68BS4 Advanced Data Link Con-
troller (ADLC) at a high data transfer rate could require an E
clock frequency of up to two megahertz because the data

-transfer rate of the ADLC depends on the transmit and

receive clocks which are limited by the E clock frequency.-

TIMING CONSIDERATIONS :

Typical read and write timing for the MC68000 is shown in
Figure 1. The relationship between the MC68000 timing and
the access timing for the interface circuit given in this ap-
plication is shown in Figure 2. The best case.timing has data
strobe occurring with the minimum setup time to aliow
peripheral selection on the next falling edge of the E clock. In
the worst case timing, the data strobe did not occur in time to
allow peripheral selection on- the next falling edge of E.
Therefore, a full E cycle has to occur and then the peripheral
selection is done on the falling edge of that full cycle. The
resulting cycle times for these best and worst cases and a

ison b h and h inter-
facing is summarized in Table 1.

Figure 1. MC63000 Read and Write Cycle Timing Disgram
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BLOCK DIAGRAM

Figure 3 is a block diagram of a circuit that allows M6800
peripheral: perating at any fi within their
operating range, to be asynchronously interfaced to a
MC68000 processor. The data bus is driven by a pair of octal
transparent latches. The latch control circuitry uses M6800
peripheral chip select and the R/W line of the MC63000 for
output enable and data direction information. The DTACK
signal from the DTACK generation circuit latches data into
the enabled octal latch when the peripheral is desclected.

The peripheral select and DTACK generation circuit uses a
data strobe (cither upper or lower) from the MC68000,

- peripheral E, and a M6800 peripheral chip select signal to

select the peripheral and generate DTACK.

CIRCUIT OPERATION

Figure 4 is a schematic diagram of the interface circuitry.
Refer to this diagram during the following discussion. Initial-
iy flip flops UIA and UIB are cleared causing a high
DTACK output setting U2 and U3 to a transparent mode.

Latch U2 is in the high-impedance state due to a high on the

output engbie (OF) input. Latch U3 is enabled duc to 2 Tow
on the OE input. ‘

At the start of a M6800 peripheral access, latch U3 remains
enabled if the access is a MC68000 write. If the access is a
read, the high R/W and CS inputs to U4A cause U3 10 go to
the high-impedance state and U2 to become enabled. The
peripheral is selected by a low chip select prime (&SH. Flip
flop U1A is clocked high on the first falling edge of E with
the system chip sclect (CS) and data strobe (DS) high. The Q
output of U1A is applied to U4D, asserting CS’. Selecting the
peripheral at this time ensures that the peripheral has ade-
quate address setup time. _

On the next falling edge of E, the Q output of UIB is
clocked low asserting DTACK and latching data into the
enabled latch. The asserted DTACK signal, inverted by U4D,
deselects the peripheral by causing CS’ to go high. Flip flop
Ul is cleared by DS going low when the access terminates.
Clearing U1 also initializes the interface circuitry for the next
acoess.

] Synchronous *

I Asynchronous

Transparent

" _ Peripheral
Data Bus

Latch Enable .
Controt

- DTACK-

DSeCS —
s ——>
£ ——>

Figure 3. M6300 P

SAMPLE CIRGUIT
An cxample of this interface circuitry is given in the

.following paragraphs. This example illustrates how the
- MC68000 can be interfaced to both a MC6854 Advanced

Data Link Controller (ADLC) and a MC6840 Programmable

- Timer Module (PTM) at the same time. The circuit shown in

Figure $ uses the two megahertz *“B* version parts connected
to a MC68000 driven at cight megahertz.
The base add for the peripherals in this ie are

. $18001 for the ADLC and $18801 for the PTM. When the

MC68000 transfers bytes it asserts the upper data strobe for

. ¢ven addresses and the lower data strobe for odd addresses.

The circuit in this exampie uses the lower data strobe;
therefore only odd MC68000 addresses are used. A memory
map of the example system is given in Figure 6.

Device Selection — A SN74LS138 1-of-8 decoder (US)

used as an address decoder is used in

jon with a chip

select signal (CS’) developed by UGE to sclect either the
ADLC or the PTM. The PTM requires two chip select in-
puts, one high and one low, to be selected. The low input is
provided by the O3 output of US while the high input is pro-
vided by an inverted sample of the CS’, developed by UGE.

To select the ADLC, the D5 output of US must be high
and the O1 output must be low. The ANDing of 05 with the
high CS’ developed by UGE generates the low chip select in-
put required by the ADLC.

Test Program — A flow chart of the test pfogram is given
in Figure 7 and a listing is provided in Figure 8. Refer to these
figures during the following discussions. The first five lines
qfoodeiniﬁmoperationofﬁmerSintheP’l‘Mhtheoon—
tinuous mode, resulting in a square wave at the output of
timer 3, pin 6. The remaining lines of code are for testing the
ADLC. The test program is based on the loopback test pro-

. gram given in Motorola publication MC6854UM (AD).
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The ADLC transmitter and receiver clock inputs (TxC,
RxC), are tied together and provided with a clock frequency
determined by the desired data transfer rate. The transmitter

,cremenunsaddnssreglster.\laﬁereachcharmu
_ transmitted (line 72).

output (TxD) is tied to the receiver input (RxD) to allowboth ~ ,, 10 28 P is a looping, polling seq F."“,'

the transmitter and receiver to be tested at the same time. The
test consists of initializing the ADLC, transmitting a series of
data bytes, and then storing the data received in a memory
buffer based at address labled RECBUF.

The byte to be transmitted, labeled DATA, is located at
address $3000. This address is entered into MC68000 address
leglsterAl which will be used as the data pointer for data to

itted. The progr its the same data byte

. 128 times, a count established by the initial value in MC68000
data register DO. The- program can be easily modified to
transmit a block of characters based at address $3000 by
changing the initial value in data register DO, and postin-

the receiver is checked for the of a
character by testing the receiver data available (RDA) flag in
the ADLC. If a character is present, it is stored in the receiv-
ed data buffer. The transmitter data register available
(TDRA) is then checked to determine whether the transmit-
ter is ready for another byte of data. If the transmitter is

. ready, another data byte is transmitted. The program then
loops back to check the receiver again.

Before cach character is transmitted, MC68000 data
register DO is decremented and tested. Termination of the
program is initiated when the correct number ofcharacters
have been transmitted.

.

$1000

$10ED

} Program

$2000

$20FF

} Rx Buffer

sa000 ] Datafor Tx

N $18001

N . $1800D

} ADLC

$18901

$1880F

-

Figure 6. Memory Map
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Initialize CR2

Initialize CR1
" for Buried Reg

Load B
=FE Into DO

FR Cont. FIFO

Send Byte 10

Send Byte to
FR Term. Reg

yte Count

= Buffer PTR

= . l

increment A2

Store Byte,

Reset Tx, Rx
Status Bits

Trap 16

Set ENDFLG




33 001028 13FC00CO
34 001030 13FC0064
35 001038 13FCO0CL

37 001046 -13FCO0LF

39

40 00104E 43F82000
41 001052 343C003F
42 001056 4299

43 001058 S1CAFFFC

45

47001062 43F83000
48 001066 45F82000

50 001070 42381500

2 A AT £ ey s
RN T K

K

36 001040 423900018003

46 00105C 203C00C000FE

49 00106A 423900018001

SUPERT2. - MC68000 ASM REV= 1.1 — COPYRIGHT BY MOTOROLA 1978 PGE 1
1 ' * PROGRAM 'TO INITIALIZE MC6840
2 * ENABLE TIMER 3 : L
. R 3 - o R
4 00001000 ORG $1000 ) - - .
5 .
6 ) * EQUATES
¢ 7 00018801 WCRL3  BQU $18801 W.C.R. 1,3
8 00018803 WCR2  BQU $18803 ) W.CR. 2 .
9 0001880D . MSBT3 ~ EQU $1880D . M.S.B, BUFFER
10 0001880F  LSBT3  BQU $1880F - L.S.B. TIMER 3
1l ’ ) . L
1000 13FC0082 .- R ;
12 0 00018801 START = MOVE.B #$82,WCRL3 INITIALIZE TIMER 3 -
13 001008 13FC0000 : .
0001880D MOVE.B $$00,MSBT3 M.S.B TIMER 3=00
14 001010 13FCOOOF
0001880F MOVE.B #$0F,LSBT3 L.S.B.TIMER 3=0F '~
15 001018 13FC000L - .
: - - - 00018803 + MOVE.B #$01,WCR2 BOCESS W.C.R.1
16 001620 13FC0000 o
. ! : 00018801 . MOVE,B #$00,WCRL3 ENABLE TIMERS -~
w7 T
18 NOPAGE -
20 * ADLC PROGRAM TO INITIALIZE ADLC AND BACKEND TRANSMIT
5 ADI. c ADLC BASE mms
a 00002000 o :;gggo RECEIVER BUFFER
24 00002000 RECVBF B
25 00003000 pATA  BOU $3000 . TOCAT OF DATA 70 BE XM
26 . . 00001500 ENDFIG BQU  $1500 ALL FINISHED FLAG 1+ -
28 * DEFINE RAM WORK AREA
30 * START OF PROGRAM CODE
32 * INTTIALIZE ADLC ‘

00018001 FIREUP MOVE.B #5CO,ADLC+L C.R. 1
00018003 MOVE.B #$64,ADLCH3 C.R. 2
00018001 MNVE.B #SC1,ADLCHL C.R. 1

CLR.B ADLC+3 C.R. 3
00018007 MVE.B #$1F,RADLCH] C.R. 4

* CLEAR MEMORY RECEIVE BLOCK

IEA  RECVEF,AL

MOVE W $($100/4)-1,D2
CLEAR CIR.L (Al)+

DBRA  D2,CLEAR

LOAD BUFFER PTR
SIZE IS 256 BYTES
CLEAR NEXT WORD, INCR
100P UNTIL DONE

* SETUP REGISTERS

MOVE.L #sFE,gli SETUP mA?DﬁE)SmSIT

LEA DATA,. SETUP DATA

LEA RECVBF,A2 I0AD BUFFER PIR
CER.,B ADICHL ENABLE RX, TX .
CLR.B ENDFIG SET FLAG FOR NOT FINI

Figure 8. Program Listing
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52 .
53 001074 610000,
54 001078 6100000C
55 00107C 4A381500
56 001080 67F2

57 001082 4E4F

58 001084 0000

60

61 001086 08390006
00018001

62 00108E 67000014

63 001092 OC40FFFF -

64 001096 6700000C

67 00109E 130100018007
68 0010A4 4E75

69

70 0010246 13D100018005
71 0010AC 4E75

73

74 0010AE 08390001
00018003

75 0010B6 66000008

76 0010BA 61000016

77 0010BE 4E75

XL

79 0010C0 61000010

80 0010C4 13FC0064
60018003

81 0010CC 52381500

82 0010D0 4E75

84
85 001002 08390000

; 00018001
86 0010DA 67C8
87 00100C 14F300018005
88 0010E2 4E75

90
91
92

SYMBOL TABLE

018801 WCR2
;

AN

* PROCESS TRANSMIT AND RECEIVE TASK TILL DONE
_PROCES BSR RECV

65 00109A 51CS000A ~ ~

ATTEMPT RECEIVE

BSR SEND ATTEMPT TO SEND
TST.B - ENDFLC . FINISHED?

BEQ PROCES LOOP If NOT FINISHED
TRAP 15 BREAKPOINT WHEN FINIS
DCH #0 BREAKPOINT CODE

* ATTEMPT TO TRANSMIT A CHARACTER
SEND  BTST.B #06,ADLCHL
; oo FETURN x

-~ QP #-1,00 E 2

“DBRA DO,MORE

* PROCESS LAST BYTE BY TERMINATING TRANSMISSION
MOVE.B (Al),ADLCH7 . IAST BYTE INTO FRAME

FEIURN RES FETURN TO MATNLINE

* PROCESS NEXT BYTE TO TRANSMIT (NOT THE LAST)

MORE  MOVE.B (AL),ADLC+S SEND NEXT BYTE TO FRA
RS _ .. FETURN O CALLER

* ATTEMPT TO RECEIVE A CHARACTER +

RECV . BIST.B #1,ADLC#3 »? FRAME RECEIVED
BNE GOTFRM IF S0
BSR TRYINP ' ATTEMPT INPUT OF NEXT
RTS - RETURN TO MAINLINE

* END OF FRAME PROCESSING .

GOTIFRM BSR TRYINP INSURE [AST BYTE PROC

MOVE.B #$64,ADLC+3
. ADD.B #1,ENDFLG

*.PROCESS INPUT BYIE IF ANY

TRYINP BIST.B #0,ADLC+1 °
BEQ RETURN RETURN IF NO BYTE
MOVE.B ADLC+5, (A2)+ STORE BYTE
RIS RETURN

*©

#*XRRX QOTAL ERFORS 0-- O

ADLC 018000 CLEAR 001056 DATA . 003000 ENDFIG 001500
FIREUP 001028 GOTFRM 0010C0 LSBT3 01880F .MORE 001026
MSBT3 01880D PROCES 001074 RECV 0010AE RECVBF 002000
RETURN 0010A4 SEND 001086 START 001000 TRYINP 0010D2
WCRL3 018803

Figure 8. Program Listing (Concluded)
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" COLOR GRAPHICS FOR THE MC68000
" USING THE MCe847 =

Rex Davis
Microprocessor Applications Engineer

Color graphics can be a valuable addition to a variety of
MC68000 applications. Typically, color graphics circuits are
expensive and complicated. These same color graphics cir-
cuits generally have limited capabilities and are very hard-
ware intensive,. The MC6847 Video Display Generator

- (VDO) offers a low cost, versatile, easy to use alternative.

The VDG creates a composite video signal according to in-
formation read from the display memory in the mode defin-
«d by the VDG control pins. The composite video signal can
be used to modulate the input of any commercially available
color or black and white television receiver. The VDG has 12
distinct display modes available and allows certain variations

within certain modes, All display modes and their variations °

are controlied by the state of eight different VDG pins. The
cight display mode pins give the user the ability to combine
display modes within a single display frame, e.g.,
alphanumerics and a compatibie graphics mode.

The 16-bit data bus of the MC68000 can be used to give the
user full control of all VDG display modes on-the-fly. This
additional control over the VDG display modes, combined
with the ability of the MC68000 to data througt

‘given in Figure 2. The select circuitry is formed around two

impedance state. Display memory is only 12 bits wide, and a
4-bit latch is used to capture data for some of the VDG con

trol pins. Not all of the VDG display modes may be used in
the same frame without some additional attention by the 3¢
user; however, the latch could be replaced with an additional
6K by 4 bits of memory. A data transfer acknowledge
(DTACR) signal is generated so that either fast or slow’
memory can be efficiently used.

CIRCUIT DESCRIPTION ;
A schematic diagram of the MC68000/MC6847 interface is

SN74LS138 1-of-8 decoders. If the MC68000 accesses any of
the 6K of memory, pin 8 of the SN74LS21 outputs a signal
which switches the display memory bus from the VDG to the
MC68000. First, the VDG address bus is put into a high-
impedance state. Next, SN74LS138-2 is deselected so that on-
ly the memory selected by the MC68000 is accessed. Finally,
the data and address buffers connect the MC68000 address
and data bus to the display memory. If the MC68000 is not

its extended arithmetic capabilities and its ability to move
blocks of data quickly and efficiently, gives the user the
capability to monitor and display changing data quickly and
efficiently as might be necessary in commercial, industrial, or
scientific applications. The MC68000/MC6847 intetface
described in this application note, or a variation of it, could
be used in a typical application.

BASIC IMPLEMENTATION

Since the display information for the VDG is stored in
memory, the MC68000 can alter the display by changing the
contents of that memory. The MC68000/MC6847 interface
then becomes a shared-memory interface. The primary prob-
lem then becomes a matter of guaranteeing that memory is
accessed by only one device at a time. Figure 1 is a block
diagram of the MC68000/MC6847 interface.

The MC68000 is buffered from the display memory by
three-state buffers and transceivers which are active only
during a processor access of display memory. During a pro-
cessor access, the VDG address bus is forced to a high-
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- display information. e

memory, then the MC68000 is isolated from the y
display memory by placing the data and address buffers in k
the high-impedance state. Decoder SN74LS138-2 is selected *
and accesses the display memory required by the VDG. The
VDG is then released to scan the memories (MCM2114) for

In order to guarantee that no incompatible display modﬁs
are used within the same scan frame, only the last data write
to any even memory location can alter the latch; therefore,
the VDG will always read the same data from the SN74LS75

latch between MC68000 writes to the display memory.
However, the user could still adversely affect the display if
the MC68000 writes occurred within the VDG display scan.
The frame sync pin of the VDG is low when the VDG i.s not -
in the active display window and could be used as an inter-
rupt or polled to determine when the MC68000 can safely
write to the display memory. i
The DTACK signal is generated by the SN74LS95 shift
register and is necessary for the completion of any M X
display memory access. The shift register will add two addi
tional wait states for each successive output; i.e., Q1 8iVes

{

two wait states, Q2 gives four wait states. Output QO will give

no wait states. Table 1 lists the two critical memory specifica-
tions: data setup time and access time and the shift register
output y to perati '
Typically, access time is the more critical specification.
Output Q1 was chosen to be used with the MCM2114-30
(300 ns access time) memories used ‘in this application
although faster or slower memories could have been used.
The speed of the display memory determines the rate at
which data can be moved into the display memory. Other
factors determining the speed of the data transfer are: the

Table 1. Required Shift Register Output’

ngethod used to determine when the VDG is out of the active
display area; and the software routine used to move the data.

CONCLUSION

‘The MC68000/MC6847 interface described in this applica-
tion can be expanded or limited, according to the user’s ap- .

licati with relative hard case. Any approach of
sharedmemory'couldbensedaslongasnobusconﬂicts_
result. Even the simple approach taken in this application
results in a powerful, low cost color graphics system for the
MC63000. ’ . .

iData Setup Time (ns)
Access Time (ns)

[s:1) - Q2 Q3
230 355 480 605
250 375 500 625

Figure 1. MC68000/MC6847 Interface — Block Diagram
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AN-816

SOFTWARE REFRESHED MEMORY CARD
FOR THE MCGSOOO

Thls apphcauan dmnbcs the hardware and software to
ic memory card for
use in an elght megahertz MC68000 system. This refresh ap-
proach consumes less than five percent of processor time.
The MCMAI 16 16K RAM was chosen for this design, but the

licable to the MCM6664 64K

RAM as well.
Refresh techniques fall into two wtegoncs. d and

The RAS and CAS signals are the row address and column
address multiplex control inputs, respectively, for the seven
memory address lines Al through A7, Since no chip select in-
puts are present with this dynamic memory, RASis the active

low signal that starts a memory access cycle. When RAS

falls, the row address of the location to be d is latched

R mw memory. Similarly, the falling edge of CAS latches the

dd.

software. Hardware refresh is more component intensive
with little or no overhead in program time, while software
refresh has less hardware and more program overhead.

Hardware refresh means that the required circuitry must
refresh the dynamic RAM cell with little or no impact on ex-
ecution of instructions by the processor. Normally, this
means accessing the address bus during a dead part of the cy-
cle. Another drawback is the complex circuitry, usually re-
quiring the use of expensive delay lines.

Software refresh means that the processor must execute 2
software routine to refresh dynamic memory. To accomplish
this, an interrupt service routine, such as the level seven inter-
rupt service routine on the MC68000, can be dedicated to

. refresh the memory. Every time the interrupt is recognized, a

hardware enable allows the refresh routine to refresh the
dynamic RAM.

TIMING SIGNALS
Timing requirements of MCM4116 RAMs and the
MC68000 are easy to match b of the h

nature of the MC68000 bus structure. The MC68000 can wait
for the stowest RAM through the use of the data transfer
acknowledge (DTACK) signal. As long as DTACK is
asserted a setup time before the falling edge of any clock
state (S4 or later), it will be recognized during that state.
Termination of the access is 1% clock periods later. Figure 1
is a timing diagram for a read, write, and refresh operation.

into memory.

The refresh cycle shown in Figure 1, is known as RAS«mly
refresh. Row address select is low, CAS is high, R/W does
not matter, and the row address of the row to be refreshed is
present on the seven address lines. Each row of memory re-
quires a refresh cycle to be performed every two milliseconds
for data to be retained. For the MCM4116 memory, there are
128 rows and, therefore 128 refresh cycles required every two
milliseconds. ’

HARDWARE DESCRIPTION

Figure 2 is the sch ic di for a dynamic memory
card using MCM4116 memories. This card, when used with a
MC68000 system, provides 64K bytes of memory from 32K
to 96K of the physical address map.

Memory decoding is done with the upper and lower data
strobes and address lines A15 and A16. The data strobes
divide the memory into even and odd blocks, respectively.
The upper data strobe chip selects even bytes from 32K to
96K by activating a row address select upper (RASU) signal.
Address lines A15 and A16, through decoder U2 and gate
U4, decode whichever of the two banks of even memory
(RASIU or RAS2U) is selected. Similarly, the lower data
strobe activates a row address select lower (RASL) signal.

Column address select (CAS) is activated on the second
falling edge of the eight megahertz clock after RAS is
asserted by flip flop U9. Both RAS and CAS are turned off
when the data strobes are inactive.
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Multiplexed add for the d
plied by mulnplexers U7 and U8. The row address on address
lines A1 through A7 is present on the memory address lines
until RAS is asserted. On the next rising edge of the eight
megahertz clock, the column address on address lines A8
through A14 is on the memory address lines. The multipl

ic memory are sup-

N

Thé- lev-ei .seven interrupt being k‘)‘w“enables all four RAS

. signals and disables CAS. Each NOP increments the address

bus to provide the 128 row add (0 to 127) needed for

refreshing all four banks of memory. Incrementing the ad-

dress bus accesses and refreshes that row.

address is valid only when RAS or CAS is present, makmg an "

enable for the multiplexers unng
Memory refresh is controlled by Utt, a MC6840 program-
mable timer module (PTM). Once programmed, the PTM

timer used (the PTM has three timers) causes a level seven in- .

terrupt every 1.9 milliseconds (2 milliseconds — routine ex-
ecution time). This interrupt enables all four banks of
memory for simultaneous refresh.

Interrupts with M6800 type peripherals are handled wuh a

reference to the internal vector table. Figure 3 is a schematic

of the hardware used with the MC68000 to create a vectored
interrupt (level one to level seven). The level present on the

. IPLO, IPL1, and TPL2 lines is checked against the interrupt
level of the processor. If it is higher than the internal level, an -
interrupt sequence is started. The function code outputs will _

be high and address lines A1, A2, and A3 will be the vector
number of the interrupt being serviced (in this case, all high).

Now decoders Ul and U3 (Figure 1) decode the level seven

interrupt and generate valid peripheral address (VPA) to the
MC68000 through Ul3 and U9. The assertion of valid

peripheral address causes the internal vector table entry for

level seven to be fetched and used as the starting location of

the service routine. At the same time, U12 and U3 enable all -
RAS signals and disable CAS for refresh of the memories. -

OPTIONAL HARDWARE

One situation may occur with the memory card where data
might be lost. If the reset button is held closed too long, data

could be lost. To prevent this, the circuitry shown in Figure 4

can be added. This provides for a single E cycle reset which
will retain the integrity of the stored data.

When power is initially applied to the MC68000, a reset
must occur for at least 100 milliseconds after the supply
voltage has reached 4.75 volts for proper power-up reset.
This means that a one shot or a resistor-capacitor combina-
tion should be used to hold the clear pin of the flip flops at or
below the logic low level (0.8 volts) for the required time. The
E signal will clock the 2-bit counter twice. This presets flip
flop U3, removing the system reset. On a non-powerup reset,

the reset switch is closed, clocking a low into flip flop U3.-

Gate U4 provides debounce of the reset switch, allowing only
one clock pulse into flip flop U3. Again, E will clock the
counter removing reset.

SOFTWARE
Row address select-only refresh i is the refresh method used
in this licati Itis lished by a hardware enable

(level seven interrupt) and 128 NOPs for the service routine.

H , this has one problem — reset. If a reset occurs
just prior to an interrupt for software refresh, data could be
lost due to a late or missing refresh cycle. This problem is

solved by locating the software refresh routine at the beginn-

ing of the reset code. A hardware enable for reset refresh
enables RAS-only refresh in the same way that the level seven
interrupt signal did for a normal refresh. In addition, the
refresh at reset must load the stack with 2 valid return ad-

. dress, to return to when the return from interrupt (RTI) in-

struction is executed at the end of the refresh routine.
Figure § is a listing of this software with comments to docu-

- ment the reset refresh.

Refresh is enabled at restart by Ulo and U13. All RAS.

“signals are on and all C CAS signals are off. Like 2 normal .
vefresh operation, CAS is enabled by the first access to ’
_'memory after the refresh routine. Software refresh with the

MC68000 is an efficient option to implement dynamic RAM
without costly delay lines. The application presented here has

_only a five percent program time overhead.

SN74L5148
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DATARL BEQU $18005
DATAR EQU $18007
CTRL  BEQU $18001
CTR2 EQU $18003

PEA FIREUP el : -

* * LOAD STACK WITH

* : * USER INITIALIZATION
* "~ * AND STATUS REGISTER
MOVE SR,D bbb ' ‘
MOVE D1,-(SP) Raboieb b S

MOVE,B #S$FE,CTR2 - *

MOVE,B #S09,DATAR]- *
MOVE,B #$47,DATAR *
MOVE,B #$7D,CTRL *****

*
* *
* *
*

NOP ) “kkkkhk
‘NOP ’ Lk

NOP ; .k
. . *

INITIALIZE PTM TIMER

LEVEL 7 INTERRUPT
ENTRY POINT )

* 128 NOP'S FOR REFRESH
* B

Nop To*

Nop *
mp dekkhkk
.RTE

FIREUP ******* BEGINING OF USER RESET INITIALIZATION

Figure S. Program Listing .

AN-817

ASYNCHRONOUS COMMUNICATIONS FOR
THE MC68000 USING THE MC6850

‘Prepared by:

Charles Melear

Microproqessor Applications Engineer -

Interfacing the MC6850 Asynchronous Communications
Interface Adapter (ACIA) to the MC68000 is easy due to the
famthutheMCGmhastspecialcycktohandleMm

peripherals. The ACIA data bus can be placed on either the -

upper of lower eight bits of the MC68000 data bus with
equivalent results. Using the upper byte implies an even ad-
dress and use of the upper data strobe (UDS), and the lower
byte implies an odd address and the use of the lower data
strobe (LDS). In this application, the ACIA is placed on the
lower byte of the data bus. ‘

INTERCONNECTIONS

Enable (E) and R/W are d to the corresponding
pins of the MC68000. Several signals are generated to form
chip selects as shown in Figure 1. Valid memory address
(VMA,) from the MC68000 is an active low signal (as opposed
to active high for the MC6800) as well as TDS. The NOR of
the two signals is used to develop CS1. The address
SF3FFXX is generated by address lines A8 through A23 to
enable a SN74LS154 four-to-sixteen line selector. Address
IinsA4throughA7a:eusedtogcneratealowoutputu02
of the SN74LS154 to be used for CS2 of the ACIA. Address
line Al is used for the register select (RS)pin of the ACIA.
This puts the ACIA status register 2t address $SF3FF21 and
the control register at address SF3FF23. If the ACIA has
been placed on the upper byte, the addresses would be
SF3FF20 and $F3FF22, respectively. To complete the circuit,
@ signal called valid peripheral address must be
generated and returned to the MC68000 to indicate that a

M6800 cycle is being executed. The SN74LS154 has two ac-
tivelowchipmblelinswhichmdrivenbytheytcs!hat
form address SF3FFXX from address lines A8 through A23.
Since the SN74LS154 always picks M6800 peripherals, the
twochipmblelinsclnbeORedwdﬂdop . Since
more than 16 peripherals could exist, it is best to make the
device actually driving the VPA line an open collect8r output
80 that several gates can be wire ORed.

OPERATION .

Operating the ACIA is relatively easy as shown in the flow
chart given in Figure 2. Once the control register is set up, the
status register is. monitored for receive data register full
(RDRF) and transmit data register empty (TDRE) indica-
tions, as well as error signals and handshake lines. The hand-
shake lines such as request to_send (RTS), clear to send
(CTS), and data carrier detect (DCD) indicate which condi-
tions are present so that the MPU can ascertain when
transmission can occur. Once all conditions are ready,
transmission or reception or both can begin.

A sample program is given in Figure 3 that shows the
MC68000 receiving a character from a terminal through the
ACIA and then echoing that character back to the terminal.
Essentially, the MC68000 checks to see that transmission and
reception can occur. The status register is polied until a

h is received. The ch is read and then written
back to the ACIA for transmission to the terminal as soon as °
the transmit data register is empty. Of course, any number of
subroutines or additional code could be executed before

looking for the next character from the ACIA.
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Figure 2. ACIA Operstion — Flow Chart
Figure 1, MC6800 to MC6850 Interconnections
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MC68000 ASM REV= 1,1 ~ COPYRIGHT BY MOTOROLA 1978

00000000 - ORG $00000000
O0F3FF00 ACIASR EQU $O00F3FFO0
OOF3FF00 ACIACR BOU $OOF3FF00
O0F3FF02 ACIADR EQU $O0F3FF02
- O0F3FF02 ACIATR EQU $OOF3FF02
00020000 SYSTACK EQU $00020000
00000008 RESET EQU $00000008
8 000000 00020000 . DC.L SYSTACK
9 000004 00000008 -  pC,L RESET . ]
* 10 000008 13FC0003 ‘ . ’
: OOF3FF00 MOVE.B #3503,ACIACR RESET ACIA
11 000010 13FC0051 - . .
_ OOF3FFO0 MOVE,B #$51,ACIACR INITIALIZE ACIA
12 000018 103900F3FFO00 ERROR MOVE.B ACIASR,D0 GET STATUS
13 00001E 0200007C AND,B-§$7C,D0 MASK IRQ,TDRA,RDA
14 000022 66F4 BNE ERROR ANY ERRORS? :
15 000024 08390001 ’ ’
) . O0F3FFO00 READS] BTST #01,ACIASR
16 00002C 66F6 BNE READS1
17 00002E 103900F3FF02 MOVE.B ACTADR,DO READ CHARACTER
18 000034 08390002
00F3FFO0 READS2 BTST #02,ACIASR IS TDRA SET?
19 00003C 66F6 BNE READS2 LOOP IF NO -
.20 O0003E 13C0COF3FF02 MWE.B DO,ACIATR TRANSMIT CHARACTER
21 000044 60D2 BRA ERROR START OVER i
22 END -

*AHEEX TOTAL ERRORS 0— 0

| SYMBOL TABLE ‘

ACIACR  F3FF00 ACTADR  F3FF02 ACIASR  F3FFO0 ACIATR
ERROR 000018 READS] 000024 READS2 000034 RESET
SYSTACK 020000 :

Figure 3, ACIA Operation — Sample Program
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~ SYNCHRONOUS 10 FOR THE MC68000
. USING THE MC6852

Prepared .by:
James McKenzie
Microprocessor Applications Engineering

’

The MC6852 Synchronous Serial Data Adapter (SSDA)
provides both a h serial H and syn-
chronous serial receiver in a single, 24-pin device. Syn-

~ chronous data communications is inherently more efficient

.. than -asynchronous data communications because each

© character need not be framed for error detection. Hence,
synchronous data communications lends itself to higher data
rates and applications which are synch; in nature, such

‘}-8s serial communications between synchronous processors.

The SSDA is particularly well-suited for data communica-

| tions applications involving byte-oriented protocols such as
Bisync. Both the SSDA transmitter and receiver are interfac-
ed to a single 8-bit bidirectional data bus. Data to be
transmitted is loaded from the MPU data bus into a 3-byte
FIFO on the SSDA. An 8-bit shift register is used to serially
transmit data from the last FIFO location; parity may also be
appended. Received data enters another 8-bit shift register

where parity may be checked. Data from the shift register -

enters a 3-byte receiver FIFO which presents the data in
parallel form to the MPU bus,

The SSDA has five write-only registers which allow soft-
ware selection of variables such as transmit/receive word for-
mat, mode of hronization, interrupt
configuration for transmitter and receiver, individual soft-
ware reset for transmitter and receiver, and access to the
transmitter data FIFO. Two read-only registers allow access

ASYNCHRONOUS OPERATION

Address Buffering and Decoding — Buffers Ul, U2 and
U3 buffer address lines A1 through A16, as well as AS and
R/W. This scheme is compatible with the MEX68KDM
Design Module. All pin numbers shown on the left side of
Figure I are for MEX68KDM/EXORciser bus pin alloca-
tions. Other forms of buffering/termination may be used to
suit the user’s configuration. Gates U9, ULIA, UIOE, and
"UL1B decode the address lines for address block $18000 to
$1801F. The SSDA is located at $18009 (mirrored at $1800D)
and $1800B (mirrored at $1800F).

E Synchronization and RS Control — The continuous E
signal which M6800 family peripherals require for operation
will, in general, be asynchronous with MC68000 bus opera-
tion and, therefore, asynchronous with respect to chip select
(pin 6, UL1B). Flip-flop U13 serves 10 synchronize E with the
chip select, supply chip select (CS) to synchronize the
peripheral part, and return DTACK to the asynchronous
MC68000. Chip select (pin 6, UI2B) is passed to the
peripheral on the first falling edge of E past the assertion of
CS (pin 6, U11B). This guarantees that there will always be
sufficient setup time for the synchronous peripheral, Data
transfer acknowledge (pin 8, U13B) is returned and CS

1o receiver data as well as a status register which has flags for
thet, itter/receiver interrupts, i iver error

conditions and external sync control line status.
Any series product of the MC6852 may be interfaced to the
as shown in Figure 1. Typical timing diagrams for
this interface (B part only) appear in Figure 2, -

d from the peripheral on the next falling edge of E.
Chip select for the peripheral is inverted by U10C and
NANDed with address line A3 (pin 8, U12C) to complete the
decoding and drive CS on the SSDA. Register select (RS) on
the SSDA is driven by address line Al.
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$1490¢A 1FCS 7 IRQV
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61493 TIRQV
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214982 1FD@

814992 1FD2
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81501
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- 81513

TOTAL ERRORS 80800-~08000
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" TIRQWV RTI
*

"RTIL

RTI

EQU
LDA
STA
JSR
LDA
ORA
STA

‘Jmp :

JSR -
STOP

- ORG

FDB
FDB

'FDB

FDB
FDB

END

*

#3540
TIMEC
LOCSTK -

4,X,

PCOUNT

CLRDIS

" $1FF6

TIRQW
TIRQ
IRQ
SWI
RESET

" USING THE

'MC68000 DMA =
MC6844 DMA CONTROLLER

Prepared by
Arnold Morales

Microprocessor Applications Engineering

\

" The MC6844 DMA Controller (DMAC) can be interfaced

to the MC68000 microprocessor to provide flexible, low- -

cost, relatively high performance DMA contro! in an
- MC68000-based system. In designing such a system, three
interface requil must be i d:

1. The DMAC should D at i fi for
efficient data transfer. High performance systems may
require the use of the two megahertz device
(MC68B44), so the system must allow the MC68000 1o
access the DMAC asynchronously, N

. HandshaKe logic must be implemented to arbitrate
control of the system bus between the MC68000, the
DMA vontrol system, and other possible bus masters.

‘3. The MC6844 is an 8-bit device intended for use in
MC68000 systems, capable of direct memory access
through only a 64K memory space, and also .lacks
certain bus strobes necessary for simple implementa-
tion in an MC68000-based system. A bus interface
must be designed to allow direct memory access
throughout the entire 16 megabyte MC68000 memory
map and to provide the required bus strobes needed
for successful use in an MC68000-based system.
This application note describes designs to meet each of
these’ requirements. These designs are then combined to

~ form g direct memory access control system for the
f

MC68000. An i ion of the lete system is

- Presented in block diagram form using an MC6854 Ad-

mwd Data Link Controller (ADLC) and a static memory
fer. . :

MCé6844 ASYNCHRONOUS INTERFACE OPERATION
The MC6844 can be interfaced asynchronously to the
MC68000 using the circuitry. presented in Figure 1. This
Clrcuit allows the MC68000 to access 2 DMAC driven by an
clock that is either synchronous or asynchronous to the
X clock. It generates DMAC chip select at the proper
time to satisfy DMAC timing requirements, latches data to

* Salisfy data hold time requirements, and asserts data transfer

"Cknowledge at the proper time to ensure valid data transfer

between devices. This circuit can be used to interface other
MC6800 peripherals, and is used to interface to the ADLC as
well as the DMAC in the system implementation presented at

" the end of this application note.

CIRCUIT OPERATION — When the MC68000 per-
forms a read or write bus cycle (access), the processor asserts
one or both of the two data strobes (DS), an address strobe
(AS), the read/write (R/W) signal, and an address. The
processor also outputs data during write cycles. N

The MC68000 remains in this state until the bus cycle is
terminated. Data transfer acknowledge (DTACK) is asserted
by the peripheral or memory device being accessed to initiate
termination of the bus cycle by the MC68000.

The circuit in Figure 1 synchronizes MC68000 accesses to
the DMAC with the E clock. Initially, flip-flops UIA and
UIB are cleared causing a high DTACK output setting U2
and U3 into a transparent mode. Latch U2 is in the high-
impedance state due to a high on the output enable (OF)
input. Latch U3 is enabled due to 2 low on the OF input.

At the start of a DMAC access, latch U3 remains enabled
if the access is a write. If the access is a read, the high R/W
and DMAC. Select inputs to U4A cause U3 to go to the high-
impedance state and U2 to become enabled. The DMAC
Select signal is asserted when the DMAC is addressed.
However, the DMAC is actually selected by the assertion of
CS (DMAC). Flip-flop U1A is clocked high on the first fall-
ing edge of E after DMAC Select and data strobe (DS) are
asserted. The Q output of UIA is applied to U4D, asserting
CS (DMAQ). Selecting the DMAC at this time ensures that
the DMAC has adequate address setup time.

On the next falling edge of E, the Q output of UIB is
clocked low asserting DTACK and latching data into the
enabled latch. The asserted DTACK signal, inverted by
U4D, deselects the DMAC by causing CS (DMAC) to go
high. When the access terminates, flip-flop U1 is cleared by
the negation of DS, and the interface circuitry is initialized
for the next access. The DTACK signal is buffered by an
open-collector buffer (US) 1o allow assertion of DTACK by
other devices when the DMAC is not being accessed.
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BUS ARBITRATION INTERFACE

The MC6844 is an 8-bit, 4-channel DMA Controller capa-
ble of performing direct memory transfers of a user defined
number of data bytes (data block) within a 64K byte memory
space. A d with each ch 1 of the ler are:

* A transfer request (TxRQ) input which is asserted by a
peripheral controller or a processor to request DMA
service.

® A 16-bit address register which is initialized with the
beginning address of the data block to be transferred.

* A 16-bit byte count register which is initialized with the
desired number of data bytes (size of the data block) to
be transferred.

Each channel can perform DMA transfers in one of three
modes: TSC Steal, Halt Steal, and Halt Burst. Two of these
modes, TSC Steal and Halt Steal, are single-byte transfer
modes in which the DMAC returns control of the system bus
to the processor after each transfer, while the Halt Burst

. ized and transfer strobe (TxSTB) is asserted, followed by the

mode is a block transfer mode in which the DMAC retains
control of the system bus until the last byte of the data I)loflk
has been transferred. .

The bus arbitration circuit presented in Figure 2 |s_dc-
signed for the Halt Steal and Halt Burst modes of operation.
The TSC Steal mode is intended for use with the MC68€_’°
and offers no advantage over the Halt Steal mode in
MC68000 applications.

In the H:Ilz Steal mode the DMAC responds to a transfer =
request by asserting DMA request halt steal (DRQH). ThCe k
DMAC then waits until DMA grant (DGRNT), a DMA
input, is asserted. At this time, one transfer of data is initial

negation of DRQH. This sequence is repeated until all dﬁ‘
n transferred.

h’as‘lt',he: same sequence is followed in the Halt Burst mode 3

with the exception that DQRH is negated only after thex

byte of the data block has been transferred. In this m

bus mastership is arbitrated once, then data transfers 0oc%

in succession until all data has been transferred.
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l-“lgurg 2. Bus Arbitration Interface

', CIRCUIT OPERATION — For either a Halt Steal or
Halt Burst DMA transfer by the control systems presented in
this application note, three conditions must be met;
1. Transfer request (TxRQ) must be asserted.
" 2. DRQH must be asserted.
3. All bus must have reli the bus to
ensure that DMA grant (DGRNT) is asserted.
Initially DGRNT is low, bus grant acknowledge
(BGACK) is not asserted by the interface, and TxSTB is
Mhe DMAC responds to a transfer request by asserting

s head

- DRQH. Once DRQH is asserted, it remains asserted until

the DMAC performs a byte transfer in the Halt Steal mode
Or uniil the last byte of a designated memory block is trans-

- ferred in the Halt Burst mode.

Transfer request (TxRQ) is s coupled through U1 and U2 so
that MC68000 bus request (BR) is asserted when TxRQ is
asserted. By requesting a DMA transfer and bus arbitration
simul ly (dit ding gate p ion delay), DMA
latency time is minimized. The MC68000 responds to a bus

_mﬂm by asserting bus grant (BG) and relinquishing the

When DRQH is asserted and all bus masters are off the
$ystem bus, indicated by the negation of AS, DTACK, and
BGACE, flip-fiop U3A-U3B is set by the assertion of the O3
Sutput of Ud. The setting of flip-flop U3A-U3B asserts
2ORNT to initiate DMA transfer(s), and also asserts
BGACK t0 keep other bus masters off the bus, Bus grant
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- (BG) is negated by the MCE8000 soon after BGACK is

Flip-flop U3A-U3B is cleared on the rising edge of TxSTB
after it is asserted during each DMA cycle in the Halt Steal
mode, and during the last cycle of a block transfer in the
Halt Burst mode. Clearing flip-flop U3A-U3B negates
BGACK to release the system bus, and negates DGRNT to
stop DMAC transfer activity.

The MC68000 BR and BGACK signals are driven by open
collector gates to allow other devices to also request the

_system bus. A pullup resistor is used to hold AS in the
negated state during transitions in bus ownership,

BUS INTERFACE REQUIREMENTS

A general direct memory access controller for an
MC68000-based system must allow direct memory access
throughout the entire 16 megabyte memory map of the
MC68000. In addition, it must assert the appropriate data
strobe(s) and an address strobe. The MC6844 does not sat-
isfy these requirements; therefore, TTL devices must be used
to meet these needs.

The MC68000 can perform three types of data transfers:
word transfers (D0-D15), byte transfers to/from lower data
bytes (D0-D7), and byte transfers to/from upper data bytes
(D8-D15). When transferring_a byte, the MC68000 asserts
either the upper data strobe (UDS) or the lower data strobe

- (LDS), depending on whether an upper or a lower data byte

is being transferred; and when transferring a word, it asserts
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> 3 R/W To Peripheral °

Controller

*Open Collector Outpst

both UDS and LDS. The MC68000 assérts AS during each
type of transfer. ) o

The following are general designs which can be modified
to meet indivi system requi . The two designs
presented differ in the types of transfer they perform. . ’

Only two of the four DMAC channels are used in each
design. However, these interfaces can be easily modified for
four-channel operation. : ’ ..

WORD AND NON-SEQUENTIAL BYT!:Z.
TRANSFER INTERFACE SYSTEM

An MC68000 DMA control system épéble of word

transfers and byte transfers to/from upper byte or lower
byte memory locations is presented in Figure 3. .
In this system, address lines A0-A15 from the DMAC are

connected to MC68000 system address lines SA1-SA23 and”

as the DMAC address lines i or d -
ing to user option), the system address is incremented/
decremented by words, rather than bytes; that is, the system

address changes in increments of two bytes. [

The system upper address lines SA17-8A23, are latched
into transparent latches U2 and U3 duting initialization,

* which are enabled during a DMA transfer. Latch U2 is the

channel 0 upper address latch, with its chip select labeled A;
fatch U3 is the channel 1 upper address latch, with its chip

... select labeled B: During a direct memory access, transfer
....acknowledge A (TXAKA) from the DMAC is asserted during
hannel 1 transfers.-

s, and d during ch 10

This DMAC output is used to enable the proper address.

latch during a direct memory access. N ’
The type of direct memory access transfer (word or byte)

is determined by the state of latch U4 during the access.

Latch U4 with its chip select labeled C, is connected to

system data bus lines SDO-SD3 and, th h th t

. map. ..

" SEQUENTIAL MEMORY BYTE

TRANSFER INTERFACE SYSTEM
An MC68000 DMA control system capable of byte trans-

~ fers to/from sequential memory locations in a memory orga-

nized in 16-bit words is presented in F; igure 4. In this system,
address lines Al-AlS from the DMAC: are connected to
MC68000 sysiem address lines SAI-SAIS. Address line AO
of the DMAC is connected to inverting buffer U4. Buffer U4
is enabled by DGRNT to generate the data strobes. Only one
data strobe is assertéd at a time. Each time the DMAC
incremenis/decrements, the state of UDS and LDS alter-
- nate. System address line SA1 changes state only after each

- - data strobe is asserted for one DMA cycle and negated for.
- one DMA cycle. By doing this, data is transferred to/from

ive byte I in the word-di d memory
. Latches ‘U2 and U3 latch ﬁpper sys-tem add}eﬁs ‘lines

SA16-SA23 during initialization and their operation is iden-

" tical to the circuit presented in Figure 3.

~ *COMPLETE SYSTEM lMi’LEMENTATION

A block diagram of a complete MC68000 DMA system
using the MC6844 DMAC for controlling DMA between an
MC6854 ADLC and a block of memory is presented in
Figure 5. Data transfer in this system is between the ADLC
and lower memory byte locations (D0-D7).

The ADLC asserts receiver data service request (RDSR)

" each time the receiver FIFO register requires servicing, and

transmitter data service request (TDSR) each time the trans-
mitter is ready for data. These outputs are tied to transfer
request channel 0 (TxRQO) and transfer request channel 1
(TxRQ1) of the DMAC so that DMAC channel 0 services the
ADLC receiver, and DMAC change! | sérvices the ADLC

buffer US, to system data strobes LDS and UDS. When
writing to latch U4 during initialization, the states of SD2
and SD3 determine the states of the data strobes during a
channel 1 direct memory access, and the states of SDO and
SDI determine the states of the data strobes during a channel
0 direct memory access. For word transfer both of the data
strobes must be asserted, while for byte transfers either the
LDS or UDS is asserted, depending on whether a lower data
?yte (D0-D7) or an upper data byte (D8-D15) is being trans-
erred.

Note that in memory organized in 16-bit words, byte

transfers are to/from either the upper byte or the lower byte -

of memory during each DMA block transfer.

During a direct memory access the appropriate U4 latch
States are gated onto the system bus by US. The appropriate
US buffers are enabled by latch U2 during channel 0 access,
and by latch U3 during channel | access. .

When DGRNT is asserted, the R/W signal to the periph-
eral controller is inverted by exclusive OR gate U6,

Transfer strobe (TxSTB) is fed through an open collector
buffer to the system AS line. During a direct mMemory.access
transfer the AS output of the MC68000 is- in the high-

“impedance state and TXSTB is used as the system address

strobe. Transfer strobe is asserted by a DMAC operating at 2
Megahertz for at least 370 nanoseconds to indicate a valid
address during a direct memory access, and may require
conditioning for use as an address strobe during direct mem-
ory access in some systems. .

327 -

The bloc.k labeled “MC6854 Register Select, R/W Con-

- trol” is used to address the ADLC transmit or receive regis-

ter and to invert the read/write signal during a direct mem-
ory access. This circuit puts the address bus from the ADLC
in the high-impedance state during the direct memory access
and forces ADLC register select zero (RS0) to a low state and
register select one (RSI) to a high state, so that during a
direct memory access either the transmit FIFO register or the
receiver FIFO register is selected according to the state of the
R/W signal. The circuit uses DMAC 10 select the
frame terminate register of the ADLC during the last byte of
a DMA block transfer when servicing the transmiiter FIFO.
During a direct_memory access, the ADLC is selected by
assertion of TxSTB to ensure that the ADLC is selected only
during valid direct memory access cycles.

- System memory is connected directly to the system bus,
The “Memory DTACK Gen.” consists of a counter driven
by the MC68000 clock, and enabled by an asserted address
strobe when memory is accessed by the processor. Data
transfer acknowledge (DTACK) is ““picked off”’ one of the
counter pins so that it is asserted at some preset time interval
after memory is accessed.

. Memory address decoding is the same for both direct
memory access and processor data transfers. However, dur-
ing a direct memory access, memory is deselected by the
NOR or DGRNT and E. This ensures that, during a direct
memory access, the memory will latch written data at the fall
of E, when‘ ADLC data is valid.
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ADDITIONAL SYSTEM ENHANCEMENTS K

- Two enhancemehts to the direct memory access control
s d in this application note should be consid-

ered. O;e jmprovement increases ADLC throughout, and -

the other allows memory to memory DMA data transfers.

THROUGHPUT ENHANCEMENT — Worst-case
DMA latency of the systems described in this application
note are 1.18 microseconds for MC68000 systems that do not
implement the Read-Modify-Write instruction, and 1.68 mi-

ds for that do impk the instruction.
This is the worst-case delay between assertion of TxRQ and
- the beginning of the direct memory access cycle to service the’

channel, and allows for propagation delay through the gates .

in the bus arbitration handshake logic. These times assume 8

hertz p p and 2 megahertz controller

operation. : X .
‘The ADLC service latency can be reduced by designing a
FIFO buffer to handle data transfers between the ADLC and

. services the ADLC, and direct memory access transfer is :

* MEMORY TO MEMORY DMA — The direct memory

. cess at a 2 megahertz rate, For memory to memory transfer;
* all that is needed is to allow one memory block to be ad-

the rest of the system. In’ this technique, the FIFO buffer

between the FIFO buffer and system memory.

access designs prcsemed in this application note can be easily
modified to perform memory't0 memory data transfer.

The DMAC will perform a direct memory access transfer
for each cycle in the Halt Burst mode while TxRQ is as- -
serted, until the block transfer is complete. In this way, an
MC68B44 clocked at 2 megahertz can perform a direct ac-

dressed directly by the DMAC during direct memory access,
and transpose the address to access the other memory block.
During a direct memory access, the DMA R/W signal to on
of the memory blocks must be inverted so that during eac!
direct memory access cycle data is read from one memo:
location in one memory block, and is written into another
location in the other memory biock. N

H

AN INTELLIGENT TERMINAL
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AN-830

WITH DATA LINK CAPABILITY -

By

Charles Melear
Microprocessor Applications Engineer

INTRODUCTION

A small but powerful terminal complete with high speed
data link can be constructed with a minimum number of
NMOS LSI circuits. Operatil can be developed to
make this terminal act as a word processor, point-of-sale ter-
minal, data input source, etc. The data link capability allows
the operator to call in the of remote at

" synchronous serial data rates ofuptol.s megaher{z.

Five devices form the core of the terminal as shown in
Figure 1. An MC6809 Microprocessor (MPU) was chosen
because of its many hard and sof fe

The MC6845 CRT Controller (CRTC) permits the usc of a

video display monitor. This controller was chosen because it -. -

allows complete software control of the video display
monitor. Vertical sync delay, horizontal sync width and
delay, blanking, number of characters-per-row, and rows-
per-screen are all programmable.

Serial keyboard input capability is provided by an MC6850
“Asynch C ications Interface Adapter (ACIA)
which performs the serial/paralicl conversions. This applica-
tion polls the ACIA to check for a data present indication in-
stead of using an interrupt. This polling method provides the

highest priority and shortest response time to the high speed .

data link.

High speed data link capabilities are provided by an
MC6854 Advanced Data Link Controller (ADLC). The
ADLC detects the start of a ives the 1
calculates and app dsa CRCch , and provides a clos-
ing flag. Serial data rates of 1.5 megahertz are possibie with
this system. To operate at these speeds, direct merory access

- capability is needed and is provided, in this by

an MC6844 Disect Memory Access Controller (DMAC).'A
data transfer can be processed every four bus cycles when an
MC6854 ADLC and an MC6844 DMAC are used together.

MC6845 CRT CONTROLLER (CRTC)
The CRTC provides horizontal sync, vertical sync, and
blanking to a video display monitor along with the memory

" address of the data to be displayed. A cursor output is also
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provided. Once the CRTC is initialized, it performs the func-
tion of controlling the video display monitor without in-
tervention by the p Initiatization is lished by
writing the appropriate values into the 16 programmable
registers. Figure 2 Sheet 1 is a worksheet which can be used to
collect the information required to calculate the values need-

ed for the CRTC register workshest given in Figure 2Sheet 2.

It is assumed that the video display monitor uses a 60 hertz
power source and a 15,750 hertz horizontal oscillator fre-

- quency. After initialization, the CRTC starts with the ad-

dress located in the start address register. The ASCIL
character d by the hexadecimal value at that loca-
tion will appear in the upper left-hand corner of the video
display monitor. The CRTC advances the memory address
lines by one with each character clock. The first row will con-
tain the number of characters specified in the horizontal
display register.

Due to synchronization problems betwsen the CRT clock
and several other signals, it is possible that the first character
could be only partially displayed. Figure 3 shows how this
can happen b the time b the CRT clock and
display enable (Tx) is an internal function of the CRTC. The
first character will be partially displayed because display
enable goes high approximately in the middle of the first
character. This problem can be resolved by writing an ASCIl
blank (20) at the first character location and using the second
character location to display the first character.

The screen memory must be accessible to the processor for
updating. Since the CRTC memory address lines normally
drive the screen memory, multiplexers are used to select
cither the CRTC memory address lines or the processor ad-
dress lines. A decoding network selects the processor address
lines any time an address between $0000 and SIFFF is
detected. The data bus for the screen memory is isolated
from the processor data bus by SN74LS243 transceivers.
These devices are normally in the high-impedance state in
both giitecﬁons except during a processor read or write of the
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' USING THE MC68000 AND THE MC6845

By

. ~ - FOR A COLOR GRAPHICS SYSTEM

- David L. Ruhberg
Microcomputer Systems Engineer
Motorola Semiconductor

. Probably the slowest link in most computerized control
systems is the display of information for human interpreta-
tion. The commonly used black and white monitor can
display an adequate amount of information in most cases.

In applications where a large amount of information must
be displayed in the same screen area, a color graphics system
can easily provide this information by using a wide range of

' contrasting colors. Until recently the high cost of
sophisticated comp and color itors required to
generate and display color information has probably been
the main prohibitive factor in devel of these

through the use of a processor that executes instructions
which can operate on 8-, 16-, or 32-bit operands. ’

The general approach to a color graphics system is
straightforward and almost identical to a black and white »
graphics system. A typical black and white graphics system is
shown in Figure 1. The MPU has two responsibilities to the
graphics system: first, to initially program the CRTC, and -
second, to transfer data to the-display RAM.

Once the clock circuitry is running, the CRTC is initialized
and the address lines to the dislay RAM begin incrementing
ally. As this occurs, the appropriate data from the -

Recently the cost of components and color ‘monitors has
moderated to the point that using a color graphics system of-
fers a viable solution to information display, ranging from
the video games market to complex control systems.

A state-of-the-art color graphics system using the
MC68000 16-bit microprocessor (MPU) with an economical
MC6845 CRT controller (CRTC) is described in this applica-
tion note. Hardware improvement is evident in data move-
ment occurring in 16-bit words and multiply and divide com-
mands while software compatibilities are greatly enhanced
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display RAM is loaded into the shift register and then gated *
out serially by the dot clock input to the shift register. The
display monitor then interprets the data as either turning 8 ’
particular pixel on or off. ’ ;
A color graphics system (Figure 2) uses the same principle
as the black and white system except that it has to control
three color guns (red, green, and blue) instead of just one.
Therefore, there is an i in the of hardwarein-
volved, but not in complexity. The software becomes more =

involved due to the fact that more information is being

- handled and displayed. The basic display system works on

the principle that three bits (one for each color) controls each
pixel instead of just one as in a black and white system. If
two guns are on, the resulting color is a combination of the
two. If all guns are on, white is the result. With this con-
figuration a total of eight colors, including black and-white,
arc available. Since the three bits needed to control a pixel do

~not fit into an eight-bit byte evenly, the unused bits could be
* used to obtain more colors or some other function. Iri addi-

tion, color systems usually require a separate sync input.

3

" The versatility of the internal azchitecture of the MC68000

* (Figure 3) enhances the effectiveness of the color graphics

system. Besides containing a 32-bit program counter yielding
16 megabytes of direct addressing range, the MC68000 also
contains eighit 32-bit data registers (D0-D7) and seven 32-bit
address registers (A0-A6). The eight data registers are used
for byte (8-bit), word (16-bit), and Tong word (32-bit) data
operations. The seven address registers and the stack pointer
may be used for word and long word address operations. In
addition, all address and data registers may be used as index

registers.

. Address Bus .-
MPU - ﬁ:> .
- i
Data Bus : :
. “> Address
p— R
Memory Address .
il a Display
RAM
CRTC Row Address
Clock Circuitry '
———n
osc E
Dot
CRTC Clock
CLK | {Counter Dispiay Monitor
Video -
Display Enable Control
HSync
VSync
Video and Sync Signat

3 — Block Diag

Figure 1, Black and White Graphi

397




.

Display Enable

HSync
VSync

- —-Blue
ﬁﬁ od Green)
Shift Register I

Cotor Display Monitor

Var

Blue Video

P Video
- —( Control
l Sync Signal

Figure 2, Color Graphi& System — Block Diagram
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Figure 3. MC68000 Programming Model .

SYSTEM HARDWARE DESCRIPTION AND
FEATURES

This graphics system consists of two boards: a CPU board
and a video board. The CPU board contains the processor,
scratch-pad RAM, stack RAM, the program EPROM, and a
terminal interface. The video board contains the CRTC,
display RAM, multiplexers and buffers, parallel-to-serial

* shift registers, and the D/A drivers for the color display

monitor.

An MC68000 Design Module (MEX68000KDM) is used as
the CPU board. The resources available on the MC68000
Design Module allow more design time to be spent on the
Unique features of the system. The major portions of the
System provided by the Design Module are the MPU

= (MC68000), the address decoding for the EPROM, a ter- )
Winal interface, and all the software functions provided by

the resident monitor (MACSbug). Included in the MACSbug
15 a transparent down-load feature which allows the system
0 communicate through the terminal to another system. The
other system can provide the access to the floppy disks need-
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ed by this color graphics system for saving a full screen of
data at a time.

The video board (Figure 4) contains niore of the unique ~

hardware features of the color graphics system. The video
board can be separated into seven areas: the clock circuit,
CRT controller, the DTACK circuit, the bus multiplexers
and buffers, the display RAM, the shift registers, and the
D/A converter drivers. E

The clock circuit generates the five timing signals, used
throughout the video board; they are: a dot clock, a CRTC
clock, a 2X dot clock, a shift register load, and a ¢2 signal.
The dot clock is used to drive the serial shift registers. The
CRTC clock is used to drive the CRTC. The 2X dot clock
and the shift register load are gated together to generate the
paraliel load (PLOAD) and chip select (PCS) signals for the
shift registers and display RAM, respectively. The ¢2 signal

is also used to control accesses to the display RAM. A ummg/

diagram of these signals is shown in Figure §.
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2N5336
1k -
10 k2

10 k2

" 2N3904

Q——-'

l—-+5v-

B

10 MHz Osciltator
R10-R13 (Variable)

Q1-a3°
Q4-Q7
R1-R4
R5-R9

. $16-Position Switch

+5v 10

SN74LS138
SN74LS08
SN74LS30
SN74L8195
SN74LS04
SN741.5133
SN74L.808
SN74LS74
SN74LS195
SN74LS04
SN74LS30
SN74LS05
SN74L5245
MCM2147
SN74L8165
SN74LS08
SN74LS74
SN74LS88
SN74L8176
SN74L532

U19, 24, 26, 111, 112 SN74LS74

MCB880A/MCBT26A
MC6887/MCBTI7
MC6845

. SN74LS158

MC3459

Parts List

. (Where Possible}

U17, 23, 110

us8
ug
U1o-u12
U135
u16

ute, 28
U110

v, U2
un3

U4

U115

U4
Al D Fiip-Flops Configured for Power-Up Reset as Shown

D
D

Dot
Clock
Ullta
8
Unib

8

U112a

5] Ut10b
9] ur10c

10

>

Display D
. Enable .

from Biue
Shift Reg. D
from Green
Shift Reg. D

Shift Reg.

from Luminance

N
.

" ‘The MC6845 CRT controller (CRTC) is a pr bl

Figure 5. Clock Circuitry Timing Signals - _ )

0 e

from zero up to 1600 nanoseconds

controller used to prepare the information in the display
RAM for use by a video display monitor. The CRTC
‘gencrates the signals required to provide data at the ap-
propriate times. Since the length and period between these
signals varies from system to system, the CRTC is designed
10 be programmed by an MPU. In this system the internal
registers are ible synchr 1y through hex ($) address
locations $1FFFD and $1FFFF. After programming, the
CRTC provides the addresses, horizontal and vertical sync
* signals, and the display enable signal to the display system.
The addresses, output by the CRTC in conjunction with the
parallel chip select (PCS) signal, are responsible for the cor-
Tect data getting to the serial shift registers at the correct
time. The horizontal and vertical sync signals, after being
“exclusively ORed," generate the sync signal required by the

color display monitor. The display enable (DE) signal is-

gated (U28) into_cither the clock circuitry to inhibit the
Parallel load and PCS signals or is gated (ANDed at Uno, if
alow represents biack on the screen) with the data stream to
keep the guns in the CRT off during vertical and horizontal
Tetrace. In some cases, DE must be delayed due to specific re-
Quirements of the CRT being used. A one-shot on the output
-of the DE pin is usually more than adequate for providing
the delay, L . o
The DTACK circuitry is used to return an asynchronous_
data transfer acknowledge (DTACK) signal to the MC68000
from a synchronous device (the display RAM). The $2 signal
from the clock circuitry in conjunction with address lines
ALS and A16 develop the DTACK response required by the
. When the_display RAM address is between
$10000-$17FFF, the DTACK signal is returned in 400

.after the enabling signal goes out to the multiplexers. This

time is selected by the RAM speed switch, S1. Returning
DTACK to the p or is the asynch access method
by which the MC68000 can access external devices (RAM,
ROM, and peripherals). This access method was chosen over
the synchronous access method used to address the CRTC
because it is faster and, since this is a highly repetitive opera-
tion, any time saved here will be significant in the overall
speed of the system. The synchronous access method is used
to access the CRTC since the CRTC is only initialized once
and this method uses fewer components.

The multiplexers and buffers are used to feed the various
control signals to the rest of the system. Multiplexers U10,
Ull, and U12 determine which address bus will access the
display RAM. When the control signal is high, the MC68000
has access to the RAM and when low, the CRTC has access.
Buffers U13, Ul4, and U15 are used to drive the large

ber of devices on the address bus. Data buffers U30-U37
are used to isolate the four banks of RAM from each other.
Buffers are also used for almost all the signals coming onto
the video board. These board buffers interface with the
modified EXORciser bus which the Design Module uses.
This bus has only sixteen address lines coming from the
Design Module, so address line A17 must be run Separately
to keep the display RAM from beinig accessed at the same

time MACSbug or the iler program is a d (ad-
dresses $20000 and $22000).

The display RAM is organized into four banks (red, green,
blue, and lumi H , the address lines are con-

figured so that consecutive words are located in consecutive




banks of RAM. This was done to allow the programmer to
_visualize accessing one 16-bit wide bank at a time instead of
accessing red, green, blue, and luminance banks all at the
. same time. The memories used are 4Kx1 static RAMs -
(MCM2147) which simplify some of the chip select circuitry.
Dynamic RAMs could be used and should definitely be con-
sidéred in a production system since they lower the hardware
cost as well as power consumption. They were omitted in this
application to simplify the system configuration, It should be
noted that the CRTC keeps incrementing its address lines
during horizontal and vertical retrace to keep the dynamic
RAM refreshed. The speed of the static memories is not
critical due to the presence of the speed selection switch ex-
plained earlier. As far as the CRTC and the serial shift
registers are concerned, the memory looks like one
4K x 64-bit bank of RAM.

Shift registers U102-U109 consist of eight 8-bit, parallel-
load, serial shift registers. They are configured to look like
four 16-bit shift registers, one for each of the color guns and
one for luminance. With the RAM and shift registers con-
figured in this fashion, the RAM is accessed only 25 percent
of the time, This means that the RAM has four times the
amount of setup time and slower RAM can be used. The dot
clock then clocks. the data out to be gated with display
enable.

Conversion from digital to analog voltages in this system is

" needed because a luminance bit is used to obtain more colors
"than are possible with the three guns digitally. The luminance
bit is used to indicate half luminance when set and full
luminance when clear, When all guns are off, the screen is
black and the state of the luminance bit has no effect. Since
the color display monitor uses an analog input on each gun,
any number of colors may be obtained if the supponing
hardware is provided. The D/A conversion used in this
system was done to save space. A cleaner method would be to

use special D/A converters and special line drivers for this

function.

SOFTWARE DESCRIPTION AND CONSIDERATIONS

The software included to exercise thxs system consists of
five basic commands:

CM — Clear Memory

BX — Box Draw

Q8 — Random Line

ED - Edit

Provides the capability of savmg (BA) a screen on
SHY~— floppy disk and calling (SH) it back.

The clear memory (CM) command clears the screen. The
box drawing (BX) command draws continuously concentric
boxes which close in on each other. This gives the effect of
running up a hallway. The random line (Q8) drawing com-
mand picks poitits and them together until
they form a multisided polygon and then it continues to
repeat that shape, all the while collapsing in on itself and
changing colors. A scaling function has been implemented to
keep the figure occupying a major portion of the screen. The
edit (ED) command allows the user to draw figures on the
screen using the cursor controls on the terminal and allows a

- choice of colors. The BA command is used to store a screen
full of data on floppy disk while the SH command is used to
call it from the floppy disk and display it on the screen.

Each of the routines which write to the display RAM use
the basic data layout for every pixel on the screen. Bach pixel
is controlied by four bits. Each bit corresponds to either
luminance, blue, green, or red, as shown in Figure 6.

MsB - : LS8

1 0
7 H 5 4
8 1 0 9 8
i 1 3 12 ;

 listing of the software is given at the end of this application

l-‘igin 6. Pixet Control Bit — Layout

A memory map for this 'apphcauon is given in Figﬁre 1.A

note.

The resolution of the display in this application is
256 % 256 pixels. The density could be doubled in both direc-
tions to 512x 512 by quadmplmg the memory. This can be
easily done if dynamic RAM is used since 4K x 1 and 16Kx 1
dynamic RAM can be mansedmthesamebasmeonﬁgura- .
tions. As space was one of the design criteria in this applica-
tion, some of the more straightforward approaclm were not
taken,

00000 Vectors and
06FF MACSbug RAM
10000 :
' Display RAM . .
" §7FFF - :
20000
MACSbug
Graphics Program
22902 phics Frog
i
3FFFF o

Figure 7. Memory Map

Thanks to Don Voss of Motorola Microsystems f°" ‘:
suggestions on the hardware and his splendid job on the s0
ware.
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19
20
39
42

000000
oooee4
60000A
GO000E
020310
6000614
206016
000018
280061A
88601C
0080622
0068024
20082A
90062C

00002E

0000834

‘900038

90696 3E

20203000

g0B200F6
26921BC2
@0G21F18
000200EE
gpeclooe
0000610061
00001002
200081003
eooe1ele
00081911
006001012

08001014

00001016
00001018
00001080
00001108
80001800

20788578
227Cpo0018088
21C908578
3818
@C40FFFF
6766

32C9

22D8

60F2 -
BlFC00022000
6AP8
207C000822082
60E2

3280
207C006229D2
303Co000
13C8AGBLFFFD
1218

980040 4E71

8000942
900048
goog4a
POO04E
000050
6008856
22845C
060060
900062
0000864
20080866
200968

00026E

13C18081FFFF
524¢
2CA00B810
66E8
227C@0P229F6

247C600061108

383Ce3p82
14D9
5346
66FA
6014

323C2009

~

‘PAGE

*ORG $0009

s

*

[

MACSBUG EQU $208F6 :
OUTPUT2 EQU $21BC2
FIXBUF EQU $21F18 - -
MSG EQU $20@EE ..

X1 EQU $1008
Yl EQU $1001
X2 EQU $1802

Y2 EQU $1603

COLOR EQU $1018 .

NCOLOR EQU $1611

OCOLOR EQU $1612 .

NUMPT EQU $1814

SCALE EQU $1016

RANADD EQU $1818 .

ARRAY EQU $1089 .
TABLECH EQU $1108

SMDTAB EQU $1880 -

*

SETUP MOVE.L $578,A@

MOVE.L #CMDTAB,Al
MOVE,.L Al,$578

SETUP1 MOVE (A®)+,D8
CMP' $$FFFF,D¢ -

BEQ.S SETUP2

MOVE D@, (Al)+

MOVE.L (AB)+, (Al)+
BRA SETUP1

SETUP2 CMP.L #$22000¢,A8
BPL.S INIT

MOVE.L #$22082,A0

BRA SETUP1

INIT MOVE D@, (Al)
MOVE.L #$220D2,A8
MOVE #$0098,D@

INIT1 MOVE.B D@,$1FFFD
MOVE.B (A®)+,Dl

NOP

MOVE.B D1,$1FFFF

ADD #1,Dg

CMP #$0010,D9

BNE INIT1

MOVE.L #$229F6,Al

MOVE.L $#TABLECH,A2

MOVE #778,D0

SETUP21 MOVE.B (A1)+,(A2)+
SUB $#1,D0 .

BNE SETUP21- ‘ §
BRA.S RETURN

207COP010880 CM MOVE.L #3$10000,A0

MOVE $#$2009,D1

- 405

© 1




558

‘600672
800874

036076
8000878
g0007A

o0a07C

0606082
000084
000088
BO008A
$0G08E
6006099
900694
900096
0BGa9A
908009C
0000A0
000agA2

'@000A6

GOO0A8
880BAC
GOBOAE
¢gg0B2
0000B4

4280

20Co
5341
66FA
4E71

'~SETUP4;S- MC6806@ ASM REV= 1,8F- COPYRIGHT. BY. MOTOROLA 1978

CLR,L D@ B
,CLRM MOVE.L D@, (A0)+

SUB #1/,D1

BNE CLRM

NOP - .

4EF9000200F6 RETURN JMP MACSBUG

43
000220868
53
@8B220E2
42
00G2218A
45
@003221E8
42

808022454 -

51
900622498
51
20022474
51
00922488
51
#06224BC

6000B8 51

@000BA

080224C8

@@0oBE 51

20099Co
0009C4
20088C6

00022666
48 :
#80226AC

P3GACA 51

8406a8CC
88068D9

9088D2
2000D3
6008D4
2908005
#003D6
898807
8008008
#86808D9
2008DA
2¢0eDB
668689DC
GBOGED

BP00E2
POagES
0B00ES
@PO0EE

00022818
FFFF

27
20
22
A3
20
26
1F
1F
18
a7
06000680
2090

610000084
6094

NTABLE  DC.W 'CM'
DC.L $22068
DC.W 'SH' ..
DC.L $228E2
DC.W 'BX!
DC.L $2218A
DC.W *ED'
DC.L $221E8
DC.W *'BA'
DC.L $22454 .
DC.W *Q1' - -
DC.L $22498
DC.W *Q2'
DC.L $224A4
DC.W -'Q3"'
DC.L $224B@
DC.W 'Q4'
DC.L $224BC . -
DC.W *Q5"' .
DC.L $224cCs8
DC.W *Q9*
DC.L $22606
DC.W *HP' -
DC.L $226AC
DC.W -*Q8"
DC.L $22818 -
DC.W $FFFF

* % % *

CRTC DC.B $27
DC.B $2¢

DC.B $22.
DC.B $A3
DC.B $28
‘DC.B $06
DC.B $1F
DC.B $1F
DC.B $1¢
DC.B 7

DC.L @

DC.W @

*

*

SH BSR SHQ -
BRA RETURN

4EB906021BC2 SHQ JSR OUTPUT2
227C@G@3FF21 MOVE.L #$3FF21,Al

406
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1089
1898
1180
1li@
1120
1139
114¢
1158
1169
1179
1188
1190
1200

- 1219

1220

" 1238

1240

" 1258

1269
127¢
1289
129g
1300
1319
1320
1330

1340

1359

- 1368

137¢0
1389
1399
1490
1410
142¢
143¢
l44p
1459
1469
1479
1480
149¢
1599
1510
152¢
153¢
1549
1559

- 1569
- 157¢

158
1599

: legg
- 161p

1624

2000F4
00008F8
220BFC
@GO0FE
900102
200104
2006106
egoloa
0o010E
200119
200114
600116
60011A
Bggllc
208122
206128
@0012E
000134
00013A
800140
000146
g0@14cC
080150
200154

268158
80015A
P0015E
geg160

000162
20d]164

61980078
#CE8800D
6708
PCOBOIFF
66Fp ‘
6848
61006066
8CO0000A
67F6
6Ce30800
67F0
#COP0OFF
6722
4EB970B21F18
2CFC4552524F
2CFC52263B43
2CFC48454348B
2CFC2646494C
2CFC45282020
4EF90090200EE
207C00616009
183Co055
61000022
61800018
1260
61000612
E148

1681

36Ce
BlFC@2617F80

00016A 66ES8

#060816C
80016E
8069170
000174
200176
808G17A
e8e17C
GOBL17E
208182
200184
600188
200818A
2980918C
#0018E
00608190

080194

ge0819A
202198
BOO1AD
2e891Aa2
230124
00081A6
2001a8
2001AA

4E75
1811
22000001
67F8
16299082
4E75
1E11
62070662
67F8
13400002
4E75
42490
3200
3400
363C@a3F
207C00610800
61000016
5543
6A02
6BEC
5249
5241
5242

SH1 BSR INPUT

CMP.B #$0D,D9

- BEQ.S.SH2

CMP.B #S$FF, Do
BNE SH1 c
BRA.S SH3

SH2 BSR INPUT

CMP.B #$9A,D0

BEQ SH2

CMP.B #8,D¢ T
BEQ SH2 LR
CMP.B #SFF,DO -

" BEQ.S SH3 -

JSR FIXBUF :
MOVE,L #'ERRO‘, (A6)+
MOVE.L #'R ;C', (A6)+
MOVE.L #'HECK', (A6)+
MOVE.L #' FIL', (A6)+
MOVE.L #'E . ', (A6)+
JMP MSG -

SH3 MOVE, L.#SIGEGB,AG

MOVE.B #$55,D9
BSR OUTPUT

SH4 BSR INPUT
MOVE.B D@,D1

BSR INPUT -

ASL 8,D@

MOVE, 8 D1,D@
MOVE .W Do,(A0)+
CMP.L #$17F8B apg-
BNE SH4

RTS

INPUT MOVE.B (Al), Dﬂ
AND.B #1,D@

BEQ INPUT

MOVE.B 2(Al),Dg

RTS :

ouTPUT MOVE B (Al),D7

AND.B #2,D

BEQ OUTPUT
MOVE.B Dg,2(Al)
RTS

BX CLR D@

MOVE D@,D1
"MOVE D@,D2
BX3 MOVE #$3F,D3
MOVE.L #$10¢ﬂﬂ a0
BX1 BSR SHOW

SuUB #2,D3

BPL.S BX2

BRA BX3
BX2 ADD #1,Dg¢
ADD #1,D1

ADD #1,D2

DIFC@8088282 ADD.L #514 AP

407
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1630 0PP1BY 6OES BRA BX1 - " S Cosl 0§ 2140 998248 660A ‘ BNE.S RTS1
1640 9201B2 3803 ' SHOW MOVE D3, Da e NIRRT 21508 B0624A S588F ADD.L #4,A7
1658 #991B4 38CH BX11 MOVE D@, (A8)+ , ST " 2168 $0824C 6BAPFE2E BRA RETURN
@ 9001B6 5344 SUB #1,D4 - L S L 2176 666259 53381881 UPARROW SUB.B #1,Y1
# P991B8 66FA BNE BX1l1 - - B Cels 2180 #89254 4241 " RTS1 CLR D1:
167¢ 8981BA 3080 - MOVE D@, (AB) : LI F 2190 098256 4E7S RTS RTS
1686 @991BC 3883 MOVE D3,D4 . vl 2200 80698258 52381001 DWARROW ADD.B ;1 Y1
; 1760 8081C¢ DIFCE0000080 BX22 ADD.L #128,A8 T 2220 @9925E 52381608 - RTARROW ADD.B #1,X1 - S ;
’ 1719 9981C6 3881 MOVE D1,(A8) - : P 2230 ©@08262 60Fg BRA RTSI - . : L
‘ ? 9981C8 5344 . SUB #1,D4 : S 4 2240 990264 53381800 LTARROW SUB.B #1,X1. : ;
§ 9991CA 66F4 BNE BX22 : ’ - 2250 BBB268 60EA - BRA RTS1
1739 #@61CC 3863 ~ MOVE D3,D4 o 2260 BBP26A 588F CMD1 ADD.L #4, A7
i 1740 09P1CE 30688 MOVE D@, (AB) - 2276 98026C 68000132 ‘BRA CHARED - :
: 1758 #981D9 3199 © BX33 MOVE Dg,~ (A0) 2280 #99278 588F CMD3 ADD.L H,R7 : .
i @ P981D2 5344 _ SuB  #1,D4 2298 888272 600001A8 BRA DOT ' , , )
1 # 0001D4 66FA BNE ~ BX33" 23060 9008276 588F CMD4 ADD.L #4,A7" : :
! 1770 6061D6 3803 MOVE D3,D4 2319 988278 600OFF8P BRA ED1- :
i 1789 6091D8 E544 "~ ASL 2,D4 2320 90027C 5E381681 CR ADD.B #7,Y1"
1790 @961DA 91FCEIPPBA80 BX44 SUB.L #128,A0 - 2330 000280 11FCOBA01688 MOVE.B #8,X1
: 1860 PPV1ES 3682 MOVE D2, (A@) 2340 008286 68CC BRA RTS1
; 6 6601E2 5344 "SUB  $1,D4. . 2350 §09288 610@81AC CMD2 BSR READK ;
# 00G1E4 66F4 BNE BX44 2360 @80028C 267CPOPP1611 MOVE.L #NCOLOR,A3 '
1829 @PPLE6 4E7S RTS 2370 €88292 #C616052 CMP.B #'R',D1 : ;
‘ 1830 S * . 2380 688296 6758 BEQ.S RED ' -
,_ : 1849 * .2396 £06298 @CE10047 CMP.B #'G',Dl .- S
i : 1859 , : * 2400 86829C 6758 BEQ.S GREEN i ‘

1860 9001ES 11FCP#861088 ED MOVE.B $$80,X1

1870 OPOLEE 11FCO@841081 MOVE.B $#$80,Y1

2410 BB8029E 9CO19542 " CMP.B #'B',D1
. " 1888 @9@1F4 11FC@0@1011 MOVE.B 48,NCOLOR y

2420 90P2A2 6758 BEQ.S BLUE -

) 2430 0@82A4 BCALBBST ‘CMP.B #'W',D1
j 1890 @EOLFA 6188014E ED1 BSR BLINK . 2449 POP2A8 6758 ‘BEQ.S WHITE
| 1960 POZIFE 61600804 BSR CMD . 2458 @O@82AA BCE1HF5A CMP.B $#'2',D1
: 1916 008202 60F6 BRA ED1 2460 0PB2AE 6758 BEQ.S BLACK
1920 @08204 61800230 CMD BSR READK 2470 @602B8 8CA1P059 CMP.B #'Y',D1
193¢ 902208 B6CHL0020 cMP.B -$#$20,D1 2480 0@02B4 6758 BEQ.S YELLOW
: 1940 @0820C 6A48 BPL.S RTS 2499 @002B6 #CHLBH4D CMP,B #'M',D1
1958 000920E 8CO10308 CMP.B #$B,D1 2508 @@G2BA 6758 BEQ.S MAG
1960 868212 673C BEQ.S UPARROW 2519 B602BC PCO1BB43 CMP.B $'C',Dl
1976 @¢088214 BCE1PB0A CMP,.B #$A,D1 2520 PEG2CH 6758 BEQ.S CYAN
1988 ¢#8218 673E BEQ.S DWARROW -+ 2539 §082C2 0CA18054 CMP.B #'T',D1
1996 @0@¢21A #CB1660C cMP.B #$C,D1 2549 9@62C6 6758 BEQ.S DRED
20009 00821E 673E BEQ.S RTARROW - 2550 @002C8 6CO18948 CMP.B $'H',D1
2010 800220 9CO10208 CMP.B #$8,D1 2560 @862CC 6758 BEQ.S DGR
2828 608224 673E BEQ.S LTARROW 25708 @B02CE BCO1BO4E CMP.B #'N',D1
2030 006226 6CE16881 cMP.B #$1,D1 2588 @@82D2 6758 BEQ.S DBLUE
2048 000222 673E BEQ.S CMD1 CHARMODE 2598 @0@2D4 BCALBG4S CMP.B $'E',Dl1.
2050 90022C @CE1PE03 CMP.B $#$3,D1 2609 PBB2D8 6758 BEQ.S DWH
2060 806238 6756 BEQ.S CMD2 NCOLOR 2610 P@B2DA @CH1BE55 CMP.B $'U',Dl X ;
2079 000232 9CO18404 CMP.B #$4,D1 2620 BOB2DE 6758 BEQ.S DYEL . : v
2080 808236 6738 BEQ.S CMD3 2639 @@B2EE 9CHLAB2C CMP.B #',',D1 ’ o
289¢ 6@¢0238 PCE1000D CMP.B #$6D,D1 , 2640 PBP2E4L 6758 BEQ.S DMAG
2188 B6823C 673E BEQ.S CR - . ' 2650 0@02E6 GCH1E056 CMP.B #'V',D1
2118 00B23E GCPLEBOS CMP.B $$5,D1 : : 2660 @BB2EA 6758 BEQ.S DCYAN
2126 906242 6732 BEQ.S CMD4 2678 P@V2EC 4241 RTS2 CLR D1 i
2130 660244 PCOLEA11 cMP.B #$11,D1 2680 B@B2EE 4E7S RTS . ’ L
108 409 L
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. 2690 @0G2F? 16BCAGA9 RED MOVE,B #$9,(A3) 3240 $9039E 4E75 - RTS SR . O X
‘2709 00B2F4 60F6 BRA RTS2 o e Doy 3250 * A s
2718 @6B2F6 16BCOGBA ‘GREEN MOVE, B #$A,(A3) SR B 3260 0PP3AG 31F819PP1062 CHARED MOVE X1, x2
. 2728 BOO2FA G6OFg BRA RTS2 . . 3270 @803A6 61A2 - BSR BLINK
2730 9802FC 16BCHBAC BLUE MOVE.B #$C,(A3) - e . 3280 #083A8 61B@FESA . BSR CMD
2749 200308 6BEA . 'BRA RTS2 R - i § - 3296 @@B3AC 4AB1 TST.B D1+ 1.7
2750 P96382 16BCOFIF - WHITE MOVE.B #SF (A3) o N e 3360 0@83AE 67Fg BEQ CHARED
2760 080386 60E4 BRA RTS2 ’ o g . 3310 0083BO 61080004 BSR CHAR .
2770 8003068 16BCOGHE . BLACK MOVE.B #8, (A3) S - o . 3320 9983B4 60EA - BRA CHARED. . " ..
2780 00939C 60DE © BRA ‘RTS2 . . - Sl 3330 @6003B6 04010020 CHAR SUB.B #$26,D1° '
2790 @0G30E 16BCAPOB YELLOW MOVE.B #sa (A3) ‘. : : 3340 0003BA E741 ASL 3, Dl
2800 @82312 68D8 BRA RTS2 B - 4.335¢ BOO3BC 267CO00Z1188 MOVE, #TABLECH A3
2810 #06314 16BCESSD MAG MOVE.B #SD,(A3) - 3366 PP63C2 §281080P03FF AND.L #$3FF,D1
2820 980318 68D2 BRA RTS2 - SR o - §. 3370 6883C8 D7C1 . : ADD.L ‘D1,a3
2830 @0631A 16BCHEOE CYAN -MOVE.B #$E (A3) 33806 BOG3CA 3C3Ceg04 MOVE %4,D6 .-
28490 00031F 68CC BRA RTS2 3390 GA03CE 4245 CHARED1 CLR D5.
2850 908320 16BCEAS1 DRED MOVE.B #1, (A3) . 3460 8003D6 9B13 CHARED2 BTST D5, (A3)
2860 900324 66C6 - BRA RTS2 o 3410 06603D2 6636 BNE.S SET
2870 806326 16BCOGS2 ° DGR MOVE.B #2,(A3) v 3420 9463D4 52381002 CHARED3 ADD.B #1 x2 e
28890 0900322 60CH BRA RTS2 . 3439 00083D8 5245 " apDp #1,D5 ... .. B
2898 P0G32C 16BCHFO4 DBLUE MOVE,B #4,(A3) 3449 0GO3DA 0C4506618 ~ CMP $16,D5 .. .- R
2908 2008336 69BA BRA RTS2 : 345¢ @003DE 6618 ’ BNE:S CHARED4 - .t ) el
2910 206332 16BCOSO7 DWH .MOVE,B. $7, (A3) . 3460 0903ES 52381003 ADD.B $1,¥2 . ~v - . »
2926 090336 68B4 BRA RTS2 3470 @003E4 11F81068018562 MOVE.B X1,X2 ' -
2930 908338 16BCEEO3 DYEL MOVE.B #3,(A3) 3480 0GO3EA D7F88082 ADD.L $2,A3
29490 90633C ‘60AE BRA RTS2 . " @ @863BE 5346 SUB  #1,D6 " .- .. s e
29568 @0@33E 16BCEHOS DMAG MOVE.B - #5, (A3) , . @ @083FF 66DC . BNE CHARED1- A AR
2960 9006342 60AS BRA RTS2 o v - 3500 @663F2 S6381000 ADD.B #8,X1 :
2976 806344 16BCGAG6 DCYAN MOVE.B #6 (A3) . <-4 3519 POG3F6 4E7S RTS -
2984 009348 60A2 BRA RTS2 Lo 3520 @@93F8 9C450008 CHARED4 CMP #8,DS 5& . -
2999 . : .~ <4 3530 BBO3FC 66D2 BNE CHARED2 o )
3060 'P0934A 12381080 BLINK MOVE.B X1,Dl . , o 3540 @@03FE 52381063 .ADD.B #1,Y2 . .~ . . ‘
3016 @0034E 143819881 MOVE.B Y1,D2 : . o 3550 000402 11F810801602 MOVE.B x1,x2
3020 800352 61806226 BSR GETADD s 3560 000468 68C6 BRA CHARED2
3038 #006356 4643 NOT D3 . : ... 7§ 3570 @0840A 15381p11 SET MOVE.B NCOLOR,D§
3040 000358 0CE3080F BL2 CMP.B #$F,D3 A 3580 @0049E 12381862 MOVE.B X2,D1.
3858 60035C 6706 BEQ.S BL1 : T 3599 po0412 14381903 MOVE,B Y2,D2
3960 @003SE ES4B LSR 4,D3 .7 f 3600 900416 6188013C , BSR DSP
3078 0908368 E849 LSR 4,D1 , S 3610 00041A 66BS ‘BRA CHAREDB .
3080 2008362 60F4 BRA BL2 : § 3628
3090 966364 11C11412 BL1 MOVE.B D1,0COLOR St 3630 00841C 16381011 DOT MOVE.B NCOLOR, Da
3100 800368 193CEOQF BL3 MOVE.B #$F,D . : : 3640 000420 12381000 MOVE.B X1,D1
3110 90036C 12381808 MOVE.B X1,Dl . 3650 800424 14381841 MOVE.B 'Y1,D2
3120 886370 14381091 MOVE.B Yl,DZ . ’ 3660 006428 6184412A BSR DSP '
3130 906374 616091DE BSR DSP 3678 08642C 61B8FF1C BSR BLINK
3140 ©006378 616084D8 BSR DLY 3680 000430 6188FDD2 BSR CMD
3156 908637C 4200 CLR.B D@ 3690 P00434 60E6 ,BRA DOT
3162 @0837E 618081D4 BSR DsP o 3788
3170 906382 618008C6 BSR DLY . S 3719 600436 12390003FFp1 READK MOVE.B $3FF01 D1
3187 @06386 19381612 MOVE.B  OCOLOR,D@ ' S 3720 @0043C 52012001 AND.B #1,D1.
3190 80838A 61p@d1C8 BSR DSP - . . 3730 668440 67F4 BEQ READK :
3200 GPB38E 618000BA BSR DLY W © 3740 908442 12390003FF@3 MOVE.B $3FF83,DI1
3216 060392 16390003FFF1 MOVE.B $3FFE1,D0 : : s 3750 B02448 4E7S RTS
3220 006398 82009001 AND.B #1,Dg L : : 37680 BBG44A 3C3CHOFF DLY MOVE #$a0FF D6
3233 #06639C 67cA BEQ BL3 3779 00B44E 5346 DLY1 SuB #1,D6 -

410 411




SETUP4.S MCG8000 ASM REV= 1.8F-.COPYRIGHT BY MOTOROLA 1978

3780

3799
3869

2006459
608452

381e .-

3820 °

3839
3849

- 38580

3868
3879
3889
3899
3900
39190
3929
3930
3940
3950
3960
3979
© 3980
3999
4000
4010
4020
4030

4940

4950
4060
4070
4989
" 4099
4100
41190
4120
4139
4149
41589
4169
4179
4189
4190
4200
42190
4229
423p
4249
4250
4260
4279
4289
4290
4300
4319
4320

800454
90845A
000469
800466
980468
80846C
90046E
808472
908474
900476
80047A
88647C
00047E
800480
900482
800434
080488
808482
80048C
906492
9008494

009498
000498
0034A2
pag4a4
BOG4AA
Z@94AE
2904B9
208486
6604BA
2004BC
8684C2
8004Cé6

-8@8B4C8

@B04CE
BB94D2
2004D6

'B8B4DA

@00d4DE
0004E2
BOG4E4
B004E8
POG4EC
BOG4FS

66FC
4E75

BNE DLY1
RTS
*

*
*

267C08018898 BA MOVE.L #$10ﬁﬂ0 AQ

227CA083FF23
247C@683FF21
1212
02010002
67F8
183C0065
1280

1212
92010002
67F8

3018

1280

E048 "

1212
82610002
67F8

1289 -

B1lFC00018800

66EQ
6000FBEG

MOVE.L #$3FF23, al
MOVE.L #$3FF21,A2
L1 MOVE,.B (A2),D1.-

AND.B $#$2,D1

BEQ L1

MOVE.B #$65,D89 -

MOVE.B D@, (Al)
LOOP MOVE.B (A2),D1

AND.B $$2,D1

BEQ LOOP :

MOVE (A@)+,bg8

MOVE,B D@, (Al) -
LSR 8,D@

L2 MOVE.B (A2),D1

AND.B $$2,D1 B
BEQ L2

MOVE.B D@, (Al)

CMP.L #slsaﬂu Ag

BNE LOOP-

*BRA RETURN

.

2C7CBBB225AC
3E3C@010
602E
2C7C@83225BE
3E3CE0106
6822
2C7C@88225D0
3E3CO210
6016
2C7CP08225E2
3E3C@8198
600A
2CT7C@BP225F4
3E3C@8010
61000006
6000FBA4

3C3Cpo80
61000034
4E96

4A8E76000
0241297F
92420077
61000068

*

Q1 MOVE.L #$225Ac A6
MOVE #$1¢,D7 g
BRA.S RUN

Q2 MOVE,L #$225BE,A6
MOVE #$16,D7
BRA.S. RUN

Q3 MOVE.L #szzsna A6
MOVE #$16,D7
BRA.S RUN

Q4 MOVE.L #$225E2,A6
MOVE #$16,D7 .
BRA.S RUN

Q5 MOVE.L #$225F4,A6
MOVE #$1¢,D7

RUN BSR. RUN1

*BRA RETURN

*
*
RUN1 MOVE #128,D6
BSR RAND
RUN2 JSR (A6)
MOVEM.L D1/D2,-{A7)
AND #$7F,D1

" AND $#$7F,D2

BSR DSPLY
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4339

4348

4350

4360

4370

T 4380
e 4399
S g

@004F4
@084F6
B004FA
@864FC
200580
008502
200586
e28508A

#9856C -

@8U58E
860519
$08512

0808514
8ees1s
20p51A
000851E
080520
000524
090528
B8gos2a
06052E
006530
000532
2008536
800538
80053C
@00853E
2308542
208544
200548
ea054C
900550
200552

800554
000558

80055A
808558
000562
900566
20056A
20056E
000570
080572

4491
61068062
4402
6108085C
44901
61906056

4CDFB056

5346
66D4
5347
66C8
4E75

618806d1C
3200
61000816
3400
61000010
8200000F
67F6
0CA30088
67F@
4E75
16381619
ES@9
D@381018
El4¢
16381919
ES49
D@781918
06463619
31Ce1p18
Eg48
4E7S

48E7F@80
608C

48E7F089
068100802
06020080
02490007
6180000E
c243
8041
3886

SETUP4.S MCGBQQE ASM REV= 1,0P- COPYRIGHT BQ'MOTOROLA 1978

NEG.B D1

BSR DSPLY . -
NEG.B D2 . R ;
BSR DSPLY - )

NEG.B D1

BSR DSPLY

© MOVEM.L (A7); Dl/D2

SUB
BNE °
SUB
BNE
RTS
*-

$1,D6
RUN2 ..
#1,07 -
RUN1

* . -
* -
RAND BSR RAND1

MOVE Dg@,D1

BSR RAND]

MOVE D@,D2 ‘
RAND2 BSR RAND1 °

AND.B #$F,D@

BEQ RAND2

CMP.B $#508,D8

"BEQ RAND2 -

RTS
RAND1 MOVE.B RANADD+1 Do
ASL.B 2,D@

ADD.B RANADD Da

ASL 8,Dg

MOVE. B RANADD+1 Do

ASL 2,D@

ADD RANADD,D@

ADD #$3619,Dg

MOVE D@,RANADD

LSR 8,D§
*RTS

*

*

*DSPLY (C,X,¥)

*  D@=COLOR

* Dl=X 8-BITS

*  D2<Y 8-BITS

.

DSP MOVEM,L DG~D3/AB,-(A7)
LBRA.S DsP1

DSPLY MOVEM.L DG*D3/A0,*(A7)
ADD.B #128,D1

ADD.B #128,D2 .

DSP1 AND #$F,D0

BSR GETADD

AND D3,D1

OR D1,D#

MOVE D@, (Ad)
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4869
4878
4889
4890
4900
4916
4920

- 4939

4949
4950
4962
4978

. 498¢

49990
5008

‘5810

0

[}
5830
5049
5650
5060
5879
508¢
5999

- 5160

5110
5128
5138
5148
5159
5160
5179@
5188
5199
5200
5219
5226
5238
5249
5250
5260
5279
5280
5290
5309
5310
5328
5338
5349
5350
5368
5378
53890
5390

8808574 4CDF@10F
996578 4E75

g0057A 024100FF
go@57E 363CFFF@
gvp582 E142

998584 D242

$006586 928100A30FFFF
ge858C 34081

#0@58E E449

998590 E341

#p0592 207CE0010880
¢98598 D1Cl

PE859A 92420003
BO059E 6708

gee5A0 E94¢

@@@5A2 E95B

#005a4 5342°

@P@B5A6 66F8

gBF5A8 3214

P@95AA 4E75

PBBSAC 3601
@OOSAE .3882
@P8SBg 4883
2269582 4884
¢o05B4 E648B

$005B6 E64C

900588 9483
@005BA 9264
B8O5BC 4E75

$995BE 3602
ga05Ce 4883
¢385C2 E64B
$9085C4 9263
$305C6 3881
@935C8 4884
@085CA E64C
#895CC D4B4
#085CE 4E75

290508 3682
9905D2 4883
9805D4 E24B
#0665D6 D283
#g65D8 3881
@08095DA 4884
2885DC E24C
GOBSDE 9404
BOBSES 4E75

PBB5E2 3602
POB5E4 4883

MOVEM.L (A7)+ DG*D3/AG
RTS
GETADD AND #$FF pl
MOVE #$FFFg,D3
ASL 8,D2 .
ADD D2,D1 -
AND.L #$FFFF,D1l
MOVE D1,D2 - .
LSR 2,D1
ASL 1,D1 . .
MOVE.L $#$10000, Aa
ADD.L D1,A®
AND %3, D2
BEQ.S DSPLYl
DSPLY2 ASL 4,D0¢
ROL 4,D3
SuUB $1,D2
BNE DSPLY2
DSPLY1 MOVE (Az) D1
RTS
. % .
* Ce
EQU1 MOVE D1,D3 .
MOVE D2,D4 ..
EXT D3
EXT D4
LSR 3,D3
LSR 3,D4
SUB.B D3,D2
SUB.B D4, Dl
RTS
* -
EQU2 MOVE D2,D3
EXT D3
LSR 3,D3
SUB.B D3,D1
MOVE D1,D4
EXT D4
LSR 3,D4
ADD.B D4,D2
RTS
%*

*

EQU3 MOVE D2, D3
EXT D3

LSR 1,D3

ADD.B D3,D1
MOVE D1,D4

EXT D4
LSR.1,D4

SUB.B D4,D2
RTS

* . .
EQU4 MOVE D2,D3
EXT D3
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1540é

5410
5420
5430
5440
5450

‘5460
5470

5488
5490
5508

© 5510
© 5528

5538
5540

- 5558

5568
5578
5588
5590
5600
5618
5620
5638
5649

. 5658

5660
']
]
5680
5690
5700

7 571@

5720

-573@
* 5749

5750
5760
5770
5780
5796
5800

]

8
5820
5839
5840
5858
5868
5870

‘5889

5899
5969
5910

592¢

BB35E6
POOSES
@B05EA
BBA5EC

@OO5EE"

@095F0
g@@5F2

g@oa5F4
BOG5F6
@OB@5F8
@B95FA
28@5FC
@@0O5FE
000600
p0808602
200604
900606
209606C
090610
000614
poeg618
00061C
0080620
800624
900628
98062C
000630
000632
800634
800638
#08063E
000644
#00648
#00664A
200650
8066652
2008654
900656

000658

2@0865C
900662
200664
909666
2090668
B3066A
POG66E
pee674
PO867A
20809680
800684
200688
20@68A
200690
900696

E64B
9203
3801
4884
E64C
9494
4E75

3692

4883

E24B

9203

3801

4884

E44C

D494

4E75
2C7Cﬂ¢0225AC
3A3C@002
61090044
3E3C@020
61B0FECY
6100882C
48E70402
6100008E
4CDF4029
6108601C
5345 -

66DC
610000834 .
DDFC@0000012
BDFC@0022686
6780881D2
68C2
283COQ3GAFFFF
5384

66FC

4E75

4289
323C2009
207C00010000
20C08

5341

66FA

4E75
48E7FFFE
4EBO9Q@A21F18
2CFC53482053
2CFC4C494445
1CcBC@g20
6100FA62
61C@
4EB90@B21F18
2CFC5348204D
2CFC41534B28

>

LSR 3,D3 L
‘SUB.B D3,D1 - i
MOVE D1,D4. . ..
EXT D4 = .

~ LSR 3,D4

SUB.B D4,D2"

RTS

* . e
EQUS MOVE D2,D3-
EXT D3 T
LSR 1,D3 T
SUB.B D3,D1 - - .~
MOVE D1,D4 "+ - . .-
EXT D4 .

LSR 2,D4

ADD B D4,D2

RTS .
09 MOVE.L #$225Ac A6

Q91 MOVE .#2,D5

092 BSR CMQ

MOVE #$26,D7

BSR RUN1 - . L

BSR DLYQ .

MOVEM.L D5/A6,—(A7)

BSR HPI1 .

MOVEM.L (A7)+, DS/AG

BSR DLYQ . . .
SUB- #1,D5.

BNE Q92

BSR LOGO - °

ADD.L #S512,A6

CMP.L $#$226406, AG

BEQ Q8 -

BRA 091

DLYQ MOVE.L #SoﬂaAFFFF D4
DLYQl SuUB.L #1,D4

BNE DLYQ1

RTS
CMQ CLR.L D¢

MOVE #52000,D1 .
MOVE.L #$10808,A0
CMQ1 MOVE.L D@, (A0)+

SUB #1,D1

BNE CMQ1 )
RTS S :
LOGO MOVEM.L D@-D7/A8-A6,-(A7)
JSR FIXBUF

MOVE.L -#'SH S',(A6)+
MOVE.L #'LIDE', (A6)+
MOVE.B #',',(AG).

BSR SHQ

BSR DLYQ -

JSR FIXBUF

MOVE.L #'SH M', (A6)+
MOVE.L #'ASK ', (A6)+
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5930 90069C 6100FA4A

5940 @086A0 ACDFIFFF

N

BSR SHQ
MOVEM.L (A7)+, Dﬂ*D7/A0*A6

5950 ‘9P06A4 283C@010FFFF MOVE.L #$6@810FFFF,D4

5960 GOB6AA 60A4
5970

5988 GBO6AC 61880806
5999 BOO6BS 600BFICA

BRA DLYQ1
*

HP BSR HP1
BRA RETURN

6000 9006B4 267CAP@61880¢ HP1 MOVE,.L #ARRAY A3

6010 PPO6BA 619A
6020 90P6BC 4241
6030 POP6BE 4242
60849 6PB6CH 363CHOFF
6050 9006C4 3803

.60608 B006C6 6100FE6A

6070 @O06CA 02000607 -

6080 @P06CE SA0P
6090 9006DJ E349
6109 6006D2.11C01014
6110 @0606D6 6100FESA
6120 G0U6DA G200001F
6130 BGOO6DE #0000PA5
6140 OOGOG6E2 11CP1016
6150 @GOO6E6 4245
6160 GO0PGES. 6100FE48
6179 BOBO6EC 824000FF
6180 POOGFP 17885000
6190 6006F4 B249
6260 @OO6F6 6AB2
621¢ GO06F8 1200
6220 GO0B6FA B649
6230 9006FC 6Bg2
6240 GOO6FE 1600
62560 000700 6189FE3D
6260 0006704 P24000FF
6270 000708 17895001
6280 0006708C B449
6290 G@070E 6AD2

- 6300 000710 1490

6310 G712 BBAS
6320 998714 6BO2
6330 900716 1800
6340 808718 BA381014
6359 @8871C 6704
6368 POG7LIE 5485
6376 08720 68C6
6386 80000722
6396 088722 9203
6408 0B724 9494
6418 B68726 4245
6420 9008728 97335060
643¢ 90872C 99335041
6449 900730 BA381614
6458 200734 6704
6460 800736 5485
6476 800738 GBEE

BSR CMQ
CLR D1
CLR D2 R
MOVE #SFF D3
MOVE D3,D4
BSR RAND1
AND.B #7,D@
ADD.B $5,D8 ' :
- ASL 1,D8 7 , -
MOVE.B D@ ,NUMPT
BSR RAND1
AND.B $#$1F,D@
OR.B #$5,D8
MOVE.B D@, SCALE
CLR D5
H6 BSR RAND1
AND #$FF,D0
MOVE.B D@,@ (A3,D5)
CMP D@,D1 .
BPL.S Hl
MOVE.B D@,Dl1
Hl CMP D@,D3
BMI.S H2
MOVE.B D@,D3
H2 BSR RAND1
AND #$FF,D®
MOVE.B D@,1(A3,D5)
CMP D#,D2
BPL.S H3
MOVE.B Dg@,D2
H3 CMP D@,D4
BMI.S H4
MOVE.B D@,D4
H4 CMP.B NUMPT,D5
BEQ.S H5
ADD.B #2,D5
BRA H6
H5 EQU *
H8 SUB.B D3,D1
SUB.B D4,D2
CLR D5
H61 SUB.B D3,%(A3,D5)
SUB.B D4,1(A3,DS)
CMP.B NUMPT,D5
"BEQ.S H9
ADD.B #2,D5
BRA H61
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64806 206973A
6490 98873C
6500 008742
6510 0508746
6520 980748
6530 09674A
6540 08074E
6550 009758
6560 980752
6576 0808756
6580 89875A

. 6590 88075C

6608 @0075E
6610 60608760
6620 #0766
6638 29876A

. 6640 06876C

6658 PEG76E
6669 088772
6670 090774
6680 900776
6690 BBO7T7A
6700 BO077E
6710 980780
6720 800782

. 6730 800784

6740 600788

. 6758 g8878C

6768 090798
6770 080794
6780 900798
6790 #8679C
6800 0007A0

- 6810 0887A4
. 6820 08097A6

6838 go07AA

6840 GBETAC

6850 260780
6868 ©@07B2
6870 200784
6888 200788
6890 @g@78C
6960 o967Co
6919 ego7C4
6920 gg@7C6
6939 @@p7CA

- 6949 p0B7CE

6950 p@PB7D2

- 6960 B8a7D6
697¢ peaTDS

6980 pep7DC

' 6996 BBOTES

7860 ¢@807E2

7810 peaTE4

7920 0OB7ES

4243
203C0000FFa0
$24100FF
8@cl

4245
16335908
c6Ce

EB4B
17835090
BA381614
6704

5405

60EA
203CO080FFa0
924 200FF
8oC2
4245
16335001 -
céce
E64B
178350801
BA381614
6784

5445
60EA
31031600
3E3CBAIC
54381014
1A381014
37935800
3C3ceoe4
6160FD94
0240008F
67F2
#CO80008
67EC
8CE3000F
67E6

4245
12335806
14335891
61000084
BA381614
6748
12335602
14335800
#24100FF
824200FF
9242
16381016
#24300FF
c3c3

EG49
D3335009 .
12335003

- MULU D@,D3 -

'PAGE .13 -~

H9 CLR D3 oo

MOVE.L #sFFBB Dﬂ

‘AND #$FF,D1 . .
DIVU D1,D@ . - : . '
CLR D5 R

H12 MOVE.B @(A3, DS) D3

MULU .Dg,D3

LSR 8,D3

MOVE, B D3,@(A3,D5)

CMP.B NUMPT D5

BEQ.S H1l1

ADD.B $2,D5

BRA H12 ‘
H1l MOVE.L #$FF06,D@

AND #$FF,D2

DIVU D2, Dﬂ

CLR DS ST
H14 MOVE.B 1(A3,D5),D3

LSR 8, D3

MOVE,.B D3 ,1(A3, DS)
CMP.B NUMPT D5
BEQ.S H13

ADD.B #2,D5

BRA H14

' H13 MOVE (A3),X1

H131-MOVE #$1c D7
H132 ADD.B $2,NUMPT
MOVE.B NUMPT,D5 S |
MOVE (A3), o(A3 D5) : ) i .

H15 MOVE #4, . :
BSR RAND1

AND $#$F,Dg

BEQ H1S

CMP.B #$8,Dg

BEQ H15

CMP.B #$F,D#

BEQ H1S
HP6 CLR D5
H17 MOVE.B #(A3,D5),Dl

MOVE.B 1(A3,D5),D2
HP17 BSR LINE -

CMP.B NUMPT,D5

BEQ.S H16

MOVE.B.2(A3,D5),D1

MOVE.B #(A3,D5),D2

AND #$FF,D1

AND #SFF,DZ

SUB D2,D1 ]

MOVE.B SCALE,D3

AND #S$FF,D3

MULS D3,D1

LSR 8,D1 _

ADD.B D1, (A3,D5)

MOVE.B 3(A3,D5),D1

417
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7030

7040
7850
7068
7078
7980
7698
7180
7110
7128
7130
7148
7150
7160
7170
7180
7190
7200
7210
7220
7230
7240
7250
7266
7270
7286
,7298
7300
7310
7320
7330
7348
73580
7360
7370
7380
7390
7400
7410
7420
7430
7448
7456
7466
7479
7489
7490
7500
7518
7520
7530
7548
7558

PO@TEC @24189FF
pag7Fe 14335041
PE@TF4 924200FF
gog7F8 9242
Pp@g7FA 16381016
08@7FE ©24300FF
¢gop8B2 C3C3
¢o6804 EB49
9698086 D3335001
gee80A 5445
pEG8HC 60A6
PBO3GE 5346
000810 66AD
pgesl2 5347
0P3814 6682
#06816 4E7S
p0g818 6180FE9A

$9081C 283CAGPAFFFF MOVE.L #$AFFFF, D4

980822 6108FE2C
090826 6OF@

026828 12290002
g9882C 9211
‘O#82E 658A

980830 13410004 -

980834 422906006
903838 4E75

#0083A 137COBP1#00G6 XNEG MOVE, B #1, 6(A1)

0008840 44081
pe0842 13416004
920846 4ETS.

po000848
¢20848 4BETFFFE

PEB8AC 227CO0001000

990852 13410082
PEe856 13420003
#80885A 1211
pEO85C 14296001
900869 6180FCF2
ppB8864 61C2
900866 5289
¢328638 61BE
g00886A 5389
90@86C 1211
PPGS6E 14296001
pe6872 4A298004
808876 6766
0006878 4A290085
¢8¢87C 67400088

75608 060880 16290004
7579 060884 B6296685

AND #S$FF,D1 .

MOVE.B 1(A3,D5), D2

AND #$FF,D2

Sus D2,D1
MOVE.B SCALE,D3
AND #$FF,D3
MULS D3,D1

LSR 8,D1

ADD.B D1,1(A3, DS)

ADD %2, DS
BRA H17
H16 SUB #1,D6
BNE HP6
SUB #1,D7
BNE H1S
RTS
Q8 BSR HP1

BSR DLYQL -
BRA Q8
*

*
*

DXDY MOVE.B 2(Al),Dl

suB.B. (Al),Dl
BCS.S XNEG -
MOVE.B D1,4(Al)
CLR.B 6(Al)

RTS

NEG.B Dl

RTS
*

*
LINE EQU *

MOVE.B D1, 4XA1)

MOTOROLA 1978

DRAW MOVEM.L D@-D7/AB-A6,-~(AT7)

MOVE.L #X1,Al
MOVE,.B D1,2(Al)
MOVE.B D2,3.(Al)
MOVE.B (Al),Dl
MOVE,B 1(Al),D2
BSR DSP
DRAW1 BSR DXDY
ADD.L #1,Al
BSR DXDY
SUB.L $1,al
MOVE,.B (Al),Dl1
- MOVE.B 1(Al),D2
TST.B 4(Al)
BEQ.S DXZ
TST.B 5(Al)
BEQ DYZ
MOVE.B 4(Al),D3 -
CMP.B 5 (A1) ,D3.

418
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7580 0960888
7599 #0088C
7600 000890
7618 080892
7620 980896
7630 $@0898
7648 98989C
7658 GBB89E
7668 GBA8AD
7670 0828A4
7680 -BB08AG
7699 0BB8AS
7709 0898AC
7718 DBOSAE
7720 PPO8B0
7730 009884
‘7740 00886

-7750 00@8B8

7768 @0008BC
7770 G0@8BE
7780 0068C2
7790 6008C4
7800 06008C6
7810 0868CA
7828 @008CC

- 7838 B408CE
- 7840 0068D2

7859 ©008D4
7868 9908D6
7870 ©088DA
7888 9888DC
7890 V0O8DE
7960 9@98E2
7910 ©008E4
7920 ©0B8ES
793¢ @OASEA
794¢ ©OOASEE
7950 0908F0
7968 0008F4

©797¢ 908@8F6

7980 0QO8F8
7999 @888FC
8000 @O@8FE
8019 980902
8020 000904
8030 080906
8040 00090A
80859 06090C
8060 0080910
8078 680912
8480 @00916
80908 990918
8180 ©0091A
8119 BOOI1E

. 8120 600926

66000080
47290806
6626
47290887
6636
6100FCBA
5201
5202
B2299¢82
66F2
607E
6100FCAA
5361
5302
B2299882
66F2
686E
4A290087
66EA
61008FC94
5381
5202
B2296082
66F2
6858
61808FC84
52081
5362
B2290982
66F2
6048
47290685
6742
4A290687
660E
6100FC68
5202
B84290@483
66F4
6028
6100FCSA
5382
B4290¢603
66F4
6020
47296086
660E
6186FC46
5201
B229¢¢82
66F4
6006C
61088FC38
5301
B2299882

BNE FULMOV

. TST.B 6(Al)-
BNE.S SXN.
TST.B 7(Al) .
BNE.S SYN' ..
XPYP1 BSR DSP
ADD.B #1,D1
ADD.B #1,D2
cMP.B 2(Al),D1
BNE XPYP1
BRA.S XYDONE

SXNSYN BSR DSP .. -

SUB.B #1,D1
SUB.B #1,D2
CMP.B 2(Al),D1
BNE SXNSYN . -

BRA.S XYDONE - .
SXN TST.B 7(Al)

BNE.S SXNSYN
SNP BSR DSP
suB.B #1,D1
ADD.B #1,D2.

cMp.B 2(Al),Dl

BNE SNP

BRA.S XYDONE
SYN BSR DSP . -
aADD.B .$1,D1
SuB.B #1,D2 "
cMP.B 2(Al),Dl
BNE SYN

BRA.S XYDONE

DXZ TST.B 5(Al)

BEQ.S XYDONE
TST.B 7 (Al)
BNE.S DXZYN

DXZ1 BSR DSP
ADD.B #1,D2
CMP.B 3(Al),D2
BNE DXzl
BRA.S XYDONE

DXZYN BSR DSP
SuBs.B $#1,D2
CMP.B 3(Al),D2
BNE DXZYN
BRA.S XYDONE

DYZ TST.B 6(Al)
BNE.S DY2ZN

DYZ1 BSR DSP
ADD.B #1,D1
cMP.B 2(Al),D1
BNE DYZ1 _
BRA.S XYDONE

DYZN BSR DSP
SUB.B #1,Dl
CMP.B 2(Al),D1

419
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8130 903924 66F4

8250 BOO94E 6046

BRA.S FUL4

8260 680956 337CP1800060A FUL1 MOVE $$180,10(Al)

8270 8060956 603E
8280 0060958 16290008

BRA.S FUL4 . _
FUL2 MOVE.B 8(Al),D3

420

¢869D6

SYMBOL TABLE

421

BNE DYZN , .
8149 @08926 32A00802 XYDONE MOVE 2(Al), (Al) gggg e éi;;“”°8 S3 MOVE.B D1,8(Al) .

. 8150 @8G92A 1211 MOVE,.B (Al),D1 8780 089D FB78 FUL3 BSR DSP . ‘
8160 PPE92C 14298081 MOVE.B 1(Al),D2 8718 agggzg 2229“““2 CMP.B 2(Al),D1 .
8170 000938 6189FC22 BSR DSP ° L _ , 702 BEQ.S DRAW2 -

8188 @68934 ACDFTFFF MOVEM.L (A7)+,D@~D7/AB-A6 g;gg 333334 B4294603 CMP.B” 3(Al),D2 :
8190 @00938 4E75 RTS 1 8740 uoaggg g;ggp BEQ.S DRAW2 _
8200 98G93A 33512098 FULMOV MOVE (Al),8(Al) . 8750 SBE9EE 327 ,FGC v BRA FUL2 :

8218 @@Y93E 162980604 MOVE.B 4(Al),D3 . 8768 0039F3 saaggggg DRAW2 MOVE 8 (Al), (Al)
8220 8006942 96298005 SUB.B 5(Al),D3 8770 @0@9F6 3049 SRA DRAWL

8230 #P0946 6208 BHI.S FUL1 ‘ END

8249 968948 337CAPE1686A MOVE $51,10(Al) #%k%#% TOTAL ERRORS G- @

. : . B
gggg gggggg ggéé ggg:g éﬁi§i°3 : ARRAY 261080 BA #80454 BL1 " 980364 BL2 200358 i
8316 000960 4483 NEG.B D3 BL3 900368 BLACK 808308 BLINK 99934A BLUE #092FC o
8320 000962 824300FF FUL21 AND #$FF,D3 BX 80018A BX1 8219A BX11 0081B4 BX2 opelad
8330 000966 18290005 MOVE.B 5(Al),D4 BX22 6001Co BX3 890190 BX33 096108 BX44 2081DA .
8320 B0B9CA D244B0FF AND 3SFF D4 CHAR 890386 CHARED - @@P3AS CHARED]l  @0@3CE CHARED2  §803D@ i
" 8358 BBOIGE C6C4 MULU D4,D3" @863D4 CHAREDA4 PPP3F8 CHTAB #869F6 CLRM 000074 i
8360 002970 18290869 MOVE.B 9(Al),D4 600068 CMD $662¢4 CMD1 @6026A CMD2 000288 e
8370 808974 98298601 SUB.B 1(Al),D4 000276 CMD4 808276 CMDTAB 801808 CMQ 900656 i
8380 008978 6482 BCC.S FUL22 806662 COLOR 801818 CR $8827C CRTC #900D2 i
8398 00097A 4484 NEG.B D4 66931A DBLUE 82032C DCYAN 960344 DGR 000326 |
8440 62297C 1A§99ﬁ04 FUL22 MOVE.B 4(Al),D5 :gg;gg §3§1 ﬁgﬁﬁf? DLYQ #0964A DLYOL 200658 o
. DRAW . .
D OO0 ianere  AND $ere.Ds @BBOEE DRED 800320 DSP 000554 DopY oopses
8430 P@6988 C8C5 MULU DS,D4 - P0055A DSPLY1 @0@5A8 DSPLY2 8805A8 DWARROW 088258 i
8449 0OG98A 4A29000A TST.B 16(Al) 200332 DXDY 868828 DXZ GBUSDE DXZ1 BBOSEA o
8450 BOGISE 660E BNE.S FULY * 8008F8 DYEL 708338 DYZ 800906 DYZ1 #0896C
8460 000996 B8S83 CMP.L D3,D4 00091A ED @OOLES EDL 0OB1FA EQU1 0B85AC
8470 998992 6718 BEQ.S GREAT EQu2 8885BE EQU3 @285D8 EQU4. #065E2 EQUS 8085F4 8
8480 900994 620E BHI.S GREAT # FIXBUF 021F18 FUL1 806958 FUL2 609958 FUL21 008962 g
8490 §00996 3369000ABOGE FUL4 MOVE 18 (Al),14(Al) FuL2z 80097C FUL3 8809DA FULA4 686996 FULMOV 960932 ;
8506 80899C 600C BRA.S SAME ! FuLy 86899E GETADD 90057A GREAT @089A4 GREEN G0B2F6 !
8516 0GB99E BSS3 FULY CMP.L D3,D4 H1 8006FA H11 600760 H12 60874A H13 800784 .
Bl e t10a oee . SerEan H131 260788 H132 #8878C H14 * @BB76E HI5 608798 :
8530 BOBIA2 62F2 BHI.S FUL4 a8 00080E H17 008784 H2 000700 H3 608712 ;
8548 GBBIA 337CHLO100E GREAT NOVE $50101,14 (A1) " Hs s B 808722 H6 BOBGES H61 000728 :
gG9AA 122 A . ° , &
8568 gﬂ%gAE 14232339 sMgsEMgvg(iI?(g;),Dl @887BC HP6 . 8B07B2 INIT aagagg ?:%Tl ;ggggg ‘
857¢ 068982 4A299007 TST.B 7(Al) 8ag16E L1 800466 L2 200482 LINE 860848
8580 BAGIB6 6606 BNE.S NEGY 60066A LOOP 808474 LTARROW  B0@264 MACSBUG  @208F6
8590 0@0IB8 DA290BOF ADD.B 15(Al),D2 606314 MSG 0280EE NCOLOR 081611 NEGX 890902
8600 0@09BC 6004 BRA.S 52 8909BE NTABLE 692682 NUMPT 661614 OCOLOR 001012
8610 G@CIBE 9429800F NEGY SUB.B 15(Al),D2 333133 SgTP"TZ gﬁéigé gé 800498 02 9006444
i i Dot s ond one e g, s, man,,oaed
ocas BODOCA 6686 BNE S nEoK 890514 RANDL 268532 RAND2 686528 READK 903436 {
8658 BOGICC D229BIIE ADD.B 14(Al),D1 9002F@ RETURN @060@7C RTARROW  @@825E RTS 000256
8660 800900 6864 BRA.S 83 690254 RTS2 @6@2EC RUN - @884D2 RUNL 8634DA
'8676 9689D2 9229000E NEGX SUB.B 14(Al),Dl #084E2 S2 8049C2 S3 @089D6 SAME BOBOAA
' 801916 SET $@84BA SETUP #80008 SETUPL B0000F
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SETUP2 28601C BOBOFL

SETUP21 880060 SH §#9PE2 SH1 :
SH2 990186 SH3 280146 SH4 #08154 SHOW #001B2 .
SHQ B0VIES SNP @B@SBE SXN . <. $B@S8BS SXNSYN #008AS
SYN @008CE TABLECH 901109 UPARROW - 089258 WHITE 200302 . .
X1 , 201900 X2 $01692 XNEG #0683A XPYP1 gnos9s . . | - :
XYDONE . - Y2

. 209926 Y1 P01891 001883 YELLOW ° . GO@30E :

by
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1| USING LOW-COST 1 MHz PERIPHERALS
Sl INA2MHzSYSTEM @
'WITH THE MC68B09 AND THE MC6SBOSE

Duane Graden and Hunter Scales
NMOS Microcomputer Applications -
. Motorola Inc.

INTRODUCTION o .

Withthe increasing use of HMOS design techniques in
'VLSI circuits, the maximum speed of these devices is also on
the rise. There are 2 MHz, “B,” versions of the popular
MC6809 and the new MC6809E with external clock. Both the
MC68B09 and theé MC68BOJE feature a 500 nanosecond cy-
cle time. With a 2 MHz E clock, an add immediate instruc-
tion takes just 1 microsecond! These fast, efficient pro-
cessors offer designers the opportunity to use a

i in ications which have been, until now,

too slow.
It would appear that the speed increase necessarily carries
with it a cost penalty. That is, by increasing the speed of the
bus, faster ‘and therefore more expensive memories and
peripherals must be used. However, there are ways to

- manipulate the 2 MHz MPU access time to d

processor to run all memory cycles at full speed but reduce
the speed of the bus for peripheral access. Since many
peripherals are d only infi itly, this approach in-
curs minor impact on total throughput. .
Unfortunately, slowing the bus cycle to accommodate slo
peripherals is not as simple as using slow memories. To begin
with, all MC6809 family peripherals require a continuous
system ‘clock to function. If the peripherals are specified at
1 MHz, this clock cannot exceed | MHz. This requires a
separate, 1 MHz peripheral clock. This clock may not be syn-
chronous with the main 2 MHz processor clock. Therefore,
the chip enable signals to the peripherals must be delayed un-
til the peripheral clock is low and then meet the chip select
(&) sewup time. In 1| MHz chips, chip select time is 160

slower peripherals and memories.

MPU ACCESS TIME MANIPULATION

The system clocks on the MC6809 can be delayed (stretch-

_ed) to allow longer access time for slow memories using the

Y input pin. Figure 1 shows the timing for this input.

~The system E and Q clocks are stretched, while E is high and

. Qis low, in one-quarter bus cycle increments. One quarter

cycle of the MC68B09 2 MHz clock is equal to 125

Ranoseconds. Since the MC6809E requires an external clock

8generator, the MRDY signal can be implemented externally
for that processor. .

- A problem arises when stretching the access time for slow
memories in that the throughput of the 2 MHz system is
teduced markedly because the majority of processor cycles

-, @, in fact, memory a One solution to this problem is
a compromise: absorb the cost of fast memories to allow the

ds before the rising edge of the clock. Some cir-
cuits, designed to allow the use of an MC6809 peripheral chip
operating at one-half the frequency of the 2 MHz system
clock, are described in the following paragraphs.

USING THE MC68B09 WITH 1 MHz PERIPHERALS

The circuit shown in Figure 2 allows 1 MHz peripherals to
run with a 2 MHz MC68B09 system by generating an asyn-
chronous peripheral clock (PCLK). When an access of any
1 MHz peripheral takes place, the 2 MHz system clocks, E
and Q, are stretched using the MRDY pin. A state machine
then waits until PCLK is low and then chip selects the
peripheral 250 nanoseconds before the rising edge of PCLK.
This provides proper address setup time at the peripherals
before chip selecting them. Clocks E and Q are then released
and the data is latched.

Refer to the timing diagram in Figure 3 and note the signal
relationships during write and read cycles. Initiation of a




HIGH-SPEED TYPES SN54HCT651, SN54HCT652, SN74HCT651, SN74HCT652
CMOS LOGIC -OCTAL BUS TRANSCEIVERS AND REGISTERS
WITH 3-STATE OUTPUTS

02804, MARCH 1984

@ Inputs are TTL-Voltage Compatible : SN54HCT651, SNS4HCTE52. . . JT PACKAGE
: : . SN74HCT651, SN74HCT652. . . JT OR NT OR D (= SO) PACKAGE
@ Bus Transceivers and Registers . (TOP VIEW)
‘ @ Independent Registers and Enables for A
and B Buses )
@ High-Current 3-State Outputs Can Drive up P
to 15 LSTTL Loads

o ‘ T e Multiplexéd Real-Time and Stored Data
%" ¢ @ Choice of True and Inverting Data Paths

@ Package Options include Small Outline (SO) and
. Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

® Dependable Texas Instruments Quality
- and Reliability

SN54HCT651, SN5S4HCT652 . . . FH OR FK PACKAGE

description - y
. (TOP VIEW)

These devices consist of bus transceiver circuits,
D-type flip-flops, and control circuitry arranged
for multiplexed transmission of data directly from
the data bus or from the internal storage
registers. Enable GAB and GBA are provided to
control the transceiver functions. SAB and SBA
control pins are provided to select whether real-
time or stored data is transferred. A low input
level selects reai-time data, and a high selects
stored data. The examples on the following page
demonstrate the four fundamental bus-
management functions that can be performed

HCMOS DEVICES

121314 15161718

with the 'HCT651 and ‘HCT652. R N-R R
<< ‘zg ER- AR

$30IA30 SOWOH

Data on the A or B data bus, or both, can be
stored in the internal D flip-flops by low-to-high
transitions at the appropriate clock pins (CAB or
CBA)} regardless of the select or enable control
pins. When SAB and SBA are in the reai-time
transfer mode, it is also possible to store data
without using the internal D-type f flip-flops by
simultaneously enabling GAB and GBA. In this configuration each output reinforces its input. Thus, when
all other data sources to the two sets of bus lines are at high impedance, each set of bus lines will remain
at its last state.

The SN54HCT651 and SN54HCT652 are characterized for operatlon over the full military temperature
range of —55°C to 125°C. The SN74HCT651 and SN74HCT652 are characterized for operation from
-40°C to 85°C. A

Y

NC—No internal connection

‘, Copyright © 1984, Texas Instruments Incorporated
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TEXAS
INSTRUMENTS




- O E s o on am uf e = - N I I R e B O ..
* TYPES SN54HCTG51, SN54HCT652, SN74HCTE51, SN74HCTE52
OCTAL BUS TRANSCEIVERS AND REGISTERS
WITH 3-STATE QUTPUTS

TYPES SN54HCT651, SNS4HCT652, SN74HCTG51, SN74HCTE52
OCTAL BUS TRANSCEIVERS AND REGISTERS

WITH 3-STATE GUTPUTS
= I'Wl {{"li FUNCTION TABLE
< \_ LI INPUTS DATA #o! OPERATION OR FUNCTION
@ : T GAB GBA | CABE CBA |SAE SBA | A1THRU A8 | B1 THRU B8 "HCT651 "HCT652
2 = L H |HorlL Horl] X X Input Input isolation Isolation
L Q - : : ‘ [ L H t t X X pu P Store A and B Data Store A and B Data
1! : : X H 1 HorL} X X Input Not specified |Store A, Hold B . Store A, Hold B
Ld !L J H H T t X X input Qutput Store A in both registers | Store A in both registers
HH I L X |Hork 1 X X Not specified input Hold A, Store B . Hold A, Store B
L L 1) t X X Output Input Store B in both registers Store B in both registers
L L X X X L Real-Time B Data to A Bus | Real-Time B Data to A Bus
; RTINS - Output Input =
i . L L X Horl} X H Stored B Data to A Bus Stored B Data to A Bus
l l I | l I - H H X X L X Real-Time A Data to B Bus | Real-Time A Data to B Bus
e K Input Output -
N H H lHort X H X Stored A Data to B Bus Stored A Data to B Bus
. ‘e —' =
- o . e - Stored A Data to B Bus and | Stored A Data to B Bus and
@ ey moen @ e @B @) (1) 23 @ @2 . R L |Horl Horlj H  H Output OutpUt | o ored B Data to ABus | Stored B Datato A Bus
GAB GBA CAB CBA SAB SBA GAB GBA CAB CBA SAB SBA . =
LT X X X L Lo H H % X L X R ?The data output f: i may be bled or disabled by various signals at the GAB and GBA inputs. Data input functions are always
P . . P ‘ enabled, i.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs.
REAL-TIME TRANSFER . B R REAL-TIME TRANSFER ) 1 o
X BUSBTOBUSA . - e BUS ATOBUS B logic symbols
2 St . . . f . HCTES1 HCTES2 m
o T b g (21) 15
GBA —
» = @ EN1 [BA] >
H GAB 7] EN2 (AB] i
g = < CBA [>c4
1 saa 22 a
m ] . o y
< : 2 15 : cas —= > cs »n
o - : ! SAB G? (o)
1 ] - (20) @ B i (20} E
m H ableeep-e— 81 A1 ,> < & aD}pe-9-4->— BT
»n 1 i e o
LT - ot =3 =
. : (19) a2 17 (19)
mﬁ— 2 *t :I-Q-O— B2
— : (18) a3 (6) (18)
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OCTAL BUS TRANSCEIVERS AND REGISTERS
WITH 3-STATE‘ OUTPUTS
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O See Table Vll page 2-14.. :
m {
é timing requirements over recommended operatlng free-air temperature range (unless othermse noted)
m ) s = 26°C SN54HCTE51 ~ SN74HCT651
wn Vee A SN54HCTE52 sN7ancTes2 |
- MIN MAX | MIN MAX | MIN MAX
: a5V [} 25| o0 17 ) 20}
felock Clock frequency 5.5V ° 2| 0" 19 ° . 22 MHz
+ Pulse duration, CBA or CAB 485V 20 1. 30 25 B ns
w high or low A 5.5V 18 27 23 - ¢
Setup time, A before CABT 3 asv | 15 23 18 s
TsU o B before CBAT v nerer ek 55V 14 21 17
Hold time, A after CABT 45V 5 - 5 5 .
th or B after CBAt 55V 5 5 5
i
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TYPES SN54HCT551 SH54HCT552 SN74HCT651, SN74HCT552
OCTAL BUS TRANSCEIVERS AND REGISTCRS

WITH 3-STATE OUTPUTS

witching characteristics over recommended operating free-air temperature range (unless otherwise
_noted), CL = 50 pF (see Note 1)

. i SN54HCTE51 SN74HCT652
FROM 10 Tp = 25°C
PARAMETER um::m outeun | Vee A=25 SNB4HCTB52 SN74HCT652 | uNIT
MIN _TYP MAX | MIN MAX | MIN MAX
25V 26 35 17 20
f )
max 5.5V 28 40 19 22 MHz
y 45V 18 36 54 25
tpd CBA or CAB Aor 5.5V 16 32 49 41 n‘s
; a5V 14 27 1 34
o N
© ed o8 Bora 55V 12 24 37 a| ™
45V 20 38 57 28
t A
tod SBA or SAB orB 5.5V 17 24 51 a3 ns
- a5V 25 49 74 61
t Al AorB
en GBA or GAB or 5.5V 22 44 67 -
- a5V 25 49 74 61
i A or GAB
tdis GBA or G Aor8 5.5V 22 44 67 55| ™
X An a5V 8 12 18 18]
t v 5.5V 7 1" 16 14
[ Cpa | Power dissipation capatitance | Noload, Ta = 25°C | 50 pF typ |

switéhing characteristics over recommended operating free-air temperature range (unless otherwise
noted), C. = 150 pF (see Note 1)

HCMOS DEVICES

- SN54HCT651 SN74HCT651
y FROM TO TA = 25°C
PARAMETER (INPOUT) (OUTPUT) Vece A SNS4HCTE652 SN74HCT652 | UNIT
MiIN  TYP MAX { MIN MAX | MIN MAX .

. 45V 24 53 80: B -~ B
tod CBA or CAB AorB 5.5V 22 47 72 60 ns

45V 22 44 70 58
tpd AorB BorA | ‘ssv 20 39 60 so] "

45V 26 55 83 69

1

tpd SBA or SAB AorB 5.5V 24 43 74 62 ns

= 45V 33 66 100 82

A Al N

ten GBA or GAB AorB 5.5V 30 59 %0 24| M8
. An 45V 17 42 63 53 ns

t v 5.5V 14 38 57 a8

‘ NOTE 1: For load circuit and voltage waveforms, see page 1-14.
) 1These p are d with the i | output state of the storage register opposite to that of the bus input.
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