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Standard Warranty
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Preface

Following Motorola’s tradition of serving current and future needs of the fast evolving electronics market, Motorola
Microsystems offers a range of high-quality microcomputer systems, modular components, peripherals and as-
sociated hardware and software. Support for design and development or configuration and integration of OEM
products for today’s MC68000-, MC68008- and MC68010-based products is provided by the SYSTEM V/68 and
VERSAdos Operating Systems and by development hardware/software tools, development instrumentation and
board level system components. Support for tomorrow’s MC68020-based OEM products will be assured by
MC68020 hardware/software tools, MC68020 development instrumentation, board-level MC68020 system com-
ponents and a multiprocessor operating system.

Today’s OEM is offered a wide selection of microcomputer system functions implemented for Motorola’s standard
VERSAbus as VERSAmodules and for the international standard VMEbus as VMEmodules. A number of com-
munications, peripheral control and industrial control functions implemented for Motorola’s standard /O Channel
adjunct to VERSAbus and VMEDbus are also available to the OEM for his products.

Complementing this broad range of board level, 16/32-bit microcomputer system components, Motorola Micro-
systems offers the OEM three categories of products which aid the design of microcomputer systems and shorten
their development time. These are: 1. powerful host/development systems including the advanced VME/10 OEM
Microcomputer System and the EXORmacs Development System running under the SYSTEM V/68 operating
system or the VERSAdos Real-Time Multitasking Operating System, 2. development instrumentation including the
HDS-400 Microprocessor Hardware/Software Development Station which is used with any of four host/operating
system configurations to obtain real-time, 10 MHz, no-wait-state emulation of any member of the family of Motorola
16/32-bit microprocessors and including, also, the Bus State Analyzer which samples the system bus allowing
operations and events to be recorded for analysis, and 3. software support in the form of operating systems, high-
level languages support for development systems and debugging packages for VMEmodule and VERSAmodule
monoboard microcomputers.

First Edition
MOTOROLA INC., 1984
Printed in U.S.A. “All Rights Reserved”
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Microprocessor applications range in complexity from
those using board level products in systems of 8/16-bit
data/address paths and having modest data transfer rates
to those for which solutions will be found using the 32-bit
MC68020 which accesses 4 gigabytes of linear memory
space and executes 2.5 million instructions per second.

For those applications requiring a system providing rug-
ged mechanical structure, non-multiplexed and asyn-
chronous data transfers, a powerful interrupt structure,
flexible data and address paths, support for system failure
detection and data transfer rates up to 40 megabytes per
second, Motorola’s VMEbus-compatible board level prod-
ucts — VMEmodules — can offer a quick solution.

Since its introduction in October, 1981, the VMEbus
Interconnect System has gained such acceptance that it
has become a de facto world standard. The bus is pres-
ently being standardized by both the IEEE and the IEC.
Both a VMEbus Manufacturers Group and a VMEbus
Users Group have been formed; the former to assure a
high degree of technical compatibility between products
and the latter to promote understanding of the bus, related
hardware, operating systems and applications software.

VMEmodule compatibility with VMEbus results in many
benefits for board level product users. One benefit is that
since VMEbus is based on the EUROCARD standard
which specifies not only the board format but also the
enclosures, card racks and connectors, there is a high
degree of mechanical and electromechanical inter-
changeability between the products of all vendors.

Presently, there are more than 500 products available
from the more than 100 vendors worldwide giving the user
an ever-widening range of choices for his designs. In ad-
dition, Motorola, Signetics and others are committed to
the design and production of LSI-implemented bus-
support functions which make interfacing the VMEbus
easier and will result in the availability of an even greater
variety of powerful VMEbus-compatible products.
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VMEbug

Debugging Packages
for the VMEmodule
Monoboard
Microcomputer

VMEbug Resident Package
® EPROM Resident System DEbug Monitor

® More Than 30 Commands for DEbug, Up/Downline
Load

® Single-line Assembler/Disassembler for Assembly
Language Program Development

® Full Speed Execution of System and User-Developed
Programs Operating in the VMEmodule Monoboard
Microcomputer System

® Virtual Terminal Capability for Up/Downline Load from
an EXORmacs Development System or from a Cross-
Computer

® Powerful Software and System DEbug Command Set
Allows Access to all VMEmodule /O, Control and
Memory Facilities Plus the Full 16M Byte Direct
Address Range of the VMEbus System Bus

® Includes all Required Installation and Operation
Documentation

e Includes Bootstrap Loader for both MVME420, SAS!

Peripheral Adapter and the M6BRWIN1 Disk Control-
ler

VMEbug Source and Relocatable Object Module

Package

® Source and Relocatable Object Modules for VMEbug
on Diskette or Cartridge Disk

® Relocatable Object Modules Allow Users to Include
Only the VMEDbug Items Needed in Their End System;
to Link in Their Own Up/Downline Loader; and/or to
Link in Their Own Bootstrap Loader

® Source Modules Allow User Modification of VMEbug
as Desired

MVMEBUG
MVMEBUG1
MVMEBUG2

The VMEmodule Monoboard Microcomputer debug pack-
age, VMEbug, is available as two separate product offerings.
VMEbug is an EPROM-based resident package ready for
installation and immediate use with the VMEmodule Mono-
board Microcomputer installed in a VMEbus based back-
plane. Such a backplane is provided within Motorola’s VME-
module Chassis (MVME940). VMEbug Source and Relocatable
Object Modules are a separate product available on either
VERSAdos compatible diskette, or cartridge

VMEbug provides a powerful evaluation and system de-
bugging tool for VMEmodule Systems. The EPROM Resident
Package will operate in 32K bytes of ROM space. VMEbug
uses the first 1152 words of RAM storage for Interrupt Vectors
and temporary storage. The EPROM resident package is
delivered in four 8K byte EPROMSs. Table 1 lists the com-
mands available to the user.

The package permits execution of system and user-
developed programs operated in a VMEmodule Monoboard
Microcomputer system environment under complete operator
control. VMEbug may be utilized with a VMEmodule Mono-
board Microcomputer in a standalone environment with only
a user provided standard RS-232C asynchronous ASCII ter-
minal. Alternately, it may be used with a second serial /0O
port connected to a host computer for up/downline loading
of programs in Motorola “S” Record format. When connected
to a host computer in this manner, the VMEmodule/VMEbug/
Operator Terminal combination appears as a normal asyn-
chronous ASCII terminal (a virtual terminal) to the host op-
erating system. The second serial I/O port, the host computer
interface, would be implemented through an I/Omodule board
or other similar functional element. VMEbug may also be
used with the MVME420 or the M68RWIN1 controllers (or
both) and appropriate disks to load programs from disk to
memory.

In a typical debug session, the user will download his pro-
gram to a VMEmodule Monoboard from the host computer
used for software development. After loading, VMEbug com-
mands may be used to examine and modify memory, set
breakpoints to run particular program segments, and track
program progress. The user may set up and examine a va-
riety of conditions using any of the powerful commands listed
in Table 1, such as the Register Display/Set series and the

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS
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MVMEBUG
MVMEBUG1
MVMEBUG2

memory block manipulation commands. The Data Conver-
sion command serves as an aid in examining and modifying
data by converting hexadecimal to decimal, and decimal to
hexadecimal. If corrections or program patches are required,
these may be performed and checked in the VMEmodule.
The user may have a corrected copy to the host computer
files by using the Memory Dump command for upline load.
Creating program patches may be aided by use of the Display
Offsets command to assist with relocatable and position-
independent code. The user may also copy all traffic to the
serial port debug terminal on a printer attached to an auxiliary
parallel port by use of the Attach Printer command. This may
be useful for desk debugging following a debug session. The
parallel printer interface port may be implemented through
the appropriate I/Omodule board.

The user may communicate with the host computer as a
terminal for purposes other than up/downline load by exe-
cuting the Transparent Mode command or the Send Message
to Port 2 command. By using the Port Format command, the
serial port may be reconfigured for such attributes as baud
rate, stop bits and number of data bits. In the Transparent
Mode, the two serial ports must operate at the same baud
rate.

Bootstrap load and dump commands permit the user to

bootstrap from several controller/device combinations. The
controller boards currently supported are the M68RWIN1
Winchester Disk Controller and the MVME420 SASI Periph-
eral Adapter. The drives currently supported are the 5v4"
Winchester and the 54" Floppy or 8" Floppy on the
M68RWIN1, and the 8" Winchester and 8" Floppy on the
MVME420. The Boot Dump command permits the user to
write his operating system to a diskette/disk in bootstrap load
format for subsequent use in boot loading. The IOP command
permits the user to create the diskette/disk format required.

VMEbug may be used for debug in total systems environ-
ments which include the VMEmodule Monoboard Microcom-
puter and with other Motorola VMEmodules as well as user-
developed VMEbus compatible modules.

The Source and Relocatable Object Module Package pro-
vides users with the information to link VMEbug into their
specific systems in either modified or unmodified form. The
Relocatable Object Modules are designed to permit creation
of a load module with or without the “S” Record up/downline
loader. Users may also apply the Relocatable Object Modules
substituting their own device bootstrap loader for the VMEbug
disk bootstrap loader.

Source Modules permit the user to modify or customize
any of the VMEbug functions as desired.

TABLE 1 — VMEbug Commands

Command Description
MD <addr1>[<count>] Memory Display/Disassembly
MM <address>[;<opts>] Memory Modify/Disassembly/Assembly

MS <address><data...> Memory Set

.AO - A7 [<expression>]
.DO - .D7 [<expression>]

Display/Set Address Register
Display/Set Data Register

.PC [<expression>] Display/Set Program Counter

.SR [<expression>] Display/Set Status Register

.SS [<expression>] Display/Set Supervisor Stack Pointer
.Us [<expression>] Display/Set User Stack Pointer

DF Display Formatted Registers (All)

BF <address1><address2><word> Block Fill (with 16-bit data word) Memory
BM <address1><address2><address3> Block Move

BS' <address 1><address 2><data>
Bl <address1><address2>
BT <address1><address2>

Block of Memory Search
Block Initialize
Block Test of Memory

Data Conversion

OF Display Offsets
.RO - .R6 [<expression>] Display/Set Relative Offset Register

DC <expression>

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS
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MVMEBUG

MVMEBUGH1
MVMEBUG2
TABLE 1 — VMEbug Commands (continued)
Command Description
BR [<address>{;<count>]] Breakpoint Set (up to 8)
NOBR [<address><address>...] Breakpoint Remove (any or all)
GO [<address>] Execute Program
GT <breakpoint address> Go Until Breakpoint (sets temporary breakpoint)
GD [<address>] . Go Direct (No Breakpoint or Track Set, and
no Exception Vector Changes)
TR [<count>] Trace (set for number of instructions)
TT <breakpoint address> Trace to Temporary Breakpoint
PA Printer Attach (Print as well as display)
NOPA Reset Printer Attach
PF [<port number>] Port Format (set Serial Port Attributes)
TM [<exit character>] ' Transparent Mode (Two serial ports
transparently connected)
*text... Send Message to Port 2
HE HELP (Display VMEbug commands)
DU <address1><address2><text...> Dump (“S” Record Upline load)
LO [<opts>] [=text] Load (“S” Record Downline load)
VE [=text] Verify (“S” Record Downline load verify)
BD [<device>] [<controller>] Boot Dump
BH [<device>] [<controller>] Bootstrap Halt
BO [<device>] [<controller>] [<string>] Bootstrap Operating System
IOP I/0 Physical to Disk
10T I/O “Teach” to Disk
Command Line Edit and Control Functions:
(BREAK) Abort Command
(DEL) Delete Character
(CTRL-D) Redisplay Line
(CTRL-H) Delete Character
(CTRL-W) Suspend Output*
(CTRL-X) Cancel Command Line
(cn) Send Line to Memory
*When (CTRL-W) is used, the user can cause the output display to continue by entering any character

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS
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MVMEBUG

MVMEBUGH1
MVMEBUG2
Ordering Information
Part Number Description
MVMEBUG VMEDbug, the VMEmodule Monoboard Microcomputer System Debug Package,
includes EPROM set* and User’'s Manual.
MVMEBUG1 Source and Relocatable Object Modules for the VMEbug system on VERSAdos
Diskette for the EXORmacs Development System.* Includes User's Manual.
MVMEBUG2 Source and Relocatable Object Modules for the VMEbug system on VERSAdos
Cartridge Disk for the EXORmacs Development System.* Includes User's Manual.
MVMEBUG/D2 MVMEbug Debugging Packages User's Manual

*The MVMEBUG EPROM set is copyrighted by Motorola and may be copied only under prior written agreement from Motorola MVMEBUG1 and MVMEBUG2
Sources are copyrighted and licensed by Motorola They may be obtained only under the required license agreement with Motorola

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS
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VMEmodule
System Controller

The MVMEO025 System Controller offers the arbitration,
monitor and utility functions usually required in a VMEbus
system. In one module it combines clock generation, AC fail
and system reset control, bus timeout and error control and
bus arbitration eliminating the need for these functions on
other modules. The module is especially useful in multipro-
cessor and intelligent DMA device applications, and is rec-
ommended in applications employing Motorola’s MC68010
Monoboard Microcomputer, part number MVME115M. Figure
1 is a functional block diagram of the System Controller
module.

® Provides VMEbus System Clock, AC Fail, System Reset
and System Test Utility Functions

e Arbiter with Selectable Priority or Round Robin Select
Modes

Supports Four Levels of Bus Request/Allocation

Supports VMEbus System Power Fail Timing for Orderly
Power Down

Selectable Power Fail Input Polarity

Supports VMEbus System Power Restart Timing for Power
Up and Self Test

o 16 MHz System Clock

o Bus Watchdog Timer — Period Selectable from 4 to 8192
microseconds

e Longword Access Error Detector

o Front Panel BERR* LED Indicator

o Front Panel SYSFAIL* LED Indicator
.

[ ]

Double High Eurocard Form Factor
VMEbus Compatible

BUS ARBITER

Bus arbitration is used to prevent simuitaneous access of
the VMEbus by two masters and for scheduling bus allo-
cation to optimize resource use in a multiprocessor config-
uration. The System Controller module has a header for
jumper selection of one of two arbitration modes: priority or
round robin select. In the priority mode when more than one
bus request is pending, the arbiter will grant the bus to the
requester of highest priority level. This mode is typically used
in systems where bus loading by fixed rate masters such as
DMA devices is nearly 100%. Where it is desirable to uni-
formly distribute the bus loading available to non-fixed data

ADVANCE INFORMATION
MVMEO025

rate masters, the round robin select mode is used. This mode
assigns the bus on a rotating priority basis.

AC POWER FAIL AND RESET PROVISIONS

A means for executing an orderly power down in the event
of a power failure is a requisite for any computer system.
Such a means is provided by the arbitration structure of the
VMEDbus which also provides a system reset line and an ac
power fail line for use in conjunction with an external power
monitor module whose function is to detect power failure and
also reset the system on power up, initiating a power-up self
test.

Both the system reset and ac fail lines are available at
connector P2 on the system controller module which has logic
for detecting the ac fail signal and for asserting the VMEbus
ACFAIL* and SYSRESET" signals using proper timing. The
module also has a header by means of which positive true
or negative true ac power fail input signal polarity can be
selected or the signal disabled.

Logic on the module, in addition to detection of the signal
from the power monitor, also causes an approximately 500
millisecond assertion of the SYSFAIL* signal on 1) detection
of the ACFAIL* assertion, 2) operation of the front panel push-
button RESET switch and 3) execution of power up.

BUS WATCHDOG TIMER

To provide a mechanism for recovering from errors, the
module has bus watchdog timer circuitry which terminates a
data transfer cycle if a response is not received from a slave
within a selected period of time. The circuitry monitors the
AS*, DS1* and DS2* lines and starts the timer when any of
these is asserted. Lines DTACK* and BERR* are also mon-
itored and when either is asserted in a normal data transfer
sequence, the timer is stopped. In an instance where timeout
occurs before either is asserted, BERR* is driven low and
remains low until AS*, DS1* and DS0* are driven high re-
gardless of the state of DTACK*. The module has a jumper
header for selection of a timer period in microseconds. A
value equivalent to any of the twelve powers of two between
4 and 8192 can be selected.

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS
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MVMEO025

FIGURE 1 — System Controller Module Block Diagram
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LONGWORD ERROR DETECTOR

Circuitry which checks the accessed location against the
size of the data being transferred can be a valuable tool for
preventing one common software error. The module monitors
the LWORD* and A01 lines and when LWORD* is asserted
at the start of a longword transfer asserts BERR* if AO1 is
high (indicating an incorrect double word transfer). BERR*
remains high until AS*, DS1* and DS0* are driven high re-
gardless of the state of DTACK*.

FRONT PANEL INDICATORS

On its front panel, the module has LED indicators for the
BERR* and SYSFAIL* lines each of which lights when the
corresponding signal is asserted.

SYSTEM CLOCK

The System Controller provides a clock output to VMEbus
specifications: SYSCLK. SYSCLK is a 16 MHz symmetrical
system clock which can be used by other modules on the
VMEbus for general clocking functions.

Electrical, Mechanical and Environmental Specifications

Characteristics Specifications
Bus Allocation Speed 100 ns (typ) 130 ns (max)
Form Factor Double High Eurocard

Power Requirements +5 Vdc at 0.5 A (typ)
+5 Vdc at 0.8 A (max)
Temperature
Operating 0°C to +55°C
Storage —55°C to +85°C
Humidity 8% to 80% (non condensing)
Physical Characteristics
PC Board Height 9.2 in. (234 mm)
PC Board Depth 6.3 in. (160 mm)
Ordering Information
Part Number Description
MVMEO025 VMEmodule System Controller with Two Mode Bus Arbiter, AC Power Fail Circuitry,
Watchdog Bus Timer and System Clock. Includes User’'s Manual.
MVMEO025/D1 VMEmodule System Controller User's Manual

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS
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VMEmodule
Monoboard
Microcomputer

e High Performance 16-bit Monoboard Microcomputer

e MC68000 16-Bit MPU

Sixteen 32-bit data, address and stack registers

14 addressing modes

16 megabyte direct addressing range

Memory mapped I/0

56 powerful instruction types

Operations on five data types including bit, byte, word,
long word and BCD

Provides interlock instruction for multiprocessor sys-
tems

256 multilevel vectored interrupts including internal ex-
ceptions, traps and external interrupts

Architecturally optimized for efficient support of high-
level languages

VMEbus Compatible

Double Eurocard Form Factor

Up to 128K Bytes of On-Board ROM

Up to 64K Bytes of On-Board RAM

Full Operation Isolated from VMEbus
(Multiprocessor Mode)

® Two RS-232C Serial 1/0 Ports
® 20 Programmable 1/O Lines

® Triple Programmable 16-Bit Counter/Timer
(accessible from off board)

® Hexadecimal LED Status Display

e Seven Jumper-Selectable Interrupt Prionty Levels
® VMEbus Arbiter

® 0°-70°C Operating Temperature Range

The MVME101 Monoboard Microcomputer is a high per-
formance processing module designed to function as a stan-
dalone microcomputer, as a single CPU/controller in a VME-
bus system or as a single CPU element in a multiprocessor

ADVANCE INFORMATION

MVME101

VMEbus configuration. This module features Motorola’s
MC68000 16-bit microprocessor with an address range of 16
megabytes.

Sockets are provided for up to 256K bytes of user-supplied
memory. Synchronous and asynchronous serial communi-
cation at up to 19.2K baud is supported through two front
panel ports and two independent 8-bit parallel communication
channels are available at a rear panel connector. Access to
a triple 16-bit programmable timer is also provided.

The MVME 101 Monoboard Microcomputer in combination
with a VMEmodule chassis, other VMEmodules and the
VERSAdos Real-Time Operating System can provide a com-
plete design environment which frees the system designer
to develop the unique software/firmware required for an ap-
plication. Figure 1 diagrams the major functional components
of the MVME 101 Monoboard Microcomputer.

DATA ORGANIZATION IN MEMORY

To provide asynchronous byte addressing over the eight
megaword range accessible using address lines A01 through
A23, the MC68000 separates its 16-bit data word into a lower
data byte (D0O0—DO07) and an upper data byte (D08—D15).
Rather than address line AQO, the external signals lower data
strobe (corresponding to the lower data byte) and upper data
strobe (corresponding to the upper data byte) are used to
access a byte within a data word.

Accordingly, any memory block for the MC68000 must be
made up of two identical blocks, one connected to the lower
data lines and activated by the lower data strobe LDS*, the
other connected to the upper data byte lines and activated
by the upper data strobe UDS*.

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS
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MVME101

FIGURE 1 — MVME101 Functional Block Diagram
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MVME101 Memory Array

An array of eight 28-pin sockets connected as four pairs
is provided on the module for user-supplied RAM or ROM.
These can be any JEDEC standard byte-wide static memory
in a 24- or 28-pin dual in-line package and of 2K, 4K, 8K,
16K or 32K size, of single +5.0 V operation, having high
impedance (MOS) inputs and three-state outputs and meet-
ing the timing requirements described in the MC68000 Mon-
oboard Microcomputer User's Manual, MVME101/D1.

Address Map Configuration
The module has address decoding logic which divides the

MODULE SERIAL
STATUS | | cLock DTACK BTO RESET
conTroL | |circurt| | GeNERaTOR | |counTter | | 'NTERRUPT HANDLER | |oipcyr COMMUNICATION
INTERFACE
REG. j
ABORT RESET | | semiaL | | sEmiAL
DISPLAY switcH | |switcH| | poRT1 | | PORT 2

16 megabyte address range of the MPU into high, middle
and low blocks, as shown in Figure 2. All accesses by the
MPU of the middle block, from 100000 to FO0000, are di-
rected off-board to the VMEbus. Accesses of the 000000 to
OFFFFF low range addresses and of the FO0000 to FFFFFF
high range addresses are decoded by a decoder PROM and
on-board device selection logic According to the internal
ROM program, high and low block accesses are directed to
global memory and memory-mapped devices, local 1/O de-
vices and the four local memory device socket pairs.

The decoder PROM, organized as 512 x 4 bits, divides the
two megabytes of high and low block addresses into 512 4K

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS
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FIGURE 2 — Address Map Configuration

MPU ADDRESS
([FFFx X x
FFEXXX
. : SELECTED DEVICE
HI BLOCK : : [ VME STANDARD ADDRESS |
. .
Fo1 XXX DECODER PROM
FooXXKX ADDR | DATA
e T 7 x X X —— 1FF F VME STANDARD ADDRESS
EFE X X X [— 1F e[ E »| VME SHORT /O ADDRESS
. . . . D
. L] Ll .
MID BLOCK : : : : ¢
: . : . B | NOT USED
. L] . . A
101 X X X p— »1 0 1] 9
100X X X 100 s LOCAL 110 DEVICES
o rFrrxxx o F F| 7 »| ROM IN SOCKET PAIR 4
0FE X X X »o F E| 6 »| ROM IN SOCKET PAIR 3
. . . . 5 »{ ROM IN SOCKET PAIR 2
. . . . 4 »{ ROM IN SOCKET PAIR 1
LosLook { : : PP ] o
. . . . 2 RAM IN SOCKET PAIR 3
001X X X 00 1| 1 RAM IN SOCKET PAIR 2
(Lo oo xxx 00 of o RAM IN SOCKET PAIR 1

byte segments. Use of this programmable device provides a
means of mapping local and global resources into separate
memory areas as required by an application. The monoboard
is shipped with the decoder PROM programmed to provide
the map organization shown in Table 1. Local I/O devices
and the module Control and Status Registers are mapped
by the PROM as shown in Table 2.

The PROM program and the MVME101 Debug Package
accommodate the requirement of the monoboard for ROM in
memory socket pair #4. ROM is required since, following
power up or reset, the MPU on the first four cycles fetches
the supervisor stack and program counter values from the
first eight locations of the memory socket pair #4 address
area. Note also that the RAM, in socket pair #1, required by
the debugger is reflected in the decoder PROM program map.

Local Memory Device Configuration

The module has four jumper headers which are used to
configure the module for use with the specific type and size
of memories installed in socket pairs one through four. An-
other header allows jumper selection of the proper timing for
the type of ROM devices used.

VMEbus ARBITER/REQUESTER

A system which permits multiple master-type modules to
share the data transfer bus must use a means of dealing in
an orderly manner with concurrent requests for use of the
bus. The VMEbus means is to use modules having bus re-
quest and/or bus arbitration capabilities and to designate one
master type module as the system controller. The MVME101

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS
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TABLE 1 — MVME101 Address Map

(As Shipped)
Address Contents Selected Devices
FFFFFF
: VMEbus Short I/0O Addresses Global 1/O-devices
FF0000
FEFFFF Global Memory
: VMEbus Standard Addresses or
FE1000 Memory-mapped Devices
FEOFFF )
On-board I/0 Registers .
: Local I/0O-devices
FE0000 (Only odd addresses used)
FDFFFF Global Memory
: VMEbus Standard Addresses or
F04000 Memory-mapped Devices
FO3FFF MVME101bug Debug Package 2 x 8K bytes Local ROM
: or in
F00000 User-provided Program Memory Socket Pair 4
EFFFFF
Global Memory
VMEbus Standard Addresses or
Memory-mapped Devices
003000
002FFF 2 x 2K bytes Local RAM
: User Program/Data in
002000 Memory Socket Pair 3
001FFF 2 x 2K bytes Local RAM
: User Program/Data in
001000 Memory Socket Pair 2
000FFF
: User Program/Data
000800
0007FF 2 x 2K bytes Local RAM
: MVME101bug Data/Stack in
000400 Memory Socket Pair 1
0003FF
: MPU Exception Vectors
000000

1-11
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TABLE 2 — /O Register Address Map
(As Shipped)
Device Address Mode Register
MCR FEOOF1 rw Module Control Register
MSR FEOOE1 rw Module Status Register
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
FEOOD7 read LSB buffer register
FEOOD7 write Timer #1 latches
FEOOD5 read Timer #1 counter
FEOOD5 write MSB buffer register
FEOOD3 read status register
FEOOD3 write control register #2
FEOOD1 read no operation
FEOOD1 write CR20 = 1: control register #1
FEOOD1 write CR20 = 0: control register #3
PIA FEOOC7 rw Section B control register
FEOOC5 r'w CRB-2 = 1: Section B peripheral register
FEO0C5 rw CRB-2 = 0: Section B data direction register
FEO0C3 r'w Section A control register
FEOOC1 r'w CRA-2 = 1: Section A peripheral register
FEOOC1 r'w CRA-2 = 0: Section A data direction register
PCI2 FEO0OB7 rw command register
FEO00BS r'w mode register #1 / mode register #2
FE00B3 read status register
FEO00B3 write SYN1 register / SYN2 register / DLE register
FE00B1 read receive holding register
FEO00B1 write transmit holding register
PCI FEOO0A7 r'w command register
FEOOA5 147 mode register #1 / mode register #2
FEOOA3 read status register
FEOOA3 write SYNT1 register / SYN2 register / DLE register
FEOOA1 read receive holding register
FEOOA1 write transmit holding register

module uses a programmable logic array to implement bus
requester and arbiter functions which comply with the bus
arbitration protocols of the VMEbus specification. Additional
circuitry is used to meet the VMEbus timing and driving
requirements.

BUS ARBITER
So that it can be used as the system controller in a VMEbus

system, the MVME101 module has an option ONE single
level arbiter which arbitrates requests on level 3. System
controller operation requires that the module be placed in slot
#1 of the VMEbus backplane to insure that the module is
firstin the daisy chain arbitration structure and has, therefore,
the highest priority. The module also has a header from which
a jumper is removed to disable the arbiter when the module
is used at a lower priority in a multi-processor system.

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS
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BUS REQUESTER

The module has a type ROR (release on request) bus
requester so that the module can be used in systems where
maximum data transfer rate is essential. The requester mon-
itors all four bus request lines and releases the VMEbus
signal BBSY* only when another bus request is pending. This
operation reduces the number of arbitrations required of a
bus master.

Two means of requesting the VMEbus are provided by the
module:

e the ROR mode in which the bus i1s automatically re-
quested when the MPU starts either a VMEbus data
transfer cycle or interrupt vector fetch and

® under program control by setting the Bus Block Transfer
Request (BBTR) control register bit.

The latter method protects routines against interruption by
other bus requests. With BBTR set, VMEbus is never re-
leased except when the module Is used in a multilevel ar-
bitration system. Then a higher level request causes the mod-
ule arbiter to assert BCLR* resulting in a maskable auto
vector interrupt request at the MPU providing the option of
clearing BBTR under control of an interrupt service routine.
To control idle state time in the software transparent ROR
mode, the 128 microsecond Bus Request Time Out counter
can be activated by setting an appropriate control bit in the
module control register.

The module has two headers for jumper determination of
the prionity level at which the requester will operate. One
allows connection of the module’s bus request out signal to
the VMEDbus signal line of appropriate priority level. The other
allows:

® connection of the VMEbus bus grant in line of the ap-
propriate level to the bus requester,

® connection of the requester bus grant out signal to the
appropriate VMEbus line

® connection of unused VMEbus bus grant input to bus
grant output lines for propagation of these signals to the
system modules having bus requesters of those levels.

VMEbus INTERFACE

VMEDbus i1s characterized by the asynchronous bidirectional
operation required for complex, high performance systems.
The VMEbus interface on MVME101 supports operation in
a multiprocessor system and the full 16 megabyte address
range of the MC68000 MPU. Access to the backplane ad-
dress, data and control lines is provided by the triple row, 96-
pin VMEbus connector at the upper rear of the module. Pin
assignments, connector physical characteristics and VMEbus
signal and timing requirements are fully described in the
VMEbus specification manual — MVMEBS/D1.

On the module, logic independent of the MPU generates
the signal handshaking and timing required by the VMEbus
data transfer protocol. Of the 14 address modifier codes de-
fined by the VMEbus specification, a subset of six is sup-
ported by the module. These are listed in Table 3. Note that
address modifier ines 3 and 5 are not driven by the interface
logic but are kept in the high state by terminating resistors
on the backplane

Bus Supervision Counters

The module has two counters for supervising VMEbus ac-
cesses: the Bus Request Timeout Counter (BRTO) and the
Data Transfer Timeout Counter (DTTO). Each can inde-
pendently be enabled and disabled under software control
by setting in the control register the bit corresponding to that
counter.

If bit 6 in the control register i1s set at the tme the MPU
accesses an off-board location, the BRTO counter starts.
After 128 microseconds, if the bus is not yet available bit 6
in the status register is set and the signal Bus Error is as-
serted.

If bit 7 in the control register is set at the ime the MPU
asserts a data strobe at the beginning of an off-board data
transfer cycle, the DTTO counter starts. After 8 microse-
conds, If the data transfer Is not yet acknowledged bit 7 in
the status register is set and the signal Bus Error is asserted

Operating Mode Control
The module has a header for jumper connection to the
arbiter of the VMEbus system control signals required for

TABLE 3 — Address Modifier Codes

AM Address Modifier
Code 5 4 3 2 1 0 Function
3E 1 1 1 1 1 0 standard supervisory program access
3D 11 1 1 0 1 standard supervisory data access
3A 11 1 0 1 0 standard non-privileged program access
39 i1 1 0 0 1 standard non-privileged data access
2D 1 0 1 1 0 1 short supervisory I/0 data access
29 1 0 1 0 0 1 short non-privileged 1/O data access
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operating in the system controller configuration or in the stan-
dard non-controller configuration. Included are the output
signal SYSCLK, the bidirectional signal SYSFAIL*, and the
RESET" input and output signals. When the module I1s op-
erated In the isolated mode, none of these signals is con-
nected.

Reset and Hait Functions

System and local reset can be performed by either the
power up reset circuitry or the reset switch. Local reset and
system halt can be executed by the MPU. Connection or not

to VMEbus of the signals SYSFAIL* and SYSRESET" re-
quired for operating in a particular mode is accomplished by
jumper in the mode configuration header.

INTERRUPT HANDLER

The module interrupt handler circuitry manages all interrupt
requests of local and system origin. It determines the pending
interrupt request of highest priority and asserts a correspond-
ing code on the three MPU interrupt priority lines. The module
has two headers for jumper determination of which of the

TABLE 4 — Connector P2 Pin Assignments and Signal Descriptions

Pin Signal
Number Mnemonic Description
Row A Pins
1 through 32 GND System Ground
Row C Pins
1 +50V Supply
2 CcB2 PIA Peripheral Control, Side B
3 CB1 PIA Interrupt Control, Side B
4 PB7 PIA Peripheral Data, Side B
5 PB6 PIA Peripheral Data, Side B
6 PBS PIA Peripheral Data, Side B
7 PB4 PIA Peripheral Data, Side B
8 PB3 PIA Peripheral Data, Side B
9 PB2 PIA Peripheral Data, Side B
10 PB1 PIA Peripheral Data, Side B
11 PBO PIA Peripheral Data, Side B
12 PA7 PIA Peripheral Data, Side A
13 PA6 PIA Peripheral Data, Side A
14 PAS PIA Peripheral Data, Side A
15 PA4 PIA Peripheral Data, Side A
16 PA3 PIA Peripheral Data, Side A
17 PA2 PIA Peripheral Data, Side A
18 PA1 PIA Peripheral Data, Side A
19 PAO PIA Peripheral Data, Side A
20 CA2 PIA Peripheral Control, Side A
21 CA1 PIA Peripheral Interrupt, Side A
22 +5.0V Supply
23 c3* PTM Clock Input 3
24 03 PTM Output 3
25 G3* PTM Gate Input 3
26 c2* PTM Clock Input 2
27 02 PTM Output 2
28 G2* PTM Gate Input 2
29 c1* PTM Clock Input 1
30 o1 PTM Output 1
31 G1* PTM Gate Input 1
32 +5.0V Supply
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seven VMEbus interrupt lines, which of the four local I/O
devices or which of the two VMEbus signals BCLR* and
SYSFAIL* are used as user vector and auto vector interrupt
request sources by the MPU. The non-maskable, auto vec-
tored interrupt level 7 1s not available but is reserved for
software abort and ac power failure.

CONTROL REGISTER

The module control register is an 8-bit read/write register
which resides in the local /O segment of the memory map.
Bits in the register can be set/cleared to control the module
hexadecimal display, the SYSFAIL" signal output, the block
transfer request, the bus request timeout counter and data
transfer timeout counter.

STATUS REGISTER

The module status register is an 8-bit read/write register
which resides In the local /O segment of the memory map.
Bits in the register indicate the current level of the VMEbus
signals ACFAIL*, SYSFAIL*, ABORT*, BCLR*, BAV*, the lo-
cal signal PCI{RXD* and whether or not a bus request ti-
meout or a data transfer timeout has occurred.

VMEbus CONNECTOR P1

The electrical and mechanical characteristics of VMEbus
connector P1 are fully described in the VMEbus Specification
Manual MVMEBS/D1.

PERIPHERAL INPUT/OUTPUT CONNECTOR P2

Peripheral Connector P2 is a DIN 41612 connector with
64 pins (rows a & c) installed. Pin assignments and signal
descriptions for Connector P2 are given in Table 4.

COMMUNICATIONS INTERFACES

Interfaces for both serial and parallel communications are
provided on the module. An externally accessible triple pro-
grammable timer module is also provided. The two senal
ports are accessible via two 25-pin connectors on the front
panel. The programmable timer module and the parallel port
are accessible via a rear panel connector, P2.

Serial Ports

The serial communication capability of MVME101 is de-
rived from two MC68661C Enhanced Programmable Com-
munication Interface devices. These devices support several
synchronous or asynchronous protocols in full or half duplex
mode, provide software selectable baud rates ranging from
50 to 19200 baud. On MVME101, both ports are RS-232C
compatible and may, by jumper, be configured as data set
or data terminal. Prior to beginning serial data communica-
tions, the MC68661C registers must be loaded with a set of

mode and command bytes as described in the device data
sheet.

Parallel Port

A universal means of interfacing peripheral equipment to
the module is provided by a MC6821 Peripheral Interface
Adapter (PIA). This device has two 8-bit bidirectional periph-
eral data buses and four control lines providing a general
parallel communications capability for the control of various
penpherals. Each of the peripheral data lines can be pro-
grammed as an input or output and each of the four control/
interrupt lines can be programmed for operation in one of the
several modes. The module has a header in which, to es-
tablish interrupt priorities, PIA interrupt output lines can be
jumper connected to the desired autovectored interrupt re-
quest lines.

Programmable Timer Module

A generally useful timing function is provided by a MC6840
Programmable Timer Module (PTM) which contains three
cascadable, 16-bit binary counters, three corresponding con-
trol registers and a status register. The module has a header
for jumper configuration of the PTM inputs and outputs to
obtain various modes of operation. The PTM can be pro-
grammed to generate module interrupts and/or output signals
such as square waves, gated delay signals and signal pulses
of controlled or modulated duration for use in event counting
and interval or frequency measurement.

Software/Firmware Support

Motorola provides standard software packages to support
VMEmodule Monoboard Microcomputers within the cate-
gones of Real-Time Executives and operating systems, and
Debuggers/Loaders. The principal features of these software
products are as follows:

RMS68K— Real-Time Multitasking System Software
o Memory Resident (ROMable)

® Physical (Channel) I/O

® Multitask Dynamic Scheduling

® Software and Hardware Interrupt Processing

® High Speed Interrupt Response

® Intertask Communication and Task Synchronization

® Dynamic Allocation and Management of RAM

e User Trap Handling

e Exception Processing

e Time Delay, Periodic Task Activation, Time-Of-Day

o Easy Addition Of User-Written Device Drivers

o Upward Compatible To Real-Time Disk Operating System
® Compatible with EXORmacs System Software

® Customization via SYSGEN
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VERSAdos — Real-Time Disk Operating System

® Provides All Real-Time Multitasking Software Features of
RMS68K

Device Independent I/0 and Logical I/0

Wait and Proceed I/0

Standard Device Drivers

Multi-Level File Directories

Shared File Access

Dynamic or Contiguous File Space Allocation

Random, Sequential, and Indexed Sequential File Access

VME101bug — Debug/Monitor/Loader Firmware
® |nitialization

® Display/Change Memory

® Display/Change Registers

® Set and Clear Breakpoints

Block Initialize

Block Move

Search for a (masked) Value

Trace with Optional Instruction Count
® Downline/Upline Load

® Single-line Assembler/Disassembler

Hardware/Software Development Support

The recommended vehicles for developing 16/32-bit mi-
crocomputer systems based on a VMEmodule Monoboard
Microcomputer are the EXORmacs MC68000 Development
System and the VME/10 Microcomputer System in either the
VERSAdos Real Time Operating System or SYSTEM V/68
Operating System environment. Both operating systems offer
a complete set of high performance software development
tools. Both support Motorola’s 16/32-bit hardware emulators
and bus state analyzer used for hardware/software integra-
tion and debugging in the target system.

Mechanical and Environmental Specifications

Characteristics

Specifications

Power Requirements

+5.0 Vdc at 180 mAdc (typ)

Temperature
Operating
Storage

0°C to +70°C
—55°C to +85°C

Relative Humidity

0 to 95% (non-condensing)

Physical Characteristics
PC Board only
Height
Depth
Thickness
PC Board & Front Panel
Height
Depth
Thickness
PC Board Form Factor

9.2 in. (234 mm)
6.3 in. (160 mm)
0.63 1n. (16 mm)

10.3 in. (262 mm)

7.4 in. (188 mm)

0.8 in. (20.3 mm)
Double High Eurocard

Ordering Information

MVME101

bus arbitration.

VMEmodule Monoboard Microcomputer with the MC68000L8 MPU, two serial ports
and two parallel I/O ports. Includes eight sockets for 2K to 32K-byte RAM/ROM
devices, 16 bi-directional parallel /O lines, three off-board-accessible programmable
16-bit counter/timers, hexadecimal LED status display and seven interrupt levels with

MVME101/D1

VMEmodule Monoboard Microcomputer User's Manual
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Debugging Packages

for the MVME101
Monoboard
Microcomputer

101bug Resident Package

® EPROM Resident System Debug Monitor

® 30 Powerful Commands

® Single-line Assembler/Disassembler for convenient Pro-
gram Monitoring

® Full Speed Execution of System and User-Developed Pro-
grams Operating in the VMEmodule Monoboard Micro-
computer System

® Virtual Terminal Capability for Up/Downline Load from an
EXORmacs Development System or from any Host
Computer

® Command Set Allows Access to all VMEmodule I/0, Con-
trol and Memory Facilities Plus the Full 16 Mbyte Direct
Address Range of the VMEbus

® Includes Disk Controller Initialization and Disk I/0 com-
mands for the MVME315 Intelligent Floppy Controller/
SASI Interface

® Includes Boot Facilities for Loading the VERSAdos O.S.
and for Dumping VMEbus System RAM Contents to
Disk.

® Includes all Required Installation and Operation Docu-
mentation

101bug Source and Relocatable Object Module

Package

® Source and Relocatable Object Modules for 101bug on
Diskette or Cartridge Disk

® Relocatable Object Modules Allow Users to Include Only
the 101bug ltems Needed in Their End System

® Source Modules Allow User Modification of 101bug as
Desired

ADVANCE INFORMATION

MVME101BUG

MVME101BUGLF
MVME101BUGLC

The MVME101 Monoboard Microcomputer debug pack-
age, 101bug, is available as two separate product offerings.
101bug is an EPROM-based resident package ready for in-
stallation and immediate use with the MVME101 Monoboard
Microcomputer installed in a VMEbus backplane. Such a
backplane is provided within Motorola’s MVMES00 Series
Chassis. 101bug Source and Relocatable Object Modules
are a separate product available on either VERSAdos com-
patible floppy disk or cartridge.

101bug provides a powerful evaluation and system de-
bugging tool for VMEmodule Systems. The EPROM Resident
Package will operate in 32K bytes of ROM space. 101bug
uses the first 4K bytes of RAM storage for Interrupt vectors
and temporary storage. The EPROM resident package is
delivered in two 16K byte EPROMs. Table 1 lists the com-
mands available to the user.

The package permits execution of system and user-
developed programs operated in a MVME101 Monoboard
Microcomputer system environment under complete operator
control. 101bug may be utilized with a Monoboard Micro-
computer in a standalone environment with only a user pro-
vided standard RS-232C asynchronous ASCI! terminal. Al-
ternately, it may be used with the second serial I/O port of
the MVME101 connected to a host computer for up/downline
loading of programs in Motorola “S” Record format. When
connected to a host computer in this manner, the MVME101/
101bug combination appears as a virtual terminal to the host
operating system.

MVME101bug also provides program and operating sys-
tem downloading facilities from floppy or hard disk into the
VMEbus system RAM through the MVME315 Intelligent
Floppy Controller/SASI Interface.

After loading, 101bug commands may be used to examine
and modify memory, set breakpoints to run particular program
segments, and track program progress. The user may set up
and examine a variety of conditions using any of the powerful
commands listed in Table 1, such as the Register Display/
Set series and the memory block manipulation commands.
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The Data Conversion command serves as an aid in exam-
ining and modifying data by converting hexadecimal to dec-
imal, and decimal to hexadecimal. If corrections or program
patches are required, these may be performed and checked
in the VMEmodule. The user may send a corrected copy to
the host computer files by using the Memory Dump command
for upline load. Alternatively, memory contents can be saved
on floppy or hard disk via the MVME315 Intelligent Floppy
Controller/SASI Interface. Creating program patches may be
aided by use of the Display Offsets command to assist with
relocatable and position-independent code. The user may
also copy all traffic to the serial port debug terminal on a
printer attached to the MVME101 paraliel port by use of the
Attach Printer command. This may be useful for disk debug-
ging following a debug session.

The user may communicate with the host computer as a
terminal for purposes other than up/downline load by exe-
cuting the Transparent Mode command. By using the Port
Format command, the serial port may be reconfigured for
such attributes as baud rate, stop bits and number of data
bits.

Bootstrap load and dump commands permit the user to
bootstrap from several device combinations through the
MVME315 Intelligent Floppy Controller/SASI Interface. The
drives currently supported are the 5%" Winchester and the
5v4" Floppy and/or 8" Floppy. The Boot Dump command per-
mits the user to write complete memory contents to a diskette/
disk in bootstrap load format for subsequent use in boot load-
ing. The IOT command permits the user to create the floppy/
hard disk format required.

101bug may be used for debug in system environments
which include the MVME101 Monoboard Microcomputer,
other Motorola VMEmodules and user-developed VMEbus
compatible modules.

The Source and Relocatable Object Module Packages pro-
vide users with the information to link 101bug into their spe-
cific systems in either modified or unmodified form. The Re-
locatable Object Modules are designed to permit creation of
a load module with or without the “S” Record up/downline
loader.

Source Modules permit the user to modify or customize
any of the 101bug functions as desired.

TABLE 1 — 101bug Commands

Command

Description

MD <addr>[<count>]
MM <address>[;<opts>]
MS <address><data. . .>

Memory Display/Disassembly
Memory Modify/Disassembly/Assembly
Memory Set

A
A0 — .A7 [<expression>]
D
.D0 - .D7 [<expression>]
.PC [<expression>]
SR [<expression>]
S8 [<expression>]
.Us [<expression>]
DF

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 Supervisor Stack Pointer
Display/Set User Stack Pointer
Display Formatted Registers (All)

BF <address1><address2><word>
BM <address1><address2><address3>

Block Fill (with 16-bit data word) Memory
Block Move

BS <address1><address2><data>[<mask>][;<opts>]

Block of Memory Search

Bl <address1><address2>
BT <address1><address2>

Block Initialize
Block Test of Memory

DC <expression>

Data Conversion

OF
.RO - .R6 [<expression>]

Display Offsets
Display/Set Relative Offset Register
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MVME101BUGLF
MVME101BUGLC
TABLE 1 — 101bug Commands (continued)
Command Description

BR [<address>[;<count>]]
NOBR [<address><address>. . .]
GO <address>]

GT <breakpoint address>

GD [<address>]

TR [<count>]
TT <breakpoint address>

Breakpoint Set (up to 8)
Breakpoint Remove (any or all)
Execute Program
Go Until Breakpoint (sets temporary breakpoint)
Go Direct (No Breakpoint or Track Set, and
no Exception Vector Changes)
Trace (set for number of instructions)
Trace to Temporary Breakpoint

PA
NOPA

Printer Attach (Print as well as display)
Reset Printer Attach

PF [<port number>]
TM [<exit character>]

Port Format (set Serial Port Attributes)
Transparent Mode (Two serial ports
transparently connected)

HE

HELP (Display VMEbug commands)

DU <address1><address2><text. . .>
LO [;<opts>] [=text]
VE [=text]

Dump (“S” Record Upline load)
Load (“S” Record Downline load)
Verify (“S” Record Downline load verify)

BD [<device>] [,<controller>]

BH [<device>] [,<controller>]

BO [<device>] [,<controller>] [,<string>]
10P

10T

Boot Dump

Boot Halt

Boot Operating System
Disk 1/0 Physical

Disk I/O “Teach”

(BREAK)
(DEL)
(CTRL-D)
(CTRL-H)
(CTRL-W)
(CTRL-X)
(cr)

Command Line Edit and Control Functions:

Abort Command
Delete Character
Redisplay Line

Delete Character
Suspend Output*
Cancel Command Line
Send Line to Memory

*When (CTRL-W) 1s used, the user can cause the output display to continue by entering any character.

Ordering Information

Part Number Description

MVME101BUG 101bug, the MVME101 Monoboard Microcomputer System Debug Package,
includes EPROM set* and User’'s Manual.

MVME101BUGLF Source and Relocatable Object Modules for the 101bug system on VERSAdos
Diskette for the EXORmacs Development System.* Includes User's Manual.

MVME101BUGLC Source and Relocatable Object Modules for the 101bug system on VERSAdos
Cartridge Disk for the EXORmacs Development System.* Includes User's Manual.

MVME101BUG/D2 MVME101bug Debugging Packages User's Manual

*The MVME101BUG EPROM set Is copyrighted by Motorola and may be copied only under prior written agreement from Motorola. MVME101BUGLF and

MVME101BUGLC Sources are copyrighted and licensed by Motorola They may be obtained only under the reg; license

with

g
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Monoboard
Microcomputer

High-Performance 16-Bit Monoboard Microcomputer
MC68000 16-bit MPU

— 16 32-Bit Data, Address and Stack Registers

— 14 Addressing Modes

— 16 Megabyte Direct Addressing Range

— Memory Mapped /0

— 56 Powerful Instruction Types

— Operations on Five Data Types Including Bit, Byte,
Word, Long Word and BCD

— Provides Interlock Instruction for Multiprocessor Systems

— 256 Muitilevel Vectored Interrupts Including Internal
Exceptions, Traps and External Interrupts

— Architecturally Optimized for Efficient Support of High-
Level Languages

VMEbus Compatibility with Bus Arbitration Logic
Double Eurocard Form Factor
— Incorporating High-reliability Pin/Plug Type Connectors

® 8 MHz Version Available, Customer Upgradeable to 10
MHz

RS-232C Serial Port Configured as DCE, may be Con-
nected to DTE for Debugging

® 1/0 Channel Support for Off-board Serial, Parallel /O and
A/D, D/A, AC and DC Switching and Mass Storage
Functions

® Eight 28-Pin Sockets for User Provided 2, 4, 8, 16, 32K
x 8 ROM/PROM/EPROM or 2, 4, 8K x 8 RAM Devices

® Zero Wait State Operation at 8 MHz With 150 ns or Faster
Static on Board RAMs

e Upto 7 Levels of Interrupt Priority May Be Jumper Selected

e Three 16-Bit, Cascadable Programmable Timer/Counters,
Jumper Selectable MPU E Clock or Baud Rate Clock Input

® VMEbus Requester and Interrupt Support
e Pushbutton RESET and ABORT Controls
o FAIL, HALT, and RUN LED Status Displays
® 0°C-70°C Operating Temperature Range

MVME110-1

FUNCTIONAL DESCRIPTION

The VMEmodule Monoboard Microcomputer is a high per-
formance processing module, designed to function as a
standalone microcomputer, as a single CPU/controller in a
VMEDbus system, or as a single CPU element in a multipro-
cessor VMEbus configuration. This module features Moto-
rola’s MC68000 16-bit microprocessor with a total address
range of 16 megabytes. Sockets are provided to accom-
modate up to 256K bytes of user-supplied memory. Full sup-
port is provided for the Motorola I/0O Channel which provides
access to a large variety of peripheral and industrial I/O func-
tions. An on-board serial communications port is also included.

The MVME110-1 Monoboard Microcomputer in combina-
tion with the VMEmodule chassis, VMEmodule accessory
cards, /0 Channel accessory cards and VERSAdos Real
Time Multitasking Disk Operating System provides a com-
plete design environment that frees the system designer to
develop the unique software/firmware required for the appli-
cation. Figure 1 diagrams the major functional components
of the MVME110-1 Monoboard Microcomputer.

LOCAL MEMORY

Sockets are provided for use of 28-pin 8K, 16K, and 32K
byte ROM/PROM/EPROM and RAM devices. A jumper
header is provided so that compatible 24-pin 2K, 4K, and 8K
byte devices may optionally be used. Another header facili-
tates jumper selection of operation with memory devices of
various access times.

Local on-board RAM is not accessible from the VMEbus
interface and, under program control, local RAM can be write
protected against a program executing in the MC68000 user
state. Any number of 2K byte blocks in the ranges 000000
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through 03FFFF and FO0000 through F3FFFF can be con-
figured for software-controlled write protection by reprogram-
ming the VME110-1 map decoder PROM.

LOCAL BUS

The VME110 employs a Motorola MC68000 16-bit micro-
processor operating at 8 MHz. To allow full speed processing
while another VMEbus master is operating, a local bus is
used to interconnect the MPU with ROM, RAM, the senal
I/O port, the 1/0O channel, the Programmer Timer Module
(PTM) and the VME 110 status and control registers. A header
is also provided to allow jumper enabling of a local bus time-
out counter that generates a bus error signal for any cycle
not completed within 200 us.

SERIAL PORT

An RS-232C serial port is provided to facilitate downloading
of programs and use of a terminal. This front-accessible port
is implemented as Data Circuit-Terminating Equipment (DCE)
and may be connected to a Data Terminal Equipment (DTE)
device for use in debugging.

PROGRAMMABLE TIMER/COUNTER

For implementing various interrupts and interval timers, an
MC6840 programmable timer module provides three inde-
pendent cascadable 16-bit counters. Input to one counter
may be jumper connected to the MPU E clock or baud rate
clock. Two counters and an enable/disable bit in the Module
Control Register (MCR) may be used to implement a watch-
dog timer for resetting the VME110 or external system if the
processor fails to service an interrupt within a specified in-
terval. This feature can be used to protect hardware and
software and facilitate recovery from fault conditions.

STATUS MONITORING AND CONTROL

Push buttons are provided for the functions of RESET and
ABORT. These buttons may be disabled by the user, after
system development, if the board is to be used in a critical
application. LED status lights are provided to indicate RUN,
HALT, and FAIL status of the board. FAIL indication may be
due to system failure, or to an error detected in a user-
supplied power-on self-test routine.

FIGURE 1 — Block Diagram
VMEmodule Monoboard Microcomputer

n £ by
RS-232C S 52
o) [ N s B WaWa) ﬁl
U MODULE LIJ u
CONTROL &
STATUS RESET | ABORT
ACIA PT™ REGISTERS | T T
TE 9t Tt l
> RESET/HALT/FAIL
DTACK LOGIC
GENERATOR
8 28-PIN
ROM/RAM
SOCKETS MC68000 MPU
MAP
DECODER
5 ARBITER
1/O CHANNEL <::> INTERRUPT C___O . VMEbus
INTERFACE HANDLER INTERFACE
1/0 CHANNEL

(I
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VMEbus INTERFACE

VMEbus is characterized by the asynchronous bidirectional
operation required for complex, high-performance systems.
The VMEbus interface provided on the VME110 module sup-
ports direct memory access (DMA), multiprocessor operation
and the full 16 megabyte address range of the MC68000
MPU. Designs requiring an expanded microcomputer func-
tion can utilize the VMEbus interface to add other resources
such as RAM and intelligent I1/O controllers. Pins for all
VMEbus address, data and control lines are provided in the
triple row, 96-pin VMEbus connector P1.

DATA TRANSFER BUS ARBITRATION

Each VME110 module contains the requester logic re-
quired to request and acknowledge mastership of the data
transfer bus (DTB) on any one of four priority levels (bus
request lines). In a multi-master system, one VME 110 module
is configured as system controller and performs single level
arbitration for all DTB masters on bus request level three
only. On any level when a request is received and the bus
is not busy, the arbiter issues a bus grant via the bus grant
daisy chain and waits for the grantee to activate bus busy.
The cycle is then completed by the arbiter deactivating bus
grant in.

DTB REQUEST/RELEASE

Programmed access by a VME110 module to an off-board
VMEDbus resource is obtained by a request being placed on
bus request line corresponding to the level selected by strap
on the requesting module. When the DTB is no longer busy,
the bus arbiter grants mastership to the requester via the bus
grant daisy chain. After using the bus, a VME110 requester
releases the bus according to the mode determined by the
bus release bits in its own module control register.

INTERRUPT HANDLER

The VME110 can respond to seven levels of prioritized
interrupts. This capability is used to accommodate two distinct
groups of seven interrupts each: interrupts incoming over the
VMEbus interrupt lines IRQ1* through IRQ7* and local in-
terrupt requests. For the latter group, the MPU’s auto vector
feature is used to obtain service for interrupts from local
sources such as the Asynchronous Communications Inter-
face Adapter (ACIA) and the Programmable Timer Module
(PTM), for the SYSFAIL signal and for the /O Channel in-
terface. Four interrupt levels are assigned to the I/0O Channel.

Vectors for IRQn* signals are read from the DTB during an
interrupt acknowledge. In this cycle after gaining bus master-
ship, the VME110 places on the lower three address lines
the interrupt level to be acknowledged and activates IACK*
and the appropriate strobe signals. The interrupting device
then places the interrupt vector on the lower data byte lines

and acknowledges the data transfer. The vector is then used
as a pointer to the MPU exception vector table.

/0 CHANNEL

The Motorola I/O Channel is specifically designed to pro-
vide efficient low-cost distributed communications to periph-
eral and /O controller boards. It provides a 12-bit address
bus, and an 8-bit bidirectional data bus, and supports asyn-
chronous operation at data rates up to 2 megabytes/sec. For
those modules performing time-critical operations, four prior-
itized interrupt lines are also provided. The I/O Channel is
designed to operate over either a backplane, or a ribbon
cable up to 12 feet in length.

Available I/0O Channel modules include:
® MVME400 Dual Channel RS-232C Serial Port (Synchro-

nous/Asynchronous)

MVME410 Dual Channel 16-bit Parallel Port (Centronics
compatible)

® MVME420 SASI Peripheral Adapter
e MVMEG600,605 Analog Input and Output

e MVME610, 615, 616 Opto Isolated 120V/240V Input and
Output

o MVME620, 625 Opto Isolated 30 Vdc Input and Output
o M68RWIN1 Winchester Disk Controller Module

M68RAD1 Remote Intelligent Analog-to-Digital Conver-
sion Module

M68RIO1 Remote Input/Output Module

MEMORY MAPPED 110

The memory map for the MVME110-1 Monoboard Micro-
computer is shown in Figure 2.

SOFTWARE/FIRMWARE SUPPORT

Motorola provides software packages to support the
VMEmodule Monoboard Microcomputer, within the cate-
gories of Real-Time Executives and Operating Systems, and
Debuggers/Loaders. The principal features of these software
products are as follows:

RMS68K — Real-Time Multitasking System Software
® Memory-Resident (ROMable)

® Physical (Channel) I/O

® Multitask Dynamic Scheduling

® Software and Hardware Interrupt Processing

o High-Speed Interrupt Response

@ Intertask Communication and Task Synchronization
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FIGURE 2 — MVME110-1 Memory Map

<-UPPER BYTE-> <-LOWER BYTE->
D15 D8 D7 DO
FFFFFE FFFFFF
VME SHORT /O ADDRESS
FF0000 FFO001
FEFFFE FEFFFF
FEB032 / FE8033
MODULE
FE8030 STATUS REGISTER FEB031
FES02E FE802F
FE8022 /| Fesos
MODULE
FE8020 CONTROL REGISTER | FE8021
FESO1E FE801F
FES010 PT™ FEBO11
FES00E FEBOOF
FE8004 / FE8005
FE8002 FE8003
FE000 ACIA FEBOO1
FE7FFE FE7FFF
1/0 CHANNEL
FE6000 FE6001
FESFFE FESFFF
FE0000 / FE0001
FDFFFE FDFFFF
VME
F40000 F40001
F3FFFE HI BLOCK F3FFFF
LOCAL MEMORY OR VME
F00000 (SELECTABLE ON 2K-BYTE BOUNDARIES) F00001
EFFFFE EFFFFF
VME
040000 040001
03FFFF LO BLOCK 03FFFF
LOCAL MEMORY OR VME
000000 (SELECTABLE ON 2K-BYTE BOUNDARIES) 000001

NOTES:
Shaded portions indicate redundant I/O addresses and should not be accessed. The initial addresses for the SSP and the PC are obtained
from the first four word locations of the ROM installed in socket pair 1.
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Dynamic Allocation and Management of RAM

User Trap Handling

Exception Processing

Time Delay, Periodic Task Activation, Time-Of-Day

Easy Addition of User-Wntten Device Drivers

Upward Compatible to Real-Time Disk Operating System
Compatible with EXORmacs System Software
Customization via SYSGEN

VERSAdos — Real-Time Disk Operating System

® Provides all Real-Time Multitasking Software Features of
RMS68K

Device Independent I/O and Logical /O

Wait and Proceed Mode I/0

Standard Device Drivers

Multi-Level File Directories

Shared File Access

Dynamic or Contiguous File Space Allocation

Random, Sequential, and Indexed Sequential File Access

VMEbug — Debug/Monitor/Loader Firmware
Initialization

Display/Change Memory
Display/Change Registers

Set and Clear Breakpoints

Block Initialize

Block Move

Search for a (Masked) Value

TRACE with optional instruction count
Downline/Upline Load

Single-line Assembler/Disassembler

Boot routine for M6BRWIN1 (Winchester Controller) and
MVME420 (SASI Peripheral Adapter)

HARDWARE/SOFTWARE
DEVELOPMENT SUPPORT

For development of VMEbus applications utilizing any Mo-
torola 16-bit or 8-bit MPU/CPU chips, the recommended de-
velopment system is the VME/10 Microcomputer System.
VME/10 is a 5-1/4" floppy disk and 5-1/4” Winchester-based
system designed around the MC68010 16/32-bit Micropro-
cessor Unit and the MC68451 Memory Management Unit.
VME/10 provides an I/O Channel interface, offers /O Channel
and VMEbus card cages, and can host all Motorola family
hardware development tools. These include: the HDS-400
for M68000 Family 16/32-bit emulation, the HDS-200 for
M6800 family emulation, and the Bus State Analyzer for logic
analysis.

The VME/10 incorporates the real-time, multitasking
operating system VERSAdos, an MC68000 family macro
assembler, a symbolic debugger and a diagnostic/bootstrap
monitor and offers advanced software development tools.
These include a Pascal compiler with a fast floating point
option, a Fortran compiler and CRT and linkage editors. The
UNIDOS Operating System package is also available for
VME/10.

For multiuser development of VMEbus applications based
on the MC68000, the EXORmacs Development System 1s
recommended. Since EXORmacs also supports VERSAdos,
it can utilize the same hardware and software development
tools as VME/10. Application programs designed to operate
under VERSAdos may easily be developed and checked out
in the EXORmacs environment, then downloaded into the
VMEbus target system for final debug.

SYSTEM EXPANSION

VMEmodules designed for use with MVME110-1 include:
® 64K and 256K byte DRAM Modules

® 16-socket RAM/ROM/EPROM Module

o |EEE-488 Listener/Talker/Controller Modules

1/0 Channel modules in single high EUROCARD format
for use with MVME110-1 module include:

® Dual Port, Synchronous/Asynchronous Serial Module

® Dual Port Parallel (Centronics compatible) Module

® SASI Peripheral Adapter (interface for 8” or 5-1/4” disks)
o Buffered 9-Track Magnetic Tape Adapter

® Multichannel, 12-bit A/D Module

©® Multichannel, 12-bit D/A Module

©® Opto Isolated ac 1/0 Module

® Opto Isolated dc I/O Module

1/0 Channel modules in non-EUROCARD format include:

® Remote, Intelligent A/D Module

® Remote, 16-socket, Solid State Relay (Opto-22 type)
Module

o Winchester Disk Controller Module — Hard and Floppy 8”
and 5%4" Disks
Packaging and Accessories

® 5-, 9-, and 20-Slot Backplanes
® 20-Slot Card Cage

® 40 Amps at 5 Vdc Power Supply with Optional Power
Monitor

® Single (30) and Double (60) Wirewrap and Extender Cards

® Adapter to front mount /O Channel to 50-pin ribbon
connector
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SPECIFICATIONS
General specifications for the VME110 are as listed:

TABLE 1 — VME110 Specifications

Characteristic Specification
Power requirements +5 Vdc (£5%), 2.1 A (typical), 2.4 A (max.)
(with all eight sockets unpopulated) +12 Vdc (=5%), 25 mA (typical), 50 mA (max.)
—12 Vdc (=5%), 25 mA (typical), 50 mA (max.)
(see NOTE)
Power requirements +5 Vdc (£5%), 2.6 A (typical), 3.0 A (max.)
(with all eight sockets populated) +12 Vdc (£5%), 25 mA (typical), 50 mA (max.)
—12 Vdc (=5%), 25 mA (typical), 50 mA (max.)
(see NOTE)
Temperature
Operating 0°-70°C
Storage —55°to +85°C
Relative Humidity 0% to 90% (non-condensing)
Physical Characteristics Double-high VME board
Height 9.2 in. (234 mm)
Depth 6.3 in. (160 mm)
Thickness .662 in. (16.77 mm)

NOTE: The currents at +12 Vdc and — 12 Vdc are specified for the MVME110 module with the serial port connectors open.
The actual required values depend on the load of the RS-232C port. All serial port outputs are current-limited to sink
or source 12 mA (max.) each.

TABLE 2 — RS-232C Serial Port Connector J15 Pin Assignments and Signal Descriptions

Signal
Pin Number Mnemonic Signal Name and Description
1, 4, 9-19, 21-25 (Reserved) Not connected.
2 TXD TRANSMIT DATA — Transmit data from terminal. This signal is
connected to the ACIA receive data input.
3 RXD RECEIVE DATA — Receive data to terminal. This signal is
connected to the ACIA transmit data output.
5 CTS CLEAR TO SEND — Indicates terminal may send data. This signal is
controlled by the ACIA RTS output. .
6 DSR DATA SET READY — Indicates to terminal that port is ready. When
power is applied, this signal is true.
7 GND SIGNAL GROUND
8 DCD DTA CARRIER DETECT — Indicates to terminal that data carrier is
present. When power is applied, this signal is true.
20 DTR DATA TERMINAL READY — Indicates to port that terminal is ready.
This signal is connected to the ACIA CTS input and must be true for
the ACIA to transmit data.
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Ordering Information
Part Number Description

MVME110-1 VMEmodule Monoboard Microcomputer. This module contains the MC68000L8 MPU,
sockets for up to 256K bytes of RAM/ROM/EPROM, serial port, a triple programmable
timer/counter, VMEbus interface, /O Channel interface, and System Controller features.
Operates at 8 MHz clock. Includes User's Manual

MVME110/D1 VMEmodule Monoboard Microcomputer User's Manual

Related Documentation

MC68000UM MC68000 16-Bit Microprocessor User's Manual

MC6840UM MC6840 Programmable Timer Fundamentals and Applications
MVMEBUG VMEbug Debugging Packages User's Manual

MVMEBS VMEbus Specification Manual

M68RIOCS Input/Output Channel Specification Manual

Accessory Modules Include:

Part Number Description
MVME200 64K Dynamic RAM VMEmodule
MVME201 256K Dynamic RAM VMEmodule
MVME210 Static RAM/ROM 1K, 2K, 4K, 8K, 16K x 8 VMEmodule
MVME211 Static RAM/PROM 1K, 2K, 4K, 8K x 8 + 5 V Standby for CMOS RAM VMEmodule
MVME300 GPIB Listener, Talker, Controller VMEmodule
MVME400 Dual Channel RS-232C Serial Port /O Channel Module
MVME410 Dual Channel 16-Bit Parallel Port I/O Channel Module
MVME420 SASI Peripheral Adapter I/0O Channel Module
MVME435 9-Track Magnetic Tape Adapter I/O Channel Module
MVMEG600 12-Bit, 16-Channel Single Ended, 8-Channel Differential A/D 1/O Channel Module
MVME601 16-Channel expansion board for MVMEG600
MVME605 12-Bit, 4-Channel D/A /O Channel Module
MVME610 Opto Isolated, 8-Channel ac Input /0 Channel Module
MVME615 Opto Isolated, 8-Channel, Zero Crossing ac Output I/O Channel Module
MVME616 Opto Isolated, 8-Channel, Non-Zero Crossing ac Output /O Channel Module
MVME620 Opto Isolated, 8-Channel, dc Input I/O Channel Module
MVME625 Opto Isolated, 8-Channel dc Output I/O Channel Module
M68RAD1 Remote, Intelligent A/D Conversion Module
M68RI01-1 Remote Input/Output Module
M68RWIN1 Winchester Disk Controller Module

NOTE: All VMEmodule 100 Series and 200 Series modular products are of double Eurocard form factor, VMEbus compatible.

Applicable Software/Firmware

MVMEbug VMEbus Debugging Packages: 32K x 8 EPROM, Diskette or Cartridge
M68RMS68K Real-Time, Multitasking Kernel
M68KVDOS VERSAdos Operating System
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Monoboard
Microcomputer

® MC68010 8 MHz MPU
MC68451 Memory Management Unit

Accepts up to 64K Bytes of On-Board ROM/PROM and
eight Bytes of RAM Devices

Provides for Battery Backup of CMOS RAM
Two RS-232C Serial Ports

Programmable 16-Bit Parallel Port
Programmable 24-Bit Timer

Four Level, Two Mode Bus Requester
Handles Seven Interrupt Levels

Full Operation Isolated from VMEbus
(Multiprocessor Mode)

Double Eurocard Form Factor
o VMEbus Compatible

The MVME115M Monoboard Microcomputer is a high per-
formance processing module designed to function as a stand-
alone microcomputer, as a single CPU in a VMEbus system
or as an element in a multiprocessor VMEbus configuration
having a system controller. This module features Motorola’s
MC68010 16-Bit Microcontroller and the MC68541 Memory
Management Unit which provides address translation and
access protection over the entire 16 megabyte range of the
MPU.

The module can be used in applications ranging from
standalone to dedicated control tasks. It can also be used in
general purpose, disk-based multiprogramming/multitasking
environments including high speed data processing.

The module has provisions for configuring the data transfer
bus requester, the interrupt requester and handler and mem-
ory type and speed. A multilayer printed circuit board design

ADVANCE INFORMATION
MVMEL15M

with internal power and ground planes Is used providing a
reliable industrial grade product. Figure 1 is a functional block
diagram of the module.

MVME115M MPU

The module is shipped with an 8 MHz MC68010 MPU
having the following features:
Seven 32-bit data, address and stack registers

14 addressing modes

16 megabyte direct addressing range
Virtual memory/machine support
Memory mapped 1/O

57 powerful instruction types

High performance looping instructions

Operations on five data types including bit, byte, word,
long word and BCD

Provides interlock instruction for multiprocessor systems

® 256 multilevel vectored interrupts including internal ex-
ceptions, traps and external interrupts

® Architecturally optimized for efficient support of high level

languages
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FIGURE 1 — MVME115M Block Diagram
68000 »| oN-BoARD
CLOCK 1 cpu > MEMORY
ADDRESS »| SERIAL |e-— PORT A — Rs-232
DECODER | e /0 <—— PORT B — RS-232
— 1
MEMORY > PARALLEL
MANAGER | o [ef—PoRT A—To PRINTER
|
VMEbus > TIMER
INTERFACE >
( VMEbus (

MC68451 MEMORY MANAGEMENT UNIT

Some type of memory management mechanism is required
for an operating system to insure the proper execution of user
tasks in the system environment. The MC68451 Memory
Management Unit (MMU) offers an operating system with the
basic capabilities required for implementing memory man-
agement in an MC68010-based system. It offers the means
for distinguishing between User and Supervisor memory
spaces and for separating program and data spaces, for pro-
viding write protection for designated spaces and for trans-
lating and mapping logical addresses into the available phys-
ical space.

ON-BOARD MEMORY

The module has three pairs of sockets for 28-pin JEDEC
standard byte-wide devices. These reside on a local bus for
protection from VMEbus accesses. Headers provide for
jumper accommodation of memory type, chip type/size and
access time. Another header allows jumper selection of bat-
tery backup for operation with static RAM chips. Power is
supplied from the +5 Vdc standby line on the VMEbus back-
plane.

MEMORY MAP

The module is shipped with an 825123 decoder PROM
which is programmed to decode the VMEbus address lines

providing the selection of on-board resources shown in Table
1. This device is socketed to allow repositioning the module
and its memory, serial and parallel I/O and timer devices in
the address space.

SERIAL PORTS

Two RS-232C asynchronous serial ports are implemented
on the module using an SC2681 DUART. This device pro-
vides two independent, full duplex, asynchronous transmitter/
recelver channels which are independently programmable for
operating mode, data format and a baud rate ranging from
50 to 38.4 kilobaud. The module has headers for indepen-
dently configuring the serial ports as DCE or DTE and the
status line of each port to support the configured mode, for
generating DTACK when memory or a serial port is accessed
and for configuring the SC2681 to generate interrupts.

PARALLEL PORT AND TIMER

The module utilizes an MC68230 Parallel Interface/Timer
(PI/T) to provide a 16-bit wide parallel port (or dual 8-bit ports),
a 24-bit timer and four handshake pins. Port modes include:
bit I/0, unidirectional 8-bit or 16-bit I/0, and bidirectional 8-
bit or 16-bit /0. The handshake lines normally used in the
bidirectional mode can also be used for interrupt generation.
The module has headers for enabling each of the two 8-bit
ports and for configuring them for input, output or for bidi-
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TABLE 1 — MVME115M Address Map

000000 thru 000FFF

Onboard RAM (socket M0)
2 chips x (2K x 8 bits)

010000 thru F6FFFF

VMEbus memory address space

F70000 thru.
F73FFF
or F77FFF
or F7FFFF

Onboard ROM or PROM (sockets M1 and M2)
4 chips x (4K x 8 bits) — (003A)
4 chips x (8K x 8 bits) — (003B)*
4 chips x (16K x 8 bits) — (003C)

F8000 thru FBO03F

MMU registers (requires supervisor mode)

F81001 thru F8103F

68230 parallel interface/timer
(odd addresses)

F82001 thru F8201F

2681 dual asynchronous receiver/
transmitter (odd addresses)

F90000 thru FOFFFF

VMEbus short I/O space (64K bytes)

FA0000 thru FFFFFF

Six 64K-byte segments that redundantly map to the VMEbus short I/O space

*As shipped

rectional operation. A Centronics printer-compatible interface
is the default configuration

The PI/T timer contains a 5-bit prescaler and may be
clocked by the system clock or, using an external prescaler,
by an external clock. The timer can be used to generate
periodic interrupts, a square wave, or a single interrupt after
a programmed time period.

INTERRUPT HANDLER

The module can respond to local and system interrupts on
any or all of the seven priority levels A header Is provided
for selecting the level(s)

VMEbus REQUESTER

The module has the logic required to request mastership
of the data transfer bus (DTB) on any one of the four bus

request levels and to operate in either of two bus release
modes release-when-done (RWD) or release-on-request
(ROR). The module has headers for jumper selection of a
bus request ievel and the desired bus release mode.

RESET OPTIONS

To provide flexibility for system usage, the module has
headers for jumper selection of one of three reset modes.
These are:

® module reset by VMEbus RESET" signal
e module reset by local powerup circuit or

e module and VMEbus reset by local powerup circuit

Mechanical and Environmental Specifications

Characteristics

Specifications

Configuration

DTB Master: A24; D16

Form Factor

Double High Eurocard

Power Requirements

+5Vdc @ 25 A (typ)
+12 Vdc @ 40 mA (typ)
—12 Vdc @ 20 mA (typ)

Environmental Limits
Operating Temperature
Storage Temperature

0°C to +55°C
—55°C to +85°C

Humidity

8% to 80% (non-condensing)

Physical Characteristics
PC Board Height
PC Board Depth

9.21n. (234 mm)
6.3 in. (160 mm)
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USAGE Other VMEmodules
The MVME115M Monoboard Microcomputer can operate MVME200 64K Dynamic RAM
as master in any VMEbus system in which another module MVME201 256K Dynamic RAM
with bus arbitration capability acts as system controller. Mod- MVME202 512K Dynamic RAM
ules having bus arbiters include: MVME211 Static RAM/ROM
MVME222-1 1M Dynamic RAM
MVMEO025 System Controller MVME222-2 2M Dynamic RAM
MVMEO050 System Controller MVMES300 GPIB Listener, Talker, Controller
MVME101 Monoboard Microcomputer MVME320 Disk Controller
MVME110 Monoboard Microcomputer MVMES330 LAN Controller
Ordering Information
Part Number Description
MVME115M VMEmodule Monoboard Microcomputer with 8 MHz MC68010 MPU, MC68541
MMU, one parallel and two serial I/O ports. Includes three socket pairs for up
to 64K bytes of ROM/RAM memory.
MVME115M/D1 VMEmodule Monoboard Microcomputer User's Manual

Related Documentation

Part Number Description
MVMEBS VMEDbus Specification Manual
MC68010UM 16-Bit Virtual Memory Microprocessor
MC68451UM Memory Management Unit

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

1-30




VMEmodule
64K/256K Byte
Dynamic RAM

64K Byte and 256K Byte Versions
On-Board Refresh Circuitry

Byte Parity (odd) Generation and Detection
Byte or Word Addressable

Jumper Selectable Memory Map Assignment in Four
Independent Blocks

Read/Write Cycle Time 565 ns (max)
LED Error Display

Double Eurocard Form Factor

VMEbus Compatible

0°C-70°C Operating Temperature Range

L]

.

The MVME200 and MVME201 are VMEmodule Dynamic
RAM boards used in VMEbus-based systems to increase
global memory Both modules provide four independent
blocks of memory which can be located on appropriate
boundaries throughout the 16 megabyte MC68000 address
space The modules use an 18-bit row organization to im-
plement both byte and double byte (word) accessing and
to implement byte parity generation and detection Fig-
ure 11s a functional block diagram of the modules.

Both MVME200 and MVME201 are comprised of two 18-
device rows of 200 ns dynamic RAM’s The 64K byte (32K
words) MVME200 1s organized into four 16K-byte blocks.
A capacity of 256K bytes (128K words) in 64K-byte blocks
is provided by MVME201 The modules have refresh cir-
cuitry and perform refresh every 16 us While refresh is
in progress, any memory access I1s delayed until refresh
completion. The modules have a header for jumper dis-
abling of refresh generation, as a diagnostic aid.

MVME200
MVME201

Whether a write or read access Is to the low or high or-
der byte of a word is determined, respectively, by use of
the VMEbus signals DS0* or DS1* the lower and upper
data strobes Both data strobes are used to access a full
word Write and read cycie timing parameters are shown
in Figures 2 and 3, respectively.

BASE ADDRESS SELECTION

The MVME200 and MVME201 modules each have four
headers, one for jJumper selection of a base address for
each of the four blocks in which the total memory offered
by the module I1s organized The base address of any
MVMEZ200 block can be set on any 16K byte boundary.
The base address of any MVME201 block can be set on
any 64K byte boundary. Address boundaries throughout
the full 16 megabyte MC68000 address space can be
chosen for both MVME200 and MVME201

Unused blocks of memory must be jumper disabled.
An additional pin is provided for this in the base address
selection header for each block on both modules
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FIGURE 1 — MVME200/201 Functional Block Diagram
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MVME200

MVME201
WRITE CYCLE TIMING

The timing parameters for the cycle performed to write initiated when WRITE?, followed by DS0* and DS1*, be-
data in memory are shown in Figure 2. A write cycle is come active on the VMEbus.

FIGURE 2 — Write Cycle Timing Parameters

A\ /R

D00-D31

20V
8V

s _/ leov . 20V
DSt _/ \ ’/L / \

DTACK

BERR \ ’ 20V

Parameter Description Min Max Unit
A Valid data to DS0* 0 ns
B DTACK* to invalid data 0 ns
C Cycle time 565 595 ns
D DS0* to DTACK* 315 370 ns
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MVME200

MVME201
READ CYCLE TIMING

The timing parameters for the cycle performed to read initiated when WRITE* is inactive and DS0* and DS1* be-
data from memory are shown in Figure 3. A read cycle is come active on the VMEbus.

FIGURE 3 — Read Cycle Timing Parameters

DSo0* 20V 20V
A- 8V Va4 8V

77
)
&)
Ds1* / \ 20V
—&)
"\
5
D00-D31 32V 32V

DTACK / 20V 8V

BERR f \ /—_—

Parameter Description Min Max Unit
A Cycle time 565 595 ns
B Inactive DSO* to invalid data 10 ns
o} Valid data to DTACK* 28 ns
D DSO0* to active data 9 ns
E DS0* to DTACK* 330 385 ns
F Active data to inactive DTACK* 28 ns
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MVME200
MVME201

BYTE PARITY GENERATION CHECKING

To insure the greatest integrity of stored data, MVME200
and MVME201 have circuitry for generating and checking
byte parity (odd) On a write access, parity is calculated
and the appropriate bit value Is stored with the data byte
On aread access, parity Is re-calculated for the data byte
and compared with the stored parity bit value.

When an error is detected, the local signal PAR ERR*
1s generated, causing an active open collector signal to
be placed on the MVMEbus BERR* line Simultaneously,
the front panel PARITY ERROR light comes on This red
LED remains on until any byte is read without parity error

As a diagnostic aid in determining a source of parity
errors, both MVME200 and MVME201 have a header for
disabling by jumper the generation of the VMEbus BERR*
signal on parity error detection Disabling BERR* also
disables the parity error indicator An additional header
equipped with four jumpers which allow parity to be forced
in high and low memory bytes 1s only used for parity testing

ALTERNATE ADDRESSING MODES

To provide a flexible means of using the VMEbus ad-
dress modifier lines to implement system features such
as separation of user access from privileged access in an
operating system, MVME200 and MVME201 have a pro-
grammable, bipolar, address modifier PROM (256 x 4)

The PROM decodes the states of the VMEbus IACK* and
AMO through AM5 lines to produce four block select sig-
nals which are applied to the modules’ address decoder.
Response to a custom input code may be obtained by re-
programming the address modifier PROM

VMEbus INTERFACE

All VMEbus address and data signals and some control
signals entering and leaving a module pass through buff-
ers and/or latches. The LWORD* and all address lines are
connected to active latches Information on these lines is
latched by a locally generated strobe. The IACK* and AMO
through AMS5 lines are connected to logic circuitry which
generates a block select signal that is gated to the main
address decoding circuitry by a locally generated strobe.
All data lines and the WRITE*, DS0* and DS1* signals are
interfaced to buffered logic which generates local write,
read, upper data strobe and lower data strobe signals and
which transmits data when gated by a locally generated
strobe The VMEbus control signals BERR*, DTACK* and
SYSRESET* are interfaced directly to the module control
circuitry

MVME200/201 SPECIFICATIONS

The specifications for MVME200 and MVME201 are
listed in Table 1

TABLE 1 — MVME200/201 Specifications

Characteristic

Specification

Storage Capacity
Word Length
Memory Organization
Wrnite Cycle Time
Read Cycle Time
Error Detection

Input Loading
Output Loading

Temperature
Operating
Storage

Relative Humidity

Power Requirements
MVME200

MVME201

Dimensions
Height
Depth
Thickness

64K Bytes (MVME200) 256K Bytes (MVME201)
8 Bits or 16 Bits
16K Byte Blocks (MVME200) 64K Byte Blocks (MVME201)
595 ns max
595 ns max
Byte Parity, Odd
One Schottky TTL Loaa Per Line
Open-collector Output (Igjnk max = 48 mA)
Three-state Output (lgnk max = 64 mA)

0° to 70°C
-55° t0 85°C
0% to 90% (non-condensing)

+5Vdc @ 2.7 A (max )
+12Vdc @ 05 A (max )
-12Vdc @ 6 5 A (max )
+5Vdc @ 3 3 A (max )
(Board Only)
6.311n (160 3 mm)
919in (2334 mm)
0062 1n. (157 mm)

(With Front Panel)
740 1n (188 mm)

10 31in. (261.9 mm)
0.801n (20.32 mm)

MVME200/201 USAGE
MVME110-1 VMEmodule Monoboard Microcomputer
VME/10 Microcomputer System
MVME101 VMEmodule Monoboard Microcomputer
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MVME200

MVME201
Ordering Information
Part Number Description
MVME200 VMEmodule 64K Byte Dynamic RAM with Byte Parity,
Includes User’'s Manual
MVME201 VMEmodule 256K Byte Dynamic RAM with Byte Parity,
Includes User’s Manual
MVME200/D2 MVME200/201 64K/256K Byte Dynamic Memory Module User's Manual

Other VMEmodules Include:

Part Number Description
MVME101 VMEmodule Monoboard Microcomputer
(8 MHz MC68000 MPU, Senal & Parallel Ports)
MVME110-1 VMEmodule Monoboard Microcomputer
(8 MHz MC68000 MPU, Serial Port, I/0 Channel)
MVME211 VMEmodule Static RAM/ROM
(16 Sockets for up to 128K Bytes of RAM/ROM/PROM/EPROM)
MVME300 VMEmodule GPIB Controller with DMA

(Provides IEEE-488 Listener, Talker, Controller Functions)

Related Documentation

MVMEBS VMEbus Specification Manual
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VMEmodule
512K/1M/2M Byte
Dynamic RAM

512K Byte Version Using 64K-Bit Devices
1M and 2M Byte Versions Using 256K-Bit Devices
Byte or Word Data Format
Selectable Two-Way Interleaving
Selectable Parity Generation/Checking High or Low
Byte
Base Address Selectable Over 16 Megabyte Map on
Boundaries Corresponding to RAM Capacity
Read Access Time, Max (Module Only)
— 250 ns (without parity)
— 280 ns (with parity)
Write Access Time, Max (Module Only)
—60ns
On-Board Refresh Circuitry
PROM Address Modifier Decoder
Two Front Panel Status Indicator LEDs
— Panty Error
— Module Busy

L]

Operating Temperature Range 0°C to 70°C

Double High Eurocard Form Factor
VMEbus Compatible

The MVME202, MVME222-1 and MVME222-2 are VME-
module Dynamic RAM boards used in VMEbus-based
systems to increase global memory They use an 18-bit
row organization to implement both byte and double byte
(word) accessing and upper or lower byte parity genera-
tion and checking, as selected

The four 18-device rows on MVME202 hold 64K-bit
memories providing a capacity of 512K bytes The four
18-device rows on MVME222-2 hold 256K-bit memories
providing a capacity of two megabytes On MVME222-1,
two 18-device rows are filled with 256K-bit memories to
provide a capacity of one megabyte Figure 11s a Func-
tional Block Diagram of the Dynamic RAM modules

BASE ADDRESS SELECTION

Each module has a header for jumper selection of a
base address For each module, the boundaries on which
an address can be set are spaced by an amount equiva-

PRODUCT PREVIEW

MVME202
MVME222-1
MVME222-2

RENA",

B
-
N -
o
L= o
a«

lent to the module’s size For MVME202 for example, one
of 32 base addresses on 512K-byte boundaries over a 16
megabyte space can be selected

ADDRESS DECODING

Each module has control logic which activates latches
to retain information on the VMEbus address lines In
addition, the code on the address modifier lines and the
IACK* and LWORD* signals are routed to an address
modifier decoder which generates a local select signal.

The information on address lines A01 and A19-A23 1s
sent to the module address decoder and If it matches the
module address, an address select signal is asserted. A
row and column address multiplexer tests address lines
A02-A17 (64K) and A19 (256K) to determine the location
of the memory being accessed in the row

The memory array (row) selection logic uses address
lines A18 and A19 (64K) or A20 and A21 (256K) to select
a particular row

Both the local select signal and the address select sig-
nal are combined to generate a board select signal and
illuminate the module busy LED on the front panel

INTERLEAVED OPERATION

Interleaving 1s a means of improving throughput during
sequential write accessing such as DMA Words are stored
alternately on two individual modules using one for the
even locations, the other for the odd locations Latches
are required for data and address lines so the module can
complete a write access on 1ts own allowing an MPU to
proceed with the next write access without waiting for
an acknowledge signal to be placed on the bus by the
module For interleaved operation, each module decodes
address line A01 so that even and odd locations can be
recognized, latches information on data and address lines
and has a header allowing configuration for even or odd
address response
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FIGURE 1 — VMEmodule Dynamic RAM Functional Block Diagram
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MVME202
MVME222-1
MVME222-2

PARITY GENERATION AND CHECKING

The three modules have parity generation and check-
ing circuttry and a header for enabling or disabling the
function or for forcing incorrect panty for testing During
a write operation, the parity generator for both the high
and low order bytes calculates odd panty and sets the
parity bit in each byte accordingly During a read opera-
tion, the stored data and the parity bit for the high and low
order bytes are processed by the parnity checker which
recalculates the parity values and compares them with
the stored values A detected error causes ilumination
of the front panel parity error LED and assertion of the

VMEbus signal BERR* Otherwise DTACK* i1s generated
and asserted.

TIMING AND REFRESH CONTROL

The modules have refresh circuitry including a 64 kHz
oscillator which continuously and asynchronously initi-
ates refresh cycles so that memory devices are refreshed
every 15 microseconds Contention between a request for
inthiation of a memory cycle caused by a read or a write
access and for initiation of a refresh cycle 1s accommo-
dated using an arbiter and timer

Mechanical and Environmental Specifications

Characteristics

Specifications

Memory Device Type

2 or 4 Rows of 64K-Bit or 256K-Bit Devices

Memory Addressing

1 Block of 512K, 1M or 2M Bytes in a 16 Megabyte Map

Data Format

Byte or Word

Parity Generation/Checking

Selectable Odd Parity, Upper and Lower Byte

Interleaving Provision

Selectable Odd or Even Access Resporse

Status Indicators

Parity Error Front Panel LED
Module Busy Front Panel LED

Read Access Time (max)

280 ns (with parity)
250 ns (without parity)

Write Access Time (max)

60 ns

Form Factor

Double High Eurocard

Power Requirements

20 mA (max) at 50 Vdc

Temperature
Operating 0°Cto 70°C
Storage -25°Cto 85°C
Humidity 0% to 95% (non-condensing)

PC Board Dimensions
Height (without panel)
Height (with panel)
Depth
Thickness

92in (234 mm)
103in (262 mm)
631n (160 mm)
0791in (20 mm)
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MVME202
MVME222-1
MVME222-2
Ordering Information
Part Number Description
MVME202 VMEmo6dule 512K Byte Dynamic RAM with Byte Parity Includes
User’s Manual
MVME222-1 VMEmodule 1M Byte Dynamic RAM with Byte Parity Includes
User's Manual
MVME222-2 VMEmodule 2M Byte Dynamic RAM with Byte Parity Includes
User’s Manual.
MVME202/D1 MVME202/222 512K/1M/2M Dynamic RAM User’s Manual

Related Documentation

MVMEBS/D1

VMEbus Specification Manual
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VMEmodule
STATIC RAM/ROM

® Double High Eurocard Form Factor
® VMEbus Compatible

® Up to 1 Megabyte of Storage Capacity
(using 64K x 8 devices)

e MVME211 Cycle Time 145 ns, Nominal

® Access Times from 35 to 510 ns Typical

® Accepts JEDEC Standard 24- and 28-Pin Devices
® Battery Backup Provision

® 0°C to +70°C Operating Temperature Range

The MVME211 Static RAM/ROM VMEmodule is used in
VMEbus-based microcomputer systems to provide additional
data and program storage. It offers up to 1 megabyte of
capacity using 64K X 8 devices. Sixteen sockets are provided
for JEDEC standard 24- and 28-pin memories. Devices hav-
ing access times ranging from 35 ns to 510 ns can be used.
Table 1 lists some currently popular devices which can be
used with the static RAM/ROM module.

To provide mapping and system configuration flexibility,
memory is organized in two independent blocks of 8K, 16K,
32K, 64K, 128K or 256K 16-bit words in which 2K, 4K, 8K,
16K, 32K or 64K byte devices can be used. Provision for
implementing battery backup operation is provided. Figure 1
1s a functional block diagram of the static RAM/ROM module.

BASE ADDRESS SELECTION

The module has headers for jumper selection of a base
address for each of the two memory blocks. The base ad-
dress for a block can be set on any 4K byte boundary through-
out the VMEbus address space. The memory space for a
block can incorporate that of unused words (socket pairs), if
desired. A block can be made up of mixed pairs of equivalent
devices provided the pairs are pin compatible and of equal
capacity. An unused block may be disabled.

ADVANCE INFORMATION

MVME211

DEVICE SIZE SELECTION

The static RAM/ROM module is designed to support many
of the JEDEC standard 24- and 28-pin memory devices,
some of which are listed in Table 1. Two headers allow jumper
selection of devices ranging in size from 2K x 8 through
64K x 8.

ACCESS TIME SELECTION

The module has two headers for jumper selection of a read/
write cycle access time which corresponds to installed mem-
ory devices. Access time choices range In 25 ns or 50 ns
increments from 35 to 510 ns. In instances where devices
are mixed, the access time of the slowest device is used.

DEVICE TYPE SELECTION

To accommodate the several types of supported devices,
ten headers allow jumper connection of the required voltage
and time varying signals to the appropriate pins of the device
types used. The static RAM/ROM module supports JEDEC
standard 24- and 28-pin RAM, ROM and EPROM devices.

BATTERY BACKUP

The module has a header by means of which, in conjunc-
tion with device type headers, battery backup operation can
be jumper selected for one or both memory blocks. Backup
operation requires that the system SYSRESET" signal timing
complies with the VMEbus specification.
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MVME211

TABLE 1 — Typical MVME211 Supported Devices

Type Size ' No. of Pins Device Number
EPROM 64K x 8 28 Intel 27512
EPROM . 32K x 8 28 Intel 27256
EPROM - ) 16K x 8 28 Intel 27128
EPROM 8Kx 8 28 Intel 2764
EPROM 4K x 8 24 Intel 2732
EPROM 2Kx 8 24 Intel 2716
ROM 32K x 8 28 MCM63256
ROM 16K x 8 28 MCM27128
ROM 8K x 8 28 MCM68369
RAM 8K x 8 28 Toshiba TC5564
RAM 2K x 8 24 Toshiba TC5517

MVME211 Specifications

The environmental, mechanical and electrical specifications for the MVME211 Static RAM/ROM VMEmodule are given in
Table 2.

TABLE 2 — MVME211 Specifications

Characteristic

Specification

Memory Organization

Two 8 device blocks

Storage Capacity
Bytes/Block

16K, 32K, 64K, 128K, 256K
512K (64K x 8 devices)

Data Organization

Word (16 bits)

Operating Modes

Write (Word or Byte)
Read (Word or Byte)
Read/Modify/Write (Byte)

Power Requirements
Normal Operation
Battery backup (excludes memory devices)

+5.0 Vdc at 7.5 W (Max)
+3.0to +5.0 Vdc at 50 uW (Max)

Environmental Limits
Operating Temperature
Storage Temperature
Humidity Range

0°C to 70°C
—20°C to 85°C
5.0 to 80% (non-condensing)

Mechanical Specifications
Height x Depth (board)
Height x Width (front panel)

6.3" (160 mm) x 9.2" (234 mm)
10.3” (262 mm) x 0.79” (20 mm)
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MVME211
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FIGURE 1 — MVME211 Functional Block Diagram
Ordering Information
Part Number Description
MVME211 VMEmodule Static RAM/ROM/EPROM Memory. Includes User’'s Manual
MVME211/D1 VMEmodule RAM/ROM/EPROM Memory Module User's Manual

Related Documentation
| MvMEBS/D1

VMEDbus Specification Manual
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VMEmodule
GPIB Controller
With DMA

Meets Complete |IEEE 488-1978 Standard and the IEEE
488-1980 Supplement

VMEbus Compatible

Functions Under Master or Slave Configurations on
VMEbus

Complete Controller, Talker, and Listener Capability
DMA Interface for High Speed Transfers
Transfer Data Under DMA or Non-DMA Mode

Supports up to 0.5 Megabyte/Sec Data Transfer Rate on
the GPIB Interface

256/1K Byte FIFO Buffer

Uses State-of-the-Art GPIA Device - TMS9914A GPIB
Adapter

Programmable Interrupt Levels/Vectors - MC68153 Bus
Interrupter Module

Programmable End-of-String Character
Jumper Selectable VMEbus Base Address
Accessible Via a Set of 32 On-Board Registers
6-Bit Module Status Register

Writable System Fail LED

Intelligent Bus Requester for Optimum Throughput
(Discrete Logic)

Double High Eurocard Form Factor
0°C-70°C Operating Temperature Range

ADVANCE INFORMATION

MVME300

WL LB W

The MVME300 GPIB Controller VMEmodule facilitates
interface of a VME system to any equipment on the IEEE
standard 488-1978 General Purpose Instrumentation Bus
The complete Controller, Talker, and Listener functions of
the standard and a DMA interface are provided. The
functional blocks of MVME are shown in Fiqure 1.

To a host on the VMEbus, the MVME300 GPIB Control-
ler VMEmodule (GPIBC) appears as 32 adjacent 16-bit
read/writeregisters with which datatransactionsare
performed using the odd bytes only

A front panel accessible DIP switch is provided for
selection of the GPIB base address The DIP switchisalso
used in conjunction with the software driver to
enable/disable GPIB talker/listener functionsand for
configuring the module as the GPIB system controller

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

1-44



MVME300

FIGURE 1 — MVME300 Functional Block Diagram
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ADDRESS MODIFIER REGISTER

A six bit read /write register 1s provided on the GPIBC
for use iIn DMA operations Prior to the operation, the
register 1s loaded to identify the VMEbus address modifier
hines that will be asserted while memory is accessed

RESET REGISTER

This write only register may be loaded with any value to
obtain a hardware reset of all registers except the bus
release count register (VBRCR), the memory address
register (MAR) and certain registers in the TMS9914A
GPIB Adapter chip which must be reset via software
command The signal generated as a result of writing a
value to the reset register is ORed with the VMEbus signal
SYSRESET*. The user should refer to the data sheet for
the GPIB Adapter chip to identify the non-hardware
resettable registers therein.

GPIBC STATUS REGISTER

A six-bit, read only controller status register (CSREG) I1s
used to convey the status of GPIBC activities. Register
contents are not cleared by a read operation. The signifi-
cance of each of the six bits is as follows:

T

VMEbus INTERFACE
AND REQUEST LOGIC

iz

VMEbus CONNECTOR

-

Bit
S0
S1

S2
S3

sS4

S5

Description
FIFO empty
GPIBCin histen mode (EODNE) EOS received or
EOl detected and FIFO isempty Bitiscleared by
a GPIBC reset or SYSRESET*
FIFO full
Bytecounthasbeen reached during DMA (BCRDN).
This bitis cleared by writing hex 20 to the Uniline
Command Register (UCR)
GPIBC System Fail LED Isset (SYSFAIL) The bit
Is set during power on or by writing hex 10 to the
UCR The bit 1s cleared by a GPIBC reset com-
mand
Set during DMA by a bus error (BERR) signal
from a memory board due to an invalid memory
access Thebitiscleared by writing hex 20 to the
UCR or by SYSRESET*
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MVMES300

THE IEEE-488 GENERAL PURPOSE
INSTRUMENTATION BUS

In general terms, the purpose of the IEEE-488 General
Purpose Instrumentation Bus (GIPB) is to facilitate bi-
directional -asynchronous intercommunications among
digital data utilizing and producing equipment. More
specifically, the GPIB was devised to provide a standard
interface to ease the task of achieving intercommumica-
tionsin an instrumentation system configured from avail-
able programmable devices having different ports. The
GPIB attains this goal by defining the interface structure
through and by means of which data is transferred To
communicate with other apparatus connected to the
instrumentation bus, a device must operate through an
interface that complies in part or fully with this standard

The standard describes a byte serial, bit parallel
medium speed bus intended for a maximum of 15 devices
communicating over a imited distance An 8-bit parallel
bidirectional data bus with eight additional control lines 1s
described. Three lines control transfer of the data byte,
five are used for general interface management

Table 1 lists the GPIB functions provided by MVMES300.

DMA OPERATIONS

The GPIBC design provides for DMA operation in either
direction under local (VMEbus host) or remote (GPIB
active controller) control. A DMA read operation (talker
function) can be initiated locally by the host processor or
remotely by the active controller. A DMA write operation
(listener function) can also be initiated locally or remote-
ly.To facilitate VMEbus request and release, DMA data is
transferred by the GPIBC through a 256/1k-byte FIFO
type buffer

DMA logic utilizes three registers dedicated to DMA
and three multiple purpose registers. The three dedicated
registers include:

e Three 8-bit registers comprising a 24-bit read/write
memory address register(MAR). Prior to a DMA opera-
tion, the starting memory address is loaded by user
software into this register. The starting address Is
incremented by the GPIBC after transfer of each data
byte

TABLE 1 — MVME300 IEEE 488-1978 Functions

Capability
Code Name Description

SH1 Source Handshake Initiate, control and terminate asynchronous transfer of data
byte to device having acceptor handshake capability.

AH1 Acceptor Handshake Allow nitiation, continuation or termination of data byte trans-
fer requested by device having source handshake capability.

T5, TES Talker (T Extended) Transfer device dependent data and serial poll status data

L3, LE3 Listener (L. Extended) Receive device dependent data and status data.

SR1 Service Request Asynchronously request service from the controller-in-charge
and synchronize transfer of message.

RL1 Remote Local Selectinterface (remote) or front panel (local) control informa-
tion source

PP1, PP2 Parallel Poll Transfer to the requesting controller a parallel poll response
over the assigned signal line.

DC1 Device Clear Receive request to initialize self.

DT1 Device Trigger Receive request to initiate self function. Device group receive
request to initiate self functions.

C1-C4, C9 Controller Be system controller. Receive/pass control. Take control syn-
chronously. Respond to a service request from a controller
Conduct a parallel poll.

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

1-46




MVMES300

* Two 8-bitregisters (BCR1, BCR2) forming a 16-bit byte
count register that is loaded by the user prior to DMA
with the number of bytes to be transferred (1's comple-
ment) and is automatically incremented on transfer of
each byte. The byte count register’s 16-bit capacity
allows single operation transfer of up to 65,536 bytes.

Four write only bits forming a VMEbus release count reg-
ister (VBRCR) whose function, on GPIBC receipt of a
bus clear from a device of higher priority than the
current DMA device, is to hold the bus until the specified
number of bytes have been transferred. Priorto DMA, a
Jjumper selected count number (0 through 15) is loaded
into the register.

The three multipurpose registers used in DMA opera-
tions include
e An 8-bit read/write FIFO data I/O register (FDIOR)
through which data is transferred during DMA between
VMEbus and the GPIB when the GPIB is functioning as
bus master The register may also be used by the host
processor for diagnostic purposes

An 8-bit write only end-of-string-character compare
register (ESCCR) into which the user program may load
aselected character for use in terminating data transfer
When enabled during listen mode, end-of string (EOS)
logic on detecting a character match provides a signal
for use in generating a DMA done interrupt when the
FIFO becomes empty.

A B-bit write only uniline command register (UCR). As
the last step in DMA initiation, the user program sets the
DMA write or DMA read bit in this register, starting the
transfer. For applications using an EOS character
detection scheme to terminate data transfer in listen
mode, the UCR enable EOS bit may be set to enable the
EOS character comparison logic. For applications using
a non-EOS approach to terminate data transfer in the
talk mode, the EOI line is set true by programming the
TMS9914A.

VMEbus INTERRUPTER

The GPIBC interrupt requesting logic utilizes an
MC68153 Bus Interrupter Module (BIM). The BIM is an
LS! device implemented using the TTL-compatible
MCA1300ALS Macrocell Gate Array and is housed in a
40-pin DIP package It 1s capable of handling interrupt
requests from four sources, of generating an interrupt on
any of the seven VMEbus IRQ lines, or interrupt acknowl-
edge cycle response and proper release of an IRQ line.

The BIM contains eight 8-bit read/write registers. Four
registers can be programmed with status/ID byte or witha
vector number pointing to an interrupt service routine.
Each of the four control registers can be programmed, for
an interrupt source, with the desired interrupt request
level, to enable or disable the interrupt source and to

select transfer of an internal vector previously written in
the corresponding vector/status-1D register or transfer of
a vector from the interrupting device. A bit is provided in
each control register for semaphore-like synchronization
of communications between processors in a multi-pro-
cessor system. A bit is also provided for selection of
automatic de-allocation of that register following interrupt
acknowledge.

On the GPIBC, the BIM processes interrupts from just
three sources. One interrupt input is used to accommo-
date those interrupts generated by the TMS9914A GPIB
Adapterin its regulation of the talker, listener and control-
ler device functions. Another BIM interrupt input is
connected to the DMA control logic to process interrupts
generated on completion of DMA operations. The third
BIM interrupt imput is dedicated to processing inter-
rupts generated by the GPIBC on detection of a bus error
signal from a slave onthe VMEbus. These can occurin the
memory read/write cycle during DMA.

GPIBC SOFTWARE DRIVER

A software driver I1s available for use in applications
utilizing a VERSAdos 4 3 or higher Operating System. The
driver utilizes the VERSAdos Input/Output handler (10S).

To accommodate the widest variety of applicationsina
multiuser multitasking environment, the GPIBC driver
provides two major modes of operation which treat the
total GPIB system as a shared resource. To gain an
understanding of these modes, it is important to under-
stand therules for access to a GPIB and to devices on the
bus. Consider a system having a single MVME300 and
several devices on the GPIB.

When the system is booted, no assignments to devices
onthe bus ortothe bus exist. The bus is in the unassigned
mode.

On the first assignment, one of two driver modes is
entered; session-exclusive mode if the assignment is to
the bus itself, or shared-bus mode if the assignmentistoa
device on the bus.

To enter the session-exclusive mode, a task must make
an exclusive assignment to the bus itself. A public
assignment to the bus is not allowed. Once in the mode,
the task and other tasks in the same session can make
exclusive or public assignments to devices on the bus. All
assignments to all devices on the bus must be closed
before the assignment to the bus itself can be closed
causing a return to unassigned mode.

If the initial assignment (when neither the bus nor any
device on the bus is currently assigned) is to a device on
the bus rather than the bus itself, the shared bus mode is
entered. Any task in any session can make exclusive or
public assignment to any device on the bus. But no task is
allowed to assign the bus itself. Closing all assignments to
devices on the bus causes a return to unassigned mode.
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The GPIBC driver modes are depicted in Figure 2.
Figure 3shows the relationship of the GPIBC driver to the
VERSAdos Operating System and a GPIB system com-
prised of a number of subsystems each having one
MVME300 Controller and up to 14 additional devices
which could also be GPIBC or other intelligent devices.

In a GPIB subsystem having two or more controller
devices, one must be given exclusive control of the REN
and IPC lines in that subsystem so that it can actas system
controller. A dual inline switch I1s provided on the
MVMES300 for configuring the module as system controller
and for setting its primary GPIB address. Devices in the
overall system are made known to the driver via the system
generation utility and system initialization

Nine of the data transfer and command functions
provided by the 10S module which performs all of the
general physical I/O underthe VERSAdos Operating
System are supported by the GPIBC driver The nine are
listedin Table 2opposite codes 00, 01 and 80. Also shown
are the additional GPIB capabilities the driver provides
These are shown opposite codes 40 In five groups of
similar functions command 1/0, secondary address 1/0,
device status commands, bus control commands, and
device control commands Under the VALID IN heading,
the two rightmost columns identify the operating mode in
which the subsystem controller must be for a user task to
obtain the corresponding function

FIGURE 2 — GPIBC Driver Modes
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FIGURE 3 — GPIB System Under VERSAdos
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TABLE 2 — GPIBC - Supported I0S Commands

Code Function Valid In
Function Name (HEX) (HEX) Controller Talker/Listener
READ 00 01 YES YES
WRITE 00 02 YES YES
OUTPUT W/ INPUT 00 04 YES YES
TEST I/0 01 04 YES YES
WAIT 01 08 YES YES
HALT I/0 01 10 YES YES
REQUEST DEVICE STATUS 01 40 YES YES
CONFIGURE DEVICE 01 80 YES YES
CHANGE DEFAULT CONFIG 80 02 YES YES
COMMAND OUT/DATA OUT 40 10 YES (1) NO
COMMAND OUT/DATA IN 40 11 YES (1) NO
COMMAND OUT 40 12 YES (1) NO
READ SECONDARY ADDR 40 20 YES YES
WRITE SECONDARY ADDR 40 21 YES YES
UNCONFIG PARALLEL POLL 40 30 YES (1) NO
CONFIG PARALLEL POLL 40 31 YES NO
CONDUCT PARALLEL POLL 40 32 YES NO
SET PARALLEL POLL STAT 40 33 NO YES
SET SERIAL POLL STAT 40 34 NO YES
CONDUCT SERIAL POLL 40 35 YES NO
DISABLE PARALLEL POLL 40 36 YES (1) NO
INTERFACE CLEAR 40 40 YES (1, 2) NO
REMOTE ENABLE 40 41 YES (1, 2) NO
REMOTE DISABLE 40 42 YES (1, 2) NO
CLEAR ALL DEVICES 40 44 YES (1) NO
CLEAR ALL LISTENERS 40 45 YES (1) NO
LOCKOUT ALL DEVICES 40 46 YES (1) NO
PASS CONTROL 40 47 YES (1) NO
LOCAL ALL LISTENERS 40 48 YES (1) NO
TRIGGER ALL LISTENERS 40 49 YES (1) NO
ABORT BUS & ALL DEVICES 40 4A YES (1, 2) NO
ABORT ALL BUS MESSAGES 40 4B YES (1) NO
TAKE CONTROL 40 4C YES (1) NO
CLEAR A DEVICE 40 50 YES NO
REMOTE A DEVICE 40 51 YES NO
TRIGGER A DEVICE 40 52 YES NO
LOCAL A DEVICE 40 53 YES YES

NOTES
VMEbus INTERFACE

VMEbus is characterized by the asynchronous bidirec-
tional operation required for complex, high-performance
systems. The VMEbus interface provided on the MVME300
module supports DMA operation, operation in a multipro-
cessor system and the full 16-megabyte address range of
the MC68000 MPU Pins for the VMEbus address, data and
control lines are provided in the triple row, 96-pin VMEbus
connector P1. VMEbus signal and connector physical
requirements are fully described in MVMEBS-VMEbus
Specification Manual.

(1) Must be active controller

(2) Must be the system controller

GPIB INTERFACE

A standard DIN double-row, 64-pin male connector, P2,
accommodates physical connection to the GPIB. A flat
ribbon cable of the required length one end of which pro-
vides the corresponding female half of connector P2 and
the other end of which provides a 24-pin female GPIB
connector is used to make the actual physical connection
to the instrumentation bus.This 24-pin female connector
complies with the signal and physical requirements
described in the |EEE-488 standard. Table 3 lists the
corresponding pin numbers and signal descriptions for
both female connector P2 and the female GPIB connector
on the other end of the ribbon cable.
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TABLE 3 — Pin Assignments and Signal Descriptions — GPIB Connector P2
GPIB P2
C t C t Signal
Pin Number Pin Number Mnemonic Signal Name/Description
1 C1 DIO1 Data Line 1
13 A1 DIO5 Data Line 5
2 c2 D102 Data Line 2
14 A2 DIO6 Data Line 6
3 C3 DIO3 Data Line 3
15 A3 DIO7 Data Line 7
4 C4 DI04 Data Line 4
16 A4 DIO8 Data Line 8
5 C5 EOI End or Identify
17 A5 REN Remote Enable
24 A12 GND Logic Ground, Return for EOIl and REN
6 C6 DAV Data Valid
18 A6 GND Return for DAV
7 Cc7 NRFD Not Ready for Data
19 A7 GND Return for NRFD
8 C8 NDAC Not Data Accepted
20 A8 GND Return for NDAC
9 Cc9 IFC Interface Clear
21 A9 GND Return for IFC
10 Cc10 SRQ Service Request
22 A10 GND Return for SRQ
1 Cc11 ATN Attention
23 Al GND Return for ATN
12 C12 GND Connector Shield
Mechanical and Environmental Specifications
Characteristics Specifications

Power Requirements

+5 Vdc at 2.5 A, Typical

Temperature
e Operating
e Storage

0°Cto 70°C
-55°C to +85°C

Relative Humidity

0-90% (non-condensing)

Physical Characteristics
PC Board Only

e Height 9.2in. (233 mm)
® Depth 6.3 in. (160 mm)
® Thickness 0.63in. (16.0 mm)
PC Board with
Front Panel
e Height 10.31n. (262 mm)
e Depth 7.4in. (188 mm)
o ‘Thickness 0.8in. (20.3 mm)

PC Board Form Factor

Double High Eurocard

1-50
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Ordering Information

Part Number Description

MVME300 VMEmodule GPIB Controller with DMA. Provides
|IEEE-488 Listener, Talker and Controiler functions.
Cable with standard IEEE-488 (mechanical) connector
provided for connection to GPIB. Includes User's
Manual

MVME300/D1 VMEmodule GPIB Controller with DMA User's Manual

- Related Documentation — Hardware

Part Number Title
MC68000UM MC68000 Microprocessor User's Manual
MPO33A TMS9914A GPIB Controller Data Manual
NP-151 MC68153 Bus Interrupter Module Data Sheet
MVMEBS VMEDbus Specification Manual
|IEEE STD 488-1978 Digital Interface for Programmable Instrumentation
IEEE STD 488A-1980 Supplement to Above Standard

Related Documentation — Software

Part Number Title
WGBKVOVER/DS VERSAdos Overview
M68KRMS68K/D3 M68000 Realtime Multitasking Software User's Manual
RMS68KI0/D2 VERSAdos Data Managment Services and Program
Loader User’s Manual
M68KSYSGEN/D3 System Generation Facility User's Manual
MVME3SW MVME300 GPIB Controller with DMA Software Manual

Other Double Eurocard Form Factor VMEmodules

Part Number Description
MVME101 VMEmodule Monoboard Microcomputer
MVME110-1 VMEmodule Monoboard Microcomputer
MVME200/201 VMEmodule 64K/256K Byte Dynamic RAM
MVME211 VMEmodule Static RAM/ROM/EPROM/CMOS RAM
MVME310 VMEmodule Universal Intelligent Peripheral Controller
MVME315 VMEmodule Intelligent Floppy Controller/SASI Interface
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VMEmodule
Intelligent Controller
for Custom
Interfacing

® Based on MC68121 Intelligent Peripheral Controller

e Standalone debugger supporting:
— Four Channel DMA Controller
— Interrupt Controller
— Serial download from host
— Checksum self test

® Large Wirewrap Area (3.5" x 6.3") for Prototype
Construction

® Local Bus Interface Signals Available at Header
Locations

® Serial Port Connector

® Two Sockets Expandable to Four for up to 32K Bytes
Dual Ported RAM Buffer, 4K Bytes Static RAM Supplied

® Two sockets for up to 16K Bytes Program ROM/PROM.
One Socket Static RAM Configurable

® Double Eurocard Form Factor
® VMEbus Compatible
® 0°C-70°C Operating Temperature Range

ADVANCE INFORMATION

MVME310

The MVME310 is a double high Eurocard module which is
used for developing the prototype for a custom interface to
a VMEbus peripheral. It provides a large wirewrap area, has
interrupt and DMA controller devices and, to facilitate de-
velopment of executive firmware, is based on the MC68121
Intelligent Peripheral Controller.

MVME310 provides two sockets for 16K of byte wide, dual
ported static RAM buffer (4K bytes are supplied and two
additional sockets In the user area can be used for buffer
expansion) and two sockets for up to 32K bytes of user pro-
gram in ROM/PROM. One of these sockets is configurable
for 8K bytes of static RAM. One PROM socket contains the
4K byte standalone debugger — IPCbug. A senal port con-
nector is also provided. Figure 1 is a block diagram of
MVME310.

One example of the kinds of interfaces that can be imple-
mented using as a basis MVME310 with IPCbug 1s found in
the MVME315 Intelligent Floppy Controller/SASI Interface
This module expanded the basic MC68121 functions into a
universal intelligent peripheral controller (UIPC) function
which provided a means of implementing an interface using
a standard protocol for hostMVME315 communications and
for development of control firmware. The control programs
for the UIPC, the floppy disk controller, and the SASI interface
are contained in two 8K PROMS on MVME315.
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FIGURE 1 — MVME310 Functiona! Block Diagram
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PERIPHERAL INTERFACE SUPPORT

The MVME310 offers the user the basic hardware facilities
for implementing one or more peripheral interfaces and for
developing the required control firmware. Access to the local
bus 1s provided by a dual 28-pin row of plated through holes
for mounting two headers. Bus signals available at the header
locations are listed in Table 1A and Table 1B.

To accomodate the timing requirements of the varous
available interface chips, the MVMES310 has a programmable
logic array which, with additional user-supplied hardware, can
be used to adjust the timing of the accesses from the on-
board IPC.

TABLE 1A — Header Position K4 Hole Assignments and Signal Names

Pin Signal Pin Signal
Number Name Number Name
1 LATCH* 15 DREQ3*
2 NOT USED 16 DACK1
3 (2XE) 17 DACK3
4 NOT USED 18 1A1
5 TOUT 19 A3
6 IPCRW 20 1A5
7 NOT USED 21 1A7
8 PRD* 22 1A9
9 AIOEN* 23 1A11
10 IIRQ4* 24 /01
1 1IRQ6* 25 /103
12 (TXC) 26 1105
13 DREQO* 27 /107
14 DREQ2* 28 +5.0 Vdc

TABLE 1B — Header Position K5 Hole Assignments and Signal Names

Pin Signal Pin Signal
Number Name Number Name

1 DACKO* 15 —12 Vdc
2 DACK2* 16 |/ODMA
3 1A0 17 NOT USED
4 1A2 18 NOT USED
5 1A4 19 TIN
6 1A6 20 E
7 IA8 21 SRESET*
8 IA10 22 PWR*
9 1/00 23 IDEN*

10 1102 24 lIRQ1*

11 /04 25 IIRQ5*

12 /06 26 IIRQ7*

13 GND 27 PREADY

14 +12 Vdc 28 DREQ1*

DMA SUPPORT

For DMA capability, MVME310 has an AMD Multimode
DMA Controller-AM9517-5. This device has four independent
DMA channels each with separate registers. To facilitate the
development of control firmware, IPCbug offers three com-
mands: DMA Controller Status Display (DS); DMA Control

Register Modify (DM); and Initiate and Execute DMA transfer
(DX). Provided RAM and available sockets are sufficient for
a buffer to accomodate differences in VMEbus and peripheral
data transfer rates.
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BUS REQUEST LEVEL SELECTION

The MVME310 has three headers for jumper selection of
one of the four VMEbus request levels.

INTERRUPTER LEVEL SELECTION

The MVME310 has two headers for jumper selection of
one of the seven VMEbus interrupt priority levels.

ENABLING THE SYSTEM FAIL FUNCTION

The MVMEB310 has a header for jumper connection of the
board fail timer circuit to the VMEbus SYSFAIL* line.

DATA AND PROGRAM MEMORY DEVICE
SIZE AND TYPE SELECTION

The MVME310 has five headers by means of which four
data and program memory sockets are jumper configured for
the supported memory device sizes and types. Two headers
provide for jumper configuration of the two dual ported local
RAM sockets for 2K x 8 or 8K x 8 devices. This also configures
the two data memory socket locations in the user wirewrap
area. Three headers allow jumper configuration of the pro-
gram memory sockets. Two of these are used for jumper
configuration of the low program memory block for 2K, 4K or
8K ROM devices. The other header is used for configuring
the high program memory block for a 2K, 4K or 8K RAM/
ROM device.

Interrupt Source Selection

Five signals are brought directly to the on-board interrupt
controller from the peripheral interface. The MVMES310 also
has a header for jumper connection to the on-board interrupt
controller of two additional interrupt sources. These can be
selected from the VMEbus signals BCLR*, IRQ6" and IRQ7*
and the local signal IPCWR*.

Base Address Selection

For command channel accesses, the MVME310 has a
header for jumper selection of a base address. This can be
set on any 512 byte boundary throughout the 65,536 byte
VMEDbus short /O address space.

Serial Communications

The MVME310 has a 25-pin sub-D female connector for
implementing a serial data function in order to connect a
terminal. Firmware support for a serial function is provided
by the LO command of IPCbug which provides download
from a host of a user program in Motorola S-Record format.

Users can provide their own serial communications firm-
ware using the support offered by the on-board MC68121
microcomputer for full duplex, asynchronous communica-
tions. These are:

® The rate and mode control register

® The transmit/receive control and status register

® The transmit data register

® The receive data register

The basic data rate can be obtained from an external
source or the 16-bit internal timer. Subsequently, operation
at one of four baud rates is program selectable. Data format
can be NRZ or bi-phase.

Usage

The MVME310 will operate as a slave in VMEbus systems
having any of the listed bus masters:

MVME101 VMEmodule Monoboard Microcomputer
MCME110-1 VMEmodule Monoboard Microcomputer
MVME115 VMEmodule Monoboard Microcomputer

MVME310 SPECIFICATIONS
The specifications for the MVMES310 are listed in Table 2.

TABLE 2 — MVME310 Specifications

Characteristic

Specification

Power Requirements

+5.0 Vdc +5% at 2.5 A (typical)
+12 Vdc £5%
—12 Vdc*=5% at 2.5 A (typical)

Environmental Requirements
Operating Temperature
Storage Temperature
Humidity Range

0° to 70°C
—55°C to +85°C
0% to 95% (non-condensing)

Mechanical Specifications
Height x Depth (board)
Height x Width (front panel)

9.2" (234 mm) x 6.3” (160 mm)
10.3" (262 mm) x 0.79" (20 mm)

Connectors
VMEbus
Serial Connector

D1N41612 C96
25-pin D-Subminiature
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Software Driver

For users desiring to write their own device driver, a man-
ual, Guide to Writing Device Drivers for VERSAdos,
M68DRVGD/D1, detailing how to write a driver that runs un-
der the M68000 Real-time Multitasking kernel or under
VERSAdos is available.

VMEbus Interface

The MVME310 has a VMEbus interface which decodes all
address and address modifier lines and provides bus re-
quester and bus interrupter functions.

VMEbus Connector P1

The electrical and mechanical characteristics of VMEbus
connector P1 are fully described in the VMEbus Specification
Manual MVMEBS/D1.

Serial Connector
The serial connector is a Sub-D female, TMC-5-3-25, or
equivalent.

Ordering Information

Part Number Description
MVME310 VMEmodule Intelligent Controller For Custom Interfacing.
includes User's Manual.
MVMES310/D1 VMEmodule Intelligent Controller for Custom Interfacing

User's Manual

Related Documentation

Part Number Description
MVMEBS/D1 VMEDbus Specification Manual
M68DRVGD/D1 Guide to Wnting Device Drivers for VERSAdos
M68IPCS/D2 M68000/IPC Command Channel

Software Interface Reference Manual
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VMEmodule Intelligent
Floppy Controller/
SASI Interface

Controls up to Four 8" or 5 1/4" Floppy Disk Drives
Provides Intelligent Interface to SASI Bus
Supports 4-Channel DMA

Provides RS-232C Senal Port

Supports Single and Double Density Formats for Single
and Double-Sided Drives

Based on MC68121 Intelligent Peripheral Controller
VERSAdos 4 3 Support

Double Eurocard Form Factor

VMEbus Compatible

0°C-70°C Operating Temperature Range

The MVME315 combines in one module a multiple
floppy disk controller, aSASI bus interface and a universal
intelligent peripheral controller (UIPC) Itisusedinapplica-
tions having intensive real-time disk 1/0 or multiproces-
sing structures to reduce VMEbus traffic and increase
system throughput and to add mass storage capacity

To the functions offered by an MC68121 Intelligent Pe-
ripheral Controller device, the UIPC adds a DMA
controller, 8K bytes of dual ported RAM with controller, a
peripheral interface including a peripheral interrupt
controller and a full VMEbus interface including a
VMEbus requester and interrupt controller Two 8K byte
PROM'’s contain the control program for the UIPC
functions as well as those for the floppy disk controller and
SASI Interface sections The serial port function and
service are provided by the MC68121 device Figure1isa
Functional Block Diagram of MVME315

ADVANCE INFORMATION

MVME315

HOST/MVME315 COMMUNICATIONS

A driver running under a host communicates with the
MVME315 via a command channel implemented in 128
bytes of dual ported RAM within the MC68121 IPC Using
a standard protocol, the driver transmits to the command
channel packets of high-level application program
requests for specific peripheral actions The MVME315
control firmware retrieves the packets and executes the
devicedependent, low-level instructions required to
provide the requested activities In a similar manner, the
control firmware places status packets in the command
channel for retrieval by the host driver

High level floppy disk functions supported by the
MVME315 control firmware include
Read specified sectors
Write specified sectors
Read sector ID/head position
Verify sector header and data
Seek (specified track) and Restore (head to track 0)
Format disk or track
The command channel is used for transmitting informa-
tion, such as start and stop addresses, to the DMA con-
troller Diagnostic and self-test commands are also sent
to MVMES15 via the command channel
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DMA Data Transfers
The MVME315 has a 4-channel controller which,

under UIPC firmware supervision, manages the transfer
of data between system memory and disk storage. An 8K
byte dual ported RAM buffer with its own controler
accommodates differences in VMEbus and disk data
transfer rates. A host requests a DMA transaction by
transmitting viathe command channel source, destination
and block size information to the DMA controller which
then monitors the transfer of 16-bit data from system
memory to disk or 8-bit data from disk to system memory.
Base Address Selection

The MVME315 has a header for jumper selection of a
base address. A base address can be set on any 512 byte
boundary throughout a 65,536 byte memory space.
Interrupt Priority Selection

The MVME315 has two headers for jumper selection of
one of the seven VMEbus interrupt priority levels.
Bus Request Level Selection

The MVMES15 has three headers for jumper selection
of one of the four VMEbus bus request levels.
Local Memory Size Selection

The MVME315 has two headers for jumper selection of
one of the two supported memory types. 2K x 8 static RAM
(2716) or 8K x 8 static RAM (2764)
READY* Signal Disable

So that it may be used with 5 1/4" drives which do not
provide a READY* signal for use by the floppy disk
controller, MVME315 automatically generates a READY*
signal from the INDEX* signal A header is provided so

that the generation of READY* can be jumper disabled so
that MVME315 can safely be used with drives which
produce this signal.
Serlal Port

The MVME315 offers a 2-line serial port on the front
panel supported by the MC68121 IPC. This port can be
used for adebug terminal or download of programs from a
host or development system.
Usage

The MVME315 will operate as a slave in a VMEbus
system having any of the listed bus masters:
MVME101 VMEmodule Monoboard Microcomputer
MVME110-1  VMEmodule Monoboard Microcomputer
MVME115 VMEmodule Monoboard Microcomputer

Software Driver

A driver for the MVME315 is incorporated in the 4.3 re-
lease of the VERSAdos Real-Time Multitasking Operating
System. For users desiring to write their own driver, a
manual, Guide to Writing Device Drivers for VERSAdos,
M68DRVGD/D1, detailing how to write a driver that runs
under the M68000 Real-Time Multitasking kernel or under
VERSAdos is available.
VMEbus Interface

The MVME315 has a full VMEbus interface which
decodes all address and address modifier lines and
provides bus requester and bus interrupter functions.

MVME315 SPECIFICATIONS
The specifications forthe MVME315 are listed in Table 1.

TABLE 1 — MVME315 Specifications

Characteristic

Specification

Power Requirements

+5 Vdc +5%
+12 Vdc £5%
-12 Vdc +5%

Environmental Requirements
Operating Temperature
Storage Temperature
Humidity Range

0° to 70°C
-55°C to +85°C
0% to 95% (non-condensing)

Mechanical Specifications
Height x Depth (board)
Height x Width (front panel)

9.2" (234 mm) x 6.3" (160 mm)
10.3" (262 mm) x 0.79" (20 mm)

Connectors
VMEbus
Serial Port
SASI Interface
Floppy Disk Interface

DIN41612 C96

25-pin D-Subminiature
50-pin Right Angle
50-pin (8")

34-pin (5 1/4")
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VMEbus Connector P1

The electrical and mechanical characteristics of
VMEDbus connector P1 are fully described in the VMEbus
Specification Manual, MVMEBS/D1.
Serial Port Connector P2

Serial port connector P2 i1s a Sub D female, ERNI

TMC-S-3-25-L or equivalent The assigned pins and
signals are pin 1 - TXD, pin 2 - RXD and pin 3 - GND

SASI Interface Connector P3

The pin number and signal descriptions for SASI inter-
face connector P3 are given in Table 2

TABLE 2 — SASI Interface Connector P3 Pin Assignments and Signal Descriptions

Pin Signal
Number Mnemonic Description
1 through 49 GND System Ground
(odd only)
2 through 16 DB0*-DB7* Bidirectional data bus (7 = msb)
(even only)
18 DPB* Not used
20 through 30
(even only) ——— Not used
31 ATN* Not used
34 Spare Not used
36 BSY* BUSY
38 ACK* ACKNOWLEDGE
40 TRI* RESET (RST*)
42 MSG* MESSAGE
44 SEL* SELECT
46 C*/D CONTROL/DATA
48 REQ* REQUEST
50 1*/0 INPUT/OUTPUT
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8" Floppy Disk Interface Connector P4

The pin number and signal descriptions for 8" floppy
disk interface connector P4 are given in Table 3.

TABLE 3 — 8" Floppy Disk Interface Connector
P4 Pin Assignments and Signal Descriptions

Pin Signal
Number Mnemonic Description
1 through 49 GND System Ground
(odd only)

2,4,6 ——— Not used
8 TG43" TRACKS >43
10 DUAL* Dual-Sided Indication
12 - Not used
14 SSi* SIDE SELECT
16 —— Not used
18 HLD* HEAD LOAD
20 INDEX* INDEX
22 READY* READY
24 ——— Not used
26 DRvVO* DRIVE 0 SELECT
28 DRvV1* DRIVE 1 SELECT
30 DRv2* DRIVE 2 SELECT
32 DRV3* DRIVE 3 SELECT
34 DIR* DIRECTION
36 STEP* STEP
38 wD* WRITE DATA
40 WG* WRITE GATE
42 TROO* TRACK 0
44 WPRT* WRITE PROTECT
46 RDD* READ DATA

48, 50 - Not used
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5 1/4" Floppy Disk Interface Connector P5
The pin numbers and signal descriptions for 5 1/4”
floppy disk interface connector P5 are given in Table 4

TABLE 4 — 5 1/4" Floppy Disk Interface Connector P5
Pin Assignments and Signal Descriptions

Pin Signal
Number Mnemonic Description
1 through 33 GND System Ground
(odd only)
2 HLD* HEAD LOAD
4 —_—-
6 READY*/ READY/DRIVE 3 SELECT
DRV3*
8 INDEX* INDEX
10 DRVO* DRIVE 0 SELECT
12 DRV1* DRIVE 1 SELECT
14 DRV2* DRIVE 2 SELECT
16 MOT* MOTOR ON
18 DIR* DIRECTION
20 STEP* STEP
22 wD* WRITE DATA
24 WG* WRITE GATE
26 TROO* TRACK 0
28 WPRT* WRITE PROTECT
30 RDD* READ DATA
32 SS1* SIDE SELECT
34 --- Not used
Ordering Information
Part Number Description
MVME315 VMEmodule Intelligent Floppy Controller/SASI Interface with
DMA Includes User's Manual
MVME315/D1 MVME315 Intelligent Floppy Controller/SASI Interface

User’s Manual

Related Documentation

MVMEBS/D1 VMEDbus Specification Manual

M68DRVGD/D1 Guide to Writing Device Drivers for VERSAdos
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VMEmodule
Winchester/Floppy
Disk Controller

® Controls Mixed 54" and 8" Drives: Up to Two Winchester
Hard and Two Floppy Disk Drives or up to Four Floppy
Disk Drives

Provides High Performance DMA Data Channels

Programmable Data Transfer Mode: Two Byte or 200
Microsecond Block

Supports Serial Data Rates up to 5 Megabits Per Second
Uses Standard IBM Formats and FM and MFM Recording
User-Programmed Hard Disk Format

Supports Soft Sectored Drives

Multiple-sector read/write

Implied Seek

Bit Senal 16-Bit CRC/32-Bit ECC Generator

Automatic Bad Sector Handling

Single Phase Write and Read Clocks

Data Transfer — 16-Bit DMA/8-Bit Register

Self Diagnostics

VMEbus Requester and Interrupter

0°C to +50°C Operating Temperature Range

VMEbus Compatible

The Disk Controller is a double high Eurocard module for
adding mass storage capacity to a VMEbus system It pro-
vides high performance DMA data channels between system
memory and Winchester hard disk drives and/or floppy disk
drives. The module is used in applications having intensive
real-time disk /O or multiprocessing structures to reduce
VMEbus traffic and increase system throughput. Figure 1 is
a functional block diagram of the controller module.

ADVANCE INFORMATION

MVME320

o masseed

Host/MVME320 Communications

An intelligent module, the disk controller offers the user a
high level, easy to program interface. Microinstructions in a
4K x 24 ROM are executed on a Signetics 8X305 Micro-
controller at a 200 ns per instruction rate to provide the macro
1/O activities requested by the user program.

To a driver running under the host operating system, the
controller appears as seven 8-bit control registers at the base
address of the module, one block of global memory for each
disk drive and a table in global memory of pointers to the
starting address of each block. General control of module
operations is obtained using the seven registers to pass in-
itialization, vector number, first pointer address and command
initiation information to the controller and to obtain interrupt
source and drive status information from the module.

The other host/module communications avenue is the
event control areas (ECA) which are memory blocks used to
convey drive control parameters and command execution
parameters from host to module and the status of executed
commands from module to host. An ECA comprising static
and dynamic fields is created by the host when requesting
execution of a command. Static fields remain unchanged.
Dynamic fields are used during execution and updated at
completion by the controller.
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FIGURE 1 — Disk Controller Block Diagram
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Disk Drive Interface
The disk interface consists of two sections-

@ Input and output ports that sense and generate slow
changing or static control signals

® Serial data I/0 and high speed disk control circuitry

® Because both sections are serviced by the fast 8X305
microcontroller, the module Is able to control a variety of
disk types and media formats

Up to four disk drnives can be interfaced to the module. Of
these two can be Winchester 5%.” or 8" hard disk and two
can be 5v4" or 8" floppy disk. If all are floppy, four can be
used. Mixed single and double sided floppy disk drives of
single or double density are supported.

All head positioning (up to 1024 cylinders/drive) and head
selection (up to 16 heads/drive) is automatically provided by
the controller for host requested 1/0.

Table 1 is a partial Iist of disk drives which can be used
with the controller module.

Data Transfer Modes

On command request, the host specifies the desired trans-
fer mode using the DMA Type field in the ECA Two DMA
data transfer modes are available: two byte and 200 us block.
In the two byte mode, the VMEbus Is requested, two con-
secutive bytes are transferred and the bus released. In the
200 us mode, the bus is requested, data is transferred for
200 us and the bus released.

Data Interface

For a requested read or write operation, data is automat-
ically transferred between any of the four disk drives and
system memory which can be located anywhere in the VME-
bus 16 megabyte address space.

Floppy disk data transfer is done using two byte buffering
For hard disks, a 1024 byte local buffer 1s used Automatic
head switching and cylinder positioning i1s performed for op-
erations requinng multiple sector read or write

Module design uses a multiplexer to transfer disk data to
a phase locked loop data separator before sending it to
sernializer/deserializer (SERDES) circuitry This section con-
verts serial disk data to parallel for bus transfer and parallel
bus data to senal for transfer to disk. The SERDES section
also generates and checks CRC code and has a watchdog
circuit that monitors the various disk operations for timely
completion. The number of retries of an operation that the
module will attempt I1s programmable.

Error Detection And Correction

To insure data integrity, the module provides two software
selectable modes of data validation: 16-bit cyclic redundancy
check (CRC) or 32-bit error checking and correction (ECC).
The ECC algorithm used can correct errors separated in data
by as many as 11 bits.

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

1-64



MVME320

TABLE 1 — MVME320—Compatible Disk Drives
Hard Disk Drives
8" 54"
Seagate ST506, ST512, ST406, ST412

Shugart SA1000 Series

Quantum Q2000 Shugart SA600
Data Peripherals RMS500, RMS506, RMS512
Tandon

International Memories Inc.
Floppy Disk Drives
8" 5va"

Shugart SA800, SA801, Amlyn 5850
SA810, SA850 Shugart SA400, SA410, SA450

TABLE 2 — Disk Controller Command Set

Command Description
CALB Recalibrate (reposition head) to track zero
RETD From first sector encountered, return flag, ID, CRC and read-generated remainder.
REMS Using implied seek, read multiple sectors.
WRMS Using implied seek, write multiple sectors.
FORM Using implied seek, format tracks.
WRDD Write using deleted data address mark/flag.
VER Using implied seek, verify data (no transfer).
TSR Transparent sector read (ignore CRC/ECC errors).
CORR Using ECC remainder, correct data in memory.

Mechanical And Environmental Specifications

Characteristics Specifications
Configuration DTB Master A24, D16
DTB Slave: A24, D8
Form Factor Double High Eurocard

Power Requirements +5.0 Vdc at 2.6 A (typ)
+12 Vdc at 20 mA (typ)

—12 Vdc at 20 mA (typ)

Environment Limits

Operating Temperature 0°C to +50°C
Storage Temperature —55°C to +85°C
Humudity 8% to 80% (non-condensing)

Physical Characteristics

PC Board Height
PC Board Depth

92 1n. (234 mm)
6 3in. (160 mm)

Command Set Control Program PROM Size Selection
The controller module offers the set of nine high level com- The module has a header to allow selection of a 2K x 8
mands histed in Table 2. or 4K x 8 size for the three PROMSs in which the control
programis stored. This header is wired for the 4K x 8 PROMs
shipped with the module.
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Base Address Selection

The module has a header for jumper selection of a base
address which can be set on any 1K byte boundary through-
out the 16 megabyte VMEbus address space.

Address Modifier Code Selection

The module has a header for selection of response to
address modifier codes for user (hex 29) and supervisor (hex
2D) or for response to the supervisor code only. As shipped,
the module responds to both codes.

VMEbus Interrupter

The module has circuitry for generating an interrupt on six
of the seven VMEbus interrupt priority and interrupt acknowl-
edge levels: 1 through 6. Selection of an interrupt and an
acknowledge level is accomplished by jumper in the corres-
ponding headers. As shipped, both levels are set at 3.

VMEbus Requester

The module has the logic required to request mastership
of the data transfer bus (DTB) on any one of the four bus
request and four bus release levels and for operation in the

release-when-done mode. The module has two headers for
jumper selection of one of the four bus request levels and
one of the four bus grant levels. As shipped, both are set for
level 3.

Software Driver

A driver for the disk controller module is incorporated in
the 4.4 release of the VERSAdos Operating System and is
also available as a separate product. The driver supports
interface with the drives listed in Table 1. For users desiring
to write their own driver, a manual, Guide To Writing Device
Drivers for VERSAdos, M68DRVGD/D1, detailing how to
write a driver that runs under the M68000 Real-Time Multi-
tasking kernel or under VERSAdos is available.

Disk Controller Usage

The Disk Controller can be used as a slave in a VMEbus
system in which any of the monoboard microcomputers listed
in Table 3 operates as bus master. Table 3 lists the disk
controllers for which bootstrap, load and dump capabilities
are provided by the debugger supplied with the corresponding
microcomputer.

TABLE 3 — Boot/Load/Dump Support

Microcomputer

Debugger Supported Disk Controllers

MVME101
MVME110-1
MVME115M

MVME315
MVME315, MVME320, M68RWIN1, MVME420/SA1403D
MVME320, M68RWIN1*

*Using the MVME316 VMEbus-To-I/O Channel Interface

Ordering Information

Part Number

Description

MVME320
MVMES320/D1

VMEmodule Winchester/Floppy Disk Controller
VMEmodule Winchester/Floppy Disk Controller User's Manual

Related Documentation

Part Number

Description

MVMEBS/D1
M68DRVGD/D1

VMEbus Specification Manual
Guide to Writing Device Drivers For VERSAdos
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VMEmodule
LAN Controller

® Frees VMEbus Hosts From Protocol Processing Burden

e Interfaces with Both VMEbus and VERSAbus Hosts (via
M68KVM33) in the Same Ethernet System

® Interfaces with Hosts Running Under VERSAdos and SYS-
TEM V/68 in the Same Ethernet System

® Based on AM7990 LANCE Ethernet Controller, AM7991
Serial Input/Output Adapter and MC68000 16/32-Bit Mi-
croprocessing Unit

Hardware Features

10 MHz MC68000 MPU

VMEbus Compatible

Ethernet, Version 2.0 Compatible
AM 7990/7991 (LANCE/SIA) VLSI
128K Dynamic RAM with Parity

Interrupt Capabilities
VMEbus to MPU
MPU to VMEbus with Programmable Vector

2 ms Timer

Bus Requester/Master Capability

8K or 32K EPROM

Power Up Self-Test

One Wait State RAM Write Access

No Wait State RAM Read Access
0°-70°C Operating Temperature Range

Software Features
® Host-Specific Application Packages: File Transfer, Net-
work Utilities, Virtual Terminal, Runtime Library

o SYSTEM V/68 and VERSAdos Drivers

o XNS Protocol Package Includes: Echo, Error, Sequenced
Packet, Packet Exchange, Routing Info, Datagram

® Firmware and Communications Executive
o Clean, Well-Defined Host Interface

ADVANCE INFORMATION

MVME330

Obtaining for a microcomputer system the data exchange
benefits of Ethernet requires a means of connecting infor-
mation processing devices to this local area network. The
MVME330 LAN Controller VMEmodule is an advanced com-
munications processor which provides for VME/10-based
systems the interface and the performance for 10 Mbps Eth-
ernet 2.0 implementation. It matches Ethernet conformance
to the IEEE 802.3 local area network specification (CSMA/
CD), conforms to VMEbus industry standards and is fully
supported by Motorola’s SYSTEM V/68 and VERSAdos op-
erating systems.

MVMES30 frees any VMEbus host from significant protocol
burden by means of a double high Eurocard node processor
design incorporating an MC68000 16-Bit Microprocessing
Unit and the VLSI Lance Ethernet Controller — AM7990. A
communications executive executes on the LAN controller
MPU to supervise the Lance chip in its processing of the
Xerox Network System (XNS) protocol package. A VLSI Se-
rial Input/Output Adapter — AM7991 — provides Manchester
encoding/decoding for the Ethernet interface. When the Eth-
ernet interface is operating at 10 Mbps, the data exchange
rate at the VMEbus interface is about 200 one kilobyte pack-
ets per second. A block diagram of MVME330 is shown in
Figure 1.

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

1-67




FIGURE 1 — MVME330 LAN Controller
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MVMES30’s on-board MC68000 MPU facilitates the down-
loading of custom protocol implementations. Host-specific
drivers also are easily written for interfacing MVMES330 to
another host.

By interfacing directly with the LANCE chip to perform all
Ethernet I/0, the MVMES330 kernel acts as a standard inter-
face between the hardware and the XNS software which in

turn communicates, over VMEDbus to the host application soft-
ware; and through the LANCE over Ethernet to another node
and thence through that LANCE to the peer XNS software
at that node. The MVME330 communications executive com-
prises initialize, timer, transmit, receive, status and network
statistic functions, as shown in Figure 2.
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FIGURE 2 — Host/MVME330 Ethernet Functions
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The MVMEB30-resident layers include XNS inter-network
Datagram protocol in the network layer and XNS Echo, Error,
Sequenced Packet, Packet Exchange and Routing Info mod-
ules in the transport layer. Within the host, an XNS Courier
package interfaces the operating system with File Transfer,
Network Utilities, Run Time Library, Virtual Terminal and user

written application packages. Data transfer across the phys-
ical VMEbus interface between host and LAN module is
accomplished using a clean, well-defined shared memory
interface.

Figure 3 depicts a two node Ethernet network.

FIGURE 3 — Two Node Network
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FUNCTIONAL DESCRIPTION — HARDWARE

MVME330 offers System V/68 and VERSAdos hosts on
VMEbus a single board connection to an Ethernet system.
Compatible with Ethernet Version 2.0, it can support a data
transfer rate greater than 200 maximum length packets per
second. Requiring no additional hardware but a cable,
MVME330 can be connected to standard Ethernet trans-
ceivers.

The MVMEB30 is designed so that it can easily be used
in File, Print and Terminal Servers and other network appli-
cations. It facilitates network management by monitoring col-
lisions and retrys, frame checking, timeouts and error free
transmissions and receptions. Such configuration control
functions as initializing, suspending, and resuming data link
operations, setting the physical address and the addressing
mode (normal, broadcast, multicast) are also supported by
the hardware.

MPU

The processor on board MVME330 is a 10 MHz MC68000.
Its duties include moving commands and data to and from
system memory; responding to and generating VMEbus in-
terrupts, executing the network and transport XNS protocol
layers, providing timer functions and, under direction of the
communications executive, controlling the LANCE in its
execution of the data link protocol.

Dynamic Memory

As shipped, MVME330 has 128K bytes of dynamic RAM
with parity which is accessible from VMEbus, the LANCE and
the MC68000, in that order of priority.

ROM/EPROM
The MVME330 has two 28 pin sockets in which 16K x 8,
8K x 8 and 4K x 8 EPROM devices can be used.

Local Area Network Controller For Ethernet
(LANCE)

The LANCE is a VLS| device used for interfacing a micro-
processor system to a local area network; namely the base-
band, carrier sense multiple access with collision detection
(CSMA/CD) shared medium defined by Ethernet 2.0. It is
designed to operate in an environment comprising local mem-
ory and a microprocessor with the memory serving as the
communication link between the microprocessor and the
LANCE and as a buffer for Ethernet packets.

LANCE operates at a 10 megabit data rate, is MC68000
compatible, has: a 16-bit data bus, a multiplexed address/
data bus, a DMA controller with 24-bit addressing and a
48-byte data buffer with powerful buffer management. It also
offers diagnostic aids, three modes of destination address
comparison, executes a CSMA/CD network access algorithm

and provides extensive error reporting. The 48 bytes of in-
ternal buffer reduce the initial response time so that once
DMA is initiated between LANCE and local memory an av-
erage of one word is transferred each 1.6 microseconds sus-
taining a 10 Mbps data transfer rate.

LANCE diagnostics include:

e Pseudo full duplex capability for use in testing via in-
coming and outgoing loopback packets

e 32-bit CRC function usable in the transmission, recep-
tion and two loopback operating modes

e 10-bit wide time domain reflectometry counter used for
determining the location of a cable fault.

Three modes of checking the received network destination
address against initialization values are provided. These
include:

e Physical mode: a comparison of address bits with cor-
responding bits in the physical address register

® |ogical address filter using as an index the CRC value
determined over the destination address

e Promiscuous mode: in which all packets are received
regardless of address.

The LANCE executes the full carrier sense multiple access
with collision detection (CSMA/CD) algorithm in which on
detecting collision it transmits Collision Jam data and per-
forms a backoff algorithm before again attempting to transmit.
Only after sixteen consecutive collision detections does the
LANCE report an error. Individual packet errors reported by
LANCE include: CRC error, framing error and SILO under —
or overflow.

LANCE reported errors which result in MVME330 gener-
ating an interrupt on the VMEbus are: babbling transmitter
(transmission of more than 1518 bytes), nonfunctional colli-
sion detection circuitry, missed packet due to insufficient
buffer space and memory timeout.

Host/LANCE communications are accomplished via trans-
mit and receive ring structures in memory. Each ring is a
circular queue comprising up to 128 message descriptors four
words long. Each descriptor defines a LANCE — controlled
buffer or chain of buffers holding a packet awaiting further
LANCE processing. Orderly management of the message
descriptors is contingent on use of a bit in each descriptor
whose state indicates ownership by LANCE or host of that
descriptor and on strict observance of a protocol which allows
LANCE and Host to relinquish but never take ownership and
forbids changes to data in non-owned descriptors.

Serial Interface Adapter (SIA)

The SIA performs the Manchester encoding/decoding nec-
essary for interfacing LANCE to Ethernet. It is compatible
with standard Ethernet bus transceivers operating at 10
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megabits/sec. The SIA decoder acquires the clocks and data
within six bit times (600 ns). It features guaranteed carrier
detection and collision detection threshold limits and transient
noise rejection. The receiver decodes Manchester data in the
presence of up to plus or minus 20 ns clock jitter, which
represents Vs of a bit time.

VMEbus Requester/Bus Mastership

Since MVMEB30 has bus request circuitry which complies
with the VMEbus specification, it can act as bus master in a
system having an arbiter elsewhere on the bus. It supports
all four bus request levels, the bus request in/bus grant out
daisy chain and provides jumper selection of the module bus
request level.

VMEbus Interrupter

The MVMESS30 interrupter circuitry complies with the
VMEbus specification, supporting the interrupt acknowledge
daisy chain and allowing jumper selection for the module of
one of the seven interrupt priority levels.

Interrupting the MVME330 LAN Controller

A host access of any of the top 512 bytes of the 128K
bytes of VMEbus memory space assigned to the LAN Con-
troller causes an automatic interrupt of the on-board MPU.
This access differs from a true LAN Controller memory ac-
cess in that no data is written in or fetched from the 512 bytes
and the host need not wait for a memory acknowledge since
a response is guaranteed and the on-board MPU is auto-
matically interrupted.

Timer :

For use by protocol processing software timers, the
MVME330 LAN Controller has a timer which causes the on-
board MPU to be interrupted every 2 ms.

Memory Map

Decoding of the upper seven address lines and a header
permit jumper selection of a base address for the LAN Con-
troller on 128K byte boundaries throughout the VMEbus
memory space. As bus master, MVME330 can access most
of the bus address space.

Power Up Test

Upon power up, or system reset, the LAN Controller ex-
ecutes a series of ROM-based self tests to determine that
the board is functioning properly. Upon successful complietion
of these, the fail LED is turned off. Tests include a LANCE
register and loopback test, an MPU test, a memory test for
the dynamic memory, EPROM checksum test, and a status
and control register test (I/O registers).

MVME330 SOFTWARE

The MVME330 is supplied with host — specific software/
firmware offering the functionality and performance for im-
mediate use and for implementing custom applications. The
software supports the Motorola SYSTEM V/68 and VERSA-
dos operating systems and provides a communications ex-
ecutive kernel which controls the LANCE hardware in its per-
formance of basic Ethernet data transfer, status reporting,
statistical and diagnostic functions.

The software is designed to interconnect VME/10 and
EXORmacs based systems via Ethernet. It is highly modu-
larized and observes the 7-layer interconnection model (open
System Interconnect — OSI) defined by the International
Standards Organization (ISO). So that the software can easily
be upgraded to future protocols, each module corresponds
to a specific layer of the OSI interconnection model. Device
drivers running under the Motorola SYSTEM V/68 and
VERSAdos operating systems are also provided For further
flexibility and ease of use, the bus interface between a host
system and the LAN controller utilizes a clean well-defined
shared memory protocol. (The initial software supports only
MMU-based systems.)

Kernel Functions

The LAN Controller kernel performs all functions required
for controlling and monitoring MVME330 hardware. Inclu-
ded are: managing LANCE status registers and LANCE-
controlled message descriptor rings, performing timer func-
tions, managing interrupts and retrieving LANCE generated
statistics. Through use of these functions, user software can
be written in PASCAL, C or other high level language and
down-loaded to the LAN Controller for final development.

Debugger

To aid diagnostics and development, the kernel incorpo-
rates a full debugger. Provided functions include setting mul-
tiple breakpoints, memory examine, modify, test and move;
an assembler, a disassembler, downlead capability and soft-
ware memory refresh.

Application Packages
The MVMES330 LAN Controller comes with a powerful set
of application packages. These include:

® File Transfer: Files can be moved between two VME/
10 and EXORmacs hosts on the network.

® Virtual Terminal: From the terminal of one host, a user
via Ethernet can log on a remote host and execute
commands and programs on that computer as though
directly connected. At present; only Motorola SYSTEM
V/68 to Motorola System V/68 and VERSAdos to SYS-
TEM V/68 communications are supported.
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o Electronic Message: Users can send and receive mes-
sages across the network. At present, there 1s no
message queue for users not logged into network
management when a message is sent.

e Datagram: A user program running on one host can
send/receive information to/from a user program run-
ning on another host without first establishing a virtual
connection. A datagram 1s a single packet with self-
sufficient addressing information. Electronic message
facilities are based on the datagram interface.

o Network Management: Each station is provided daily,
hourly or per minute packets sent/received informa-
tion. From this and LANCE reported errors, a network
manager can decide to remove any port or station
having excessive errors. A utility interfacing network
management can request display of information within
Ethernet data structures on board the LAN Controller.

File Transfer Capabilities

Files are transferred between nodes on Ethernet using the
File Transfer application package. At present the following
services are provided:

o File Management
o File Access

o File Protection, on both the SYSTEM V/68 and VERSA-
dos operating systems.

Protocols for Higher Layer Software

As high layer software support for the MVME330 LAN Con-
troller, Motorola offers a XEROX Network Service (XNS)
implementation consisting of the following protocols.

o Internetwork Datagram Protocol — corresponding to
layer 3b of the OSI model, this LAN — resident pro-
tocol formats internet packets and performs internet
addressing and routing.

e Transport Layer Protocol — corresponding to layer four
of the OSI model, this LAN — resident protocol han-
dles echo, error, sequenced packet, packet exchange
and routing information.

® Courier (Remote Procedure) Protocol — corresponding
to layer six of the OSI model, this host-resident pro-
tocol standardizes the format of request and reply
messages and the format of the network represen-
tatives for a family of data types from which request
and reply parameters can be constructed.

Operating Systems Interfaces

The MVME330 LAN Controller provides a bus interface for
VMEbus/VERSAbus (BIV) in the form of shared memory pro-
tocol. This interface provides access to Ethernet from Mo-
torola SYSTEM V/68 and VERSAdos Operating Systems via
the corresponding driver supplied with the software.

To facilitate its use in the development of custom appli-
cation packages or network protocols, the BIV is clean and
well defined.

Systems Integration

Two basic capabilities useful for integrating system soft-
ware with system hardware are provided with MVMES330:
download and network management.

In conjunction with other kernel software; the download
function can assist with board diagnostics and program de-
velopment by allowing the required software to be down-
loaded. The network management function provides a net-
work manager with the mechanism for administering a
network system, for setting configuration options and privi-
lege levels and for generating network reports. Commands
within network management have privilege levels: user level
for accessing parameters and statistics via any other con-
nection.

The network manager can request generation of perfor-
mance statistics for:

® Busiest Second

® Busiest Minute

® A Specified Hour

® Average for the Preceding 24-hour Period.

Other statistics are supported by the kernel which can be
utilized as applications require. Supported statistics are listed
in Table 1. Supported statistics are tallied from the last reset
of the statistics or of the LAN Controller

TABLE 1 — Network Statistics

Ethernet messages transmitted
Multiple Retries reported
Single Retries reported
Deferrals reported

Transmit buffer error

Silo underruns

Late collisions

Carrier loss

Babbling Transmutter errors

Collision errors

Memory errors on transmit
Ethernet messages received
Missed packets reported
CRC errors reported
Framing error

Silo Overruns

Memory errors on receive
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Network Performance
The system throughput, inciuding upper layer XNS soft-

ware, is 200 packets/second, for packets of 1024 bytes, av-
erage. The MVMES330 can handle multiple back-to-back

packets of any length.

Network Distances

The maximum distance between any two receivers is 2500
meters. The maximum length of the transceiver cable (from
the LAN Controller to the Ethernet cable) is 50 meters.

SYSTEMS NETWORK CONCEPT

Figure 4 is an overall concept of an Ethernet system in-

FIGURE 4 — Systems Network Concept

volving the various Motorola Microsystems hardware and
software elements described in this data sheet.
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MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

1-74



MVME330

MVME330 SPECIFICATIONS
The specifications for the MVME330 are listed in Table 2.

TABLE 2 — MVME330 Specifications

Characteristic

Specification

Power Requirements

3.8A @ +5Vdc 5%
06 A@ +12Vdc 5%
0.1 A@ —12Vdc +5%

Environmental Tolerance
Operating Temperature
Storage Temperature
Humidity Range

5°C to 50°C
—40°C to 85°C
0% to 95% (non-condensing)

Mechanical Specifications

Height x Depth (board)
Height x Width (front panel)

9 2" (234 mm) x 6.3" (160 mm)
10.3" (262 mm) x 0.79" (20 mm)

Connectors

VMEbus
Ethernet transceiver port cable

DIN#41612C96
AMP745094-1

VMEbus CONNECTOR P1

The electrical and mechanical characteristics of VMEbus
connector P1 are fully described in the VMEbus Specification
Manual, MVMEBS/D1.

ETHERNET TRANSCEIVER PORT
CONNECTOR

The Ethernet transceiver port connector is a 15-pin
subminiature.
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Ordering Information
The MVME330 LAN Controller 1s ordered as a standalone appropriate host-specific software including device driver and
board which includes the executive kernel software, or as a the BIV bus interface control layer The entire software pack-
package including the board, executive kernel, a complete age (less kernel) may be purchased separately as can the
set of XNS protocol and network application software, and executive kernel and the kernel debugger only.
Part Number Description
MVME330 VMEmodule Ethernet LAN Controller This module provides high performance,
intelligent single board connection of VMEbus Systems to Ethernet, a Local
Area Network Includes 128K RAM, LANCE (7990), SIA (7991), 68000 MPU,
Kernel Firmware and Power up self-test
M68NNXBVMELAN Object Software supplied on 5 25" floppy Object code modules include.

for SYSTEM V/68 Host

M68VVXBVMELAN
for VERSAdos Host

— XNS protocol package including Echo, Error, Sequenced Packet, Packet
Exchange, Routing Info and Datagram.

— Network Application Software including File Transfer, Network Utilities,
Runtime Library, Virtual Terminal.

— Host Specific Network Software including Device Driver, Host BIV and
MVME330 BIV.

— Software documentation, and User’'s Manual
Object code 1s supplied as bootable load modules, and unlinked modules,
so that the OEM can reconfigure without source

for SYSTEM V/68 Host

M68VVXSVMELAN
for VERSAdos Host

MVME330-UX MVME330 plus appropriate software for SYSTEM V/68, on 5.25" floppy
MVME330-VX MVME330 plus appropriate software for VERSAdos, on 5.25” floppy
M6811RBVMEBUG LAN Controller Debugger software, kernel, self-test in 32K EPROM
M6811RBVMEKRN LAN Controller Kernel, and self-test in 16K EPROM
MB8NNXSVMELAN Source Software supplied on 5 25" floppy includes

— Ethernet 2.0 compatible Network Software device driver,

— Host BIV and MVME330 BIV

— Kernel, self-test, debugger and documentation (XNS Host resident utilities
and protocol from third party vendor)
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ADVANCE INFORMATION

MVME900 Series

VMEmodule — o
I/Omodule

Card Cages, Chassis, .
Power Supplies, o}- ﬁﬂ;f

Backplanes, and Twwesos 4
ACCGSSOI’ieS VMEbus Backplanes ')(\am‘t; Yy

The MVMES20 and MVME921 VMEbus Backplanes are
used to interconnect VMEmodules They are fully assem-
bled, with connectors and terminators The MVME920 has
20 connectors (a full 19" chassis width), and the MVME921
has 9 connectors

MVME920 and MVME921 Features

The MVMES00 Series of packaging, prototyping and
power accessories facihitates the use of VMEmodules and
I/Omodules in VMEbus-based microcomputer systems
meeting specific performance and installation require-
ments The MVME90O0 Series includes the following prad-

ucts e Operation up to 20 MHz

e Plug-In Power Supply ® All Signal and Power Line Connections Provided
e 20-Slot VMEbus Backplane ® DIN-41612C 96-Pin Connectors

e 9-Slot VMEbus Backplane . “Fasf-On” Power and Ground Terminals

e 5-Slot I/0 Channel Backplane ® Bus Termination Networks on Both Ends

e Double High Extender Board e Test Connector for Bus Signal Access

e Double High Wirewrap Board e Jumper Areas Provided for Daisy-Chain Lines

Single High Extender Board
Single High Wirewrap Board
Remote I/O Channel Connector Board

Chassis with Power Supply for VMEbus and I/0 Chan-
nel Modules

Chassis for VMEmodules and 1/0 Channel Modules
e Chassis for VMEmodules

VMEmodule 200 Watt, Plug-In Power Supply

The MVME910-3 Power Supply provides sufficient power
for a MVME940-1 Chassis filled with VMEmodules (9) and
I/Omodules (10) It 1s a plug-in unit of switching design
and occupies a space In the chassis equivalent to five
double highVMEmodules The MVME910-3 operates from
90 to 270 volt line supplies at 45 to 64 Hz and 1s designed
to meet the requirements of UL, CSA and VDE safety
standards
MVME910-3 Features
e +5Vdc @ 30 A
e +12Vdc @3 A
e -12Vdc@1A
e QOverload Protection
e Remote Sensing for Accurate Board Voltage
e Short Circuit Protection

MVME920
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MVME9QO0 Series

I/0 Channel Backplane

The MVME922 I/0O Channel Backplane is used to inter-
connect up to five I/Omodules Itis fully assembled, with
connectors and terminators

MVME922 Features

e All Signal and Power Line Connections Provided
e DIN-41612C 64-Pin Connectors

e “Fast-On” Power and Ground Terminals

e Termination for.all /O Channel Signal Lines except
INT-4 and XACK*

-

MVME922

VMEbus and I/0 Channel Wirewrap Boards

The MVME931-1 and MVME933-1 Wirewrap Boards are
used for developing custom I/0 and interface modules for
VMEbus systems MVME931-1is a double high Eurocard
board for interfacing the VMEbus MVME933-1 1s a single
high board for interfacing the I/0 Channel DIN connec-
tors are included
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MVME933-1

VMEbus Extender Boards

The MVME930 and MVME932 Extender Boards facilitate
the testing and debugging of system modules by provid-
ing front panel DIN connector access to the VMEbus
MVME930 1s used with double high Eurocard modules
MVME932 1s used with single high Eurocard modules
Access to all 96 VMEbus data, address, control and power
lines i1s provided at the front panel connector MVMEQ32
can also be used to connect single high modules to the
1/0 Channel

MVME930

MVME932
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Remote I/O Connector Board

The MVME935 Remote I/0 Connector Board brings the
1/0 Channel to a 50-pin connector at the front panel Itis
used with remote modules which are connected to the
1/0 Channel via a ribbon cable, e g, the M68RAD1 Re-
mote Intelligent Analog-To-Digital Conversion Module
Access to all I/0 Channel data, address and control lines
1s provided at the front panel connector Access to power
lines is not provided

MVME935

Chassis with Power Supply for VMEbus
and /O Channel

The MVME940-1 1s a fully assembled chassis complete
with a power supply which supports a mixture of VME-
modules and I/Omodules This is a fully tested system
with the hardware and cables to support a maximum of
seven VMEmodules and ten I/Omodules It s suitable for
application development and prototyping and for use as
the basis of a complete end product
MVME940-1 Features
e 19” Rack Mounting Chassis
e Card Guides and Hardware to Support 7 Double-High

Eurocard and 10 Single-High Eurocard Modules

e One MVME921 9-Slot VMEbus Backplane
¢ Two MVMEQ22 5-Slot I/O Channel Backplanes
¢ An MVME910-3 200-Watt Power Supply
e DC Wiring Harness

® |/O Channel Signal Cables

MVME940-1

CHASSIS FOR VMEbus AND /O CHANNEL

The MVME941 1s a fully-assembled rack mounting
chassis which supports a mixture of VMEmodules and
1/Omodules Except for cables and a power supply which
the user must supply, MVME941 has all the required hard-
ware, including backplanes and connectors
MVME941 Features
® 19" Rack Mounting Chassis
e Card Guides and Hardware to Support 9 Double-High

and 10 Single-High Eurocard Modules
* One MVME921 9-Slot VMEbus Backplane
® Two MVME922 5-Slot I/O Channel Backplanes

MVME941

CHASSIS FOR VMEbus

The MVME942 1s a fully assembled rack mounting unit
which supports only double-high Eurocard VMEmodules
It has the hardware required, including backplanes and
connectors, to support 20 VMEbus modules

fegx
)('. o;-«'f
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Ordering Information

Power Supply
Part Number Description
"MVME910-3 200 Watt Plug-In Chassis Power Supply, 110 Vac

Backplanes and Accessories

MVME920 20-Slot VMEbus Backplane

MVME921 9-Slot VMEbus Backplane

MVME922 5-Slot I/0 Channel Backplane

MVME930 VMEbus (Double high) Extender Board
MVME931-1 VMEbus (Double high) Wirewrap Board
MVME932 1/0 Channel (Single high) Extender Board
MVME933-1 1/0 Channel (Single high) Wirewrap Board
MVME935 Remote I/0O Connector Board

Assembled Chassis

MVME940-1 19 1n wide card rack with handles, 9-slot VMEbus backplane, two 5-slot
1/0 Channel backplanes, single size module conversion hardware, plug-
in power supply Includes User's Manual

MVME941 191n wide card rack with a single 9-slot VMEbus backplane, two 5-slot
1/0 Channel backplanes, and single size modules conversion hardware
Includes User’s Manual

MVME942 19 1n wide card rack with 20-slot VMEbus backplane Includes User’s
Manual

Related Documentation

MVMEBS/D1 VMEDbus Specification Manual
M68RIOCS/D2 Input/Output Channel Specification Manual
MVMES00/D1 MVME900 Series Equipment User's Manual
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Many of today’s microprocessor applications demand
such data handling and processing power that designers
must consider use of board level products having a form
factor larger than that of VMEbus-compatible modules.
VERSAmodules, a broad line of 16/32-bit system com-
ponents are designed to meet this challenge.

A VERSAmodule system is interconnected using Mo-
torola’s standard VERSAbus architecture which supports
non-multiplexed, asynchronous operation, multiple pro-
cessors and bus masters, a powerful 7-level priority in-
terrupt structure, system failure detection and offers 8- to
32-bit data and address paths for data transfer rates up
to 20 megabytes per second.

The VERSAmodule format provides a board area nearly
three times that of the VMEbus-compatible double Eu-
rocard allowing implementation of functions having sig-
nificantly greater memory capacity and computing power.
Available modules include MC68000-, MC68010-, and
MC68020-based monoboard microcomputers, memory
modules with up to four megabyte capacity, peripheral
interface, controller and communication modules plus sys-
tem packaging and accessories. VERSAmodule products,
of course, are fully supported by both the VERSAdos
Real-Time Operating System and the UNIX-derived SYS-
TEM V/68 Operating System.

VERSAmodule Data Sheets

MVMCC3
MVMCH3-1
MVMCH3-2
M68KEXTM
M68KVAM
M68KVBUG
M68KVBUGLC
M68KVBUGLF
M68KVBUG2
M68KVBUG2LC

M68KVBUG2LF

M68KVBUG2LMC

M68KVBUGS3

M68KVBUGS3LC

M68KVBUGS3LF

M68KVMMB
M68KVMO1A
M68KVMO1A2
M68KVMO02-3
M68KVMO03-1

M68KVMO03-3
M68KVMO03-4

M68KVMO03-5

M68KVMO04-1

VERSAmodule 8-Slot Card

Cage .................
VERSAmodule 8-Slot

Chassis ...............
VERSAmodule 8-Slot

Chassis ...............
VERSAbus Extender

VERSAbus Adapter
Module................
VERSAbug Debugging
Package for M6BKVMO1 . . .
VERSAbug Source/Object on
Cartridge ..............
VERSAbug Source/Object on
Diskette . ..............
VERSAbug Debugging
Package for M6BKVMO2 . . .
VERSAbug Source & Object
on VERSAdos Cartridge . . .
VERSAbug Source & Object
on VERSAdos Diskette . . . .
VERSAbug Source & Object
on VERSAdos Lark
Cartridge . .............
VERSAbug Debugging
Package for M6BKVMO3 . . .
VERSAbug Source and Object
on VERSAdos CMD
Cartridge . .............
VERSAbug Source and Object
on VERSAdos 8"
Diskette ...............
Memory Management
Board.................
MC68000 16-Bit Monoboard
MCU + 32K Bytes RAM.. . .
MC68000 16-Bit Monoboard
MCU + 64K Bytes RAM . ..
MC68000 16-Bit Monoboard
MCU + 128K Bytes RAM . .
MC68010 16-Bit Monoboard
MCU + 256K Bytes RAM
MC68010 + 256K Bytes RAM
MC68010 16-Bit Monoboard
MCU + 1024K Bytes RAM
MC68010 16-Bit Monoboard
MCU + 1024K Bytes RAM
32-Bit Monoboard MCU +
MC68020CPU . .........

2-14

2-20

2-20

2-20

2-26

2-31

2-31

2-51

2-67
2-67

2-67

2-67

2-74
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VERSAmodule Data Sheets
(continued)

M68KVM10-2
M68KVM10-3
M68KVM11-1
M68KVM11-2
M68KVM12
M68KVM12-2
M68KVM13-1
M68KVM13-2
M68KVM20
M68KVM21
M68KVM22
M68KVM30

M68KVM33

M68KVM60

M68KVM80-1

M68KVM80-4

M68KVMPM1
MésKWwW

M68KV020BES1

M68KV020BES2

M68K2RBBUG4

64K Byte Dynamic RAM
Module............... 2-82
128K Byte Dynamic RAM
Module............... 2-82
256K Byte Dynamic RAM
Module............... 2-85
512KByte Dynamic RAM
Module............... 2-85
1MByte Dynamic RAM
Module............... 2-89
4096KByte Dynamic RAM
Module............... 2-89
1 Mbyte Dynamic RAM
Module............... 2-92
4 Mbyte Dynamic RAM
Module............... 2-92
Intelligent Floppy Disk
Controller . ............ 2-96
Intelligent Universal Disk
Controller . . ........... 2-100
Disk Controller . . .. ....... 2-108
Multi-Channel
Communications

Ethernet Node
Processor/LAN Controller

Universal Intelligent

Peripheral Controller . . . .. 2-132
Combination Memory, 1/0

and Time-of-Day Clock

Expansion Module without

RAM. ................ 2-144
Combination Memory, 1/0

and Time-of-Day Clock

Expansion Module w/128K

Bytes Dynamic RAM .. . . .. 2-144
VERSAmodule Power

Monitor. . ............. 2-3
VERSAbus Wirewrap

Module............... 2-156
115 Vac High Performance

Evaluation Computer

System............... 2-157
230 Vac High Performance

Evaluation Computer

System............... 2-157
020 Resident Debug

Package.............. 2-161
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VERSAmodule Accessories

Card Cage, Chassis,
Power Supplies,
Power Monitor

Interconnects and Hardware

These accessories are designed to convert the individual
MC68000-based VERSAmodules (cards) into a complete,
compact, self-contained microcomputer system that best
meets the user’s performance and installation requirements
Sufficient options are provided to permit the convenient as-
sembly of systems for custom installation features, including
Table-Top or RETMA Rack Mounted Configurations.

VERSAmodule Card Cage
e Eight-Slot Backplane

— VERSAbus Compatible

— Provides 100 input/output connector pins per slot, each
with corresponding ground pin

— Input/output mating connector kits available
® Bus Terminators included
® Rugged, Open-Frame Metal Construction

® Mechanically and Electrically Expandable to Two Units (16
Slots)

— Expansion kit available

— Mounting/stacking holes provided on top and bottom
e Mating dc Power and Control Signal Connector Kit Included
® Weight 5.0 Ibs. (2.0 kg)

ADVANCE INFORMATION

MVMCH3-1, -2
MVMCC3
M6SKVMPM1

The VERSAmodule Card Cage allows the user to imple-
ment a VERSAmodule system of from one to fifteen cards in
a housing appropriate to the application, e.g., NEMA enclo-
sure. The basic Card Cage provides an eight-siot VERSAbus
backplane in a rugged, open-frame metal housing. Two units
can be bolted together to form a sixteen slot system. The
backplane VERSAbus signals can be electrically intercon-
nected with the optional expansion kit.

Bus termination devices are included in the Card Cage.
The VERSAbus backplane also provides 100 input/output
signal pins per slot with 100 corresponding ground pins in
four groups of 50 pins (25 signal, 25 ground) in addition to
the microcomputer system bus address, data and control
signals at each slot. Mating power connectors for the back-
plane are included.
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MVMCHS3-1, -2, MVMCC3, M68KVMPM1

VERSAmodule Chassis
® Incorporates Eight-Slot Card Cage in Front-Load Metal
Housing

® Versions optionally available incorporating 6-slot
1/Omodule card cage with rear-panel access

o RETMA Rack Mountable with Slide Kit Available

® Snap-on, Removable Front Panel with Molded Bezel and
Removable Metal Plate for User-Added Controls and In-
dicators (8.71” (132.6 cm) panel height)

e Decorative Cover Available for Table-Top Configuration

® Power On-Off Rocker Switch and Power Indicator
Accessible from Front Panel

® Modular Rear Panel for User-Installed Peripheral
Input/Output Interface Connectors with Internal I/O Ribbon
Cabling

® Three Fans for Cooling Cards and Power Supply

® 400 Watt Switching Supply with Overvoltage/Overload/
Overtemperature Protection (see following features)

Power Monitor Module Included (see following features)
Weight 42 Ibs (19 kg) with Power Supply
Operating Ambient Temperature — 0°C to 50°C

The VERSAmodule Chassis incorporates the eight-slot
Card Cage in a front-loading, metal enclosure. The Chassis
is rack mountable in a standard 19" RETMA rack using the
optional slide kit or may be used as a table-top unit with an
optional decorative cover. The Chassis has a snap-on,
removable front panel with a molded bezel and a modular
backpanel that allows the user to easily add any required
peripheral connectors.

For users planning to employ single Eurocard format
I/Omodule cards, a version of the chassis is available that
has a 6-slot I/Omodule Card Cage installed with rear panel
access.

Each Chassis has an ac power on/off rocker switch and
power indicator accessible from the front panel. The ac line
fuse and detachable line cord are located at the rear of the
unit. Three fans are included that provide forced-air cooling
for the Power Supply and the VERSAmodule cards.

A removable metal panel is provided on the rear of the
enclosure to allow the addition of required system input/out-
put interface connectors. Four 50-pin input/output ribbon con-
nectors are provided to aid the user in the construction of
ribbon cables that attach to the 100-pin signal/100-pin ground
pins on the backplane at each slot.

Connections For Backup
The backpanel is partitioned to handle the connect require-
ments of each peripheral board. The partitioning handles con-

nector and transition boards or panels associated with each
peripheral. The connector and transition boards come com-
plete with backplane connector cables. Due to the number
of combinations of peripheral boards, the backpanel cannot
handle all combinations of disk, communication and mono-
computer boards.

The power supply is a 400 watt switching power supply
that provides +5 Vdc, and +12 Vdc. Features include
overvoltage and overload protection and over-temperature
protection.

A Power Monitor Module is included that monitors the
Power Supply Low Line Detect signal and ac line voltage for
both cycle dropout and low-line voltage conditions. The circuit
generates the proper power-up/power-down sequence of
VERSADbus control signals allowing the system to take
appropriate action. A VERSAbus ac line clock signal is also
driven by the Power Monitor. See the following Power Monitor
description for details.

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

2-4



MVMCH3-1, -2, MVMCC3, M68KVMPM1

400 Watt Switching Power Supply
e AC Input Voltage Range of 90-130 Vac, Single Phase,
47-440 Hz

Factory configurable to 180—-264 Vac
Output Voltages and Maximum Current of:

+5.0 Vdc @ 60 A
+12 Vdc @ 8.0 A
-12Vdc @ 6.0 A
® Power Fail Holdup Time — All Outputs
Full Rated Load = 16 ms (Min.) Nominal Line Voltage
® Generates PS Low Line Detect Signal to Power Monitor
Module a Minimum of 4 Milliseconds Prior to Loss of Reg-
ulation of dc Outputs
o Power Monitor Module included (see following details)

® Overload Protection Foldback Current Limiting on Each
Output

e Overvoltage Protection of 5 V at 125% =5% of Nominal.
Reduced to rated output within 500 microseconds

e Overtemperature Thermal Shutdown (generates Supply

Fail signal)

EMI and RFI Filtering Included

Dimensions: L x W x H: 15” (203.2 mm) x 2.5” (157.5 mm)

x 5.0" (127 mm)

Weight: 11 Ibs (5.0 kg) — exclusive of fan and power

monitor module

® Operating Temperature Environment. 0°C to 50°C
Forced air @ 80 CFM (Min.) from integral fan unit

} Output Floating

The VERSAmodule 400 W Power Supply 1s a high effi-
ciency switching supply that provides all of the required op-
erating voltages for a VERSAmodule system. The regulated
supply outputs are +5 Vdc for the logic circuits, and =12
Vdc for the senial I/O circuits.

Power Supply output characteristics are given in Table 1
The supply has overload, overvoltage and overtemperature
protection. The supply also generates a PS Low Line Detect
Signal to the Power Monitor Module. This signal will occur a
minimum of 4 milliseconds prior to the loss of dc regulation
in the supply. The Power Monitor uses this signal to generate
the sequence of power-up and power-down signals used on
VERSAbus A fan is included as part of the assembly to
provide forced-air cooling.

Table 1—-VERSAmodule 400W Power Supply Output Characteristics

Line Reg Cross Reg Output
Load Reg (low ac 50%—100% Noise
Output Max. Adjust | (No Load | to high ac | load change and Temp.
Voltage | Current Range to max) line voit) any output Ripple Coeff
(vdc) | (Amps) (vdc) (%) (%) (%) (mVp-p) | (%/°C)
+5.0 60 48to 0.5 0.2 1.0 100 0.02
OovP
+12.0 8.0 Fixed Stay within 5% for any combination of line, 120 0.05
-12.0 6.0 Fixed load on cross regulation 120 0.05
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VERSAmodule Power Monitor

® Monitors System AC Line (on-board transformer) and Sup-

ply Fail Signal

Operates from +12 Vdc

Detects Cycle Dropout (user selectable for 0.5, 1.0 and

1.5 cycles) Below a 90 or 100 Vac Input Line Voltage

® Generates Proper Sequence of Power-up and Power-
down Signals for VERSAbus

® Provides ACCLK Signal for VERSAbus for AC Line Clock
Applications

® Size (including components, see Figure 1) Width x Height
x Thickness 6.0” (152.4 mm) x 4" (101.6 mm) x 1.375"
(34.9 mm)

System integrity is enhanced when it can predict the loss
of operating voltages and take appropriate action before the
voltages drop below the system minimums. This is accom-
plished by monitoring the system ac prime power for both
cycle dropout and low-line voltage conditions and signaling
to the system to allow orderly shutdown and recovery to
occur. In operating environments where periodic cycle drop-
out conditions occur, the ability to selectively ignore dropouts
not affecting the proper operation of the system is important.
These features are provided by the Power Monitor Module,
which is Included In the VERSAmodule Chassis, In the
Switching Power Supply, and is available separately.

As previously indicated, the VERSAmodule 400 watt
Switching Power Supply monitors its internal operation and
will generate a PS Low Line Detect signal to the Power Mon-
itor a minimum of 4 milliseconds before the loss of dc reg-
ulation. The Power Monitor also monitors the ac line voltage
for user selectable conditions of 0.5, 1.0, or 1.5 cycles of
voltage that are below the threshold of the input to the power
supply.

The Power Monitor will, based on either PS Low Line De-
tect or cycle dropout detect, generate a VERSAbus control
signal (ACFAIL*) that can initiate a system power-down se-
quence. Following a wait of 8 milliseconds, a VERSAbus
control reset signal (SYSRESET") will be generated which
may be used to inhibit further memory writes and to reset
the appropriate system elements. The Power Monitor also
generates a power-up sequence in which the system is held
in reset for a period of 500 milliseconds to allow the dc power
to stabilize.

The Power Monitor also generates a VERSAbus ac line
clock signal for applications requiring line sychronization.

The following connections are required by the Power Monitor:

AC Line Input
® 110 Vac connection to transformer via two fast-ons (3/16")

Power Supply Inputs on 4-Pin Connector (J1)
® +5 V (for Monitoring During Power Up)
® +12 Vdc circuit power @ 100 mA (Max.)
® +12 Vdc supply fail signal (active low)
ViL = 2.0 Vdc (Max.) @ 3.0 mA (Min.)
VIH = 7.0 Vdc (Min.)
e Board mating connector (P1)
Amp (Mate-N-Lok) 1-480424-0 (4 pin)

VERSAbus Output Signals on 10-Pin Connector
(J2)

e ACCLK

e SYSRESET*

e ACFAIL*

® Board mating connector (P2):
3M 3473-7000 (10-pin)

Note that when purchased and installed as a separate
assembly, the Power Monitor should be located near the
VERSAbus backplane rather than at a remotely located
Power Supply to minimize noise on the VERSAbus.
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FIGURE 1 — Power Monitor Circuit Module
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Ordering Information

Part Number

Description

MVMCC3

Eight-slot, open frame card cage. Includes User's Manual.

MVMCH3-1

Eight-slot, rack mountable chassis with 110 V, 400 watt switching
power supply and power monitor module. Four 50-pin connectors to
interconnect to the VERSAbus input/output pins are also included.
Includes User's Manual.

MVMCH3-2

Eight-slot, rack mountable chassis with 220 V, 400 watt switching
power supply and power monitor module. Also includes 6-slot card
cage for single Eurocard format I/O cards, plus four 50-pin connectors
to interconnect to the VERSAbus Input/Output pins. Includes User’s
Manual.
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Options

MVMCH3-1, -2, MVMCC3, M68KVMPM1

Part Number

Description

M68KVMPM1

Power monitor module for use with VERSAmodule Card Cage
(included in both versions of chassis and in switching power supply).
Includes User’'s Manual.

MVMCH3CHE

Expansion kit that provides the VERSAbus interconnect cables to use
between two card cages. Includes installation instructions.

M68KVMCHS

Rack mount slides and mounting hardware for VERSAmodule
Chassis. Includes installation instructions.

MVMCH3CVRD

Decorative cover for eight-slot VERSAbus Chassis when used as a
table-top unit. Includes installation instructions.

MVMCH3-103

Serial /0 cable assembly for VERSAmodules 02, 03, and 80.
Provides 50-pin connector and ribbon cable to two EIA RS-232C
connectors on a chassis backpanel mountable circuit board.
Synchronous or asynchronous operation for VM03. Asynchronous only
to VMO02. Includes installation instructions.

MVMCH3-104

Serial I/0 cable assembly for VERSAmodule 04. Provides 50-pin
connector and ribbon cable to convert TTL to EIA for two RS-232C
connectors on a chassis backpanel mountable circuit board.
Synchronous or asynchronous operation. Includes installation
instructions.

MVMCH3-121

Serial /0 Cable Assembly for VERSAmodule M68KVM21. Provides
ribbon cable from VM21 to chassis backpanel mountable connectors.
Includes installation instructions.

MVMCH3-122

Serial I/O Cable Assembly for VERSAmodule M68KVM22. Provides
ribbon cable from VM22 to chassis backpanel mountable connectors.
Includes installation instructions.

MVMCH3-123

Serial /0 Cable Assembly for VERSAmodule M68KVM23. Provides
ribbon cable from VM23 to chassis backpanel mountable connectors.
Includes installation instructions.

MVMCH3-132

Serial 1/0 Cable Assembly for VERSAmodule M68VM30 or M68VM32.
Provides ribbon cable to eight EIA RS-232C connectors on a chassis
backpanel mountable circuit board. May be used with two VM30’s or
VMB322. Synchronous or asynchronous for VM30. Asynchronous
operation for VM32. Includes installation instructions!

MVMCH3-133

Serial I/0 Cable Assembly for VERSAmodule M68KVM33. Provides
15-pin DLC cable to chassis backpanel mountable connectors.
Includes installation instructions.

Documentation

M68KVMESH3/D1

VERSAmodule System Chassis/Card Cage Enclosure User's Manual
describing all features and options relevant to the MVMCH3-1, -2 and
MVMCC3 Chassis and Card Cages.

M68KVMPS1/D1

VERSAmodule System Switching Power Supply User's Manual.

M68KVMPM1/D1

VERSAmodule System Power Monitor User's Manual.

M68KVBS/D4

VERSAbus Specification Manual.

M68RIOCS/D1

Input/Output Channel Specification Manual.
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VERSAbus
Extender Module

Electrical Features
e Electrostatic Shielding Between Adjacent Signals

e Internal Ground Plane for Excellent Front-to-Back
Signal Isolation

e Individual Test Points for Signals
e Signal Isolation

Mechanical Features

e Mechanical Inserters and Ejectors for the Extender
Module to VERSAbus Connection

® Mechanical Inserters and Ejectors for the Module Under
Test to Extender Module Connection

e Full Length Card Guides

VERSAbus Extender Module provides a convenient
system for the routine testing or trouble shooting of
VERSAbus modules The module under test is mechani-
cally inserted into the Extender Module card guides, thus
raisingitto a convenient level for servicing The Extender
Module “extends” VERSAbus signals and power to the
module under test.

Individual test points are provided for each extended
signal. The bus signal may be isolated by cutting the track
between two 10” spaced hole patterns A header with
shorting bars may be inserted to restore signal continuity
Mechanical ejectors ease the removal of test modules as
well as the extender module itself

Ordering Information

Part Number Description
M68KEXTM VERSADbus Extender Module
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VERSAbus
Adapter Module

e Provides VERSAbus Systems with the ability to utilize
EXORbus family modules

¢ Micromodule compatible

e User selectable access to upper or lower data bytes

® 16-bit communication ability with use of two modules
at one address

e User selectable interrupt levels

e VERSAbus interrupt control logic

e Synchronous control lines provided

e Userselectable 1 MHz or 2 MHz operation for EXORbus
family modules

The VERSAbus Adapter Module (VAM) 1s an interface

between the 8-bit EXORbus modules and the 16-bit

VERSAbus. The VAM is provided as an option for

VERSAbus systems, enabling use of various I/Omodules,

memory and Micromodules designed for the EXORbus.

The following compatibility list (Table 1) provides a listing

of EXORbus compatible modules which may be used in

conjunction with the VAM

M68KVAM

Synchronous timing and control are made available to
the EXORbus module by use of the VAM The VAM makes
adjustments for properaddressingand also provides
MC68000 MPU interrupt levels and controls required by
the VERSADbus interrupt scheme

A large degree of application flexibility 1s achieved by
providing a number of user options. These are summarized
In Table 2

TABLE 1 — EXORbus Module Compatibility List

Development System I/0 Modules

MEX6821-2 PIA Module

MEX6850 ACIA Module

MEX6850-2 ACIA/SSDA Support
MEX6854 ADLC Support

MEX68488 GPIA Support

MEX68USM Universal Support Module
M68120EVM MC68120 Evaluation Module

Micromodule I/0 Memory Modules
M68MMO03 32/32 Input/Output
M68MMO5A,B,C  Analog Input/Output
M68MMO7 Quad Communications Module
M68MMO09 4K CMOS RAM (battery back-up)
M68MM13A,B,C  Digital Output (contact closure)
M68MM13C,D Digital Input (optically isolated)
M68MM15A,A1,B High-Level A/D
M68MM15CV,Cl  Analog Output
M68MM16-1 Combo Memory — I/0

(for MMO1 Series)

M68MM16-2 Combo Memory — 1/0
(for MM19 Series)
M68MM18 8-Channel Serial Communications
M68MM21 8K x 8 CMOS RAM
M68MM21-1 16K x 8 CMOS RAM
M68MM22 Quad 8-Bit Parallel Interface

Adapter

Development System Memory Modules
MEX68RR EPROM/RAM
MEX68XX-1HR 16K-64K x 8 Dynamic RAM
MEX6808-22 8K x 8 Static RAM
MEX6816-22S 16K x 8 Static RAM

Miscellaneous Modules

M68MM10C Battery Backed-Up Clock/Calendar
M68MM14,14A  Hardware Arithmetic
Processing Unit
MEX68PP3 PROM Programmer
MGD6800DSM  Data Security Module
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M68KVAM

The VAM is designed to allow a great degree of appli-

TABLE 2 — User Options

cation flexibility through various options that may be configuration, are summarized in the following table.
selected by inserting jumpers or cutting copper runs on

the board The avallable options, along with the factory

IRQ (Interrupt Request)

Interrupt Acknowledge

1 MHz/2 MHz Clock

Set Interrupt Vector

Data Byte Select
Address Decode
Address Don't Care

Switch

16-Bit Data Transfer

Option Type Description
NMI (Non-Maskable An NMI signal generated by the EXORbus module can be jumpered to select
Interrupt) any one of seven VERSAbus interrupt request levels (Factory-configured

for VERSAbus Level 7.)

The IRQ signal into the EXORbus board can be activated from any one of the
seven VERSAbus interrupt request levels (Factory-configured for VERSAbus
Level 7))

Selects whether or notthe VERSAbus Interrupt Acknowledge signal is passed
through the VAM board (Factory-configured for IACKIN pass-through.)

Either clock can be selected to supply to the EXORbus module (Factory-
configured for 1 MHz.)

Selects the interrupt vector provided by the VAM board when acknowledging
an interrupt. (Factory-configured for

IRQ = $000064
NMI = $00007C)

Selects either the “lower” or “upper” data byte from the lower 16 data lines of
the VERSAbus, to select the eight data lines of the EXORbus module.
(Factory-configured to select upper data byte accesses.)

Consists of four hex address select switches to decode VERSAbus address
lines A08* through A23* (Factory-configured for $8000xx.)

Allows EXORbus address lines A08-A15 to be eliminated from the decode
individually, with the result that the VAM can address different size blocks
of available memory. (Factory-configured so that the VAM appears in the
VERSAbus map at 128 byte locations in the range of $800000 to $8000FF.)

Allows use of two EXORbus modules at same address locations with acommon
E-clock, so that two 8-bit bytes may be transferred simultaneously between
the EXORbus modules and the VERSAbus data bus.
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M68KVAM

Environmental and Power Specifications

Characteristic Specification
Power Requirements +5 Vdc, 5% @ 1.0 Amp maximum
Operating Frequency 1 MHz or 2 MHz
Operating Environment-
Temperature 0°Cto 70°C
Relative Humidity 0%-90% (non-condensing)

Shipping and Storage
Environment:
Temperature -40°C to +85°C
Relative Humidity 0%-90% (non-condensing)

Mechanical Specifications

Height (Thickness) 075in.(18cm)
Width 1450in (36.8 cm)
Length 9.251n. (23.5 cm)

Ordering Information

Part Number Description
M68KVAM VERSAbus Adapter Module. Includes User’s Manual
M68KVAM/D1 VERSAbus Adapter Module User's Manual

Related Documentation
M68KVBS VERSAbus Specification Manual
M68EBS/D1 EXORbus Specification Manual
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VERSAbug
Debugging Packages
for the M6BKVMO1A
and M68KVMO02-3
VERSAmodule
Monoboard
Microcomputers

VERSAbug Resident Package
e EPROM resident system debug monitor

e Dual port RS-232C Serial I/0 Cable Assembly allows
connection of debug terminal and up/downline load
host to the VERSAmodule Monoboard Microcompu-
ter (VMM) through the 50-pin I/O Connector arrange-
ment of VERSAbus

e 39 debug, up/downline load and disk bootstrap load
commands

e Full speed execution of system and user developed pro-
grams operating out of the VERSAmodule Mono-
board Microcomputer

e Virtual terminal capability for up/downline load from an
EXORmacs/EXORciser Development System or from
a cross-computer

e Powerful software and system debug command set
allows access to all VMM 1/0O, control and memory
facilities plus the full 16M byte direct address range of
the VERSAbus system bus

e DiskBootstrapload/dump from standard Motorola
Floppy and Hard Disk Systems

e Includes all required installation and operation docu-
mentation

VERSAbug Source and Relocatable Object Module

Package

e Source and Relocatable Object Modules for VERSAbug
on diskette or cartridge disk

e Relocatable Object Modules allow the user to include
only the VERSAbug items needed in their end system,
tolink intheir own up/downline loader, and/or to link
In their own bootstrap loader

e Source Modules allow user modification of VERSAbug
as desired

M68KVBUG, 2
MG68KVBUGLF, 2LF
M68KVBUGLC, 2LC
M68KVBUG2LMC

The VERSAmodule Monoboard Microcomputer debug
package, VERSAbug, 1s available as two separate product
offerings VERSAbug comes as an EPROM-based resident
package with dual serial I/0 cable assembly ready for in-
stallation and immediate use with the Monoboard Micro-
computer in a VERSAbus based backplane Such a back-
planeis provided by Motorola’s Card Cage (M6BKVMCC1),
or Chassis VERSAbug Source and Relocatable Object
Modules are available as a separate product on either
EXORmacs Development System compatible diskette, or
disk cartrnidge

VERSAbug provides a powerful evaluation, use and
system debugging tool for VERSAmodule Systems The
EPROM Resident Package (M68KVBUG) will operateina
minimum of 8K bytes of ROM space An Extended Func-
tions package requires an additional 4K bytes of ROM for
a total of 12K bytes VERSAbug uses the first 1024 words
of RAM storage for Interrupt Vectors and temporary
storage The EPROM resident package is delivered in six
2K byte EPROMSs, though only four are required if the
Extended Functions are not needed Table 1 lists the
commands available to the user in 8K ROM space, Table 2
lists the Extended Functions and Commands available in
the 4K byte extended ROM space

The package permits full speed execution of system and
user-developed programs operated in a VERSAmodule
Monoboard Microcomputer (VMM) system environment
under complete operator control The dual serial I/0 cable
assembly provided with VERSAbug allows terminal and
hostaccess to thetwo serial ports on the VMM VERSAbug
may be utilized with a VMM in a stand-alone environment
with only a user provided standard RS-232C asynchron-
ous ASCII terminal Alternately, it may be used with the
second senal /0 portdirect connected to a host computer
for up/downline loading of programs in Motorola “S”
Record format When directly connected to a host
computer in this manner, the VMM/VERSAbug/Operator
Terminal combination appears as a normal asynchronous
ASCII terminal (a virtual terminal) to the host operating
system Figures 1 and 2 illustrate two typical configura-
tions using the VERSAbug EPROM set installed inaVMM.
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In a typical debug session, the user will download his
developed program to a VMM from the host computer used
for software development This may be a Motorola EXOR-
macs or EXORciser Development System Following load,
VERSAbug commands may be used to examine and mod-
ify memory, set breakpoints to run particular program seg-
ments, and trace program progress The user may set up
and examine a variety of conditions using any of the pow-
erful commands listed in Tables 1 and 2, such as the
Register Display/Set series and the memory block manipu-
lationcommands The Data Conversion command serves
as an aid in examining and modifying data by providing a
means of converting hexadecimal to decimal, and decimal
to hexadecimal If corrections or program patches are
required, these may be performed and checked in the
VMM The user may then save a corrected copy to the host
computer files utilizing the Memory Dump command for
upline load Creating program patches may be aided by
use of the Display Offsets command to assist with relocat-
able and position independent code The user may also
copy all traffic to the serial port debug terminal on a
printer attached to one of the VMM parallel ports by use of
the Attach Printer command This may be useful for desk
debugging following a debug session.

The user may communicate directly with the host com-
puter as a terminal for purposes other than up/downline
load by executing the Transparent Mode command or the
Send Message to Port 2command By using the Port For-
mat command, the serial ports on the VMM may be recon-
figured for such attributes as baud rate, stop bits and
number of data bits In the Transparent Mode, the two
serial ports must be operated at the same baud rate

VERSAbug may be used for debug In total systems
environments including the VMM together with other
Motorola VERSAmodules (RAM, floppy and hard disk
controllers, communications controllers, A/D control-
lers, etc ) as well as user-developed VERSAbus compat-
ible modules

Bootstrap load and dump commands permit the user to
bootstrap from standard Motorola floppy and hard disk
systems utilizing media with the Motorola EXORmacs
diskette/disk format The Boot Dump command permits
the user to write his operating system to an EXORmacs
diskette/disk 1n bootstrap load format for subsequent use
in boot loading The IOP command permits the user to
create the EXORmacs diskette/disk format required

The Source and Relocatable Object Module Package
(M68KVBUGL) provides the user with the information
necessary to link VERSAbug into their specific systemin
either modified, or unmodified form The Relocatable
Object Modules are designed to permit creation of a load
module with or without the “S” Record up/downline
loader, the VERSAbug disk bootstrap loader, and/or the
Extended Functions package The user may also use the
Relocatable Object Modules substituting their own device
bootstrap loader for the VERSAbug disk bootstrap loader

Source Modules permit the user to modify, or customize
any of the VERSAbug functions as desired

The dual port serial I/0 cable assembly provided with
the EPROM Resident Package Is available as a separate
product (M68KVMSIOCH)

TABLE 1 — Commands Available in 8K Byte ROM

COMMAND

DESCRIPTION

MD <addri>[ <count>]
MM <address> [,<opts>]
MS <address> <data >

Memory Display
Memory Modify
Memory Set

A0 - A7 [<expression>]
DO - D7 [<expression>]

PC [<expression>]
.SR [<expression>]
.88 [<expression>]

us [<expression>]
DF

Display/Set Address Register
Display/Set Data Register
Display/Set Program Counter
Display/Set Status Register
Display/Set Supervisor Stack Pointer
Display/Set User Stack Pointer
Display Formatted Registers (All)
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TABLE 1 — Commands Available in 8K Byte ROM (continued)

COMMAND

DESCRIPTION

BF <address1> <address2> <word>

BM <address1> <address2> <address3>
Bl <address1> <address2>

BT <address1> <address2>

Block Fill (with 16 bit data word)
Block Move

Block Initialize

Block of Memory Test

DC <expression>

Data Conversion

OF
RO - R6 [<expression>>]

Display Offsets
Display/Set Relative Offset Register

BR [<address>[,<count>]]

NOBR [<address> <address> |
GO [<address>]

GT <breakpoint address>

GD [<address>]

TR [<count>]
TT <breakpoint address>

Breakpoint Set (up to 8)

Breakpoint Remove (any or all)

Go Until Breakpoint, Exception or Trace

Same as GO (may be set Temporary
Breakpoint)

Go Direct (No Breakpoint or Trace Set,
and no Exception Vector Changes)

Trace Set (for number of instructions)

Trace Set (Trace to Temporary Breakpoint)

PA
NOPA

Printer Attach (Print as well as display)
Reset Printer Attach

PF [<port number>]
TM [<exit character>]

* text

Port Format (set Serial Port Attributes)

Transparent Mode (Two serial ports
transparently connected)

Send Message to PORT2

HE

Help (Lists commands)

DU <address1> <address2> [<text >]
LO [<opts>] [=text]
VE [=text]

Memory Dump (‘S’ Record Upline load)
Load (‘S’ Record Downline load)
Verify (‘S Record Downline load verify)

BH [<device> <controller>]
BO [<device>,<controller><filename>]

Bootstrap Halt (Boot and Halt)
Bootstrap Operating System (Boot and Go)

Command Line Edit and Control Functions:
(BREAK)

(DEL)

(CTRL-D)

(CTRL-H)

(CTRL-W)

(CTRL-X)

(cr)

Abort Command
Delete Character
Redisplay Line

Deléte Character

Suspend Output*
Cancel Command Line
Send Line to Memory

*When (CTRL-W) 1s used, the user can cause the output display to continue by entering any character.
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TABLE 2 — Extended Functions and Commands Available in 4K Bytes Extended ROM

COMMAND

DESCRIPTION

BD [<device>,<controller>]
0P
RM

BS <address1> <address2> <data> [<mask>] [,<option>]

Block Search (Search designated memory
for specified data. complete data used
If no mask specified)

Bootstrap Dump

1/0 Physical dump to disk

Register Modify (scroll mode of all Regis -
ters for Display/Set)

Error Message Features:

Print System Exception Messages

FIGURE 1 — System Configuration #1 — Monoboard with VERSAbug and Cross-Computer
Serial Communications Link (EXORmacs, EXORciser or other computer with ‘S’ record files)
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M68KVBUG, 2
M68KVBUGLF, 2LF
M68KVBUGLC, 2LC
M68KVBUG2LMC

FIGURE 2 — Configuration #2 — Monoboard with VERSAbug in EXORmacs
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M68KVBUG, 2
M68KVBUGLF, 2LF
M68KVBUGLC, 2L.C
M68KVBUG2LMC

Ordering Information

Part Number

Description

M68KVBUG
(For M68BKVMO1A)

VERSAbug, the VERSAmodule Monoboard Microcomputer System
Debug Package, includes EPROM set™ and Dual RS-232C Senal I/O0
Cable Assembly allowing connection to user debug terminal and a
up/downline load host Includes User’'s Manual

(For M68KVMO1A)

M68KVBUGLF Source and Relocatable Object Modules for the VERSAbug system
(For M6BKVMO1A) on EXORmacs Diskette * Includes User’s Manual
M68KVBUGLC Source and Relocatable Object Modules for the VERSAbug system

on EXORmacs Cartridge Disk * Includes User’s Manual

M68KVMSIOC1

Dual RS-232C Serial I/0 Cable Assembly for interconnecting between
aVERSAbus 50 Pin I/O arrangement with pin out compatible to the
VERSAmodule Monoboard Microcomputer (M68KVMO1A and
M68KVMO02-3) and external RS-232C terminals May be used to
connect a debug terminal and an up/downline load hostto a VMM

M68KVBUG2
(For M68KVM02-3)

VERSAbug, the VERSAmodule Monoboard Microcomputer System
Debug Package, includes EPROM set* and Dual RS-232C Serial 1/0
Cable Assembly allowing connection to user debug terminal and a
up/downline load host Includes User's Manual

(For M68KVMO02-3)

M68KVBUG2LF Source and Relocatable Object Modules for the VERSAbug system
(For M68BKVMO02-3) on EXORmacs Diskette * Includes User’'s Manual

M68KVBUG2LC Source and Relocatable Object Modules for the VERSAbug system
(For M6BKVMO02-3) on EXORmacs Cartridge Disk * Includes User’s Manual
M68KVBUG2LMC VERSAbug Source and Relocatable Object Modules on VERSAdos

LMD Cartridge for use with M68KVM02 Microcomputer 16-Bit
Languages, Utilities, etc

M68KVBUG/D1

User’s Manual

*The M68KVBUG and M68KVBUG2 EPROM sets are copyrighted by Motorola and may be copied only under
prior wnitten agreement from Motorola M68KVBUGLF, M68KVBUGLC, M68KVBUG2LF, M68KVBUG2LC
and M68KVBUG2LMC Sources are copyrighted and licensed by Motorola They may be obtained only under
the required license agreement with Motorola
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VERSAbug 3.0
Debugging Package
for the
VERSAmodule 3
MC68010 Monoboard
Microcomputer

VERSADbug 3.0 Resident Package
o EPROM resident system debug monitor

e Dual port RS-232C Sernial I1/0 Cable Assembly allows
connection of debug terminal and up/downline load
host to the M68KVMO03 (VMO03) through the 50-pin
1/0 Connector arrangement of VERSAbus

e 44 debug, up/downline load and disk bootstrap load
commands

e Full speed execution of system and user developed pro-
grams on the VMO03

e Virtual terminal capability for up/downline load from an
EXORmacs/EXORciser Development System or from
a cross-computer

e Powerful software and system debug command set
allows access to all VMO03 1/0, control and memory
facihties plus the full 16M byte direct address range
of the VERSAbug system bus

e Disk Bootstrap load/dump from Motorola Floppy and
Hard Disk Systems M68KVM20, M68KVM21, and
M68KVM22

e Includes all required installation and operation docu-
mentation

VERSAbug Source and Relocatable Object

Module Package

e Source and Relocatable Object Modules for VERSAbug
on diskette or cartridge disk

® Relocatable Object Modules allow the user to include
only the VERSAbug items needed in their end system,
to link in their own up/downline loader, and/or to link
in their own bootstrap loader

e Source Modules allow user modification of VERSAbug
as desired

M68KVBUG3
M68SKVBUG3LF
M68KVBUG3LC

The standard debug package for the VERSAmodule 3
Monoboard Microcomputer, VERSAbug 3 0, Is available as
two separate product offerings VERSAbug comes as an
EPROM-based resident package with dual serial I/O cable
assembly ready forinstallation and immediate use with the
VMO031naVERSAbus based backplane Suchabackplane
1s provided by Motorola’s Card Cage (M68KVMCCH1), or
Chassis VERSAbug Source and Relocatable Object Mod-
ules are available as a separate product on either EXOR-
macs Development System compatible diskette, or disk
cartridge

VERSAbug provides a powerful evaluation, use and
system debugging tool for VERSAmodule Systems The
EPROM Resident Package will operate in 32K bytes of
ROM space VERSAbug uses the first 1280 words of RAM
storage for Interrupt Vectors and temporary storage The
EPROM resident package I1s delivered in two 16K byte
EPROMs Table 1lists the commands available to the user.

The package permits full speed execution of system and
user-developed programs in a VMO03 system environment
under complete operator control The dualserial I/O cable
assembly provided with VERSAbug allows terminal and
host access to the two serial ports on the VM03 VERSA-
bug 3 0 may be utilized with aVMO03in a stand-alone envi-
ronment with only a user provided standard RS-232C
asynchronous ASCII terminal. Alternately, 1t may be used
with the second senal I/O port direct connected to a host
computer for up/downline loading of programs in Motor-
ola “S” Record format. When directly connected to a host
computer in this manner, the VM03/VERSAbug/Operator
Terminal combination appears as a normal asynchronous
ASCII terminal (a virtual terminal) to the host operating
system Figures 1 and 2 illustrate two typical configura-
tions usingthe VERSAbug EPROM setinstalled in aVMO03.

In a typical debug session, the user will download his
developed program to a VMO3 from the host computer
used for software development This may be a Motorola
EXORmacs or EXORciser Development System. Follow-
ing load, VERSAbug commands may be used to examine
and modify memory, set breakpoints to run particular pro-
gram segments, and trace program progress The user
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M68KVBUG3
M68KVBUGS3LF
M68KVBUGS3LC

may set up and examine a variety of conditions using any
of the powerful commands listed in Table 1, such as the
Register Display/Set series and the memory block manipu-
lation commands The Data Conversion command serves
as an aid in examining and modifying data by providing a
means of converting hexadecimal to decimal, and decimal
to hexadecimal If corrections or program patches are
required, these may be performed and checked in the
VMO03 The user may then save a corrected copy to the host
computer files utithzing the Memory Dump command for
upline load Creating program patches may be aided by
use of the Display Offsets command to assist with relocat-
able and position independent code The user may also
copy all traffic to the serial port debug terminal on a
printer attached to one of the VMO03 parallel ports by use
of the Attach Printer command This may be useful for
desk debugging following a debug session

The user may communicate directly with the host com-
puter as a terminal for purposes other than up/downline
load by executing the Transparent Mode command or the
Send Message to Port 2 command By using the Port For-
mat command, the serial ports on the VM03 may be re-
configured for such attributes as baud rate, stop bits and
number of data bits In the Transparent Mode the two
serial ports must be operated at the same baud rate

VERSAbug 3 0 may be used for debug In total systems
environments including the VMO03 together with other

Motorola VERSAmodules (RAM, floppy and hard disk
controllers, communications controllers, A/D control-
lers, etc ) as well as user-developed VERSAbus compat-

ible modules

Bootstrap load and dump commands permit the user to
bootstrap from standard Motorola floppy and hard disk
systems utihzing media with the Motorola EXORmacs
diskette/disk format The Boot Dump command permits
the user to write his operating system to an EXORmacs
diskette/disk in bootstrap load format for subsequent use
In boot loading The IOP command permits the user to

create the EXORmacs diskette/disk format required

The Source and Relocatable Object Module Packages
provide the user with the information necessary to link
VERSAbug 3 0 into their specific system in either modi-
fied, orunmodified form The Relocatable Object Modules
are designed to permit creation of a load module with or
without the “S” Record up/downline loader, the VERSA-
bug disk bootstrap loader, and/or the Extended Functions
package The user may also use the Relocatable Object
Modules substituting their own device bootstrap loader

for the VERSAbug disk bootstrap loader

Source Modules permit the user to modify, or customize

any of the VERSAbug functions as desired

The dual port serial I/0 cable assembly provided with
the EPROM Resident Package Is available as a separate

product (M68KVMSIOC1)

TABLE 1 — Available Commands

COMMAND

DESCRIPTION

MD <addri>[ <count>]
MM <address> [,<opts>]
MS <address> <data . >

Memory Display
Memory Modify
Memory Set

A0 - A7 [<expression>]
D0 - D7 [<expression>]

PC [<expression>]
SR [<expression>]
SS [<expression>]
us [<expression>]
VBR [<expression>]
DFC [<expression>]
SFC [<expression>]
DF

Display/Set Address Register
Display/Set Data Register
Display/Set Program Counter
Display/Set Status Register
Display/Set Supervisor Stack Pointer
Display/Set User Stack Pointer
Display/Set Vector Base Register

Display/Set Destination Function Code
Register

Display/Set Source Function Code Register
Display Formatted Registers (All)
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M68KVBUGS3
M68KVBUGS3LF
M68KVBUGS3LC

TABLE 1 — Available Commands (continued)

COMMAND

DESCRIPTION

BF <address1> <address2> <word>

BM <address1> <address2> <address3>

Bl <address1> <address2>

BS <address1> <address2> <data> [<mask>] [,<option>]

BT <address1> <address2>

Block Fill (with 16 bit data word)

Block Move

Block Initialize

Block Search (Search designated memory

for specified data complete data used
iIf no mask specified)

Block of Memory Test

DC <expression>

Data Conversion

OF
RO - R6 [<expression>]

Display Offsets
Display/Set Relative Offset Register

BR [<address>[,<count>]]

NOBR [<address> <address> ]
GO [<address>]

GT <breakpoint address>

GD [<address>]

T
TR [<count>]
TT <breakpoint address>

Breakpoint Set (up to 8)
Breakpoint Remove (any or all)
Go Until Breakpoint, Exception or Trace

Same as GO (may be set Temporary
Breakpoint)

Go Direct (No Breakpoint or Trace Set, and
no Exception Vector Changes)

Trace One Instruction

Trace Set (for number of instructions)

Trace Set (Trace to Temporary Breakpoint)

PA
NOPA

Printer Attach (Print as well as display)
Reset Printer Attach

PF [<port number>]
TM [<exit character>]

ST [<device> <controller>]
* text

Port Format (set Serial Port Attributes)

Transparent Mode (Two serial ports
transparently connected)

Self Test Diagnostic
Send Message to PORT2

HE

Help (Lists commands)

DU <address1> <address2> [<text >]
LO [.<opts>] [=text]
VE [=text]

Memory Dump ('S’ Record Upline load)
Load (‘S’ Record Downline load)
Verify (‘S’ Record Downline load verify)

BD [<device> <controller>]
BH [<device>,<controller>,<starting head no >]
BO [<device> <controller> <starting head no >,<filename>]

éootstrap Dump
Bootstrap Halt (Boot and Halt)
Bootstrap Operating System (Boot and Go)

Command Line Edit and Control Functions:
(BREAK)

(=)

(CTRL-D)

(CTRL-H)

Abort Command
Delete Character
Redisplay Line

Delete Character
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M68KVBUGS3

M68KVBUGSLF
M68KVBUGS3LC
TABLE 1 — Available Commands (continued)
COMMAND DESCRIPTION

Command Line Edit and Control Functions (continued):
(CTRL-W) Suspend Output*
(CTRL-X) Cancel Command Line
(cr) Send Line to Memory

*When (CTRL-W) 1s used, the user can cause the output display to continue by entering any character

Extended Functions:
10P 1/0 Physical read/write to disk
10T 1/0 “Teach” Disk Configuration to System

Error Message Features:
Print System Exception Messages

FIGURE 1 — System Configuration #1 — Monoboard with VERSAbug and Cross-Computer Serial
Communications Link (EXORmacs, EXORciser or other computer with ‘S’ record files)
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M68KVBUGS3
M68KVBUGSLF

. M68KVBUG3LC
2

FIGURE 2 — Configuration #2 — Monoboard with VERSAbug in EXORmacs
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M68KVBUGS3

M68KVBUG3LF
M68KVBUG3LC
Ordering Information
Part Number Description
M68KVBUG3 VERSAbug Debugging Package for use with VERSAmodule M68KVMO03-1
Microcomputer, provided as an EPROM set* and dual port RS-232C Serial
1/0 Cable Assembly, provides 44 debug, up/downline load and disk boot-
strap load commands for quick debug and execution of system and user
developed programs Includes User’'s Manual
M68KVBUG3LC VERSAbug Source Code and Relocatable Object Modules on VERSAdos
CMD Cartridge* for use with M68KVMO03-1 Microcomputer Includes User's
Manual
M68KVBUGS3LF VERSAbug Source Code and Relocatable Object Modules on VERSAdos
8" Diskette* for use with M6BKVMO03-1 Microcomputer Includes User’s
Manual
M68KVBUG3/D1 User's Manual

*The M68KVBUG3 EPROM set is copyrighted by Motorola and may be copied only under prior written
agreement from Motorola M68KVBUGS3LF and M68KVBUG3LC Sources are copyrighted and hicensed
by Motorola They may be obtained only under the required hcense agreement with Motorola
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Memory Management
Board

The M68KVMMB Memory Management Board (MMB) is
designed to provide hardware support to MC68020/68010
users wanting to implement demand paged virtual memory
systems prior to the availability of the MC68851. The MMB
contains a gate array implementation of a table walking al-
gorithm of the MC68851 and a 512 word set associative
address translation cache. It is a subset of the MC68851 and
is compatible to the MC68851 so that algorithms and pro-
grams developed using the MMB in a MC68020 system can
be ported to the MC68851 with minor changes.

The MMB includes features that provide power and ver-
satility for the user:
® Logical to Physical Address Translation by Chip Controlled

Searching of Translation Tables in Main Memory.

e Dynamically Alterable Tree Structured Translation Tables.
® Address Translation Cache.
e 1K Byte Page Size.

® Used and Modified Bits for Pages Maintained in Translation
Tables.

® Flat Address Space.
® Support of Sharing Pages Between Processes.

® Logical Address Consisting of 3-bit Function Code and 32-
bit Address.

o Support for Optional 24-bit Address and for the MC68010.
® 32-bit Physical Address Output.

The MMB consists of:

® A printed circuit board containing the Memory Manage-
ment Controller MC68461 and external address translation
cache. The printed circuit board is 4.5” x 3.5” and contains

ADVANCE INFORMATION

M68KVMMB

MMU MEZZ

{1

a pin gnd array type connector that allows it to be mounted
as a mezzanine board that can be plugged into a socket
reserved for the MC68851.

A gate array Memory Management Controller MC68461
containing the address translation circuitry and state ma-
chine that implements the table walking algorithm of the
MC68851.

An external Address Translation Cache (ATC) consisting
of a 512 entry set associative cache. The cache is a fast
memory that translates logical addresses and function
codes to corresponding physical addresses and protection
bits. The address translation cache provides a fast mech-
anism for address translation by avoiding the overhead of
searching translation tables on each bus access.
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M68KVMMB

ENABLE

FIGURE 1 — MMB Block Diagram
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M68KVMMB

PIN #
A1

A4

A6
A7

A10
A1l
A12
A13
A4
A15

B10
B11
B12
B13
B14

c1
c2

228898

FUNCTION

PLDS L
RESET L
DSACK1 L
DSACKO L
10/20 L
BERR L
HITO

BE

WP

CLK

LAS L

M
LOAD L

D7
PDSUDS L
PA1
FLUSH L
PA17

HIT1

DS L

D1

PA2

LBGI L
PBGACK L
TIME L
PAS

PA4

LBRO L
PA7

PA6

TABLE 1 — 149 — Terminal Pin Grid Array

© ©® N O U A W N =

N

© ® N O ;AW N -

R
2@ee @ 12
D@ @@@@é@ ) 13
A ACORC A g% $ 5] 14
®® OROROAE AL
FGHUJKLMNPR
PIN # FUNCTION PIN # FUNCTION
C9 Vss H2 LA24
Cc10 Vss H3 Vece
c11 RW H13 Vece
C12 ENABLE L H14 FC2
C13 HALT L H15 PA3
C14 PA 16 J D19
C15 PBRL J2 D23
D1 LA27 J3 Vee
D2 cuL J13 veo
D3 PA27 Ji4 PA10
D4 INDEX J15 FCO
D5 Vce K1 LA29
D11 Vece K2 PA29
D13 NC K3 Vss
D14 CsL K13 Vss
D15 D3 K14 D13
E1 D8 K15 LA10
E2 D29 Lt D28
E3 D31 L2 D25
E4 NC L3 D26
E5 Vss L4 Vss
E12 Vss L2 Vss
E13 D2 L13 LA19
E14 FC1 L14 D14
E15 PBG L L15 LA18
F1 Do M1 LA28
F2 PAB M2 PA24
F3 Vss M3 PA22
F13 Vss Ms Vee
F14 LBGACK L M11 Vee
F15 PAg M13 D9
G1 LA16 M14 D31
G2 LAO1 M15 D15
G3 Vee N1 PA28
G13 Vce N2 D30
G14 D5 N3 PA23
G15 D4 N4 PA30
H1 LA17 N5 PA25

VIEWED FROM PINS

FUNCTION
Vss
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M68KVMMB

TABLE 2 — MMB Adapter Socket Table

1 2 3 4 5 6 7 8 9 10 11 12 13
A A
%) @
B (9@ B
c 4 ®-©-@®@c
o N <
D (@& N ZAN7aK D
B
E \) } Z E
B BB
F (&A@ @)¢ F
B\ () (@
G [&+@r D) G
H [ ) H
J |4 ) D) J
K (@ o] K
L Dl L
VIEWED FROM COMPONENT SIDE
M [©-@@ 5 M
N [B-@O-@)©¢ N
1 2 3 4 5 6 7 8 9 10 11 12 13
PIN # FUNCTION PIN # FUNCTION PIN # FUNCTION PIN # FUNCTION
A1 PBR L cn PAO4 G10 Vss L4 D23
A2 LBRIL c12 PA0S G11 PA23 Ls D20
A3 PAS L c13 PA06 G12 PA22 L6 D17
A4 Vss D1 LA29 G13 PA21 L7 D14
A5 LASL D2 LA30 H1 LA17 L8 D11
A6 ECSL D3 LA31 H2 LA18 L9 D08
A7 RW D4 Vss H3 LA19 L10 DO5
A8 SIZEO D5 Vss H4 Vce L1 D02
A9 FC1 D6 NC H10 Veo L12 PA11
A10 DSACKO L D7 NC. H11 PA20 L3 PA10
ANt DSACK1 L D8 vee H12 PA19 M1 LA09
A12 CLK D9 vss H13 PA18 M2 D30
A13 PA0O D10 Vss 5 LA14 M3 D27
B1 WIN D11 PAO7 J2 LA1S M4 D24
B2 PBGACK L D12 PA31 J3 LA16 Ms D21
B3 LBRO L D13 PA30 Ja Vss M6 D18
B4 LBGACK L E1 LA26 J10 Vss M7 D15
B5 cuL E2 LA27 an PA17 M8 D12
B6 RESET L E3 LA28 J12 PA16 M9 D09
B7 HALT L E4 Vss a3 PA15 m10 D06
B8 DSL E10 Vss Ki1 LAT1 M11 D03
B9 FCO E11 PA29 K2 LA12 M2 D00
B10 BERR L E12 PA28 K3 LA13 M13 PA0S
B11 PAO1 E13 PA27 K4 Vss N1 LAOS
Bi2 PA02 F1 LA23 K5 Vss N2 D31
B13 PA03 F2 LA24 K6 Voo N3 D28
c1 ASYNC L F3 LA25 K7 Voo N4 D25
c2 10/20 L Fa Vee K8 Vece N5 D22
c3 LBGO L F10 vee K9 Vss N6 D19
c4 DBDIS F11 PA26 K10 Vss N7 D16
cs PBG L F12 PA25 K11 PAl4 N8 D13
cé csL F13 PA24 K12 PA13 No D10
c7 LBGI L G1 LA20 K13 PA12 N10 Do7
cs AMC L G2 LA21 u LA10 NT1 DO4
co SIZE1 G3 LAZ2 L2 D29 N12 Dot
c10 FC2 G4 Vss L3 D26 N13 PAO8

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

2-29



M68KVMMB

TABLE 3 — Summary of Differences Between

the MC68851 and M6BKVMMB

Supports Multiple Logical Bus Masters
Logical and Physical Bus Arbitration

Support
Access Level Support

Coprocessor Interface Support

Translation Table Configuration

Descriptor Types and Descriptor
Status Bits

Translates CPU Space Accesses

No
Yes, But Not Identical to the MC68851

Does Not Support Supervisor Root
Pointer, Root Pointer Cache or DMA
Root Pointer

No, Operations are Performed by
Accessing Memory Mapped
Locations

Expects One Given Table Walking
Algorithm

Some

No, Acts as Peripheral Only

Feature MMB MC68851
Packaging Gate Array Plus Support Logic Single Pin Grid Array Device
Address Translation Cache External, Set Associative Internal, Fully Associative
Page Size 1K Byte 256, 512, 1K, 2K, 4K, 8K,
16K & 32K Byte
Logical Address Support 24 or 32 Bit From 17 to 32 Bits

Yes
Yes

Yes

Yes

Supports Several
All

Yes

ORDERING INFORMATION

Part Number Description
M68KVMMB Memory Management Board. Includes User's Manual.
M68KVMMB/D1 Memory Management Board User’'s Manual.
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VERSAmodule
Monoboard
Microcomputer

e MC68000 Advanced 16-Bit Microprocessor, offering the

following features:

— 32-Bit Data and Address Registers (a total of 15)

— 16 Megabyte Direct Addressing Range

— 56 Powerful Instruction Types

— Operations On Five Main Data Types

— Memory Mapped I/O

— 14 Addressing Modes

— Architecturally Optimized for Efficient Support of High-
Level Languages

8 MHz Microprocessor Clock Operation

VERSAbus Interface for 16-bit Applications (including

multiprocessor system architectures)

32K or 64K Bytes Dynamic RAM with Byte Panty

8 Sockets for up to 64K Bytes of User-Provided Pin-

Compatible 2K, 4K, or 8K Byte ROM, PROM, or EPROM
devices

® Private bus for on-board intercommunications between the
MPU, ROM, RAM, Senal 1/O, Parallel /0, and Timer
Resources

® User strappable to handle inputs on any or all of the
VERSAbus Interrupt lines

2 Serial I/0 Ports, each with RS-232C interface, supporting
asynchronous format full duplex communications in the
range of 50 to 19.2K baud. One of the two ports is pro-
grammable for synchronous operation with byte-oriented
protocols, and is user-strappable for an RS-422 electrical
interface. Baud rates to 1 Mbps can be used with external
clock.

4 Parallel /0 Ports, bidirectional, each with 8 Data and 2
“Handshake” Lines

M68KVMO1A1
M68KVMO1A2

Trniple 16-Bit programmable timer/counter

User strappable as System Controller, to provide the fol-
lowing system functions:

— VERSAbus Arbitration

— System Clock (16 MHz)

— System Reset

System Test Switch and Board Fault Indicator LED
RESET Switch and CPU Halt Indicator LED

The VERSAmodule Monoboard Microcomputer is a com-
plete microcomputer system-on-a-board. At its heart is the
powerful microprocessor representing a significant advance
in 16-bit units — the MC68000. Its architecture is optimized
for high level language support to foster rapid and economical
program development.

The Monoboard Microcomputer in combination with the
VERSAmodule Chassis and Real-time Multitasking Software
(RMS68K) provides a complete design environment that
frees the system designer to develop the software required
for the unique 1/O hardware of his application.
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M68KVMO1A1
M68KVMO1A2

TABLE 1 — Specifications (continued)

Characteristics

Specifications

Data Transfer Control

System Control
Priority Interrupt Control

Bus Arbitration Control

System Test
Power Monitor
Misc. Functions

Operating Temperature
Humidity
Physical Characteristics
Height
Width
Thickness
BUS MATING CONNECTOR TYPES
VERSAbus Connector (P1)

1/0O Connector (P2)

POWER REQUIREMENTS

Current Requirements:
Without ROM/EPROM
Add for each EPROM Pair
(Up to four pairs)

Supply Voltages

VERSADbus Interface Functions — (contd)

— Secondary Map Selection

— Data/Program Map Selection
— Supervisory/User Map Selection
(a) Data Strobes (2)

(b) Write

(c) Address Strobe

(d) Data Transfer Acknowledge
(e) Bus Error

System RESET

(a) Interrupt Request (7 Priority Lines)

(b) Interrupt Acknowledge In (Daisy Chain)
(c) Interrupt Acknowledge Out (Daisy Chain)
(a) Bus Busy

(b) Bus Clear

(c) Bus Release (Emergency Bus Request)
(d) Bus Request (5 Prionity Lines)

(e) Bus Grant In (Daisy Chain — 5 Lines)
(f) Bus Grant Out (Daisy Chain — 5 Lines)
System Fail

AC Failure

a) System Clock (16 MHz — square wave)
b) AC Clock (50/60 Hz — square wave)
) +5 Vdc
) +12 Vdc
e) —12Vdc

0°to 70°C
0% to 95%, non-condensing

9.25in. (325 cm)
14.5in. (36.8 cm)
0.6 In. (1.5 cm)

Stanford Applied Eng’g
Micro Plastics, Inc.
Stanford Applied Eng'g
Micro Plastics, Inc.

CPH7000-140ST
MP-0100-70-DW-5H
CPH7000-120ST
MP-0100-60-DW-5H

+5 Vdc +12 Vdc —12 Vdc
Typ Max Typ Max Typ Max
57A 82A 05A 08A 0.1 A 02A
0.1A 03A - — — —

(@) +5V =5%
(b) +12V +5%
(c) —12V +5%
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TABLE 2 — Signal Characteristics, “BUS” Connector P1
Connector Signal Signal Characteristics
Pin Mnemonic Functional Description Input Output
1,2 +5V +5 Vdc Power (See VERSAbus (See VERSAbus
3,4 Gnd Ground Spec) Spec)
5 Doo* Data Bit 0 (Note 1) (Note 1)
6 DO1* Data Bit 1 (Note 1) (Note 1)
7 Do2* Data Bit 2 (Note 1) (Note 1)
8 D03 Data Bit 3 (Note 1) (Note 1)
9 Do4* Data Bit 4 (Note 1) (Note 1)
10 D0o5* Data Bit 5 (Note 1) (Note 1)
11 D0o6* Data Bit 6 (Note 1) (Note 1)
12 Do7* Data Bit 7 (Note 1) (Note 1)
13 Dos* Data Bit 8 (Note 1) (Note 1)
14 D0o9* Data Bit 9 (Note 1) (Note 1)
15 D10* Data Bit 10 (Note 1) (Note 1)
16 D11* Data Bit 11 (Note 1) (Note 1)
17 D12* Data Bit 12 (Note 1) (Note 1)
18 D13* Data Bit 13 (Note 1) (Note 1)
19 D14 Data Bit 14 (Note 1) (Note 1)
20 D15* Data Bit 15 (Note 1) (Note 1)
21,22 — (Reserved) (Note 1) (Note 1)
23,24 GND Ground (Note 1) (Note 1)
25 DSo* Data Strobe 0 (Note 1) (Note 1)
26 DS1* Data Strobe 1 (Note 1) (Note 1)
27,28 GND Ground (Note 1) (Note 1)
29 DTACK* Data Transfer Acknowledge (Note 1) (Note 1)
30 AS* Address Strobe (Note 1) (Note 1)
31,32 GND Ground (Note 1) (Note 1)
33 — (Reserved) (Note 1) (Note 1)
34 WRITE* Read/Write Indicator (Note 1) (Note 1)
35 — (Reserved) (Note 1) (Note 1)
36 AO1* Address Bit 1 (Note 1) (Note 1)
37 AD2* Address Bit 2 (Note 1) (Note 1)
38 A03* Address Bit 3 (Note 1) (Note 1)
39 A04* Address Bit 4 (Note 1) (Note 1)
40 A05* Address Bit 5 (Note 1) (Note 1)
41 A06™ Address Bit 6 (Note 1) (Note 1)
42 AO7* Address Bit 7 (Note 1) (Note 1)
43 A08* Address Bit 8 (Note 1) (Note 1)
44 AQ9* Address Bit 9 (Note 1) (Note 1)
45 A10* Address Bit 10 (Note 1) (Note 1)
46 Al1* Address Bit 11 (Note 1) (Note 1)
47 A12* Address Bit 12 (Note 1) (Note 1)
48 A13* Address Bit 13 (Note 1) (Note 1)
49 A14* Address Bit 14 (Note 1) (Note 1)
50 A15* Address Bit 15 (Note 1) (Note 1)
51 A16™ Address Bit 16 (Note 1) (Note 1)
52 A7 Address Bit 17 (Note 1) (Note 1)
53 A18* Address Bit 18 (Note 1) (Note 1)
54 A19* Address Bit 19 (Note 1) (Note 1)
55 A20* Address Bit 20 (Note 1) (Note 1)
56 A21* Address Bit 21 (Note 1) (Note 1)

(1) For electrical charactenistics and additional information, refer to VERSAbus Specification Manual, M68KVBS

* Signal categories are defined on page 17
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FIGURE 1 — Memory Map
FFFFFE FFFFFF
(OFF-BOARD)
F70032 F70033
STATUS/CONTROL REGISTER
F70030 F70031
F7002E F7002F
PARALLEL PORTS
F70020 F70021
F7001E F7001F
SERIAL PORT #2 F70019
F70017
SERIAL PORT #1 F70011
F7000F
F70000 PTM F70001
F6FFFE F6FFFF
(OFF-BOARD)

F10000 F10001
FOFFFE 16K/32K/64K ON-BOARD EPROM/ROM FOFFFF
OR
F00000 32K/64K ON-BOARD RAM F00001
EFFFFE EFFFFF
(OFF-BOARD)

010000 010001
00FFFE 32K/64K ON-BOARD RAM 00FFFF
OR
000008 16K/32K/64K ON-BOARD EPROM/ROM 000009
000006 000007
ON-BOARD RESET VECTORS (ROM)

000000 000001
l«———— MOST SIGNIFICANT BYTE —»L— LEAST SIGNIFICANT BYTE —————»

FIGURE 2 — Block Diagram

BOARD
FAULT
INDICATOR
SYSTEM
TEST
SWITCH
INDICATOR
RESET
SWITCH

INO\w - el
M °
I 8 SOCKETS FOR
SoEgPuLEn ROM/EPROMS
N
5 & RESET
2 ] CONTROL
I &
[SYSTEM
smus AND MC58000 MPU TesT gx OR 64K BYTE
conmoL uscusrsn M WITH
(CONTROL BYTE PARITY .
H> PRIVATE BUS
316 BT 2 SERIAL 10 4 PARALLEL VERSAbus INTERFACE | | VERSAbus VERSADUS
PROGRAMMABLE | | PORTS 110 PORTS INTERRUPT ARBITER
TIMERS HANDLER
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TABLE 1 — Specifications

Characteristics

Specifications

Microprocessor
Clock Frequency

Data Bus Width
Address Bus Width

Instructions

Addressing Modes

Registers

Memory Capabilities

Total Directly Addressable
(on-board and off-board)

ROM/PROM/EPROM
(user-supplied)
Dynamic RAM
(on-board)

Memory Timing

MC68000L

32 MHz, Crystal Controlled, providing 8 MHz to the MPU, and 16 MHz
to the VERSAbus “System Clock” line

16 Bits
24 Bits

56 Variable Length Instructions
(Up to 10 Bytes)
Fourteen Addressing Modes:

(A) Register Direct Modes
— Data Register Direct
— Address Register Direct

Memory Address Modes

— Address Register Indirect (ARI)
— ARI w/Post Increment

— ARI w/Pre Decrement

— ARI w/Displacement

— ARI w/Index

Special Address Modes

— Absolute Short Address

— Absolute Long Address

— Program Counter w/Displacement
— Program Counter w/Index

— Immediate Data, Byte

— Immediate Data, Word

— Immediate Data, Long Word

0. Type Size
DATA REGISTERS (32-BIT)
ADDRESS REGISTERS (32-BIT)
STACK POINTERS (32-BIT)
PROGRAM COUNTER (32-BIT)
STATUS REGISTER (16-BIT)

See the MC68000 16-Bit Microprocessor User's Manual for additional
details (MC568000UM)

®

-

S

SaapNOZ

16,777,216 Bytes

Eight 24-pin sockets provided for 2K, 4K, or 8K byte +5 V devices. User
selects part density and “access time range” by strap option. Total ROM
capacity is 64K bytes when using 8K byte devices.

32K Bytes (M68KVMO1AL1), or

64K Bytes (M68KVMO1A2)with byte parity and on-board refresh control
circuitry. Byte parity generation and checking may be activated or deac-
tivated by user strap option

On-board and off-board RAM, ROM and |/O timing are best stated in
terms of “wait” clock periods that must be added per read or write cycle
associated with the instruction execution time of each particular MC68000
instruction. For these MPU instruction execution times, see Appendix D
of the MC68000 MPU User’s Manual (MC68000UM(AD2)).
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The VERSAmodule Monoboard Microcomputer features
provide maximum utility in a wide spectrum of jndustnal au-
tomation, lab automation, and general information processing
applications. The principal features of this microcomputer
board illustrated in the Block Diagram (Figure 2) include:

Local Memory

Both ROM and RAM facilities are provided for direct access
by the MC68000 processor. The RAM is offered in two sizes
as a purchase option: 32K bytes or 64K bytes It 1s imple-
mented as dynamic RAM using 4116-type parts with on-board
automatic refresh control, plus byte parity with automatic re-
try. Eight sockets are also provided for user-supplied ROM
devices, which may be of the industry standard pinout 5-volt-
only type of ROM, PROM, or EPROM up to 64K bytes max-
imum capacity. The user specifies by a strap option whether
2K, 4K or 8K byte ROM devices are being used.

Serial and Parallel I/0

Two independent and versatile senal ports are provided,
each capable of several programmable modes of operation
with the RS-232C terminal or MODEM interface in asyn-
chronous operation to 19.2K baud. One of the two senial ports
can be configured under program control for synchronous
operation with byte-oriented protocols (such as Bi-Sync), and
may be strapped to serve as an RS-422 standard interface
Use of external clocking with this second serial port permits
bit transfer rates in excess of 19.2K baud Parallel /O 1s
implemented as four independent bidirectional ports, each
having 8 data lines and 2 “handshake” lines, for a total of 32
lines of general purpose parallel I/O capability. Implemen-
tation as 16-bit ports 1s a strapping option. All serial and
parallel I/O functions are presented at the bottom-edge /0
connector, P2.

Programmable Timer/Counter

Several powerful timer/counter functions are provided by
the MC6840 PTM (Programmable Timer Module) device.
Three independent 16-bit counters are available to support
applications such as frequency measuring, event counting,
and interval measuring. The PTM is accessible from the
MC68000, and can provide interrupts to the MPU upon oc-
currence of specified events. External gating and signalling
lines used by the PTM are available at the P2 connector,
along with a ground pin for each signal pin. Internal input
timing options permit use of ac line clock, 2 MHz system
clock, plus other timing modes.

Status/Control Register

This 16-bit wide register permits software to perform certain
control activities, and to read status for several board
functions:

® Issue interrupt on VERSAbus

e Set interrupt mask bits for on-board serial and parallel I/0
ports

® Block Transfer Request

® Emergency and Normal VERSAbus Request

® Emergency and Normal VERSAbus Grant

Memory Mapped I/O

Memory addresses in the range of F70001 (Hex) to F70031
are allocated in the system memory map to data, status, and
control registers in the on-board serial I/O, parallel /O, and
PTM functional modules See the memory map in Figure 1

VERSADbus Interface

A VERSAbus Interface Is incorporated in the VERSA-
module Monoboard Microcomputer to allow its use in a high
performance system requiring additional off-board resources
such as RAM and intelligent /O controllers. VERSAbus Is
characterized by asynchronous, bidirectional operation and
supports Direct Memory Access (DMA) and multiprocessor
system operation. The VERSAbus Interface supports the full
16-megabyte address range of the MC68000 MPU. All
VERSAbus data, address, and control lines for 16-bit system
applications are present on the 140-pin connector, P1. All
1/0 lines for the VERSAmodule Monoboard Microcomputer
supporting the Serial /0, Parallel I/0, and PTM functions,
are present on the 120-pin connector, P2.

Private Bus

The MPU, RAM, ROM, serial /O, parallel /0, PTM, and
Status and Control Register elements are interconnected by
a private bus which is connected in turn to the VERSAbus
only if the MC68000 1s engaged In access of off-board re-
sources. The private bus feature allows processing to con-
tinue at full speed on the monoboard microcomputer, while
VERSADbus activities (such as DMA to off-board RAM from
a disk) occur simultaneously.

Bus Request

The MC68000 gains access to the VERSAbus resources
upon becoming bus master through the process of BUS
REQUEST. The prionity level of the BUS REQUEST s se-
lectable to one of five levels by user strap option. There are
two methods by which the BUS REQUEST can be made.
The indirect, or software transparent method, and the direct
method by specific request made through the Status and
Control Register.

Indirect Request — When the program attempts to access
an off-board memory location while the board is not cur-
rently the bus master, the memory decode logic automat-
ically initiates a BUS REQUEST at the user selected priority
level. When the memory access is complete, VERSAbus
mastership 1s automatically released. The indirect method
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1s not only software transparent but permits multiple pro-
cessor boards to cycle-steal bus resources following each
bus access cycle.

Direct Request — Alternately, a BUS REQUEST can be
initiated through the Status and Control Register under
direct program control When using the direct request
method, bus mastership is retained by the board until re-
leased under program control via the Status and Control
Register. The direct method permits maximum speed block
transfers to be performed by a board. However, the block
transfer can be interrupted by a higher prionty BUS
REQUEST.

System Controller Functions

By means of a user strap option, the Monoboard Micro-
computer may be configured as a “System Controller” to
provide system management and control functions*

® VERSAbus Arbitration — The system controller element
accepts bus requests from various bus masters on five bus
request priority levels, and issues a “bus grant” back to
the highest prionty requester. This function facilitates or-
derly management of the contention for bus mastership on
the VERSAbus.

® System Clock — A 16 MHz clock signal 1s provided to
other VERSAbus devices for various counting and syn-
chronizing tasks.

® RESET — Upon being placed in the RESET state, the

Monoboard Microcomputer will additionally drive the

RESET line in the VERSAbus if it is acting as “system

controller.” An on-board RESET switch can be used to

initiate this function.

System Controller functions are normally provided by only
one module plugged into the VERSAbus backplane If more
than one VERSAmodule Monoboard Microcomputer is used
in a multiprocessor system, only one of those boards is des-
ignated as System Controller.

VERSAbus Interrupter

The Monoboard Microcomputer is capable of generating
VERSAbus interrupts under software control. When this in-

terrupt is acknowledged by the SYSTEM INTERRUPT
HANDLER, a software-specified vector number I1s provided
to the MPU being interrupted.

System Interrupt Handler

The Monoboard Microcomputer can be strapped to re-
spond to VERSAbus interrupt requests appearing on any or
all of the seven prority level lines, issuing the interrupt ac-
knowledge and receiving the interrupt vector number. When
more than one monoboard microcomputer 1s used on
VERSADbus in a multiprocessor configuration, each mono-
board can be configured to handle a different subset of all
VERSADbus interrupt lines.

Power-Down Monitor Features

The Monoboard Microcomputer monitors the VERSAbus
“AC Fail” line that can be driven from an external power fail
sense module. A user strap option allows a level change on
the AC Fail line to generate a non-maskable interrupt to the
MC68000 MPU on this board. This feature allows user-
provided power-down and power-up firmware routines to per-
form whatever system-wide activities would be appropniate,
such as storing away critical data in non-volatile RAM (else-
where on the VERSAbus) in the event of a power-down
condition.

Self-Test Hardware Features

The Monoboard Microcomputer provides both a self-test
button and a “fail” light at the top board edge to facilitate user
on-site maintenance activities.

When depressed, the TEST BUTTON performs two func-
tions. One is to cause a level 2 auto-vector interrupt at the
MC68000 MPU. The other is to light the “Fault Indicator” LED
at the top board edge.

The interrupted MPU can then execute a user-provided
self-test routine which turns off the LED at the top board edge
if all tests complete successfully. If the failure indicator LED
remains lit at the end of this sequence, It alerts maintenance
personnel of a detected failure condition. This visual indicator
feature significantly facilitates removal and replacement of
defective modules to minimize system downtime.

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

2-37



M68KVMO1A1
M68KVMO1A2

TABLE 1 — Specifications (continued)

Characteristics

Specifications

Memory Capabilities — (cont'd)
On-Board Accesses

Off-Board Accesses

Memory Map User Options

Input/Output Capabilities
Serial /0

DEVICE # of “WAIT” clock periods (typical)
Read With
Write Read Parity Check*
— RAM MC4116BC20 3 3 4
— ROM/EPROM
(2716-25; 250 ns
access) — 1 —
— Serial I/0 1 2 —
— Parallel /0 0 1 —

*Does not include automatic retry on parity error.
Slave Board Access Times and Wait State Pairs

SLAVE BOARD ACCESS MONOBOARD CLOCK
TIME (ns) WAIT STATE PAIRS

Min Max READ WRITE
0 110 2 1
mm 235 3 2
236 360 4 3
361 485 5 4
486 610 6 5
611 735 7 6
736 860 8 7
861 985 9 8

Assumptions

1 Off-board access time Is referenced at the remote board edge con-
nector, and I1s the time from Data Strobe asserted to DTACK asserted
(Read or write access time is specified on the remote board data
sheet)

2 No bus arbitration i1s required. (The processor holds the bus between
access cycles ) If the monoboard gives up the bus between access
cycles, wait states will be indeterminate because the bus may never
be granted to the monoboard, or the bus may be granted to it
immediately.

3. VERSAbus propagation delay is assumed to be 10 ns.

On-board ROM and RAM may be located in the address map as per the
following strap-selectable options*
Option #1:
RAM Base Address 000008 (Hex)
ROM Base Address F00000
Option #2:
RAM Base Address F00000
ROM Base Address 000000

Two programmable serial I/O ports are provided, implemented by 2661-
type devices. All electrical lines are presented on the bottom-edge /O
connector, P2. Interrupts are provided from these ports to the MPU on

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

2-38




M68KVMO1A1
M68KVMO1A2

TABLE 1 — Specifications (continued)

Characteristics

Specifications

Input/Output Capabilities — (contd)

Baud Rates

Port Options

Parallel /0

Programmable Timer/Counter (PTM)

a user-strappable priority level. Baud rates for both ports are software
programmable to standard rates in the range of 50 to 19.2K baud, as
follows*

Programmable Baud Rates

50 1800
75 2000
110 2400
1345 3600
150 4800
300 7200
600 9600
1200 19200

Port “1”

— RS-232C, asynchronous only

— Terminal or MODEM (user-strap selectable)

Port “2”

— RS-232C or RS-422 (user-strap selectable)

— Terminal or MODEM (user-strap selectable, RS-232C Only)

— Asynchronous or Synchronous Operation (user-programmable)

— Synchronous Operation in excess of 19.2K baud I1s possible with ex-
ternally-provided clock.

Four bidirectional ports are provided, each with 8 data lines and 2 “hand-
shake” ines Each port may be written or read individually by the MPU,
or each of the 2 “port pairs” may be written or read 16 bits at a time. The
ports may be individually strap-selected for output-only or for input-only.

User strap options for each of the ports include the following:

(A) nput/output configuration

(B) polarity of peripheral control output lines (hi-strobe or low strobe)

(C) polanty of interrupt flags and perpheral control input lines (interrupt
on rising or falling edge)

(D) interrupt flag clearing options

Interrupts from all of the parallel ports are wire-ORed together, and are
provided to the MPU on a user-selectable priority level (4, 5 or 6). Each
one of the four parallel ports may be individually masked through the
Board Status/Control Register. The MPU may poll each Status Register
associated with a paraliel port, to determine which of the four ports gen-
erated an interrupt.

Implemented by means of an MC6840 device, which provides three 16-
bit programmable binary counters. Each 16-bit section may be operated
independently, or multiple sections may be cascaded to provide 32-bit
or 48-bit operation under control of the MPU.

The following 3 lines from each of the 16-bit counter sections (a total of
9 lines) are provided at the VERSAbus I/O connector, P2:

(a) Gate Input

(b) Clock Input

(c) PTM Output
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TABLE 1 — Specifications (continued)

Characteristics

Specifications

Programmable Timer/Counter (PTM)
— (contd)

Interrupts
Auto-Vectored, “Local”

VERSAbus Interrupts

Interrupter

User strap options allow the following choices of clock functioris to be
provided to the PTM:

(a) “AC Clock” (from VERSAbus)

(b) Baud rate clocks from the on-board senal port baud rate generators.
(c) Address strobe from the on-board private bus

(d) 2 MHz clock (derived from the on-board 8 MHz MPU clock)

(e) Externally-provided time/count source from VERSAbus connector,

The PTM Interrupt output 1s provided to the MPU on a user-selectable
priority level

See MC6840 Fundamentals and Applications Manual (MC6840UM(AD))
for further details

Interrupts from the following sources provide auto-vectored interrupts to
the MPU.

Interrupt Level Interrupt Source
1 “Bus Clear” (From VERSAbus)
2 Test Button
3 Interrupter Vector Read
4,5, or6” PTM
4,5, 0or6" Serial I/0 Ports
4,5, 0or6" Parallel /O Ports
7 “AC Fall” (from VERSAbus) If System
Controller
7 “Bus Release” (from VERSAbus) If not
System Controller

*Strap Selectable

Note: Interrupts from all senial ports are wire-OR'd together to provide
one interrupt, as are interrupts from all parallel ports.

Interrupts from the on-board serial and parallel ports are individually
maskable through the Board Status/Control Register

Any or all of the seven Interrupt Request Lines from the VERSAbus can
be strapped to generate the equivalent interrupt priority level at the on-
board MPU. In responding to a VERSAbus interrupt, the monoboard
microcomputer must (a) request and gain bus mastership, (b) acknowledge
the VERSADbus interrupt request, and (c) accept the interrupt vector from
the requesting device. (In addition, the MPU responds to six levels of
“on-board” interrupts. When on-board and off-board interrupts at the level
occur at the same time, they are both acknowledged but the on-board
interrupt is acknowledged first.)

A VERSADbus interrupt may be generated at a jumper selectable level by
writing to the Status/Control Register. Five bits of the eight-bit vector
number may be set by this same control register. The remaining three
bits are set by jumpers on the board.
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TABLE 1 — Specifications (continued)
Characteristics Specifications
System Controller Functions These functions are activated only if the board is strap-selected as"System
Controller”
VERSAbus Arbitration — Accepts bus requests from potential bus masters on any of five VER-
SAbus priority ine levels.
— Issues a “Bus Clear” to the current bus master if a bus request is
received at a higher priority level than that of the current bus master.
— Issues a “Bus Grant” back to the highest priority requester when the
bus is clear.
System Clock VERSAbus “System Clock” line driven with 16 MHz signal.
Reset VERSAbus “System Reset” line driven upon occurrence of either of the
following conditions:
1 Manual initiation of the RESET button on the top board edge.
2 Power-up
Power Down Provision If the board is configured as System Controller, it monitors the “AC Fail”
line on the VERSAbus. When “AC Fail” 1s asserted, an auto-vectored
non-maskable interrupt is generated on-board. It also generates a “Bus
Release” signal onto VERSAbus.
Self-Test
Hardware Activation Modes Manual depression of self-test button at top board edge.
Internal Function (a) Interrupts on-board MPU at priority level 2, and sets a bit in Board

Status/Control Register. Generates auto-vectored interrupt request.
(b) Lights the “Failure Indicator” LED at the top board edge.
(c) Under software control, by writing a bit into the Board Status/Control
Register, the “Failure Indicator” LED can be turned off.
Board Status/Control Register
Size 16 bits
Control Outputs (a) Interrupt mask bits for Parallel I/O Ports (4) and Serial I/O Ports (2).
(b) Emergency and Normal VERSAbus Request
(¢) Turn-off“Failure Indicator” LED at the top board edge.
(d) System Fail (drives VERSAbus line)
(e) Mask all interrupts to on-board MPU
(f) Interrupt another master and supply vector number
(g) Perform block transfer
Status Outputs (a) Emergency VERSAbus Grant
(b) System Fail (senses VERSAbus line)
(c) Board selected as System Controller
(d) Manual Test Request (Test Button)
VERSAbus Interface Functions The following VERSAbus functions implemented on the VERSAmodule
Monoboard Microcomputer represent a subset of the complete VER-
SAbus function set.
Note: For additional VERSAbus details, refer to the VERSAbus Speci-
fication Manual (M68KVBS(D2)).

Data 16 Lines
Address 23 Lines
Address Modifiers 8 Lines, providing the following functions:

— I/0 Map Selection
— Extended Map Selection
— Interrupt Acknowledge Map Selection
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TABLE 2 — Signal Characteristics, “BUS” Connector P1 (continued)

Connector Signal Signal Characteristics
Pin Mnemonic Functional Description Input Output
57 A22* Address Bit 22 (Note 1) (Note 1)
58 A23* Address Bit 23 (Note 1) (Note 1)
59 AM4* Address Modifier Bit 4 (Note 1) (Note 1)
60 AM7* Address Modifier Bit 7 (Note 1) (Note 1)
61 GND Ground (Note 1) (Note 1)
62 GND Ground (Note 1) (Note 1)
63 AM3* Address Modifier Bit 3 (Note 1) (Note 1)

64,65,66 — (Reserved) (Note 1) (Note 1)
67,68 GND Signal Ground (Note 1) (Note 1)
69 ACCLK Power Line Frequency (ac clock) (Note 1) (Note 1)
70 SYSCLK 16 MHz Clock (Note 1) (Note 1)
71,72 GND Ground (Note 1) (Note 1)
73 — (Reserved) (Note 1) (Note 1)
74 SYSRESET* System Reset (Note 1) (Note 1)
75,76,77 — (Reserved) (Note 1) (Note 1)
78 ACFAIL* AC Input Power Failure (Note 1) (Note 1)
79 —_ (Reserved) (Note 1) (Note 1)
80 SYSFAIL* System Fail (Note 1) (Note 1)
81 BERR* Bus Error (Note 1) (Note 1)
82 — (Reserved) (Note 1) (Note 1)
83 AMO* Address Modifier Bit @ (Note 1) (Note 1)
84 AM1* Address Modifier Bit 1 (Note 1) (Note 1)
85 AM2* Address Modifier Bit 2 (Note 1) (Note 1)
86 AM6* Address Modifier Bit 6 (Note 1) (Note 1)
87 IRQ1* Interrupt Request 1 (Note 1) (Note 1)
88 IRQ2* Interrupt Request 2 (Note 1) (Note 1)
89 IRQ3* Interrupt Request 3 (Note 1) (Note 1)
90 IRQ4* Interrupt Request 4 (Note 1) (Note 1)
91 IRQ5* Interrupt Request 5 (Note 1) (Note 1)
92 IRQ6" Interrupt Request 6 (Note 1) (Note 1)
93 IRQ7* Interrupt Request 7 (Note 1) (Note 1)
94 AM5* Address Modifier Bit 5 (Note 1) (Note 1)
95 ACKIN* Acknowledge In (Note 1) (Note 1)
96 ACKOUT* Acknowledge Out (Note 1) (Note 1)
97 BGOIN* Bus Grant In, #0 (Note 1) (Note 1)
98 BGOOUT* Bus Grant Out, #0 (Note 1) (Note 1)
99 BG1IN* Bus Grant In, #1 (Note 1) (Note 1)
100 BG1OUT* Bus Grant Out, #1 (Note 1) (Note 1)
101 BG2IN* Bus Grant In, #2 (Note 1) (Note 1)
102 BG20OUT* Bus Grant Out, #2 (Note 1) (Note 1)
103 BG3IN* Bus Grant In, #3 (Note 1) (Note 1)
104 BG30OUT* Bus Grant Out, #3 (Note 1) (Note 1)
105 BG4IN* Bus Grant In, #4 (Note 1) (Note 1)
106 BG4OUT* Bus Grant Out, #4 (Note 1) (Note 1)
107 BRO* Bus Request, #0 (Note 1) (Note 1)
108 BR1* Bus Request, #1 (Note 1) (Note 1)
109 BR2* Bus Request, #2 (Note 1) (Note 1)
110 BR3* Bus Request, #3 (Note 1) (Note 1)

(1) For electrical characteristics and additional information, refer to VERSAbus Specification Manual M68KVBS

* Signal categones are defined on page 17
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TABLE 2 — Signal Characteristics, “BUS” Connector P1 (continued)
Connector Signal Signal Characteristics

Pin Mnemonic Functional Description Input Output
111 BR4* Bus Request, #4 (Note 1) (Note 1)
112 BBSY* Bus Busy (Note 1) (Note 1)
113 BCLR* Bus Clear (Note 1) (Note 1)
114 BREL* Bus Release (Note 1) (Note 1)
115 — (Reserved) (Note 1) (Note 1)
116 — (Reserved) (Note 1) (Note 1)
117 — (Reserved) (Note 1) (Note 1)
118 — (Reserved) (Note 1) (Note 1)
119,120 GND Ground (Note 1) (Note 1)
121,122 -12V —12 Vdc Power (Note 1) (Note 1)
123,124 GND Ground (Note 1) (Note 1)
125,126 +12V +12 Vdc Power (Note 1) (Note 1)
127,128 +12V +12 Vdc Power (Note 1) (Note 1)
129,130 +5V +5 Vdc Power (Note 1) (Note 1)
131,132 +5V +5 Vdc Power (Note 1) (Note 1)
133,134 — (Reserved) (Note 1) (Note 1)
135-140 GND Ground (Note 1) (Note 1)

(1) For electrical charactenistics and additional information, refer to VERSAbus Specification Manual, M68KVBS(D2)
* Signal categories are defined on page 17

TABLE 3 — Signal Characteristics, /0 Connector P2

Connector Signal Signal Characteristics
Pin Mnemonic Functional Description Input Output
1-6 GND Ground — —
7-10 +5V +5 Vdc Power — —

11,12 +12V +12 Vdc Power —_ —
13,14 GND Ground — —
15,16 -12V —12 Vdc Power — —
17 GND Ground — —
18 CLOCK 1 PTM Clock 1 Input c* (N/A)
19 TXD1 Transmit Data, Serial Port #1 E** E
20 GATE 1 PTM Gate 1 Input D (N/A)
21 RXD1 Received Data, Senal Port #1 E*™ E
22 OUTPUT 1 PTM #1 Output (N/A) B
23 RTS1 Request to Send, Senial Port #1 E*™ E
24 CLOCK 2 PTM Clock 2 Input D (N/A)
25 CTS1 Clear to Send, Senal Port #1 E™ E
26 GATE 2 PTM Gate 2 Input D (N/A)
27 DSR1 Data Set Ready, Serial Port #1 E*™ E
28 OUTPUT 2 PTM #2 Output (N/A) B
29 GND Ground — —
30 RR+ Receiver Ready +, F (N/A)
Serial Port #2 (RS-422)
31 DCD1 Data Carrier Detect, Serial Port #1 E* E
32 RR - Receiver Ready, F (N/A)
Senal Port #2 (RS-422)

*Signal categories are defined following this table

**Input/Output charactenstics vary depending on whether this port i1s defined as a Terminal or Modem
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TABLE 3 — Signal Characteristics, /0 Connector P2 (continued)
Connector Signal Signal Characteristics
Pin Mnemonic Functional Description Input Output
33 DTR1 Data Terminal Ready, Serial Port #1 E* E
34 TR+ Terminal Ready +, (N/A) F
Serial Port #2 (RS-422)

35 (Unused) — e

36 TR- Terminal Ready —, (N/A) F
Serial Port #2 (RS-422)

37 (Unused) — —

38 DM+ Data Mode +, F (N/A)
Serial Port #2 (RS-422)

39 OUTPUT 3 PTM #3 Output (N/A) B

40 DM - Data Mode —, F (N/A)
Sernial Port #2 (RS-422)

4 GATE 3 PTM Gate 3 Input D (N/A)

42 CS+ Clear to Send +, F (N/A)
Serial Port #2 (RS-422)

43 CLOCK 3 PTM Clock 3 Input D* (N/A)

44 Cs- Clear to Send —, F (N/A)
Serial Port #2 (RS-422)

45 GND Ground — -

46 RT+ Receive Timing +, F (N/A)
Serial Port #2 (RS-422)

47 TXD2 Transmit Data, E* E
Serial Port #2 (RS-232C)

48 RT - Receive Timing —, F (N/A)
Serial Port #2 (RS-422)

49 RXD2 Received Data, E™ E
Serial Port #2 (RS-232C)

50 RS+ Request to Send +, (N/A) F
Serial Port #2 (RS-422)

51 RTS2 Request to Send, E* E
Serial Port #2 (RS-232C)

52 RS- Request to Send —, (N/A) F
Serial Port #2 (RS-422)

53 CTSs2 Clear to Send, E*™ E
Serial Port #2 (RS-232C)

54 RD+ Receive Data +, F (N/A)
Serial Port #2 (RS-422)

55 DSR2 Data Set Ready, E** E
Serial Port #2 (RS-232C)

56 RD - Receive Data —, F (N/A)
Serial Port #2 (RS-422)

57 GND Ground — —

58 ST+ Send Timing +, F (N/A)
Serial Port #2 (RS-422)

59 DCD2 Data Carrner Detect, E™ E
Serial Port #2 (RS-232C)

60 ST- Send Timing —, F (N/A)
Serial Port #2 (RS-422)

*Signal g are defined g this table

**Input/Output characteristics vary depending on whether this port is defined as a Terminal or Modem
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TABLE 3 — Signal Characteristics, /0 Connector P2 (continued)

Connector Signal Signal Characteristics
Pin Mnemonic Functional Description Input Output
61 DTR2 Data Terminal Ready, E™ E

Senal Port #2 (RS-232C)
62 SD+ Send Data +, (N/A) F
Senal Port #2 (RS-422)
63 RXC2 Receive Data Clock, E* E
Serial Port #2 (RS-232C)
64 SD- Send Data -, (N/A) F
Sernial Port #2 (RS-422)
65 TXC2 Transmit Data Clock, E** E
Senal Port #2 (RS-232C)
66 GND Ground - —
67-70 (Unused) — —
7 P1CB2 Parallel Port 1, CB2 Control Line (N/A) B
72,73 GND Ground — —
74 P2CA1 Parallel Port 2, CA1 Control Line B* (N/A)
75 P1CB1 Parallel Port 1, CB1 Control Line B (N/A)
76,77 GND Ground — —
78 P2CA2 Parallel Port 2, CA2 Control Line (N/A) B
79 P1PB7 Parallel Port 1, Upper A A
Data Byte, Bit #7
80 GND Ground — —
81 P1PB6 Parallel Port 1, Upper A A
Data Byte, Bit #6
82 P2PAOQ Parallel Port 2, Lower A A
Data Byte, Bit #0
83 P1PB5 Parallel Port 1, Upper A A
Data Byte, Bit #5
84 P2PA1 Parallel Port 2, Lower A A
Data Byte, Bit #1
85 P1PB4 Parallel Port 1, Upper A A
Data Byte, Bit #4
86 P2PA2 Parallel Port 2, Lower A A
Data Byte, Bit #2
87 P1PB3 Parallel Port 1, Upper A A
Data Byte, Bit #3
88 P2PA3 Parallel Port 2, Lower A A
Data Byte, Bit #3
89 P1PB2 Parallel Port 1, Upper A A
Data Byte, Bit #2
90 P2PA4 Parallel Port 2, Lower A A
Data Byte, Bit #4
91 P1PB1 Parallel Port 1, Upper A A
Data Byte, Bit #1
92 P2PAS Parallel Port 2, Lower A A
Data Byte, Bit #5
93 P1PBO Parallel Port 1, Upper A A
Data Byte, Bit #0

*Signal categories are defined following this table
**Input/Output characteristics vary depending on whether this port 1s defined as a Terminal or Modem
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TABLE 3 — Signal Characteristics, /0 Connector P2 (continued)

Connector Signal Signal Characteristics
Pin Mnemonic Functional Description Input Output
94 P2PA6 Parallel Port 2, Lower A A
Data Byte, Bit #6

95 P1PA7 Parallel Port 1, Lower A A
Data Byte, Bit #7

96 P2PA7 Parallel Port 2, Lower A A
Data Byte, Bit #7

97 P1PA6 Parallel Port 1, Lower A A
Data Byte, Bit #6

98 P2PB0 Parallel Port 2, Upper A A
Data Byte, Bit #0

99 P1PA5 Parallel Port 1, Lower A* A
Data Byte, Bit #5

100 P2PB1 Parallel Port 2, Upper A* A
Data Byte, Bit #1

101 P1PA4 Parallel Port 1, Lower A A
Data Byte, Bit #4

102 P2PB2 Parallel Port 2, Upper A" A
Data Byte, Bit #2

103 P1PA3 Parallel Port 1, Lower A* A
Data Byte, Bit #3

104 P2PB3 Parallel Port 2, Upper A* A
Data Byte, Bit #3

105 P1PA2 Parallel Port 1, Lower A* A
Data Byte, Bit #2

106 P2PB4 Parallel Port 2, Upper A* A
. Data Byte, Bit #4

107 P1PA1 Parallel Port 1, Lower A* A
Data Byte, Bit #1

108 P2PB5 Parallel Port 2, Upper A* A
Data Byte, Bit #5

109 P1PAO Parallel Port 1, Lower A" A
Data Byte, Bit #0

110 P2PB6 Parallel Port 2, Upper A A
Data Byte, Bit #6

111 GND Ground — —

112 P2PB7 Parallel Port 2, Upper A A
Data Byte, Bit #7

113 P1CA2 Parallel Port 1, CA2 Control Line (N/A) B

114,115 GND Ground — —

116 P2CB1 Parallel Port 2, CB1 Control Line B (N/A)
117 P1CA1 Parallel Port 1, CA1 Control Line B (N/A)
118,119 GND Ground — —
120 P2CB2 Parallel Port 2, CB2 Control Line (N/A) B

*Signal categories are defined following this table
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TABLE 4 — Signal Category Definitions
Signal Type “A”
Input Min Max QOutput Min Max
Allowed Input Voltage oV 70V Guaranteed High Voltage When 20 —
Sourcing 14 6 mA
Allowed Input For “High” 20V — Guaranteed Low Voltage When — 0.5
“Low” — 08V Sinking 23 8 mA
Current Sinked When Driven
“High” — 40 pA
“Low” — 220 pA
Signal Type “B”
Input Min Max Output Min Max
Allowed Input Voltage oV 70V Guaranteed High Voltage When 20V —
Sourcing 15 mA
Allowed Input For “High” 20V — Guaranteed Low Voltage When — 05V
“Low” — o8V Sinking 24 mA
Current Sinked When Driven
“High” — 20 pA
“Low” — 690 pA
Signal Type “C” Signal Type "D”
Input Min Max Output Min Max
Allowed Input Voltage -03V Vce Allowed Input Voltage -03 vce
Allowed Input For “High” 20V — Allowed Input For “High” 20V —
“Low” — o8V “Low” - 08V
Current Sinked When Driven Current Sinked When Driven
“High” — 25 pA “High” — 20 pA
“Low” — 25 pA “Low” — 700 pA
Signal Type “E” (RS-232C Levels)
Input Min Max Output Min Max
Allowed Input Voltage -30V 30V Guaranteed High Voltage 70V —
(Space) Across 3K Load
Allowed Input For “Space” 30V — Low Voltage (Mark) -70V —_
“Mark” -30V —
Current Sinked When “Space” — 83 mA
(Von = 25 V)
Current Sinked When “Mark” — -83mA
(Voff = —25V)

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

2-47



M68KVMO1A1

M68KVMO1A2
TABLE 4 — Signal Category Definitions (continued)
Signal Type “F” (RS-422 Levels)
Input Min Max Output Min Max
Allowed Differential Voltage — + 25V Guaranteed High Voltage When 25V —
Allowed Common Mode Voltage —_ + 15V Sourcing 20 mA
Differential Threshold Voltage +02V —_ Guaranteed Low Voltage —_ o5V
(-7V=sVIs7V) Voltage When Sinking 48 mA
Input Current:
ForVli =10V — 325 mA
-10V — 325 mA

SOFTWARE/FIRMWARE SUPPORT

Motorola provides standard software packages to support
the VERSAmodule Monoboard Microcomputer, within the
categories of Real-Time Executives and Operating Systems,
Debuggers/Loaders, and Self-Test Systems. The principal
features of these software products are as follows

RMS68K — Real-Time Multitasking System Software
® Memory-Resident (ROMable)

Physical (Channel) /0

Multitask Dynamic Scheduling

Software and Hardware Interrupt Processing
High-Speed Interrupt Response

Intertask Communication and Task Synchronization
Dynamic Allocation and Management of RAM

User Trap Handling

Exception Processing

Time Delay, Periodic Task Activation, Time-Of-Day
Easy Addition Of User-Written Device Drivers
Upward Compatible To Real-Time Disk Operating System
Compatible with EXORmacs System Software
Customization via SYSGEN

VERSAdos — Real-Time Disk Operating System

® Provides All Real-Time Multitasking Software Features Of
RMS68K

Device Independent I/O and Logical /O

Wait and Proceed Mode I/O

Standard Device Dnivers

Multi-Level File Directories

Shared File Access

Dynamic or Contiguous File Space Allocation

Random, Sequential, and Indexed Sequential File Access

VERSAbug — Debug/Monitor/Loader Firmware
Initialization

Display/Change Memory

Display/Change Registers

Set and Clear Breakpoints

Block Initialize

Block Move

Search for a (Masked) Value

TRACE with optional instruction count
Downline Load

VERSAmodule — Self-Test Software

This package of self-test routines for the monoboard mi-
crocomputer will be available to assist the user in customizing
a total self-test capability for his specific system. Anticipated
availability of this software 1s mid-1981

HARDWARE/SOFTWARE
DEVELOPMENT SUPPORT

The recommended development system vehicle for devel-
oping microcomputer systems based around the VERSA-
module Monoboard Microcomputer 1s the EXORmacs
MC68000 Development System. EXORmacs Is a multiuser
development system (floppy disk or hard disk based) with
advanced software development tools including a Macro As-
sembler, Pascal Compiler, CRT Editor, and Linkage Editor.
Since EXORmacs also provides the VERSAbus interconnect
structure and the VERSAdos operating systems VERSA-
module applications can be easily developed and checked
out in the EXORmacs chassis and transferred to the target
system for final debug.

Cross software support in the form of a Macro Assembler,
Pascal Compiler, and Linkage Editor is also planned for IBM
host computers.
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SYSTEM EXPANSION and to VERSAdos or RMS68K system software. This allows n
The VERSAmodule Monoboard Microcomputer is system- simplified device-independent I/O for the main application
compatible with a growing family of VERSAmodule products:

Dynamic RAM Module — available in 32K, 64K, and 128K
byte versions Includes byte parity with automatic retry on
parity error

Universal Disk Controller (UDC) — A 2-board set that pro-
vides Industry standard SMD interface to hard disk drives
(up to 2 drives of 96 megabytes each) and floppy disk
drives (up to 4 drives of 0 5 megabyte each)

Floppy Disk Controller (FDC) — A single board that pro-
vides an interface to up to four double-sided single-density
floppy disk drives of 0.5 megabyte each

Multichannel Communications Module (MCCM) — Pro-
vides four asynchronous senal ports, each with RS-232C
interface, plus an industry-standard parallel printer inter-
face port

Universal Inteligent Peripheral Controller (UIPC) — Pro-
vides IPC architecture on a single board with a DMA chan-
nel to global memory onthe VERSAbus A parallel interface
1s provided to which a user may interface a special device
such as tape, disk, or high-speed communications
controllers

The UDC, FDC, MCCM, and UIPC modules each provide
a consistent electrical and logical interface to the VERSAbus,

PACKAGING AND ACCESSORIES

VERSAmodule-based applications can be conveniently
packaged In and supported by a family of hardware acces-
sories. (For additional information on packaging options and
power supplies, refer to the chassis/card cage data sheet
MVMCH3-1.)

Four-Slot Card Cage — Mechanically and electrically ex-

pandable up to 3 units (12 Slots)

Four-Slot Chassis — Provides card cage, power supply,

fans, enclosure, and rack-mount or table-top usage capability

Power Supplies — Low-Power (15 A (@ 5 Vdc) and high-

power (30 A @ 5 Vdc) versions are avallable Each in-

cludes an ac power faillure detection capability with

VERSADbus Interface

VERSAbus Adapter Module — An interface module for

adapting 8-bit EXORbus boards into the 16-bit VERSAbus

systems.

VERSAbus Extender Module — Enables extension of

VERSAbus modules for serving, testing, trouble-shooting,

and debugging.

VERSAbus Wirewrap Module — Permits construction and

incorporation of custom circuits into VERSAbus system.

Ordering Information

Part Number

Description

M68KVMO1A1 VERSAmodule Monoboard Microcomputer. This module contains the MC68000L MPU, 32K bytes
of Dynamic RAM, sockets for up to 64K bytes of ROM/EPROM, 2 serial ports, 4 byte-wide parallel
ports, a triple programmable timer/counter, VERSAbus interface, and System Controller features.
Includes User’s Manual.

M68KVMO1A2 Same as M68KVMO1A1, but includes 64K bytes of Dynamic RAM.
M68KVMO1A/D1 VERSAmodule Monoboard Microcomputer User’'s Manual.

Related Documentation

M68RIOCS 1/0 Channel Specification Manual

M68KVBS VERSADbus Specification Manual

MC68000UM(AD-3) MC68000 Microprocessor User's Manual

M6840UM MC6840 Fundamentals and Applications Manual
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Optional Accessories

Ordering Information (continued)

Part Number Description
M68KVM10-3 128K Byte VERSAbus Dynamic RAM Module
M68KVM21 Universal Disk Controller (UDC)
M68KVM20 Floppy Disk Controller (FDC)
M68KVM30 Multi-Channel Communications Module (MCCM)
M68KVME0 Universal Intelligent Peripheral Controller (UIPC)
M68KORMS6E8K Real-Time Multitasking Software
M68KOVDOS Real-Time Disk Operating System
M68KVBUG Debug/Monitor/Loader Firmware
M68KVMCC1 4-Slot VERSAmodule Card Cage
M68KVMCH1-1 4-Slot VERSAmodule Chassis with 123 Watt Linear Power Supply
M68KVMCH1-2 4-Slot VERSAmodule Chassis with 228 Watt Switching Power Supply
MVMCH1-2 Same as M68KVMCH1-2 with 5-Slot Card Cage for Single Width Eurocard format I/O Cards
M68KVAM VERSAbus Adapter Module
M6BKEXT VERSAbus Extender Module
M68KWW VERSAbus Wirewrap Module
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VERSAmodule
Monoboard
Microcomputer

MC68000 8 MHz 16-bit MPU

— 16 32-bit data, address and stack registers

— 14 addressing modes

— 16 megabyte direct addressing range

— Memory mapped 1/O

— 56 powerful instruction types

— Operations on five data types including bit, byte, word,
long word and BCD

— Provides interlock instruction for multiprocessor systems

— 256 multilevel vectored interrupts including exceptions,
traps and external interrupts

— Architecturally optimized for efficient support of high-
level languages.

VERSAbus system bus compatibility with bus arbitration

logic.

Local on-board bus for intercommunications between the

MPU, ROM, RAM, serial I/O and timer/counter resources

as well as interface to VERSAbus.

1/0 Channel for interfacing off-board resources such as

A/D, discrete I/O and parallel /0 to the monoboard

microcomputer.

128K byte Dynamic RAM with shared memory access from

local bus and VERSADbus via a dual port controller. Byte

parity with automatic retry is a jumper option. RAM may

be strapped to operate from VERSAbus +5 Vdc standby

power for external battery backup. Power fail write inhibit

logic 1s included.

Two 28-pin sockets for up to 64K bytes of user provided

2, 4, 8, 16 or 32K byte ROM/PROM/EPROM devices.

M68KVMO02-3

a

Two multiprotocol serial /O ports with RS-232C interface
selectable for MODEM or terminal use. Asynchronous and
synchronous byte-oriented protocols (including IBM Bi-
sync) as well as SDLC and HDLC bit-oriented protocols
are supported. Internal clock rates strappable from 50 bps
to 19.2 kbps. External clock rates to 600 kbps supported.
Three 16-bit programmable timer/counters. All three are
cascadable. When not programmed to create an interrupt
the timer may be programmed to issue an output to an
external device. By jumper selection, time/count inputs can
be connected to:

— Serial port baud rate clocks

— 2 MHz clock

— VERSADbus ac line clock

— External input

0° C-70° C operating temperature range

The VM02 VERSAmodule Monoboard Microcomputer is
complete microcomputer system-on-a-board. At its heart

1s the powerful microprocessor representing a significant
advance in 16-bit units — the MC68000. Its architecture is
optimized for high-level language support to foster rapid pro-
gram development.
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The Monoboard Microcomputer in combination with the
VERSAmodule Chassis and Real-time Multitasking Software
(RMS68K) provides a complete design environment that
frees the system designer to develop the software required
for the unique I/O hardware of his application.

Many powerful features equip VMO02 for application in a
wide spectrum of industrial automation and general infor-

mation systems. For example, its shared RAM permits effi-
cient DMA operation with VERSAbus Intelligent Peripheral
Controiler (IPC) Modules as well as intercommunications
between multiple monoboards and processors in complex
systems. Figure 1 diagrams the major functional components
of the Monoboard Microcomputer.

FIGURE 1 — M68KVMO02 Block Diagram
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I/0 Channel

An I/O Channel lets small, single function, non-VERSAbus
boards be easily added to enlarge the microcomputer func-
tion. One such board can be directly connected to the
monoboard itself. Other boards, externally mounted, can ac-
cess the 1/0 Channel from the VERSAbus backplane
connectors. These can be connected using up to 12’ of
multidrop ribbon cable.

Serial I/O Ports

The VMO2 serial port 1 and serial port 2 are independent
communication channels each comprising a parallel-to-serial
conversion section using RS-232 serial drivers and a serial-
to-parallel section using RS-232 sernial receivers.

The Transmit Clock (TXC) input of each port can be con-
nected by jumper selection to the port baud rate generator
to obtain any of 16 data transmission rates. Or the input can
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be synchronized with an external serial receiver via senal
link. Similarly, jumper selected connection of the Receiver
Clock (RXC) input to the baud rate generator can provide
any of 16 data reception rates. Or the rate can be set by
synchronization with an external transmitter via senal link

For interfacing at high data rates over longer distances
than those provided by RS-232 devices, the TXC and RXC
inputs on port 2 are supported at TTL levels permitting use
of a user-supplied TTL-to-RS-422 adapter board powered by
VMO2 via port 2.

Both ports are software configurable to support asynchro-
nous and synchronous protocols. Synchronous protocols in-
clude monosync and bisync Character Oriented Protocols
(COP) and SDLC and HDLC Bit Oriented Protocols (BOP).
Parity checking is software selectable for a!l modes and CRC
operations are supported for the COP and BOP procotols.

All interrupts from the senal ports are routed to the MPU
over a single line the priority level of which can be strapped
for level six or wire-wrapped for levels 1-5. A serial interrupt
cycle is completed by the MPU causing the dual-ported RAM
section to place a program supplied vector number on the
data lines.

Several interrupt-causing modes can exist within each port.
The condition-affects-vector mode can be enabled so that
the port status register can be read to determine the cause
of an interrupt. When the mode s disabled, various registers
must be examined for the interrupt cause. Interrupt causing
conditions are cleared via software commands sent to the
serial port control register.

Programmable Timer

Each of the three separate programmable 16-bit timers
within an MC6840 Programmable Timer (PTM) device can
operate In any of four modes: 16-bit continuous, single shot,
period measurement or pulse width measurement. Each
timer can be cascaded with another and programmed to use
the internal or external clock. This PTM versatility equips the
VMO2 for straightforward application in environments requir-
ing pulse generation, interval and period measurement, in-
dustrial timing control and programmable one-shot functions.

The timers appear in the VM02 memory map at locations
F70001 to F7000F. Only the lower bytes are used.

Local Memory

Jumper selection allows the 28-pin ROM/PROM/EPROM
sockets to be used for 24-pin 2716/2732 devices or 28-pin
16K byte and 32K byte devices. Jumper selection of VERSAbus
Data Acknowledge (DTACK) response time permits devices
of various speeds to be used. Device access times can range
from O to 500 ns.

The on-board RAM is fuily accessible to the processor via
one port of the dual port controller. For access from the
VERSADbus interface via the second controller port, the RAM

base address is PROM configurable on 1K byte boundaries
within a 256K byte jumper selectable block of VERSAbus
space. Thus on-board RAM appears as a separate RAM
board to other modules on the VERSAbus.

The 1K byte blocks can be individually configured as*

— Local RAM

— Shared Read/Write RAM

— Shared Read-Only RAM

— Shared Program Write Protectable RAM

RAM blocks configured as local are shielded from VERSAbus
access. Blocks configured as shared program-protectable
can be write protected by the on-board processor under pro-
gram control via the control register. This feature can provide
protected operation following an Initial bootstrap load.

VERSAbus Interface

VERSADbus is characterized by asynchronous, bidirectional
operation and support of Direct Memory Access (DMA),
multiprocessor operation and the full 16 megabyte address
range of the MC68000 MPU. Design requiring an expanded
microcomputer function can utilize the VERSAbus interface
to add other resources such as RAM and intelligent /O con-
trollers. Pins for all address, data, and control lines are pro-
vided in the 140-pin VERSAbus connector, P1. The 120-pin
connector P2 provides interface to the serial /O and pro-
grammable timer functions and to monoboard microcomputer
suppott of the I/O Channel.

Local Bus

On board functional components are interconnected by a
local bus which is connected to the VERSAbus interface, the
1/0 Channel irterface or one of the serial ports when the on-
board MPU accesses an off-board resource. This feature
allows monoboard microcomputer processing to proceed si-
multaneously with the activities of another bus master.

Bus Request

Normal access to off-board VERSAbus resources is pro-
vided the MPU by means of a five-priority-levels bus request
method. The monoboard level Is strap selectable.

For normal access, VERSAbus mastership is gained inone
of two ways:

Direct Request -— A program can use the VMO02 status
and control registers to insure bus mastership prior to per-
forming a function requiring access to a VERSAbus re-
source. Bus mastership is retained until released by the
program via the status and control register. The direct re-
quest method permits a board to transfer blocks of data
at the maximum rate.

Indirect Request — A program can also access a VERSA-
bus resource without first insuring bus mastership through
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use of the status and control register. In this case if the
monoboard is not currently bus master, a BUS REQUEST
at the strap-selected priority level is automatically issued.
On completion of the access, the bus is automatically re-
leased by the monoboard. This software-transparent in-
direct method provides a means by which, in a multiple
processor-board system, each processor can access
memory on a cycle-by-cycle basis.

VERSAbus Interrupter

A VERSAbus interrupter function provides a means of com-
munication between monoboard microcomputers in a multi-
processor environment or between a monoboard and other
interrupt-handling boards. Under program control, the
monoboard MPU can cause the VERSAbus Interrupter to
generate an interrupt request signal by writing a value in the
interrupt bits in the control register. The signal is placed on
the one of seven interrupt lines corresponding to the specified
priority level.

System Interrupt Handler

VMO02 response to VERSAbus interrupts is configured by
strap option. Any combination of the seven priority levels can
be selected. In a multiple monoboard environment, this allows
a unique set of levels to be chosen for each monoboard on
the VERSAbus.

On recognizing an interrupt of valid priority, the interrupt
handler requests control of the VERSAbus. When granted,
the handler initiates an interrupt acknowledge cycle then
passes to the MPU the vector number placed on the
VERSAbus data lines by the interrupting board.

Power-Down Monitor

VMO02 monitors the VERSAbus AC Fail line which can be
driven from an external power fail sense module. If the non-
maskable interrupt priority level is strap selected, a low level
on the AC Fail line will cause the MPU to be interrupted. This

feature allows user-provided firmware routines to take emer-
gency measures. These might include saving critical data in
non-volatile VERSAbus RAM or local RAM powered from the
5.0 V standby line on the VERSAbus (a jumper option).

System Controller Functions

When configured by strap option as system controller,
VMO2 provides the following system management and control
functions:
® VERSAbus Arbitration — The arbiter accepts bus requests

on five priority levels from other bus masters and grants

the bus to the highest prionty requester. This function fa-
cilitates orderly management of the contention for bus
mastership on the VERSAbus.

o System Clock — A 16 MHz clock signal is provided to other
VERSADbus devices for various counting and synchronizing
tasks.

® Reset — On entering the reset state, the monoboard
microcomputer additionally drives the reset line in the
VERSAbus low.

® Bus Timeout — Bus timeout generates a bus error (BERR)
when a nonexistent bus address is placed on the
VERSAbus. Timeout is selectable as 8, 16, 32, or 64
microseconds, or can be disabled.

System controller functions are normally provided by only
one module plugged into the VERSAbus backplane. If more
than one VERSAmodule Monoboard Microcomputer is used
in a multiprocessor system, only one can be strapped as
system controller.

Memory Mapped 1/O

Memory addresses in the range of F70000 (Hex) through
F70019 are allocated to the status register, the serial I/O
ports, and to the PTM modules. The memory map of the
VMO02 monoboard microcomputer is shown in Figure 2.
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FIGURE 2 — Memory Map

<—UPPER BYTE—> | <—LOWER BYTE—>

|
D15 D8 | D7 DO

FFFFFE FFFFFF
VERSAbus
Short /O Address
FF0000 FFO001
FEFFFE FEFFFF
VERSAbus
F82000 F82001
F81FFE / F81FFF
llegal 1/O Channel
F80000 /A F80001
F7FFFE F7FFFF
VERSAbus
F7001A F7001B
F70018 VERSAmodule Status Register F70019
F70016 F70017
Senal Ports
F70011
lliegai — Frooor
PTM
F70000 % F70001
FSFFFE F6FFFF
VERSAbus
F10000 F10001
FOFFFE FOFFFF
ROM
64K F00008 F00009 _
Bytes | F00006 [ LSB F00007  Initial
of | program §
ROM | F00004 msB | F00005 _ counter {4 g
space | F00002 i LSB F00003  Initial reset
| stack
F00000 MSB | F00o01 __ Pointer
EFFFFE EFFFFF
Top of VERSAbus Top of
RAM+1 RAM+2
01FFFE O01FFFF
01FFFO VERSAmodule Control Register? 01FFF1
000000 128K RAM 000001

1. Control Register image only. Register not directly accessible.
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TABLE 1 — VMO02 Specifications

Characteristics

Description

Microprocessor
Clock Frequency

Data Bus Width
Address Bus Width

Instructions
Addressing Modes
Registers

Memory Capabilities

Total Directly Addressable
(on-board and off-board)

ROM/PROM/EPROM
(user-supplied)

ROM Base Address
Dynamic RAM
(on-board)

Error Checking

Battery Backup

Base Address

Access Timing
(on-board)

MC68000

32 MHz, crystal controlled, providing 8 MHz to the MPU, and 16 MHz
to the VERSAbus “System Clock” line

16 Bits
24 Bits

56 Varnable Length Instructions (From 2 to 10 bytes)
Fourteen Addressing Modes
19 Registers (Data, Address, Stack Pointer, Program Counter, Status)

See the MC68000 16-Bit Microprocessor User's Manual for additional
details

16,777, 216 Bytes

Two 28-pin sockets are provided for 2K, 4K, 8K, 16K or 32K byte devices
using +5.0 Vdc only. Total ROM capacity is 64K bytes.

FO00000 (Fixed)
128K bytes with on-board refresh control circuitry.

Byte parity generation and checking with automatic retry and generation
of bus error on fail may be activated or deactivated by user strap option.

Jumper option battery backup capability (user must provide +5.0 volt
standby power and the system requires the power fail monitor
M68KVMPM1).

PROM configurable on 1K byte boundaries within one jumper selectable
256K byte block of VERSAbus space.

Number of MPU Wait Cycles for accessing the on-board RAM.

8 MHz MPU No. of Wait Cycles MPU Cycle Time
Access Cycle Typ. Max Typ. Max.
Write 0 1 625 ns 750 ns
Read with party 2 3 750 ns 875 ns

detection disabled
Read with parity 3 4 875ns 1000 ns
detection enabled

NOTE Times shown assume no memory access contentions from the VERSAbus or the
refresh circuitry
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TABLE 1 — VMO02 Specifications (continued)

Characteristics Description
Access Timing Slave Board Access Times vs. Wait State Pairs
(off-board)
Slave Board Access 8 MHz MC68000
Times (ns) Wait State Pairs
Min. Max. Read Write
0 70 1 0
71 195 2 1
196 320 3 2
321 445 4 3
446 570 5 4
571 695 6 5
696 820 7 6
821 945 8 7
Assumptions:

1 Slave board access time is referenced at the edge connector for that
particular board. Access time is the time from a data strobe (DS0*
or DS1*) low to DTACK* low.

2 No bus arbitration is required (the MPU holds the bus between
cycles). If the VMO02 gives up the bus between access cycles, the
numbers of wait states 1s indeterminate.

3. VERSAbus propagation delay is assumed to be 10 ns.

4. VMO02 provides the following delays from AS* to DS1*/DS0* low with
an 8 MHz processor.
0 ns min. to 50 ns max. (read cycle)
0 ns min. to 85 ns max. (write cycle)

Serial /0 Ports Two NEC 7201-Implemented senal /O ports selectable for terminal or
MODEM use.
Interface RS-232C Support inputs TXC and RXC of Port 2 at TTL levels
Protocols Asynchronous and synchronous byte-oriented (including IBM Bisync)
plus SDLC and HDLC bit-onented protocols.
Baud Rates Support external clock rate to 600 kbps and sixteen strap-selectable
rates:
Strap-Selectable Rates
50 1800
75 2000
110 2400
134.5 3600
150 4800
300 7200
600 9600
1200 19200
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TABLE 1 — VMO02 Specifications (continued)

Characteristics

Description

Programmable Timer/Counter (PTM)

Interrupts
VERSADbus Interrupts

Interrupter

System Controlier Functions
VERSADbus Arbitration

System Clock
Reset

Implemented using an MC6840 device which provides three 16-bit pro-
grammable binary counters. Each 16-bit section may be operated in-
dependently or sections may be cascaded to provide 32-bit or 48-bit
operation under control of the MPU.

Provides access to three lines from each of the 16-bit counter sections
(a total of nine lines) at the I/O connector, P2:
Gate Input

Clock Input
PTM Output
Strap options allow five clock functions to be provided to the PTM:
“AC Clock” (from VERSAbus)
Baud rate clocks from the on-board serial port baud rate generators
Address strobe from the local bus
2 MHz clock (derived from the on-board clock)
Externally-provided time/count source from I/O connector, P2.

Provide the PTM Interrupt output to the MPU on a user-selectable priority
level.

See MC6840 Fundamentals and Applications Manual (MC6840UM) for
further details.

Permits any or all of the seven interrupt request lines from the VERSAbus
to be strapped to enable generation of an interrupt of corresponding
priority level that is sent to the on-board MPU. In responding to a
VERSADbus interrupt, the monoboard microcomputer must (a) request
and gain bus mastership, (b) acknowledge the VERSAbus interrupt re-
quest, and (c) accept the interrupt vector from the interrupting device.
In addition, the MPU responds to 12 “on-board” interrupts. When on-
board and off-board interrupts of the same level occur at the same time,
the on-board interrupt is serviced first.

Permits a VERSAbus interrupt to be generated at a software selectable
level by writing to the status control register.

Activated only If the board is strap-selected as system controller.

Accepts priority level requests from potential bus masters on the five
VERSADbus bus request lines.

Issues a bus clear signal to the current bus master if a bus request at
a higher priority level than that of current bus master is received.

Issues a bus grant signal back to the highest priority requester when the
bus is clear.

Drives VERSAbus system clock line with 16 MHz signal.

Drives VERSAbus system reset line low upon occurrence of either of the
following conditions:

Manual activation of the RESET button on the top board edge
Power-up
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TABLE 1 — VMO02 Specifications (continued)

Characteristics

Description

Power Down Provision

Board Status/Control Registers
Size
Status Inputs
12 Bits

Control Outputs
16 Bits

VERSAbus Interface Functions

Data
Address
Address Modifiers

If the board 1s configured as system controller, it monitors the AC Fail
line on the VERSAbus and, if the line is driven low by an external power
failure detector, 1. generates and sends a non-maskable interrupt to the
on-board MPU and, 2. generates and places a Bus Release signal on
the VERSAbus.

28 bits

System Controller
VERSAbus Available
VERSAbus Interrupt Serviced
System Failure

VERSAbus Test
User-Defined (6)

VERSAbus Interrupt
VERSADbus Interrupt Acknowledge Mask
System Controller VERSAbus Transfer Request
VERSAbus Block Transfer Request
Board Fail Status
Interrupt Mask
VERSAbus Available Mask
System Fail Interrupt Mask
Write Protect
1/0 Channel Interrupt Mask
VERSAbus Resource Management (4)
The following subset of the complete VERSAbus function set is
implemented.
See the VERSAbus Specification Manual (M68KVBS).
16 Lines
23 Lines
8 Lines, providing the following functions:
Short /0 Address Map Selection
Interrupt Acknowledge Map Selection
Supervisory Program Map Selection
Supervisory Data Map Selection
User Program Map Selection

User Data Map Selection
Special function user-defined maps

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

2-59




M68KVM02-3

TABLE 1 — VMO02 Specifications (continued)

Characteristics

Description

Data Transfer Control

System Control
Priority Interrupt Control

Bus Arbitration Control

System Test
Power Monitor
Misc. Functions

Operating Temperature
Humidity
Physical Characteristics

Height
Width
Thickness

Bus Mating Connector Types
VERSAbus Connector (P1)

1/O Connector (P2)

Power Requirements

Current Requirements
Two MCM68764 with EPROMS

Dynamic RAM Current Requirements

Active
Standby

Supply Voltages

Data Strobes (2)

Write Line

Address Strobe

Data Transfer Acknowledge

Bus Error

System Reset

Interrupt Request (7 Priority Lines)
Acknowledge In (Daisy Chain)
Acknowledge Out (Daisy Chain)

Bus Busy

Bus Clear

Bus Release (Emergency Bus Request)
Bus Request (5 Priority Lines)

Bus Grant In (Daisy Chain — 5 Lines)
Bus Grant Out (Daisy Chain — 5 Lines)
System Fail, 2 Test Lines

AC Failure

System Clock (16 MHz — square wave)

AC Cl.ock (50/60 Hz — square wave) recelve only

+5 Vde

+12 Vdc

-12 Vdc

0° to 70°C

0% to 95%, non-condensing

9.251n. (32.5 cm)

14.5in (36.8 cm)
0.6 In. (1.5 cm)

Stanford Applied Eng’'g  CPH7000-140ST
MP-0100-70-DW-5H
Stanford Applied Eng'lg  CPH7000-120ST
MP-0100-60-DW-5H

Micro Plastics, Inc.

Micro Plastics, Inc.

+5 Vdc +12 Vdc

—12 Vdc

Typ. Max. Typ. Max.

Typ. Max.

55A 6.4A .045 A .055 A

.035 A .045 A

Typ. Max.
430 mA 500 mA
320 mA 360 mA
+5V *+5%
+12V £5%

-12V £5%
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TABLE 2 — Signal Characteristics, /O Connector P2

Connector Signal Signal Characteristic
Pins Mnemonic Signal Name and Description Input Output
33,35-44,46 A00-A11 /O Channel address lines. — B
53 CLK CLOCK — /O Channel 4-MHz clock. — B
72 CLOCK1* CLOCK 1 — May be used as an input A —_
clock for timer 1.
78 CLOCK2* CLOCK 2 — May be used as an input A —_
clock for timer 2.
84 CLOCK3* CLOCK 3 — May be used as an input A —
clock for timer 3.
79 CTSH CLEAR TO SEND — Indicates that c c*
107 CTS2 terminal may transmit data. c* c*
19,21-27 D0o-D7 1/O channel data bits.
85 DCD1 DATA CARRIER DETECT — Indicates c c*
113 DCD2 to terminal that a suitable data carrier is c c
present.
81 DSR1 DATA SET READY — Indicates that c
109 DSR2 the data set (modem) is ready. c*
87 DTR1 DATA TERMINAL READY — Indicates c* c
115 DTR2 that data terminal is ready to transmit c c*
or receive data. The on-to-off transition
will signal the modem to “hang up” the
line.
74 GATE1* GATE 1 — May be used to inhibit A —
CLOCK1*.
80 GATE2* GATE 2 — May be used to inhibit A —
CLOCK2*.
86 GATE3* GATE 3 — May be used to inhibit A —
CLOCKS3™.
1-6,18,20, GND GROUND — —_
27,30,32,
24,4548,
50,52,54,
56,58,60,
62,64,66,
71,83,99,
111,117
59 INT1* INTERRUPT 1 — I/O channel B
interrupt 1.
61 INT2* INTERRUPT 2 — 1/O channel B
nterrupt 2.
63 INT3* INTERRUPT 3 — I/O channel B
interrupt 3.
65 INT4* INTERRUPT 4 — 1/O channel B
interrupt 4.

*A, B, C, and D charactenstics defined in Table 3
**Signal tics may vary g to whether this port i1s defined as terminal or modem
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TABLE 2 — Signal Characteristics, I/0O Connector P2 (continued)

Signal Characteristic

Connector Signal
Pins Mnemonic Signal Name and Description Input Output
76 OUTPUT1 TIMER 1 OUTPUT — The Timer 1 — B
output may be selected to appear on
this pin.
82 OUTPUT2 TIMER 2 OUTPUT — The Timer 2 — B
output may be selected to appear on
this pin.
88 OUTPUT3 TIMER 3 OUTPUT — The Timer 3 — B
output may be selected to appear on
this pin.
57 RESET* RESET — I/O channel reset (output) — D
signal.
77 RTS1 REQUEST TO SEND — Indicates that c**
105 RTS2 terminal wishes to send data. On a half c*
duplex channel, this signal controls
direction of data transmission.
89 RXC1 RECEIVE CLOCK — May be an output c* c*
117 RXC2 from baud rate generator or an input c c™
clock for transmitter or receiver.
75 RXD1 RECEIVE DATA — Used to receive c* c*
103 RXD2 data as an input, or transmit data as an c* c*
output.
31 sTB* STROBE — /O channel output signal.
91 TXC1 TRANSMIT CLOCK — May be an c* c*
119 TXC2 output from baud rate generator or an c* c*
input clock for transmitter or receiver.
73 TXD1 TRANSMIT DATA — Used to transmit c* c*
101 TXD2 data as an output, or receive data as c* c*
an input.
29 wT* WRITE — I/O channel output signal. — B
55 XACK* TRANSFER ACKNOWLEDGE — I/0 B —
channel data transfer acknowledge —
input signal.
7-10 +5V +5 Vdc Power — Used by VMO02 logic —_ —
circuits.
93 + 5VOuUTB +5 Vdc Power — Jumper selectable — —
for 1/0.
15,16 -12V —12 Vdc Power — Used by VM02 — —_
logic and interface circuits.
95 —12 VOUTB —12 Vdc Power — Jumper selectable — —_
for 1/0.
11,12 +12V +12 Vdc Power — Used by VM02 — —
logic and interface circuits.
97 +12 VOUTB +12 Vdc Power — Jumper selectable — —
for 1/0.
67,68 -15V —15 Vdc Power — Not Used. — —
17,45, +15V + 15 Vdc Power — Not Used. — —
69,70
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TABLE 3 — Signal Category Definitions

Signal Type “A”
Input Min. Max. Output Min. Max.
Allowed Input Voltage oV 70V Guaranteed High Voltage When 2.0 -
Sourcing 14.6 mA
Allowed Input for “High” 20V — Guaranteed Low Voltage When — 0.5
“Low” — 08V Sinking 23.8 mA
Current Sinked When Driven — 40 pA
“High” — 220 pA
“Low”
Signal Type “B”
Input Min. Max. Output Min. Max.
Allowed Input Voltage (A% 70V Guaranteed High Voltage When 2.0 -
Sourcing 15 mA
Allowed Input for “High” 20V — Guaranteed Low Voltage When — 05V
“Low” —_ 08V Sinking 24 mA
Current Sinked When Driven — 20 pA
“High” — 690 puA
“Low”
Signal Type ““C” (RS-232C Levels)
Input Min. Max. Output Min. Max.
Allowed Input Voltage -30V 30V Guaranteed High Voltage 7.0 -
(Space) Across 3K Load .
Allowed Input for “Space” 30V — Low Voltage (Mark) -7.0 -
“Mark” -30V —
Current Sinked When “Space” — 8.3 mA
(Von =25 V)
Current Sinked When “Mark” — —-8.3mA
(Voff = —25V)
Signal Type “D” (Open Collector Output)
Input Min. Max. Output Min. Max.
Allowed Input for “High” 20V — Guaranteed Low Voltage When — 0.5
“Low” —_ 08V Sinking 24 mA
Current Sinked When Driven — 20 pA
“High” — 690 pA
“Low”
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VERSAdos — Real-Time Disk Operating System

® Provides all Software Features of the RMS68K Kernel
e Device Independent I/O and Logical /0O

® Wait and Proceed Mode 1/0

® Standard Device Drivers

® Multi-Level File Directories

© Shared File Access

® Dynamic or Contiguous File Space Allocation

® Ramdon, Sequential, and Indexed Sequential File Access
VERSAbug — Debug/Monitor/Loader Firmware

® Initialization

® Display/Change Memory

® Display/Change Registers

@ Set and Clear Breakpoints

® Block Initialize

® Block Move

® TRACE with optional instruction count

® Downline Load

® Single Line Assembler/Disassembler

HARDWARE/SOFTWARE
DEVELOPMENT SUPPORT

The recommended development system vehicle for de-
veloping.microcomputer systems based on the VERSAmodule
Monoboard Microcomputer is the EXORmacs MC68000 De-
velopment System. EXORmacs is a multiuser development
system (floppy disk or hard disk based) with advanced soft-
ware development tools including a macro assembler, pascal
compiler, CRT editor, and linkage editor. Since EXORmacs
also provides the VERSADbus interconnect structure and the
VERSAdos operating systems, VERSAmodule applications
can be easily developed and checked out in the EXORmacs
chassis and transferred to the target for final debug.

Cross software support in the form of a macro assembiler,
pascal compiler, and linkage editor is also available for IBM
host computers.

SYSTEM EXPANSION

The VERSAmodule Monoboard Microcomputer is system-
compatible with a growing family of VERSAmodule products:
Dynamic RAM Modules — available 128K, 256K and 512K
byte versions. Includes byte parity with automatic retry on
parity error.
Universal Disk Controller (UDC) — A 2-board set that pro-
vides industry standard SMD interface to hard disk drives
(up to two drives of 96 megabytes each) and floppy disk
drives (up to four drives of 0.5 megabytes each).
Floppy Disk Controller (FDC) — A single board that pro-
vides an interface up to four double-sided single-density
floppy disk drives of 0.5 megabyte each.

Muiltichannel Communications Module (MCCM) — Pro-
vides four asynchronous serial ports, each with RS-232C
interface, plus an industry-standard parallel printer inter-
face port.

Universal Intelligent Peripheral Controller (UIPC) — Pro-
vides IPC architecture on a single board with a DMA chan-
nel to global memory on the VERSAbus. A parallel interface
is provided to which a user may interface a special device
such as tape, disk or high-speed communications controliers.

Color Graphic Processor — In conjunction with a high-
resolution color monitor, the Color Graphic Processor adds
full color graphic display capabilities to any VERSAbus
compatible system. Provides a powerful set of graphic in-
structions to ease development of graphics application soft-
ware. Contains standard VERSAmodule I/0O Channel in-
terface for connection to off-board graphics peripherals.

The UDC, FDC, MCCM, UIPC and Color Graphic Proces-
sor modules each provide a consistent electrical and logical
interface to the VERSAbus, and to VERSAdos or RMS68K
system software. This allows simplified device-iIndependent
1/0 for the main application. In addition, the /O Channel
interface provides access to a growing family of /Omodules
which are system compatible with VM02.

Remote Intelligent Analog-To-Digital Conversion Module
(RAD1) — Provides 32 single-ended or 16 differential A/D
channels with a choice of parallel or serial I/O operation.

Four-Slot Card Cage — Mechanically and electrically ex-
pandable to three units (12 Slots).

Four-Slot Chassis — Provides card cage, power supply,
fans, enclosure, and rack-mount or tabletop usage capability.
Power Supplies — Low-Power (15 A @ 5 Vdc) and high-
power (30 A @ 5 Vdc) versions are available. Each includes
an ac power failure detection capability with VERSAbus
interface.

VERSAbus Adapter Module — A module for interfacing
8-bit EXORbus boards to 16-bit VERSAbus systems.

VERSAbus Extender Module — Extends VERSAbus mod-
ules for serving, testing, troubleshooting, and debugging.

VERSAbus Wirewrap Module — Facilitates construction
and incorporation of custom circuits into VERSAbus systems.

Packaging and Accessories

VERSAmodule-based applications can be conveniently
packaged in and supported by a family of hardware acces-
sories. (For additional information on packaging options and
power supplies, refer to the chassis card cage data sheet
MVMCH3-1.)

Four-Slot Card Cage — Mechanically and electrically ex-
pandable to three units (12 Slots).
Four-Slot Chassis — Provides card cage, power supply,

fans, enclosure, and rack-mount or tabletop usage capa-
bility. I/0 Channel card cage optional.
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Power Supplies — Low-Power (15 A @ 5 Vdc) and high-
power (30 A @ 5 Vdc) versions are available Each includes
an ac power failure detection capability with VERSAbus
interface.

VERSAbus Adapter Module — A module for interfacing
8-bit EXORbus boards to 16-bit VERSAbus systems.
VERSAbus Extender Module — Extends VERSAbus mod-
ules for serving, testing, troubleshooting, and debugging

VERSAbus Wirewrap Module — Facilitates construction
and incorporation of custom circuits into VERSAbus systems.

I/0 Channel Components
Winchester Disk Controller I/Omodules — Interface an
I/O channel host to 54" or 8” Winchester and floppy disk
drive combinations.
Floppy Disk Controller I/Omodule — Interfaces an 1/O
channel host to 5%4" or 8" floppy disk drives.
Analog Input and Output Modules — Provides a complete
multichannel, 12-bit, data acquisition system (input mod-
ule) Provides four iIndependent, 12-bit analog signals (out-
put module).

Opto Isolated 120 V/240 V Input and Output Modules —

Provide interface with line voltage ac for control of motors,
relays, contactors, and signal lamps.

Opto Isolated 30 Vdc Input and Output Modules — Provide
interface with dc operated devices such as motors, relays,
lamps, etc.

Remote Input/Output Module (RIO1) — Provides mounting
for up to 16 solid-state-relay input or output modules.

Dual Channel RS-232C Senal Port — Provides two inde-
pendent, full duplex, multiprotocol serial communication
input/output ports with RS-232C interfaces.

Dual Channel 16-Bit Parallel Port — Provides four 8-bit
data ports with two handshake lines per port that are con-
trolled by a microcomputer I/0 Channel interface.

SASI™ Peripheral Adapter — A single high Eurocard mod-
ule providing interface between a microcomputer I/O Chan-
nel interface and a Shugart Associates SASI bus for use
of an SA1400 hard disk controller.

Buffered 9-Track Magnetic Tape Adapter — Provides an
I/0 Channel interface and an interface for up to two daisy
chained industry standard 9-Track, 2" dual density mag-
netic tape formatters capable of handiing up to four drives
each. The adapter includes a 4K byte FIFO buffer.

Ordering Information

Part Number Description

M68KVMO02-3 VERSAmodule Monoboard Microcomputer. This module contains the MC68000 MPU, 128K
bytes RAM, sockets for up to 64 bytes of ROM/EPROM, two multiprotocol serial ports, a triple
programmable timer/counter, VERSAbus interface, system controller features and 1/O Channel
interface. Includes User's Manual, and an 1/O Channel Specification Manual.

M68KVM10-3 128K Byte VERSAbus Dynamic RAM Module

M68KVM11-1 256K Byte VERSAbus Dynamic RAM Module with ECC

M68KVM11-2 512K Byte VERSAbus Dynamic RAM Module with ECC

M68KVM21 Universal Disk Controller (UDC)

M68KVM20 Floppy Disk Controller (FDC)

M68KVM30 Multi-Channel Communications Module (MCCM)

M68KVM60 Universal Intelligent Pernipheral Controller (UIPC)

M68KORMS6E8K Real-Time Multitasking Software

M68KOVDOS Real-Time Disk Operating System

M68KVBUG2 Debug/Monitor/Loader Firmware

M68KVMCC1 4-Slot VERSAmodule Card Cage

M68KVMCH1-1 4-Slot VERSAmodule Chassis with 123 Watt Linear Power Supply

M68KVMCH1-2 4-Slot VERSAmodule Chassis with 228 Watt Switching Power Supply

MVMCH1-2 Same as M6BKVMCH1-2 with 5-Slot Card Cage for Single Width Eurocard Format I/O Cards

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

2-65




M68KVMO02-3

Ordering Information (continued)
Part Number Description
M68KVAM VERSAbus Adapter Module
M68KEXT VERSAbus Extender Module
M68KWW VERSAbus Wirewrap Module
MVME400 Dual Channel RS-232C Serial Port
MVME410 Dual Channel 16-bit Parallel Port
MVME420 SASI™ Peripheral Adapter
MVME435 Buffered 9-Track Magnetic Tape Adapter
M68RWIN1-1,2 Winchester Disk Controller /lOmodule
M68RFDC1 Floppy Disk Controller /Omodule
MVME600,605 VMEmodule Analog Input and Output
MVME610,615,616 VMEmodule Opto Isolated 120 V/240 V Input and Output
MME620,625 VMEmodule Opto Isolated 30 Vdc Input and Output
Related Documentation
M68RIOCS I/0 Channel Specification Manual
M68KVBS VERSAbus Specification Manual
MC68000UM (AD-3)| MC68000 Microprocessor User's Manual
MC6840UM MC6840 Fundamentals and Applications Manual
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Monoboard
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The VMO03 microcomputer is a high performance VERSA-
module designed for use In a wide variety of VERSAbus
systems ranging from those based on a single monoboard
through complex multiprocessor systems Figure 1 1s a func-
tional block diagram of the module. The VMO03 has the fol-
lowing features:

® MC68010 Microprocessor Running at 10 MHz.
o MC68451 Memory Management Unit (MMU)

® 256K Bytes (M68KVMO03-1) or 1024K bytes
(M68KVMO03-4) of On-Board Dynamic RAM with Party
Check using 64K or 256K by 1 DRAM Devices.

Dual Port Controller Provides True Shared Access to RAM
without Danger of Lock-up from the Local Bus and VERSA-
bus.

e A Jumper Option Allows Powering the RAM from a Standby
Supply During Power Fall.

Hardware Independent Refresh Circuitry.
VERSAbus Arbiter.

VERSAbus Interrupt Handler.
VERSAbus Interrupter.

Two 28-pin Sockets for up to 64K Bytes of User Provided
8K by 8, 16K by 8, or 32K by 8 ROM/PROM/EPROM
Devices Operating at 350 Nanoseconds.

o Two Multiprotocol Serial Input/Output Ports with RS-232C
Interface.

MC6840 Programrnable Timer Module.

MC146818 Real Time Clock.

I/O Channel Interface for Adding Off-Board Resources.
VERSAbus Compatible.

0°C-70°C Operating Temperature Range

M68KVMO03-1
M68KVMO03-3
M68KVMO03-4
M68KVMO03-5

® Full Operating System Support:
— The SYSTEM V/68 Operating System — Derived from
UNIX System V, M68000 Version.
— The VERSAdos Real-Time Multitasking Operating
System.

CPU

The VMO03 uses a MC68010 Microprocessor operating at
a fixed speed of 10 MHz. Both the CPU and system clocks
are derived from clock oscillators operating at twice the de-
sired clock rate. The system clock oscillator runs at 32 MHz
and is divided to produce the 16 MHz VERSAbus clock plus
8, 4, and 2 MHz general purpose clocks. The CPU clock
oscillator operates at 20 MHz and is divided to produce the
CPUCLK, CPUCLK/2, CPUCLK/4, and CPUCLK/8 outputs.

Resets to the VM03 may originate from power-up, VERSA-
bus reset, CPU reset or a pushbutton switch on the card
edge. Halt and bus error logic asserts the HALT* and BERR*
inputs to the CPU during reset and bus error cycles. This
logic also facilitates bus retrys on memory errors when using
the MC68010 MPU.

Bus timeout can reach a delay of 64 microseconds before
a CPU bus error is generated. Separate delays are provided
for local bus and VERSADbus protection. The user may disable
the VERSAbus timeout, via a jumper, to use the VMO3 in
applications where it is not the System Controller.

A pushbutton abort switch generates a high level interrupt.
Via a jumper, the user can select the level or disable the
switch.
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MEMORY MAP

The MC68010 can physically address 16M bytes of mem-
ory. Addresses are mapped directly to the physical address

space by the MPU or by the MC68451, when the MMU option
is enabled. Physical address definition is provided by an ad-
dress decode PLA.

FIGURE 1 — M68KVM03 Functional Block Diagram
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Immediately following a total system reset, the first 8 bytes
of ROM/PROM/EPROM are mapped to address 000000 and
should, therefore. contain the system reset program counter
and stack pointer values.

The complete VM03 memory map Is shown in Table 1.

BASE ADDRESS

A header on VMO03 permits jumper selection of a base
address for the module on any 256K byte boundary through-
out the 16 megabyte VERSAbus physical address space.
Decoding circuitry supports contiguous mapping of local and
global RAM.

DUAL PORT RAM

The VMO03-1 has 36-64K dynamic RAMs, providing 256K
bytes of party protected dynamic RAM. On-board memory

is increased to 1024K bytes in the VMO03-4 which has
36-256K dynamic RAMs.

The physica! address of the on-board RAM starts at 000000
and extends to 3FFFFF (OFFFFF). Optionally, the user may
divide the on-board memory into four segments and dynam-
icaily allocate from one to four of these segments as private
RAM. If an attempt is then made to access these segments
from the VERSAbus, a bus error will occur. This feature is
operable whether or not the MC68451 1s available, see
Table 2.

A byte parity check I1s generated and stored on a DRAM
write operation. A read operation calculates byte parity and
compares it to the panty bit stored in memory. If stored and
calculated parity bits differ, a bus error I1s generated. This
signal becomes active after DTACK.

Timing characteristics for the on-board RAM and the VMO03-
to-VERSADbus access are provided in Table 3.
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TABLE 1 — Address Map

Physical Address Comments
000000-3FFFFF(OFFFFF) On-board RAM 256K/1024K bytes
400000(100000)-EFFFFF VERSAbus
FO0000-FGFFFF EPROM (for 64K byte option)
F10000-F7FFFF VERSAbus
F80000-F8003F MMU
F80040-F8004F PTM
F80060-F8007F Senial 1/0 Port
F80080-F800FF RTC

F80100-F80107
F80109

F82000-FOFFFF
FA0000-FA1FFF
FA2000-FEFFFF
FFO000—FFFFFF

Controi/Status Registers

VERSAbus Interrupt Vector Register
VERSAbus

1/O Channel

VERSAbus Request

VERSAbus Short /0

TABLE 2 — VM03 Memory Control Register

07 06 05 04 03 02 01 00
00 <Parnity Enable> 05-06 <Local RAM Select>
01 <Wnte Wrong Parity> 07 <Local RAM Enable>
02-04 <Not Used>
TABLE 3 — VMO03 Performance
(Wait cycles at 10 MHz)
Condition w/MMU wo/MMU
Local read 3 1
write 4 2
Remiote w/arbitration read 9 8
write 6 5
Remote wo/arbitration read 8 7
write 5 4
VERSADbus access to local RAM read 550 ns nominal
write 600 ns nominal

PROGRAMMABLE TIMER MODULE

The module has a MC6840 Programmable Timer which
provides three 16-bit counters whose outputs may be con-
nected to counter inputs to allow cascading.

REAL-TIME CLOCK

The VMO3 contains a MC146818 Real-Time Clock with an
option to use a standby power supply during power fail. The
jumper to the standby power supply is the same as that used
for RAM.

SERIAL INPUT/QUTPUT

The two independent serial ports on VM03 are user-
configurable. With Port A configured as a terminal and Port
B as a modem the module supports asynchronous commu-
nications. Internally generated baud rates are 300, 600, 1200,
2400, 4800, 9600, and 19,200 baud. Externally generated
baud rates are also supported. The hardware also supports
implementation of synchronous byte and bit oriented (SDLC,
ADLC, HDLC) protocols.

The headers for impiementing jJumper options for the seriai
interfaces are provided on transition boards. The user may

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

2-69



M68KVMO03-1
M68KVMO03-3
M68KVMO03-4
M68KVMO03-5

configure the ports to function with terminals or modems.
When shipped from the factory, both interfaces are defined
as terminals.

/0 CHANNEL

The Motorola I/O Channel is specifically designed to pro-
vide efficient, low-cost distributed communications between
CPU and peripheral and I/0 controller boards. It provides a
12-bit address bus, an 8-bit bidirectional data bus and sup-
ports asynchronous operation at data rates up to 2 mega-
bytes/sec. For those modules performing time-critical oper-
ations, four prioritized interrupt lines are also provided. The
I/0 Channel is designed to operate over either a backplane,
or aribbon cable up to 12 feet in length. Available I/O Channel
modules include:

Single High Eurocard Form Factor Modules

e MVME400 Dual Channel RS-232C Serial Port
(Synchronous/Asynchronous)

® MVME410 Dual Channel 16-bit Parallel Port (Centronics
compatible)

® MVME420 SASI Peripheral Adapter

e MVMEG600, 605 Analog Input and Output

® MVME610, 615, 616 VMEmodule Opto Isolated 120V/
240V Input and Output

© MVME620, 625 Opto Isolated 30 Vdc Input

and Output
o M68RWIN1 Winchester Disk Controller Module

Non-Eurocard Modules

® M68RAD1 Remote Intelligent Analog-to-Digital Conver-
sion Module

® M68RI01 Remote Input/Output Module

® M68RSCH1, -2 Remote Serial Conversion Module

INTERRUPT HANDLER

The VMO3 allows interrupts to the on-board MPU from up
to 21 sources. Interrupt handler circuitry pre-assigns an in-
terrupt to one of three groups labeled 0, 1, or 2. Within a

group, the interrupt is further assigned to a level correspond-
ing to one of the seven MC68010 interrupt levels. Service
priority is thus determined both by group and level, as shown
in Table 4. The module has a header in which any of the 21
interrupt sources can be jumper disabled.

Group O levels are reserved for VERSAbus interrupts.
Group 1 and group 2 levels are interchangeably assignable
to interrupts generated by the I/O Channel or the on-board
devices.

Group 2 and 1 interrupts are processed differently from
group 0 interrupts. If the interrupt being acknowledged Is a
group 2 or 1 interrupt, the handler fetches the appropriate
exception vector number from PROM and sends it to the CPU
via the local bus. If the interrupt being acknowledged I1s a
group 0 interrupt, the exception vector number is fetched from
the VERSAbus where it was placed by the interrupting device.
Interrupt assignments are shown in Table 4.

VERSAbus INTERRUPTER

The VERSAbus interrupter can, under software control,
generate any level of VERSAbus interrupt. When the VERSA-
bus interrupt is acknowledged, the interrupter fetches the
appropriate exception vector number from a hardware reg-
ister and places it on the VERSAbus.

STATUS/CONTROL REGISTERS

The status and control Registers provide local and global
status information to the on-board MPU. By reading the status
and control register bits, the MPU can determine VERSAbus
information, interrupt status, the source of a particular BERR,
and which self test to perform. The status register bits and
the programmable control register bits control the MPU
board’s hardware by providing configuration and control in-
formation to the VERSAbus interrupter, the interrupt handler,
and the VERSAbus arbiter. The status/control registers are
privileged resources and in special cases can be made ac-
cessible by the user. The status and control Register formats
are shown in Table 5.

TABLE 4 — VMO3 Interrupt Handling

MPU First > Last
IRQ Group 2 Group 1 Group 0
Level

7 Abort Pushbutton ACFAIL/BREL IRQ7

6 I/O Channel INT4 PTM IRQ6

5 /0 Channel INT3 RTC IRQ5

4 I/O Channel INT2 Serial Ports IRQ4

3 1/0 Channel INT1 BUSAV IRQ3

2 Bus Clear VBIACK IRQ2

1 MMU SYSFAIL IRQ1
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TABLE 5 — VMO03 Status/Control Register Formats
Control Register — Lower Byte
07 06 05 04 B | o oo [ o0 ]
00-02 <VERSAbus Interrupt Level>
03 <VERSAbus Interrupt Acknowledge Enable>
04 <System Controller Transfer Request>
05 <Block Transfer Request>
06 <Board Fail>
07 <Interrupt Enable>
Control Register — Upper Byte
15 14 13 12 1] 10 09 08
08 <VERSADbus Available interrupt Enable>
09 <System Fail Interrupt Enable>
10 <Reserved>
1 <1/0O Channel Interrupt Enable>
12-15 <Address Modifiers A through D>
Status Register — Lower Byte
[ oz | o0e 05 o4 | 0 [ o2 o0 | o0
00 <SCON Enable>
01 <VERSAbus Availabie>
02 <VERSAbus IRQ>
03 <SYSFAIL>
04 <TESTO>
05 <TEST1>
06 <Maintenance Mode>
07 <Loopback Status>
Status Register — Upper Byte
EE 4 | 13 2 [ 1 [ 10 o9 | o8

08 <Local Bus Timeout>
09 <VERSAbus BERR>
10 <MMU BERR>

1 <Memory BERR>
12-13 <MMU Configuration>
14-15 <User Configured>

VERSAbus INTERFACE

The VERSAbus interface supports VERSAbus arbitration,
buffering of data, address, and control signals, and interrupt
handling.

The VERSAbus arbiter handles up to 5 levels of bus re-
quests on a priority basis. It utilizes the MC68452 BAM chip
and also offers the Power Fail (PF) option described in the
VERSAbus specification.

OPERATING SYSTEMS SUPPORT

The VMO03 will be supported by SYSTEM V/68 on release
and is fully supported by VERSAdos release 4.3.

DEBUG SUPPORT

The VERSAbug 3.0 Debugging Package provides for
VERSAmodule 3 a powerful evaluation, use and system de-
bugging tool. It permits full speed execution of system and
user-developed programs in a VM03 system environment
under complete operator control. Forty four debug, up/down-
line load and disk bootstrap load commands are provided.
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TABLE 6 — M68KVMO03 Specifications

Characteristics

Specification

Microprocessor

MC68010 (refer to Motorola Publication ADI-942)

Power Requirements

+5 Vdc, 6.4 A max. (5.5 A typical)
+12 Vdc, 55 mA max. (45 mA typical)
—12 Vdc, 45 mA max. (35 mA typical)

On-board RAM Power Requirements
Standby RAM (refresh only)

700 mA max. (550 mA typical)

Active RAM 1200 mA max. (750 mA typical)

Clock Signal 8 MHz or 10 MHz on-board input signals to the MPU. The
system clock signal (16 MHz, SYSCLK) 1s available for either
option when the VMO3 is the system controller.

Addressing

Total System Size (on- and off-board) 16 megabytes
ROM/PROM/EPROM Two 28-pin sockets for 4K-, 8K-, 16K-, or 32K-byte devices using
+5 Vdc only (up to 128K bytes).
Dynamic RAM 256K bytes (for VM03-1, -3)
1024K bytes (for VM03-4, -5)
1/0 Ports
Sernial Two multiprotocol serial communications channels
(uses uPD7201) with RS-232C interface
Parallel Parallel I/0O Channel supports 4K byte memory mapped
1/0 and four IRQ lines.
Timer One triple 16-bit programmable timer (MC68B40)
Interrupts Any one of seven levels (IRQ1-IRQ7) can be generated by the

on-board MPU or received by the board from the VERSAbus, or
both. Fourteen additional interrupts are received from local
sources and the 1/0O Channel.

Bus Arbitration

Up to 5 levels of bus request (MC68452 BAM)
When the VMO3 1s the System Controller, It arbitrates all system
requests for bus mastery.

Reset RESET pushbutton or VERSAbus SYSRESET" line resets the
MPU.
HALT LED indicates when the MPU has halted as a result of a
bus fault.

Test If the VMO3 is the System Controller, it can generate all four

VERSAbus test modes. VERSAbus test lines are software
readable.

Operating Temperature

0° to 70°C

Storage Temperature

—40° to 85°C

Relative Humidity

5% to 95% (non-condensing)

Physical Dimensions
Height
Width
Thickness

9.25 in (23.50 cm)
14.50 in (36.83 cm)
0.60 in (1.52 cm)

Board Mating Connectors
P1 (140-pin)
P2 (120-pin)

Stanford Applied Engineering CHP7000-140ST or Micro Plastics,
Inc. MP-0100-70-DW-5H.
Stanford Applied Engineering CHP7000-120ST or Micro Plastics,
Inc. MP-0100-60-DW-5H.
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Ordering Information
Part Number Description
M68KVMO03-1 VERSAmodule Monoboard Microcomputer with MC68010 MPU
and MC68451 MMU plus 256K Bytes of Dynamic RAM.
Includes User’s Manual.
M68KVMO03-4 VERSAmodule Monoboard Microcomputer with MC68010 MPU
and MC68451 MMU plus 1024K Bytes of Dynamic RAM.
M68KVMO03-3 MC68010, No MMU, 256K
M68KVMO03-5

MC68010, No MMU, 1024K

Related Product

M68KVBUG3

VERSAbug 3.0 Debugging Package for the VERSAmodule 3
Monoboard Microcomputer

Related Documentation

M68KVMO3/D1

VERSAmodule Monoboard Microcomputer User's Manual.

M68KVBS/D4

VERSabus Specification Manual
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VERSAmodule
32-Bit Monoboard
Microcomputer

The VERSAmodule 32-bit Monoboard Microcomputer
(VMO04) is designed to function in those applications requiring
maximum performance while maintaining the versatility in-
herent with VERSAmodule systems Highest performance is
attained when the VMO04 is used in conjunction with one or
more M68KVM13 (VM13) Dual Ported RAM Cards operating
as a main memory. The VM04 is the first VERSAmodule
product to offer the following:

® MC68020 Microprocessor with 32-bit address and data.

® Provision for MC68881 Floating Point Coprocessor (cus-
tomer-supplied option).

® Demand Paged Virtual Memory Management Module im-
plemented with gate array technology (MMB).

® An on-board software transparent cache configured as 4K
entries, with each entry supporting full 32-bit address/data.

® RAMbus Interface provides high-speed data path to/from
memory.

o VERSAbus Interface allows user configuration of Micro-
computer System to fit the application.

o VERSAbus Interrupter, Interrupt Handler, and Arbiter on-
board.

® Programmable Timer Module.
e Dual Multiprotocol Serial 1/O Ports.

o Two ROM sockets configured for Industry Standard 28-pin
ROM/EPROM devices.

® Accepts 020bug DeBug Monitor Firmware (optionally avail-
able).

® 0°C-70°C Operating Temperature Range.

ADVANCE INFORMATION

M68KVMO04-1

CPU

The VMO04 uses an MC68020 Microprocessor operating at
a fixed speed of 16.67 MHz. The MC68020 is the first product
within the popular MC68000 family to offer external 32-bit
address and data paths. With its higher clock rate, advanced
architecture, enhanced addressing modes, and on-chip In-
struction cache, this product offers state-of-the-art perfor-
mance while maintaining software compatibility with its widely
accepted predecessors.

DEBUG MONITOR FIRMWARE

The 020bug Debug Monitor firmware package is optionally
available for use with the VMO04 board. This firmware offers
32 debug, up/downline load, one line assembler/disassem-
bler and disk bootstrap load commands. Refer to its data
sheet for complete specifications.

COPROCESSOR

The VMO04 board is equipped with a socket to accept the
MC68881 Floating Point Coprocessor, a customer supplied
option. When available and installed, the MC68881 Floating
Point Coprocessor willimprove computing speed of the VM04
when the system is utilized in applications requiring arithmetic
operations.

The VMO04 utilizes the MC68020 Coprocessor Interface to
provide an execution model as a transparent logical extension
to the MC68020 architecture and instruction set.

Figure 1 is a block diagram of the M68KVM04 Module.
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M68KVMO04-1

MEMORY MANAGEMENT

The VMO4 is designed to eventually utiize the MC68851
Demand Paged Virtual Memory Management Unit. However,
the initial versions of the VMO04 utilize a Memory Management
Board (MMB) which conforms to a subset of the MC68851.
This subset s implemented via gate array technology to-
gether with other semiconductor devices mounted on a sec-
ondary PC board. The socket assigned for future use with
the MC68851 is utilized to mount the secondary PC board
in a mezzanine fashion on the introductory version of the
VMO04 (Note: The possibility exists that the pin-signal con-
figuration utiized on the VMO04 will not match the MC68851.)
The functionality of the MMB is as follows.

® Logical address consisting of:
— 32-bit Address
— 3-bit Function Code

® Physical address output of 32 bits.
® Logical to physical address translation;
— Table walking algorithm
— Single logical bus master
— Single page size (1K byte)
e Used, modified, and write protect bits.
® Supports MC68020 and external data cache.
® 512 entry set associative cache.

The eventual use of the MC68851 will add multiple Pro-
tection/Privilege capabilities.

The principal operating function of the MMB on the VM04
1s to provide the hardware logical to physical address trans-
lation and access protection necessary for operating system
support. The MMB logical to physical translation mapping
function utilizes a table-walking algorithmic search through
memory-resident translation tables. The MMB utlizes a
cache architecture to eliminate table-walking for most CPU
bus cycles.

The MMB utilizes the MC68020 clock circuitry, but does
not use the coprocessor interface. This requires the internal
registers to be in the CPU address space, whereas the
MC68851 internal registers will be accessed via the copro-
cessor interface. This will require a change in dniver routines
when the MC68851 version of the VM04 is designed to be
a true subset of the MC68851.

ON-BOARD CACHE

The cache on the VMO04 1s designed to complement the
on-chip instruction cache of the MC68020. It is located on
the physical side of the Memory Management Circuitry, and
consists of 4K entries by 32 bits. The cache I1s capable of

operating with Byte, Word, and Long-Word transfers and
functions with both instruction and data oriented operations.

A write operation by the CPU to cacheable memory causes
data to be written into the cache. (In normal operation, with
cache enabled, cacheable memory includes all VERSAbus
Standard and Extended addresses as well as all RAMbus
addresses).

A write operation by a secondary master on the VERSAbus
to cacheable memory will be detected by monitor circuitry on
the VMO04. An access to the cache Tag Field will be generated.
If a match exists (indicates that an overwrite of cached data
may have occurred), the appropriate Invalid Data Bit in the
Tag Field is set.

These hardware provisions, together with the physical ad-
dress location of the on-board cache, make the cache soft-
ware transparent in most applications. A variety of control
bits in the VM04 Control/Status Register set allow software
intervention if desired. These include:

® Clear Cache.
® Enable/disable Cache Operation.

® Mask Cache by Data Type.
— Supervisor data access
— Supervisor program access
— User data access
— User program access
o VERSAbus Memory Access not Cached.

® Cache Test Mode.

RAMbus INTERFACE

The RAMbus Interface occupies 50 P2 /O pins and is
designed to serve as the system’s high speed memory ac-
cess channel. The signals utilize multiplexing of address and
data in order to accommodate full 32-bit functionality, along
with appropnate control signals, into the 50-pin allotment.

The RAMbus Interface is limited to no more than one pri-
mary and one secondary master. This eliminates much of
the arbitration overhead required by the VERSAbus Interface.
The VMO04, as primary master with one or more VM13's cre-
ates a memory system with performance similar to that of
the on-board memory of the VMO03, but with virtually unlimited
size constraints.

MEMORY MAP

The Address map, see Table 1, indicates the 32-bit address
map for different devices addressed by the VM04. The 24-
bit address map is determined by eliminating the two most
significant hex digits from the 32-bit addresses.
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TABLE 1 — Address Map

Cache Data RAM
Cache Byte Valid RAM
Spare

Timer

Status & Control
Serial I/0 Port
Reserved

Spare

VERSAbus Short /0

FFF90000-FFFO7FFF
FFF98000-FFF9FFFF
FFFA0000-FFFAFFFF
FFFBxx00-FFFBXx2F
FFFBxx30-FFFBxx3F
FFFBxx40-FFFBXX5F
FFFBXx60-FFFBXx6F
FFFBxx70-FFFEFFFF

FFFF0000-FFFFFFFF

Device Physical Address Comments
VERSAbus/RAMbus 00000000-FFF7FFFF 32/16-bit port size; R/W.
ROM FFF80000-FFF8FFFF 16-bit port size, read only.

32-bit port size; R/W; Any write to this space will invalidate the
corresponding byte valid bits.

32-bit port size; D03-D00 contain the byte valid information;
read only.

Unimplemented; Access will cause LBTO (BERR source) cycle
termination.

8-bit port size, R/W.

32-bit port size, Status is read only; Control 1s R/W.

8-bit port size; most are R/W

Unimplemented.

Unimplemented, references to this space will cause the cycle to
terminate with a BERR trap.

16-bit; R/W, VERSAbus Short 1/0 Address Modifier will be
generated

PROGRAMMABLE TIMER MODULE

The VM04 Programmer Timer Module provides the fol-
lowing:
@ Three Cascadable, Independent 16-bit Counters Internally
® Interrupt Capability

SERIAL I/0

The VMO04 1s equipped with two multiprotocol serial /O
ports with connection via a 34-pin flat ribbon cable connector
at the top of the board. Signal levels at this connector cor-
respond to TTL specifications. A transition board/cable/
connector will be made available to transform the TTL levels
to RS-232C and provide a standard DB-25 interface. The
ports have the following features:

® Programmable Baud Rates
® Full and Half Duplex Compatibility
® 5- to 8-bits Per Character Plus Parity

® Synchronous or Asynchronous Operation, Including
— Byte oriented protocols (BISYNCH)
— Bit oriented protocols (SDLC)

e Data Rate Capabiiity to 800 Kilobit/Second

STATUS/CONTROL REGISTERS

The VMO04 Status and Control Registers provide local and
system wide status information to the on-board MPU. By
reading the Status and Control register bits, the MPU can
determine VERSAbus information, interrupt status, the
source of a particular BERR, and which self test to perform.
The VMO04 Status/Control Register bits control the MPU
board’s hardware by providing configuration and control in-
formation to the VERSAbus Interrupter, the Interrupt Handler,
the VERSAbus Arbiter, RAMbus, and the cache memory The
Control Register bits are software alterable. The Status/Con-
trol registers are privileged resources and in special cases
can be made accessible by the user. The Status and Control
Register formats are shown in Table 2.

TABLE 2 — Status Register Format

<STATO>

31 Front Panel Switch Selectable 24
TeEsTt | TEsto | sc | ENVR | pe2t | DpB2o | DBI1_ | DB1O

<STAT1>

23 Front Panel Switch Selectable 16

[ ap7 | aprs GP5 GP4 GP3 GP2 GP1 | Nommu |

l:: ————————————— Provides VM04 Networking Base Address - — — — —— — — — — —— ::I
————————————— and useful as general purpose status ——————— e ———
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TABLE 2 — Status Register Format (continued)

<STAT2>
15 Power Up Reset Condition: “1” 08
[ « | « ] svsra* | veerr* | meerr* [ mmuserr'| Lrerr | LBTO*

«—— —— ——— — — BERR Source Status Register — — ——————— —-{
<SPARE>
07 00

I N [ . [ - | - | - | - [ - | . I

(**denotes; unimplemented — always read as “1”).

TEST 1, TESTO <Power Up VERSAbus Test> LBTO <Local Bus Timeout BERR Flag>

SC <VERSAbus System Controller> LRERR <Local Resource Access Violation Flag>
ENVIR <Operating Environment Status Bit> MMUBERR <MMU BERR Flag>

DBB1, DBBO <Serial Port B Default Baud> RBERR <RAMbus BERR Flag>

DBA1, DBAO <Senal Port A Default Baud> VBERR <VERSAbus BERR Flag>

GP7-GP1 <General Purpose User Status Bits> " SYSFAIL <VERSAbus System Failure Flag>
NOMMU <No MMU Status Flag>

Control Registers

<CNTO>
31 Power Up Reset Condition: “1” 24
[ vevz VBV6 VBV5 VBV4 vBva | vBw2 VBV1 vBvo |
‘: ————————————————————— VERSAbus IRQ Vector =~ — e e e e e e e e ::‘
—————————————————— Port A on the Z8036 Timer ——— ———— — —————— —— — —— —
<CNT1>
31 Power Up Reset Condition: “1” 24
I Reserved Reserved Reserved Reserved Reserved VBLOK* 32/16* l SYSRST I
|< ————————————————————— Port B on the Z8036 Timer - — — — — — — — —— — - — o ——— —
<CNT2>
31 Power Up Reset Condition: “1” 24
| vBimMsk? | veimske | vBiMsks | vBIMsk4 | vBiMska | vBiMsk2 | vBimski | vBismsk |
|<— ————————— which VERSAbus IRQ’s this Interrupt Handler responds to0 - —— — —————— —>|
<CNT3>
23 Power Up Reset Condition: “0” 16
ovREN | AlleNn | sysren | cresT IL2 L1 w | ves |
|<«—— — — — Interrupt Enables, Cache Test— — — — — —>—————— VB IRQ Request Level, Status ——— ———>|
<CNT4>
15 Power Up Reset Condition; “1” 08
MONTST* MONEN VBCEN 32/24* cCc CWDIS CRDIS BDFAIL I
<CNT5>
07 Power Up Reset Condition: “1” 00
Reserved | RBDIS RR* RBDEN MSD* mst | mupr | wmur |
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TABLE 2 — Status Register Format (continued)

VBV7-VBVO <VERSADbus IRQ Vector Number Register>
32/16* <VERSAbus Data Bus Width>

VBLOK* <VERSAbus Read/Modify/Write Bus Lock>
SYSRST <VERSAbus System Reset>

VBIMSK7-1 <VERSAbus Interrupt Masks>

VBISMSK <VERSAbus Interrupt Status IRQ Mask>
OVRIEN <DMA Monitor FIFO Overun IRQ Enable>
ALLIEN <All IRQ Enable>

CTEST <Cache Test Bit>

SYSFIEN <SYSFAIL IRQ Enable>

IL2-ILO <VERSAbus IRQ Request Level>

VBIS <VERSADbus Interrupt Status>

MONTST* <DMA Monitor Test>

MONEN <DMA Monitor Enable>

VERSAbus INTERFACE

The VERSAbus interface provides for VERSAbus arbitra-
tion; for buffering of data, address, and control signals; for
word data manipulation to accommodate MC68020 and
VERSAbus data handling differences and for Interrupt
handling.

The VERSADbus arbiter arbitrates up to five levels of bus
mastership on a priority basis and utilizes the MC68452 BAM
chip and incorporates the Power Fail (PF) and Release on
Request (ROR) options specified in the VERSAbus specifi-
cation.

INTERRUPT HANDLER

The VMO04 allows interrupts to the on-board CPU from up
to 20 sources. The interrupt handler preprocesses interrupt
sources into three groups of seven interrupts corresponding

VBCEN <VERSAbus Cacheable Enable>
32/24* <VERSAbus Address Size>
cC <Cache Clear Bit>

CWDIS <Cache Write Disable>
CRDIS <Cache Read Disable>
BDFAIL <Board or System Failure>
RBDIS <RAMbus Disable>

RR* <RAMbus Read Only Mode>
RBDEN <RAMbus Decode Enable>
MSD* <Mask Supervisor Data>

MsI <Mask Supervisor Instruction>
MUD* <Mask User Data>

MUI* <Mask User Instruction>

to the seven possible MC68020 interrupt levels. The groups
are labeled Group 1, Group 2, and Group 3. The interrupt
service priority is determined by the interrupt level and the
group number. Interrupts with different interrupt levels are
processed according to the standard interrupt processing dis-
cipline. Interrupts within an interrupt level are processed ac-
cording to the group number.

Group 1 is reserved to VERSAbus interrupts. The interrupt
handler processes Group 3 and 2 interrupts differently from
Group 1 interrupts. If the interrupt being acknowledged is a
Group 3 or 2 interrupt, the interrupt handler fetches the ap-
propriate exception vector number from PROM and sends it
to the CPU via the local bus. If the interrupt being acknowl-
edged 1s a Group 1 interrupt, the exception vector number Is
fetched from the VERSAbus where it was placed by the in-
terrupting device.

The Interrupt assignments are described in Table 3.

TABLE 3 — Interrupt Handler Priority Assignments

Priority Within a Particular IRQ Level Determines the Service Order
IRQ (Highest) (Middle) (Lowest)
Level Group 3 Group 2 Group 1
7 Abort Pushbutton ACFIRQ" if Sys Con- IRQ7* (VERSAbus)
troller; else BRELIRQ*
6 Sernal Port SPIRQ* SYSFIRQ* IRQ6* (VERSAbus)
5 TMRIRQ* VBISIRQ* IRQ5* (VERSAbus)
4 Unassigned RBIRQ* IRQ4* (VERSAbus)
3 Unassigned Unassigned IRQ3* (VERSAbus)
2 OVRIRQ* Unassigned IRQ2" (VERSAbus)
1 N/A Unassigned IRQ1* (VERSAbus)

Within a Group x, interrupt priority decreases from top to bottom in the table.
Within a particular IRQ level, interrupt priority decreases from left to right.
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TABLE 3 — Interrupt Handler Priority Assignments (continued)

Group 3 Interrupts Group 2 Interrupts —
ABORT* <Abort Pushbutton IRQ> ACFIRQ* <VERSAbus AC Power Fail Interrupt>
SPIRQ* <Dual Channel Sernial Port IRQ> BRELIRQ* <VERSADbus Bus Release Interrupt>
TMRIRQ* <Timer IRQ> SYSFIRQ* <VERSADbus System Fail Interrupt>
OVRIRQ* <DMA Monitor FIFO Overrun IRQ>  VBISIRQ* <VERSAbus IRQ Request Acknowledge Interrupt>
RBIRQ* <RAMbus Interrupt>
Group 1 Interrupts
IRQ7-1* <VERSAbus Interrupts>
VERSAbus INTERRUPTER SPECIFICATIONS
The VERSAbus Interrupter can generate any level of The M68KVMO04 specifications are shown in Table 4.

VERSAbus interrupt under software control. When the
VERSADbus interrupt 1s acknowledged, the Interrupter places
the appropriate vector from a hardware register on the

VERSAbus.
TABLE 4 — M68KVMO04 Specifications
Characteristics Specifications
Power requirements +5 Vdc, 6.0 A (Typ)
+12 Vdc, 100 mA (Typ) (Maximum current requirements TBD)
—12 Vdc, 100 mA (Typ)
Clock signal 16.67 MHz clock frequency
Addressing
Total system size 4 Gigabytes (32 bit addressing)
ROM/EPROM Two 28-pin sockets for 32K-byte devices using +5 Vdc only.
Operating Temperature 0° to 70°C
Storage Temperature —40° to 85°C
Relative Humidity 5% to 95% (non-condensing)
Physical Dimensions
Height 9.25 In (23.50 cm)
Width 14.50 In (36.83 cm)
Thickness 0.60 In (1.52 cm)
Ordering Information
Part Number Description
M68KVMO04-1 VERSAmodule 32-bit Monoboard Microcomputer with MC68020 CPU
and Hardware Memory Management plus 4K Long Words (16K bytes)
of software transparent cache. Includes User’'s Manual.
M68KVMO04-2 VERSAmodule 32-bit Monoboard Microcomputer with MC68020 CPU
and 4K Long Words (16K bytes) of software transparent cache.
Includes User’'s Manual.
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Related Documentation

Part Number Description
M68KVMO04/D1 VERSAmodule 32-bit Monoboard Microcomputer User’s Manual
TBD MC68020 MPU Technical Summary
TBD MC68020 MPU User’s Manual

Related Products

Part Number Description

M68K2RBBUG4 020bug Debugging Package for VERSAmodule 32-bit Monoboard Micro-
computer. Includes EPROM set and Dual RS-232C Serial I/O Cable,
plus User's Manual

M68KVM13-1 VERSAmodule 1024K Byte Dynamic RAM Module with RAMbus. For
use with VM04 Monoboard Microcomputer.

M68KVM13-2 VERSAmodule 4096K Byte Dynamic RAM Module with RAMbus. For
use with VM04 Monoboard Microcomputer.
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VERSAmodule
128K/64K Byte RAM

e 128K And 64K Byte Versions

e VERSAbus Compatible

e Includes Byte Parity

® Addressable in Bytes or 16-Bit Words

e Blocks of 32K Bytes Separately Addressable
® Less Than 400 ns Access Time

e 0°C-70°C Operating Temperature Range

The two VERSAbus compatible Memory Modules (128K
and 64K) provide the user with a wide choice of RAM
storage elements The base address is separately select-
able via a 10-bit DIP switch This address flexibility
provides for placement of memory throughout the full 16
megabyte range of the MC68000 microprocessor

These memory modules are supplied with byte parity. If
in the course of a normal read cycle, a parity error is
detected, the module will generate a VERSAbus Bus Error
(BERR) and transfer it to the system VERSAbus

M68KVM10-3
M68KVM10-2

Because these Memory Modules are VERSAbus com-
patible, there are many products in which these modules
can be utilized for memory expansion. VERSAmodule
based systems of course fall into this category, including
Motorola’s VMC 68/2 Microcomputer System, which is
based on VERSAmodules. EXORmacs, Motorola’s devel-
opment system for the M68000 family of products also
uses VERSADbus as its system interconnect structure

Memory Module Specifications

Characteristic

Specification

Memory Device Type

MOS Dynamic RAM (16,384 x 1)

Memory Organization

16K x 16-Bit Words Plus Two Parity Bits

64K Byte Two Memory Rows (32K Words)
128K Byte Four Memory Rows (64K Words)
Parity Check Odd Parity

Read Cycle Time

425 ns (Max.)

Access Time

390 ns (Max ) From Data Strobe (DS*) To DTACK*

Error Check Time

Error Check Time Is Included In The Access Time
Of 390 ns.

1/0 Signals VERSAbus Compatible
Temperature

Operating 0° to 70°C

Storage -40°C to +85°C
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VERSAmodule 128K/64K Byte RAM

57 wﬁ
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Memory Module Specifications (continued)

Characteristic Specification
Relative Humidity 0 To 90% (Non-condensing)
Operating Temperature 0° To70°C

Range
Power Requirements
64K Byte +50 Vdc @ 3.5 A (Max.) Standby
+50 Vdc @ 3 5 A (Max ) Operating
+12 Vdc @ 80 mA (Max.) Standby
+12 Vdc @ 700 mA (Max ) Operating
-12 Vdc @ 7.3 mA (Max ) Standby
-12 Vdc @ 9 1 mA (Max ) Operating
128K Byte +50Vdc @ 3 5 A (Max ) Standby
+50Vdc @ 3 5 A (Max ) Operating
+12 Vdc @ 148 mA (Max ) Standby
+12 Vdc @ 741 mA (Max ) Operating
-12 Vdc @ 7.3 mA (Max ) Standby
-12 Vdc @ 9 1 mA (Max ) Operating
Dimensions
Height 9.25 Inches (23 49 cm)
Width 14 50 inches (36.83 cm)
Thickness 06 Inch (152cm)

Ordering Information

Part Number

Description

M68KVM10-3

128K Byte Dynamic RAM Module
Includes User's Manual.

M68KVM10-2

64K Byte Dynamic RAM Module.
Includes User's Manual.

M68KDRAM/D2

Dynamic RAM Memory Module
User’'s Manual

M68KVBS

VERSAbus Specification.
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VERSAmodule

256K/512K Byte RAM

VERSAbus Compatible

256K Byte and 512K Byte Memory Versions Utilizing
64K x 1 HMOS RAM Technology

Error Detection and Correction (EDAC) Circuitry
May Be Set for 16 or 32-Bit Data Word Operation

Memory Divisible iInto Two Independent Segments
Each With its Own VERSAbus Base Address Switches

Memory Base Address Switches Permit Placement on
128/256K Byte Boundartes Throughout the 16 Mbyte
VERSAbus Address Space

Eight 16-Bit Word Control and Status Registers Address-
able as /O for Initialization, Mode Control, Error
Interrupt/Bus Error Control and Error Location and
Logging

Four Board-Edge Diagnostic Indicators and a Multi-
digit 7-Segment Display for RAM Chip/Row Error
Identification

Provides for Fast Sequential Access When Two
M68KVM11 Boards are Set for Interleaved Operation

e 0°C-70°C operating temperature range

FUNCTIONAL DESCRIPTION

The facilities provided on this board make 1t a highly
rehable and maintainable module suitable for use in high
speed memory Iintensive applications

Because these Memory Modules are VERSAbus com-
patible, there are many products in which these modules
can be utilized for memory expansion VERSAmodule
based systems of course fall into this category, including
Motorola’s VMC 68/2 Microcomputer System, which 1s
based on VERSAmodules EXORmacs, Motorola’s devel-
opment system for the M68000 family of products also
uses VERSADbus as i1ts system interconnect structure

L]

M68KVM11-1
M68KVM11-2

RAM FACILITIES

The 256/512K byte RAM Module (see Block Diagram) pro-
vides high capacity global memory for the VERSAmodule
System The module s availablein two capacity versions,
the M68KVM11-1 providing 256K bytes of memory and
the M68KVM11-2 providing 512K bytes of storage capa-
city This high capacity module 1s attained using high
density 64K x 1-bit dynamic RAM HMOS chip technolo-
gy The board utilizes Error Detection and Correction
(EDAC) circuitry to produce highly reliable information
storage On-board maintenance and diagnostic facilities
are provided to allow on-line system error logging as well
as manual aids for efficient off-line preventative mainte-
nance using system diagnostic programs

The module is divided into two segments, 128K byte
segments on the 256K byte module and 256K byte
segments on the 512K byte module. Each segment has its
own base address switches that permit placement on
128K/256K byte boundaries throughout 16 Mbyte
VERSAbus address space. Where high speed sequential
access is required, two M68KVM11 boards may be set for
interleaved memory operation. Interleaved operation Is
implemented setting one board to respond to even 16-bit
word addresses and the second board to respond to odd-
word addresses. In interleaved operation, second and
subsequent words in a sequential access (such as DMA
operation) are pre-accessed and buffered on-board for
fast data transfers.
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EDAC

On-board EDAC circuitry utilizes a modified Hamming
Code to detect all multi-bit errors and correct all single
bit errors. Corrected information is rewritten into the
location as well as transferred to the requesting processor.

For operational as well as VERSAbus addressable main-
tenance and diagnostic purposes, eight 16-bit word Sta-
tus and Control Registers are implemented in conjunction
with EDAC. When single or multibit errors are detected,
a status bit is set identifying the type of error. Each of
these status error conditions are capable of generating
an interrupt to VERSAbus. These interrupts are program
initiated via a corresponding interrupt enable bit in a
control register. The VERSAbus interrupt priority level
is selectable to any of the seven VERSAbus interrupt
request levels. AVERSAbus Bus Error signal (BERR) may
also be generated and Is also program initiated.

Initialization and Modes of Operation

All locations throughout the RAM are initialized on
power-up. All status and control bits are cleared

There are three modes of operation:

e Normal EDAC Operation
e Operation with EDAC Disable
e Read/Write Check Bits

The Normal Mode is generally used in system operation
The EDAC Disabled Mode and the Read Check Bits Mode
can be used in maintenance and diagnostics to verify
EDAC operation by writing errors in any bit position or
positions in any RAM location including Check Bits.

Normal Operation and Error Reporting

During normal operation, if a multi-bit error is detected
the “Multi-bit Error” LED is illuminated, the correspond-
ing bitis set in the Status Register and a VERSAbus inter-
rupt request is generated If not masked under software
control. A Bus Error Signal may also (or alternately) be

generated if not masked under software control The
system address and board chip/row designation are stored
inthe Status Registers for system error logging and main-
tenance purposes

There are five LEDs on the board

MULTI-BIT ERROR LED
SOFT ERROR LED
HARD ERROR LED
OVERFLOW LED
SYSTEM FAIL LED

The MULTI-BIT ERROR LED isilluminated when a non-
correctable error i1s detected on a read cycle The SOFT
ERROR LED is illuminated when a correctable error is
detected. The HARD ERROR LED is illuminated when a
second single bit (correctable) error is detected In any
one RAM chip

The OVERFLOW LED is illuminated when the sixteenth
correctable single bit error occurs

The SYSFAIL LED 1s illuminated upon powerup

Each of these LED's has a corresponding bit in an on-
board status register and is capable of generating an inter-
rupt if enabled. In addition, each may be “reset” by awrite
to an on-board control register

Maintenance

The five board-edge LED’s together with a multi-digit
7-segment display and an Error Reset Switch provide
manual/visual aid to maintenance personnel during off-
line preventative maintenance and repair. The display
indicates the board chip position or row number of the
highest priority failing RAM chip or chip row for single
and multi-bit errors, respectively A multi-bit error has
highest priority followed by “hard error” and then “soft
error’. The Error Reset Switch clears the display LED’s
and all current Error Status (just as occurs on power-up).
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Specifications

Characteristic

Specification

Storage Capacity

256K Bytes or 512K Bytes

Word Length

16 Bits/32 Bits

Read Access Time — Normal
Fast Access

450 Nanoseconds (Nom)
160 Nanoseconds (Nom)

Write Access Time.

160 Nanoseconds (Nom)

Read Cycle Time

525 Nanoseconds (Nom)

Write Cycle Time

525 Nanoseconds (Nom)

Refresh Cycle Time

15 Microseconds (Max)

Mode(s) of Operation

Normal Read Cycle
Fast Access Read Cycle
Write Cycle

Refresh Cycle

Input

1 Schottky TTL Load per Output Line

Output

Open Collector Output (Ig;nk max = 48 mA)
Tr-State Output (lgjnk max = 48 mA)

Data Input/Output

32 Lines (D00-D31)

Input/Output Controls

14 Lines Input
11 Lines Output

Input Address

23 Lines (A01-A23)

Temperature Range

0°C to 70°C (Operating)
-40°C to 85°C (Non-operating)

Relative Humidity

5% to 90% without Condensation

Input Power +50V @50 A (Typical)
+50V @ 6.5 A (Max)
Dimensions 14 50in (368 30 mm) Wide

925 1n (234 95 mm) High
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VERSAmodule 256K/512K Byte RAM
2 ERROR
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4\ COUNT 95| & | |2
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Ordering Information

Part Number Description
M68KVM11-1 256K Byte RAM Module, VERSAbus compatible with Error Detection
and Correction features Includes User’s Manual
M68KVM11-2 Same as -1 version, but 512K byte size
M68KVM11/D2 256K/512K Byte Dynamic RAM Memory Module User's Manual
M68KVBS VERSAbus Specification
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VERSAmodule
1024K/4096K
Byte RAM

VERSAbus Compatible
Parity Generation & Error Checking Circuitry

® Longword (32-bit), Word (16-bit), or Byte (8-bit) Data
Transfers

Selectable 24 or 32-bit Addressing

Memory Base Address Settable on 64K Byte Boundaries
Throughout the VERSAbus Address Space

High Speed Operation:

— 375 ns Read Access Time

— 180 ns Write Access Time

— 475 ns Cycle Time (Read or Write)

® 0°C—-70°C Operating Temperature Range
® Provision for Adding Battery Backup

FUNCTIONAL DESCRIPTION

Used for high speed storage in VERSAbus systems,
M68KVM12 (VM12) is a 4096K byte (-2) or 1024K byte dy-
namic RAM module with parity It attains its capacity and
performance using high density HMOS 256K x 1-bit (-2) or
64K x 1-bit dynamic RAM chips. VM12 has parity generation
and detection circuitry which, together with accessible control
and status registers, can be used for error detection and
memory diagnostics. Figure 1 1s a functional block diagram
of the module.

Because of its VERSAbus Interface, VM12 is compatible
with other systems using this interconnect structure. These
include VERSAmodule-based systems such as Motorola’s
VMC 68/2 Microcomputer System and the EXORmacs De-
velopment System which provides extensive and powerful
support for development of systems based on the MC68000
family of products.

ADDRESS MAPPING

The VM12 has two switches used to set module memory
to begin on any 256K byte (-2) or 64K byte boundary within
the selected 16 Mbyte page. Sixty-four such pages exist in
systems supporting the VERSAbus Extended Addressing
Mode. A header allows the upper eight address select bits
(along with the associated page decode circuitry) to be
jumper disabled If the module is to be used in systems limited
to 24 address lines.

M68KVM12
M68KVM12-2

The ending address of module memory is normally the sum
of the starting address and the board population. However,
if the starting address is within one megabyte of an upper
page boundary, the ending address s the page boundary.

The VME12 utilizes one word within VERSAbus 1/0 Space
as a location for the Control/Status Register. A header is
provided for jumper selection of the Control/Status Register
location within the FFO000 through FFFFFF address range.

ADDRESS MODIFIER CODE RESPONSE

VERSAbus address modifier line decoding on VM12 pro-
vides response to both standard and extended, supervisory
and non-privileged program and data accesses. VM12 has
headers for selecting the standard or extended addressing
mode and for selecting the address modifier line decoding
for that mode. The short supervisory /O access code (15
hex) must be placed on the address modifier lines to access
the Control/Status register.

An 825129 bipolar PROM 1s used for address modifier line
decoding. This PROM 1s socketed to facilitate application of
VM12 in systems having special requirements.

CONTROL/STATUS REGISTER

The VM12 Control/Status Register is accessible as a 16-
bit word in which the most significant bit provides parity error
indication. The three least significant bits facilitate control of
VM12 parity circuitry by offering a means of enabling/disa-
bling under software control the parity generation, the wrong
parity generation and the parity error checking circuitry. The
Control/Status Register is shown in Figure 2.
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FIGURE 1 — M68KVM12 Block Diagram
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FIGURE 2 — M68KVM12 Control/Status Register
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On power up, all Control/Status bits are cleared. Bits 0
through 3 are automatically cleared by an active SYSRESET*
signal on the VERSAbus.

PARITY FUNCTIONS

In normal operation, VM12 generates and writes an even
parity bit with each byte stored in its memory. When a byte
1S read, even parity is again generated and compared with
the stored parity bit. On detection of an error, the VERSAbus
BERR* signal line is driven low and bit 15 in the Control/
Status register is set.

A header 1s provided for jumper disabling or enabling of
bus error generation. With the bus error circuitry jumper en-
abled, generation of the signal may be selected under soft-
ware control.

To facilitate the testing of memory, the Control/Status reg-
ister has two bits for software control of (1) even parity gen-
eration and (2) wrong panty generation. Bit 2 may be set to
inhibit the writing of the even parity value into the parity bit
on writing a byte into memory. Bit 1 may be set to.enable
the writing of the wrong parity value into a parity bit.

BATTERY BACKUP

The memory array and refresh circuitry may optionally be
powered by +5 V or +5 V STDBY supplies. When the latter
option is employed, the VM12 is capable of retaining data
indefinitely while consuming minimal current (1.75 A typ) from
the +5 V STDBY supply.

TABLE 1 — M68KVM12 Specifications

Characteristics

Specifications

Storage Capacity
Data Length
Memory Organization

4096K/1024K Bytes
Byte (8-bits), Word (16-bits) or long word (24-bits)
One 4096K/1024K Byte Block

Write Access Time
Read Access Time
Write/Read Cycle Time
Refresh Cycle Time
Error Detection

Power Requirements

160 ns (max)
375 ns (max)
475 ns (max)
15 ns (max)
Even Byte Panty, on Read Access
+5 Vdc @ 4.2 A (typical, operating)
+5 Vdc @ 5.0 A (maximum, operating)
+5 Vdc @ 1.75 A (typical, standby)
+5 Vdc @ 2.1 A (maximum, standby)
Environmental
Operating Temperature
Storage Temperature
Relative Humidity

0°C to 70°C
—20°C to +85°C
0% to 95% (non-condensing)

Dimensions
Height 9.25in. (23.5 cm.)
Width 145 n. (36.8 cm.)
Thickness 0.6 n. (1.5cm.)

Ordering Information

Part Number Description
M68KVM12 VERSAmodule 1024K Byte Dynamic RAM with Byte Parity. Includes User's Manual
M68KVM12-2 VERSAmodule 4096K Byte Dynamic RAM with Byte Parity. Includes User's Manual
M68KVM12/D1 M68KVM12 1024K/4096K Byte Dynamic RAM with Byte Parity User's Manual

Related Documentation
M68KVBS/D4

VERSADbus Specification Manual J
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ADVANCE INFORMATION

M68KVM13-1
M68KVM13-2

VERSAmodule
1024K/4096K Byte
Dynamic RAM
w/RAMbus

Supports VERSAbus/RAMbus

e Dual Ported — 32-bit address and data VERSAbus and
multiplexed 32-bit address/data RAMbus interface

Interleaving — Two-way on-board read interleaving on
RAMbus or VERSAbus

Configurable Array — Dynamically alterable to be par-
tial or full private to the RAMbus port Selectable in
1/4 population increments

L]

Byte Parity Generation and Error Checking Circuitry

Longword (32-bit), Word (16-bit), or Byte (8-bit) Data
Transfers

e VERSAbus Addressing — Header Selectable 24- or 32-
bit Addressing on VERSAbus interface, 32-bit ad-
dressing on RAMbus

e Memory Base Address Settable on-board size bound-
aries throughout VERSAbus and RAMbus Address
Space

e Transparent and Synchronous Refresh Support — Uti-

lize on-board refresh signal or RAMbus synchronous

refresh signal to synchronize VM13 refresh to an ex-

ternal source (1 e, Video Display Generator)

Functional Description

The M68KVM13 (VM13) 1s a dual ported 1024K/4096K
byte dynamic RAM module with parity for use with VERSA-
bus and RAMbus The VM13 RAMbus interface Is tallored
to the MC68020 and 1s specifically designed to enhance
M68KVMO04 (VM04) performance The RAMbus interface,
since 1t 1s a high speed dedicated memory bus, allows
concurrent DMA transfers on VERSAbus with RAMbus
transfers between the VM04 and VM13

The VM13 attains its capacity and performance using
high density 64K/256K x 1-bit dynamic RAM devices The
VM13 has parity generation and detection circuitry which,
together with accessible control and status registers, can
be used for error detection and memory diagnostics

Figure 11s a functional block diagram of the module

Because of its VERSAbus interface, the VM13 can be
used in systems using this interconnect structure Care

must be used with existing VERSAmodule-based systems,
since RAMbus and the extended 32-bit data and address
use P2 of the VERSAbus connector The pins on connec-
tor P2 of the existing VERSAbus system are commonly
used as 1/0 pins

VERSAbus Address Mapping

The VM13 has two switches (12 bits) used to set module
memory to begin on any 1024K byte boundary A header
allows the upper eight address select bits (along with the
assoclated page decode circuitry) to be jumper disabled
if the module 1s to be used in systems limited to 24 address
lines

The ending address of module memory is the sum of
the starting address and the board population

The VM13 utilizes one byte within VERSAbus I/O Space
as a location for the Control/Status Register Selection of
the Control/Status Register location within the VERSA-
bus I/0 address range I1s switch selectable

VERSAbus Address Modifier Code Response

VERSAbus address modifier line decoding on the VM13
provides response to both standard and extended, super-
visory and non-privileged program and data accesses
The VM13 has headers for selecting the standard or ex-
tended addressing mode and for selecting the address
modifier line decoding for that mode The short supervi-
sory I/0 access code (15 hex) must be placed on the ad-
dress modifier lines to access the Control/Status register

An 825129 bipolar PROM is used for address modifier
line decoding This PROM is socketed to facilitate applica-
tion of the VM13 in systems having special requirements
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FIGURE 1 — M68KVM13 Block Diagram

MULTIPLEXED

ADDRESS ADDRESS
DECODE AND
MULTIPLEXING
PARITY BITS

READ INTERLEAVE

X/

PARITY ERROR
DETECTION

32-BIT DATA BUS

[

32-BIT ADDRESS BUS

>

RAMbus INTERFACE

)

I Rambus

v

/\-————————
D — BLOCK
TRANSFER
AND REFRESH
L COUNTERS
SN—————
TIMING
AND
CONTROL

VERSAbus INTERFACE

o~

VERSAbus

L1

C-CHNAMBIN
FELNAMBON



M68KVM13-1
M68KVM13-2

RAMbus Address Mapping

The VM13 has two switches (12 bits) used to set module
memory to begin on any 1024K byte boundary The end-
Ing address of module memory i1s the sum of the starting
address and the board population

Global/Private memory mapping 1s dynamically alter-
able via the Status/Control register One bit enables RAM-

PRBEREN <Private Bus Error Enable> When set,
PRBEREN causes a Bus Error to be issued
to the VERSAbus device attempting to access
memory that has been allocated private to
RAMbus by the PR1, 0 bits, or the RP bit of
the VM13 Control Register

bus private mode Alternately, two bits determine the size MCACHE <Memory Cacheable> When set allows the
of the private memory in 256K/1 Mbyte segments The RAMbus port to be cached by the VM04 sys-
private memory s allocated from the upper to lower seg- tem MCACHE enables assertion of MCACHE*
ments on the VM13 The system configurer, at the time on the RAMbus with the same timing as
private memory 1s allocated, must be cognizant of any MASACKO, 1* Indicating that the selected
holes that may be introduced into the memory map due memory Is cacheable
to the allocation of private memory WWP <Write Wrong Parity> When set, causes the
Status/Control Register wrong parity to be written to the addressed
| ERSA location for diagnostic purposes
The VM13 Status/Control block provides VERSAbus ac- EPER <Enable Parity Error Report> When set, al-
cessible registers for VM13 control and status The Con- . .
lows the VM13 error detecting circuitry to re-
trol Register is writable and readable from the VERSAbus N X
port errors to the selecting device. Errors are
The only status is panity error Bit 7 of the Control Register . .
normally indicated by the BERR* or MERR
The Control and Status Registers are reset at power up
signals and the PE bit in the VM13 Status Con-
The Parity Error Status bit 1s resettable by writing a zero trol Register
to Bit 7 of the Control Register The Control and Status 9
Registers are defined below
VM13 Status/Control Register Format
D7 D6 D5 D4 D3 D2 D1 DO
| pe RP PRI PRO PRBEREN | MCACHE | wwp |  EPER
PE <Parnty Error> The VM13 status bit, when

set indicates that a panity error has occurred
from a VERSAbus or RAMbus read access
It can be cleared by writing a zero from the
VERSAbus or can be set for diagnostic pur-
poses
RP <RAMbus Private> When set, RP disables
any VERSAbus access to the VM13 DRAM
array
<Private RAM> PR1 and PRO allocated the
VM13 DRAM array area to the VERSAbus by
the following table These bits are don’t cares
when the RP bit i1s set

PR1,0

Memory Segment
PR1,0 VERSAbus Accessible
00 3,2,1,0
01 3,2,1
10 3,2
11 3

Parity Functions

In normal operation, the VM13 generates and writes an
even parity bit with each byte stored in its memory. When
a byte is read, even parity 1s again generated and com-
pared with the stored parity bit On detection of an error,
the VERSAbus BERR*, or RAMbus MERR?, signal line is
driven low and bit 7 in the Control/Status register 1s set

A header 1s provided for jumper disabling or enabling
of bus error (BERR*, MERR"*) generation With the bus
error circuitry jJumper enabled, generation of the signal
may be selected under software control

To facilitate the testing of memory, the Control/Status
register has two bits for software control of (1) enable
parity error reporting and (2) wrong parity generation.
Bit 1 may be set to enable the writing of the wrong parity
value into a parity bit Bit 0 enables parity error reporting
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M68KVM13-1
M68KVM13-2

TABLE 1 — M68KVM13 Specifications

Characteristics

Specifications

Power Requirements

M68KVM13-1 (1 Mbyte) — +4 75 to 5 25 Vdc @ 6 8 A (max)
M68KVM13-2 (4 Mbyte) — +4.75 to 5.25 Vdc @ 6 8 A (max)

Operating Temperature

0° to 70°C

Storage Temperature

-40° to 85°C

Relative Humidity

5% to 95% (non-condensing)

Physical Dimensions
Height
Width
Thickness

9.251n (23.50 cm)
1450in (36 83 cm)
060in (1.52cm)

Storage Capacity

1 Mbyte (for M68KVM13-1)
4 Mbyte (for M68KVM13-2)

Data Transfer Size

8, 16, 32 bits

Error Detection

Even Byte Parity

Data Input/Output

32 bit VERSAbus/RAMbus data

Input Address

32 bit VERSAbus/RAMbus addressing

Ordering Information

Part Number Description
M68KVM13-1 VERSAmodule 1 Mbyte Dynamic RAM with Byte Parity.
Includes User’'s Manual.
M68KVM13-2 VERSAmodule 4 Mbyte Dynamic RAM with Byte Parity.
Includes User’'s Manual
M68KVM13/D1 VERSAmodule 1M/4M Byte Dynamic RAM User's Manual.
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VERSAmodule
Floppy Disk Controller

VERSAbus compatible

Host Computer commands serviced by on-board
standard Intelligent Peripheral Controller based on the
MCe6801 MCU

Floppy Disk Controller controlled by IPC provides for
control of up to four Motorola EXORdisk floppy disk
drives

e Floppy Disk formatted capacity from 1/2 Mb for one
EXORdisk Il two-drive unit, to 2 Mb for two EXORdisk 111
two-drive units

Shared RAM command channel and high-speed DMA
data channel to VERSAbus

Provides 16 x 16-bit word on-board data buffer

Capable of addressing DMA transfers to any address in
16 Mb VERSAbus memory space

Interrupt or ready status indicates completion of data
transfer

Supported by VERSAdos Operating System
On-board Self-Test and Diagnostic Firmware
0°-70°C Operating Temperature Range

The Floppy Disk Controller (FDC) adds mass storage
capability toany MC68000 VERSAbus-compatible system
andis fully supported by Motorola’s VERSAdos Operating
System The FDC provides the necessary functions, utiliz-
inga combination of hardware and software, to control the
operations of the EXORdisk 1I/111 Disk Drive Unit Specifi-
cations forthe FDC are shown in Table | The FDCiscom-
prised of two major functional groups, the FDC interface
and the Intelligent Peripheral Controller (IPC) A func-
tional block diagram of the FDC is illustrated in Figure 1

Floppy Disk Controller Interface

The Floppy Disk Controller Interface monitors the state
of the disk drives and controls the reading and writing of
data to/from the floppy disk media. The data and status
information 1s passed to/from the floppy disk controller
interface viathe IPC This provides better efficiency in the
utilization of the host processor and bus

M68KVM20

Intelligent Peripheral Controller

The IPC utilizesan MC6801 MCU that provides an intelli-
gentinterface between the peripheral and the host system.

The IPC isolates the host system from the peripherals,
which enhances the operation of the total system by per-
forming trivial tasks that would normally be performed by
the host system. The host system need be concerned only
with the sending of the command packet to the FDC and
receiving the status indicating that the transfer has been
completed. Also, DMA data transfers into main memory are
performed by the IPC, thus freeing the host processor. The
IPC also performs diagnostic tests during power-up or by
command of the host processor during on-line operations.

The IPC consists of three basic parts, the command/
status channel, the DMA data channel and the MC6801
MCU. The command/status channel is a 128-byte shared
memory which can be addressed by either the MCU or the
system VERSAbus. The data channel is a DMA controller
that transfers data directly between the IPC and main
memory The MCU operates in the expanded multiplexed
mode, utilizing ROM for diagnostics. The MCU also
provides the system timer, RAM, and I/0 which are used
extensively by the FDC firmware.

A typical installation utilizing the FDC is illustrated in
Figure 2. The FDC s installed in a VERSAbus-compatible
backplane and the EXORdisk 11/111 Disk Drive Unit is con-
nected viaa40-pinribbon cable to the backplane |/0 pins.
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FIGURE 1 — Floppy Disk Controller Functional Block Diagram
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M68KVM20
FIGURE 2 — Typical Floppy Disk Controller Installation

50-CONDUCTOR CABLE
(28 INCHES MAX)

EXORdisk 1! EXORdisk 111 \ 1
DISK DRIVE UNIT DISK DRIVE UNIT \\
(OPTIONAL) g
40-CONDUCTOR CABLE
VERSAbus-COMPATIBLE BACKPLANE . (10 FEET MAX)

40-CONDUCTOR CABLE

(25 INCHES)
FDC ) (INCLUDED WITH
M68KVM20)
RAM
TABLE 1 — Specifications
Characteristics Specifications
Compatibility
Computer Any VERSAmodule/VERSAbus monoboard
microcomputer.
Floppy Disk Drive EXORdisk Il or il
Media Format EXORmacs VERSAdos/MDOS compatible.
Drive Data Rate 250K bits/sec, max.
Drive Error Detection CRC check.
Sectors/Track 26
Sector Size 128 Bytes (VERSAdos commands allow transfers in
increments of 128- or 256-byte blocks).
VERSAbus Command Channel Permits processing of one command at a time for
status, or data transfer in full block increments of up
to 4,096 blocks (512 Kbytes).
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M68KVM20

TABLE 1 — Specifications (continued)

Characteristics

Specifications

VERSAbus Data Channel

VERSADbus data transfers performed via DMA at
word rates of up to 4 Mwords (8 Mbytes)/sec., max.,
with actual rate determined by cycle time of the
addressed VERSAbus memory board With the
M68KVM10 128 kB RAM module the maximum
transfer rate 1s approximately 1.5 Mwords/sec.

FIFO Data Buffer

16-word FIFO used to time buffer synchronous disk
data to asynchronous system bus.

VERSAbus Master

During DMA, bus mastership retatned for a maxi-
mum of 16 bus transfer cycles to memory per data
transfer burst before bus Is released to other
masters

Power Requirements

(Typical) +5Vdc 5% @35A
+12Vdc £ 5% @ 110 A
-12Vdc 5% @ 70 A
Temperature
Operating 0° to +70°C
Storage -40° to +85°C

Relative Humidity

0 to 90% (non-condensing)

Dimensions

Height x Width x Thickness
(including components)

9.25 x 14.50 x 0.6 inches
(325 x36.8x1.5cm)

Ordering Information

Part Number

Description

M68KVM20

VERSAmodule Floppy Disk Controller (FDC). This module con-
trols up to 4 floppy disk drives. Drives compatible with this module
are a single 05 Mb EXORdisk I unit (2 drives) or one or two
EXORdisk Il units (4 drives). The drive systems are connected to
the module through the VERSAbus backplane via a single daisy-
chain cable (M68KVMCFD1) included with this module. This cable
is VERSAmodule System Chassis (M68KVMCH1) mountable and
provides connection between the VERSAbus backplane I/0O
connector and the EXORdisk |1/ll1 drive cable. User’s Guide
Included.

Documentation

M68KVM20/D1
M68KIPCS/D1

FDC User's Manual

M68000/IPC Command Channel Software Interface Reference
Manual

M68KVBS/D4 VERSAbus Specification

M68SFDU3R/D1 EXORdisk I1/11l Disk Drive Unit Maintenance Manual

Options

Part Number Description

M68KFD1100 EXORdisk Il dual floppy drive unit, single-sided, single-density,
w/10’ cable

M68KFD1102 EXORdisk 111 dual floppy drive unit, double-sided, single-density,
w/10' cable

M68SFDU1102E EXORdisk Il dual drive expansion unit, w/28' expansion cable
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VERSAmodule
Universal Disk
Controller

VERSAbus compatible

Host Computer commands serviced by on-board stan-
dard Intelligent Peripheral Controller based on the
MC68120 IPC

Separate Hard Disk Sequencer and Floppy Disk Con-
troller controlled by IPC

Provides control for up to two Storage Module Drive
(SMD) interface compatible hard disk drives and up
to 4 Motorola EXORdisk floppy disk drives

136 Mb to 512 Mb formatted hard disk capacity per
controller

Flexibility to define type and capacity of drive unit con-
nected to each SMD interface port including SMD,
CMD, MMD, LMD and 14" Winchester drives with
fixed, removable and/or combination fixed/remov-
able media

Floppy Disk formatted capacity of 0.5 Mb for one
EXORdisk Il two-drive unit, or 2 0 Mb for two
EXORdisk Il two-drive units

Shared RAM command channel and high-speed DMA
data channel to VERSAbus

Provides 24 x 16-bit word on-board data buffer

Capable of addressing DMA transfers to any addressin
16 Mb VERSAbus memory space

Interrupt or ready status indicates completion of data
transfer

Supported by VERSAdos Operating System
On-board Self-Test and Diagnostic Firmware

The Universal Disk Controller (UDC) adds large mass
storage capability to any MC68000 VERSAbus compatible
system and is fully supported by Motorola’s VERSAdos
Operating System The UDC provides control for SMD
interface compatible hard disk drives and optional
Motorola EXORdisk floppy disk drives Separate con-
troller and device interface ports are provided for these
devices Specifications forthe UDC areshownin Table 1
Table 2 lists the compatible drives handled by the UDC
tcgether with their storage capacities The controller con-

M68KVM21

BN Rh AR

sists of two boards, the Disk Interface Module (DIM) and
the Universal Intelligent Peripheral Controller (UIPC), with
interconnecting 50 conductor flat ribbon cable. A func-
tional block diagram of the UDC is illustrated in Figure 1

DISK INTERFACE MODULE (DIM)

The DIM provides the physical drive interface and con-
trol for both the hard disk and the floppy disk drives The
board contains connectors for up to two SMD nterface
compatible drives and for up to four daisy-chained
EXORdisk floppy disk drives

The SMD ports may be individually configured so that
different types of SMD interface compatible drives may be
placed on each portin the same system Industry Standard
SMD interface cabling including radial data transfer
cables, daisy-chain control cable and daisy-chain expan-
sion cable are available from Motorola or may be pur-
chased from any commercial cable supplier. Motorola
EXORdisk drives come equipped with appropriate cabling
for use with the UDC VERSAmodule chassis rearpanel
mountable cable assemblies are also available
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The DIM board has no direct VERSAbus interface and
draws only power when plugged into a VERSAbus back-
plane. The interface to VERSAbus is through the UIPC
board via the 50 conductor DMA Channel interface inter-
connect cable Figure 2 illustrates UDC cabling when
mounted in a VERSAbus compatible backplane.

Though the interconnect cable provided with the UDC
1sintended for use between DIM and UIPC boards located
in adjacent VERSAbus card slots, the DIM contains
mounting holes and power connectors for external
mounting at customer provided cable distances of up to
five feet from the UIPC board Figure 3 illustrates UDC
cabling when the DIM I1s mounted externally from the
VERSAbus backplane

The on-board floppy disk controller and hard disk
sequencer are controlled from the MC68120 Intelligent
Peripheral Controller based UIPC board via commands
from the VERSAbus host computer operating system

UNIVERSAL INTELLIGENT PERIPHERAL
CONTROLLER (UIPC)

The UIPC consists of a Microcomputer Unit based on
the MC68120 IPC, a DMA Channel Interface, a FIFO Buffer
and a VERSAbus Interface

The Microcomputer Unit includes the MC68120 IPC
chip with internal 128 byte dual port RAM, 4K bytes of sta-
tic RAM, four ROM/EPROM sockets with IPC Monitor and
UDC device control application firmware installed, and a
DMA FIFO Controller The UDC device control firmware
processes system “macro” commands for data transfer,
status and device/UDC self-test The 128 byte dual port
RAM 1s used as a Command Channel Software Interface
for entry of these commands to the UIPC Entry Is via
VERSAbus from the operating system software Once the
operating system command i1s entered into the dual port
RAM, the VERSAbus host computer may conduct other
transactions on VERSAbus while the UIPC simultane-
ously carries out the details of the “macro” command via
its on-board bus

The operating system software communicates with the
UIPC using astandard command channel protocol regard-
less of the device being controlled The Command Chan-
nel Software Interface Reference Manual defines this
standard protocol and the specific commands applicable
to the UDC

The DMA Channel Interface provides a physical device
command and status path between the UIPC Microcom-
puter Unit and the DIM The DMA Channel Interface
together with the FIFO Buffer provide a path for data trans-
fers between VERSAbus and the DIM under control of the

MC68120 and the DMA FIFO Controller During data
transfer, the DMA FIFO Controller requests VERSAbus
mastership whenever the FIFO Buffer needs to be filled or
emptied to maintain pace with the synchronous disk
transfer The FIFO Controller holds bus mastership for
approximately 8 microseconds before releasing it for use
by other bus masters Additional bus mastership requests
are generated in the above manner until the data transfer
iscomplete Transfer Completionissignalled by the UIPC
viaan Interrupt to VERSAbus and/or by Ready Status indi-
cation in the VERSAbus Command Channel The UIPC
Microcomputer Unit generates and checks CRC informa-
tion for hard and floppy disk during Write and Read
Command data transfer, respectively Automatic retry is
performed on CRC error detection

The FIFO time buffers synchronous disk data transfers to
and from the asynchronous systembus. In the case of the
UDC, the 32 byte UIPC FIFO bufferis augmented by a 16
byte FIFO on the DIMto provide the additional time buffer-
ing required for the 1.25M byte per second SMD interface

Since the high performance UIPC VERSAbus Interface
allows very high data rate transfers, the FIFO Buffer
approach permits contiguous multi-sector disk transfer
withoutincurring the system performance degrading
effects inherent in slower systems requiring full sector
buffering and discontiguous sector interleaving to avoid
dataoverrun The full sector buffering (256 bytes) required
by slower system bus architectures means sector size
DMA block transfers The consequence of sector block
transfers 1s system bus lockout of other bus masters for
very long time durations relative to the short 8 us, DMA
cycle stealing bursts applicable to UDC FIFO buffering In
addition, the discontiguous sector interleaving required
by slower systems bus architectures means a very long
time duration to complete a multi-sector disk transfer The
consequence of discontiguous sector interleaving s
slower system performance than for the contiguous multi-
sector disk transfers permitted by the UDC

Finally,the VERSAbus Interface provides standard
VERSAbus data transfer, interrupter and bus requester
functions as defined 1n the VERSAbus Specification
(M68KVBS) The base address, interrupt vector number,
interrupt request priority level, and the bus request
priority level are selectable by on-board strap options
permitting more than one UDC per system. VERSAbus
Interface speed and FIFO Buffer control readily permit the
use of two UDC's per system using RAM boards of up to
450 ns cycle time
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FIGURE 1 — Universal Disk Controller (UDC)

To To To
m Drive #0 m Drive #1 (Optional) mrlve #0
o’ ps 1L P L Ps il
[o) SMD SMD SMD Control o
Intf Radial Intf Radial Interface Daisy-
Connector Connector Charin Connector
3 ’ Standalone
Mounting
= Holes (3)
L 2 Drive SMD Interface Sequencer J
Daisy- ™
Chain
Cable - (o}
To 3-Port
Floppy Floppy 16 Byte
Disk Disk Cj FIFO Buffer
Drive #0 | Controller
~
ﬂ L 1 L
Floppy Disk [ DMA Channel Intf |
Interface —
Connector
Connector

P7 P8
Cable
o From UIPC

(¢]
1<t S T
Alternate P2 P1 VERSAbus
Floppy Drive
Daisy-Chain P2 /0 FIGURE 1A — DIM

Connection for Use When
DIM Mounted In
VERSAbus Card Cage

Cg———ﬁ ("W Cable-To-Disk Interface Module (DIM) %—Z

JSd L
DMA Channel Intf
Connector
T&D
DMA 4K Bytes 4 Sockets Port
Channel Dynamic for
Interface RAM 'ROM7EPROM
MU ﬂ’ ?
J jﬁ MC68120 IPC
L
4-Port o —
DMA — =
32 Byte 128-Byte
I
FIFO Buffer FIFO Controller Dual Port RAM
1T
Address
o
5
5 -
VERSAbus
A Interface
® Address » Data VERSAbus
e Control e Interrupter Requester

5 I—_IT{]'T VERSAbus

FIGURE 1B — UIPC

MOTOROLA 16/32-BIT MICROCOMPUTER SYSTEM COMPONENTS

2-102



€01-¢

SININOJWOD WILSAS HILNdWODOHIINW 118-2€/91 VIOHOLOW

TOTAL DAISY-CHAIN 60 CONDUCTOR
NOT TO EXCEED DAISY-CHAIN CABLE
50 FEET FROM DRIVE ZERO
TO DRIVE ONE 50 CONDUCTOR CABLE
\ (28 INCHES MAX)

EXORdisk 1l
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FIGURE 2 — Typical Installation of the Universal Disk Controller
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FIGURE 3 — Typical Installation of the Universal Disk Controller
Utilizing Standalone DIM
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TABLE 1 — Specifications

Characteristics

Specifications

Compatibility
Computer
Hard Disk Drive

Floppy Disk Drive

Any VERSAmodule/VERSAbus Monoboard Microcomputer

Any of the SMD interface compatible disk drives listed in
Table 2

Motorola EXORdisk I or Il

Media Format
Hard Disk
Floppy Disk

Motorola EXORmacs VERSAdos Compatible
Motorola EXORmacs VERSAdos/EXORciser MDOS
Compatible

Drive Data Rate

Hard Disk 10 Mbits/sec, max
Floppy Disk 250 kbits/sec, max
Drive Error Detection CRC Check
Sectors/Track
Hard Disk 64
Floppy Disk 26
Sector Size
Hard Disk 256 bytes (VERSAbus commands allow transfers in
increments of 256 byte blocks)
Floppy Disk 128 bytes (VERSAbus commands allow transfers in

increments of 128 or 256 byte blocks)

VERSAbus Command
Channel

Permits processing of one command* at a time for Status or
for Data Transfers in one or more full block increments up
to 65,535 blocks (16 Mb), max

VERSAbus Data
Channel

VERSAbus Data Transfers performed via DMA at word rates
ofup to 4 Mwords (8 Mb)/sec , max., with actual rate deter-
mined by cycle time of the addressed VERSAbus memory
board With the M6BKVM10 128K RAM module the
maximum transfer rate is approximately 1 5 Mwords/sec.

FIFO Data Buffer

48 byte FIFO used to time buffer synchronous disk data to
asynchronous system bus.

VERSAbus Master
Retention Time

During DMA, Bus Mastership retained for approximately
8 us, max , per data transfer burst before bus released to
other masters

Power Requirements

(Typical)
UiPC

DiM

+5Vdc 5% @70 A
+12 Vdc +5% @ 50 mA
-12 Vdc +5% @ 50 mA

+5 Vdc +5% @ 5.0 A
-12 Vdc +5% @ 550 mA

*See MC68000/IPC Command Channel Software Interface Reference Manual M68KIPCS for

command details
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TABLE 1 — (Continued)

Characteristics

Specifications

Temperature
Operating
Storage

0° to +65°C
-40° to +85°C

Relative Humidity

0 to 90% (non-condensing)

Dimensions
Length x width x
height (including

14.50 x 9.25 x 0.6 inches (each PCB)

components)
TABLE 2 — Compatible Disk Drives

Model Type* Formatted Capacity Removable/Fixed
CDC 9762 SMD 67.4 Mb Removable
CDC 9764 128 Mb
CDC 9766 256 Mb
CDC 9448-32 CMD 13.5/13.5 Mb Removable/Fixed
CDC 9448-64 13.5/40.5 Mb
CDC 9448-96 13.5/67.4 Mb
CDC 9730-80 MMD 67.4 Mb Fixed
CDC 9730-160 135 Mb
CDC 9455 LMD 6.8/6.8 Mb Removable/Fixed
cbC 13.5/13.5 Mb
PRIAM 3350 14" 27.6 Mb Fixed

Winchester

PRIAM 8650 50.3 Mb
EXORdisk Il 8" Floppy 512 kb dual drive, single-sided, single density unit.
EXORdisk Il 8" Floppy 1 Mb dual drive, double-sided, single density unit.

* SMD = Storage Module Drive

CMD = Cartridge Module Drive

MMD = Mini Module Drive
LMD = Lark Module Drive

NOTE: Access tothe configuration table in the supplied UDC firmware that corresponds to a specific disk drive type and
model 1s provided by jumper selection on the DIM Space is reserved in the firmware sufficient for four additional
user-supplied configuration tables to accommodate other user disk drives.
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Ordering Information

Part Number

Description

M68KVM21

VERSAmodule Universal Disk Controller (UDC). This controlleris
atwo board set with interconnecting cable The two boards are
the Universal Intelligent Peripheral Controller (UIPC) and the
Disk Interface Module (DIM). The UDC may control up to two
industry standard SMD interface compatible hard disk drives
and up to two EXORdisk Il floppy disk drives (one EXORdisk I
unit) or up to four EXORdisk |11 floppy disk drives (two EXORdisk
I units) Includes User’s Manual and M68000/IPC Command
Channel Software Interface Reference Manual

Related Documentation

M68KVM21/D2
M68KIPCS/D2

UDC User's Manual

M68000/IPC Command Channel Software Interface Reference
Manual

M68KVBS VERSAbus Specification
Options
Part Number Description

M68KVMSMDR SMD Radial Data Cable, 15

M68KVMSMDC SMD Daisy-Chain Control Cable, 15’

M68KVMSMDE SMD Daisy-Chain Expansion Cable, 6'8"

M68KVMCHD1 Cable Assembly routing UDC SMD interface from DIM to
VERSAmodule Chassis rearpanel for external chassis
disconnect Includes two 34" Radial Data Cables and
one 42" Daisy-Chain Control Cable all of which are
rearpanel mountable

M68KVMCFD1 Cable Assembly, routing UDC floppy disk interface from
the VERSAbus backplane to VERSAmodule Chassis
rearpanel for external chassis disconnect Includes one
25" rearpanel mountable floppy disk cable

M68KFD1100 EXORdisk 1l dual floppy drive unit, single-sided, single-
density, w/10’ cable

M68KFD1102 EXORdisk Il dual floppy drive unit, double-sided, single
density, w/10' cable

M68SFDU1102E EXORdisk Il dual drive expansion unit, w/28” expansion
cable.
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VERSAmodule Disk
Controller

Single VERSAmodule Board.

32-bit Addressing.

MC68000-Based with On-Board Read Only Memory
(ROM) and Random Access Memory (RAM)

A High-Level Command Structure Includes Multisector/
Track Transfers with Implied Seeks.

Command Chaining Feature Facilitates Transfer of Non-
contiguous Blocks using a Single Command Structure.
Utilizes Direct Memory Access (DMA) for Data Transfers
to/from Global Memory (off-board RAM).

Interleaved Commands Provide Overlapped Seeks and
High Throughput.

Supports Four SMD-Compatible Disk Drives:
— 256, 512, or 1024 Bytes/Sector

Supports SA800-Compatible 8-inch Floppy Disk Drives or

SA400-Compatible 5%s-inch Floppy Disk Drives in any

Combination of Four:

— 128, 256, 512, or 1024 Bytes/Sector

— Frequency Modulation (FM)/Modified Frequency Mod-
ulation (MFM) recording

32-bit Error Correction Code (ECC) Allows Transparent

Correction of 11-Bit Burst Errors on SMD Disks.

16-bit Cyclic Redundancy Check (CRC) on Floppy Disks.

Multisector, 4K byte First In First Out (FIFO) Data Buffer.

Power-up/Reset Self-test.

PRODUCT PREVIEW

M68KVM22

o Commands are Passed Through Global RAM
e Download Command Allows User to Customize Firmware.
® 0°C-70°C Operating Temperature Range.

The Disk Controller is an intelligent interface used for add-
ing mass storage capacity to a VERSAbus system. It provides
high performance DMA data transfer channels between sys-
tem memory and hard disk drives and/or floppy disk drives.
The module is applied in environments having intensive real-
time disk I/O or multiprocessing structures to reduce VERSA-
bus traffic and increase system throughput. Figure 1 is a
functional block diagram of VM22.

HOST/CONTROLLER COMMUNICATION

An intelligent module, VM22 offers the user a high level,
easy to program interface. Instructions in 8K bytes of ROM
are executed on the MC68000 Microprocessor CPU to pro-
vide the macro I/O activities requested by the user program.
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General control of data transfer operations is obtained
using six write and one read registers to send command
information to the module and to receive execution status
information from the module. The registers are used in con-
junction with global memory areas in which formatted, 24-
byte packets containing command and status details are
passed between host and module. The VM22 registers are
listed in Table 2

The host transmits a high level command to the VM22 by
writing a command packet in global memory at a specified

address, dentifying the starting address of the packet by
loading the command address pointer registers on the VM22,
and finally queuing the command by setting a bit in the control
register.

Upon completion of the command, the VM22 writes the
resulting status packet in global memory immediately follow-
ing the command packet, then interrupts the host at the in-
terrupt number and level defined in the command packet

SELF TEST

A power-up/reset self-test is performed when power Is ap-
plied to the VM22, and during a reset condition by a software
reset from the host system.

VERSAbus INTERFACE —

The VM22 performs the function of master (DMA transfers),
slave (R/W control registers) and interrupter (command com-
pletion) on the VERSAbus

As a VERSAbus master, the VM22 supports a 32-bit ad-
dress bus and a 16-bit data bus. The R/W control registers
(slave) are 8-bit wide and are located in the short 16-bit I/O
address space.

BASE ADDRESS

The VM22 has a header for jumper assignment of a base
address. A base address can be set on any 16 byte boundary
throughout the VERSAbus short I/0 address space.

DISK INTERFACES —

The four SMD drives interface the VM22 via five connectors
located at the top of the module, providing for star clustering
(four 26-pin connectors) or daisy chain (one 60-pin connector)
connection.

Floppy connections are made through P2 of the VERSA-
bus There are two possible connections; a 50-pin (8-inch
floppy) and a 34-pin (5vs-inch floppy).

Table 1 lists the compatible SMD drives with storage ca-
pacities that can be handled by the VM22.

Figure 1 — M68KVM22 Block Diagram
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Table 1 — SMD Compatible Disk Drive Parameters

Manuf. Model Media Sectors/ Data Cylinders Embedded Unformatted
Track Heads Servo Capacity
(Mbytes)
Amcodyne 7110 Removable 64 2 644 Yes 26.6
Fixed 64 2 644 Yes 26.6
Ampex DFR-932 Removable 64 1 823 No 16.6
Fixed 64 1 823 No 16.6
Ampex DFR-948 Removable 64 1 823 No 16.6
Fixed 64 3 823 No 49.8
Ampex DFR-996 Removable 64 1 823 No 16.6.
Fixed 64 5 823 No 82.9
Ampex 330 Fixed 64 16 1024 No 330.3
Ampex 165 Fixed 64 10 823 No 165.9
CDC (1) 9448-32 Removable 64 1 823 No 16.6
Fixed 64 1 823 No 16.6
CDC 9448-64 Removable 64 1 823 No 16.6
Fixed 64 3 823 No 49.8
CDC 9448-96 Removable 64 1 823 No 16.6
Fixed 64 5 823 No 82.9
CDC 9455 Removable 64 2 206 Yes 8.3
Fixed 64 2 206 Yes 8.3
CDC 9457 Removable 64 2 624 Yes 25.7
Fixed 64 2 624 Yes 25.7
CDC 9762 Removable 64 5 823 No 82.9
CDC 9766 Removable 64 19 823 No 315.2
CcDC 9730-80 Fixed 64 5 823 No 82.9
CDC 9730-160 Fixed 64 10 823 No 165.9
CDC 9710 Removable 64 5 823 No 82.9
CDC 9715 Fixed 64 10 823 No 165.9
CDC 9775 Fixed 64 40 823 No 679.8
Priam 3350 Fixed 64 3 561 No 33.9
Priam 6650 Fixed 64 3 1024 No 61.9
Priam 15450 Fixed 64 7 1024 No 144.5
Priam 803 Fixed 64 5 850 No 85.7
Priam 804 Fixed 64 5 1024 No 105.8

Note: (1) CDC = Control Data Corporation

DISK BUFFER MANAGEMENT —

The VM22 contains a 4K byte buffer that allows the host
system to accept data at rates independent of the disk data
transfer rate. The data buffer is organized as a “pool” of one
sector buffers. During normal operation the local processor
allocates sector buffers to the VERSAbus DMA controller and
an SMD or floppy disk controller chip as required to transfer
data.

During a disk read operation, for example, the local pro-
cessor allocates the first buffer to a disk controller. When the
buffer is filled, the local processor allocates the second buffer
to the disk controller and the first buffer to the DMA controller.
When data in the first buffer is transferred to global RAM by
the DMA controller, the buffer is returned to the “pool” of
empty buffers. During a disk write operation the buffers are
“filled” by the DMA controller and “emptied” by the disk
controller.
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SYSTEM PERFORMANCE —

To obtain maximum performance during multi-sector data
transfers, VERSAbus request levels of the system must be
properly set to avoid data buffer underflow or overflow con-
ditions. (The VM22 recovers from underflow and overflow by
retries, causing degradation in system performance.)

Bus retention time for the DMA controller is controlled by
time-on and time-off bus timers. The VM22 is factory set for
16 microseconds time-on and 4 microseconds time-off, al-
lowing other system masters to the access bus during disk
operations. Other options are user configurable.

VM22 COMMAND STRUCTURE —

The command structure necessary for communication with
the VM22 consists of the on-board, memory mapped read/
write registers, commands which are reorganized by the
VM22 and command formats a packet through which com-
mands are transferred to the VM22.

The on-board read/write registers are used to initialize the
controller, queue commands, request special functions (i.e.,
perform self-test), and report status to the host. Table 2 de-
fines the on-board read/write registers.

Table 2 — Read/Write Registers

Byte Offset
Register From Base Address Function
Wnte  WRO 1 Control Register
WR1 3 Reserved
WR2 5 Reserved
WR3 7 Command Access Address Modifier
WR4 9 Command Address Pointer, MSB
WR5 1 Command Address Pointer, Byte 2
WR6 13 Command Address Pointer, Byte 1
WR7 15 Command Address Pointer, LSB
Read RRO 1 Controller Status
RR1 3 Reserved
RR2 5 Reserved
RR3 7 Reserved
RR4 9 Reserved
RR5 11 Reserved
RR6 13 Reserved
RR7 15 Reserved

The commands recognized by the VM22 define macro disk
operations. These are expanded by the local processor into
a set of micro commands that execute the required function.
Table 3 defines the macro commands supported by the

VM22.

Table 3 — M68KVM22 Commands

Command Opcode Packet Type Function
$00 1 Check Unit Status
$01 1 Recalibrate
$02 2 Format Unit
$03 2 Format Track
$04 0 Read Sectors
$05 0 Write Sectors
$06 0 Check Sectors
$07 2 Seek Track
$08 3 Configure Unit
$09 4 Download
$0A 1 Return Self-test Status
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Commands are transferred through global memory in the
form of 24-byte command packets Packets for the same
logical disk unit can be chained (i.e., read sector, read sector,
read sector). The status packet of 20 bits follows the last
command packet in the chain.

Command packets are tailored to the type of command
they specify. The general form of a command packet is given
in Table 4.

There are two formats for status packets; one issued to
report the completion of a command packet, and the other
to report the results of self-test.

Table 4 — Command Packet Format

Byte 0 Byte 1 Byte 2 Byte 3
0 Command Command Opcode Logical Unit No. Addr Mod
4 INT Level INT Number Retry Count Control
8
:2 Command Specific Information
20 1
Table 5 — M68KVM22 Specifications
Characteristics Specifications
Compatibility (See Note)
Computer VERSAbus compatible microcomputer system
Hard disk drive SMD compatible disk drive
Floppy disk drive SA800 compatible 8-inch floppy disk drive or
SA400 compatible 5vs-inch disk drive
Media format
Hard disk NEC UPD 7261 compatible
Floppy disk Motorola or IBM compatible
Disk drive data rate
Hard disk 12M bits/second maximum
Floppy disk 500K bits/second maximum
Error detection/correction
Hard disk 32-bit ECC allows correction of 11-bit burst errors
Floppy disk 16-bit CRC for error detection
Sector size
Hard disk 256, 512, or 1024 bytes/sector (hard sector)

Floppy disk (FM)
Floppy disk (MFM)

128, 256, 512, or 1024 bytes/sector (soft sector)
256, 512, or 1024 bytes/sector (soft sector)

Data buffer

4K-byte FIFO type multiple sector buffer

VERSAbus DMA transfer rate

3M-bytes/second (with M6BKVM10-3 128K-byte Dynamic RAM
Module)

Power requirements

+5.0 Vdc =5% @ 8.0 A (typical), 10 A (max)
—12 Vdc +10% @ 600 mA (typical), 750 mA (max)

Slave Mode Bus Characteristics

Address A16

Data D8

Parity No address bus or data bus parity
Interrupter Level and vector software programmable
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Table 5 — M68KVM22 Specifications (continued)

Characteristics Specifications

Master Mode Bus Characteristics

Address A32

Data D16

Parity No address bus or data bus parity

Requester Release when done
Temperature

Operating 0° to 70°C

Storage —40° to 85°C
Relative humidity 5% to 95% (non-condensing)
Dimensions

Height 9.25 In (23.49 cm)

Width 14.5 in (36.83 cm)

Thickness 0.6 In (1.52 cm)

Note: ® The SMD disk format of the VM22 1s not compatible with that of the M68KVM21 universal disk controller for the

following reasons:
1. The VM21 uses a 3-byte ID header; the VM22 uses five bytes.
2. The VM21 uses a 2-byte CRC: the VM22 uses a 4-byte ECC.

® The VM22 also requires a different software driver than the VM21.

® Attempts to read or write data from a disk formatted by the VM21 will result in access errors but will not disturb the
data on the disk.

o The VM22 will support the floppy disk format used by the VM21 as well as the IBM standard dual-density format.

Ordering Information

Part Number Description
M68KVM22 VERSAmodule Disk Controller, includes User's Manual
Documentation
M68KVM22/D1 VERSAmodule Disk Controller User’'s Manual
M68KIPCS/D1 M68000/IPC Command Channel Software Interface Reference Manual
M68KVBS/D4 VERSAbus Specification Manual
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VERSAmodule
Multi-Channel
Communications
Module

VERSAbus compatible

Interfaces fourasynchronousserial dataterminal/
modems to VERSAbus

® Interfaces one asynchronous parallel data hard copy
printer to VERSAbus

Terminal/Modem 1/0 — RS-232C standard

Printer /O — Centronics interface

Independent software controlled baud rate selection for
each RS-232C I/0 port

Internally generated 50 to 9.6K baud rate

® RS-232C data transmission — up to 50 feet at 9.6K baud
over unbalanced lines

MC6801 (MCU) based Intelligent Peripheral Controller
(IPC) circuitry with firmware control and test and diag-
nostic programs

e MC2661 Enhanced Programmable Communications
Interface (EPCI) based terminal/modem interface
circuitry

MCB6821 Peripheral Interface Adapter (PIA) based printer
circuitry

0° C-70° C Operating Temperature Range.

The Multi-Channel Communications Module (MCCM)
can expand the user’s system by interfacing four asynch-
ronous serial terminal/modem devices and one asynch-
ronous parallel printer to the VERSAbus. A simplified
functional block diagram of the MCCM is illustrated in
Figure 1 and the specifications are identified in Table 1.

This module is composed of the following functional
circuits—Intelligent Peripheral Controller, Printer Inter-
face and a Terminal/Modem Interface. Overall control of
the MCCM, including VERSAbus communicationand
data transfer operations, is provided by the MC6801
MCU-based IPC circuitry. The MC6821 PlA-based printer
interface circuitry provides communication and data
transfer operations between the IPC and an asynchronous
parallel printer. Table 2 provides pin assignments and
signal descriptions for the printer interface connector, P3.

M68KVM30

The MC2661 EPCl-based terminal/modem interface
circuitry provides communication and data transfer
operations between the IPC and four external RS-232C
terminal/modem devices. Table 3 provides pin assign-
ments and signal descriptions for the connector for this
interface, P2.

The MCCM is installed directly into the user's system
chassis card rack and connected to the chassis backplane
(VERSADbus). Printer interfacing is accomplished by cable
interconnections between the MCCM edge connector and
associated printer equipment. Terminal/modem interfac-
ing is accomplished by cable interconnections between
the MCCM edge connector and associated RS-232C
terminal/modem equipment. The rear panel mountable
optional cable assembly (M68KVM232CP) may be used
with the Motorola VERSAmodule Chassis (see installation
diagrams, Figure 2 and 3).

The MCCM also has the following selection capabilities:
Base Address Selection — The MCCM base address may
be selected

Interrupt Level Selection — Interrupt (priority) level
numbers may be selected

Terminal/Modem Interface Selection — Allows the user
to properly interface the four RS-232C 1/O ports to
external terminal/modem equipment

Interrupt Vector Selection — Up to 256 interrupt vector
numbers may be selected

Bus Arbitration Level Selection — The MCCM bus arbi-
tration level is selected and provides a bypass operation
for unused Bus Grant (BG) signals

® Reset Signal Disabling.
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