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ANIMATOR, FORMS-2 and Level Il COBOL/ET are trademarks of Micro Foéus, L(d.

HDS-200, HDS-300, HDSdebug, 1/Omodule, PC/68000, RMS68K, SYMbug, SYSTEM V/68, TENbug, VERSAdos, VERSAmodule,
VMEbug, VMEmodule, VME/10, 117bug and 020bug are trademarks of Motorola Inc.

Concept/GKS is a trademark of Larson Software Technology.

CP/M, CP/M-68K, CP/M-86 and Digital Research are trademarks of Digital Research Inc.
DEC, PDP-11, VAX and VMS are trademarks of Digital Equipment Corporation.
Ethernet® is a registered trademark of Xerox Corporation.

Floppy Tape is a trademark of Cipher Data Products Inc.

Informix is a registered trademark of Relational Database Systems, Inc.

IBM is a registered trademark of International Business Machines, Corp.

LARK is a trademark of Control Data Corporation.

MicroTrak is a trademark of SofTrak Systems.

Oracle is a registered trademark of Oracle Corporation.

Q-CHART, Q-FILE, Q-MENU and Q-ONE are trademarks of Quadratron Systems, Inc.
RM/COBOL is a trademark of Ryan-McFarland Corporation.

SASI is a trademark of Shugart Associates.

20/20 is a trademark of Access Technology, Inc.

UNIFY is a trademark of UNIFY Corporation.

UNIX is a trademark of AT&T.

XNS is a trademark of Xerox Corporation.

The MVMEBUG, MVME101BUG, 117bug, 130bug, M68KVBUG, M68KVBUG2 and M68KVBUG3 EPROM sets are copyrighted by
Motorola and may be copied only under prior written agreement from Motorola. MVMEBUG1, MVMEBUG2, MVME101BUGLF,
MVME101BUGLC, M68KVBUGLF, M68KVBUGLC, M68KVBUG2LF, M68KVBUG2LC, M68BKVBUG2LMC, M68KVBUGSLF,
M68V2FSBG 130, M68V2XSBG130, M68V1XSBG117, M68V1XSSCSI and M68KVBUGSLC Sources are copyrighted and licensed by
Motorola. They may be obtained only under the required license agreement with Motorola.

MVMX32bus is a Motorola Proprietary Expansion bus for use with VMEbus.
VSB, the VME Subsystem Bus, is a Subset of the VMEbus.

Standard Warranty

Seller warrants that its products sold hereunder will at the time of shipment be free and clear of all liens and
encumbrances and will be free from defects in material and workmanship and will conform to Seller’s applicable
specifications or, if appropriate, to Buyer’s specifications accepted by Seller in writing. If products sold hereunder
are not as warranted, Seller shall, at its option, refund the purchase price, repair, or replace the product, provided
proof of purchase and written notice of nonconformance is received by Seller within ninety (90) days from date
of initial shipment, and provided said nonconforming products are, with Seller’s written authorization,* returned
FOB Seller's plant or authorized repair center within thirty (30) days from expiration of said ninety (90) day
period. Upon verification by Seller that the product does not conform to this warranty, Seller will pay the cost
of transporting such replacement of repaired goods to Buyer’s plant within the contiguous 48 United States and
Canada. This warranty shall not apply to any products Seller determines have been, by Buyer or otherwise,
subjected to testing for other than specified electrical characteristics or to operating and/or environmental
conditions in excess of the maximum values established in applicable specifications, or have been the subject
of mishandling, misuse, neglect, improper testing, repair, alteration, damage, assembly or processing that alters
physical or electrical properties. This warranty excludes all costs of shipping, customs clearance and related
charges outside the contiguous 48 United States and Canada.

IN NO EVENT WILL SELLER BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES. THIS
WARRANTY EXTENDS TO BUYER ONLY AND NOT TO BUYER'S CUSTOMERS OR USERS OF BUYER'S
PRODUCTS AND IS IN LIEU OF ALL OTHER WARRANTIES WHETHER EXPRESS, IMPLIED OR STATU-
TORY INCLUDING IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS.
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Preface

Following Motorola’s tradition of serving current and future needs of the fast evolving electronic market, the
Motorola Microcomputer Division offers systems and components ranging from VMEbus-based multiuser micro-
computers to larger form-factor VERSAbus microcomputers — pius a broad line of compatible modular components,
peripherals and software. System integrators and value added resellers are provided support for integration and
development of today’s VMEbus microcomputer and SYSTEM V/68-based products with languages and devel-
opment tools, data management and communications facilities and office applications. OEMs are provided support
for development of today’s MC68000-, MC68010- and MC68020-based products with instrumentation, hardware/
software development tools and the SYSTEM V/68 and VERSAdos Operating Systems. The consistent Motorola
MC68000-family migration path and future development tools plus a multiprocessor operating system will assure
support for the development of tomorrow’s MC68030-based leading edge systems.
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A rainbow arches over the application world of a general
purpose microcomputer product line, particularly the VME
Delta Series which utilizes an open VMEbus architecture,
an AT&T-validated UNIX V Operating System — SYSTEM
V/68 — and the state-of-the-art MC68020 Microproces-
sor. At one end of the rainbow is a land of applications
served by system integrators, value added resellers and
complementary marketing organizations selling limited-
user systems into business-oriented markets. The other
end touches down in a nearly unbounded field of custom
OEM applications in such technological areas as graphics
processing for CAD simulation and medical scanning,
analysis of oil exploration instrumentation data, visions
systems for positioning and attribute detection in robotics
and other factory automation, artificial intelligence
research, in cellular communications and many other
leading edge areas. :

The current array of VME Delta Series products will
continue to grow with new markets, offering hardware for
system expansion including a cache accelerator, color
and monochrome terminals and a remote service modem
for remote diagnostics. Support for industry standard
communication protocols is available. This includes intel-
ligent controllers and supporting software for the |EEE
802.3 (CSMA/CD) LAN standard and the SNA/BSC/X.25
protocols. Support for business applications will grow too
through intelligent controllers with supporting software for
SNA and BSC and other commonly used protocols,
through information retrieval, processing and develop-
ment packages, through an integrated spreadsheet and
color graphics support and a project management system.
In time, the VME Delta Series line will span an applications
world of its own.
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\. / ME Delta Series

MODEL 2016 COMPUTER SYSTEM

HIGHLIGHTS

Motorola MC68020 processing
power

12-slot VME compatible
enclosure

2 to 16 Mb of main memory

2 to 34 RS-232 asynchronous
ports

85 to 340 Mb of integral
Winchester disk storage

Up to 1.3 Gb of external SMD
capacity

60 Mb streaming tape
Software compliant with

System V Interface Definition
(SVID) Release 3

Comprehensive local and
remote diagnostics

oo o o oo o o
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GENERAL DESCRIPTION

The VME Delta Series family of 32-bit
computer systems is based on the
Motorola MC68020 microprocessor,
the VMEbus standard, and UNIX" Sys-
tem V, Release 3. The Model 2016
uses the 16.7 MHz MC68020 and sup-
ports up to 34 serial devices. The
power of the MC68020 plus the
expandability and flexibility of the
VMEDbus architecture make the Model
2016 an ideal computer solution for
commercial, technical, and networking
applications.

The Model 2016’s 12-siot VME card
cage adapts to most application inter-
faces and expands to support large
configurations. In addition, the system
enclosure accommodates up to four
disk drives plus a streaming tape.
External SMD and tape subsystems
are also supported. Both local and
wide area communications protocols
link the Model 2016 to industry stan-

dard networks as well as host
computers.

HARDWARE OVERVIEW

The Model 2016 hardware includes:
The system enclosure

The VMEbus

The applications processor and
memory

/O and communications con-
trollers

Mass storage devices-

Local and remote diagnostic
capabilities

o0 0O goBbdg

System Enclosure

The VME Delta Series enclosure
offers a 12-slot VME compatible card
cage, a 12-slot VME cable connection
area, and an SMD and tape subsystem
cable connection area. This provides
connectivity to a diverse and large
number of peripheral devices.

The unit houses a streaming tape drive

and up to four 5-1/4” disk drives. One
of the disk drive slots is used for half-
height diskette drives when required
by the configuration. All drives are held
in shock-mounted drive assemblies.

The enclosure contains a 450 watt
switching power supply and is cooled
by filtered air.

VMEbus
The VME Delta Series uses today’s

" leading 32-bit bus standard, the VME-

bus. The VMEbus, in conjunction with
the double-high Eurocard form factor,
offers systems integrators and OEMs
high performance as well as access to
an expanding set of readily available
controllers and system components.
The Model 2016’s 12-slot VME com-
patible card cage also allows the sys-
tem to grow in a modular fashion to
meet future as well as current require-
ments. In addition, upgrading the
Model 2016 to a more powerful model
in the VME Delta Series family is as

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS
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simple as replacing the processor and
memory boards.

Main Processor

The Mode! 2016’s main processor
includes a 32-bit 16.7 MHz MC68020
microprocessor, an optional cache
accelerator, a memory management
unit, and a floating point coprocessor.
Two RS-232 ports are included. These
are normally used for a console port
and a remote service modem. The
MC68020 has an on-chip 256 byte
instruction cache. The processor uses
the high-speed VME Subsystem Bus
(VSB) for parity memory access and
the VMEbus to interface /O control-
lers. The MC68881 floating point
coprocessor implements the IEEE
floating point standard plus trigono-
metric and transcendental functions.

Memory

Up to 16 Mb of main memory are
offered on the Model 2016. Both ECC
and parity memory options are
available.

ECC memory comes in 4 Mb incre-
ments and provides single-bit error
correction and double-bit error detec-
tion. A 64-bit cache register gives fast
access using the VMEbus interface.

Parity memory comes in 2 Mb incre-
ments and provides byte parity
generation and error checking.
These memories are dual-ported fea-
turing concurrent processor and 1/0
access using the VSB and VMEbus
respectively.

Disk and Tape Controllers

The Model 2016 supports controllers
for 5-1/4” Winchester and floppy disk
drives, 8” SMD disk drives, 1/4”
streaming tape, and 1/2" 9-track tape
drives. All are intelligent controilers
with DMA VME system interfaces. This
selection of VME compatible disk and

tape alternatives allows the Model
2016 to satisfy a wide spectrum of per-
formance and application
requirements.

‘Intelligent Communications

Controllers

VMEbus compatible controllers are
offered for:
[J Asynchronous devices (termi-
nals, printers, modems, etc.)
0 SNA, BSC, and X.25 commu-
nications
[J Ethernet local area networking

Each intelligent controller uses a 10
MHz. MC68000 family microprocessor.

The 8-Port Serial Controller can sup-
port eight asynchronous terminal,
printer, or modem ports. Because
each port can be independently con-
figured, this controller can be adapted
by the system integrator or OEM to
support a wide range of serial devices.
The Model 2016 supports up to four
serial controllers.

The Intelligent Communications Con-

Controllers
Controllers
Number of Transfer Rate Per

Controller Interface Channels/Drives (per second} System
Winchester & ST-506 2 Up to 5 Mbits 2

Floppy SA-400 2 Up to 250 Kbits
SMD ESMD 2 Up to 25 Mbits 2
Streaming Tape QIC-02 1 Up to 90 Kbits 1
1/2" 9-track Tape Pertec 1 Up to 1.25 Mbits 1
8-Port Serial RS-232-C 8 Up to 19.2 Kbits 4
Communications RS-232-C 6 Up to 19.2 Kbits 1
Ethernet CSMA/CD 1 10 Mbits 1

Mass Storage Devices
Form-Fit Interface Unformatted Formatted Average Drives
Capacity Capacity Access Time  Per System

Disk Drives

5-1/4" SA-400 1 Mb 655 Kb 181 ms 2

5-1/4" ST-506 85 Mb 67 Mb 28 ms 4

8" ESMD 337 Mb 269 Mb 20 ms 4
Tape Drives

5-1/4" QIC-02 — 60 Mb — 1

1/2" 9track  Pertec 1

1600 bpi 45 Mb
3200 bpi 90 Mb

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS
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troller supports bit and byte oriented
protocols like SDLC, HDLC, and BSC.
Each port is independently program-
mable. A four-channel DMA controller
is offered for high performance
applications.

The Intelligent Ethernet LAN Controlier
is compatible with Ethernet, Version
2.0 and conforms to the IEEE 802.3
(CSMA/CD) LAN standard. The con-
troller interfaces with the network at 10
Mbits per second.

Mass Storage Devices

The base Model 2016 contains a
5-1/4" 85 Mb Winchester drive and a
5-1/4" 60 Mb streaming tape for sys-
tem backup and software distribution.
Some configurations also include a
floppy diskette which uses a disk slot.
The system can be expanded to 340
Mb of Winchester disk storage and
1,348 Mb of SMD disk storage using
two SMD disk subsystems.

Local and Remote Diagnostics

The VME Delta Series system diag-
nostics are oriented to centralized ser-
vice networks and user participatory
fault identification. They enhance the
system’s overall reliability, servicea-
bility, and maintainability with the fol-
lowing diagnostic features:
[J Hardware integrity verification at
system power-up and reset
[J System test and diagnostics in
firmware, on stand-alone disk,
and under the operating system
O Menu-driven user interface with
on-line help facility
] Custom test suite generation,
evaluation and debug tools
[J Remote test and diagnostics with
integral service modem
The Model 2016’s comprehensive sys-
tem diagnostic facilities are designed
to support very cost effective customer
and product service approaches.

SOFTWARE OVERVIEW

In addition to the following software products, a large number of software appli-
cations are available from independent software vendors which will run on the
VME Delta Series.

UNIX System V Operating System

SYSTEM V/68™ Release 3 is Motorola’s version of AT&T’s UNIX® System V
Release 3. Release 3 includes the following new features and enhancements:
[J Remote File Sharing which allows users to share files, data, and periph-
eral devices across computer systems attached to a local area network.
[0 Streams which supports application development independent of the
underlying network protocols.
[ Virtual memory and demand paging support for efficient memory utili-
zation and simpler application development.
O Menu Interface for system administration functions.
[] Support for the MC68881 floating point coprocessor.
[1 Complete backup and restore facilities.
SYSTEM V/68 Release 3 is compliant with AT&T’s System V Interface Definition
(SVID).

Languages and Development Tools
[J C Compiler and FORTRAN 77
O RM/COBOL"
[J Micro Focus Level Il COBOL™/ET, ANIMATOR™, and
FORMS-2™
[0 Absoft FORTRAN
[0 Q-MENU*? Menu Development Tool

Data Management Facilities
[ UNIFY™ Relational Data Base Management System
O Oracle® Relational Data Base Management System
O Informix® Relational Data Base Management System

Data Communications Facilities
[0 3274 SNA and BSC
[0 3776 SNA
0 RJE/HASP, 2780, and 3780
[0 X.25 with TCP/IP
O Ethernet with XNS
[ Ethernet with TCP/IP

Office Applications
[J Business Assistant™ User Services
[0 Q-ONE®R Word Processor
[0 20/20™ Spreadsheet
[ Office Services (Electronic Mail, Calendar, etc.)
[0 Q-CHART™ Business Graphics
3 MicroTrak™ Project Management System
[0 Q-FILE™ Information Storage and Retrieval System

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS
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SPECIFICATIONS

System
VMEbus (IEEE P1014)
Eurocard form factor
Depth: 6.30” (160 mm)
Height: 9.17” (233 mm)
96 pin DIN 41612(P1) connectors
12 double-high VME card slots

Processor
MC68020 at 16.7 MHz.
Gate array MMU (1 Kb page) compatible with MC68851 PMMU
MC68881 Floating point coprocessor (IEEE P754)
16 Kb cache accelerator option
2 RS-232-C asynchronous ports
110 bps to 9,600 bps
VSB Memory Bus

Memory

ECC Memory
4to 16 Mb
4 Mb increments
64-bit cache register
560 ns 32-bit average access
Single-bit error correction
Double-bit error detection

Parity Memory
2to 8 Mb
2 Mb increments
Dual-ported (VMEbus and VSB)
660 ns 32-bit average access
Byte parity generation
Byte parity checking

Winchester and Floppy Disk Controller
1 or 2 per system
Up to 2 ST-506 Winchester drives per controller
Up to 2 floppy disk drives per system
5 Mbits per second serial data rates
Multiple-sector read/write
Automatic head switching and cylinder positioning
2:1 interleaving
32-bit ECC (Winchester)

SMD Disk Controller
Up to 2 per system
1 or 2 SMD disks per controller
Up to 25 Mb per second data rates
Zero-latency reads and writes
1:1 interleave over multiple cylinders
32-bit ECC

5v4" Streaming Tape Controller
QIC-02 interface
Transter rate:
90 Kb continuous
200 Kb burst
Streams at 5 Mb per minute

1" 9-Track Controller
Pertec Interface
Up to 200 ips GCR drive support
Start/stop or streaming support -
GCR, PE, or NRZ! recording

8-Port Serial Controller
Up to 4 contrallers per system
8 asynchronous RS-232-C ports
10 MHz. MC 68010 microprocessor
128 Kb RAM memory
32 Kb ROM
Port selectable:
50 — 19,200 bps
1, 1.5, or 2 stop bits
5 to 8 data bits

odd, even, or no parity
DTR, DSR, RTS, CTS, and DCD control functions
Buffered pipe communication protocol
Intelligent C ications C
6 synchronous/asynchronous communications ports
10 MHz. MC68010 microprocessor
512 Kb RAM memory
128 Kb ROM
SDLC, HDLC, and BSC protocol support
Port selectable:
50 — 19,200 bps
1, 1.5, 2 stop bits
5 to 8 data bits
odd, even, or no parity
NRZ, NRZI, or FM encoding
Buffered pipe communications protocol

Intelligent Ethernet LAN Controller
Ethernet, Version 2.0 compatible
Conforms to IEEE 802.3 (CSMA/CD) LAN standard
10 Mbits per second
10 MHz. MC68000 microprocessor
512 Kb RAM memory
32 Kb EPROM
Buffered pipe communications protocol

PHYSICAL SPECIFICATIONS

Height: 25.6 in. (65.0 cm)
Width:  12.5in. (31.8 cm)
Depth:  28.0in. (71.1 cm)
Weight: 135 Ibs. (61 kg) Fully loaded Model 2016

ENVIRONMENTAL AND SAFETY SPECIFICATIONS

Safety

Meets UL 478 (EDP) and 114 (Office Equipment)
Meets CSA 154 (EDP) and 143 (Office Equipment)
Meets VDE 0806/8.81 (Office Equipment)

Meets IEC 380 (Office Equipment)

Emissions
Meets VDE 0871/6.78, Class A
Meets FCC Part 15, sub-part J, Class A

ESD

5,000 Volts: No observable effect
12,000 Volts: No operator perceived errors
24,000 Volts: No permanent equipment damage

Altitude

Operating: 10,000 feet ASL
Non-Operating: 30,000 feet ASL
Acoustic Noise Level

55 dBA maximum

Temperature

Operating: 5°C to 40°C

Non-Operating: —40°C to 60°C

Relative Humidity

Operating: 10% to 80% RH, non-condensing
Non-Operating: 10% to 90% RH, non-condensing
Shock

Operating:

59
Non-Operating: 15 g

Transportation
Packaging and shipping containers and procedures comply with the current NSTA
preship test procedures.

Shipping Container
Height:  34.5" (87.6 cm)
Width:  22.5" (57.2 cm)
Length: 41.0" (104.1 cm)

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS
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TM3000 TERMINALS

HIGHLIGHTS

[ Alphanumeric, monochrome,
color, and graphics models

[0 DEC VT220 compatibility

[J Five display modes up to
132 columns with 28 lines

[J 640 x 300 graphic display
_opiion

O Tektronix 4105 graphic
commands

[J Eight colors from a palette
of 64

[0 Concurrent transparent print
protocol

[J RS-232 and RS-422 interfaces

DESCRIPTION

Motorola TM3000 Terminals are a
compatible family of high resolution
ANS| X3.64 compliant terminals. They
support tilt-and-swivel 14" anti-glare
displays with small footprints, ergon-
omic appearance and low profile
keyboards.

TM3000 Terminals uniquely combine
features of DEC, IBM and Tektronix
terminals into a single multifunctional
terminal for general office applications.
Supported DEC features include com-
plete DEC VT220 terminal emulation
plus many enhancements. Supported
IBM features allow comprehensive
software emulation of IBM 3179 and
3180 Display Stations. These IBM fea-
tures include four display modes up to
132 columns with 28 lines including a
user programmable status line, IBM-
styled keyboards and enhanced fuli
color displays. Supported Tektronix
features include compatible Tektronix

4105 eight color graphic and eight
color character commands.

TM3000 Terminals provide the follow-
ing family members:

O Color Displays.

[0 Amber Displays.

O Green Displays.

[0 Color and Monochrome 4105
Graphics.

0 1BM 3179 Style Keyboards.

O Office Touch Type Keyboards.

FEATURES

Enhanced Display Features

[0 14" anti-glare display for larger
viewing area.

Displays up to 3696 characters.
Displays 347 unique character
symbols.

Five display modes (column x line):
132 x 28, 132 x 25, 80 x 25, 80 x
33" and 80 x 44",

Character attributes of underline,

0O oo

O

intensity, blinking, reverse video
and eraseable.

Dynamic focus for clear readable
characters.

Special host programmable user
line.

Special symbols including IBM
3179 status line symbols.

Three speed smooth scroll rate for
convenient reading of reports:

10 x 12 character cell in 80 column
mode.

Character matrix supports 2 dot
lowercase descenders.

(*) 33 and 44 line display use auto-
matic vertical scrolling.

o 0O o oo o

Enhanced Color Features

TM3000 Color Terminals support
these additional features:

[0 Seven colors: Sky blue, red,
magenta, green, cyan, yellow,
white plus black.

[J BW3 phosphors for brighter blues.

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS
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[0 Non-embedded attributes per char-
acter: background: 1 of 8 colors,
foreground: 1 of 8 colors plus bold,
blink, underlining and eraseable.

[J Optional graphics supports 8
colors from a palette of 64 colors.

[0 Enhanced contrast glass reduces
light reflections.

[0 Dot pitch of .31mm.

Enhanced Operational Features

O Concurrent transparent printing
protocol allows convenient locally
attached printer on the RS-232
printer port to print host data while
the display displays and the user
types.

Standard keylock.

Tilt-and-swivel base.

Low-profile 30mm DIN keyboard
adjustabie to three levels.

Other terminal emulations: DEC
VT220, VT100 and VT52.

RS-232 (up to 300’) and RS-422
(up to 2000') host port interfaces.
Selectable port rates up to 19,200
bps.

O o o gooao

Graphics Features

[0 Field upgradable option.

[J Supports Tektronix 4105 compati-
ble graphic commands.

O Color display supports 8 colors per

pixel selected from a palette of 64

colors.

Monochrome display supports 8

gray levels per pixel.

640 x 300 graphic display.

Selectable character and graphic

displays.

Character display may overlap

graphic display.

DEC VT220 Compatible Features

[J Emulates: DEC VT220, DEC
VT100/102 and DEC VT52.

O Programmable function keys.
[ Downloadable character sets.

O oo o

80 and 132 column displays.
Compose character key.

Split screen smooth scrolling.

13 resident national character sets:
North American, United Kingdom,
Canada (French), Denmark, Fin-
land, France (Belgium), Germany/
Austria, Holland, ltaly, Norway,
Spain, Sweden and Switzerland.
[J Line graphics and other special
symbols.

oooo

Keyboard Features

[J Office Keyboard: 107 key type-
writer styled keyboard layout for
efficient touch typing and general
office application usage.

J 1BM Styled Keyboard: 122 key key-

board styled after IBM 3180 and

3179 Display Station’s keyboard

for efficient data entry operations

and for compatible operations.

Word processing and data pro-

cessing key legends.

Extra Escape and Line Feed keys.

Low-profile 30mm DIN keyboard.

Adjustable to three levels (5, 10

and 15 degrees).

Detached with coiled cord.

Step sculptured keys.

Selectable on/off audible keyclick.

Separate numeric keypad.

Separate editing keypad.

Compose character key.

ooooco ooo o

Print Features

[1 Concurrent transparent print.
[J Transparent print.

0 Print screen.

[ Auto print.

O Print cursor line.

Operation Modes

3 Monitor.

[0 Full duplex.

[0 Selectable local echo.

[0 Conversational local.

[] Set-up (Menu-driven, non-volatile).

SPECIFICATIONS

Display
Viewabie Display Area: Horizontal: 240mm,
Vertical: 180mm + 5mm.

Display Mode Display Type  Character Cell
(Column x Line)

80 x 25 Monochrome 10 x 12
132 x 25 Monochrome 8x12
132 x 28 Monochrome 8x11

80 x 25 Color 10x 12
132x 25 Color 7x12
132x28 Color 7x 11

Physical
Monitors: Monochrome Color
Height: 14.1" (358mm)  15.6" (395mm)
Depth: 13.7 (348mm)  16.2" (411mm)
Width: 13.3" (338mm)  15.3" (388mm)
Weight: 25 Ibs (11.3kg) 39.8 Ibs (18.1 kg)
Articulation:  Tilt: +5 degrees, —20 degrees.
Rotation: =+ 45 degrees.
Keyboards:
Height: 1.2" (30mm)
Depth: 7.4" (188mm)
Width: 20.4" (519mm)
Waight: 3.3 Ibs. (1.5kg)
Power
Monochrome Color
RMS Power: 30 watts 64 watts
Heat Output: 102 Btu/hour 242 Btu/hour

(26 Kcalthour) (61 Kcal/hour)
Rated current:
60 Hz, 110VAC: 1 amp.

50 Hz, 220VAC: .5 amp.

2 amp.
1 amp.

Safety

Meets UL 478 (EDP) and 114 (Office Equipment)
Meets CSA 154 (EDP) and 143 (Office Equipment)
Meets VDE 0806/8.81 (Office Equipment)

Meets IEC 380 (Office Equipment)

Emissions
Meets VDE 0871/6.78, Class A
Meets FCC Part 15, sub-part J, Class A

ESD
12,000 Volts: No operator perceived errors.
24,000 Voits: No permanent equipment damage.

Altitude
Operating: 0 to 10,000 feet.
Non-Operating: 0 to 20,000 feet.

Temperature
Operating: 5°C to 40°C.
Non-Operating: —40°C to 60°C (Storage).

Relative Humidity
Operating: 20% to 80% RH non-condensing.
Non-Operating: 10% to 90% RH non-condensing.

Transportation

Packaging and shipping containers and procedures
comply with the current NSTA preship test
procedures.
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\ / ME Delta Series

SYSTEM V/68 OPERATING

SYSTEM SOFTWARE FEATURES

HIGHLIGHTS

[0 Compliant with AT&T’s UNIX®
System V interface definition

[J Object code compatible with
SYSTEM V/68 Release 2

(] Transparent sharing of data and
peripheral devices across a
network

[0 Applications can be run
independent of the underlying
network

[0 virtual memory provides
optimum utilization of physical
memory

[ Fast file access and reliable file
system

[0 Efficient use of disk space and
memory through shared
libraries

] Supports MC68881 floating
point coprocessor
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GENERAL DESCRIPTION

The SYSTEM V/68 Release 3 Oper-
ating System is the standard operating
system for the M68000 family of micro-
processors. It affords users a powerful
computing environment for develop-
ing, executing and supporting techni-
cal, commercial and network
applications.

Compliant with AT&T’s UNIX System
V .Interface Definition (SVID),
SYSTEM V/68 Release 3 provides
users with the ability to share data,
applications and resources among
different computers transparently.
Release 3 is object code compatible
with SYSTEM V/68 Release 2. It
offers an efficient kernel which pro-
vides process scheduling and 1/O
facilities to all programs. in addition,
a powerful command processor, the
Shell, provides for interactive control.
An extensive set of tools and utilities

provide support for program devel-
opment, text processing, electronic
mail and system to system
communication.

OVERVIEW
The Kernel

The kernel supports a multitasking
multiuser software development and
OEM application execution environ-
ment. As the heart of the system, the
kernel schedules tasks and manages
system resources. It acts as a dis-
patcher of tasks competing for the sys-
tem resources and as a traffic
coordinator for the data flowing
through the system while managing
and allocating memory as required.

Virtual Memory

The demand paged, virtual memory
feature of SYSTEM V/68 Release 3

has several advantages over
swapping: )

[J Programs larger than physical
memory can be executed.

[ Only the portions of a program
which are actually being used
reside in memory at any partic-
ular time.

[l External fragmentation is com-
pletely eliminated.

[0 32 Megabyte process space.

[0 Two level page table.

Berkeley Signals

A new set of system calls is provided
in Release .3 of the SYSTEM V/68
Operating System which resemble
those of the Berkeley 4.2 BSD signal
interface. The new implementation
provides enhancements to the exist-
ing SYSTEM V/68 interprocess sig-
nalling mechanism while preserving
the SYSTEM V/68 signal semantics.

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS
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Process Fork Mechanism

This feature allows processes to “fork”
without duplicating the data area of the
parent. It is commonly referred to as
“copy-on-write” and essentially allows
the child process to share the parent's
data area. Modified pages are dupli-
cated for each process before the
access takes place. This feature pro-
vides the performance improvement of
the Berkeley 4.2 BSD mechanism
without affecting compatibility with the
SYSTEM V/68 fork system call
interface.

The Shell

The shell interprets user commands
and calls system tasks to perform the
requested operations. It accepts com-
mands one at a time or in a series
called a pipe, where output from one
job becomes input to another job.

Features of the shell include: control-
flow primitives, parameter passing,
variables and string substitution. In
addition, constructs such as while, if-
then-else, case and for are available.
Two-way communication is also pos-
sible between the shell and the com-
mands. String-valued parameters,
typically file names or flags may be
passed to a command. A return code
is set by commands that may be used
to determine control-flow, and the
standard output from a command may
be used as shell input.

The shell can modify the environment
in which the user command runs. Input
and output can be redirected to files
and processes that communicate
through pipes can be invoked. Com-
mands are found by searching direc-
tories in the file system in a sequence
that can be defined by the user. Com-
mands can be read either from the
workstation or from a file, which allows
command procedures to be stored for
later use.

The SYSTEM V/68 File System

The SYSTEM V/68 file system com-
prises a uniform set of files and direc-
tories organized as a hierarchical,
tree-like file structure of arbitrary size.
Branching from the beginning of the
file system, also known as the root
directory, are several system directo-
ries, including the user directory. A
directory can contain any number of
subdirectories and files, which allows
for almost any kind of branching struc-
ture that is required for the filing sys-
tem. Major features of the file system
are:

1024 byte file block size.
Simple and coherent naming
conventions.

File linking across directory
boundaries.

Automatic file space allocation
and de-allocation.

Mountable file systems.

Hashed 1-node file and directory
look up.
Device-independence: each
physical /O device is treated like
a file, thus allowing for uniform
file and device /0.

[J Fiexible directory and file protec-
tion modes: allows for the setting
of “read,” “write” and ‘“execu-
tive” authority separately for the
owner, for a group of users and
for all other users. These protec-
tion modes are altered
dynamically.

[} Facilities are provided for creat-

ing, moving, accessing and pro-

cessing groups of or single files
and directories.

O oo 0O g bd

Optimal block allocation and de-allo-
cation provides for fast access of files
where data resides in the disk cache.
Additionally, a configurable feature is
included in Release 3 which causes all
writes to the file system to be syn-
chronized with the disk. This configur-
able feature reduces the likelihood of

lost user data in the event of a system
crash and improves the robustness
and reliability of the file system.

Remote File Sharing

The Remote File Sharing (RFS) fea-
ture allows users to share files, data
and peripheral devices, such as tape
drivers and printers, transparently
across different computers on a
network.

Existing applications can be installed
and executed in an RFS environment
without any modifications and these
programs can accessremote files. The
full file system semantics, including
Named Pipes and File and Record
Locking, are preserved when access-
ing remote resources. File and Record
Locking preserves data integrity by
protecting files from simultaneous
access by two or more users.

Extensive administrative tools allow
each computer on the network to con-
trol the specific resources it makes
available for sharing as well as the
specific remote resources it makes
available to local users. Security fea-
tures are provided to enable a local
system to accept or deny access to
local resources on a per remote sys-
tem and per remote user basis.

Streams

The Streams mechanism provides net-
work protocol and media. indepen-
dence by allowing applications
software to be independent of the
underlying network. A change in the
transmission medium or protocoi can
be accommodated by substituting
Streams modules without modifying
the applications software. Streams
modules can be combined to perform
sophisticated network services and
the same modules can be used over
different media and in different net-
work architectures.
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In addition to modularity, Streams pro-
vides the following facilities:

(] Simple User Interface

] Buffer Management

[ Flow Control

[0 Scheduling of Streams Protocol

Modules

[ Efficient Message Passing

[J Multiplexing

O Error and Trace Loggers

The Streams mechanism is imple-
mented as an independent subsystem
which allows protocols implemented
using Streams primitives to be easily
ported or migrated. This allows pro-
tocols to be implemented in a way that
is independent of the underlying
machine architecture.

Transport Level Interface Library

The Transport Level Interface (TLI)
along with the Transport Provider
Interface (TPI) provide a specific
mechanism that allows a user to run
applications independent of the under-
lying network. An application written
using the TLI Library will work without
modification over any network imple-
mented according to the TPI
specification.

The traditional uucp commands have
been modified to use the TLI Library.
The changes make the uucp family
independent of the underlying network
and usable across all Streams-based
transport providers. This change elim-
inates the need for different file trans-
fer commands for different networks.

Communications and Network
Support

The SYSTEM V/68 Operating System
provides support for electronic mail,
communications and networking.
Electronic mail allows users to com-
municate with one another using the
system as a mail box or as a bulletin
board. The communications utilities

allow a SYSTEM V/68 user to com-
municate to mainframe computers.
The tools and utilities supported under
SYSTEM V/68 Release 3 include:

[0 uucp, UNIX-to-UNIX copy pro-
gram, is a utility used for com-
munication between UNIX
systems.

[0 cu is a utility used to call up
another UNIX system.

[J mail sends mail and reads mail
sent by users to other users
within a system.

[ interprocess functionality, includ-
ing shared memory, messages
and semaphores.

The data communications products
supported under SYSTEM V/68
Release 3 include:

[J 3274 SNA and BSC

[0 3776 SNA

[ RJE/HASP, 2780 and 3780

[J X.25 with TCP/IP

Networking support allows several
computers to be linked together, either
through dedicated links or by dial-up
connections. Ethernet Local Area Net-
working (LAN) support with XNS or
TCP/IP is provided by SYSTEM V/68.
So that the software can be easily
upgraded to other protocols, each
module corresponds to a specific layer
of the OSI interconnection model.

SOFTWARE DEVELOPMENT
TOOLS

Languages

Provided as an integral part of
SYSTEM V/68 are the C language
compiler, “cc” and the High Level C
Code Optimizer. The C language has
established itself as one of the most
popular and widely used commer-
cially supported programming lan-
guages, and produces portable
application software. The optimizeris
an added phase for the compilers
derived from the MC68000 Software

Generation System (SGS). It aids the
code generator to produce code
which results in 10% to 20% perfor-
mance improvements.

The SYSTEM V/68 Operating System
also provides support for the FOR-
TRAN language by including a FOR-
TRAN 77 compiler “f77,” a rational
(structured) FORTRAN preprocessor
“ratfor,” and an extended FORTRAN
language preprocessor “eft.”

Floating point support is also provided
for both the C and FORTRAN 77 com-
pilers. The MC68881 Coprocessor
provides the following features:

[ Eight general purpose floating
data registers, each supporting a
full 80-bit extended-precision
real data format.

[0 A 67-bit Arithmetic Logical Unit
to allow very fast calculations.

[0 A 67-bit barrel shifter for high-
speed shifting operations.

[J Fully conforms to IEEE P754
Standard (draft 10.0) plus a full
set of trigonometric and logarith-
mic functions.

[ Overlapped instruction execu-
tion enhances throughput while
maintaining the programmer's
model of sequential instruction
execution.

An MC68000 assembler, “as,” and a
linker/loader, “Id,” complements the C
and FORTRAN language compilers.

Specifically designed to make
software development easier, the
SYSTEM V/68 programming environ-
ment also provides a set of software
tools to aid in efficient and profes-
sional tuning and maintenance of
applications software. These tools
include the following:

[ cflow is a tool that generates a
C flow graph by analyzing a col-
lection of C, yacc, lex, assembler
and object files and builds a
graph charting the external
references.
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[0 sdb is a symbolic debugger.

[0 prof is a code profiler that pro-
vides, for external symbols, the
percentage of time spent
between a given symbol and the
next, together with the number of
times that functions are called.

[J size is a command that provides
section size information for the
text, data and bss (uninitialized
data) sections of the common
object files. The total size for the
module is also provided.

[ nm is a command that prints the
symbol table of each common
object file filename.

[0 aris the archive and library main-
tainer for portable archives.

[0 make is a tool to maintain,
update and regenerate pro-
grams; make only updates a
module if it depends on modules
that are newer than it.

(0 dump is a command that pro-
vides a dump of selected parts
of an object file.

[ lint is a checker for C programs. -

It attempts to detect features of
C programs that are likely to be
bugs, nonportable or wasteful.

[0 cbis a C program beautifier that
produces code with spacing and
indentation that displays the
structure of the code. cb “can-
onicalizes” the code to the style
of Kernighan and Richie.

[ cxrefis atool that analyzes a col-
lection of C files and builds a
cross reference table.

Programmer’s Workbench

The Programmer's Workbench is a
collection of tools that support the
development of large systems of soft-
ware in a professional and automatic
manner. In particular, this includes
Source Code Control System (SCCS)
which provides the facility to store,
update and retrieve all versions, past
and present of source code modules.

Text Processing

Support for text processing under the
SYSTEM V/68 Operating System is
provided by the inclusion of four edi-
tors: vi, ed, ex and sed. Ex and vi are
full screen editors, ed is a line editor
and sed is a non-interactive stream ori-
ented editor.

The vi and ex editors support a large
number of existing terminai types
through the use of the terminal data-
base “terminfo.” Additional entries to
terminfo can be added by the user to
support other terminals.

System Maintenance
Ram-Based Logical Disk allows

Release 3 to be booted from tape and
run with a memory-based file system

in order to repair a disk or install soft-
ware on an empty disk. This
enhancement allows use of selected
system utilities without the use of a
hard disk while preserving the stan-
dard SYSTEM V/68 user interface.
This capability is intended to facilitate
system maintenance and installation.

Backup and Restore Facility

The Backup and Restore Facility is
enhanced with a menu interface. This
facility provides attended full and
incrementat backups, scheduling of
unattended incremental backups,
selective backup/restore of directories,
files and sub-trees as well as selective
backup/restore of files owned by user.

Menu Interface

A menu-based interface package is
provided in SYSTEM V/68 Release 3.
This interface, designed to simplify
system administration functions, also
serves as a helpful front end for inter-
facing to SYSTEM V/68 utility pro-
grams. This facility allows command
lines to be built interactively and
teaches the user command options.
As such, this feature is useful for the
novice user and the experienced user
can utilize this facility to create and
modify menus as well.
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MICRO FOCUS LEVEL II COBOL

ENHANCED TECHNOLOGY™

HIGHLIGHTS

[0 GSA certified to the Federal
High Level COBOL Standard

[0 Super-high performance
execution

[0 Powerful file handling

[J Program performance analysis
[J Optimized memory utilization
[J Powerful development tools

GENERAL DESCRIPTION

The Micro Focus LEVEL Il COBOL
Enhanced Technology™ compiler
allows large existing ANSI '74 COBOL
applications written for minicomputers
and mainframes to be transferred to
VME Series 20™ computer systems
with minimal code modification. It uses
advanced code generation techniques
which lead to very high execution
speeds, permitting the VME Series 20
computer system to equal the perfor-
mance of a VAX® computer running
COBOL. Complementing the LEVEL Il
ET compiler is a set of development
tools, namely, the ANIMATOR™
debugging facility, the FORMS-2™
forms generator and UPGRADE-3™, a
RM/COBOL® to LEVEL Il ET source
code conversion utility.

The Micro Focus LEVEL Il COBOL ET
compiler meets the Federal High Level
ANSI '74 COBOL Standard (with zero
error established) by the U.S. Govern-
ment General Services Administration
(GSA) and also conforms to the
COBOL standard defined by the

X/OPEN Group of European Com-
puter Manufacturers.

For appliv-ation developers, Micro
Focus LE'/EL Il COBOL ET permits
COBOL application programs written
for most mainframe and minicompu-
ters to be ported onto the VME Series
20 computer systems operating under
the SYSTEM V/68™ Operating Sys-
tem. (The SYSTEM V/68 Operating
System is derived from AT&T's UNIX®
System V.) The available application
software consists not only of the large
base of LEVEL Il COBOL applications,
but also other COBOLs such as RM/
COBOL. Additionally, the LEVEL I
COBOL ET application development
environment increases programming
productivity by allowing programmers
to create, modify and maintain more
applications faster and with greater
quality than otherwise possible. The
fast compile speed of the LEVEL Il
COBOL ET package reduces the time
spent during the debugging cycle
because the programmer typically
needs to compile several times in
order to stabilize the program. This

allows VME Series 20 computer sys-
tems to be used as cost-effective,
highly productive application devel-
opment and maintenance stations at
data processing mainframe
installations.

For end-users, Micro Focus LEVEL Il
COBOL ET provides access to a wide
range of existing application packages
written in LEVEL |l COBOL. This per-
mits the VME Series 20 computer sys-
tems to be employed as departmental
systems using the existing suite of
mainframe COBOL application
programs.

DESCRIPTION

The Micro Focus LEVEL Il COBOL ET
Compiler supports all the features
included in the Federal High Level
Standard and contains extensions to
complement and take advantage of
the interactive benefits and capabilities
of the VME Series 20 computer sys-
tems operating under the SYSTEM V/
68 Operating System. Significant attri-
butes include:
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GSA High Level Conformity

With zero error, the LEVEL Il COBOL
ET compiler meets ANSI X3.23 1974
COBOL to the Federal High Level, the
highest level of COBOL implementa-
tion defined by the U.S. Government.

The GSA test consists of 225,000 lines
of COBOL program source code that
comprises 5,500 different tests
designed to ensure that the standard
is followed absolutely. This compiler is
the only UNIX based system COBOL
compiler to have passed these tests
with zero error.

Enhanced Interactive Screen
Handling

Extensions beyond ANSI '74 COBOL
to the ACCEPT and DISPLAY verbs
facilitate more flexible user-configura-
ble screen handling. Extensions
include cursor addressing, protected
fields, automatic zero suppression,
calculator style input with function key
handling and highlighting, data verifi-
cation and cursor position detection.
The extensions enhance the ANSI
standard to allow COBOL program-
mers to handle screen Input/Output.

File Support

Four file formats are supported by the
compiler: Relative, Sequential, Line
Sequential and Indexed Sequential.

Relative files allow random and se-

quential access to records in a mass
storage file. Each record in a relative
file is identified by an integer value
greater than zero which specifies the
record’s position in the file.

Sequential and Line Sequential files
allow records to be accessed sequen-
tially in the order they were written. The
Line Sequential structure is an exten-
sion to ANSI| '74 COBOL which allows
for reading files created by a text
editor.

Line Advancing is a feature that allows
the user to create files for printing.
These files have the necessary control
characters to print on a standard
printer.

Indexed Sequential file handling is
implemented through a fast B-tree
structure that is self-balancing. It
allows use of alternate keys with dupli-
cates. Records can be accessed ran-
domly or sequentially. Each record in
an indexed file is uniquely identified by
the value of one key within the record,
and can have up to 63 alternate keys.
A data record and its key can be
deleted from a file. Its space in the
index and data files is then made avail-
able for another record to be added.
The maximum file size can be up to 1
Gbyte, limited only by the disk size.
Index key length extends to 120 bytes,
and the maximum record length is
8191 bytes. The file handling facility
allows data files to expand as required

by the application. This ensures that
disk space is used efficiently.

Cross Reference Listing

The Micro Focus LEVEL Il COBOL ET
compiler's cross reference facility pro-
vides users and programmers with an
additional compiler listing to aid
debugging.

Large Program Size Allowed

A LEVEL 1l COBOL ET program can
include muitiple segmented proce-
dural code of 16 Mbytes per segment
(up to 800 Mbytes of code). In addition,
the programmer can arrange to
dynamically load as many as 100 pro-
grams (segmented and/or non-seg-
mented). There are virtually no {imi-
tations on the table size, an
addressable data item can be as large
as 256 Mbytes.

Enhanced Multi-User Support

Multi-user support is available with the
C-ISAM® package which allows file
sharing and record locking for indexed
files. The LEVEL Il COBOL ET com-
munication module is fully imple-
mented to the GSA standard. The
LEVEL Il ET compiler also supports
file locking for sequential, relative and
line sequential files and record locking
for sequential and relative files.
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Runtime Specification of File
Names

The LEVEL Il COBOL ET package
allows programmers and users to
specify external file names, program
names and UNIX pipes dynamically at
run time. For example, the printer
spooler can be specified directly.

Fast Compilation

The LEVEL Il COBOL ET compiler
produces intermediate code from the
programmer’s source in a single pass.
This allows very fast compilation, typ-
ically more than 1000 lines per minute.
Testing and debugging is carried out
using this intermediate code, thus
keeping the development cycle as
short as possible. Finally, when the
code is fully debugged the intermedi-
ate code is converted to machine code
just once using the appropriate native
code generator.

Optimized Memory Utilization

Optimized memory utilization elimi-
nates the need for each user to have
a copy of the development software in
memory. This capability frees valuable
memory space, thereby increasing
system performance.

Performance Analysis Tool

A programmer may use a compiler
directive that allows the creation of a
file dynamically at runtime which will

contain statistical data reflecting the
overall usage of a paragraph and/or
section. This data can be accessed by
an analysis utility to provide specific
area(s) that may be enhanced to
increase the speed and performance
of the application.

Full UNIX Support

LEVEL Il COBOL ET supports all SYS-
TEM V/68 Operating System features
including terminal handling, directory
handling, CALLs to C subroutines,
UNIX utilities, programs in other pro-
gramming languages, file handling,
performance analysis and dynamic
memory capability.

Source Maintenance Flexibility

Source code can be kept in other var-
iations of COBOL, such as RM/
COBOL and passed through a very
fast pre-processor-during every pro-
gram compilation, or the program can
be converted a single time to Micro
Focus LEVEL Il COBOL ET source
code by using the pre-processor as a
converter. This gives the application
programmer the option of keeping and
maintaining the source code in either
dialect of COBOL.

Powerful Development Tools

Complementing the LEVEL || COBOL
ET compiler is a powerful set of
(optional) development tools: the ANI-
MATOR source code level program

analysis and debugging tool to help
debug and maintain programs and the
FORMS-2 source code generator
which automates the writing of inter-
active screen display programs.

ANIMATOR allows direct observation
and control of a program’s execution,
statement by statement at the source
code level. In addition, it allows the
programmer, at any point during the
run, to “break in” and halt the execu-
tion of the program. Access is then pro-
vided to a main menu of commands
that allow interrogation and modifica-
tion of data values, alteration of the
control flow, replay of any part of an
execution, “‘what-if’ analysis and
many other program analysis and
debugging capabilities. The ANIMA-
TOR software speeds up the debug-
ging process of new programs, but it
also makes it easier to understand and
maintain existing programs.

The FORMS-2 generator is a powerful
visual programming tool designed to
speed the creation of interactive
screen handling programs. The
FORMS-2 product is extremely user-
friendly. It allows the programmer to
use the keyboard to “paint” a form
directly on the screen, exactly as it will
appear to the user at runtime. The
FORMS-2 software then automatically
generates the COBOL source code to
handle the screen.
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SPECIFICATIONS
Verbs
ACCEPT —AT
—FROM CRT
—FROM CONSOLE
ADD —
—GIVING
—CORRESPONDING
ALTER
CALL —USING
CANCEL
CLOSE
COMPUTER
copry —_
—REPLACING
DELETE
DISABLE
DISPLAY —AT
—UPON CRT
—UPON CONSOLE
DIVIDE —INTO
—ROUNDED
—BY
—REMAINDER
ENABLE
ENTER
EXIT —
—PROGRAM
GO —T0
—DEPENDING
IF —AND/OR
—ELSE
—NEXT SEQUENCE
INSPECT —TALLYING
—REPLACING
—TALLYING/REPLACING
MERGE —ASCENDING
—DESCENDING
MOVE —
—CORRESPONDING
MULTIPLY
OPEN —INPUT
—OUTPUT
—I-0
—EXTEND

PERFORM —THROUGH
—THROUGH TIMES
—THROUGH UNTIL
—THROUGH VARYING

READ —INTO
—NEXT

RECEIVE

RELEASE

RETURN

REWRITE

SEARCH —VARYING
—ALL

SEND

SET —TO
—UP BY
—DOWN BY

SORT —ASCENDING
~—DESCENDING

STOP

STRING

SUBTRACT  —FROM ROUNDED
—FROM GIVING

UNSTRING

USE —AFTER
—DEBUGGING

PROCEDURE

—DEBUGGING DATA

WRITE —~FROM
—BEFORE
—AFTER

File Types

Relative
Sequential

Line Sequential
Indexed Sequential

Access Mode
Dynamic
Random
Sequential

Conditions
ALPHABETIC
AND/OR
EQUAL

GREATER/LESS
NOT

NUMERIC
POSITIVE/NEGATIVE
ZERO

DOCUMENTATION

The following manuals form the
documentation set for the Micro
Focus LEVEL Il COBOL Enhanced
Technology product:

Language Reference Manual
LEVEL |l COBOL ET Operating
Guide

Getting Started Manual
ANIMATOR Operating Guide
(Optional)

FORMS-2 Operating Guide
(Optional)

The Error Message Manual

The UPGRADE-3 Operating Guide
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SNA AND BSC

COMMUNICATION PRODUCTS

HIGHLIGHTS

[0 3274 SNA Interactive
[J 3770 SNA RJE

[0 3274 BSC Interactive
[J 2780 RJE

[0 3780 RJE

{0 HASP RJE

-
=

e

—

i

1L
QJ
1BM HOST

SNA/BSC

T

PRINTER

"~ VME
SERIES 20

GENERAL DESCRIPTION

The VME Series 20 supports a broad
offering of System Network Architec-
ture (SNA) and Binary Synchronous
(BSC) communication facilities which
run with the SYSTEM V/68™ Opera-
tion System. Both interactive and
batch protocol products are supported
on the Series 20. All protocol products
are supported by an Intelligent Com-
munications Controller which uses a
Motorola 68010 microprocessor and
features 512K bytes of dynamic RAM
to offioad the main system application
processor from supporting the com-
munication protocol.

3274 SNA Description

The 3274 SNA product provides for
3274 type commands, orders, field
and character attributes, attentions,
control characters and address
sequences. - The following IBM 3274
devices are emulated:

[0 3274 Model 51C Control Unit

[0 3278 Model 2 and 5 Display
Stations

[J 3287 Model 2 Printer (DCS and
SCS modes)

[1J 3279 Models 2A and 2B Display
Stations

Attributes of the IBM 3278 Model 2 Dis-
play Station are supported. These
include protect, non-display, high
intensity and numeric. Attributes for
extended highlighting and extended
color are also supported. The work-
stations display 24 lines with 80 char-
acters per line or 27 lines with 132
characters per line.

3274 SNA Features

EBCDIC character set

Leased and dial line support
1200-9600 bps over half-duplex
facilities

24 Programmable Function (PF)
codes

User Menu

Multiple sessions on each
terminal

System status line

CcOo o odo

O
3770 SNA Description

The 3770 SNA RJE product enables
the user to transfer batch data to and
from an IBM SNA host. The system

supports unattended operation for the
transfer of files. The user is provided
with system status capability. For
example, record counts may be dis-
played on the terminal. Card reader
files and console keyboard input data
are accepted. Output device files
include printer and card punch files.

3770 Features

0 Compatibility with IBM 3776 or
3777 Model 3 or 4, SNA MLU
(Multiple Logic Unit devices)

[J Unattended operation

[J Leased or switched line support

O Up to 9600 bps, half-duplex

[J Console support

[0 Space compression and ex-
pansion

[3 Transparency

[0 Decompaction of host to terminal
data streams

[0 Spooled and direct print capa-
bilities

3274 BSC Description
The 3274 Binary Synchronous Com-
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munications program emulates the
3274 BSC system. It provides support
for 3274 type commands, orders, field
and character attributes, attentions,
control characters and address
sequences. The following 1BM 3274
devices are emulated:

[0 3274 Model 51C Control unit

[0 3278 Model 2 and 5 Display
Stations

[J 3287 Model 2 Printer

[0 3279 Model 2A and Model 2B
Display Stations

Attributes of the IBM 3278/3279 Dis-
play Stations are supported. These
include protect, non-display, high
intensity and numeric. Attributes for
extended highlighting and extended
color are also supported. The work-
stations display 24 lines with 80 char-
acters per line or 27 lines with 132
characters per line.

3274 BSC Features

[] Leased and dial-up line support

[J 1200-9600 bps over half-dupiex
facilities

[J EBCDIC character sets

[J 24 Programmable Function (PF)

codes

[J System status line

[0 User Menu

[ Multiple sessions on each
terminal

2780/3780/HASP RJE Description

These batch transmission products
enable the user to communicate to
another system or to a host computer
using standard IBM 2780/3780/HASP
RJE protocols. A range of printers is
available to support hard copy output.
Unattended operation allows the sys-
tem to send and receive files without
operator intervention. Leased or dial-
up capability supports from 1200 bps
to 9600 bps over half-duplex, leased
or private (non-switched) lines and
from 1200 bps to 4800 bps over half-
duplex dial (switched) lines.

The 3780/HASP space compression
and expansion features are supported.
Consecutive spaces are compressed
from the data prior to transmission and
consecutive spaces are inserted as
data is received.

Transparency allows any eight-bit data
configuration to be sent or received.
This enables object code and binary
files to be transmitted to another
system.

2780/3780/HASP RJE Features

[J 1/O devices include card reader.
card punch and printer files

[0 Unattended operation (auto
answer and auto disconnect)

[J Leased and switched line sup-
port (1200—9600 bps)

[ Space compression and expan-
sion (3780 and HASP)

[0 Transparency

O Point-to-point configuration

[J Console support
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8-PORT SERIAL CONTROLLER

HIGHLIGHTS

[ Eight Asynchronous RS-232-C
Ports

O Up to 4 Controllers per System
O Up to 19,200 bps on all Ports
O
O

10 MHz MC68010
Microprocessor

VMEbus Compatible with
Double-high Eurocard Form
Factor

O

Buffered Pipe Communications
Protocol

[ Driver for Motorola SYSTEM
V/68 Operating System
Available

o0, .
CONTR Ol
smmm ‘"‘E"""" a0 smus PROCESSCR

‘VMERUS AND 10 CONNECTOR

VMEDUS CONNECTOR

GENERAL DESCRIPTION

The 8-Port Serial Controller provides
the VME Series 20 with an eight chan-
nel asynchronous interface between
its VMEbus and serial peripheral
devices. Built around a MC68010
microprocessor, the controller im-
proves the speed of data transfer and
off-loads the system’s central proces-
sor from serial communications con-
trolling tasks. It handies 1/O related
functions without having to interact
with the central processor, thereby
increasing overall system perfor-
mance.

Each serial port can operate individ-
ually at speeds up to 19,200 bps.

Typical applications for the 8-Port
Serial Controller include connections
to asynchronous devices such as ter-
minals, printers and modems.

HARDWARE OVERVIEW

Controller Microprocessor and
Memory

A powerful MC68010 running at 10
MHz is the microprocessor on the con-
troller. This processor controls all con-
nected devices through local data,
address and control buses.

Local memory inciudes 32Kb of
EPROM and 128Kb of dynamic RAM.
The EPROMs contain the firmware
resident ICC program that is copied to
and executed from RAM after power-
up reset. The RAM also holds the inter-
mediate /O data to be processed and
transferred.

VMEDbus Interface

The MC68010 microprocessor
accesses VME system memory

through a VMEbus master interface
with software selectable address mod-
ifier codes. VMEbus is the leading
32-bit industry standard bus. This
important fact gives systems integra-
tors and OEMs the flexibility to build
high performance systems for many
different types of applications.

Peripheral Interface

Four serial communication controliers
are utilized, each providing two inde-
pendent channels. These controllers
perform the peripheral data transfer
and data link controi functions at the
hardware level. Port speeds, ranging
from 50 to 19,200 bps, as well as data
characteristics and control functions
are all software selectable.

Timers

The Serial Controller has a time-slice
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generator, which is a programmable
counter that generates periodic inter-
rupts to the local microprocessor. Con-
troller firmware requires these inter-
rupts for its time-slice based executive
concept.

The watchdog timer is a free running
counter which is periodically reset by
the executive. Should the executive
lose control, the watchdog counter will
time out and turn on the FAIL LED on
the board.

SOFTWARE OVERVIEW

The 8-Port Serial Controller has ded-
icated firmware in local ROM for con-
trolling eight asynchronous communi-
cations channels, each with individual
character processing and control
functions.

The controller has a standard I/O inde-
pendent interface. It receives macro
commands through a pipeline struc-
ture in system memory, which is
shared by the VME Series main pro-
cessor and the Serial Controller. The

Serial Controller resident firmware pro-
gram interprets and executes macro
commands, and returns status mes-
sages through the second pipeline
after completion. The transfer of com-
mands and status messages follow
Motorola’s Buffered Pipe Protocol for
interprocessor communications.

Character processing during input is
controlied via three user tables, the
Receive Translation Table (RTT), the
Immediate Receive Action Table
(IRAT) and the Receive Action Table
(RAT).

The equivalent tables for output are
the Write Action Table (WAT), Trans-
mit Action Table (TAT) and the Trans-
mit Translation Table (TTT).

RTT and TTT can be used to translate
from one standard to another, and from
lowercase to uppercase. The transla-
tion tables can also be used to accom-
modate keyboards encoded in differ-
ent languages.

Serial Controller firmware also con-

tains self-test routines, which are exe-
cuted after system reset, as well as
diagnostics.

Driver support for Motorola’s System
V/68 operating system (an enhanced
version of AT&T’s Unix System V) is
available.

SPECIFICATIONS

8-PORT SERIAL CONTROLLER

Up to 4 Controllers per system

8 asynchronous RS-232-C ports

10 MHz MC68010 microprocessor

128Kb RAM

32Kb ROM

Port Selectable:
50 to 19,200 bps
1, 1.5 or 2 stop bits
5 to 8 data bits
QOdd, even or no parity
DTR, DSR, RTS, CTS and DCD control
functions

Buffered Pipe Protocol (BPP) for communications

ENVIRONMENTAL

Power Requirements: +5 Vdc (£5%); 2.6 A (typ),
3.2 A (max)

Operating Temperature: 0° to 55°C

Non-Operating Temperature: —40° to 100°C
Relative Humidity: 0% to 90% (non-condensing)

PHYSICAL
Height: 9.2 in. (233 mm)
Depth: 6.3 in. (160 mm)
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ETHERNET LAN CONTROLLER

HIGHLIGHTS

Ethernet, Version 2.0
Compatible

Conforms to IEEE 802.3 LAN
Standard

Performance Up to 10 Mbits per
Second

10 MHz MC68000
Microprocessor

512Kb RAM memory
32Kb EPROM

Buffered Pipe Communications
Protocol

VMEbus Compatibie with
Double-High Eurocard Form
Factor

o ooo o o o o

NODE MC68000
ADDRESS MPU
PROM 10 MHz

512K
DYNAMIC RAM +
PARITY AND NO
WAIT STATES

SYSTEM CONTROL
DECODE

CLOCK
INTERRUPT

EPROM
2 SOCKETS

&
o
XCVR
CONNECTOR

O

LANCE SIA

PROGRAMMABLE
OG"MERAB [—— MPU INTERRUPT

VMEbus INTERFACE
P1 BI-DIRECTIONAL
MAPPED ACCESS

L

VMEbus

GENERAL DESCRIPTION

The Ethernet LAN controller is an
advanced communications processor,
which gives the VME Series 20 family
of computer systems interface capa-
bilities to a high performance Ethernet
local area network. It conforms to the
IEEE 802.3 local area network speci-
fication CSMA/CD and VMEbus indus-
try standards. The controlier is also
fully supported by Motorola’s SYSTEM
V/68 operating system (an enhanced
version of AT&T's Unix System V).

The LAN controller helps to free the
VME Series 20 CPU from a signifi-
cant protocol burden by means of a
double-high Eurocard design, incor-
porating an MC68000 microproces-

sor and a VLSI Lance Controller.
Data transfer across the physical
VMEDbus interface between host and
LAN module is accomplished using a
shared memory interface.

HARDWARE OVERVIEW

Controller Microprocessor and
Memory

The 10 MHz MC68000 microprocessor
is responsible for moving commands
and data to and from system memory,
and responding to and generating
VMEbus interrupts. Other functions
include executing the network and
transport XNS layers, providing timer
functions and controlling the LANCE in
its execution of the data link protocol.

The Ethernet LAN controller has
512Kb of dynamic RAM with parity.
The memory is accessible from the
VMEbus, LANCE and the MC68000
MPU.

For use by protocol processing soft-
ware, the Ethernet LAN controller has
a timer, which causes the on-board
MPU to be interrupted every 2 ms.

Local Area Network Controller For
Ethernet (LANCE)

The LANCE is a VLSI device used for
interfacing the microprocessor system
to the Ethernet local area network. It
is designed to operate in an environ-
ment comprising local memory and the
microprocessor. Memory serves as
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the communication link between the
microprocessor and the LANCE, and
as a buffer for the Ethernet packets.

LANCE operates at a 10 Mbit per sec-
ond data rate and is MC68000 com-
patible. Some of its specific features
include a 16-bit data bus, a multiplexed
address/data bus, a DMA controller
with 24-bit addressing, and a 48-byte
data buffer. The 48-byte data buffer
reduces the initial response time so
that once DMA is initiated between
LANCE and local memory, an average
of one word is transferred each 1.6
microseconds.

It also features diagnostic aids, three
modes of destination address com-
parison, executes a CSMA/CD net-
work access algorithm and provides
extensive error reporting.

Individual packet errors reported by
LANCE include CRC error, framing
error, and overflow and underflow.

VMEDbus Interface

The Ethernet LAN controlier’s inter-
face is today's leading 32-bit bus
standard, the VMEbus. Along with
the double-high Eurocard form factor,
the VMEbus interface allows the LAN
Controller to be an important part of
the VME Series 20’s modularity. This
modularity offers both systems inte-
grators and OEMs a high perfor-
mance Ethernet LAN Controller that
will meet both present and future
needs.

SOFTWARE OVERVIEW

The Ethernet LAN Controlier is sup-
plied with VME Series 20 specific soft-
ware and firmware. The software sup-
ports the Motorola SYSTEM V/68

operating system, and provides a com-
munications executive kernel which
controls the LANCE hardware.

The software is highly modularized,
and supports OSI's 7-layer intercon-
nection model. Transfer of commands
and status messages follow the Moto-
rola standard Buffered Pipe Protocol
(BPP).

SYSTEM V/68 Drivers

Device drivers running under the
Motorola SYSTEM V/68 operating sys-
tem are also provided. For further flex-
ibility and ease of use, the bus inter-
face between the host system and the
LAN controller utilizes a shared mem-
ory protocol.

Communications Executive Kernel

The LAN controller kernel performs all
functions required for controlling and
monitoring the LAN controller hard-
ware. Kernel functions include man-
aging LANCE status registers and
LANCE controlled message descriptor
rings, performing timer functions, and
managing interrupts and retrieving
LANCE generated statistics.

The communications executive exe-
cutes on the LAN controller micropro-
cessor to supervise the LANCE chip
in its processing of XNS. A VLSI Serial
Input/Output Adapter provides Man-
chester encoding/decoding for the Eth-
ernet interface.

Protocols for Higher Layer
Software

XNS implementation is featured as
higher layer software support for the
LAN controller. The following XNS pro-
tocols are included:

[ Internetwork Datagram Protocol
— formats internet packets and
performs internet addressing
and routing.

[0 Transport Layer Protocol — res-
ident protocol that handles echo,
error, sequenced packet, packet
exchange and routing infor-
mation.

Self Tests and Diagnostics

Upon power up or system reset, the -
Ethernet LAN Controller executes a
series of ROM-based self tests to
determine that the controller is func-
tioning properly. Tests include a
LANCE register and loopback test, a
microprocessor test,a memory test for
the dynamic memory, an EPROM
checksum test and astatus and control
register test.

SPECIFICATIONS

LAN Ci and

Ethernet, Version 2.0 Compatible

Conforms to IEEE 802.3 (CSMA/CD) LAN Standard
Buffered Pipe Protoco! (BPP) for Communications

Performance
Up to 10 Mbits per second

Microprocessor
10 MHz MC68000

Connectors
VMEbus: DN#41612C96
Ethernet Transceiver Port Cable: AMP745094-1

Power Requirements
3.8 A +5Vdc £5%
0.6 A +12Vc *5%
0.1 A@@ —12Vdec 5%

Environmental Tolerance

Operating Temperature: 5°C to 50°C

Storage Temperature: —40°C to 85°C
Humidity Range: 0% to 95% (Non-Condensing)

Mechanical Specifications
Height x Depth (board): 9.2" (234mm) x 6.3"

(160mm)
Height x Width (front panel): 10.3" (262mm) x 0.79"
(20mm)

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS

1-21




@ MOTOROLA

PBC108

N / ME Delta Series

INTELLIGENT COMMUNICATIONS

CONTROLLER

HIGHLIGHTS

(0 Six Synchronous/
Asynchronous
Communications Ports

[J SDLC, HDLC, and BSC Protocol
Support

CJ Up to 2 Controllers per System

0 10 MHz MC68010
Microprocessor

O 512Kb Dynamic RAM, 128Kb
ROM

0 Buffered Pipe Communications
Protocol

[0 VMEbus Compatible with
Double-High Eurocard Form
Factor
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GENERAL DESCRIPTION

The Intelligent Communications Con-
troller supports SDLC, HDLC and BSC
and is designed for use in the high per-
formance VME Series 20 family of
computer systems. As an intelligent
controller, it can handle {/O related
functions locally, thus relieving the
applications processor of the serial
communications control functions
often required in networking
applications.

The Intelligent Communications Con-
troller features control and interfaces
for six high performance, asynchron-
ous or synchronous serial ports, with
a four channel DMA controller. Each
serial port is port selectable and can
operate from 50 to 19,200 bps.

Based on a high performance
MC68010 microprocessor with 512Kb
of RAM memory, the Intelligent Com-

munications Processor has a double-
high Eurocard form factor, making it a
highly flexible controller for many types
of applications.

HARDWARE OVERVIEW

Communication Transition
Modules

Any of the six serial channels can be
individually configured for RS-232-C
operation using Communication Tran-
sition Modules. Each serial port can be
configured independently as data cir-
cuit terminating equipment (DCE) or
as data terminal equipment (DTE) by
means of jumpers on the transition
module.

Communications Processor and
Memory

The main processing unit on the intel-
ligent Communications Controller is a

10 MHz, MC68010 microprocessor. It
has 8 32-bit registers with a 24-bit
address bus and a 16-bit data bus.

The communications processor has
512Kb of RAM memory and 128Kb of
ROM memory. Data is written and read
from RAM without MPU or DMAC wait
states. The generation and checking
of byte parity is performed automati--
cally during RAM accesses and a
detected parity error causes interrupts
to the communications processor.
Refresh of the dynamic RAM is auto-
matic with local arbitration logic con-
trolling the access/refresh cycles.

VMEbus Interface

The Intelligent Communications Con-
troller supports the leading industry
standard VMEbus. By doing so, it rep-
resents a high performance controlier
for integrators and OEMs who offer the
VME Series 20 family of systems.
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Transfer of commands and status
messages follow the Motorola stan-
dard Buffered Pipe Protocol for inter-
processor communications.

Two access modes are provided. The
window addressing mode, in which a
4Mb local address map is used as a
window to the VMEbus; and the alter-
nate addressing mode, in which an
address extension register is used to
obtain mapping of a contiguous 16Mb
address space.

Peripheral Interface

Four ports can be configured for DMA
data transfer offering four half duplex
or two full duplex DMA channels to the
VMEbus. Under local 'DMA -control,
data can be transferred between sys-
tem and local memory; between sys-
tem memory and devices on the serial
channel; and between local memory
and devices on the serial channel.

Transfer of both bit and byte data is
supported, and each port can be pro-
grammed for a number of different syn-
chronization modes. Both monosyn-
chronous and bisynchronous modes,
with or without CRC generation and
checking, can be used for byte data
transfer.

The SDLC and HDLC protocol with
automatic CRC generation and check-
ing can be used for the transfer of bit
data. An underrun causes generation
of an interrupt to the communications
processor.

For the synchronous transfer of byte
or bit data, odd, even or no parity may
be programmed and NRZ, NRZI or FM
coding may be selected.

When asynchronous data transfer is
desired, the following parameters can
be programmed: 50 to 19,200 bps
baud rates; odd, even or no parity; 1,
1.5, or 2 stop bits; 5 to 8 bit character
lengths; and NRZ, NRZI or FM data
encoding.

SOFTWARE OVERVIEW

The Intelligent Communications Con-
trolier supports 2780/3780 BSC, 3274
SNA, 3770 SNA, 3274 BSC, and Hasp
BSC communication protocols.

The controller also has power up self-
test and internal diagnostic capa-
bilities.

SPECIFICATIONS

INTELLIGENT COMMUNICATIONS CONTROLLER
Up to 2 controllers per system
6 synchronous/asynchronous communications
ports
10 MHz MC68010 microprocessor
512Kb RAM
128Kb ROM
SDLC, HDLC and BSC protocol support
Port selectable:
50 to 19,200 bps
1, 1.5, 2 stop bits
5 to 8 data bits
Odd, even or no parity
NRZ, NRZ! or FM encoding
Buffered Pipe Protocol (BPP) for communications

ENVIRONMENTAL

Power Requirements: +5 Vdc (+5%); 3.8 A (typ),
4.4 A (max)

Operating Temperature: 0° to 55°C inlet air, forced air
cooling

Storage Temperature: —40° to 100°C

Relative Humidity: 0% to 90% (non-condensing)

PHYSICAL

Form Factor: Double-High Eurocard VME board with
front pane!

Board Dimensions

Height: 9.17 in. (233 mm)

Depth: 6.3 in. (160 mm)

Front Panel Dimensions

Height: 10.3 in. (262 mm)

Width: 0.79 in. (20 mm)
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SMD DISK SUBSYSTEM

HIGHLIGHTS

[J 337 MB to 1,348 MB of
unformatted storage capacity

[0 20 milliseconds average
positioning time

[ Low acoustical noise level

[J Drive MTBF of over 20,000
hours

[0 MC68000 based intelligent
controller

[0 Zero-latency reads and writes

[ 1:1 interleave over multiple
cylinder

[0 Data rates up to 24 Mbits per
second

GENERAL DESCRIPTION

The SMD Disk Subsystem includes:
] SMD disk drive
[ SMD controlier
[J SMD Subsystem Enclosure

SMD Disk Drive

The SMD 8" disk drive provides 337
MB of unformatted storage capacity in
a compact module. The average posi-
tioning time of 20 milliseconds and the
data transfer rate of 2.458 megabytes
per second combine to maximize data
throughput and system efficiency. A
high speed version of the industry
standard SMD interface is provided as
part of the on-board electronics.

The SMD disk drive is highly reliable.
This high reliability is assured by pro-
viding a contamination-free environ-
ment. Advanced Winchester technol-
ogy simplifies the disk mechanism,
and the head IC prevents read errors

caused by external electrical noise.
With these features, the SMD disk
drive assures a mean-time-between-
failures (MTBF) exceeding 20,000
power-on hours.

One or two disk drives can be config-
ured in one enclosure for a total capac-
ity of 674 MB. The VME Series 20 sup-
ports two SMD Disk Subsystems with
four drives for a capacity of 1,348 MB
using two controllers.

SMD Controller

The SMD controller supports the fol-
lowing important features:

[0 Virtual Buffer Architecture with
on-board MC68000 processor

[0 Supports up to two SMD disk
drives

O Ultra high-speed DMA with bus
throttling

[J On-board 32-bit ECC

[0 Scatter/Gather commands

The SMD controller is a powerful and
intelligent controller with data rates
up to 24 Mbits/sec. It utilizes. the
power of the Motorola MC68000
microprocessor.

The Virtual Buffer Architecture is the
key to zero-latency operation. This
important feature maximizes data
transfer and reduces disk latencies.
Memory overruns and underruns often
found in less sophisticated FIFO-
designs are eliminated. Using a large
pool of dynamically allocated buffers,
data is read as soon as the head lands
on the track and then immediately
transfers all sectors of interest regard-
less of their order on disk. This process
never takes more than a single disk
revolution to transfer an entire track of
data.

The number of interrupts the host must
process and the amount of /O it must
perform to accomplish each transac-
tion is minimized. This frees the host
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processor and the system bus for other
activity.

By operating the DMA at a high speed
once it is on the bus, the SMD con-
troller preserves bus bandwidth. Thus,
it minimizes the time required for each
transaction thereby preserving the bus
bandwidth for other system activity.

Another advantage of the virtual buffer
design is that after requested sectors
are read and transferred, the SMD

DRIVE SPECIFICATIONS

Storage Capacity (unformatted): 337.10 megabytes
Storage Capacity (formatted): 269 megabytes
Disks (8-inch): 6
Heads: Read/write: 10

Servo: 1
Track capacity (unformatted): 40,960 bytes
Tracks per cylinder: 10
Cylinders: 823
Sectors (fixed): 2 or more (Max. 128)
Positioning Time: Track-to-track: 5 milliseconds

Average: 20 milliseconds
Maximum: 40 milliseconds

Average latency time: 8.3 milliseconds
Rotational speed: 3,600 rotations/minute
Recording density: 19,734 bits/inch
Track density: 683 tracks/inch
Data transfer rate: 2,458 megabytes/second
Recording code: RLL (2/7)
Interface code: NRZ
Interface: HSMD

controller will continue to read and
cache sectors. When subsequent
requests from the host are made for
that data, it is transferred from cache
without disk access.

SMD Subsystem Enclosure

The enclosure is identical in appear-
ance as the VME Series 20 system
enclosure except for the filler and opetr-
ator panels. The drives are cooled by
fans that provide low operating tem-

PHYSICAL SPECIFICATIONS

peratures which extend the life of the
drives.

Each drive is housed in a subassem-
bly. The drive subassembly slides in
and out of the enclosure. The drive can
be functionally tested and inspected
when slid out the front of the enclosure
while still protected in its subassembly.

The operator panel provides indicators
for power, ready, and fault for each
drive.

Height:  25.6 in. (65.0 cm)
Width: 125 in. (31.8 cm)
Depth:  28.0in. {(71.1 cm)
Weight: 135 ibs. (61 kg) Fully loaded

ENVIRONMENTAL AND SAFETY SPECIFICATIONS

Safety

Meets UL 478 (EDP) and 114 {Office Equipment)
Meets CSA 154 (EDP) and 143 (Office Equipment)
Meets VDE 0806/8.81 (Office Equipment)

Meets |IEC 380 (Office Equipment)

Emissions
Meets VDE 0871/6.78, Class A

Meets FCC Part 15, sub-part J, Class A

ESD

5,000 Volts:
12,000 Volts:
24,000 Volts:

Altitude

No observable effect
No operator perceived errors
No permanent equipment damage

Head positioning method: Servo-controiled track-following
Start time: 50 seconds (nominal)
Stop time: Less than 40 seconds
Mean-time-between failures (MTBF): More than 20,000 power-on hours
Error rates: Recoverable Errors: 10 per 10" bits read
Unrecoverable Errors: 10 per 10'* bits read
Seek Errors: 10 per 10° seeks

Operating: 10,000 feet ASL
Non-Operating: 30,000 feet ASL

Acoustic Noise Level
55 dBA maximum

Temperature
Operating: 5°C to 40°C
Non-Operating: —40°C to 60°C

Relative Humidity

Operating: 10% to 80% RH, non-condensing
Non-Operating: 10% to 90% RH, non-condensing
Shock

Operating: 5g

Non-Operating: 15g

Transportation

Packaging and shipping containers and procedures comply with the current NSTA
preship test procedures.

Shipping Container
Height: 34.5" (87.6 cm)
Width:  22.5” (57.2 cm)
Length: 41.0" (104.1 cm)
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MODEL 2616 COMPUTER SYSTEM

HIGHLIGHTS

7 Motorola MC68020 processing power
12-slot VME compatible enclosure

2 to 12 Mb of main memory

60 Mb streaming tape
Software compliant with

Oo0ooogog

System V Interface Definition (SVID)
Comprehensive local and remote diagnostics

0

2 to 34 RS-232-C asynchronous ports
85 to 728 Mb of integral Winchester disk storage
Up to 1.3 Gb of external SMD capacity

GENERAL DESCRIPTION

The VME Delta Series of 32-bit com-
puter systems is based on the
Motorola MC68020 microprocessor,
the VMEbus standard, and UNIX Sys-
tem V Release 3. The Model 2616
uses the 16.7 MHz MC68020 and
supports up to 34 serial devices. The
power of the MC68020 plus the
expandability and flexibility of the
VMEDbus architecture make the Model
2616 an ideal computer solution for
commercial, technical, and network-
ing applications.

The Model 2616's 12-slot VME card
cage adapts to most application inter-
faces and supports large config-
urations. In addition, the system
enclosure accommodates up to four

disk drives plus a streaming tape.
External SMD and tape subsystems
are also supported. Both local and
wide area communications protocols
link the Model 2616 to industry
standard networks as well as host
computers.

HARDWARE OVERVIEW

The Model 2616 hardware includes:
The system enclosure

The VMEbus

The applications processor and
memory

1/0 and communications con-
trollers

Mass storage devices

Local and remote diagnostic
capabilities

oo o oog

System Enclosure

The VME Delta Series’ floor enclosure
offers a 12-slot VME compatible card
cage, a 12-slot VME cable connection
area,and an SMD and tape subsystem
cable connection area. This provides
connectivity to a diverse and large
number of peripheral devices.

The unit houses a streaming tape
drive and up to four 5-1/4" disk drives.
One of the disk drive slots is used for
half-height diskette drives when
required by the configuration. All
drives are held in shock-mounted
drive assemblies.

The enclosure contains a 450 watt
switching power supply and is cooled
by filtered air.
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VMEbus

The VME Delta Series uses today’s
leading 32-bit bus standard, the
VMEbus. The VMEbus, in conjunction
with the double-high Eurocard form
factor, offers systems integrators and
OEMSs high performance as well as
access to an expanding set of readily
available controllers and system com-
ponents. The Model 2616's 12-slot
VME compatible card cage also allows
the system to grow in a modular
fashion to meet future as well as
current requirements. In addition, up-
grading the Model 2616 to a more
powerful VME Delta Series model is
as simple as replacing the processor
and memory boards.

Main Processor

The Model 2616's main processor
includes a 32-bit 16.7 MHz MC68020
microprocessor, a zero wait state
cache accelerator, an MC68851
Paged Memory Management Unit
(PMMU), and a floating-point copro-
cessor. Two RS-232-C ports are
included. These are normally used for
a console port and a remote service
modem. The MC68020 has an on-chip
256 byte instruction cache. The pro-
cessor uses the high-speed VSB
for parity memory access and the
VMEbus to interface I/O controllers.
The MC68881 floating-point copro-
cessor implements the |EEE floating-
point standard plus trigonometric and
transcendental functions.

Memory

Up to 12 Mb of main memory are
offered on the Model 2616. Both ECC
and parity memory options are
available.

ECC memory comes in 4 Mb incre-
ments and provides single-bit error
correction and double-bit error detec-
tion. A 64-bit cache register gives fast
access using the VMEbus interface.

Parity memory comes in 2 Mb
increments and provides byte parity

generation and error checking.
These memories are dual-ported fea-
turing concurrent processor and I/O
access using the VSB and VMEbus
respectively.

Disk and Tape Controliers

The Model 2616 supports controllers
for 5-1/4" Winchester and floppy disk
drives, 5-1/4" ESDI! Winchester disk
drives, 8" SMD disk drives, 1/4"
streaming tape, and 1/2"” 9-track tape
drives. All are intelligent controllers
with DMA VME system interfaces.
This selection of VME compatible
disk and tape alternatives allows the
Model 2616 to satisfy a wide spectrum
of performance and application
requirements.

Intelligent Communications
Controllers

VMEbus compatible controllers are
offered for:
] Asynchronous devices (termin-
als, printers, modems, etc.)
[.] SNA and BSC communications
(1 Ethernet local area networking

Each intelligent controller uses a 10
MHz MC88000 family microprocessor.

The 8-Port Serial Controller can sup-
port eight asynchronous terminal,
printer, or modem ports. Because
each port can be independently con-
figured, this controller can be adapted
by the system integrator or OEM to
support a wide range of serial devices.
The Model 2616 supports up to four
serial controllers.

Controllers
Controllers
Number of Transfer Rate Per

Controller Interface Channels/Drives (per second) System
Winchester & ST-506 2 Up to 5 Mbits 2

Floppy SA-400 2 Up to 250 Kbits
Winchester ESDI 4 Up to 10 Mbits 1
SMD ESMD 2 Up to 24 Mbits 2
Streaming Tape Qic-02 1 Up to 90 Kbytes 1
1/2" 9-track Tape Pertec 1 Up to 1.25 Mbits 1
8-Port Serial RS-232-C 8 Up to 19.2 Kbits a4
Communications RS-232-C 6 Up to 19.2 Kbits 1
Ethernet CSMA/CD 2 10 Mbits 1

Mass Storage Devices
Form-Fit Interface Unformatted  Formatted Average Drives
Capacity Capacity  Access Time = Per System

Disk Drives

5-1/4" SA-400 1Mb 655 Kb 181 ms 2

5-1/4" ST-506 85 Mb 67 Mb 28 ms 4

5-1/4" ESDI 182 Mb 161 Mb 16.5 ms a4

8" ESMD 337 Mb 269 Mb 20 ms 4
Tape Drives

5-1/4" QIC-02 — 60 Mb — 1

1/2" 9-track  Pertec 1

1600 bpi 45 Mb
3200 bpi 90 Mb
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The Intelligent Communications Con-
troller supports bit and byte oriented
protocols like SDLC, HDLC, and
BSC. Each port is independently pro-
grammable. A four-channel DMA
controller is included for high per-
formance applicatons.

The Intelligent Ethernet LAN Con-
troller is compatible with Ethernet,
Version 2.0and conforms to the |IEEE
802.3 (CSMA/CD) LAN standard. The
controller interfaces with the network
at 10 Mbps.

Mass Storage Devices

The base Model 2616 contains an 85
Mb or a 182 Mb 5-1/4" Winchester
drive and a 5-1/4” 60 Mb streaming
tape for system backup and software
distribution. Some configurations also
include a floppy diskette which uses a
disk slot. The system can be expanded
to 728 Mb of Winchester disk storage
and 1348 Mb of SMD disk storage
using two SMD disk subsystems.

Local and Remote Diagnostics

The VME Delta Series’ system diag-
nostics are oriented to centralized
service networks and user participa-
tory fault identification. They enhance
the system’s overall reliability, service-
ability, and maintainability with the
following diagnostic features:

) Hardware integrity verification
at system power-up and reset

[ Firmware-based system tests
and operating system-based con-
fidence tests

0 Menu-driven user interface with
on-line help facility

[J Custom test suite generation,
evaluation and debug tools

[ Remote test and diagnostics
with integral service modem

The Model 2616’s comprehensive sys-
tem diagnostic facilities are designed
to support very cost effective customer
and product service approaches.

SOFTWARE OVERVIEW

In addition to the following software products, a large number of software
applications are available from independent software vendors which will runon

the VME Delta Series.

UNIX System V Operating System

SYSTEM V/68 Release 3 is Motorola’s version of AT&T’s UNIX System V
Release 3. Release 3 includes the following new features and enhancements:
Remote File Sharing which atlows users to share files, data, and peri-
pheral devices across computer systems attached to a local area

1

11
Il
1]
1
B

SYSTEM V/68 Release 3 is compliant with AT&T’s System V Interface

network.

Streams which supports application development independent of the

underlying network protocols.

Virtual memory and demand paging support for efficient memory

utilization and simpler application development.
Menu Interface for system administration functions.
Support for the MC68881 floating-point coprocessor.
Complete backup and restore facilities.

Definition (SVID).

Languages and Development Tools

]

i

]
)

C Compiler and FORTRAN 77
RM/COBOL

Micro Focus Level Il COBOL/ET, ANIMATOR, FORMS-2, and

RunTime System
Absoft FORTRAN
Q-MENU Menu Development Tool

Data Management Facilities

[
]
.

UNIFY Relational Data Base Management System
Oracle Relational Data Base Management System
Informix Relational Data Base Management System

Data Communications Facilities

]

]
O
0

]

3274 SNA and BSC

3776 SNA

RJE/HASP, 2780, and 3780
‘Ethernet with XNS
Ethernet with TCP/IP

Office Applications

goooonoo

Business Assistant User Services

Q-ONE Word Processor

20/20 Spreadsheet

Office Services (Electronic Mail, Calendar, etc.)
Q-CHART Business Graphics

MicroTrak Project Management System

Q-FILE Information Storage and Retrieval System
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SPECIFICATIONS

System
VMEbus (IEEE P1014)
Eurocard form factor
Depth: 6.30" (160 mm)
Height: 9.17” (233 mm)
96 pin DIN 41612(P1) connectors
12 double-high VME card slots

Processor
MC868020 at 16.7 MHz
MC68851 PMMU
MC88881 floating-point coprocessor
(IEEE P754)

16 Kb zero wait state cache accelerator option
2 RS-232-C asynchronous ports

110 bps to 9600 bps
VSB Memory Bus

Memory

ECC Memory
4to 12 Mb
4 Mb increments
64-bit cache register
560 ns 32-bit average access
Single-bit error correction
Double-bit error detection

Parity Memory
2to 8 Mb
2 Mb increments
Dual-ported (VMEbus and VSB)
235 ns 32-bit write (VSB, cache enable

mode)

280 ns 32-bit read (VSB, cache enable mode)
Byte parity generation
Byte parity checking

Winchester and Floppy Disk Controller

Up to 2 per system

Up to 2 ST-506 Winchester drives per
controller

Up to 2 floppy disk drives per system

5 Mbps serial data rates

Multiple-sector read/write

Automatic head switching and cylinder
positioning

2:1 interleaving

32-bit ECC (Winchester}

ESDI Disk Controller
Up to 4 ESD! disks per controller
Up to 10 Mbps data rates
Zero-latency reads and writes
1:1 interleaving
Scatter/Gather
32-bit ECC

SMD Disk Controller
Up to 2 per system
Up to 2 SMD disks per controlier
Up to 24 Mbps data rates
Zero-latency reads and writes
1:1 interleave over multiple cylinders
32-bit ECC

5-1/4" Streaming Tape Controller
QIC-02 Interface
Transfer rate:
90 Kb continuous
200 Kb burst
Streams at 5 Mb per minute

1/2" 9-Track Controller
Pertec Interface
Up to 200 ips GCR drive support
Start/stop or streaming support
GCR, PE, or NRZI recording

8-Port Serial Controller
Up to 4 controllers per system
8 asynchronous RS-232-C ports per controller
10 MHz MC88010 microprocessor
128 Kb RAM memory
32 Kb ROM
Port selectable:
50 - 19200 bps
1, 1.5, or 2 stop bits
5 to 8 data bits
odd, even, or no parity
DTR, DSR, RTS, CTS, and DCD control
functions
Buffered pipe communications protocol

Intelligent Communications Controller
6 synchronous/asynchronous
communications ports
10 MHz MC68010 microprocessor
512 Kb RAM memory
128 Kb ROM
SDLC, HDLC, and BSC protocol support
Port selectable:
50 - 19200 bps
1, 1.5, or 2 stop bits
5 to 8 data bits
odd, even, or no parity
NRZ, NRZI, or FM encoding
Buffered pipe communications protocol

Intelligent Ethernet LAN Controller
Ethernet, Version 2.0 compatible
Conforms to IEEE 802.3 (CSMA/CD) LAN
standard
10 Mbps
10 MHz MC68000 microprocessor

512 Kb RAM memory
32 Kb EPROM
Buffered pipe communications protocol

PHYSICAL SPECIFICATIONS

Height: 25.6 in. (65.0 cm)
Width: 125 in. (31.8 cm)
Depth: 280 in. (71.1 cm)
Weight: 135 Ibs. (61 kg) Fully loaded Model 2616

ENVIRONMENTAL AND SAFETY
SPECIFICATIONS

Safety

Meets UL 478 (EDP) and 114 (Office Equipment)
{110 Vac only)

Meets CSA 154 (EDP) and 143 (Office Equipment)
(110 Vac only)

Meets VDE 0806/8.81 (Office Equipment)
(220 Vac only)

Meets IEC 380 (Office Equipment)

Emissions

Meets VDE 0871/6.78, Class A (220 Vac only)

Meets FCC Part 15, sub-part J, Class A

ESD

5000 Volts:

12000 Volts:

24000 Volts:

Altitude:

Operating: 10,000 feet ASL

Non-Operating: 30,000 feet ASL

Acoustic Noise Level

55 dBA maximum

Temperature

Operating: 5°C1040°C

Non-Operating: -40°C to 60°C

Relative Humidity

Operating: 10% to 80% RH, non-condensing

Non-Operating: 10% to 90% RH, non-condensing

Shock

Operating: 59

Non-Operating: 15g

Transportation

Packaging and shipping containers and

procedures comply with the current NSTA preship

test procedures.

Shipping Container

Height. 34.5" (87.6 cm)

width: 225" (57.2 cm)

Length: 41.0" (104.1 cm)

No observable effect
No operator perceived errors
No permanent equipment damage
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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-compatibie products.

VMEmodule Data Sheets

MicroMAP1-7
MVMEBUG

MVMEBUG1

MVMEXTCAC-1
MVMEXTCAC-2
MVME117bug
MVMEO025
MVMEO050
MVME101
MVME101BUG

MVME101BUGLF

MVME101BUGLC

MVME104
MVME105
MVME106
MVMM107
MVME110-1
MVME117-3
MVME117-3FP
MVME117-4
MVME121
MVME123
MVME130
MVME131
MVME130bug

MVME130XT
MVME131XT

MVME133
MVME133-1
MVME133A
MVME200
MVME201
MVME202
MVME204-1
MVME204-2
MVME204-2F
MVME211

MVME214

Manufacturing Automation

Protocol Software. . ... .. 2-3
VMEbug Debugging Package
for MVME110-1 .. ...... 2-7

VMEbug Source Object
Modules on VERSAdos

Cache Accelerator Module. . 2-10
Cache Accelerator Module ..  2-10
117bug Debug Monitor. . . . . 2-16
System Controller .. ...... 2-20
System Controller Module .. 2-22
MC68000 MCU Monoboard .  2-27
Debugging Package for

MVME101 MPU Module . . 2-36
101bug Source Object

Module on VERSAdos

101bug Source Object
Module on VERSAdos

VMEbus Processor Module . .  2-39
VMEbus Processor Module . . 2-39
VMEbus Processor Module . . 2-39
VMEDbus Processor Module . . 2-39
MC68000 MCU Monoboard. . 2-45

Monoboard MCU . . ... .. .. 2-52
Monoboard MCU . ... ... .. 2-52
Monoboard MCU . .. ...... 2-52
VMEbus MPU Module . . . .. 2-56
VMEbus MPU Module . . . . . 2-56
32-Bit Monoboard MCU . ... 2-60
32-Bit Monoboard MCU . ... 2-60
130bug Debug/Diagnostic

Monitor .. ............ 2-67
32-Bit MCU with Cache

Accelerator. .. ......... 2-71
32-Bit MCU with Cache

Accelerator. ... ........ 2-71
32-Bit Monoboard MCU . ... 2-82
32-Bit Monoboard MCU . . .. 2-82
32-Bit Monoboard MCU . . .. 2-89
64Kb DRAM Module . . . ... 2-96
256Kb DRAM Module . . ... 2-96
512KbDRAM ... ........ 2-102

1Mb/2Mb DRAM w/VSB. . . . 2-106
1Mb/2Mb DRAM w/VSB.. . . . 2-106
2Mb DRAM Module wVSB . . 2-110
Static RAM/ROM/EPROM

Memory Module . ... .... 2-114
Static RAM/ROM w/VSB . .. 2-117

(continued)




VMEmodule Data Sheets

(continued)
MVME215-1 256Kb CMOS RAM Module. . 2-120
MVME215-2 512Kb CMOS RAM Module. . 2-120
MVME215-3 1Mb CMOS RAM Module. . . 2-120
MVME222-1 1Mb DRAM Module . . . . ... 2-102
MVME222-2 2Mb DRAM Module . . . . ... 2-102
MVME225-1 iMbDRAM . ............ 2-123
MVME225-2 2MbDRAM . . ........... 2-123
MVME300 IEEE-488 Listener/Talker/

Controller Module. . . .. .. 2-126
MVME310 Intelligent Peripheral

Controller Module. . . . ... 2-134
MVME315 Intelligent Peripheral Interface

Module. . ............. 2-139
MVME319 Intelligent Peripheral

Controller Module. . . . . .. 2-145
MVME320A Winchester/Floppy Disk

Controller. . .. ......... 2-149
MVME320A-1 Winchester/Floppy Disk

Controlter. . ........... 2-149
MVME321 VMEbus Disk Controller

Winchester and Floppy. .. 2-153
MVME330 LAN Controller. . ... ...... 2-158
MVMES330-1 LAN Controller. . ......... 2-158
MVME330-2 LAN Controller. . ......... 2-158
MVMES331 6-Channel Synchronous/

Asynchronous

Communications

Controller. .. .......... 2-166
MVME332 8-Channel Intelligent

Communications

Controller. .. .......... 2-175
MVME333-2 6-Channel Synchronous/

Asynchronous Controlier

w/DMA Communications. . 2-179
MVME335 Serial and I/0 Module . . ... 2-188
MVME340 VMEmodule Interface Timer

Module. . ............. 2-190
MVME350 Streaming Tape Controller . . 2-194
MVME360 SMD Disk Controller/

Formatter. ............ 2-198
MVME360UX SMD Disk Controlier/

Formatter. . ........... 2-198
MVME360VX SMD Disk Controller/

Formatter. . ........... 2-198
MVME372 Advanced MAP Network

Interface. . ............ 2-204
MVME372BBKIT = MAP Broadband Network

Developer's Kit. ........ 2-207
MVME372BBKIT2 MAP Broadband Network

Developers Kit. . . ...... 2-207

MVME372SET-1

MAP Network Interface . ... 2-211

MVME372SET-2
MVMES372SET-3
MVME390A
MVME701
MVME705
MVMES820
MVMES821
MVME822
MVME833
MVMES834
MVMES10-3
MVME911
MVME920
MVMES921
MVME922

MVME930
MVME931-1

MVME932
MVME933-1

MVME935

MVME940-1

MVME941
MVMES42
MVME943-1
MVME943-2
MVME944-1
MVME944-2
MVME945-1
MVME945-2
SYSt1121UY221
SYS1131DVLP
SYS1131UY231

SYS1131UY331

SYS1131UY341

SYS1131VY331

SYS1131VY341

MAP Network Interface . ... 2-211
MAP Network Interface . ... 2-211
Graphics Interface Module . . 2-215
I/O Transition Module for

MVMEOS0 ............ 2-22
6-Channel Serial Transceiver

Module. . ............. 2-166
VMEbus Plug-in Mass

Storage Module . . . ... .. 2-221
VMEbus Plug-In Mass

Storage Module . . ... ... 2-221
VMEbus Plug-in Mass

Storage Module . .. ... .. 2-221
Mass Storage Unit for

MVME945 . . ... ... .... 2-232
Mass Storage Unit for

MVME945 ... ......... 2-232
VMEmodule 200 Watt

Switching Power Supply . . 2-225
VMEmodule 300 Watt

Switching Power Supply . . 2-225
20-Slot VMEbus Backplane . . 2-225
9-Slot VMEbus Backplane . . 2-225

5-Slot /0O Channel

Backplate. . ........... 2-225
VMEbus Extender Module . . 2-225
VMEbus Wirewrap Module,

Double High........... 2-225

VMEbus Extender Module . . 2-225
VMEbus Wirewrap Module,

Single High ........... 2-225
Adapter, /O Channel to 50

Pin Header. ........... 2-225
7-Slot VMEbus, 10 Slot /O

Channel Chassis with 200

Watt Switching Power

Supply . ... 2-225
9-Slot VMEbus, 10-Slot /O

Channel Card Cage . . ... 2-225
20-Slot VMEbus Card

Cage................ 2-225
VMEbus Chassis Assembly. . 2-229
VMEbus Chassis Assembly. . 2-229
VMEbus Chassis Assembly. . 2-229
VMEbus Chassis Assembly. . 2-229
VMEbus Chassis Assembly. . 2-232
VMEbus Chassis Assembly. . 2-232
VMEbus Modular System

w/SYSTEM V/68. . .. .. .. 2-238
Software Development

System .............. 2-246
VMEbus Modular System

w/SYSTEM V/68. . ... ... 2-238
VMEbus Modular System

w/SYSTEM V/68 or

VERSAdos 45......... 2-251
VMEbus Modular System

W/SYSTEM V/68. . ... ... 2-258
VMEbus Modular System

w/SYSTEM V/68 or

VERSAdos 45......... 2-251
VMEbus Modular System

w/VERSAdos 4.5 ....... 2-264
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Manufacturing Automation

Protocol Software

The seven layer Open Systems Interconnection (OSH)
reference model is the result of work begun by an Inter-
national Standards Organization committee in 1977 to
provide a starting point from which beneficial compati-
bility among future network architectures could be real-
ized. To provide networked data communications for
their factory environments, General Motors Corporation
developed the Manufacturing Automation Protocol
which currently observes six of the OSI model layers.
MicroMAP object code is an implementation of the MAP
2.1 specification for the Motorola MVME372 Advanced
MAP Network Interface VMEmodule. For porting to
another board or host system, source code is available
in a variety of packages.
® Supports all MAP Layers — per MAP 2.1 and ISO/IEEE

Specifications

e MAP Layers Implemented as Separate, Independent

Modutes

® Consistent Interfaces Between Layers
® Source Code Available:
- Entire MicroMAP
Host-resident, SYSTEM V/68 Dependent Code
Operating System - Independent, MVME372-
resident Code
Layers 1-7 option
Layers 1-4 option
Layers 5-7 option
e Implemented in C for High Portability
® Certified by ITI
® SYSTEM V/68 Support:

— SYSTEM V/68 Driver — Common Environment
Interface, Application Task Interface Utility
Libraries

® MVME372 Advanced MAP Interface Support:

— MC68824 Token Bus Controller and MC68020 32-
Bit Microprocessor-based Implementation of
MAP 2.1

— VRTX Real-Time Kernel

— Common Environment Interface

® No Software Limit on Number of Concurrent, Full
Duplex Connections
® Supports MC68824 Token Bus Controller Chip

MicroMAP LAYER DESCRIPTIONS
In the MicroMAP implementation of MAP, the coaxial
cable and the node modem, for example, the
MVME371FS MAP Network Interface Broadband Modem,

comprise Layer 1. The functions of Layer 2 are provided
partly by the MC68824 Token Bus Controller and its driver
and partly by Logical Link Control and Media Access Con-
trol software. Figure 1 diagrams the correspondence of
the Open System Interconnect model layers to the layers
of the MicroMAP implementation of MAP 2.1. Figure 2
shows the locations of the various elements of the
MicroMAP system.

LAYER 1 — PHYSICAL

The physical layer provides the electrical/mechanical
connection for transmission of data between nodes. It
performs the electrical encoding of the data for trans-
mission over and regulates access to the network cable
thus freeing the other MicroMAP layers from dependence
on the physical medium.

LAYER 2 — LOGICAL LINK CONTROL/MEDIA ACCESS
CONTROL

The Logical Link Control software design provides a
connectionless service which conforms to the IEEE 802.2
standard for type 1 service {ISO 8802/2). The Media
Access Control {MAC) is realized using the MC68824
Token Bus Controller chip and conforms to the IEEE 802.4
standard (ISO 8802/4). Together, these sublayers form the
Data Link layer of the OS| model.

LAYER 3 — INTERNET

The MicroMAP Internet layer corresponds to the ISO
8802/2 Network layer standard (DIS 8473). It provides a
connectionless service for message routing and relaying
between cooperating nodes on the same network, or on
interconnecting networks. Services provided by the Inter-
net layer are independent of the distances separating the
source and destination nodes.

The key characteristics of Internet services are:
® Transparency of transferred information
® Composition, decomposition, segmentation and re-

assembly of the data units

® Inter-network routing

LAYER 4 — TRANSPORT

The ISO 8073 Transport layer specifies a guaranteed
transfer of data between cooperating session tasks in
different network nodes. The layer also performs control
of data flow between itself and a remote node Transport
layer.
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The MicroMAP Transport provides expedited data ser-
vice, extended sequence number formats, user data on
Connect Request/Confirm and Disconnect Request, sub-
sequencing of Acknowledge messages and can check-
sum all message data.

LAYER 5 — SESSION

The intent of the Session layer (ISO 8327) is to provide
cooperating tasks on different network nodes with the
means to organize, synchronize and regulate the orderly
exchange of data. The MicroMAP Session layer provides
fundamental Session kernel capability which is to con-
nect, transfer data and disconnect. in addition, it supports
full duplex capability.

LAYER 6 — PRESENTATION

Since the MAP 2.1 specification does not define a Pre-
sentation layer, many of the applications and utilities of
Layer 7 directly use the services of layer 5, the Session
layer.

LAYER 7 — APPLICATION

Layer 7 provides user tasks access to network services
offered by lower layers. The primary means for using the
network is a collection of network application programs
which reside in the application layer. These include:

o CASE — Common Application Service Elements

(ISO (DP) 8649) (Kernel — MAP 2.1)

® FTAM — File Transfer, Access and Management
(1SO 8571/1-4)
o AGENT — Network Management Agent (MAP 2.1)

e DIR SRVS — Directory Services (MAP 2.1)

In addition to these application programs, MicroMAP
also provides Manufacturing Message Format Standard
(MMFS) support. The MMFS application resides in the
host computer and is accessed through the MMFS user
interface library.

Common Application Service Elements (CASE)

The Common Application Service Elements (CASE)
program is an interface utility residing in the Application
Layer that is designed to relieve user application pro-
grams of much of the effort required when MicroMAP
communication services are used. CASE includes a facil-
ity for making and breaking associations with remote
user programs and for transferring data to/from remote
applications. A framework is provided for authentication
and authorization of users.

A

File Transfer, and M: ent (FTAM)

- The File Transfer, Access, and Management program
(FTAM) resides in the Application Layer and uses the
services of the Session layer. FTAM provides the follow-
ing services:

Establish and terminate connections to a remote FTAM
Select existing files

Create new files

Delete files

Read and write files

Read a file's attributes on a remote system

The MicroMAP FTAM implementation includes an
address resolution capability for transforming a logical
address into the corresponding Service Access Point
(SAP) to facilitate the writing of hardware-independent
software.

NETWORK MANAGEMENT AGENT (AGENT)

The MicroMAP Network Management Agent (AGENT)
is an application program residing in Layer 7 that inter-
acts with a remote node Network Manager. Typically, the
remote manager requests information from specific lay-
ers on the local node via AGENT. However, while a con-
nection with the Network Manager exists, AGENT may
on its own, report on local system performance param-
eters that have exceeded threshold values. MicroMAP
layers that interact with AGENT are Internet, Transport,
Session and Case. Using System Management Protocol
Units (SMPDUs), the Network Management Agent uses
the services of Case to communicate with the remote
Network Manager.

VRTX — MicroMAP OPERATING SYSTEM

All MicroMAP layers are implemented as tasks that
execute under the control of the VRTX Real-Time, Mul-
titasking Operating System. Post and pend message ser-
vices are used for communicating with each MicroMAP
task. The operating system co-resides with the Common
Environment programs in a PROM set on the MVME372
Advanced MAP Network Interface Module.

The VRTX Operating System is supplied by Motorola
under license to Hunter & Ready Inc.

THE COMMON ENVIRONMENT

To communicate with a remote host, an application
task executing on the local host requires a path over the
VMEbus and through the MicroMAP software layers to
the network. On the MVME372 module, firmware com-
prising two executive modules and the VRTX kernel, col-
lectively called the Common Environment, facilitate this
vital function by providing a standard interface between
the MVME372 and the host. The host driver and the Com-
mon Environment communicate over the VMEbus using
a standard Motorola Buffered Pipe Protocol that provides
the non-busy interface required for optimum data rates.

Typical outgoing communication sequence:

e The user task passes its message to the Common Envi-
ronment Driver on the host

® The driver passes the message to the Common Envi-
ronment on the MVME372 MAP Network Interface
Module.

® The Common Environment passes the message to
MicroMAP.

e MicroMAP transmits the message out onto the
network.

Typical incoming communication sequence:

® MicroMAP receives an incoming message from a
remote node.

® MicroMAP passes the message to the Common
Environment.
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® The Common Environment passes the message to the
Common Environment Driver on the host processor
module.

® The Driver passes the message to the recipient task.

USER INTERFACE LIBRARIES

To make individual MicroMAP functions readily avail-
able to application tasks, User Interface Libraries written
in C are provided that offer the most often used MAP
services. Appropriate libraries are linked with the host-
resident application program to obtain the desired func-
tions from the MicroMAP software residing on the MAP
Network Interface Module. Essentially, the libraries veil
the complexities of the MAP 2.1 protocols by reducing
the need for the user to acquire in-depth knowledge of
the MAP layers software interfaces or of the Common
Environment facilities.

The following user interface libraries are provided with
MicroMAP:

® CASE — Common Application Service Elements

® MMFS — Manufacturing Message Format Standard
® FTAM — File Transfer, Access and Management

The other Layer 7 application programs do not require
user interface libraries since they are normally calied only
by other MicroMAP applications. If the services offered
by DIR SRVS and AGENT are required, however, they
may be obtained through direct interface by a user task.

CASE USER INTERFACE (CUI)

The CASE User Interface (CUI) is a library of function
calls that allows Case services to be used without com-
plying with the details of the Layer 7 interface to the Case
application. A user program may simultaneously com-
municate with multiple remote user applications, have

0S| Model

Layer 7 Application ISO
Layer 6 Presentation ISO
Layer 5 | Session 1SO
Layer 4 Transport ISO
Layer 3 | Network ISO
Layer 2 Data Link IEEE/ISO
Layer 1 Physical IEEE/NSO

simultaneous multiple communications with one remote
application, or both. All CUI services are performed syn-
chronously, i.e., a user task having made a request must
wait until the request has been satisfied (successfully or
unsuccessfully) before proceeding.

FTAM USER INTERFACE (FUI)

The FTAM User Interface (FUI) is a library of function
calls that allows the use of FTAM services (on the
MVME372) without complying with the details of the
Layer 7 to FTAM interface. User programs may simul-
taneously communicate with the FTAM on multiple
remote nodes or have multiple simultaneous commu-
nications with any remote node or both. All FTAM ser-
vices are performed synchronously, i.e., a user task hav-
ing made a request must wait until the request has been
satisfied (successfully or unsuccessfully) before
proceeding.

MMFS USER INTERFACE (MUI)

The MMFS User Interface (MUI) library provides func-
tion calls that eliminate the encoding and decoding of
MMFS messages. Each function call uses CUI to estab-
lish, maintain and release connections.

DOWNLOQADING MicroMAP

The MicroMAP software and applications reside in Ran-
dom Access Memory (RAM) on the MVME372 Advanced
MAP Network Interface Module. When power is applied
at a node or when a node is initialized, the MicroMAP
software must be loaded into the MVME372 RAM. Down-
load software is supplied with MicroMAP to perform this
function.

MicroMAP Implementation

Application MAP 2.1/1SO
Null MAP 2.1/1S0
Session MAP 2.1/1SO
Transport MAP 2.1/1SO
Internet MAP 2.1/1SO
LLC, TBC, Ctrlr |IEEE/ISO
Modem IEEE/ISO
Co-ax.——'

Figure 1. Correspondence of 0S| Model to MicroMAP
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Physical location of the MAP Application User Interfaces and MAP Layers

SYSTEM V/68 Operating System

MMFS user interface  (MUI)

FTAM user interface  (FUI)

Common P User
Environment CASAE user interface _(CUI) Application
Interface Station Mgmt Console Tasks
(Driver) FTAM Virtual Filestore (FVF)
MMFS Application Task
\2
M
E
b
u
s Common (VRTX Operating System) (PROM)
Environment (BPPIR) (BPP)
MicroMAP Layer 7 — MAP Applications (RAM)
(DIR SRVS) (CASE) (FTAM) (AGENT)
MicroMAP Layer 6 — Presentation (Null) (RAM)
MicroMAP Layer 5 — Session (RAM)
MicroMAP Layer 4 — Transport {RAM)
MicroMAP Layer 3 — Internet (RAM)
MicroMAP Layer 2 — Logical Link Control & MAC (RAM)

T

ORDERING INFORMATION

Cable to MAP Physical Layer 1 Modem Card "'W
Figure 2. Physical Location of MicroMAP Elements

(Host Computer)

(VME372 Board)

Part Number

Description

MicroMAP1-7

MAP 2.1 object code including Layers 1-7 for use with MVME372 Advanced MAP
Network Interface in SYSTEM V/68 host system. Supplied on 5-1/4" floppy disk
readable by SYSTEM V/68 host. Includes both host-resident and MVME372-resident
MicroMAP and Common Environment object code.

MicroMAP1-4 MAP 2.1 object code including Layers 1-4 for use with MVME372 Advanced MAP
Network Interface in SYSTEM V/68 host system. Supplied on 5-1/4" floppy disk

readable by SYSTEM V/68 host. Includes both MVME372-resident MicroMAP and
Common Environment object code.

MicroMAP1-7S MAP 2.1 Source Code for Layers 1-7. Includes MICROMAPHRS. Does not include
COMMONENVS. Supplied on 5-1/4" floppy disk readable by SYSTEM V/68 host.

MicroMAP1-4S MAP 2.1 Source Code for Layers 1-4. Does not include COMMONENVS. Supplied on
5-1/4" floppy disk readable by SYSTEM V/68 host.

MicroMAP5-7S MAP 2.1 Source Code for Layers 5-7. Does not include COMMONENVS. Supplied on
5-1/4" floppy disk readable by SYSTEM V/68 host.

MicroMAPHRS MAP 2.1 Host Resident Source Code. Includes user interfaces for FTAM, CASE and

MMFS, MMFS code, FVF {Virtual File Store and Forward), Network Management
Console Source Code for Parameter Download, Table Download and Monitor
Download Features. Supplied on 5-1/4" floppy disk readable by SYSTEM V/68 host.
Includes host resident Common Environment source.

COMMONENVS MAP 2.1 Common Environment Source Code. Includes driver information using
MVME372 Advanced MAP Network Interface VMEmodule as a porting example.
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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

Aliows Access to all VMEmodule I/0, Control and

Memory Facilities Plus the Full 16M Byte Direct
Address Range of the VMEbus System Bus

® Inciudes all Required Instailation and Operation
Documentation .

e Includes Bootstrap Loader for both MVME420, SASI
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 VMEbug 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

The VMEmodule Monoboard Microcomputer debug pack-
age, VMEDbug, 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 instalied 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 ASCI| ter-
minal. Alternately, it may be used with a second serial /O
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 /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 controliers (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
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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 /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 5v4" 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>]
MM <address>[;<opts>]
MS <address><data...>

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

A0 - A7 [<expression>]
.DO0 - .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)

BF <address1><address2><word>

BM <address1><address2><address3>
BS <address 1><address 2><data>

Bl <address1><address2>

BT <address1><address2>

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

Block of Memory Search

Block Initialize

Block Test of Memory

DC <expression>

Data Conversion

OF
.RO - .R6 [<expression>]

Display Offsets
Display/Set Relative Offset Register

MOTOROLA MICROCOMPUTER SYSTEMS AND- COMPONENTS
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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/O Physical to Disk

10T 1/0 “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 Qutput*

(CTRL-X) Cancel Command Line

(cr) Send Line to Memory

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

Ordering Information

Part Number Description
MVMEBUG VMEbug, 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.
MVMEBUG/D 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.
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VMEmodule™

MVMEXTCAC-1
MVMEXTCAC-2

Cache Accelerator Module

For VME-Based Modular
32-Bit Microcomputer System

Provides 25% to 100% System Performance Increase?
Requires no Program Modification

16Kb Cache, Organized as 4K, 32-Bit Entries
Supports Both Program and Data Transactions

Zero Wait-State Operation2

Parallel MMU Operation with Page Detection Circuitry
Supports both VMEbus and VSB*

Data-Fill on VSB Byte and Word Reads

Supports all MC68020 Bus Transfer and Sizing Modes
Diagnostic Mode

Cache memory systems are often employed to speed
up the performance of microcomputers by compensating
for the typical speed mismatch between a fast CPU and
the relatively slow associated dynamic RAM memory sys-
tem. The Cache Accelerator performs this function for
microcomputers built around the MVME130 Family of
M#68020-based microprocessor modules.

The Cache Accelerator is a small, fast memory system
that provides concurrent storage of data most recently
stored in main memory. Consequently, on subsequent
accesses to these “‘cached” locations, the much slower
main memory access can be circumvented, thus speed-
ing up the communications cycle.

Since the Cache Accelerator has a much smaller mem-
ory capacity than the system memory, little used data
stored in the cache memory is routinely replaced with
more active data, based on the bus traffic between the
microprocessor module and the VMEbus and VSB mem-
ory interfaces.

GENERAL DESCRIPTION

The MVMEXTCAC External Cache Accelerator is a plug-
in cache module, supporting the MVME130 family of
Monoboard Microcomputers in VMEbus-based micro-
computer systems. It is designed to enhance the opera-
tion of these MC68020-based systems by providing a typ-
ical 25% to 100% increase in performance without
modification of existing programs.1 Software transpar-
ency is achieved through the utilization of a physical
address memory structure, coupled with a VMEbus Mon-
itor. The Monitor automatically cleanses the cache of
stale data, and enables the Cache Accelerator to operate

1. Actual performance improvement varies with program applications.
2. With MMU bypass card installed, and deoendent on MC68020 clock to
address strobe timing.

in both single and multiprocessor environments without
software intervention.

The Accelerator is a single-set, direct-mapped cache
comprising 16Kb of high-speed static memory, organized
as 4K, 32-bit data entries. Each entry replicates a 32-bit
word located in VMEbus or VSB memory space and is
updated concurrently with a processor write-access or
initial read-access. Any combination of bytes from an
access can be cached at a time, and a data-fill function
implemented for VSB enabies the caching of an entire
32-bit entry for byte- and word-read operations. The
Accelerator caches both program and data transactions
throughout, and it can be configured, by function code,
to cache data from any combination of supervisor pro-
gram, supervisor data, user program, and user data mode
accesses.

The Cache Accelerator Module supports any speed
MC68020 microprocessor, and it is jumper selectable to
support either the MC68851 Memory Management Unit
or M6BKVMMB851 Memory Management Board, or an
MMU bypass board if the MMU function is not required.
With an MMU installed, the page detection circuitry on
the cache enables its RAMs to operate in parallel with
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VME ADR. N
ADDRESS
CPU ADR. MULTIPLEXER ;/I\ CACHE RAM
] 7oy
[ SEL TAG
RDY
cpu | | oara
VMEbus PAGNG LS TMING  [CACHEN] s
MONITOR v contmoL CONTROL
PAS CONTROL
e | | Bus cpul [Bus cru | | conmor
[ VMEbus l r MVME130 (PMMU SOCKET) l

Figure 1. MVMEXTCAC Functional Block Diagram

the MMU address translation RAMs to maximize system
performance. A cache page is defined by the physical
address bits PA08-PA13, and if they remain the same on
a following cycle, then the address access time of the
cache RAMs is buried in the MMU address translation
period. With a bypass board installed, the cache receives
the address signals directly from the MC68020 micropro-
cessor, and zero wait-state operation is obtainable. Zero
wait-state operation is achieved at a processor frequency
of 12.5 MHz2, and it may be achieved at 16.67 MHz when
faster static RAMs become available.

The Cache Accelerator provides direct access to the
cache RAMs for diagnostic and inquiry purposes, and
provides a test mode of operation to establish general
system confidence.

BASIC CACHE OPERATION

When the processor drives an address for a read-op-
eration, the index section PA02-13 addresses the tag and
data RAMs to select one entry from the cache. The re-
maining address bits from the processor are then com-
pared to the corresponding address bits read from the
tag section of that entry. If they match, and the Address-
Valid bit is set, and if the Byte-Valid bits for the bytes the

2. With MMU bypass card installed, and dependent on MC68020 clock to
address strobe timing.

processor is requesting also match, then the cycle “hits”
and the cache supplies the requested data to the pro-
cessor and terminates the cycle. If any event does not
match, then the cycle “misses’” and a VME or VSB access
is initiated, the cache entry is updated with the new
address and data information, and the Valid bits are set
appropriately. Note that a write cycle will always cause
a miss since the processor, and:not the cache, is supply-
ing the data. Several other factors determine the hit qual-
ification and cacheability of a processor cycle. These
include the control bits, the type of processor cycle, the
MMU cache enable signal and the onboard address
decoder.

FORM FACTOR

The form factor of the module is a double-high Euro-
card that plugs into the MMU socket resident on the
MVME130/131 Monoboard Microcomputer Module. The
MMU is relocated from the monoboard to the cache mod-
ule, and the two-Eurocard stack plugs into two consec-
utive card slots of the VMEbus chassis. A double-wide
front panel with card-ejector handles is provided for me-
chanical stability and ease of handling.
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Table 1. MVMEXTCAC — Memory Organization

Tag Section Data Section
Physical Address Data
— Index —
A02 - A13 A14 - A3 Av* D31-24 D23-16 D15-08 D07-00 BV0-3*
Y Y ¥ 1 y y

4K x 1 4K x 4

4K x 18 Adr. 4K x 32 Byte

> Address vid. Data vid.

MEMORY ORGANIZATION

The complete memory section of the Cache Accelerator
is organized as 4K entries of 55 bits per entry (see
Table 1). It consists of a “Tag Section’ and a ‘‘Data Sec-
tion,” where the tag section stores the physical addresses
of the off-board memory locations, and the data section
stores the data residing at those locations. The iower ad-
dress bits (PA02-PA13) form an “index” that directly ad-
dresses the cache RAMs to select the particuiar entry to
be used, and the remaining address bits (PA14-PA31) are
stored and read from the tag RAMs as data. An Address
Valid bit (AV) is generated internally for each entry to
indicate that the address stored in the Tag is valid infor-
mation. It may not be valid either because the tag entry
has not been written to since power-up or since the cache.
was last cleared, or because the VMEbus Monitor has set
the entry invalid. The data RAMs contain the correspond-
ing bytes that were cached from the bus, and the four
Byte-Valid bits (BVO-BV3) are generated internally to
qualify those bytes. BVO is associated with byte address
0 of the long-word entry, and operates on the most sig-
nificant byte of the data bus, D31-D24. The other Byte-
Valid bits operate in sequence.

VMEbus MONITOR

The VMEbus Monitor is a separate machine on the
Cache Accelerator that operates asynchronously with the
processor to prevent “‘stale’” data from remaining in the
cache. It operates automatically so that the host user ben-
efits from the performance advantages offered by the
cache without even being aware that the Cache Accel-
erator has been installed in the system.

Stale data could occur in the cache when other VMEbus
masters modify data in main memory which was previ-
ously cached. To prevent this, the Bus Monitor has a two-
level FIFO register stack which captures the addresses of
write operations initiated by bus masters other than the
host, and presents the addresses to the cache for pro-
cessing. The cache services the monitor by comparing
the captured address with the corresponding entry in its
tag memory. If the tag is Valid and compares, a “‘monitor
hit" occurs and the cache invalidates the entry by reset-
ting its address Valid bit. If the processor then accesses
that physical address, the cache will miss because of the
reset Address Valid bit, and the cycle will be routed out
to main memory for the new data to update the invalid
entry.

USER INTERFACE

The user interface in Table 2 shows the devices on the
Cache Accelerator used to control and diagnose its op-
eration. These consist of Cache Contro! and Mask Reg-
isters and two hard-decoded address spaces used to di-
rectly access the cache RAMs for diagnostic and inquiry
purposes. The cache powers-up in a cleared and disabled
state, and can be enabled for software transparent op-
eration by storing a “F1”" to the Cache Control Register .
In addition, the cache can be tested or configured for a
specific user application through the various control bits
shown. Since the entire user interface address space can
safely be accessed without the Cache Accelerator in-
stalled, a cache utility can be implemented without prior
knowledge of its presence in the system,
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Table 2. MVMEXTCAC — User Interface

Cache Control Register — Address FFFC0000

D31 (Reset State = FF) D24

Mask Register — Address FFFC0001
D23 (Reset State = xF) D16

| vBCEN [MONEN] MLBK [ MBLC ccLR [cwen] creN [cTsT]

[ x [ x [ x [ x [wsp]wmsp[mup [mup

Data Access Space — Address FFFD000-FFFD3FFC
Data Entries, 000-FFF

Tag Access Space
(read-only)
Addresses — FFFE0000-FFFE3FFC
Tag Entries, 000-FFF

D31 Doo0
BYTEO BYTE1 BYTE2 BYTE3 D31 D14 bo7 D03-D00
D31-D24 D23-D16 D15-D08 D07-D00 PAD31-PAD14 | NA | AV | BV0O-BV3
DEFINITIONS ,
VBCEN — VMEbus Cache Enable MSP — Mask Supervisor Program
MONEN — VMEbus Monitor Enable MUD — Mask User Data
MLBK  — Monitor Loopback (for diagnostic use) MUP — Mask User Program
MBLC — Monitor Block (for diagnostic use) AV — Address Valid Status
CCLR — Cache Clear BVO - Byte Valid Status for D31-D24 (byte address 0)
CWEN — Cache Write Enable BV1 — Byte Valid State for D23-D16 (byte address 1)
CREN  — Cache Read Enable BV2 — Byte Valid Status for D15-D08 (byte address 2)
CTST  — Cache Test (for diagnostic use) BV3 — Byte Valid Status for DO7-D00 (byte address 3)
MSD — Mask Supervisor Data |
BENCHMARK TEST RESULTS Table 3. Performance Test Results
Tests run on a 12.56 MHz MVME130 Microcomputer MC68020
Module used in conjunction with the Cache Accelerator and
i R X No |MC68020|MVMEXTCAC|MVMEXTCAC
have demonstrated impressive improvement in perfor- Test Cache| Cache Cache Cache
mance. The results o/ two sets of benchmark programs p——
are tabulateq in Table 3. The first set utilized EDN bench- (Char. String Search) | 285 141 131 99 s
marks** which perform commonly used character and EDN-F
data manipulations; the second utilized user supplied (Set/Reset/Test Bit) 60 36 33 30 us
routines performing data intensive array operations. The EDN-H !
tests, run for four combinations of cache memory utili- ED‘:’I“‘ List Insertion) 1211 194 70 70 us
zation, indicate the degree of improvement attributable (Quicksort) 22,320] 11.792 11,072 9001 s
to the use of the Cache Accelerator. EDN-K
(Bit Matrix
Translation} 243 173 159 136 us
CUSTOMER
BENCHMARK 125 104 73 68 sec.

**EDN — September 16, 1981
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MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristic

Specification

Cache Implementation

Single-set, direct mapped, physical

Memory Organization

4K, 32-bit data entries

Replacement Algorithm

Single entry, write-through

Hit Timing,
LAS to DSACKx

No MMU — 60 nanoseconds
With MMU — 70 nanoseconds (Page Hit)
— 130 nanoseconds (Page Miss)

Power Requirements

+5 Vdc, 6.4 A max. (4.3 A typical}

Operating Temperature

0° to 50°C

Storage Temperature

—40° to 85°C

Relative Humidity

5% to 95% (non-condensing)

Physical Characteristics
Height
Width
Thickness

6.30 in (16.00 cm)
9.19 in (23.34 cm)
0.062 in (0.157 cm)

Component Projections
Component Side
Solder Side

0.50 in (1.27 cm) max
0.067 in (0.17 cm) max
{except for interconnect header)

ORDERING INFORMATION

Part Number

Description

MVMEXTCAC-1

Cache expansion kit for the MVME130/131 processor module. Does
not include hardware memory management. Includes User’s
Manual.

MVMEXTCAC-2

Same as MVMEXTCAC-1 with hardware memory management.
Includes User's Manual.

MVME130XT VMEmodule 32-bit Monoboard Microcomputer with MC68020 CPU
and 16Kb cache. includes User's Manual.
MVME131XT Same as MVME130XT with hardware memory management. In-

cludes User's Manual.

RELATED DOCUMENTATION

Part Number Description
MVME130/D MVME130 User's Manual
MVME130bug/D 130bug User's Manual
M68KVMMB851/D M68KVMMB851 User's Manual
MVME204-1/-2/D MVME204-1/-2 User’s Manual
MVMESB/D1 VSB Specification Manual
HB212/D VMEbus Specifications Manual

" MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS

2-14




MVMEXTCAC-1, MVMEXTCAC-2

The VMEsystem
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A Typical High-Speed MVME130/131XT Microcomputer VMEsystem

The MVMEXTCAC Cache Accelerator Module
conforms to the VMEbus interconnect system
which has emerged as a world-wide Standard for
8-/6-/32-bit microcomputers. It is part of the VME-
module product family whose M68000-based pro-
cessing power, Eurocard mechanical format, pow-
erful VERSAdos real-time software support and
international multiple sourcing have made it one of
the most popular product lines in.the industry.

The VMEsystem architecture, and a board-level
component complement that relate to the Cache
Accelerator, are illustrated in the above block dia-
gram. Of particular significance are:

® The well-established functional versatility of the
VMEbus whose non-proprietary technical

specification is widely used for system
implementation

® An auxiliary MVMXbus for high-speed memory
expansion

e An MC68020-based, 32-bit CPU board
(MVME131) utilizing the latest advances in mi-
croprocessor design

e A large repertoire of peripheral (controlier) mod-
ules and memory boards

The unrivalled acceptance of the VMEsystem phi-

losophy has yielded a selection of compatible

board-level products from well over a hundred ven-

dors, to offer systems manufacturers the basic tools

with which to implement their designs quickly, ef-

ficiently, reliably and cost effectively.
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Advance Information

117bug Debug
Monitor
FIRMWARE MONITOR

® EPROM Resident Debug Monitor for MVME117

41 Powerful Commands

One Line Assembler/Disassembler for Convenient Pro-
gram Monitoring/Modification

Full Speed Execution of System and User Programs
Operating in a MVME117 Microcomputer System

Virtual Terminal Capability for Up/down Load to any
Host Computer Using Motorola S-Records

Provides Access to 1/0, Control and Memory Facilities
of a MVME117-based System Plus a 16Mb Direct
Address Range of the A:24 VMEbus

Permits Display and Modification of the MVME117
Clock/Calendar

Permits Configuration of Bits/Char, Baud Rate and Par-
ity for Both MVME117 Terminal Ports

Includes Boot Facilities for Loading the VERSAdos
Operating System

SCSI/SASI FIRMWARE SUPPORT

Includes Disk Controller Initialization and Disk I/O Com-
mands for SCSI and SASI Controllers {compatible
with ANSI X3T9.2/82-2 revision 14 “’Small Computer
System Interface Draft”)

Inciudes Low Level Functions to Support SCSI/SAS!

Supports Disk Controllers in the Initiator Role

Supports Arbitration and Reselection

Interface Protocol allows User-defined Command
Sequences

o e 00

The debug monitor for the MVME117 Monoboard
Microcomputer — 117bug — is supplied as two separate
products: for resident use, the object code is supplied in
two 32Kb EPROMs which plug into sockets provided on
the MVME 117 Monoboard Microcomputer and for cus-
tomization, the source code is supplied on 5-1/4" diskettes
readable on systems running the Motorola VERSAdos
Operating System.

The monitor, 117bug for short, is a versatile, effective
tool permitting full speed execution of system and appli-
cation programs under complete operator control. It
offers 41 powerful commands for application program
development and modification and for MVME117 system
hardware diagnosis and debugging. For standalone

MVME117bug

mode operation, only a power supply and an RS-232,
asynchronous ASCIl terminal connected to one of the
MVME117 serial ports is required. This mode allows full
use of the 117bug software and hardware debugging
capabilities and is commonly used for the final debug-
ging of an application program.

So that its powerful hardware/software development
capabilities and storage capacity may be employed, a
host computer can be connected to the second serial port
on the MVME117 for up/down loading of programs in
Motorola S-Record format. For this purpose, 117bug
includes commands used to place the microcomputer in
the transparent mode and to configure its serial ports for
the desired communication protocol.

BOOT LOAD SUPPORT

Loading of an operating system and programs from
floppy or hard disk into the MVME117 system RAM is
supported by 117bug. Controllers supported include
those for the SCSI/SAS! bus. In addition, the Motorola
M68RWIN1 Winchester Disk Controller /O Module/
MVME316 /0 Channel interface Module combination is
fully supported. Connection of an SCSI controller to the
MVME117 Microcomputer is eased using an MVME708
Transition Module which provides the conversion from
DIN to industry standard connectors for serial, parallel
and SCSI bus-interfaces.

SELF TEST CAPABILITIES

Two tests are incorporated in 117bug. One executes
during the power-up sequence and tests the MC68010
Microprocessor, ROM and RAM resources required to
bring up the monitor. This test can be enabled or disabled
using the PT or NOPT command.

The second test, Self Test, performs more extensive
testing and displays a greater number of diagnostic sta-
tus and failure messages. In addition to the resources
tested by the power-up test, it tests the parity logic, parity
RAM, CMOS RAM, serial port, real-time clock, program-
mable timer module, MC68881 peripheral (if installed),
NCR5380 SCS| interface chip (if installed), fail LED, abort
button, front panel switch and, if desired, a disk controller
and disk drive. The option of including the testing of a
system disk controller and associated disk drive is pro-
vided when the ST command is invoked to start the tests.

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS
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MVME117bug

SUPPORT OF THE MVME117 SCSI INTERFACE

SCSI| INTERFACE

The SCSI interface on MVME117 is based on the
NCR5380 device which is a VLSI implementation of the
Small Computer Systems Interface (SCSI) defined by the
ANSI X3T9.2 Committee (Revision 14). The interface
takes advantage of the chip to provide full support of
SCSI bus communication features including bus request/
arbitration, selection/reselection, initiator/target roles
and the six SCSI information transfer phases listed in
Table 1.

Table 1. SCSI Information Transfer Phases

Phase Name Description

Data Out Transfer data from Initiator to Target

Data In Transfer data from Target to Initiator

Command Transfer command from Initiator to
Target

Status Transfer status from Target to Initiator

Message Out | Transfer SCSI levei message from
Initiator to Target

Message In Transfer SCSI level message from Target

to Initiator

Communication between the MVME117 Microcom-
puter and peripherals on the SCSI bus is effected using
several levels within 117bug. Data is interchanged
between the high level and the lower levels using a stan-
dard protocol and a complement of nine callable func-
tions. These directly manipulate the NCR5380 to obtain
read, write and other activities from disk drives connected
to controllers on the SCSI bus. The nine functions, which
can be called using the Trap #15 instruction of the
MC68010 Microprocessor, are listed in Table 2.

Table 2. Trap #15 Callable SCSI Interface Functions

Function Code
{Hexadecimal} Description
10 Read
1 Write
12 Attach Device
13 Detach Device
14 Format Disk with/without Defect List
15 Assign Alternate Sector (SCSI)
16 Assign Alternate Track (SASI)
17 Custom SCSI Sequence
18 SCSI Bus Reset
19 SCSI Controller Reset

Because of the complexity of the task of writing a driver
to interface the NCR5380 chip, use of the nine callable
functions within 117bug to obtain disk /O could save a
significant portion of the software engineering resource
expenditure. One of the functions — Custom SCSI
Sequence — provides a means for communicating with
a SCSI controller which is not supported by the callable
functions within 117bug.

MVME117 SYSTEM POWER UP/RESET
SEQUENCES

On power up or reset, the 117bug monitor checks the
“Initial Event” flag in memory to differentiate between
power-up and reset. If a reset is required and certain
essential vectors are present in the RAM from 0 to 3FF
used by the monitor, a warm start is performed.

If it is an initial event, (power up) the power up
sequence is entered and the “power up test” switch in
battery-backed RAM is checked. The power up tests are
not performed if not selected. A command is included in
the 117bug set to allow this switch to be toggled. If
selected, the tests are run and monoboard registers, vec-
tors and onboard RAM initialized.

Foliowing RAM initialization, the first four bytes in
every 8Kb block in memory from $180000 to $F40000 are
checked for indication that “ROM Boot” is wanted. If a
boot is wanted, control is given to the indicated code. A
Checksum Command is included in the 117bug command
set to aid the user in preparing and installing a boot
program module in ROM.

If the “ROM Boot” indication is not found, system RAM
is sized and discontinuities noted following which the
“Autoboot” software switch in battery backed RAM is
checked to determine if an autoboot is wanted or not. In
the latter case, a coldstart message is given and a cold-
start performed.

On finding that an autoboot is wanted, 117bug causes
the desired operating system or application program to
be loaded into system RAM from the device and con-
troller specified in the “Autoboot” data area. Should the
“Autoboot’ switch and associated device and controller
identification have been lost from battery backed RAM,
117bug informs the user and re-initializes the ’Autoboot”
data to defauit values. An Autoboot Command is included
in the 117bug set as a mechanism for toggling the “Auto-
boot” switch and specifying the device and controller to
use.

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS
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MVME117bug

CALLABLE 117bug FUNCTIONS

ATRAP #15 handler is included in 117bug which allows
calls from a user program to input, output and other
useful functions. Such a system call is made by including
in the source program a TRAP #15 instruction line fol-
lowed by a DC.W instruction containing the number of
the desired function. Use of these functions provides a
means of quickly preparing a small test program to aid
in system development. The callable 117bug functions
used for debugging are listed in Tabie 3.

Table 3. Trap #15 Callable Debug Functions

Function Code

{Hexadecimal) Description

Return to 117bug

Input data from console

Output data, CR/LF to console

Input data from specified port, no echo
Output data, CR/LF to specified port
Output data to specified port, no CR/LF
Output data to printer port, no CR/LF
Convert ASCII string to 8-digit hex
number

Convert 1 hex digit to ASCI! string
Convert 2 hex digits to ASCIl string
Convert 4 hex digits to ASCIl string
Convert 6 hex digits to ASCI string

NoobhwNn =0

OwWP o

Convert 8 hex digits to ASCII string

DEBUG FACILITIES

The 117bug monitor is a command driven program
which has facilities for accepting and executing com-
mands entered at the system console. The debug com-
mand set includes commands for examining and modi-
fying registers and memory, commands which allow
blocks of memory to be filled, moved or. searched for the
occurrence of specified data, breakpoint commands
which allow program segments to be run, trace com-

ORDERING INFORMATION

mands for examining the execution of instructions or
small program portions, commands for beginning exe-
cution at a specified address, and commands for dis-
playing the offset registers.

Other commands in the set facilitate hostt MVME117
communications, the formatting of the monoboard’s
serial ports and attaching/detaching the system printer.
Another utility converts the number base of data.

PROGRAM DEBUGGING

In a typical debug session after loading the program
under development, appropriate commands from the
debug set are invoked so that operation of a particular
program portion can be checked and, if necessary, the
code modified. Often, using the powerful Register
Display/Modify, Memory Display/Modify and Block Mem-
ory Move Commands, trial conditions for a program por-
tion are established and the code executed. Results can
be determined by examining the processor register or
memory values.

An alternative method is to set a breakpoint in place
of an appropriate instruction to halt execution and obtain
automatic display of processor register values. A more
detailed examination of program validity is offered by
the Trace Commands which allow execution of one
instruction at a time, with accompanying processor reg-
ister display following each execution. If required, pro-
gram code is easily modified with the aid of the one line
assembly/disassembly function provided by the Memory
Modify Command. The Data Conversion Command
which converts values from decimal to hexadecimal or
hexadecimal to decimal is also a useful modification tool.

Debugging of modular code is greatly eased by the
support of the offset registers provided by the 117bug
command set.

When the program is fully debugged, it is saved or the
Dump S-Records Command used to format and upload
the code to the host for storage.

Part Number

Description

System.

MVME117BUG 117bug, the Debug Monitor for the MVME117 Monoboard
Microcomputer. Includes set of two 32Kb EPROMs and User's Manual.

M68V1XSBG117 Source modules for 117bug Monitor and Relocatable Object modules
(.RO) for SCSI firmware. On 5-1/4" diskettes readable on any system
running the VERSAdos Operating System. Includes User's Manual.

M68V1XSSCSI Source modules for SCSI firmware, providing bus arbitration,

handshaking and data transfers to and from SCS! bus. On 5-1/4”
diskettes readable on any system running the VERSAdos Operating
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MVME117 Firmware Monitor Commands

[NOJAB [<drive> <controller>] Auto Boot Enable/Disable
BD [<device>] [,<controller =] Boot Dump
BF <address1> <address2:- - pattern. Block Fill
BH [<device>] [,<controller -] Boot Halt
Bl <address1> <address2: - Block Initialize
BM <address1> ~address2’ - - address3 Block Move
BO [<device>] [,<.controller -] Boot Load
[NO}BR {<address>[; < count: -|} Breakpoint Set/Clear
BS <address? ™~ -.address2: - ‘literal string’ Block Search
BS <address1 - - .address2’ - data |- mask. ||; options.-] ;W ;L ;-) | Block Search
BT <address1 - - address2: Block Test
CS [<address1 ‘] - address2: | Calculate Checksum
bpC <expression. - Data Convert
DF Display Formatted Registers
DU [<port_# -] - address? address2: - |text] Dump S-Records
G[O] {<address. "] Go
GD <address. - Go Direct
GT <address. - Go Till
HE Help
10C 1’0 Command
10P /0 (Physical)
10T [<drive>] [,<controller -] 110 Teach
LO [<port_ #>] [;<options-] =-text Load S-Records
MD [<port__#>] <address [~-count:-] [; ~options>] ;DI ;S) Memory
Display
M[M] <address>[;<options> Memory Modify
MS <address> <data> Memory Set
[NOJPA [<port__#>] Printer Attach
OF Display Offset Registers
PF [<port__#>] Port Format
PT Power Up Test
SET Set Date/Time
ST Self Test
TIME Display Date/Time
T[R]  [<count>] Trace
T <address> Trace Tilt
TA [<port__#>] Terminal Attach
™ [<port_ #>] [<exit character> <trailing character>] Transparent Mode
VE [<port_#>] [;<options>] = <text> Verify S-Records
vi Vector Initialize (coldstart)
A0-.A7 [<expression>] Display/Modify Address
register
.D0-.D7 [<expression>] Display/Modify Data register
.RO-.R7 [<expression>] Display/Maodify Offset register
.PC [<expression>} Display/Modify Program
Counter
.SSP [<expression>] Display/Modify Supervisor
Stack Pointer
.Usp [<expression>] Display/Modify User Stack
Pointer
SR [<expression>] Display/Modify Status register
.DFC [<expression>1(68010) Display/Modify Data Function
Code
.SFC [<expression>1(68010) Display/Modify Supervisor
Function Code
.VBR [<expression>](68010) Vector Base Register

(Break) Abort command or process

(CTRL D) Redisplay line

(CTRL H) Delete Character

(CTRL S) Suspend output, any character to continue (User Selectable)
{CTRL X) Cancel Command line
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VMEmodule
System Controller

The MVMEO25 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. 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

® 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

® 16 MHz System Clock

Bus Watchdog Timer — Period Selectable from 4 to 8192
microseconds

® Longword Access Error Detector

® Front Panel BERR* LED Indicator

® Front Panel SYSFAIL* LED Indicator
L]

.

Double High Eurocard Form Factor
VMEbus Compatible

BUS ARBITER

Bus arbitration is used to prevent simultaneous 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
rate masters, the round robin select mode is used. This mode
assigns the bus on a rotating priority basis.

ADVANCE INFORMATION
MVMEO25

h_J

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 controiler 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.
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MVMEO025

FIGURE 1 — System Controller Module Block Diagram

EXT  EXT
ACFAL  RESET
ROUND- MANUAL

PRIORITY " HoBIN RESET 445 TO 8,192 us

Y L v

POWER FAIL cLoCK
BUS ARBITER POWER FAL SYSTEM MONITOR e s
[ L ]

\

L y r
V270770080 7777770070722027777

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 AO1 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
VMEDbus 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 Controiler 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
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System Controller
and 1/0 Transition
Modules

e System Controller
— 4-level Priority Bus Arbiter
— Power-up System Reset
— Front Panel System Reset
— System Clock Generator
— Serial Bus Clock Generator
— Bus Access Monitor/Time-out Bus Error Generator
Time-of-day Clock (with optional battery back-up from
+5 standby or MVME701)
Printer Port (Centronics parallel port)
Two Serial Ports (RS-232C Multi-protocol}
Global Interrupter, for Processor to Processor Interrupts
2-Digit Front Panel Diagnostic Display (User Program-
mable)
Green and Red LED’s Showing VMEbus SYSFAIL* Status
Front Panel 8-Segment Software Readable Switch
Eight 28-Pin Sockets for EPROM/RAM
Full 32-bit VMEbus Slave Interface for MVME050 Mem-
ory (EPROM/RAM sockets)
A32/A24:D32/D16/D8 VMEbus Slave Interface for EPROM/
RAM Sockets
A16:D8 for 1/O

The MVMEOQ50 System Controller Module is a combina-
tion system controller, system utility, and debug/diagnostic
board. It is designed to implement functions that are only
required once in a multi-processing system, such as bus
arbitration, bus time-out, system clock generation, and
time-of-day clock. This capability frees up space on the
processor modules, avoiding the waste of having functions
duplicated on every processor in the system (where only
one can be enabled). Figure 1 is a Functional Block Dia-
gram of the MVMEQ50.

The MVMET701 I/O Transition Module is an optional, Euro-
format, double-high companion board to the MVMEQ50. It
may be attached by a ribbon cable to the MVMEOQ50 P2
connector, providing standard connectors for the System
Controller's serial and paraliel ports, and optionally, bat-
teries for back-up of the MVMEO50's time-of-day clock.
There are no active components on the MVME701.

MVMEOS50
MVME701

BUS ARBITER

Bus arbitration is straight 4-level priority arbitration. All
four VMEbus request lines are continuously monitored.
As each request is put on the bus, its priority is compared
with all other requests, with bus grant being given to the
highest priority requester as soon as the current bus master
releases the bus. Several requesters may be daisy-chained
on a given priority line, producing positional priority at that
level. The bus arbiter also issues a Bus Clear signal when-
ever there is a requester with higher priority than the cur-
rent master.

SYSTEM RESET

On power-up or when the front panel reset switch is
pressed, the MVMEO50 activates the SYSRESET* line of
the VMEbus to reset all boards on the bus together.

As a further option, especially for OEMs configuring a
VMEbus system inside of a larger system, a 4-pin con-
nector on the companion MVME701 board allows attach-
ment of a remote system reset switch, which may be used
to activate SYSRESET*

SYSTEM CLOCKS

Both the 16 MHz VMEbus system clock and the VMSbus
serial bus clock are driven by the MVMEOQ50. Both are de-
rived from an onboard 32 MHz oscillator.

BUS TIME-OUT

To avoid bus hang-up and to tell a bus master that it has
attempted to access an invalid location, the MVMEQ50 can
generate a bus error if no board has responded to a bus
access within a pre-set time. The time-out time is user se-
lectable between 2.5 and 160 microseconds (Jumpers).
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FIGURE 1 — MVMEO050 Functional Block Diagram
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MVMEO050, MVME701

TIME-OF-DAY CLOCK

A Motorola MC146818 clock chip keeps track of date
(year, month, day) and time (hours, minutes, seconds)
with an accuracy based on a 0.001% quartz crystal. The
clock can generate VMEbus interrupts at a software se-
lected time of day, or daily at a selected time, or at periodic
intervals ranging from 100 microseconds to 500 millisec-
onds. Optional power-fail backup operation is available
either from batteries on the companion MVME701 1/0O tran-
sition module or from the VMEDbus +5 standby, as selected
by jumpers.

PRINTER PORT

A buffered Centronics-type parallel port at the MVMEOQ50's
P2 connector is provided for a system printer. When the
MVMEOQ50's P2 connector is cabled to the companion
MVME?701 1/0O transition module, a Motorola standard 50-
pin Centronics parallel port connector is provided.

TWO SERIAL PORTS

Using the Rockwell R68560 Multi-protocol Communica-
tions Controller (MPCC), each serial port can operate in
full duplex, asynchronous or synchronous protocols, at up
t0 19,200 baud (Async.) or 1 MHz (Sync.). Baud rate limita-
tion will be determined by the restrictions of the software
being used. Synchronous operations supported include
several bit and character oriented protocols, such as SDLC,
HDLC, X.25, DDCMP, X3.28, or ISO 1S1745. With the
MVME701 connected to the MVMEOQ50’s P2 connector, the
RS-232C signals are routed to two standard 25-pin DB-25
connectors on the front edge of the MVME701.

GLOBAL INTERRUPTER

A global four-channel interrupter allows one processor
module to interrupt another in a multi-processor system.
This could be used to signal process completion in a task
sharing system or to signal semaphores which control
access to shared resources in a multi-user system. The
global interrupter function is implemented by the Motorola
MC68153, a four-channel interrupter chip, with program-
mable levels and vectors for each channel. One channel
may optionally be connected to the VMEbus SYSFAIL” line.

FRONT PANEL DISPLAYS

There are two front panel displays on the MVMEOQ50, two
SYSFAIL* LED’s, and a diagnostic display.

Two LED's on the front panel display the status of the
VMEbus SYSFAIL" signal: a red LED for SYSFAIL" active,
and a green LED for SYSFAIL* inactive.

A 2-digit hexadecimal display (capable of displaying the
decimal digits zero through nine and the letters A through
F, representing the values in the base 16 number system)
may be used to display diagnostic information in case of
system error, or any other user defined information. The
display can show 100 decimal numbers from 00 to 99, or
256 hexadecimal numbers from hex 00 to hex FF.

SOFTWARE READABLE SWITCH

An 8-segment software readable switch on the MVMEO50
front panel allows an operator to choose one of 256 differ-
ent binary codes to select different system modes or other
functions a system designer may assign to the switches.
The switches might, for example, be used to select system
diagnostic modes or to select between different primary
boot load disks.

RAM/EPROM

Eight 28-pin memory sockets on the MVME050 may be
used to provide system RAM for common data structures
such as semaphores or job queues. The sockets may also
provide system EPROM for common test routines or boot
loaders or a combination of both. Headers allow for con-
figuration of each socket quad (group of four sockets ad-
dressed together by a 32-bit VMEbus access) as necessary
to accommodate a wide variety of memory devices. Maxi-
mum capacity is 64Kb of RAM (eight 8K x 8 static RAM), or
512Kb of EPROM (eight 64K x8 EPROMSs), or a RAM/EPROM
combination with 32Kb of RAM and 64Kb of EPROM.

The VMEbus interface to the memory on the MVMEO050
is designed in anticipation of the 32-bit VMEbus systems
of the near future, with a full 32-bit interface (A32:D32). It
remains compatible with today’s 16-bit systems, support-
ing 24-bit addressing and 16- or 8-bit data transfers as well
(A24:D16/D8). Switching between modes is automatic, de-
pending on the mode in which it is accessed. Even in a
multiprocessing environment with mixed 16- and 32-bit
processors, this capability could provide common system
memory for all.

NOTE: All devices in a quad must be of the same type.
ADDRESS MAP OF MVMEO050
RAM/EPROM Memory

Address is jumper-definable for EPROM and RAM inde-
pendently (on boundaries equal to eight times the device
size).

EXAMPLE: A quad of 2K x 8 RAMS (e.g. the Motorola
MCM65116) could be set at VMEbus address: Hex 000000,
or Hex 004000, or Hex 008000, etc.

1/0 Memory

The short I/0 address space occupied by the MVMEO50
is a 512-byte block (odd bytes only), which may be located
on 512-byte boundaries starting at FF0000 (e.g. FF0000,
FF0200, ... FF1000, etc.).

NOTE: Factory jumper position is FF1000, as shown below:

FF1000 RS-232C Serial Port 1 64 Bytes
FF1040 | RS-232C Serial Port 2 64 Bytes
FF1080 | Parallet! Printer Port 32 Bytes
FF10A0 [ Read: Switch/Write: Disptay 32 Bytes
FF10CO| Interrupter 1 (MVMEOS0 interrupts) 32 Bytes
FF10EQ | Interrupter 2 (global interrupts) 32 Bytes
FF1100 | Time-of-day Clock 128 Bytes
FF1180 | Unused

FF1200
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Mechanical and Environmental Specifications — MVME050

Characteristics

Specifications

Configuration

EPROM/RAM 170
DTB SLAVE: A24/A32 A16
D8/D16/D32 D8

Arbiter: Priority, 4 level
Interrupter: Any one of | (1)..1 (7), Dynamic

Form Factor

Double High Eurocard
— Card dimensions:

Height 9.2 in. (234 mm), width 6.3 in. (160 mm)
— Front panel dimensions:

Height 10.2 in. (261 mm), width 0.83 in. (21 mm)

Power Requirements

+5 Vdc at 3.7 A (typ), 4.4 A (max)
+12 Vdc at 140 mA (typ), 170 mA (max)
-12 Vdc at 35 mA (typ), 42 mA (max)

Environmental Limits
Operating Temperature

Storage Temperature
Humidity

0° C to 50° C inlet air temperature for 200 LFM air flow
(forced air cooling)

-40°Ct0 85°C
5% to 90% Relative Humidity (non-condensing)

Mechanical and Environmental Specifications — MVME701

Characteristics

Specifications

Configuration

MVMEOQS0 transition card, no VMEbus connection

Form Factor

Double High Eurocard
— Card dimensions:

Height 9.2 in. (234 mm), width 3.1 in. (80 mm)
— Front panel dimensions:

Height 10.2 in. (261 mm), width 0.83 in. (21 mm)

Power Requirements

None (No active components on MVME701)

Environmental Limits
Operating Temperature
Storage Temperature
Humidity

0°C to 50°C Ambient
-40°C to 85°C
5% to 90% Relative Humidity (non-condensing)
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Ordering Information

Part Number Description
MVMEO050 System Controller Module & User's Manual
MVME701 1/0 Transition Module for MVMEQS50. Includes User's Manual
MVMEO050/D MVMEO050 System Controller Module and MVME701 I/O Transition
Module User's Manual

Related Documentation

Part Number Description
MVMESYSAM/D VME System Architecture Guide
68650N06 Rockwell, R68560 Product Description
MC68153/D Motorola MC68153 VBIM Data Sheet
MC146818/D Motorola MC146818 Time-of-day Clock Chip Data Sheet
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VMEmodule
Monoboard
Microcomputer

High Performance 16-bit Monoboard Microcomputer
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 I/O Ports

® 20 Programmable I/O Lines

e Triple Programmable 16-Bit Counter/Timer

(accessible from off board)

Hexadecimal LED Status Display

Seven Jumper-Seiectable Interrupt Priority 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
standalone microcomputer, as a single CPU/controller in a
VMEbus system or as a single CPU element in a multipro-

ADVANCE INFORMATION

MVME101

cessor VMEbus configuration. This module features Mo-
torola’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 MVME101 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 MVME101 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 (D00—DO07) and an upper data byte (D08-D15).
Rather than address line A0O, 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*.
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FIGURE 1 — MVME101 Functional Block Diagram

VMEbus CONNECTOR (P1) [ INPUT/OUTPUT CONNECTOR (P2) l
SYSTEM PERIPHERAL PROGRAMMABLE
BUS INTERFACE FAIL BUFFER INTERFACE ADAPTER TIMER MODULE

BUS

MICROPROCESSING UNIT ARBITER

ADDRESS
DECODER

MEMORIES

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 DTACK BTO RESET
CONTROL GENERATOR | | counter | | NTERRUPTHANDLER | ooy COMMUNICATION
INTERFACE
REG.
ABORT ReseT | | semiaL | | semiaL
DISPLAY SWITCH | {switcH| | PORT1 | | PORT2

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, locat I/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
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FIGURE 2 — Address Map Configuration

MPU ADDRESS

([FFF XXX
FFEXXX
. . : SELECTED DEVICE
HI BLOCK : P »{ VME STANDARD ADDRESS |
: :
Fo1XXKX DECODER PROM
FooOXXX ADDR | DATA
F EFF X X X — > F Fl F VME STANDARD ADDRESS
EFEXX X |—— > FE[ € VME SHORT I/O ADDRESS
. . . . D
. . . .
MID BLOCK : : : : ¢
. : : : B | NoTuseD
L] . - L] A
101 X X X 44 —{1 0 1| 9
100X X X 100 8 LOCAL I/0 DEVICES
6 0F F X X X »o F Fl 7 | ROM IN SOCKET PAIR 4
0FE XXX b F E & ROM IN SOCKET PAIR 3
. . . . 5 ROM IN SOCKET PAIR 2
4 : M : . 4 ROM IN'SOCKET PAIR 1
Lo BLOCK 3 INVALID
. . . . 2 RAM IN SOCKET PAIR 3
001 X X X oo 1 1 RAM IN SOCKET PAIR 2
LLoooxxx 000 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 controiler. The MVME101
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TABLE 1 — MVME101 Address Map

(As Shipped)
Address Contents Selected Devices
FFFFFF
: VMEbus Short I/O Addresses Global I/O-devices
FF0000
FEFFFF Global Memory
: VMEbus Standard Addresses or
FE1000 Memory-mapped Devices
FEOFFF .
On-board 1/0O Registers .
: Local I/0O-devices
FE0000 (Only odd addresses used)
FDFFFF Global Memory
: VMEDbus Standard Addresses or
F04000 Memory-mapped Devices
FO3FFF MVME101bug Debug Package 2 x 8K bytes Local ROM
. or in
FO0000 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
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TABLE 2 — /O Register Address Map

(As Shipped)
Device Address Mode Register
MCR FEQOF1 riw Moduie 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
FE0O0D9 read Timer #2 counter
FEOOD9 write MSB buffer register
FEOOD7 read LSB buffer register
FEO0OD7 write Timer #1 latches
FEOODS 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 FEQOC7 r'w Section B control register
FE0OCS r'w CRB-2 = 1: Section B peripheral register
FE0OOCS5 rw CRB-2 = 0: Section B data direction register
FEOOC3 r'w Section A control register
FEOOC1 riw CRA-2 = 1: Section A peripheral register
FE0OC1 riw CRA-2 = 0: Section A data direction register
PCI2 FEOOB? riw command register
FEOOBS r'w mode register #1 / mode register #2
FEO0B3 read status register
FE0O0B3 write SYN1 register./ SYN2 register / DLE register
FEOOB1 read receive holding register
FE00B1 write transmit holding register
PCit FEQOA7 r'w command register
FEOOA5 r'w mode register #1 / mode register #2
FEOOA3 read status register
FEOOA3 write SYN1 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
first in 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.
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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 is 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 priority 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

VMEbus is 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 tripie 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 lines 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 is set at the time 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 time 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 t 1 1.0 1 0 standard non-privileged program access
39 11 1 0 0 1 standard non-privileged data access
2D 1 0 1 1 0 1 short supervisory 1/O data access
29 1 0 1 0 0 1 short non-privileged I/0 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 is op-
erated in the isolated mode, none of these signals is con-
nected.

Reset and Halt 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 cB2 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 PB5 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
" PBO PIA Peripheral Data, Side B
12 PA7 PIA Peripheral Data, Side A
13 PA6 PIA Peripheral Data, Side A
14 PA5 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 +50V Supply
23 Cc3" 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 Ot 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 /0
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 is 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 I/0O 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 I/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 PCI1RXD* 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 serial
ports are accessible via two 25-pin connectors on the front
panel. The programmable timer module and the parallei 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
peripherals. 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 signais
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

Motoroia provides standard software packages to support
VMEmodule Monoboard Microcomputers 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

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

e 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

e Provides All Real-Time Multitasking Software Features of
RMS68K

Device Independent I/O and Logical /O

Wait and Proceed 1/O

Standard Device Drivers

Mutti-Level File Directories

Shared File Access

Dynamic or Contiguous File Space Allocation

Random, Sequential, and Indexed Sequential File Access

VME101bug — Debug/Monitor/Loader Firmware
® Initialization

e Display/Change Memory

® Display/Change Registers

o Set and Clear Breakpoints

Block Initialize

Block Move

Search for a (masked) Value

Trace with Optional Instruction Count
Downline/Upline Load

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

MVME101/D

VMEmodule Monoboard Microcomputer User's Manual
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ADVANCE INFORMATION

MVME101BUG
MVME101BUGLF
MVME101BUGLC

VME101bug
Debugging Packages
for the MVME101
Monoboard
Microcomputer

101bug Resident Package

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

o EPROM Resident System Debug Monitor backplane is provided within Motorola’s MVMES00 Series
e 30 Powerful Commands Chassis. 101bug Source apd Reloca'table Object Modules
. " . X are a separate product available on either VERSAdos com-
® Single-line Assgmbler/Dusassembler for convenient Pro- patible floppy disk or cartridge.

gram Monitoring 101bug provides a powerful evaluation and system de-
@ Full Speed Execution of System and User-Developed Pro- bugging tool for VMEmodule Systems. The EPROM Resident
grams Operating in the VMEmodule Monoboard Micro- Package will operate in 32K bytes of ROM space. 101bug
computer System uses the first 4K bytes of RAM storage for Interrupt vectors
® Virtual Terminal Capability for Up/Downline Load from an and temporary storage. The EPROM resident package is
EXORmacs Development System or from any Host delivered in two 16K byte EPROMSs. Table 1 lists the com-

Computer mands available to the user. . g
The package permits execution of system and user-
¢ Cc:mmand Set Allows Aq}ess o all VMEmaodule 1O, (_'.:on- developped proggra’:ns operated in a MVM)é101 Monoboard

rol and Memory Facilities Plus the Full 16 Mbyte Direct Mi N d ot t

Address Range of the VMEbus icrocomputer system environment under complete operator
control. 101bug may be utilized with a Monoboard Micro-
® Includes Disk Controller Initialization and Disk /O com- computer in a standalone environment with only a user pro-
mands for the MVME315 Intelligent Floppy Controller/ vided standard RS-232C asynchronous ASCII terminal. Al-
SASI Interface ternately, it may be used with the second serial I/O port of
® Includes Boot Facilities for Loading the VERSAdos O.S. the MVME101 connected to a host computer for up/downline
and for Dumping VMEbus System RAM Contents to loading of programs in Motorola “S” Record format. When
Disk. connected to a host computer in this manner, the MVME101/
® Includes all Required Installation and Operation Docu- 101bug combination appears as a virtual terminal o the host

mentation

101bug Source and Relocatable Object Module
Package

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

operating system. )

MVME101bug also provides program and operating sys-
tem downloading facilities from floppy or hard disk into the
VMEbus system RAM through the MVMES15 Intelligent
Floppy Controller/SASI Interface.

After loading, 101bug commands may be used to examine
and modify memory, set breakpoints to run particular program

® Relocatable Object Modules Allow Users to Include Only segments, and track program progress. The user may set up
the 101bug Items Needed in Their End System and examine a variety of conditions using any of the powerful
® Source Modules Allow User Modification of 101bug as commands listed in Table 1, such as the Register Display/

Desired

Set series and the memory biock 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 parallel 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 54" 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>]
.88 [<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

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS




MVME101BUG, MVME101BUGLF, MVME101BUGLC

TABLE 1 — 101bug Commands (continued)

Command

Description

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

GT <breakpoint address>

Breakpoint Set (up to 8)

Breakpoint Remove (any or all)

Execute Program

Go Until Breakpoint (sets temporary breakpoint)

GD [<address>] Go Direct (No Breakpoint or Track Set, and
no Exception Vector Changes)

TR T<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>]
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>] [,<controlier>]

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

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

10T

Boot Dump

Boot Halt

Boot Operating System
Disk /O 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) is 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/D 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 required license agreement with Motorola.
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Advance Information

VMEmodule™
VMEbus
Processor Module

® Low Cost Single Board Computer Offered in Four
Versions

Standard Features, on all Four Versions:

A24/A16:D16/D0O8(E0) VMEbus Interface
MC68010 CPU at 10 MHz
® 512Kb Dual Access DRAM, with Zero-Wait Cycle Read,
One Wait Cycle Write
® Two EPROM Sockets, for up to 128Kb of Zero-Wait
Cycle EPROM
e Two Additional Sockets, for EPROM, EEPROM, or
SRAM
— Can also be used for CMOS RAM or clock/
calendar with on-chip battery!
® Async/Sync RS-232-C Serial Port on Front Panet
® Async/Sync RS-485/422 Serial Port on P2 Connector
8-Bit Parallel /O Port with Four Handshake and Five
Control Lines (for Centronics printer or parallel I/0)
® Four Timers: 24-Bit Timer with 125 ns Resolution, Local
and VMEbus Timeout, and Watchdog Timers
Global Control/Status Register (CSR)
Software Readable 8-Bit Switch
Single Level Arbiter and System Controller
Optional Debug Monitor available for each VMEbus
Processor Module

Special Features, Unique to Each Version:

® Each of the four versions has a different I/0 interface
on its P2 connector:

— MVME104: Motorola I/0 Channel Bus
— MVME105: — No Connect —
— MVME106: 5-174" Floppy Disk
— MVME107: SCSI Bus Interface
Optional Debug Monitor Avaitable for each Processor
Module .
The MVME105 family of VMEbus single board com-
puters are designed for embedded controller and small
real-time system applications. They have a common ar-
chitecture and offer standard features sufficient to satisfy
the requirements of most applications. Special I/0-on the
P2 connector optimizes each of the four versions for par-
ticular markets and applications.
The MVME104 with Motorola’s /O channel bus inter-
face may be used as the controller for a complete system

MVME105
MVME104
MVME106
MVME107

MVIVENDS o moronous

based on the industrial I/O peripherals available for this
bus (MVME400 and MVMEG00 series modules).

For EPROM based systems or those using VMEbus for
mass storage, the base board (MVME105) has no special
1/0 interface. As such, it is also the least expensive board
in the family.

Small systems requiring only a small amount of mass
storage can use the MVME106 with a 5-1/4" floppy disk
interface. Even larger systems with other mass storage
might use the MVME106 to add floppy diskinexpensively.

For those with more elaborate I/0 and mass storage
requirements, the MVME107 with its standard small com-
puter systems interface (SCSI) bus provides access to
high speed disk, tape, and other peripherals for a small
additional cost. This will become increasingly attractive
as more peripheral vendors offer their products with an
embedded SCSI interface.

The common architecture means easy portability of
user application software from one CPU to any of the
others as system requirements change. One might, for
example, develop programs on the MVME107 (with its
SCSI mass storage), and then use an MVME105 or
MVME106 in the production system. Or, if a working
MVME105-based system develops problems at the end
customer’s site, the service technician can simply replace
it with a MVME106 or MVME107 to run diagnostics on
the rest of the system and the software.
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SERIAL

) RS-232C PARALLEL /0, PRINTER
DB25 |———]  CENTRONICS 362N -

RESET ABORT RUN HALT FAIL

[ 1 [ 1
RS-232.C MC88230
PARALLEL 110 CNTLR
1/2 28530 u_
SERIAL /0 512Kb MOSE010
DRAM v
WozsPIN | [ TWO 28PN (SHARED) i
SOCKETS FOR | | SOCKETS FOR [
EXPANSION EPROM
I I L
O CHANNEL u
o N 12 28530 A24:D16 VMEbus Zy;&”;
FLOPPY DISK (WD1770) SERIAL 10 YMEbus INTERRUPT | | CNTLR
MASTER/SLAVE
OR , NTERrAce | | HANDLER
SCS1 BUS (NCR 5380) RS-485 VL3
[ 1

MVME104: /0 CHANNEL RS-485
MVME105: — NOT USED — SERIAL
MVME106: 5-1/4” FLOPPY
MVME107: SCSI BUS

L—H - 11?_E| . 5|
T_)

Figure 1. MVME105 Series Block Diagram

MICROPROCESSOR

All four members of the MVME105 family are based
on the MC68010, a microprocessor of proven architec-
ture, optimized for efficient support of high-level lan-
guages and secure operating systems.

MC68010 features include:

32-Bit Internal Data, Address, and Stack Registers

14 Addressing Modes

16Mb Direct Addressing Range

57 Instruction Types

Operation on Five Data Types: Bit, Byte, Word, Long-
word, & BCD

256 Multi-level Vectored Interrupts

Fast "Loop-mode’’ Execution for Frequently Needed
Sequences

ON-BOARD MEMORY

512Kb of dynamic RAM (DRAM) and sockets for up to
256Kb of EPROM provide sufficient memory for large
single-board-computer (SBC) applications. The DRAM is
dual-access, meaning that it can be accessed by the on-
board CPU or by other CPU’s and peripherals from the
VMEbus. There is no parity checking on the DRAM.

Read accesses of DRAM by the on-board CPU take four
CPU clock cycles: This is the maximum possible speed,
also known as ZERO WAIT CYCLE operation. Write cycles
are slower, taking five CPU clock cycles {one wait cycle).

Access from the VMEbus is slightly slower, since the
on-board CPU must complete whatever cycle is in pro-
cess and release control of the DRAM to the VMEbus.
Access times from the VMEbus will range between
approximately 650 ns to 1200 ns, depending on what
operation the local CPU was performing when the
request was made.

From the point of view of the on-board CPU, the DRAM
normally occupies the bottom of the memory map, 000
000 thru 07F FFF (hexadecimal). See Table 1. Optionally,
the DRAM can be mapped to address E80 000 thru EFF
FFF if the user wishes to access the VMEbus at address
zero.

From the point of view of a device on the VMEbus, the
DRAM may be set to occupy any address range in the
16Mb address space of the A24 VMEbus (on a 512Kb
boundary). Switches are provided for this selection. Only
the DRAM and a global control/status register are acces-
sible from the VMEbus. Other on-board resources
(EPROM, serial ports, etc.), are all ‘private,” and are ac-
cessible only from the on-board CPU.

There are four 28-pin memory sockets on the board.
Two of these are dedicated for EPROM, and accept either
32K x 8 or 64K x 8 devices. Accessed as a single 16-bit
wide memory, they provide up to 128Kb of EPROM mem-
ory. With 300 ns or faster EPROMSs, these memories also
provide ZERO WAIT CYCLE operation. The board is
shipped with these sockets empty, but in a typical appli-
cation, as with the VERSAdos operating system, they
would be used for the debug/monitor firmware.
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The other two sockets, also accessed as a single 16-bit
wide memory, can be used for additional EPROM (for a
total of 256Kb), but also support read/write access for use
with static RAM, nonvolatile memory like EEPROM,
CMOS RAM with built-in battery, or special-purpose de-
vices which combine RAM with a clock/calendar function.
A logical configuration might be a RAM with on-chip bat-
tery in one socket and a RAM/clock/calendar with on-chip
battery in the other.

SERIAL I/0

The Zilog Z8530A Serial Communications Controller
provides two multiprotocol serial ports for the MVME105
family of microcomputers. On the front panel is an RS-
232-C compatible serial port with a standard DB-25 con-
nector. Jumpers can be used to configure the port for
DCE or DTE operation, and for synchronous or asyn-
chronous protocol. The second serial I/0 port is brought
out through the P2 connector on the module’s back edge.
itis wired as an RS-485 differential interface, and jumpers
are used to configure the interface as master or slave,
and to select 8-, 4-, or 2-wire operation.

The RS-485 interface is an extension of the RS-422
differential interface, with greater current drive and tri-
state capability. It can be used for point-to-point com-
munications, or in a multi-drop configuration with sev-
eral RS-485 interfaced devices sharing a common serial
line. Differential drive is much less sensitive to noise
than RS-232-C and is particularly well suited for use in
an electrically noisy environment and/or for very long
cable lengths at high data transfer rates.

A typical system configuration might be a series of
small control or data collection nodes, each with an
MVME105 single board computer as the local intelli-
gence, and all linked together and to a central host com-
puter by means of an inexpensive two wire RS-485 multi-
drop line.

The 28530 serial port controller chip offers the follow-
ing features:

e Software Programmable Baud Rates from 50 Baud to
more than 64K Baud
® Software Selectable NRZ, NRZI|, or FM Data Encoding
® Asynchronous Mode, with Software Programmable:
— 5-8 bits per character
— 1, 1.5 or 2 stop bits per character
— BREAK detection and generation
— Parity, overrun, and framing error detection
® Synchronous Mode, with:
— Internal character synchronization on one or two
characters
— CRC generation and checking with CRC-16 or
CRC-CCITT
— Digital phase-locked loop for clock recovery
® Local Loopback and Auto Echo Features

PARALLEL /O

A full Centronics-compatible, 8-bit parallel I/0 port is
provided on each of the MVME 105 family of CPU's. Imple-
mented as a standard 36-pin shielded Centronics con-
nector on the front panel, it can directly support parallel

printers or can be used for general parallel I/0. There are
eight /O data lines, four handshake lines and five contro!
lines, all controlled by means of an on-board MC68230
Parallel Interface/Timer.

TIMERS

Four timers are implemented on the module. Three are
dedicated to error recovery functions: local bus time-out,
VMEbus time-out, and watchdog timing. They are de-
signed to aid the CPU in regaining control if an addressed
device on the local bus or VMEbus fails to respond, or if
an executing program ‘“‘gets lost” (watchdog timer). The
fourth timer, a 24-bit timer running at 8 MHz (125 ns
resolution) is available for use by the operating system
or application software.

A special clock/calendar device (such as the THOMP-
SON/MOSTEK MK48T02/25) may be installed in one of
the auxiliary memory sockets, if desired.

SYSTEM CONTROLLER / BUS REQUESTER

The MVME105 series microcomputers can work as the
VMEbus system controller in the slot 1 position in a VME-
bus chassis. A system controller is responsible for VME-
bus arbitration (in this case, single level arbitration on
level 3), SYSCLK generation (the 16 MHz reference clock
on VMEbus), system reset (SYSRESET?*} generation on
power-up or from the front panel, and VMEbus time-out.
A switch disables these functions when another board is
acting as system controller.

Bus request logic on the MVME105 boards allows the
modules to request access to the VMEbus on any of the
four VMEbus request levels (jumper selectable). Only
level 3 may be used if the system controller functions are
enabled. The bus release protocol is release-on-request
(ROR), and early release of bus busy is supported to allow
concurrent arbitration for optimum bus utilization.

VMEbus INTERFACE

The MVME105 series modules all have a 24-bit address
/16-bit data VMEbus interface (A24:D16), for both master
and slave operations. They may be used in a standard
A24:D16 VMEbus system with a P1-only backplane, or in
an extended A32:D32 system with a combined P1 and
P2 backplane. If used in a 32-bit system, the designer.
must recognize that they will still respond only to trans-
fers with “A24” or “A16"” address modifier codes.

There is no connection to the extended VMEbus
address and data signals {on row b of the P2 connector),
but P2 rows a and c are used for IO, so a P2 backplane
(if used) must have pass-thru pins for this purpose.

There are, in a sense, three interfaces between the
MVME105 series CPU’s and the VMEbus.

1. What the local CPU sees of VMEbus when itis VMEbus
master.

2. The dual-access DRAM as it appears on VMEbus to
other VME masters.

3. The 105's CSR space as it appears on VMEbus to other
VME masters.
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As VMEbus master, the MVME105 family module can
access most of the lower 16Mb of VMEbus address space.
As shown in the memory map in Table 1, “VMEbus"
occupies all of the memory space except where on-board
DRAM and other local resources are decoded. In addition,
the VMEbus address modifier lines can be manipulated
to access any of the alternate VMEbus memory spaces
reserved for user-defined applications.

CONTROL/STATUS REGISTER

The control/status register (CSR) is a special-purpose,
dual-ported, 16-bit memory that exists both in the local
CPU’s memory space and in the short I/0 space on VME-
bus. It is used to control certain functions on the
MVME105 family module, to allow the status of those
functions to be read both by the local CPU and other
devices on VMEbus, and to provide a quick means for a
VMEbus device to signal the local CPU. As seen from the
VMEbus, the CSR register resides at one of two switch
selectable short 1/0 space addresses relative to the
selected address of the 512Kb DRAM (module base
address). Seen from the local CPU, the CSR resides at a
fixed address in local memory. Figure 2 shows the CSR
bit functions.

Control functions in the lower 8 bits include the watch-
dog timer (enable/disable), interrupt enable (enable all/
disable all), the system fail signal to VMEbus (drive active/
not driven), and two of the address modifier control lines
mentioned above. These can all be read or written by the
local CPU, but are read-only for a device on VMEbus.

The upper 8 bits (bits 8..F) are read/write for both VME-
bus and the local CPU. Primarily intended to allow a VME-
bus device a means other than VMEbus interrupts to sig-
nal the local CPU, it works by writing values with a ‘0’ in
any of the bits 8..B — which generates a local interrupt
on level 2 or level 7. The other bits can be used as desired,
possibly as a source identifier or command code. One
use of this mechanism might be to implement the buff-
ered pipe protocol, where the ‘signal’ tells the local CPU
to look for data in global memory.

SHORT VMEbus | 0 ADDRESS SPACE
VMEbus READ'WRITE VMEbus READ ONLY

CPU READWRITE

Figure 2. Module CSR Register

/0 CHANNEL (MVME104 only)

The I/0 channel is an 8-bit data, 12-bit address bus for
specific application system expansion. Modules from
Motorola’s MVME400 series and MVMEGQO series can be

added to provide a wide range of functions including
serial and parailel port expansion, Winchester and floppy
disk (with the M68RWIN1), 9-track tape, analog I/0, digital
1/0, and even ac power |/0. Except for the M68RWIN1, all
of these conform to the single high Eurocard form factor,
and are supported with cables and backplanes for use in
VMEbus chassis.

Appearing in the MVME104's local memory space as
a 4Kb block, the /0 channel is easy to use and is fully
supported by the VERSAdos Real-Time operating
system.

FLOPPY DISK INTERFACE (MVME106 only)

The MVME106 has a direct interface to Shugart SA400
compatible 5-1/4" floppy disks (up to 4 daisy-chained
disks). Implemented with the Western Digital WD1770
disk controller, it supports 125Kb/s FM or 250Kb/s MFM
formats for single or double density disks, single or dou-
ble sided, 48 or 96 tracks per inch.

SCS! bus (MVME107 only)

The Small Computer Sytems Interface (SCSI) bus is
quickly being accepted as the standard bus interface for
peripheral /0. Designed as an extension of Shugart’s
SASI bus, SCSI is a medium performance bus supporting
data transfer rates up to 1.5Mb/s (asynchronous) and up
to seven peripherals. Supported peripherals under the
VERSAdos operating system include floppy disk, and
Winchester disk. Other peripherals available with a SCSI
bus interface that could be used with the MVME107 (but
not currently supported with VERSAdos drivers) include
SMD disks, optical disks, streaming tape, 9-track tape,
and even system-to-system communications.

Using the NCR 5380 SCSI bus controller chip, the
MVME107 implements a single ended, arbitrating, asyn-
chronous SCSI bus interface as defined in revision 16 of
the ANSI X3T9.2 committee specification. It can operate
in either the initiator or target roles, and supports dis-
connect/reconnect and the common command set.

Data transfer between SCSI bus and the on-board
memory {or VMEbus memory) is handled by the local
CPU using what NCR calls the ‘psuedo-DMA’ mode of
the NCR 5380. Running at 10 MHz, the MC68010 CPU can
transfer data over SCSI bus at approximately 700Kb/s.

Table 1. Physical Address Map
(View from on-board CPU, typical configuration)

000 000 thru 000 007 | Reset vector {from EPROM) for the
first four memory cycles after RESET,
RAM thereafter.

000 000 thru O7F FFF. | Dynamic RAM

080 000 thru EFF FFF | VMEbus

FOO 000 thru F1F FFF | EPROM (2 sockets, possibly repeated)
F20 000 thru F3F FFF | Auxiliary RAM/ROM/EEPROM/clock
sockets

F40 000 thru FBF FFF | VMEbus

FCO 000 thru FCF FFF | Local resources (Serial & Parallel
ports)

FDO 000 thru FDF FFF | Control/status register (CSR),
I/0 channel, etc.

FF0 000 thru FFF FFF | VMEbus short I/O space
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SOFTWARE SUPPORT

A debug monitor for the MVME105 series of VMEbus
Processors is available in two EPROMs that plug into
sockets on a module. To allow customization, it is also
available as source code on 5-1/4" diskettes readable on
any system running the Motorola VERSAdos Real-Time
Operating System.

A powerful, sophisticated tool, MVME105bug, or
105bug for short, allows full speed execution of system
and user programs under complete operator control. it
offers 35 powerful commands for application program
development and modification and for hardware diag-
nosis and debugging of systems based on any of the
processor modules.

Facilities for loading an operating system and pro-
grams from floppy or hard disk into a target system are
included in 105bug. Supported disk and tape controllers
for each module are shown in Table 2.

Test and diagnostic capabilities in 105bug include a
power up sequence self test that tests the MC68010
Microprocessor, ROM and RAM resources required to
bring up the monitor and a test invoked by user command
that performs more intensive testing.

A TRAP #15 handler is included in 1056bug that facili-
tates calls from a user program to input, output and other
useful 105bug functions and also facilitates, in the
MVME107, communication with the MCR5380 device
used for the SCSI interface implementation. A comple-
ment of functions is provided that can be used to obtain
read, write and other activities from disk drives connected
to controllers on the SCSI bus.

Table 2. Controllers Supported by MVME105bug

MVME104
MVME319 X
MVME320A X
MVME360 X
Local Floppy
SCSi
MVME350 X

MVME105 | MVME106 | MVME107
X X X
X X X
X X X
X
X
X X X

X = Supported

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristics

Specifications

VMEbus Configuration

DTB Master A24/A16:D16/D08(EO)

DTB Slave  A24/A16:D16/D08(EQ)

Single level arbiter (level 3)

Requester: Any one of R(0)..R(3) Static ROR, Early Release
Interrupt handler: Any of 1H(0)..IH(7), Static

Form Factor

Double High Eurocard

Physical Dimensions
Card dimensions

Height 234mm (9.2"), Depth 160mm (6.3”)
Height 261mm (10.2"), Width 21mm (0.83")

Front pane!
Power Requirements
MVME105 +5V,5Atyp
+12V
MVME104/106/107 +5V,5Atyp
12V

Preliminary Values

Environmental Limits

Storage temperature -40°C to 85°C

Operating temperature 0°C to 55°C inlet air temperature with forced air cooling
0°C to 40°C ambient, convection cooling

Humidity 5% to 90% relative humidity, non-condensing
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ORDERING INFORMATION

Part Number Description

MVME105 VMEDbus single board computer module featuring 10 MHz MC68010
CPU, 512Kb shared DRAM, sockets for up to 2566Kb EPROM,
RS-232-C serial port, RS-485 serial port, 8-bit parallel port,
24-bit timer, and system controller.

MVME104 Same as MVME105, but with /O channel interface.

MVME106 Same as MVME105, but with 5-1/4" floppy interface.

MVME107 Same as MVME105, but with SCSI bus interface.

MVME105BUG 105bug, the Debug Monitor for the MVME104, MVME105,
MVME106 and MVME107 VMEbus Processor Modules. Includes set
of two 32Kb EPROMs and User’s Manuai.

M68VIXSBG 105 105bug Source Modules on 5-1/4" Diskette readabie on any system
running the Motorola VERSAdos Operating System. Includes User's
Manual.

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS

2-44




VMEmodule
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 Multilevel 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 I/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

Up to 7 Levels of Interrupt Priority May Be Jumper Selected

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

VMEbus Requester and Interrupt Support
Pushbutton RESET and ABORT Controls
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/O Channel which provides
access 10 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, 1/0O 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 fult speed processing
while another VMEbus master is operating, a local bus is
used to interconnect the MPU with ROM, RAM, the serial
/0 port, the I/O 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

o £ by
RS-232C SEz
(ﬁ [ s s Y aWaWa) @J
U MODULE LJ
CONTROL &
STATUS RESET | ABORT
ACIA PTM REGISTERS [~
1—¢t |
Sz RESET/HALT/FAIL
DTACK LOGIC
GENERATOR
8 28-PIN
ROM/RAM
SOCKETS MC68000 MPU
MAP
DECODER
RS ( REQ. H ARBITER I
/O CHANNEL INTERRUPT CZ:) VMEbus
INTERFACE HANDLER INTERFACE
—l—r 1/0 CHANNEL H VMEbus Lra
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VMEbus INTERFACE

VMEbus is characterized by the asynchronous bidirectional
operation required for complex, high-performance systems.
The VMEDbus 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 VMEDbus interface to add other resources
such as RAM and intelligent /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 VME110 module
is configured as system controlier 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
VMEbus 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 /O 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 Motoroia I/0 Channel is specifically designed to pro-
vide efficient low-cost distributed communications to periph-
eral and I/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 Channe! RS-232C Serial Port (Synchro-
nous/Asynchronous)

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

MVME420 SASI Peripheral Adapter
® MVME®600,605 Analog Input and Output

® MVMEB10, 615, 616 Opto Isolated 120V/240V Input and
Output

& MVME®G20, 625 Opto Isolated 30 Vdc Input and Output
o M68RWIN1 Winchester Disk Controller Module

® M6BRAD1 Remote Intelligent Analog-to-Digital Conver-
sion Module

® M68RIO1 Remote Input/Output Module

MEMORY MAPPED 1/O

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
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 1/O ADDRESS
FF0000 FF0O001
FEFFFE [ FEFFFF
FE8032 FE8033
MODULE
FEB030 STATUS REGISTER FE8031
FE802E FE802F
FEB022 / FE8023
MODULE
FEB020 CONTROL REGISTER | FE8021
FEBO1E FE801F
FEB010 P FEBO11
FES00E FE800F
FE8004 / FEB005
FEB002 FE8003
FE8000 ACIA FE8001
FE7FFE FE7FFF
/O CHANNEL
FE6000 FE6001
FESFFE FESFFF
FE0000 / FE0001
FDFFFE FDFFFF
VME
F40000 F40001
F3FFFE H! 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 /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.

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS

2-48



MVME110-1

® Dynamic Aliocation 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 /O

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 MBBRWIN1 (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 I/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-ime, 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 is
recommended. Since EXORmacs also supports VERSAdos,
it can utilize the same hardware and software development
tools as VME/10. Appiication programs designed to operate
under VERSAdos may easily be developed and checked out
in the EXORmacs environment, then downloaded into the
VMEDbus target system for final debug.

SYSTEM EXPANSION

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

e 16-socket RAM/ROM/EPROM Module

o |EEE-488 Listener/Talker/Controller Moduies

I/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

® SAS| Peripheral Adapter (interface for 8" or 5-1/4" disks)
® Buffered 9-Track Magnetic Tape Adapter

e Multichannel, 12-bit A/D Module

® Multichannel, 12-bit D/A Module

® Opto Isolated ac /O Module

e Opto isolated dc /0O 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

® Winchester Disk Controller Module — Hard and Floppy 8”
and 5v4" 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 Vde (=5%), 256 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, /0O Channel interface, and System Controller features.
Operates at 8 MHz clock. Includes User’'s Manual

MVME110/D VMEmodule Monoboard Microcomputer User's Manual

Related Documentation

MC68000UM MC68000 16-Bit Microprocessor User's Manual
MC6840UM MC6840 Programmable Timer Fundamentals and Applications
MVMEBUG/D VMEbug Debugging Packages User's Manual
HB212/D VMEDbus 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 I/O Channel Module
MVME410 Dual Channel 16-Bit Parallel Port /O Channel Module
MVME420 SASI Peripheral Adapter /O Channel Module
MVMEG00 12-Bit, 16-Channel Single Ended, 8-Channel Differential A/D 1/0O Channel Module
MVMEB01 16-Channel expansion board for MVMEG00
MVMEG05 12-Bit, 4-Channel D/A I/Q Channel Module
MVME610 Opto Isolated, 8-Channel ac Input /O Channel Module
MVMEG15 Opto Isolated, 8-Channel, Zero Crossing ac Output /0 Channel Module
MVME616 Opto Isolated, 8-Channel, Non-Zero Crossing ac Output I/O Channel Module
MVMEG620 Opto Isolated, 8-Channel, dc Input /0 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
M68KVDOS 4.5 VERSAdos Operating System
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Advance Information

VMEmodule™
Monoboard
Microcomputer

MC68010 Microprocessor Running at 10 MHz
Provision for MC68881 Floating Point Peripheral (cus-
tomer-supplied option)
Zero Wait-state Memory (512Kb); One Wait Cycle
Memory with Parity Enabled
One Multi-protocol RS-232C Serial Port (P2 interface)
and one Asynchronous Serial Debug Port (to ter-
minal interface only) :
Two Independent 8-bit Parallel Ports with /0 Hand-
shake Lines
® SCSI Bus Interface with Pseudo-DMA Channel
Time-of-day Clock/Calendar with Battery Backup
® Battery-backed Socket Accepts 2K x 8 or 8K x 8 CMOS
RAM
® MC68B40 Programmable Timer Module Provides
Three Independent Timer/Counters
® Interrupt Handler with Programmable Vectors for On-
board Interrupts (PROM)
® VMEbus System Controller
— Provides system clock (SYSCLK)
— Single-level arbiter (Level 3 only)
— VMEbus time-out
— System reset generator
® VMEbus Interface (D:8/D:16, A:24 master)
® Stand-alone Operation Requires a Terminal, Power
Supply, and Optionally a SCSI Disk
@ Four EPROM Sockets Accept 8K x 8, 16K x 8, 32K x 8,
or 64K x 8 JEDEC Standard Parts. Devices with 250 ns
Access Times (or less) run with One Wait Cycle. De-
vices with 450 ns Access Times (greater than 250 ns
and less than 450 ns) Run with Three Wait Cycles
VMEDbus Requester
Status LEDs for HALT, RUN, and FAIL
RESET and ABORT Switches
Remote RESET (P2 interface)
8-Bit Software-Readable Front Panel Switch
8-Bits of Software-readable Board Configuration
(PROM)
® MVME708 Interconnect Transition Module Available to
Direct P2 Interface to Remote Reset in Addition to
Standard SCSI, RS-232C, and Printer Connectors

ADVANCE INFORMATION

MVME117-3
MVME117-3FP
MVME117-4

® Software Support

— 117bug Debug Monitor with SCSI support available
in source or object code

— RMS68K real-time multitasking kernel available in
source or object code

— VERSAdos real-time operating system available in
source or object code

— ROM-based Basic Interpreter

— An application note describing the software macros
required to implement the MC68881 floating
point co-processor as a peripheral in an MC68000/
008/010/012 system

— High-level language support (VERSAdos). Pascal
and FORTRAN available in source or object code

The MVME117 VMEbus monoboard microcomputer is
a high-functionality, high-performance VMEbus-compat-
ible microprocessor module that offers most functions
needed for a complete computer system on a single Eu-
rocard. This microprocessor module is versatile enough
to run stand-alone as a packaged single board computer
or as a part of a modular, user-configurable VMEbus com-
puter system. There are five versions of the MVME117
designed to meet the processor needs of a wide array of
users. Refer to the ordering information for descriptions
of the five versions. Figure 1 is a functional block diagram
of the MVME117 module.
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RS-232C SERIAL SOFTWARE SWITCHES LED'S
PORT READABLE RESET  ABORT RUN HALT FAIL
SWITCHES - .. NN
T T T T
Y |
@ STATUS AND CONTROL
. :ﬁ;é:’gms DYNAMICRAM | | o LOCAL MAP
® REAL-TIME CLOCK ® SERIAL PORTS BYT:V:;IIIRITY . g:E:EDSE:
© NON-VOLATILE MEMORY | | @ MC68881 FLOATING CIRCUITRY
® BATTERY BACKUP POINT PROCESSOR (512Kb)

ADDRESS ADDRESS
; DATA
® SYSTEM
SCSI AND MPY INTERRUPT VMEbus CONTROLLER
PARALLEL MC68010 HANDLER INTERFACE ° BUS
INTERFACE - REQUESTER
SERIAL 10
- >

P2

H’—ﬂ

VMEbus CONNECTOR P1

iy

Figure 1. MVME117 Functional Block Diagram

MC68010 MPU

Processing on the MVME117 is performed by the
MC68010 16-bit microprocessor operating at a fixed
10 MHz. This microprocessor has a proven architecture
optimized for efficient support of high-level languages
and secure operating systems. The MC68010 offers the
following popular features:

® 32-Bit Data, Address, and Stack Registers

® 14 Addressing Modes

® 16Mb Direct Addressing Range

® 57 Instruction Types

® Operation on Five Data Types, Including Bit, Byte,
Word, Longword, and BCD

Interlock Instruction for Multiprocessor System
Operation

Fast Loop Mode Operation

256 Multilevel Vectored Interrupts

MC68881 FLOATING POINT PERIPHERAL

The MVME117 module is equipped with a socket to
accept the MC68881 floating point peripheral, a cus-
tomer-supplied option. The MC68881 is a high-
performance, single chip HCMOS VLSI floating-point co-

processor. The MC68881 is primarily intended to operate
as a closely coupled co-processor with the full 32-bit
MC68020 MPU, but it can also operate as a memory
mapped peripheral as it is on the MVME117. When in-
stalled, the MC68881 functions as a 16-bit peripheral to
the MC68010 that performs floating point arithmetic func-
tions to full IEEE compatibility. The MVME117 can supply
frequencies of 10 MHz, 16 MHz, or 20 MHz to the MC68881
socket, thereby allowing the maximum performance pos-
sible with the available MC68881.

ONBOARD MEMORY

The MVME117 is equipped with 512Kb of onboard local
RAM with byte parity. When parity is disabled, programs
operating from onboard RAM run without wait cycles us-
ing a 10 MHz MC68010 microprocessor. When parity is
enabled, these programs encounter one wait cycle.

Four 28-pin sockets are available for EPROMs. For ex-
ample, these sockets may contain the MVME117bug de-
bug monitor with the intelligence for the SCSI bus inter-
face, self-test and bootload. The user may install up to
256Kb of ROM in these sockets.
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One socket is provided for battery-backed CMOS RAM.
This 28-pin socket accepts a 24-pin 2K x 8 CMOS RAM
or a 28-pin 8K x 8 CMOS RAM. System constants and
other parameters that can change over time but must not
be lost in a power-down or power-fail condition may be
stored and retrieved in this battery-backed memory.

SERIAL /O

The Zilog Z8530A Serial Communications Controller
provides two serial ports for the MVME117. A RS-232C
compatible serial port with a DCE (to terminal) asyn-
chronous interface is accessible on the front panel of the
MVME117. The other RS-232C compatible multiprotocol
serial port is accessible at the P2 connector of the
MVME117, or optionally, on the front panel of the
MVME708 transition module. The multiprotocol port has
the following hardware features:

o Software Programmable Baud Rates

® Digital Phase Locked Loop for Clock Recovery

® Multiprotocol Operation under Software Control;
Programmable for NRZ, NRZl, or FM Data
Encoding R

Asynchronous Mode with 5- to 8-Bits Per Character
and 1, 1-1/2, or 2 Stop Bits Per Character; Pro-
grammable Clock Factor; Break Detection and
Generation, Parity, Overrun, and Framing Error
Detection

® Synchronous Mode with Internal Character Syn-
chronization on One or Two Characters and CRC
Generation and Checking with CRC-16 or CRC-
CCITT Reset to either 1's or 0's

SDLC/HDLC Mode

Local Loopback and Auto Echo Modes

DCE or DTE Interface (jumper-selected on MVME708
module)

PARALLEL /O PORTS

Two independent 8-bit parallel ports are provided on
the MVME117. Each port has one output handshake line
and one input handshake line. The input handshake sig-
nal may be programmed to interrupt on a high level or
a low level. Each 8-bit port may be programmed as buf-
fered or latched input or as latched output. The two ports
may be combined and used as g Centronics printer port.
These ports may be interfaced via the MVME117 P2 con-
nector or, optionally, they may be interfaced through the
MVME708 transition module.

SCSI BUS INTERFACE

The MVME117 provides a Small Computer Systems
Interface (SCSI) Bus Interface on the P2 connector. Al-
ternatively, the user may employ a standard connector
SCSI Bus Interface on the optional MVME708 transition

module. Implemented with the NCR5380, this interface
supports the SCS| bus as defined by the ANSI X3T9.2
committee. With the NCR5380, the MVME117 can operate
in either the initiator or target roles and therefore can be
used as a host or as a control unit. The MC68010 interface
to the NCR5380 incorporates a pseudo-DMA channel that

. {with the loop mode of the MC68010) allows a burst data

transfer rate of approximately 500Kb/sec between the on-
board RAM and the SCSI bus in either direction.

TIME-OF-DAY CLOCK/CALENDAR

A battery-backed real-time clock is provided on the
MVME117 to provide time-keeping and calendar func-
tions. This clock provides time-keeping from tenths of
seconds to tens of years. This clock also may interrupt
the processor periodically every 0.1 second, 0.5 second,
1 second, 5 seconds, 10 seconds, 30 seconds, or 60 sec-
onds. The device used is a CMOS MM58274.

PROGRAMMABLE TIMER MODULE

The MC68B40 provides three independent 16-bit timer
counters. One of these is used as a watchdog and the
other as a tick-timer. The third timer is available for ap-
plication-specific users.

BATTERY BACKUP SYSTEM

A battery is provided along with the necessary circuitry
to backup the CMOS RAM and the real-time clock when-
ever power is turned off. The battery is capable of 750mAH
with an estimated data retention time of approximately
five years.

INTERRUPT HANDLER

The MVME117 interrupt handler manages interrupts
from the serial ports, timer, SCSI, parallel ports, abort
switch, real-time clock, SYSFAIL, ACFAIL, and the seven
interrupts from the VMEbus. interrupt vectors for the lo-
cal interrupts may be assigned in the vector PROM. The
serial ports have software-programmable vectors.

VMEbus SYSTEM CONTROLLER

The MVME117 may work as a VMEbus system con-
troller for other VMEbus masters if it is physically located
in Slot 1 of a VMEbus chassis and if the VMEbus system
controliler function is enabled with a jumper.

VMEbus REQUESTER

The MVME117 VMEDbus requester operates in either the
Release on Request (ROR) or the Release When Done
(RWD) mode with early release of Bus Busy (BBSY). The
mode is software-selected through the module control
register. In addition, the VMEbus requester can operate
on any of the four (0 to 3} VMEbus levels.
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MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristics

Specifications

Configuration

DTB Master: A24, D16

Requester: Any one of R(0), R{1), R(2), R(3), Static; ROR or RWD
Arbiter: R(3) only

Interrupt Handler: Any of IH{0...7)

L
Form Factor

Double High Eurocard

i Physical Dimensions

Card size
Height
Width

Front Panel
Height
Width

9.2 in. (23.37 cm)
6.3 in. (16.00 cm)

10.2 in. (26.10 cm)
0.83 in. (2.10 cm)

Power Requirements

+5Vde 39A
+12Vdc 50 mA
—12Vde 50 mA

Operating Temperature

0°C to 55°C inlet air temperature — forced air cooling required

Storage Temperature

—40°C to 85°C

Humidity 5% to'90% relative humidity (non-condensing)
ORDERING INFORMATION
Part Description
MVME117-3 VMEbus Single Board Computer with 10 MHz MC68010 MPU, 512Kb

zero-wait-state DRAM, SCSI Bus Interface, Battery-backed time-of-
day clock, four EPROM sockets, MC68881 floating point processor
socket, two serial ports, and one parallel port. Includes user’s manual.

MVME117-3FP

Same as MVME117-3, but with MC68881 processor onboard.

MVME117-4 Same as MVME117-3, but without SCSI.
- MVME117bug MVME117 Debug Monitor with self-test, debug utilities, and SCSIbus
support. Includes user’s manual.
MVME708-1 MVME708-1 Interconnect Transition Module for the MVME117 family
of microprocessor modules. Includes user’s manual.
MVME117/D MVME 117 Monoboard Microcomputer user's manual.
MVME117BUG/D MVME117 Debug Monitor user’s manual.
MVME708/D MVME?708 Interconnect Transition Module user’s manual.
RELATED DOCUMENTATION
MVMESYSAM/D VMEsystem Architecture Guide
MC68010/D Microprocessor Data Manual
MC68881/D Floating Point Peripheral Data Manual
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VMEmodule™
VMEbus

Microprocessor
Modules

® MC68010 Microprocessor Running at 10 or 12.5 MHz

— Hardware virtual memory support, with instruction

continuation after a fault

® 512Kb Dual-Ported Dynamic RAM with Byte Parity

® 4Kb of Zero Wait-state Instruction Cache, Providing
Significant Execution Speed-up (Optional)

e MC68451 Memory Management Unit (MMU)
(MVME121)

® Two 28-pin Sockets for User-supplied ROM/EPROM
Devices

® A24, D16 VMEbus Interface

® Status/Control Registers

® Interrupt Handler

— Any one of the seven interrupt request levels
® Four Onboard Timers

— System ‘TICK’, Watchdog, Baud, and Delay
® RS-232-C Serial Port, for Debug Terminal
® Local Reset Switch
® Status Display LED’s: Run, Halt, Fail
® Optimized for Multiprocessor Applications

— No common system controlier functions onboard
(removed to system controller)

— Large onboard RAM and private ROM; can work at
full speed in paraliel with other processors without
causing unnecessary loading of the bus

— Dual port memory between the MC68010 MPU and
the VMEbus allows efficient communication be-
tween co-operating processors without the time-
consuming delays required to copy from global
memory to onboard memory

Note: A module with system controller functions (ar-

bitration), such as the MVMEOQ50 or the MVMEO025, is

required for operation.

The MVME121 Family of VMEbus Microprocessor Mod-
ules are versatile, VMEbus-compatible microprocessor
modules that offer the performance required for high-
speed data processing, data management, and industrial
control. Applications range from high-speed single pro-
cessor systems through systems with complex multipro-
cessor architectures. :

MVME121
MVME123

The two versions of the microprocessor‘module are the
MVME121 and MVME123. The following options are
available:

® 10 MHz or 12.56 MHz MC68010 Microprocessor
e MC68451 Memory Management Unit (MMU)

Table 1 lists the specific features of each module.

The MVME121 derives its processing power from the
superior resources of the MC68010 16-bit Virtual Memory
Microprocessor which supplies hardware support for vir-
tual memory environments. The combination of the
MC68010, the MC68451 Memory Management Unit, and
a 4Kb no wait-state instruction cache create a MVME121
design highly suited for multiprocessor systems. As a
result, such mainframe computer features as virtual ma-
chine, virtual I/0, and virtual memory (a key requirement
for the UNIX operating system) are able to be imple-
mented on an internationally standard microprocessor
bus. '

Figure 1 is a functional block diagram of the MVME121.

Table 1. MVME121 Family Options

MVME121 MVME123
MC68010 MPU 10 MHz 12.5 MHz
MC68451 MMU YES NO
DYNAMIC RAM 512Kb 512Kb
CACHE MEMORY YES YES
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Figure 1. MVME121 Functional Block Diagram

MC68010 MPU

At 10 MHz, the MC68010 executes 25% faster than the
8 MHz MC68000 and has all of its popular features:

e 32-Bit Data, Address, and Stack Registers

® 14 Addressing Modes

® 16Mb Direct Addressing Range

® 57 Instruction Types

® Operation on Five Data Types, Including Bit, Byte,
Word, Longword, and BCD

Interlock instruction for Multiprocessor System
Operation

256 Multi-level Vectored Interrupts

Proven Architecture, Optimized for Efficient Support of
High-level Languages and Secure Operating
Systems

In addition, the MC68010 provides hardware support
for the implementation of virtual memory through in-
struction continuation on a page fault. Also included is a
program control instruction that speeds loop mode ex-
ecution by suppressing operation code prefetches until
an exit condition is met.

MC68451 MEMORY
MANAGEMENT UNIT (MMU)

The MC68451 MMU maps the MPU’s 16Mb logical
memory space into the system physical memory, and

provides for the isolation and protection of the supervisor
and user segments of memory.

The MC68010 MPU and MC68451 MMU are designed
to work together to simplify implementation of main-
frame-style virtual memory, a requirement for the UNIX
multiuser operating system.

MC68901 MULTI-FUNCTION
PERIPHERAL (MFP)

Several MVME121 functions are implemented in the
MC68901 peripheral chip.

® Four timers: System ‘TICK' Function (interrupt at pro-
grammable intervals for multiprocessing task
switching, etc.), Watchdog, Baud, Delay

® Asynchronous RS-232-C Functions for Debug Port

e Status Register

CACHE

Zero wait-state instruction fetch is a mainframe hard-
ware feature on a VME format processor!

The cache is a small, very fast memory situated be-
tween the MPU and its “regular’” memory. As each in-
struction is fetched from anywhere in “regular’” memory
{with attendant delays for memory and/or bus access), it
is stored in the cache on its way to the MPU. If this same
instruction is then needed again, as when executing tight
loops for example, the next fetch will be able to get the
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instruction from cache (called a cache "hit"’) with minimal
delay (zero wait-state access).

The cache memory is single-set associative with a block
size of two bytes and a total capacity of 4096 bytes. The
cache is used for instruction and program counter relative
data storage, and holds up to 2048 instructions.

Performance improvement calculations give the fol-
lowing: Executing a fast floating point multiply, where
the instruction to data mix on memory fetches is 7.75:1,
there would be an 86% hit rate — 86% of the memory
accesses would be from the cache, with execution ap-
proximately 40% faster than the same program without
cache.

ONBOARD MEMORY

Two 28-pin sockets are available for private memory.
For example, they may contain selftest or bootload. They
may be configured for several standard EPROM/ROM de-
vices from 4K x 8 to 64K x 8.

The onboard memory includes 512Kb of 150 ns access
shared dynamic RAMSs that are accessible both as local
memory and from the VMEbus. VMEbus access is used

for fast DMA loading from disk or for communication with
other VMEbus processors. Data is then accessible for pro-
gram execution and data manipulation with no bus load
-or bus delay.

BUS REQUESTER

The bus requester requests VMEbus mastership on any
of four request levels (user-configurable via jumpers),
and fully supports the bus grant daisy chain. The bus
requester operates in the Release on Request (ROR) mode
and requests bus mastership only if the MPU attempts a
VMEbus transfer when the module does not already pos-
sess VMEbus mastership.

INTERRUPT HANDLER

The interrupt handler enables the MC68010 micropro-
cessor to sense and respond to all onboard interrupts and
all seven VMEbus interrupts. The VMEbus interrupts are
independently routed through onboard headers to pro-
vide a means whereby the onboard MPU can selectively
ignore individual VMEbus interrupts.

PHYSICAL ADDRESS MAP (as seen from the MC68010)

000000 thru 000007

Reset vector for first four memory cycles, RAM thereafter. Vector may
be from onboard ROM or VMEbus (jumper option).

000008 thru O1FFFF

Onboard RAM. (Dual port)

020000 thru EFFFFF VMEbus

F00000 thru FOFFFF

Onboard ROM/EPROM

F20000 thru F2002F

MFP (MC68901)

F40000

Module Control Register

F60000 thru F6003F

MMU Registers

F80000 thru F80006

Cache Control Signals

FA0000 thru FEFFFF VMEbus

FF0000 thru FFFFFF

VMEbus (giobal short 1/0 page)

ADDRESS MAP OF MVME121/123 (as seen from VMEbus)

000000 thru 01FFFF

—LDual port RAM {with standard decoder).

MEMORY TIMING (wait cycles)

MEMORY TIMING (wait cycles)

MVME121 READ WRITE MVME123 READ WRITE
wait- access- | wait- access- wait- access- | wait- access-
cycles time cycles time cycles time cycles time

Cache 0 n/a n/a Cache 0 n/a n/a

Onboard RAM* 2 150 ns 2 150 ns Onboard RAM* 150 ns 2 150 ns

Onboard EPROM/ROM* 5 250 ns n/a n/a Onboard EPROM/ROM* 5 250 ns n/a n/a

VMEbus** 3 70 ns — — VMEbus** 4 150 ns 4 93 ns
4 170 ns 4 113 ns 5 230 ns 5 173 ns
5 270 ns 5 213 ns 6 310 ns 6 253 ns
6 370 ns 6 313 ns 7 390 ns 7 333 ns
7 470 ns 7 413 ns

*Access times are device access times .
**VMEbus access times are from Data Strobe* to Dtack*
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MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristics

Specifications

DTB Master: A24, D16
DTB Slave: A24, D16

— No arbiter on-board
(use MVMEOQ50 or other System Controller)

— Requester: Any one of R(0), R(1), R(2), R(3) Static, ROR
— Interrupt Handler: Any of IH(0...7), Static

Configuration

Form Factor
Card dimensions
Front panel dimensions

Double High Eurocard
Height 9.2 in. (234 mm) x Width 6.3 in. {160 mm)
Height 10.2 in. {261 mm) x Width 0.83 in. (21 mm)

At +5 Vdc:

4 A typ, 4.45 A max

4.3 A typ, 4.65 A max
17 mA typ, 20 mA max at +12 Vdc
12 mA typ, 14 mA max at —12 Vdc

Power Requirements
MVME121
MVME123

Environmental Limits
Operating Temperature
Storage Temperature
Humidity

0°C to 55°C inlet air temperature (forced air cooling required)
—40°C to 85°C
5% to 90% relative humidity (non-condensing)

ORDERING INFORMATION

Part Number Description

MVME121 VMEbus Microprocessor Module featuring 10 MHz MC68010 MPU, MC68451 MMU, 512Kb RAM,
and 4Kb no-wait-state instruction cache. Includes user’s manual.

MVME123 VMEbus Microprocessor Module featuring 12.5 MHz MC68010 MPU, 512Kb RAM, and 4Kb no-
wait-state instruction cache. Includes user’'s manual.

MVME120/D MVME121, MVME123 Microprocessor Module User’'s Manual.

MVME120BUG Debug monitor firmware for the MVME121 family of Microprocessor Modules. Includes user’s
manual.

JVMHZOBUG/D MVME120 Debug Monitor User's Manual.

COMPATIBLE SYSTEM CONTROLLER VMEmodules

The MVME 121 Processing Module requires another module with bus arbitration capabilities to act as system controller.
VMEmodules compatible with the MVME121 include:

Part Number Description
MVMEO025 VMEbus System Controller Module
MVMEO050 VMEbus System Controller Module
RELATED DOCUMENTATION
Part Number Description

MVMESYSAM/D VME System Architecture Guide
MC68010/D Microprocessor Data Manual
MC68451/D Memory Management Unit Data Manual
MC68901/D Multi-function Peripheral Data Manual
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VMEmodule
32-Bit Monoboard
Microcomputer

The VMEmodule 32-bit Monoboard Microcomputer
(MVME130) is designed to function in those applications
requiring maximum performance while maintaining the ver-
satility inherent in VMEmodule systems. Highest performance
is attained when the MVME130 is used in conjunction with
one or more MVME204 Dual Ported RAM Cards operating
as a main memory. The MVME130 is the first VMEmodule
product to offer the following:
® MC68020 Microprocessor with 32-bit Address and Data
VMEbus Interface
Provision for MC68881 Floating Point Coprocessor (cus-
tomer-supplied option)

Provision for Demand Paged Virtuai Memory Management
Board (MMB) Implemented with Gate Array Technology
Two 28-pin JEDEC Sockets for up to 16Kb Onboard Static
RAM

VSB* Interface Provides High-speed Data Path to/from
Memory

VMEbus Interface Allows User Configuration of Microcom-
puter System to Fit the Application

VMEbus Interrupter, Interrupt Handler, and Arbiter On-
board

Programmable Timer Module

Dual Muitiprotocol Serial /0 Ports

Accepts MVME130bug Debug Monitor Firmware (option-
ally available)

Two ROM Sockets Configured for Industry Standard 28-
Pin ROM/EPROM devices. Four ROM Sockets Available
when no Sockets are Devoted to RAM

Broadcast Interrupt Capability for Multi-processor Syn-
chronizing Applications

MVME130
MVME131

vd |

. 2

CPU

The MVME130 uses an MC68020 Microprocessor oper-
ating at a fixed speed of 12.5 MHz. This CPU will eventuaily
operate at 16.67 MHz on the MVME130. 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 instruction cache, this product offers state-of-
the-art performance while maintaining software compatibility
with its widely accepted predecessors.

DEBUG MONITOR FIRMWARE

The MVME130bug Debug Monitor firmware package is
optionally available for use with the MVME130 module. This
firmware offers 32 debug, up/downline load, one line assem-
bler/disassembler and disk bootstrap load commands.

COPROCESSOR

The MVME 130 module is equipped with a socket to accept
the MC68881 Floating Point Coprocessor, a customer sup-
plied option. When available and installed, the MC68881
Floating Point Coprocessor will improve computing speed of
the MVME130 when the system is utilized in applications
requiring arithmetic operations.

The MVME130 utilizes the MC68020 Coprocessor Inter-
face to provide a logical extension to the MC68020 architec-
ture and instruction set.

Figure 1 is a block diagram of the MVME130 module.
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FIGURE 1 — MVME130 32-Bit Microcomputer Module
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MEMORY MANAGEMENT

The MVME130 is designed to eventually utilize the
MC68851 Demand Paged Virtual Memory Management Unit.
However, one initial version of the MVME130 (MVME131)
utilizes a Memory Management Board (MMB) which con-
forms to a subset of the MC68851. This subset is imple-
mented via gate array technology together with other semi-
conductor devices mounted on a secondary 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 MVME130. The MMB offers
the following features:

® 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 (1Kb)
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
MVME130 is to provide the hardware logical to physical ad-
dress translation and access protection necessary for oper-
ating system support. The MMB logical to physical translation
mapping function utilizes a table-walking algorithmic search
through memory-resident translation tables. The MMB uti-
lizes 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 driver routines
when the MC68851 is used with the MVME130.

ONBOARD STATIC RAM

The MVME130 Static Memory is implemented with two 28-
pin industry-standard JEDEC sockets. The MVME130 will
provide 16Kb of single-ported memory for the MC68020 local
processor. However, if the user does not require the onboard
memory, the two static RAM sockets can be reconfigured to
accept EPROMS up to 512K in size.

VSB INTERFACE

The VSB Interface occupies 64 P2 I/O pins and is designed
to serve as the system’s high-speed memory access channel.
The signals utilize multiplexing of address and data in order
to accommodate full 32-bit functionality, along with appro-
priate control signals, into the 64-pin allotment.

The VSB Interface on the MVME130 is limited to one mas-
ter. The interface can be turned off via a control bit to force
all accesses to go to the VMEbus, and speed up VMEbus
accesses. The MVME130, with one or more MVME204's,
creates a memory system with performance similar to that of
a VMEmodule with onboard memory, but with virtually unlim-
ited memory size constraints.

MEMORY MAP

The address map, (refer to Table 1) indicates the 32-bit
address map for different devices addressed by the
MVME130. The 24-bit address map is determined by elimi-
nating the two most significant hex digits from the 32-bit ad-
dresses. A control bit on the control register allows the user
to switch between 16- and 32-bit data paths, and between
32-/24-bit address modifier codes.

TABLE 1 — Address Map

Status & Control
| Serial /O Port

Reserved

Spare

FFFBxx30-FFFBxx3F
FFFBxx40-FFFBxx5F
FFFBxx60-FFFBxx6F
FFFBxx70-FFFEFFFF

VMEbus Short /0 FFFFO000-FFFFFFFF

Device Physical Address Comments

VMEbus/VSB 00000000-FFEFFFFF 32/16-bit port size; R/W.

ROM FFFO0000-FFFBFFFF 16-bit port size; read only.

Local Static RAM FFF20000-FFF2FFFF 16-bit port size; R/W.

Spare FFF40000-FFF6FFFF 32-bit port size; R/W provided for cache expansion ability.
Timer FFFBxx00-FFFBxx2F 8-bit port size; R/W.

32-bit port size; Status is read only; Control is R/W.

8-bit port size; most are R/W.

Unimplemented.

Unimpiemented; Access will cause LBTO (BERR source) cycle
termination.

16-bit; R/W; VMEbus Short /0 Address Modifier will be
generated.
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PROGRAMMABLE TIMER MODULE
The MVME130 Programmer Timer Module provides the
following:
® Three Cascadable, Independent 16-bit Counters
o Interrupt Capability

SERIAL I/O

The MVME130 is equipped with two multiprotocol serial
I/0 ports with connection via a 50-pin flat ribbon cable con-
nector at the top of the board. Signal levels at this connector
correspond to TTL specifications. A transition board/cable/
connector (MVME707) is 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 Capability to 800 Kilobits/Second

STATUS/CONTROL REGISTERS

The MVME130 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 VMEbus information, interrupt status, the source
of a particular BERR, and which self-test to perform. The
MVME130 Status/Control Register bits control the module’s
hardware by providing configuration and control information
to the VMEDbus Interrupter, the Interrupt Handler, the VMEbus
Arbiter and VSB. For example, the Muiti-Processor Interrupt
Request (MPIRQ*) is an input from the VMEbus IRQ1* signal.
MPIRQ" enables the user to interrupt several MVME 130 mod-
ules in a multi-processor system with a single VMEbus
interrupt.

The Control Register bits are software alterable. The Sta-
tus/Control registers are privileged resources and in special
cases can be made accessible by the user. The Status Reg-
ister format is shown in Table 2 and the Control Registers
are described in Table 3.

TABLE 2 — Status Register Format

<STATO>

31 Front Panel Switch Selectabie 24

[ mooe | amseL [ "scc [ ac | o [ aPa | ePo | aps |

<S8TAT1>

23 Front Panel Switch Selectable 16

[ err [ are [ aps GP4 GP3 a2 | et | apo |

[:: ————————————— Provides VME130 Networking Base Address —————————— -»'
————————————— and useful as general purpose status ————— e — ——— ]

<STAT2>

15 Power Up Reset Condition: “1” 08

l e

ABORT

SYSFAIL*

VBERR* | VXBERR' | MMUBERR' | LBTO" |

(**denotes: unimplemented — always read as “1).

MODE, AMSEL <Power Up VMEbus Mode>

S0 <VMEbus System Controller>
GPC-GPO <General Purpose User Status Bits>
ABORT <Abort Pushbutton Status>
SYSFAIL* <VMEbus System Failure Flag>

BERR Source Status Register

VBERR* <\VMEbus BERR Flag>
VXBERR* <VSB BERR Flag>

MMUBERR* <MMU BERR Flag>

LBTO* <Local Bus Timeout BERR Flag>
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TABLE 3 — Control Register Format

<CNTO>
31 Power Up Reset Condition: “1” 24
[ vevz | wvewe | vevs | vew | veva | vBw vevi | vevo |
l:: ————————————————————— VMEbus IRQ Vector ~ & —ccm e e - ::l
—————————————————— Port A on the Z8036 Timer ——— ———— — = —— — e e — —— =~

<CNT1>
31 Power Up Reset Condition: “1” 24
[ "MPIRQ" | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved |
|j¢----—--—-——————————————Port B on the Z8036 Timer - —— — —— — — —— — = —— ——— ——— —>
<CNT2>
31 Power Up Reset Condition: *1” 24
[ veiMsk7 | vBIMSk6é | VBIMSKs | VBIMSK4 | VBIMSKS | VBIMSK2 | VBIMSK1 | VBISMSK |
’4— ———————————— which VMEbus IRQ’s this Interrupt Handler responds 10 - ———~——— ——>|
<CNT3>
23 Power Up Reset Condition: “0” 16
[ Reserved [ ALLIEN | SYSFIEN | Reserved e | w [ o | Reserved |
}4—— —————— Interrupt Enables— — — — — — — - — = —— VME IRQ Reguest Level, Status—— ——— —»1
<CNT4>
15 Power Up Reset Condition; *1” 08
L Reserved J Reserved I Reserved l 32/24* I Reserved Reserved I Reserved T Reserved ]
<CNT5>
07 Power Up Reset Condition: "1” 00
[ pveN | wvxolis vxRR* | wvxpeN | uxira | 324 | 3216t | BDFAL |

VBV7-VBVO <VMEDbus IRQ Vector Number Register> VXDIS <VSB Disable>

MPIRQ* <Muiti-Processor Interrupt Request> VXRR* <VSB Read Only Mode>

VBIMSK7-1 <VMEbus Interrupt Masks> VXDEN <VSB Decode Enable>

VBISMSK <VMEbus Interrupt Status IRQ Mask> VXIRQ <VSB Interrupt Request>

ALLIEN <All IRQ Enable> 32/24* <VMEbus Address Size>

SYSFIEN <SYSFAIL IRQ Enable> 32/16* <VMEbus Data Bus Width>

IL2-iLO <VMEbus IRQ Request Level> BDFAIL <Board of System Failure>
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VMEbus INTERFACE

The VMEbus interface provides for VMEbus arbitration; for
buffering of data, address, and control signats; for word data
manipulation to accommodate MC68020 and VMEbus data
handling differences and for Interrupt handling.

The VMEbus arbiter arbitrates up to four levels of bus
mastership on a priority basis, utilizes a Pal chip, and incor-
porates the Release on Request (ROR) option described in
the VMEbus specification (HB212).

INTERRUPT HANDLER )

The MVME130 allows interrupts to the onboard CPU from
up to 20 sources. The interrupt handler preprocesses inter-
rupt sources into three groups of seven interrupts corre-
sponding 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

discipline. Interrupts within an interrupt level are processed
according to the group number.

Group 1 is reserved for VMEbus interrupts. The interrupt
handler processes Group 2 and 3 interrupts ditferently from
Group 1 interrupts. If the interrupt being acknowledged is a
Group 2 or 3 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 acknow!-
edged is a Group 1 interrupt, the exception vector number is
fetched from the VMEbus where it was placed by the inter-

- rupting device.
The Interrupt assignments are described in Table 4.

VMEbus INTERRUPTER

The VMEbus interrupter can generate any level of VMEbus
interrupt under software control. When the VMEbus interrupt
is acknowledged, the Interrupter places the appropriate vec-
tor from a hardware register on the VMEbus.

TABLE 4 — 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* ACFAIL Interrupt IRQ7" (VMEbus)
ACFIRQ*
6 TMRIRQ* SYSFIRQ* IRQ6" (VMEbus)
5 SIOIRQ* VBISIRQ* IRQ5"* (VMEbus)
4 Unassigned VXIRQ* IRQ4* (VMEbus)
3 Unassigned Unassigned IRQ3" (VMEbus)
2 Unassigned Unassigned IRQ2* (VMEbus)
1 N/A Unassigned IRQ1* (VMEbus)

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.

Group 3 Interrupts

Group 2 Interrupts

ABORT* <Abort Pushbutton IRQ> ACFIRQ* <VMEbus AC Power Fail Interrupt>

TMRIRQ* <Timer IRQ> SYSFIRQ” <VMEbus System Fail Interrupt>

SIOIRQ* <Dual Channel Serial Port IRQ> VBISIRQ* <VMEbus IRQ Request Acknowledge Interrupt>
VXIRQ* <VSB Interrupt>

Group 1 Interrupts
<VMEbus Interrupts>

IRQ7-1*
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Mechanical and Environmental Specifications

Characteristics

Specifications

Power Requirements
MVME130

+5 Vdc, 5 A (typ), 6 A (max)

MVME131 +5 Vdc, 6 A (typ), 7 A (max)
+12 Vdc, 250 mA (max)
—12 Vdc, 250 mA (max)
Clock Signal 12.5 MHz clock frequency
Addressing
Total system size 4 Gigabytes (32-bit addressing)
ROM/EPROM/RAM Four 28-pin sockets for 16/32/64Kb devices using +5 Vdc only.

Operating Temperature

0° to 50°C

Storage Temperature

—40° to 85°C

Relative Humidity

5% to 95% (non-condensing)

Physical Dimensions

Height 6.3 in (16.0 cm)
Width 9.19 in (23.34 cm)
Thickness (MVME130) 71in (1.8 cm)
(MVME131) 1.51 in (3.84 cm)
Ordering Information
Part Number Description
MVME130 VMEmodule 32-bit Monoboard Microcomputer with MC68020 CPU. In-
cludes User's Manual.
MVME131 VMEmodule 32-bit Monoboard Microcomputer with MC68020 CPU and
Hardware Memory Management. Includes User's Manual.
MVME130/D VMEmodule 32-bit Monoboard Microcomputer User's Manual.

Related Product

Part Number Description

MVME130bug MVME130bug Debugging Package for VMEmodule 32-bit Monoboard
Microcomputer. Includes User’s Manual.

MVME204 VMEmodule 1024Kb Dynamic RAM Module with VSB. Includes User's
Manual.

MVME214 VMEmodule Static RAM/ROM Module with VSB. Includes User's
Manual.

MVME707 MVME130 RS-232C Distribution Board with Dual RS-232C Serial I/O

Cable Assembly. Includes User's Manual.
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Advance Information

130bug Debug/
Diagnostic Monitor

130bug RESIDENT PACKAGE

® Debug and Diagnostic Monitor in EPROM for the
MC68020-based MVME130 and MVME131 Mono-
board Microcomputers
Full Speed Execution of System and User Programs in
a MVME130/MVME 131 Monoboard Microcomputer
System
More than 20 Debug and Program Development
Commands
® 18 Diagnostic and Hardware Debug Commands
Provides Access to all /0, Control and Memory Facil-
ities of a MVME130/MVME131-based System Plus
the Full 4 Gigabyte Direct Address Range of the
VMEbus
e Support for the MC68881 Floating Point Coprocessor
(FPC)
® Supports the MVME320 Disk Controller
e Virtual Terminal Capability for Up/Down Load to/from
any Host via Motorola S-Records
® One Line Assembler/Disassembler for Convenient Pro-
gram Monitoring/Modification
® 21 1/0, Data Conversion and Timing Routines Callable
from User-written Programs
o Complete MVME130/MVME131 Hardware Diagnostics
with Loop Continuous and Loop-on-error Modes
e Self Test verifies System Integrity on Power Up

130bug SOURCE MODULE PACKAGE

130bug Source Modules Supplied on VME/10 Micro-
computer System or EXORmacs Development Sys-
tem Diskette

® Source Modules Allow Modification of 130bug as

Required

130bug DEBUG/DIAGNOSTIC MONITOR

The Debug/Diagnostic Monitor, 130bug, is supplied as
two separate products:
e For Resident Use
— The object code is supplied in two 32Kb EPROMs
which plug into sockets provided on the MVME130
and MVME131 Monoboard Microcomputers
e For Customization
— The source code is supplied on VME/10 Microcom-
puter System-compatible 5-1/4" diskettes or on
EXORmacs Development System-compatible 8”
diskettes

MVME130bug

Any MVME130 or MVME131 system having a VMEbus
backplane such as that provided by the chassis for one
of Motorola’s new “Open System” Microcomputer Fa-
milies, the 9-slot MVME943 VMEmoduie Chassis and the
20-slot MVME944 VMEmodule Chassis can use 130bug.

The 130bug firmware monitor is a versatile, effec-
tive tool. It offers many powerful commands for applica-
tion program development and modification and for
MVME130 or MVME131 system hardware diagnosis and
debugging in a VMEbus or standalone environment. It
permits, under complete operator control, full-speed ex-
ecution of system and application programs including
code utilizing the MC68881 Floating Point Coprocessor.

Memory space required by 130bug includes 8Kb of
RAM storage for exception vectors and stack/work space
and 8Kb for user space. The monitor normally reserves
the 16Kb of static RAM on board MVME130 and
MVME131 but can optionally search system memory
space for off-board RAM. To operate the 130bug/mono-
board combination in the standalone mode requires that
the onboard memory be used.

With a user-supplied module translating the TTL
levels of the two MVME130 or MVME131 serial ports to
RS-232-C to create standard DB-25 interfaces (one such
board is the Motorola MVME707 RS-232 Serial Port Dis-
tribution Module), a standard RS-232-C, asynchronous,
ASCII terminal can be connected to one serial port so that
the 130bug/monoboard system can be operated in a
standalone mode. This mode allows full use of the
130bug program development and hardware diagnostic
capabilities and is also commonly used for the final de-
bugging of the application system. Figure 1 depicts op-
erating in the standalone mode.

MVME130/131 — A\
BASED SYSTEM

Figure 1. Standalone Operation

The translation board also allows a direct or dial-up
RS-232-C link from a host computer to be interfaced to
the second serial port so that programs in Motorola
S-Record format may be up/down loaded. For this pur-
pose, 130bug provides commands used to place the mon-
oboard in the transparent mode and to configure the
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ports for the desired communication protocol. For ex-
ample, both host and target must be set to the same baud
rate. Viewed from the host, while in the transparent
mode, the monoboard appears to be an asynchronous
ASCIl terminal (virtual terminal). Figures 2 and 3 show
operation in the transparent mode for communication
with a host computer.

Support provided within 130bug for the MVME320 Disk
Controller includes acommand which can be used to load
into a system any VERSAdos-bootable operating system.

MVME130/131
BASED SYSTEM

VME/N0
MICROCOMPUTER

Figure 2. Transparent Mode — Direct Serial
Connection With Host Computer

DEBUG/DIAGNOSTIC FACILITIES

The 130bug monitor is a command driven program
which has facilities for accepting a command entered at
the system console and for operating in the debug or in
the diagnostic mode. To indicate the current operating
mode, 130bug displays an individual prompt: 130Bug>
or 130Diag>. Debugging activities are supported by a
large set of versatile commands many of which can be
used for diagnosis or self test of the MVME130 and
MVME131 monoboards.

On power-up and reset, 130bug follows certain default
condition procedures according to the value of a switch-
settable flag on the monoboard. These include the allo-
cation of onboard or of system memory. :

PROGRAM DEBUGGING

Debugging support includes commands for examining
and modifying registers and memory, commands which
allow blocks of memory to be filled, moved or searched
for the occurrencé of specified data, breakpoint com-
mands which allow program segments to be run, trace
commands for examining the execution of instructions
or small program portions, commands for beginning ex-
ecution at a specified address, commands which facilitate
host/target communication, printer attach/detach com-
mands and utility commands which provide the capabil-
ities of switching to the other operating mode, formatting
the monoboard’s serial ports, displaying or modifying the
offset registers, converting the number base of data and
displaying the name and a brief description of the entire
command set. Table 1 lists all debugging commands.

Several commands are included for performing disk

1/0 using the MVME320 Disk Controller Module. The pa-
rameters of several commonly-used disk configurations
are already known to the monitor and a command, /0
Teach, is included which allows a user to "“teach” the
monitor the specifics of another configuration. Particular
sectors can be read from or written to using the 1/0 Phys-
ical To Disk command. Another command, Boot Oper-
ating System And Halt, is useful for debugging bootable
code.

In a typical debug session after loading the program
under development, appropriate commands from the de-
bug set are invoked so that operation of a particular pro-
gram portion can be checked and, if necessary, the code
modified. Often, using the powerful Register Display/
Modify, Memory Display/Modify and Block Memory
Move commands, trial conditions for a program portion
are established and the code executed. Results can be
determined by examining the processor registers or
memory values. A user may also examine the registers
of the MC68881 FPC and display or change the contents
of memory in any one of the various floating point
formats.

An alternative method is to set a breakpoint in place of
an appropriate instruction to halt execution and obtain
automatic display of processor register values. A more
detailed examination of program validity is offered by the
Trace commands which allow execution of one instruc-
tion at a time, with accompanying processor register dis-
play following each execution. If required, program code
is easily modified with the aid of the one line assembly/
disassembly function provided by the Memory Modify
command. The Data Conversion command which con-
verts values from decimal to hexadecimal or hexadecimal
to decimal is also a useful modification tool.

Debugging of modular code is done using the com-
mands for displaying and modifying the offset registers
which 130bug provides to make this task easier.

When the program is fully debugged, it is saved to disk
or the Dump S-Records command is used to format and
upload the code to the host for storage.

saE——
- = H
| T : :
NI m
TR
U] |! AL
MVME130/131 —
BASED SYSTEM

SN N
SCERNSC>

Figure 3. Transparent Mode — Dial-Up
Serial Link With Host Computer

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS

2-68



MVME130bug

MEMORY COMMANDS

Table 1. 130bug Debugging Commands

SYNTAX

Memory Display
Memory Modify/Disassembly/Assembly
Memory Set

MDIS] <ADDR>[:<COUNT> | <ADDR>I[;[B|W |L|D]]
MM <ADDR> [;[ [N] [B|W | L | AlDI ]
MS <ADDR> {Hexadecimal number} {'string’}

REGISTER COMMANDS* SYNTAX
Register Display RD

Register Modify RM <REG>

BLOCK OF MEMORY COMMANDS SYNTAX

Block of Memory Fill
Block of Memory Move
Block of Memory Search

BF <RANGE><DEL><DATA>[;B |W|L]
BM <RANGE><DEL><ADDR>[;B | W | L]
BS <RANGE><DEL><TEXT> | <DATA>[<MASK>] [;B|W|L /N]

DISK SUPPORT COMMANDS SYNTAX
Boot Operating System BO
Boot Operating System and Halt BH
I/0 Physical To Disk 0P
I/0 “Teach" 10T
HOST COMMUNICATION COMMANDS SYNTAX

Dump S-Records
Load S-Records
Transparent Mode
Verify S-Records

DU[n] <RANGE><DEL>[<TEXT>] [<ADDR>] ;B |W | L]
LO [<ADDR>] [;[—C/X]=<TEXT>]

TM <ESCAPE>

VE [<ADDR>] [;[~C/X]=<TEXT>]

GO COMMANDS SYNTAX
Go Direct (ignore Breakpoints}) GD [<ADDR>]

Go Execute User Program GO [<ADDR>]

Go To Next Instruction GN

Go To Temporary Breakpoint GT <ADDR>

TRACE COMMANDS SYNTAX
Trace T [<COUNT>]

Trace on Change of Control Flow TC [<COUNT>]

Trace To Temporary Breakpoint TT <ADDR>

BREAKPOINT COMMANDS SYNTAX
Breakpoint Insert BR {<ADDR>{:<COUNT>]}
Breakpoint Delete NOBR {<ADDR>}

PRINTER COMMANDS SYNTAX
Printer Attach PA

Printer Detach NOPA

MISCELLANEOQUS UTILITY COMMANDS SYNTAX

Data Conversion

Help

Offset Registers Display/Modify
Port Format

Switch Directories

DC <expression>
HE [<COMMAND>]
OF [ Rn[;A] ]

PFIn]

SD

HARDWARE DIAGNOSTICS

Test and diagnostic capabilities offered by 130bug are
provided by commands which include:

When the 130bug diagnostic mode is entered, the mon-
itor displays the prompt: “130Diag>" indicating that any
of the commands in the diagnostic directory may be used.
The 130bug Diagnostic Commands are listed in Table 2.

® Set-up Utilities for Selecting an Operating Mode such

as Stop-on-error

CALLABLE 130bug ROUTINES

® Tests of MVME130/131 Hardware Including Tests of the
Onboard Memory, MC68020 Cache, Counter/Timer,
Serial I/0, VMEbus/VSB, Tests of the Memory Man-
agement Board and Final Assembly Tests

® Commands for Hardware Debugging which Provide a
Self-test Sequence and Continuous Write and Read
Loops

A TRAP #15 handler isincluded in 130bug which allows
calls from user-written programs to input, output and
other useful routines within 130bug. Such a system call
is made by inctuding in the source program a TRAP #15
instruction line followed by a DC.W instruction line con-
taining the code of the desired function. The callable
130bug functions and their codes are listed in Table 3.
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Table 2. 130bug Diagnostic Commands
Command Command
Type Mnemonic Description Type Mnemonic Description
LE Loop-on-Error Mode FAT Final Assembly Tests
SE Stop-on-Error Mode MT Memory Tests
Diagnostic LC Loop Continuous Mode CA20 MC68020 On-Chip Cache
Set-Up NV Nf)n«Verbose Mode Tests i
Utilities DP Display Pass Count Hardware Clo Counter/Timer Tests
zp Clear Pass Count Diagnostics SI0 Serial /O Tests
DE Display Errors BUS VMEbus and VSB
ZE Clear Error Counters Tests
Hardware ST Run Self-Test Sequence MMB MeBr:;:;/x :tnsagement
Debugging WL Continuous Write Loop
Tools RL Continuous Read Loop
Table 3. Callable 130bug Functi
Code Function Description
$0000 .INCHR Input character from default input port
$0001 INSTAT Input serial port status of default input port
$0002 INLN Input line from default input port (format 1)
$0003 .READSTR Input string from default input port (format 2)
$0004 .READLN Input line from default input port {format 2)
$0020 .OUTCHR Output character to default output port
$0021 OUTSTR Output string to default output port (format 1)
$0022 .OUTLN Output line to default output port ({format 1)
$0023 .WRITE QOutpuit string to default output port (format 2)
$0024 WRITELN Output line to default output port {format 2)
$0025 WRITDLN QOutput line w/data to default output port {format 2)
$0026 .PCRLF Output carriage return and line feed to default port
$0027 .ERASLN Erase line being input from default input port
$0040 TM_INI Initialize MVME130’s onboard timer
$0041 .TM_STRO Start timer at T = 0
$0042 .TM_RD Read timer
$0060 .REDIR Redirect 1/0 of a TRAP 15 function to use other than the default input or output port
$0061 .REDIR__| Change the default input port number
$0062 .REDIR__O Change the default output port number
$0063 .RETURN Return to 130bug
$0064 .BINDEC Convert binary to decimal

Format 1 — pointer/pointer format

ORDERING INFORMATION

Format 2 — pointer/count format

Part Number Description

MVME130BUG 130bug, the Debug/Diagnostic Monitor for the MVME130 and
MVME131 Monoboard Microcomputers. Includes EPROM set and
User’'s Manual.

M68V2FSBG130 130bug Source Modules on EXORmacs 8" Diskettes. Includes
User's Manual.

M68V2XSBG130 130bug Source Modules on VME/10 5-1/4" Diskettes. Includes
User’s Manual.

"MVME707 TTL To RS-232-C Level Translator Module and Dual RS-232-C
Serial I/O Cable Assembly. includes User's Manual.

MVME130BUG/D 130bug Debug/Diagnostic Monitor User’s Manual.
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VMEmodule™
32-Bit Microcomputer
with Cache Accelerator

® MC68020 Microprocessor with 32-bit Address and Data
Bus

® MC68881 Floating Point Coprocessor

® Demand Paged Virtual Memory Management Capa-
bility (MVME131XT only)

® VSB* Interface for High-Speed Data Path to and from
Memory

® 16Kb Cache Memory for Concurrent Data Storage with
Accelerated Data Access, and Zero Wait-state
Operation

® Onboard Interrupt, Interrupt Handler and Arbiter

Programmable Timer

Dual Multiprotocol Serial I/0 Ports

The MVME130XT is a two-board VME-based micro-
computer assembly utilizing state-of-the-art components
to achieve the highest level of performance currently
available. It consists of an MVME130 Monoboard Micro-
computer Module, factory coupled to an MVMEXTCAC
Cache Accelerator Module . . . a combination which pro-
vides up to 100% improvement in system speed? com-
pared with the MVME130 Monoboard Microcomputer
alone.

The two-board system plugs into a standard VMEbus
backplane and is fully compatible with the wide selection
of VME peripheral modules.

Utitizing the MC68020 Microprocessor, the
MVME130XT has onboard provisions for plugging in an
MC68881 Floating Point Coprocessor and an MC68851
Paged Memory Management Unit when the latter be-
comes available. In the meantime, a second version of
the system, the MVMX131XT, employs an optional aux-
iliary Memory Management Board which conforms to
a subset of the MC68851 and plugs into an onboard
socket of the assembly to provide interim memory man-
agement functions,

MVME130XT
MVME131XT

GENERAL DESCRIPTION

The MVME130XT Microcomputer Assembly com-
bines the processing power of the 32-bit MC68020
Microprocessor with the speed-enhancement proper-
ties of a 16Kb Cache Memory Accelerator. The Cache
Accelerator, a small, fast memory system, compen-
sates for the typical speed mismatch between a very
fast CPU and its relatively slow associated dynamic
RAM main-memory system. It does so by concurrently
storing the data most recently stored in main-memory
locations. This data can subsequently be obtained by
fast accesses of ‘‘cached” locations rather than by
much slower accesses of main memory.

To accommodate for the fact that the cache memory
normally has much less capacity than the main memory
system, little-used accesses stored in the cache mem-
ory are routinely replaced with more active ones, based
on the bus traffic between the MVME 130 Microproces-
sor Module and the VMEbus and VSB memory inter-
faces. This assures maximum utilization of the cache.
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50-PIN RIBBON CABLE
CONNECTOR — POWER-UP MODE,
TTL TO EXTERNAL SYSTEM CONTROLLER,
RS-232-C TRANSITION BAUD RATE, ETC. RESET ABORT
MODULE SELECTION SWITCHES SCON RUN HALT FAL
L | | N L[]—T
MK68564 STATUS AND
TWO MULTIPROTOCOL CONTROL
SERIAL PORTS REGISTERS
MC68881
FLOATING POINT COPROCESSOR (:::) Mfﬂs,fﬂm
SOCKET
LOGICAL
16Kb TWO 28-PIN ADDRESS
STATIC SOCKETS FOR NICH885T
RAM ?gx’Erg?(r PAGED MEMORY
- MANAGEMENT UNIT
I 0 oam PHYSICAL
1T 1 ADDRESS
THREE VMEbus INTERFACE
w || B ]| o || S5
INTERFAC y
£ }m;s o INTERRUPTER INTERRUPT HANDLER ARBITER
. neouesmz (ROR)
Eraz BIT VMEbus ﬂ
P2 T VMEbus CONNECTOR CE

Figure 1. MVME131 Functional Block Diagram

THE MICROCOMPUTER BOARD — MVME130/MVME131

MICROPROCESSORS

A block diagram of the MVME131 Microcomputer
Board is shown in Figure 1. The heart of the system is
the MC68020 Microprocessor operating at a fixed fre-
quency of 16.67 MHz. This latest member of the Motorola
M68000 Family offers full 32-bit operation with 32-bit ex-
ternal address and data paths. With its high clock rate,
enhanced addressing modes, and on-chip instruction
cache, this advanced MPU provides leading-edge perfor-
mance while maintaining software compatibility with its
widely accepted predecessors.

On the MVME130XT Module the MC68020 Micropro-
cessor is supported by an onboard socket that is prewired
to accept the MC68881 Floating Point Coprocessor. This
optional accessory chip greatly improves computing
speed of the system and is recommended for applications
involving a high level of arithmetic operations.

OPTIONAL MEMORY EXPANSION

In support of the microprocessor(s), the microcomputer
board has two prewired 28-pin sockets for up to 16Kb of
Static RAM. If the intended application does not require
onboard RAM, however, these JEDEC sockets can be re-
configured to accept EPROMs up to 512K in size.

With one or more MVME204-1 or -2 DRAM with VSB
Modules which provide 1Mb and 2Mb, respectively, the
MVME130 can avail itself of virtually unlimited memory
capacity while maintaining a performance level similar
to that of a Monoboard VMEmodule Microcomputer with
onboard memory. Also available for high performance
memory expansion is the MVME214 Static RAM/ROM
with VSB. This module has provisions for.battery backup
and has 16 sockets which accept many standard JEDEC
24-pin and 28-pin RAM, ROM and EPROM devices. It can
provide up to 1Mb of storage capacity.

Memory modules for expanding VME system memory
include the MVME202, MVME222-1 and MVME222-2
DRAM modules which have a 8-/16-bit data bus width
and offer 512K, 1Mb and 2Mb of capacity, respectively,
the MVME225 DRAM, a full 32-bit module offering 2Mb
of capacity, the MVME215-1, -2, and -3 CMOS RAM mod- -
ules with onboard power monitor and battery for power
down backup and which offer 266Kb, 512Kb and 1Mb of
capacity, respectively, and the MVME211 Static RAM/
ROM module with 16 sockets for JEDEC 24-pin and 28-
pin devices and which can provide up to 1Mb of storage
capacity.
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MEMORY MANAGEMENT UNIT

The MVME130XT anticipates the eventual utilization of
the MC68851 Demand Paged Virtual Memory Manage-
ment Unit with an onboard socket prewired for this de-
vice. In the interim, until the MC68851 MMU becomes
available, Motorola furnishes the MVME131XT System
which includes a Daughter Board plugged in the socket
that is allocated for the MMU Chip. This auxiliary board
contains circuitry that conforms to a subset of the
MC68851, and provides the hardware logical-to-physical
address translation and access protection necessary for
operating system support.

VMEbus INTERFACE
The VMEbus interface permits:

® VMEbus arbitration

e Buffering of data, address and control signals
® Word data manipulation

& Interrupt handling

The VMEbus arbiter arbitrates up to four levels of bus
mastership on a priority basis, and incorporates the Re-
lease on Request option described in the VMEbus
specification.

MVMX32bus INTERFACE

This interface occupies 64 I/0 pins which provide ac-
cess to the system’s high-speed memory channel. The
signals utilize multiplexing of address and data to accom-
modate full 32-bit functionality, along with appropriate
control signals, within the 64-pin allotment. On the
MVME 130 Module, this interface is limited to serving one
master. It can be turned off via a control bit to force all
accesses to go to the VMEbus, and speed up VMEbus
accesses.

PROGRAMMABLE TIMER

The onboard programmable timer provides three in-
dependent cascadable 16-bit counters with interrupt
capability.

transformed to RS-232-C levels by means of a sepa-
rately available distribution board and cable assembly
(MVME707). The ports have full- and half-duplex com-
patibility with programmable baud rates. They are suit-
able for synchronous or asynchronous operation, with
5 to 8 bits per character, plus parity.

I
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Figure 2. Exploded View Showing MVME131XT
Assembly Details

MEMORY MAP

SERIAL 1/0

The Module is equipped with two multiprotocol serial
1/0 ports accessible via a 50-pin flat ribbon cable con-
nector at the top of the board. Signal levels at this con-
nector correspond to TTL specifications, but can be

Table 1 indicates the 32-bit memory address map for
various devices addressed by the MVME130 Module. A
24-bit address map is determined by eliminating the two
most significant hex digits from the 32-bit addresses. A
control bit on the control register permits a switch be-
tween 16- and 32-bit data paths, and between 32-/24-bit
modifier codes.

Table 1. Address Map

Status & Control
Serial 1/O Port
Reserved

Spare

VMEbus Short /0

FFFBxx30-FFFBxx3F
FFFBxx40-FFFBxx5F
FFFBxx60-FFFBxx6F
FFFBxx70-FFFEFFFF

FFFFO000-FFFFFFFF

Device Physical Address Comments

VMEbus/VSB 00000000-FFEFFFFF 32/16-bit port size; R/W.

ROM FFFO0000-FFF8FFFF 16-bit port size; read only.

Local Static RAM FFF20000-FFF2FFFF 16-bit port size; R/W.

Spare FFF40000-FFF6FFFF 32-bit port size; R/W provided for cache expansion ability.
Timer FFFBxx00-FFFBxx2F 8-bit port size; R/W.

32-bit port size; Status is read only; Control is R/W.

8-bit port size; most are R/W.

Unimplemented.

Unimplemented; Access will cause LBTO (BERR source) cycle
termination.

16-bit; R/W; VMEbus Short I/0 Address Modifier will be
generated.
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INTERRUPT HANDLER

The MVME130 allows interrupts to the onboard CPU
from up to 20 sources. The interrupt handler prepro-
cesses interrupt sources into three groups of seven in-
terrupts corresponding to the seven possible MC68020
interrupt levels. The groups are labeled Group 1, Group
2, and Group 3. The interrupt service priority is deter-
mined by the interrupt level and the group number. In-
terrupts with different interrupt levels are processed ac-
cording to the standard interrupt processing discipline.
Interrupts within an interrupt level are processed accord-
ing to the group number.

Group 1 is reserved for VMEbus interrupts. The inter-
rupt handler processes Group 2 and 3 interrupts differ-
ently from Group 1 interrupts. If the interrupt being ac-
knowledged is a Group 2 or 3 interrupt, the interrupt
handler fetches the appropriate exception vector number
from PROM and sends it to the CPU via the local bus. If
the interrupt being acknowledged is a Group 1 interrupt,
the exception vector number is fetched from the VMEbus
where it was placed by the interrupting device.

The Interrupt assignments are described in Table 2.

VMEbus INTERRUPTER

The VMEbus Interrupter can generate any level of VME-
bus interrupt under software control. When the VMEbus
interrupt is acknowledged, the Interrupter places the ap-
propriate vector from a hardware register on the VMEbus.

STATUS/CONTROL REGISTERS

The MVME130 Status and Control Registers provide
local and system-wide status information from which the
onboard MPU can determine VMEbus information, inter-
rupt status, the source of a particular BERR, and which
self-test to perform. The MVME130 Status/Control Reg-
ister bits control the module’s hardware by providing
configuration and control information to the VMEbus
Interrupter, the Interrupt Handler, the VMEbus Arbiter
and VSB.

The Control Register bits are software alterable. The
Status/Control registers are privileged resources and in
special cases can be made accessible by the user. The
Status and Control Register formats are described in
Tables 3 and 4, respectively.

Table 2. 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 (VMEbus)

7 ABORT ACFAIL Interrupt IRQ7

ACFIRQ

6 TMRIRQ SYSFIRQ IRQ6

5 SIOIRQ VBISIRQ IRQ5

4 Unassigned VXIRQ iRQ4

3 Unassigned Unassigned IRQ3

2 Unassigned Unassigned IRQ2

1 N/A Unassigned IRQ1

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.

Group 3 Interrupts

Group 2 Interrupts .

ABORT <Abort Pushbutton IRQ> ACFIRQ <VMEbus AC Power Fail Interrupt>

TMRIRQ <Timer IRQ> SYSFIRQ  <VMEbus System Fail Interrupt>

SIOIRQ <Dual Channel Serial Port IRQ> VBISIRQ <VMEDbus IRQ Request Acknowledge Interrupt>
VXIRQ <VSB Interrupt>

Group 1 Interrupts

IRQ7-1 <VMEbus Interrupts>
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Table 3. Status Register Format

<STATO>
31 Front Panel Switch Selectable 24
[ wmobe [ amseL | S0 | ec [ o | ea | a9 | ers |
<STAT1>
23 Front Panel Switch Selectable 16
[ o7 | e | o5 | a4 | a3 [ G2 [ e | ero |
1<—- ——————————— Provides VME130 Networking Base Address — — — — — — — — — ——— j
- - - - ———— and useful as general purpose status ~— — — — — —— — — — —— — —
<STAT2>
15 Power Up Reset Condition: “1" 08
[ . . ABORT SYSFAIL |  VBERR VXBERR MMUBERR |  LBTO |
BERR Source Status Register
(**denotes: unimplemented — always read as “1”).
MODE, AMSEL <Power Up VMEbus Mode> VBERR <VMEbus BERR Flag>
sC <VMEbus System Controller> VXBERR <VSB BERR Flag>
GPC-GPO <General Purpose User Status Bits> MMUBERR <MMU BERR Flag>
ABORT <Abort Pushbutton Status> LBTO <Local Bus Timeout BERR Flag>
SYSFAIL <VMEbus System Failure Flag>
Table 4. Control Register Format
<CNTO>
31 Power Up Reset Condition: “1” 24
VBV7 VBV6 [ VBV5 VBV4 VBV3 VBV2 VBV1 VBVO
’4— ————————————————— VMEbus IRQ Vector — —— — — — — —— — —— — —— — — — — —
-——————— ————————— Port A on the 28036 Timef - ———— ——— ——— — — — — — — — -
<CNT1>
31 Power Up Reset Condition: 1" 24
| MPIRQ Reserved Reserved Reserved Reserved J Reserved Reserved Reserved
f— - ——— Port B on the Z8036 Timer — -~ — — — — — — — — — — — — — —
<CNT2>
31 Power Up Reset Condition: “1" 24
VBIMSK7 | VBIMSK6 | VBIMSKs | VBIMSK4 | VBIMSK3 | VBIMSK2 | VBIMSKI | VBISMSK
P— ———————————— which VMEbus IRQ’s this Interrupt Handler responds t0 — — — — — — — — — — — -
<CNT3>
23 Power Up Reset Condition: “0" 16
Reserved | ALLEN | SYSFEN | Reserved |  IL2 i1 | o | Reserved
-——————— Interrupt Enables — — — — — — — ——|<— ————— VME IRQ Reguest Level, Status — — — —— -—‘
<CNT4>
15 Power Up Reset Condition: 1" 08
| Reserved | Reserved [ Reserved | 32/24 I Reserved I Reserved I Reserved ‘ Reserved J
<CNT5>
07 Power Up Reset Condition: “1” 00
[ even [ wxois | wxRR | wxoeN | uxra | 3224 [ 3216 | BOFAL |
VBV7-VBVO <VMEDbus IRQ Vector Number Register> VXDIS <VSB Disable>
MPIRQ <Multi-Processor Interrupt Request> VXRR <VSB Read Only Mode>
VBIMSK7-1 <VMEbus Interrupt Masks> VXDEN <VSB Decode Enabie>
VBISMSK <VMEbus Interrupt Status IRQ Mask> VXIRQ <VSB Interrupt Request>
ALLIEN <All IRQ Enable> 32/24 <VMEbus Address Size>
SYSFIEN <SYSFAIL IRQ Enable> 32/16 <VMEbus Data Bus Width>
IL2-ILO <VMEbus IRQ Request Level> BDFAIL <Board of System Failure>
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Figure 3. MVMEXTCAC Functional Block Diagram

THE CACHE ACCELERATOR MODULE

The Cache Accelerator Module (MVMEXTCAC), nor-
mally an independent product of the Motorola VME-
module Family, is plugged into the MMU socket of the
MVME130 Microcomputer Module and becomes an in-
tregral part of the Assembly. Its function is to accelerate
the performance of MC68020-based systems without
modification of existing programs. The degree to which
this objective is being achieved is indicated by the re-
sults of the two benchmark programs tabulated in Table
5. The first of these utilized EDN benchmarks2 which
perform:.commonly used character and data manipu-
lations; the second utilized user-supplied routines per-
forming data intensive array operations. The tests, run
for four combinations of cache memory utilization, in-
dicate the degree of improvement attributable to the
use of the Cache Accelerator.

Table 5. Performance Test Results

MC68020
and
No |MC63020| MVMEXTCAC MVMEXTCAC
Test Cache | Cache Cache Cache
EDN-E
(Char. String Search) 285 141 131 99 us
EDN-F
(Set/ResetTest Bit) 60 36 33 30 us
EDN-H
(Link List Insertion) 121 194 70 70 pus
EDN-I
(Quicksort) 22,320| 11,792 11,072 9001 us
EDN-K
(Bit Matrix
Translation) 243 173 159 136 us
CUSTOMER
BENCHMARK 126 104 73 68 sec.

2. EDN — September 16, 1981

The Accelerator is a single-set, direct-mapped cache
comprising 16Kb of high-speed static memory, organized
as 4K, 32-bit data entries. Each entry replicates a 32-bit
word located in memory across the VMEbus or VSB
memory space, and is updated concurrently with a pro-
cessor write-access or initial read-access. Any combi-
‘nation of bytes from an access can be cached at a time,
and a data-fill function implemented for VSB enables the
caching of the entire 32-bit entry for byte- and word-read
operations. The Accelerator caches both program and
data transactions throughout, and it can be configured,
by function code, to cache any combination of supervisor
program, supervisor data, user program and user data
mode accesses.

An onboard Monitor automatically cleanses the cache
of stale data and enables the Cache Accelerator to operate
in both single and multiprocessor environments without
software intervention.

The Cache Accelerator Module supports any speed
MC68020 microprocessor, and is jumper selectable to
support either the MC68851 Memory Management Unit
or M68KVMMB851 Memory Management Board, or an
MMU bypass board if the MMU function is not required.
With an MMU installed, the page detection circuitry on
the cache enables its RAMs to operate in paraliel with the
MMU address translation RAMs to maximize system per-
formance. A cache page is defined by the physical ad-
dress bits PA08-PA13, and if they remain the same on a
following cycle, then the address access time of the cache
RAMs is buried in the MMU address translation period.
With a bypass board installed, the cache receives the ad-
dress signals directly from the MC68020 microprocessor
and zero wait-state operation is obtainable. Zero wait-
state operation is achieved at a processor frequency of
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12.5 MHz3, and it may be achieved at 16.67 MHz when
faster static RAMs become available.

The Cache Accelerator provides direct access to the
cache RAMs for diagnostic and inquiry purposes, and
provides a test mode of operation to establish general
system confidence.

MEMORY ORGANIZATION

The complete memory section of the Cache Accelerator
is organized as 4K entries of 55 bits per entry (see Table
6). It consists of a ““Tag Section”” and a “Data Section,”
where the tag section stores the physical addresses of
the off-board memory locations, and the data section
stores the data residing at those locations. The lower ad-
dress bits (PA02-PA13) form an “index’ that directly ad-
dresses the cache RAMs to select the particular entry to
be used, and the remaining address bits (PA14-PA31) are
stored and read from the tag RAMs as data. An Address
Valid bit (AV) is generated internally for each entry to
indicate that the address stored in the Tag is valid infor-
mation. It may not be valid either because the tag entry
has not been written to since power-up or since the cache
was last cleared, or because the VMEbus Monitor has set
the entry invalid. The data RAMs contain the correspond-
ing bytes that were cached from the bus, and the four
Byte-Valid bits (BVO-BV3) are generated internally to
qualify those bytes. BVO is associated with byte address
0 of the long-word entry, and operates on the most sig-
nificant byte of the data bus, D31-D24. The other Byte-
Valid bits operate in sequence.

BASIC CACHE OPERATION

When the processor drives an address for a read oper-
ation, the index section PA02-13 addresses the tag and
data RAMs to select one entry from the cache. The
remaining address bits from the processor are then com-
pared to the corresponding address bits.read from the
tag section of that entry. If they match, and the Address-
Valid bit is set, and if the Byte-Valid bits for the bytes the
processor is requesting also match, then the cycle ‘'hits”
and the cache supplies the requested data to the pro-
cessor and terminates the cycle. If any event does not
match, then the cycle “misses” and a VME or VSB bus
access is initiated, the cache entry is updated with the
new address and data information, and the Valid bits are
set appropriately. Note that a write cycle will always
cause a miss since the processor, and not the cache, is
supplying the data. Several other factors determine the
hit qualification and cacheability of a processor cycle.
These include the control bits, the type of processor cycle,
the MMU cache enable signal and the onboard address
decoder.

VMEbus MONITOR

The VMEbus Monitor is a separate machine on the
Cache Accelerator that operates asynchronously with the
processor to prevent “stale’”” data from remaining in the
cache. It operates automatically so that the host user ben-
efits from the performance advantages offered by the
cache without even being aware that the Cache Accel-
erator has been installed in the system.

Stale data could occur in the cache when other VMEbus
masters modify data in main memory which was previ-
ously cached. To prevent this, the Bus Monitor has a two-
level FIFO register stack which captures the addresses of
write operations initiated by bus masters other than the
host, and presents the addresses to the cache for pro-
cessing. The cache services the monitor by comparing
the captured address with the corresponding entry in its
tag memory. If the tag is Valid and compares, a “monitor
hit"” occurs and the cache invalidates the entry. by reset-
ting its Address Valid bit. If the processor then accesses
that physical address, the cache will miss because of the
reset Address Valid bit, and the cycle will be routed out
to main memory for the new data to update the invalid
entry.

USER INTERFACE

The user interface in Table 7 shows the devices on the
Cache Accelerator used to control and diagnose its op-
eration. These are Cache Control and Mask Registers, and
two hard-decoded address spaces used to directly access
the cache RAMs for diagnostic and inquiry purposes. The
cache powers-up in a cleared and disabled state, and can
be enabled for software transparent operation by storing
an "“F1” to the Cache Control Register. In addition, the
cache can be tested or configured for a specific user ap-
plication through the various control bits shown. Since
the entire user interface address space can safely be ac-
cessed with or without the Cache Accelerator installed, a
cache utility can be implemented without prior knowl-
edge of its presence in the system.

MEMORY MANAGEMENT BOARD

The M68KVMMB851 Memory Management Board, Fig-
ure 4, is an interim solution for implementing demand-
paged virtual memory operations prior to the availability
of the MC68851 single-chip Paged Memory Management
Unit. It provides the required logical to physical address
translation by performing chip-controlled searching of
translation tables in main memory.

The 4.5" x 3.5” mezzanine board plugs into a socket of
the 131XT board which is reserved for the MC68851 chip.
It contains an MC68461 Memory Management Controller
and an external Address Translation Cache. The Con-
troller contains address translation circuitry and a state
machine which, together, execute the table walking al-
gorithm of the MC68851. The Address Translation Cache,
a 512-entry set associative cache, is a fast memory that
translates logical addresses and function codes to cor-
responding physical addresses and protection bits. It
speeds address translation by avoiding the overhead of
searching translation tables for each bus access.

The functional differences between the MC68851
PMMU and the MMB are detailed in Table 8. The MMB
requires an addition to the supervisor's bus error handler
to allow the use of indivisible memory cycles (i.e. the TAS
instruction). The MMB must use the bus error signal to
inform the MC68020 microprocessor that the address of
this indivisible cycle is not resident in the address trans-
lation cache. When the MC68020 takes the bus error sig-
nal, the MMB is allowed to request the bus and to perform

3. With MMU bypass card installed and dependent on MC68020 clock to address strobe timing.
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the necessary address translation table walk. The
MC68020 then proceeds to the bus error routine where
software must perform an instruction retry to the indi-
visible cycle.

Functionally, the MMB is compatible with the MC68851
PMMU to the extent that algorithms and programs de-
veloped for a system using the MMB can be moved to
one using the MC68861 after a few minor changes.

Table 6. MVMEXTCAC — Memory Organization

Tag Section Data Section
e Physical Address Data
= Index =
A02 - A13 A4 - A31 Av* D31-24 D23-16 D15-08 D07-00 BVO-3*
A y \
aK x 4
4K x 18 ot 4K x 32 Byte
Address Vid. Data vid.

Table 7. MVMEXTCAC — User Interface

Cache Control Register — Address FFFC0000

Mask Register — Address FFFC0001

D31 (Reset State = FF) D24 D23 {Reset State = xF) D16
[vecen moNen] mLek [mBLc | cctr Jewen]cren]erst] [ x [ x [ x [ x [msp] msp [mup |mup
Tag Access Space
Data Access Space — Address FFFD000-FFFD3FFC (read-only)
Data Entries, 000-FFF Addresses — FFFE0000-FFFE3FFC
D3t Doo Tag Entries, 000-FFF
BYTEO BYTE BYTE2 BYTE3 D31 p14 D07 D03-Doo
D31-D24 D23-D16 D15-D08 D07-D00 PAD31-PAD14 | NA av | Bvo-BV3
DEFINITIONS
VBCEN — VMEbus Cache Enable MSP — Mask Supervisor Program
MONEN — VMEbus Monitor Enable MUD — Mask User Data
MLBK — Monitor Loopback (for diagnostic use) MUP — Mask User Program
MBLC — Monitor Block (for diagnostic use) AV — Address Valid Status
CCLR — Cache Clear BVO — Byte Valid Status for D31-D24 (byte address 0)
CWEN  — Cache Write Enable BV1  — Byte Valid State for D23-D16 (byte address 1)
CREN — Cache Read Enable BV2 — Byte Valid Status for D15-D08 (byte address 2)
CTST — Cache Test (for diagnostic use) BV3 — Byte Valid Status for D07-D0O (byte address 3)
MSD — Mask Supervisor Data
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Figure 4. M68KVMMB851 Memory Management Board

Table 8. Functional Differences Between Chip and Board

Feature

MC68851 PMMU

MC68KVMMB851 Boards

Address Translation Cache

Page Size

Logical Address Support

Supports Multiple Logical Bus Masters

Logical and Physica! Bus Arbitration
Support

Access Level Support
Coprocessor Interface Support
Translation Table Configuration

Translates CPU Space Accesses
Pin-out

Internal, Fully Associative
256, 512, 1K, 2K, 4K, 8K, 16K & 32Kb
From 17 to 32 Bits

Supports Several

Externai, Set Associative
1Kb
24- or 32-Bit
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

No, Acts as Peripheral Only
Compatible with MC68851
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MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristic

Specification

Cache Implementation

Single-set, direct mapped, physical

Memory Organization

4K, 32-bit data entries

Replacement Algorithm

Single entry, write-through

Hit Timing,
LAS to DSACKx

No MMU — 60 nanoseconds
With MMU — 70 nanoseconds (Page Hit)
— 130 nanoseconds (Page Miss)

Power Requirements

MVME130XT +5 Vde, 9.3 A typ, 12.4 A max
MVME131XT +5 Vdc, 10.3 A typ, 13.4 A max
+12 Vdc, 250 mA max
—12 Vdc, 250 mA max
Clock Signal 16.67 MHz clock frequency
Addressing
Total System Size 4 Gigabytes (32-bit addressing)
ROM/EPROM/RAM Four 28-pin sockets for 16/32/64Kb devices using +5 Vdc only.

Operating Temperature

0°to 50°C

Storage Temperature

—40° to 85°C

Relative Humidity

5% to 95% (non-condensing)

Physical Characteristics
Height
Width
Thickness (MVME130XT)
(MVME131XT)

6.30 in (16.00 cm)
9.19 in (23.34 cm)
1.438 in (3.652 cm)
2.238 in (5.684 ¢m)

Component Projections
Component Side
Solder Side

0.50 in {1.27 cm) max
0.067 in (0.17 cm) max
(except for interconnect header)

ORDERING INFORMATION

Part Number

Description

MVME130XT

VMEmodule 32-Bit Monoboard Microcomputer with 16.67 MHz
MC68020 CPU and MC68881 Floating Point Coprocessor,
MVMEXTCAC-1 Cache Accelerator Module and MVME130bug
Debug/Diagnostic Monitor. Includes set of User’s Manuals.

MVME131XT

VMEmodule 32-Bit Monoboard Microcomputer with 16.67 MHz
MC68020 CPU, MC68881 Floating Point Coprocessor,
MVMEXTCAC-2 Cache Accelerator Module with Memory Man-
agement Unit and MVME130bug Debug/Diagnostic Monitor.
Includes set of User’s Manuals.

MVME130XT/D

User’s Manual Set for MVME130XT.

MVME131XT/D

User's Manual Set for MVME131XT.

MVME130BUG/D

130bug Debug/Diagnostic Monitor User's Manual.

RELATED DOCUMENTATION

Part Number Description

MVME204-1 VMEmodule 1024Kb Dynamic RAM with Byte Parity and VSB.
Includes User's Manual.

MVME204-2 VMEmodule 2048Kb Dynamic RAM with Byte Parity and VSB.
Includes User's Manual.

MVME214 VMEmodule Static RAM/ROM with VSB and up to 1Mb RAM capac-
ity. Includes User's Manual.

MVME707 Dual RS-232-C Serial I/O Cable Assembly. Includes User’s Manual.
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The VMEsystem
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A Typical High-Speed MVME130/131XT Microcomputer VMEsystem

The MVME131XT 32-Bit Microcomputer with
Cache Accelerator Module conforms to the VMEbus
interconnect system which has emerged as aworld-
wide Standard for 8-/6-/32-bit microcomputers. It is
part of the VMEmodule product family whose
M68000-based processing power, Eurocard me-
chanical format, powerful VERSAdos real-time soft-
ware support and international multiple sourcing
have made it one of the most popular product lines
in the industry.

The VMEsystem architecture, and a board-level
component complement that relate to the Cache
Accelerator, are illustrated in the above block dia-
gram. Of particular significance are:

o The well-established functional versatility of the
VMEbus whose non-proprietary technical

specification is widely used for system
implementation

® An auxiliary VSB for high-speed memory
expansion

® An MC68020-based, 32-bit CPU board
{MVME131) utilizing the latest advances in
microprocessor design

® A large repertoire of peripheral (controller) mod-
ules and memory boards

The unrivalled acceptance of the VMEsystem phi-

losophy has yielded a selection of compatible

board-level products from well over a hundred ven-

dors, to offer systems manufacturers the basic tools

with which to implement their designs quickly, ef-

ficiently, reliably and cost effectively.
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VMEmodule™
32-Bit Monoboard
Microcomputer

® MC68020 Microprocessor with 32-Bit Address and Data
at 12.5 MHz or 16.67 MHz
e MC68881 Floating Point Coprocessor at 12.56 MHz or
16.67 MHz
® 1Mb of Shared Local DRAM Accessible from the VME-
bus (32-bits wide)
Four 28-pin JEDEC Sockets for ROM/PROM/EPROM/
EEPROM (two banks/16-bits wide)
One Front Panel Serial Debug Port
One RS-232-C Multiprotocol Serial Port
One RS-485/RS-422 Multiprotocol Serial Port
Three 8-Bit Timers
Real-Time Clock
A24/D32 VMEbus Master Interface
VMEbus System Controller Functions with Level-three
Arbiter
Single Level Bus Requester (level jumper selectable)
Level Three VMEbus Interrupter
® Seven Level Interrupt Handler

The MVME133 VMEmodule 32-bit Monoboard Micro-
computer is designed to function in those applications
requiring medium performance and functionality. With its
1Mb of onboard DRAM and MC68881 Floating Point Co-
processor, the MVME133 is an excellent choice for ap-
plications requiring real-time operation and arithmetic ca-
pability, such as industrial automation and robotics.

CPU

The MVME133 and MVME133-1 use an MC68020 Mi-
croprocessor operating at a fixed speed of 12.5 MHz and
16.67 MHz, respectively. 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 instruction cache, this product offers state-of-the-
art performance while maintaining software compatibil-
ity with its widely accepted predecessors.

DEBUG MONITOR FIRMWARE

The MVME133bug Debug Monitor firmware package is
optionally available for use with the MVME133 module.
This firmware offers 32 debug, up/downline load and disk
bootstrap load commands, as well as a full set of onboard
diagnostics and a one line assembler/disassembler with

full MC68881 support.

MVME133
MVME133-1

COPROCESSOR

The MVME133 module is equipped with the MC68881
Floating Point Coprocessor which substantially improves
computing speed in applications requiring arithmetic
computations. The MC68881 is a full implementation of
the IEEE Standard (P754) for Binary Floating-Point Arith-
metic, providing the following operations: add, subtract,
multiply, divide, remainder, square root, integer part and
compare. Each of these operations supports seven dif-
ferent data formats: byte, word and long word integers;
single, double and extended precision real numbers; and
packed binary coded decimal string real numbers. In ad-
dition, the MC68881 supports a full set of trigonometric
and transcendental functions.

Figure 1 is a block diagram of the MVME133.

ONBOARD DYNAMIC RAM

The onboard dynamic ram uses 32-256K x 1 dynamic
RAM ZIPS (zigzag-in-line package), making a total of 1Mb
of local DRAM. It is accessible by the MC68020, the re-
fresh circuitry, and the VMEbus each of which requests
and is granted the DRAM by a multiport arbiter.

The user can select the address at which the onboard
DRAM appears from the VMEbus by changing a jumper
header or by reprogramming a PAL (Programmable Array
Logic). As shipped from the factory, the four address
spaces which can be selected by the jumper header are:

$000000—$OFFFFF
$100000—$1FFFFF
$200000-$2FFFFF
$300000—-$3FFFFF

Onboard DRAM responds to the VMEbus only when

address modifier lines AMO-AMS5 indicate standard, priv-
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Figure 1. MVME133 Functional Block Diagram

ileged, or non-privileged data or program space, and
when the MVME 133 on which itresides is not the VMEbus
master.

FUNCTION CODE MAP DECODER

At the beginning of each MPU cycle, the space decoder
determines what kind of cycle is taking place and which
device or function is selected within that cycle type. The
cycle types, shown in Table 1, are determined by the func-

tion code signal lines which are driven by the MC68020.

MEMORY MAP

The memory map (refer to Table 2) indicates those de-
vices that occupy user data, user program, supervisor
data and supervisory program spaces. The MVME133
supports only 24-bit addressing so the two most signif-
icant hex digits in the address map are ignored.

Table 1. Function Code Space Decoder

FC2 FC1 FCO Cycle Type Responding MVME133 Devices/F ions
0 0 0 Reserved None except Dynamic RAM
0 Q 1 User Data All except Interrupt Handler and MC68881
0 1 0 User Program All except Interrupt Handler and MC68881
0 1 1 Reserved None (Causes Local Timeout)
1 0 0 Reserved None except Dynamic RAM
1 0 1 Supervisory Data All except Interrupt Handler and MC68881
1 1 0 Supervisory Program All except Interrupt Handler and MC68881
1 1 1 CPU (IACK) VMEbus, 28530, MC68901, Interrupt Handler
1 1 1 CPU Coprocessor MC68881
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Table 2. Memory Map

Address
Range D31 D24 | D23 D16 | D15 D08 | D07 Doo
xx000000 Onboard ROM for first four memory cycles after reset.
xx000007 Onboard Dynamic RAM thereafter.
xx000008 ]
XXOFFFFF Onboard Dynamic RAM
xx100000
XXEFFFFF VMEbus
xxF00000 Onboard ROM/PROM/EPROM/EEPROM
xxF1FFFF Bank 1 **
xxF20000 Onboard ROM/PROM/EPROM/EEPROM
xxF3FFFF Bank 2 **
xxF40000 Onboard ROM/PROM/EPROM/EEPROM Banks 1 and 2
xxF7FFFF Repeat in this space
xxF80000 MSR * MFP GPIP MSR * MFP AER
xxF80004 MSR * MFP DDR MSR * MFP IERA
xxF80008 MSR * MFP IERB MSR * MFP IPRA
xxF8000C MSR * MFP IPRB MSR * MFP ISRA
xxF80010 MSR * MFP ISRB MSR * MFP IMRA
xxF80014 MSR * MFP IMRB MSR * MFP VR
xxF80018 MSR * MFP TACR MSR * MFP TBCR
xxF8001C MSR * MFP TCDCR MSR * MFP TADR
xxF80020 MSR * MFP TBDR MSR * MFP TCDR
xxF80024 MSR * MFP TDDR MSR * MFP SCR
xxF80028 MSR * MFP UCR MSR * MFP RSR
xxF8002C MSR * MFP TSR MSR * MFP UDR
xxF80030 The Status and MFP registers appear
xxFOFFFF repeatedly in this space.
XxFA0000 SIOB RRO SIOB RxData SIOA RRO SIOA RxData
SIOB WRO SI0B TxData SIOA WRO SIOA TxData

xxFA0004 The above SIO registers appear repeatedly
xxFAFFFF in this space.
xxFB000O uuuu RTC00 uuuu RTCO1 Uuuv RTC02 uuuu RTCO3
xxFB0004 Uuuu RTC04 uuuu RTC05 S]01V]V] RTCO6 S101V]V] RTCO7
xxFB0008 uuuu RTCO08 Uuuu RTCO09 Uuuu RTC10 Uuuu RTC11
xxFB00OC Uuuu RTC12 Uuuu RTC13 UUuu RTC14 uUuuvu RTC15
xxFB0010 The above Real-Time Clock registers appear
xxFBFFFF repeatedly in this space.
xxFC0000
*xFEFFFF VMEbus
xxFF0000
YXFEEFFF VMEbus Short /O space

NOTES: E

XX Denotes don't care. However, when A24 is 0, the VMEbus is treated as a 32-bit data port for longword aligned transfers and when A24 is 1,

the VMEbus is treated as a 16-bit port for all transfers. Reading the Real-Time Clock with A25 = 1 causes the VMEbus Interrupter to assert a
level 3 interrupt, while réading it with A25 = 0 has no effect on the Interrupter.

* The Module Status Register (MSR) is read only. It should not be written to. Cycles that access the Status Register also access the Multi-
Function Periphery MFP. The Status Register is connected to D24-D31 and the MFP is connected to D16-D23.

A Writes to the EEPROM must always be. 16-bit wide.

UUUU Denotes undefined bits.

RTC Denotes Real-Time Clock.
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COPROCESSOR REGISTER MAP

The MVME133 devices and functional blocks respond
to only two types of CPU space accesses (FC2-FCO =
111): coprocessor and interrupt acknowledge. The func-
tion code space decoder selects the MC68881 anytime
the MPU executes a coprocessor cycle (FC2-FC0O = 111

and A19-A16 = 0010). The recommended coprocessor
ID (bits 9-11 of the coprocessor instruction word) for the
MC68881 is 001. However, the MVME133 selects the
MC68881 regardless of the ID. The MC68881 registers are
addressed by A04-A01 as shown in Table 3.

Table 3. Coprocessor Register Map

A04-A00 MC68881 Register

(In Binary) D31 D16 | D15 D00
00000 Response (Read Only) | Control (Write Only)
00100 Save {Read Only) | Restore (Read/Write)
01000 Reserved Command (Write Only)
01100 Reserved Condition {Write Only)
10000 Operand (Read/Write)
10100 Register Select (Read Only) Reserved
11000 Instruction Address (Write)
11000 Operand Address (Read/Write)

INTERRUPT HANDLER AND INTERRUPT ACKNOWLEDGE MAP

The interrupt handler gives the onboard MPU the abil-
ity to sense and respond to all onboard interrupts, all
seven VMEbus interrupts, VMEbus ACFAIL*, VMEbus
SYSFAIL* and the ABORT switch. All of the VMEbus in-
terrupts and the ABORT interrupt can be enabled/dis-
abled by jumpers. All other interrupts are enabled/dis-
abled individually under software control. Also all
interrupts may be disabled with a software control bit.

Function code space decoder selects the interrupt han-
dler anytime the MC68020 executes an Interrupt Ac-
knowledge cycle (FC2-FCO = 111 and A19-A16 = 1111).
The interrupt handler then determines the acknowledge

level by examining A01-AQ3. it then decides which de-
vice the interrupt acknowledge cycle is for. If the ac-
knowledge cycle was for VMEbus ACFAIL*, ABORT
switch or real-time clock, the interrupt handler causes the
MC68020 to generate the interrupt vector internally. If not,
the interrupt handler initiates a vector fetch cycle for the
appropriate device. If both onboard and VMEbus inter-
rupts are activated on the same interrupt level, the in-
terrupt handler will acknowledge the onboard interrupt
first.

Table 4 summarizes all the interrupt sources and their
associated interrupt vectors.

Table 4. Interrupt Sources and Vectors

Interrupt Source Path Vector Passed Vector Offset Level
. From Interrupting
*
VMEbus IRQ1 Direct VMEbus Slave 4 x Vector 1
VMEbus IRQ2* Direct Same As Above 4 x Vector 2
VMEbus IRQ3* Direct Same As Above 4 x Vector 3
VMEbus IRQ4* Direct Same As Above 4 x Vector 4
MM58274A .
Real-Time Clock Direct None $70 4
. From Interrupting
VMEbus IRQ5* Direct VMEbus Slave 4 x Vector 5
MC68901 Refer to MC68901
DDTR* GPIOO Data Sheet 4 x Vector 5
. MC68901 Refer to MC68901
VMEbus BERR GPIO1 Data Sheet 4 x Vector 5
LTO MC68901 Refer to MC68901 4 x Vector 5
Local Bus Timeout GPI02 Data Sheet
" Refer to MC68901
MC68901 Timer D MC68901 Data Sheet 4 x Vector 5
MC68901 Timer C MC68901 Refer to MC68901 4 x Vector 5
Data Sheet
(continued)
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Table‘4. Interrupt Sources and Vectors (continued)

Interrupt Source Path Vector Passed Vector Offset Level
MC68901 Timer B MC68901 Refle)'a:: g:feiigm 4 x Vector 5
Transmit Error Refer to MC68901
(Serial) MC68301 Data Sheet 4 x Vector 5
Transmit Buffer Empty Refer to MC68901
(Serial) MC68301 Data Sheet 4 x Vector 5
Receive Error Refer to MC68901
(Serial) MEe8301 Data Sheet 4 x Vector 5
Receive Buffer Fuil Refer to MC68901
(Serial) MC68301 Data Sheet 4 x Vector 5
MC68901 Timer A MC68901 Refer to Mcessor 4 x Vector 5
OIRQ MC68901 Refer to MC68901 4 x Vector 5
(Bus Interrupter) GP106 Data Sheet
VMEbus SYSFAIL Mgs%’;) ! RefT)ratt: Zl:; 5;901 4 x Vector 5
VMEbus IRQ6* Direct From Interiupting 4 x Vector 6
28530 . Refer to 28530
Serial Ports Direct Data Sheet 4 x Vector 6
VMEbus IRQ7* Direct Foerupting 4 x Vector 7
VMEbus ACFAIL Direct None $7C 7
ABORT* Direct None $7C 7

MULTIFUNCTION PERIPHERAL

The MVME133 uses the multifunction peripheral
(MC68901) for its front panel debug port, tick timers,
watchdog timer and the status and control registers. The
MC68901 has the ability to interrupt the MPU on level 5
when required for the timers, debug port and GPIO (sta-
tus) bits.

MC68901 DEBUG PORT

The front pane!l debug port is a minimal implementa-
tion of an RS-232-C serial port. It uses RXD as its transmit
data output and TXD as its receive data input. DSR is
driven true and DCD is pulled up to +12 V. CTS is con-
trolled by a software bit and RTS is monitored by another
software bit, providing minimal flow control.

The baud rate generator for the serial port is timer C
in the MC68901. The XTAL input to the MC68901 is 1.23
MHz, supporting baud rates from 110-9600 baud.

MC68901 TIMERS

There ‘are four timers in the MC68901. They are as-
signed as follows:
Timer A — Software tick timer.
Timer B — Tick timer overflow/watchdog timeout.
Timer C — Baud rate generator for the front panel serial
debug port.
Timer D — Delay mode only. Unassigned.
NOTE: The watchdog timeout resets the MPU module
when the timer B output is high.

MC68901 GENERAL PURPOSE I/O

The MC68901 has eight General Purpose I/O pins. The
MVME133 uses five of these pins as status inputs and
three of them as control outputs. The assignment of
GPIO0-GPIO7 is shown in Table 5.

MODULE STATUS REGISTER

In addition to the general purpose status and control
bits of the MC68901, the MVME133 has eight read only
status bits. Collectively, these bits are called the module
status register (MSR). The MSR and the MC68901 are
grouped together and appear as a 16-bit word port to the
MPU. Therefore, it is important to note that even though
the MSR ignores all write accesses, a write to the MSR
will affect the MC68901.

The bit assignments for the module status register are
shown in Table 6.

28530 DUAL SERIAL PORTS

The MVME133 uses the Z8530 to implement its two
multiprotocol serial ports, providing multifunction sup-
port for handling the large variety of serial communica-
tions protocols available. The Z8530 can be programmed
to satisfy special serial communications requirements as
well as to follow standard formats such as byte-oriented
synchronous, bit-oriented synchronous and asynchron-
ous. In addition, protocol variations are supported within
each operating mode by checking odd or even parity,
character insertion or deletion, CRC generation and
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Table 5. GPIO Register

GPIO7 GPIO6 GPIO5 GPIO4
INPUT INPUT OUTPUT OUTPUT

GPIO3 GPIO2 GPIO1 GPIOO
OUTPUT INPUT INPUT INPUT

GPIO7 — VMEbus SYSFAIL Flag

GPI06 — VMEbus IRQ3 Request Flag
GPIO5 — Board or System Failure Control
GPIO4 — Enable/Disable Interrupts Control

GPIO3 — DCTS Control

GPIO2 — Local Bus Timeout Flag
GPIO1 — VMEbus BERR Flag
GPIOO — DRTS Flag

Table 6. Module Status Register

BIT15 BIT14 BIT13 BIT12

BIT11 BIT10 BITO9 BITO8

ACFAIL SYSCON PWRUP* SRBIT4

SRBIT3 SRBIT2 SRBIT1 SRBITO

ACFAIL — VMEbus AC Power Fail
SYSCON — VMEbus System Controller
PWRUP* — Power-Up Reset

SRBIT4 — Status Register Bit 4

checking, break and abort generation and detection and
many other protocol dependent features.

Because of the internal structure of the Z8530, there are
several means of obtaining the baud rate clocks for each
of the two serial channels. Many of the more frequently
used baud rates are supported by the MVME133 inter-
nally, with additional support provided for external gen-
eration of any other desired frequency. Reference should
be made to the Z8530 Data Manual and the MVME133
User’s Manual for additional information.

All drivers and receivers for both serial channels are
provided on the MVME133, with port A implemented for
RS-485/RS-422 and port B for RS-232 communications.
User can configure the RS-232-C port (Port B) as DCE or
as DTE using the jumpers provided by MVME133. The
RS-485 port may be configured by software to be Master
or Slave, full duplex or half duplex. All signals are made
available on rows A and C of the VMEbus P2 connector.
The RS-232 connections can be made directly from P2 to
a DB-25 connector, although the RS-485 may require a
crossover cable. Refer to the MVME133 User’s Manual
for pinout information.

REAL-TIME CLOCK

The Real-Time clock on the MVME133 is an MM58274,
providing a timekeeping function from tenths of seconds
to tens of years in independently accessible registers, an
hours counter programmable for 12- or 24-hour opera-
tion, an independent interrupting timer and its own on-
board crystal controller oscillator. The counters are ar-
ranged as 4-bit words and can be randomly accessed for
reading and setting time.

ONBOARD ROM/PROM/EPROM/EEPROM

The MVME133 has four 28-pin ROM/PROM/EPROM/
EEPROM sockets that are organized as two banks with
two sockets per bank. Each bank appears as a 16-bit word
port to the MPU and can be separately configured for 8K
x 8, 16K x 8, 32K x 8 or 64K x 8 ROM/PROM/EPROMs or

SRBIT3 — Status Register Bit 3
SRBIT2 — Status Register Bit 2
SRBIT1 — Status Register Bit 1
SRBITO — Status Register Bit 0

for 2K x 8, 8K x 8 or 32K x 8 EEPROMs. When a bank is
configured for EEPROM, writes to that bank must always
be 16-bits wide.

There are several different algorithms for erasing/writ-
ing to EEPROMs, depending on the manufacturer. The
MVME133 supports only those devices which have a
“Static RAM” compatible erase/write mechanism. Note
that the MVME 133 requires that the EEPROMs must allow
wired-OR on the RDY/BSY* pin.

VMEbus INTERFACE

The MVME133 provides an A24/D32 VMEbus interface
for buffering of data, address and control, for word data
manipulation to accommodate MC68020 and VMEbus
data handling differences and for interrupt handling and
control of misaligned transfers. In addition, system con-
troller functions are available including a VMEbus time-
out generator, a SYSCLK driver, an IACK* daisy-chain
driver, a SYSRESET* driver and a level three arbiter. All
of these system controller functions are enabled/disabled
by a jumper on the MVME133.

VMEbus REQUESTER

The VMEbus requester is used to obtain and relinquish
mastership of the VMEbus. The MVME133 operates in the
Early Release-on-Request (ROR) mode and can request
VMEbus mastership on any one of the four request levels,
depending upon jumper configurations on the MVME133.

VMEbus INTERRUPTER

The MVME133’s single-level Interrupter generates in-
terrupt requests on IRQ3*. It provides the value $FF as
its status ID byte. It is an 8-bit interrupter and responds
to all sizes of interrupt acknowledge cycles. The inter-
rupter drives IRQ3* whenever the MPU reads the real-
time clock with A25 = 1. The state of the interrupter is
reflected as the OIRQ (GPIO6) bit of the MFP GPIO port.
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Table 7. MVME133 Timing
(All Times Are Total Cycles)

MVME133 MVME133-1
Access
Sequence Read Write Read Write Notes
MPU to local DRAM 4 Cycles 4 Cycles 4 Cycles 4 Cycles 1,2
MPU to local ROM/
PROM/EPROM/EEPROM 6 Cycles 6 Cycles 6 Cycles 6 Cycles 1,3
9 Cycles 9 Cycles 9 Cycles 9 Cycles
VMEbus to local DRAM (720 ns) 720 ns) 540 ns) (540 ns) 45
MPU to global RAM
(MVME133) 13 Cycles 14 Cycles 13 Cycles 14 Cycles 5,6
MPU to global RAM
(MVME204-1) 9 Cycles 7 Cycles 11 Cycles 8 Cycles 6,7

NOTES:

Nooswn o

No arbitration overhead.

Except RMW cycles where MVME133 is required to obtain VMEbus mastership before RAM cycle can be started.
Device access time must be 300 ns or less for MVME133 and 250 ns or less for MVME133-1.

DS0*/DS1* asserted to DTACK* time.

Typical values. Actual values may be greater or less depending on the state of the slave MVME133,-1.
Assume the master MVME133-1 is the current VMEbus master.
The total number of clock cycles = 4 + (Ta/T) for a READ and 5 + (Ta/T) for a WRITE, where Ta = DS0*/DS1* to DTACK* time, and

T = MPU clock period.

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristics

Specifications

Power Requirements
MVME133

MVME133-1

+5 Vdc, 5 A max, 4 A typ
+12 Vdc, 250 mA max

+5 Vdc, 6 A max, 4.5 A typ
+12 Vdc, 250 mA max

Clock Frequency
MVME133
MVME133-1

12.5 MHz clock frequency
16.7 MHz clock frequency

Operating Temperature

0° to 55°C Inlet air temperature with forced air cooling

Storage Temperature

—40° to 85°C

Relative Humidity

5% to 90% (non-condensing)

Physical Dimensions

Height 10.31 in (261.8 mm)
Width 7.40 in {188.0 mm)
Thickness 0.83in (21.0 mm)

ORDERING INFORMATION

Part Number

Description

MVME133 VMEmodule 32-bit Monoboard Microcomputer with 12.5 MH
MC68020 CPU. Includes User's Manual. .

MVME133-1 VMEmodule 32-bit Monoboard Microcomputer with 16.7 MHz
MC68020 CPU. Includes User's Mznual.

MVME133/D User’'s Manual for MVME133/MVME133-1.

RELATED PRODUCTS

Part Number Description
MVME133bug MVME133bug Diagnostic/Debug Package for the MVME133/
MVME133-1. Includes User’s Manual.
MVME225 VMEmodule 2Mb Dynamic RAM with Byte Parity. Includes

User’s Manual.

MVME216-1/-2/-3

256Kb/512Kb/TMb CMOS RAM Module. includes User’s
Manual.
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VMEmodule
32-Bit Monoboard
Microcomputer

* MC68020 Microprocessor with 32-Bit Address and Data at
20 MHz

TMb of Shared Local DRAM Accessible from the VMEbus
(32-bits wide)

Four 28-pin JEDEC Sockets for ROM/PROM/EPROM/
EEPROM (two banks/16-bits wide)

One Front Panel Serial Debug Port

One RS-232-C Multiprotocol Serial Port

One RS-485/RS-422 Multiprotocol Serial Port

Three 8-Bit Timers

Real-Time Clock

A32/D32 VMEbus Master Interface

VMEbus System Controller Functions with Level-three
Arbiter

Single Level Bus Requester (level jumper selectable)

Level Three VMEbus Interrupter

Seven Level Interrupt Handler

The MVME133A VMEmodule 32-bit Monoboard Microcom-

puter is designed to function in those applications requiring

medium performance and functionality. With its 1Mb of on-

board DRAM, the MVME133A is an excellent choice for ap-

plications requiring real-time operation such as industrial

automation and robotics.

CPU

The MVME133A uses an MC68020 Microprocessor oper-
ating at a fixed speed of 20.0 MHz. The MC68020 is the first
product within the popular M68000 Family to offer external
32-bit address and data paths. With its higher clock rate, ad-
vanced architecture, enhanced addressing modes and on-chip
instruction cache, this product offers state-of-the-art perfor-
mance while maintaining software compatibility with its widely
accepted predecessors.

DEBUG MONITOR FIRMWARE
The MVME133Abug Debug Monitor firmware package is
optionally available for use with the MVME133A module. This
firmware offers 32 debug, up/downline load and disk bootstrap
load commands, as well as a full set of onboard diagnostics
and a one line assembler/disassembler.

COPROCESSOR

The MVME133A is equipped with a 20.0 MHz MC68881
Floating-Point Coprocessor which will substantially improve
computing speed in applications requiring arithmetic com-
putations. The MC68881 is a full implementation of the IEEE
Standard (P754) for Binary Floating-Point Arithmetic, provid-

MVME133A

ing the following operations: add, subtract, multiply, divide,
remainder, square root, integer part and compare. Each of
these operations supports seven different data formats: byte,
word and long word integers; single, double and extended
precision real numbers; and packed binary coded decimal
string real numbers. In addition, the MC68881 supports a full
set of trigonometric and transcendental functions.

Figure 1 is a block diagram of the MVME133A.

ONBOARD DYNAMIC RAM

The onboard dynamic ram uses 32-256Kx1 dynamic RAM
ZIPs (zigzag-in-line package), making a total of 1Mb of local
DRAM. It is accessible by the MC68020, the refresh circuitry,
and the VMEbus each of which requests and is granted the
DRAM by a multiport arbiter.

The onboard shared DRAM address is controlled by U82
and by J2. U82 selects one 16-Mbyte block within the
4 gigabytes range for the MVME133A. The default factory
program for U82 puts the base address of this 16-Mbyte block
at $00000000. J2, then, selects one of the 16 address spaces
within this 16-Mbyte block for the 1 Mbytes of onboard shared
DRAM.

Furthermore, the MVME133A allows the user to select 32-
bit or 24-bit address option for VMEbus references. By properly
jumpering J18, the user can configure the MVME133A to op-
erate in a mixed 32-bit and 24-bit address system or a fully 32-
bit address system. The MVME133A VMEbus memory map is
directly affected by the address option selected as follows:

If MVME133A is in a mixed 32-bit and 24-bit address system:

00000000 000FFFFF
00100000 00EFFFFF
00F00000 - FFEFFFFF
FFF00000- FFFBFFFF
FFFC0000 - FFFEFFFF
FFFF0000 - FFFFFFFF

No VMEbus activity, onboard DRAM area.
VMEbus STANDARD (24-bit) addresss space.
VMEbus EXTENDED (32-bit) address space.
No VMEbus activity, local resource area.
VMEbus EXTENDED (32-bit} address space.
VMEbus SHORT 1/0 (16-bit) address space.
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Figure 1. MVME133A Functional Block Diagram

If MVME133A is in a fully 32-bit address system: indicate privileged or non-privileged, data or program space,
and when this board is not the current VMEbus master.
00000000 - 000FFFFF No VMEbus activity, onboard DRAM area.

00100000-FFEFFFFF  VMEbus EXTENDED (32-bit) address space. FUNCTION CODE MAP DECODER

FFFO0000 - FFFBFFFF No VMEbus activity, local resouce area.

FFC00000-FFFEFFFF  VMEbus EXTENDED (24-bit) address space. At the beginning of each MPU cycle, the space decoder
FFFFO000-FFFFFFFF VMEbus SHORT 1/0 (16-bit) address space. determines what kind of cycle is taking place and which device

or function is selected within that cycle type. The cycle types,
The MVME133A’s DRAM responds to the VMEbus accesses shown in Table 1, are determined by the function code signal
only when the addresses match and the Address Modifiers lines which are driven by the MC68020.

Table 1. Function Code Space Decoder

FC2 . FC1. FCO. [ - CycleType ~ | & . <. Responding MVME133A Devices/Functions
0 0 0 Reserved None (Causes Local Timeout)
0 4] 1 -User Data All except Interrupt Handler and MC68881
0 1 0 User Program All except Interrupt Handler and MC68881
0 1 1 Reserved None (Causes Local Timeout)
1 0 0 Reserved None (Causes Local Timeout)
1 0 1 Supervisory Data All except Interrupt Handler and MC68881
1 1 0 Supervisory Program All except Interrupt Handler and MC68881
1 1 1 CPU (IACK) VMEbus, 78530, MC683901, Interrupt Handler
1 1 1 CPU Coprocessor MC68881
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MEMORY MAP

The memory map (refer to Table 2) indicates those devices
that occupy user data, user program, supervisor data and
supervisory program spaces.

Table 2. Memory Map

Address Range D3 D24 | D23 D16 | D15 : DO8 | D07 ‘D00

00000000 Onboard ROM for first four memory cycles after reset.

00000007 Onboard Dynamic RAM thereafter.

[%.00222}2?: Onboard Dynamic RAM

dbereel VMEbus

FFFO0000 Onboard ROM/PROM/EPROM/EEPROM

FFF1FFFF Bank 1 **

FFF20000 Onboard ROM/PROM/EPROM/EEPROM

FFF3FFFF Bank 2 **

FFF40000 Onboard ROM/PROM/EPROM/EEPROM Banks 1 and 2

FFF7FFFF Repeat in this space

FFF80000 STATUS * MFP GPIP STATUS * MFP AER

FFF80004 STATUS * MFP DDR STATUS * MFP iERA

FFF80008 STATUS * MFP IERB STATUS * MFP IPRA

FFF8000C STATUS * MFP IPRB STATUS * MFP ISRA

FFF80010 STATUS * MFP ISRB STATUS * MFP IMRA

FFF80014 STATUS * MFP IMRB STATUS * MFP VR

FFF80018 STATUS * MFP TACR STATUS * MFP TBCR

FFF8001C STATUS * MFP TCDCR STATUS * MFP TADR

FFF80020 STATUS * MFP TBDR STATUS * MFP TCDR

FFF80024 STATUS * MFP TDDR STATUS * MFP SCR

FFF80028 STATUS * MFP UCR STATUS * MFP RSR

FFF8002C STATUS * MFP TSR STATUS * MFP UDR

FFF80030 The status and MFP registers occur

FFFOFFFF repeatedly in this space.

FEFAGO00 SIOB RRO SI08 RxData T SIOA RRO T SI0A RxData
SIOB WRO SIOB TxData SIOA WRO SI0A TxData

FFFA0004 The above SIO registers appear repeatedly

FFFAFFFF in this space.

FFFBO00O uuuu RTCO0 uuuu RTCO1 uuuu RTC02 uuuu RTCO3

FFFB0004 yuuy RTC04 uuuu RTCO05 uyuu RTCO6 uuuu RTCO7

FFFB0008 uuuu RTCO08 uuuu RTC09 Uuuu RTC10 uuuu RTC11

FFFB0O0OC uuuu RTC12 uuuu RTC13 vuuu RTC14 uuuy RTC15

FFFB0OQ10 The above real-time clock registers appear

FFFB7FFF repeatedly in this space.

rf::ggggg VMEbus Interrupt

i

::;FFgggg VMEbus Short I/0 Space

NOTES: ¥ The status register is read only. It should not be written to. Cycles that access the status register also access the MFP. The status register is

connected to [D24] - [D31] and the MFP is connected to [D16] - [D23].
* % Writes to the EEPROM must always be 16-bit wide.
UUUU Denotes undefined bits.
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COPROCESSOR REGISTER MAP

The MVME133A responds to only two types of CPU space
accesses (FC2—FCO=111): coprocessor and interrupt ac-
knowledge. The function code space decoder selects the
MC68881 anytime the MPU executes a coprocessor cycle
(FC2-FC0=111 and A19-A16=0010). The recommended

Table 3. Coprocessor Register Map

coprocessor ID (bits 9-11 of the coprocessor instruction word)
for the MC68881 is 001. However, the MVME133A selects the
MC68881 regardless of the ID. The MC68881 registers are
addressed by A04-A01 as shown in Table 3.

A04-A00 - MC68881 Register R

(in Binary) D3t D16 | D15 oo
00000 Response (Read Only) | Control (Write Only)
00100 Save (Read Only) | Restore (Read/Write)
01000 - Reserved Command (Write Only)
01100 Reserved Condition {(Write Only)
10000 Operand (Read/Write)
10100 Register Select (Read Only) Reserved
11000 Instruction Address (Write)
11100 Operand Address (Read/Write)

INTERRUPT HANDLER AND INTERRUPT ACKNOWLEDGE MAP

The interrupt handler gives the onboard MPU the ability to
sense and respond to all onboard interrupts, all seven VMEbus
interrupts, VMEbus ACFAIL*, VMEbus SYSFAIL* and the
ABORT switch. All of the VMEbus interrupts and the ABORT
interrupt can be enabled/disabled by jumpers. All other in-
terrupts are enabled/disabled individually under software con-
trol. Also all interrupts may be disabled with a software control
bit.

Function code space decoder selects the interrupt handler
anytime the MC68020 executes an Interrupt Acknowledge
cycle (FC2-FCO0=111 and A19-A16=1111). The interrupt

handler then determines the acknowledge level by examining
A01-A03. It then decides which device the interrupt acknowl-
edge cycle is for. If the acknowledge cycle was for VMEbus
ACFAIL*, ABORT switch or real-time clock, the interrupt han-
dler causes the MC68020 to generate the interrupt vector in-
ternally. If not, the interrupt handler initiates a vector fetch
cycle for the appropriate device. If both onboard and VMEbus
interrupts are activated on the same interrupt level, the inter-
rupt handler will acknowledge the onboard interrupt first.

Table 4 summarizes all the interrupt sources and their as-
sociated interrupt vectors.

Table 4. Interrupt Sources and Vectors

Interrupt Source Path Vector Passed Vector Offset Level
. From Interrupting
*
VMEbus IRQ1 Direct VMEbus Slave 4 x Vector 1
VMEbus IRQ2* Direct Same As Above 4 x Vector 2
VMEbus IRQ3* Direct Same As Above 4 x Vector 3
VMEbus IRQ4* Direct Same As Above 4 x Vector 4
MMB58274A .
Real-Time Clock Direct None $70 4
" . From Interrupting
VMEbus IRQ5 Direct VMEbus Slave 4 x Vector 5
N MC68901 Refer to MC68301
DDTR GPIOO Data Sheet 4 x Vector 5
. MC68901 Refer to MC68901
VMEbus BERR GPIO1 Data Sheet 4 x Vector 5
LTO MC68901 Refer to MC68901 4 x Vet 5
Local Bus Timeout GPI102 Data Sheet x Veetor
MC68901 Timer D MC68901 Refer to MCBB30T 4 x Vector 5
Data Sheet
" Refer to MC68901
MC68901 Timer C MC68901 Data Sheet 4 x Vector 5
(continued)
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Table 4. Interrupt Sources and Vectors (continued)

Interrupt Source Path Vector Passed Vector Offset Level
MC68901 Timer B MC68901 Refer to MCBB301 4 x Vector 5
Data Sheet

Transmit Error Refer to MC68301
(Serial) MC68901 Data Sheet 4 x Vector 5
Transmit Buffer Empty Refer to MC68901
(Serial) MCe8301 Data Sheet 4 x Vector 5
Receive Error Refer to MC88901
(Serial) MC68901 Data Sheet 4 x Vector 5
Receive Buffer Full Refer to MC68901
(Serial} MC68901 Data Sheet 4 x vector 5
MC688901 Timer A MC68901 Refer to MCBB301 4 x Vector 5
Data Sheet
OIRQ MC68901 Refer to MC68901 4 x Vector 5
(Bus Interrupter) GPIO6 Data Sheet
MC68901 Refer to MC68901
VMEbus SYSFAIL GPIO7 Data Sheet 4 x Vector 5
. From Interrupting
*
VMEbus IRQ6 Direct VMEbus Slave 4 x Vector 6
28530 . Refer to Z8530
Serial Ports Direct Data Sheet 4 x Vector 6
. From Interrupting
x
VMEbus [RQ7 Direct VMEbus Slave 4 x Vector 7
VMEbus ACFAIL Direct None $7C 7
ABORT* Direct None $7C 7

MULTIFUNCTION PERIPHERAL

The MVMEI133A uses the multifunction peripheral
(MC68901) for its front panel debug port, tick timers, watchdog
timer and the status and control registers. The MC68901 has
the ability to interrupt the MPU on level 5 when required for
the timers, debug port and GPIO (status) bits.

MC68901 DEBUG PORT

The front panel debug port is a minimal implementation of
an RS-232-C serial port. It uses RXD as its transmit data output
and TXD as its receive data input. DSR is driven true and DCD
is pulled up to +12 V. CTS is controlled by a software bit and
RTS is monitored by another software bit, providing minimal
flow control.

The baud rate generator for the serial port is timer C in the
MC88901. The XTAL input to the MC68301 is 1.23 MHz, sup-
porting baud rates from 110-9600 baud.

MC68901 TIMERS

There are four timers in the MC68901. They are assigned
as follows:

Timer A — Software tick timer.

Timer B — Tick timer overflow/watchdog timeout.

Timer C — Baud rate generator for the front panel serial
debug port.

Timer D — Delay mode only. Unassigned.

NOTE: The watchdog timeout resets the MPU module when
the timer B output is high.

MC68901 GENERAL PURPOSE 1/0

The MC68901 has eight General Purpose 1/0O pins. The
MVME133A uses five of these pins as status inputs and three
of them as control outputs. The assignment of GPIO0-GP107
is shown in Table 5.

MODULE STATUS REGISTER

In addition to the general purpose status and control bits of
the MC68901, the MVME133A has eight read only status bits.
Collectively, these bits are called the module status register
(MSR). The MSR and the MC68901 are grouped together and
appear as a 16-bit word port to the MPU. Therefore, it is
important to note that even though the MSR ignores all write
accesses, a write to the MSR will affect the MC68901.

The bit assignments for the module status register are shown
in Table 6.

Z8530 DUAL SERIAL PORTS

The MVME133A uses the Z8530 to implement its two multi-
protocol serial ports, providing multifunction suppert for han-
dling the large variety of serial communications protocols
available. The Z8530 can be programmed to satisfy special
serial communications requirements as well as to follow stan-
dard formats such as byte-oriented synchronous, bit-oriented
synchronous and asynchronous. In addition, protocol varia-
tions are supported within each operating mode by checking
odd or even parity, character insertion or deletion, CRC gen-
eration and checking, break and abort generation and detec-
tion and many other protocol dependent features.
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Table 5. GPIO Register

GPIO7 GPI06 GPIO5 GPIO4
INPUT INPUT | OUTPUT OUTPUT

GPIO3 GPIO2 GPIO1t GP100
OUTPUT INPUT INPUT INPUT

GPIO7 — VMEbus SYSFAIL Flag

GP106 — VMEbus IRQ3 Request Flag
GPIO5 — Board or System Failure Control
GPIO4 — Enable/Disable Interrupts Control

GPIO3 — DCTS Control

GPIO2 — Local Bus Timeout Flag
GPIO1 — VMEbus BERR Flag
GPIO0 — DRTS Flag

Table 6. Module Status Register

BIT15 BIT14 BIT13 BIT12

BIT11 BIT10 BITO9 BITO08

ACFAIL SYSCON PWRUP* SRBIT4

SRBIT3 SRBIT2 SRBIT1 SRBITO

ACFAIL — VMEbus AC Power Fail
SYSCON — VMEbus System Controller
PWRUP* — Power-Up Reset

SRBIT4 — Status Register Bit 4

Because of the internal structure of the Z8530, there are
several means of obtaining the baud rate clocks for each of
the two serial channels. Many of the more frequently used
baud rates are supported by the MVME133A internally, with
additional support provided for external generation of any other
desired frequency. Reference should be made to the Z8530
Data Manual and the MVME133A User's Manual for additional
information.

All drivers and receivers for both serial channels are provided
on the MVME133A, with port A implemented for
RS-485/RS-422 and port B for RS-232 communications. User
can configure the RS-232-C port (Port B) as DCE or as DTE
using the jumpers provided by MVME133A. The RS-485 port
may be configured by software to be Master or Slave, full
duplex or half duplex. All signals are made available on rows
A and C of the VMEbus P2 connector. The RS-232 connections
can be made directly from P2 to a DB-25 connector, although
the RS-485 may require a crossover cable. Refer to the
MVME133A User's Manual for pinout information.

REAL-TIME CLOCK

The Real-Time clock on the MVME133A is an MM58274,
providing a timekeeping function from tenths of seconds to
tens of years in independently accessible registers, an hours
counter programmable for 12- or 24-hour operation, an in-
dependent interrupting timer and its own onboard crystal con-
troller oscillator. The counters are arranged as 4-bit words and
can be randomly accessed for reading and setting time.

ONBOARD ROM/PROM/EPROM/EEPROM

The MVME133A has four 28-pin ROM/PROM/EPROM/
EEPROM sockets that are organized as two banks with two
sockets per bank. Each bank appears as a 16-bit word port to
the MPU and can be separately configured for 8Kx8, 16Kx8,
32Kx8 or 64Kx8 ROM/PROM/EPROMs or for 2Kx8, 8Kx8 or
32Kx8 EEPROMs. When a bank is configured for EEPROM,
writes to that bank must always be 16-bits wide.

SRBIT3 — Status Register Bit 3
SRBIT2 — Status Register Bit 2
SRBIT1 — Status Register Bit 1
SRBITO — Status Register Bit 0

There are several different algorithms for erasing/writing to
EEPROMS, depending on the manufacturer. The MVME133A
supports only those devices which have a “’Static RAM"' com-
patible erase/write mechanism. Note that the MVME133A re-
quires that the EEPROMs allow wired-OR on the RDY/BSY*
pin.

VMEbus INTERFACE

The MVME133A provides an A32/D32 VMEbus interface
for buffering of data, address and control, for word data ma-
nipulation to accommodate MC68020 and VMEbus data han-
dling differences and for interrupt handling and control of
misaligned transfers. In addition, system controller functions
are available including a VMEbus time-out generator, a
SYSCLK driver, an IACK* daisy-chain driver, a SYSRESET*
driver and a level three arbiter. All of these system controller
functions are enabled/disabled by a jumper on the
MVME133A.

VMEbus REQUESTER
The VMEbus requester is used to obtain and relinquish mas-
tership of the VMEbus. The MVME133A operates in the Early
Release-on-Request (ROR) mode and can request VMEbus
mastership on any one of the four request levels, depending
upon jumper configurations on the MVME133A.

VMEbus INTERRUPTER

The MVME133A’s single-level Interrupter generates inter-
rupt requests on IRQ3*. it provides the value $FF as its status
ID byte. It is an 8-bit interrupter and responds to all sizes of
interrupt acknowledge cycles. The interrupter drives IRQ3*
whenever the MPU performs a read access to a location within
FFFB8000 to FFFBFFFF. The state of the interrupter is reflected
as the OIRQ (GPIO8) bit of the MFP GPIO port.
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MVME133A Table 7. MVME133A Timing

(All Times Are Total Cycles)

MPU to local DRAM 4 Cycles 4 Cycles 1,2
PR(ADAI\PAyEg)F:gﬁ/'EF:E%AA/OM 6 Cycles 6 Cycles 13
VMEDbus to local DRAM ?42()]’?12)8 ?422)/0,:: 4,5
MPKA’\‘,’S'E‘:";‘; AH)AM 13Cycles | 14 Cycles 56
Mp&?ﬁé%%ﬂ»:AM 9 Cycles 7 Cycles 6,7

NOTES: 1. No arbitration overhead.
2. Except RMW cycles where MVME133A is required to obtain VMEbus mastership before RAM cycle can be started.
3. Device access time must be 200 ns or iess.
4. DS0*/DS1* asserted to DTACK™ time.
5. Typical values. Actual values may be greater or less depending on the state of the slave MVME133A.
6. Assume the master MVME133A is the current VMEbus master.
7. The total number of clock cycles = 4 + (Ta/T) for a READ and 5 + (Ta/T) for a WRITE, where Ta = DS0*/DS1* to DTACK" time, and

T = MPU clock period.

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristics Specifications
Power Requirements +5Vde, 7 Amax, 5 A typ
MVME133A-20 +12 Vdc, 250 mA max
Clock Freguency
MVME133A-20 20.0 MHz clock frequency
Operating Temperature 0° to 55°C Inlet air temperature with forced air cooling
Storage Temperature —40° to 85°C
Relative Humidity 5% to 90% (non-condensing)
Physical Dimensions .
Height 10.31 in (261.8 mm)
Width 7.40 in (188.0 mm)
Thickness 0.83in (21.0 mm)

ORDERING INFORMATION

Part Number Description .
MVME133A-20 VMEmodule 32-bit Monoboard Microcomputer with 20.0 MHz
MC88020 CPU. Includes User’'s Manual.
MVME133A/D VMEmodule 32-Bit Monoboard Microcomputer User’'s Manual.

RELATED PRODUCTS

Part Number Description
MVME133Abug MVME133Abug Diagnostic/Debug Package for the MVME133A.
Includes User’s Manual.
MVME225 VMEmodute 2Mb Dynamic RAM with Byte Parity. Includes User's
Manual.
MVME215-1/-2/-3 256Kb/512Kb/1Mb CMOS RAM Module. Includes User's Manual.
M68V2XSBG 133 MVME133Abug Source and Object Modules on 5% Diskette.

Includes User’s Manual.
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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

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 1is 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 is organized into four 16K-byte blocks.
A capacity of 256K bytes (128K words) in 64K-byte blocks
is provided by MVMEZ201. The modules have refresh cir-
cuitry and perform refresh every 16 us. While refresh is
in progress, any memory access is 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 cycle timing parameters are shown
in Figures 2 and 3, respectively.

BASE ADDRESS SELECTION

The MVME200 and MVME201 modules each have four
headers, one for jumper selection of a base address for
each of the four blocks in which the total memory offered
by the module is 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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MVME200, MVME201

WRITE CYCLE TIMING

The timing parameters for the cycle performed to write
data in memory are shown in Figure 2. A write cycle is

FIGURE 2 — Write Cycle Timing Parameters

WRITE” &;\

initiated when WRITE”, followed by DS0* and DS1*, be-
come active on the VMEbus.

D00-D31 0V
8V
— e
)
—&
3 20V
. 20V
. / \ (L
DSO ~ /
Ds1* J \ L L / \
)7
©®-
DTACK
BERR \ , 20V
Parameter Description Min Max Unit
A Valid data to DSO* 0 ns
B DTACK" to invalid data 0 ns
(o} Cycle time 565 595 ns
D DS0* to DTACK* 315 370 ns
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READ CYCLE TIMING

The timing parameters for the cycle performed to read
data from memory are shown in Figure 3. A read cycie is

FIGURE 3 — Read Cycle Timing Parameters

initiated when WRITE" is inactive and DS0* and DS1* be-
come active on the VMEbus.

WRITE* i’“"
DS0* 20V
Xasv /L
DS1* \
V4

W J7

77
)
&)
D00-D31 3.2V [ 3.2V
) W 15V
DTACK /
BERR /
Parameter Description Min Max Unit
A Cycle time 565 595 ns
B Inactive DSO* to invalid data 10 ns
C 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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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"
is 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 is 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 AMS 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 AM5 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

84K Bytes (MVME200) 256K Bytes (MVME201)

Word Length

8 Bits or 16 Bits

Memory Organization

16K Byte Blocks (MVME200) 64K Byte Blocks (MVME201)

Write Cycle Time

595 ns max.

Read Cycle Time

595 ns max.

Error Detection

Byte Parity, Odd

Input Loading

One Schottky TTL Load Per Line

Output Loading

Open-collector Output (Igink max. = 48 mA)
Three-state Output (Isink max. = 64 mA)

Temperature
~ Operating 0° to 70°C
Storage -55° 10 85°C

Relative Humidity
Power Requirements
MVME200

MVME201

0% to 90% (non-condensing)

+5Vdc @ 2.7 A (max.)
+12 Vdc @ 0.5 A (max.)
—12 Vdc @ 6.5 mA (max.)
+5 Vdc @ 3.3 A (max.)

Dimensions
Height

(Board Only)
6.31in. (160.3 mm)

(With Front Panel)
7.40 in. (188 mm)

Depth
Thickness

9.19in. (233.4 mm)
0.062 in. (1.57 mm)

10.31in. (261.9 mm)
0.80 in. (20.32 mm)

MVME200/201 USAGE

MVME110-1  VMEmodule Monoboard Microcomputer

VME/10 Microcomputer System
VMEmodule Monoboard Microcomputer

MVME101
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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
MVME200/201 64K/256K Byte Dynamic Memory Module User’'s Manual

MVME200/D

Other VMEmodaules Include:

Part Number Description

MVME101 VMEmodule Monoboard Microcomputer
(8 MHz MC68000 MPU, Serial & 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)

MVMES300 VMEmodule GPIB Controller with DMA
(Provides [EEE-488 Listener, Talker, Controller Functions)

Related Documentation

HB212/D 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)
— 280 ns (without parity)
— 310 ns (with parity)

Write Access Time, Max (Module Only)
— 60 ns

On-Board Refresh Circuitry
PROM Address Modifier Decoder

Two Front Panel Status Indicator LEDs
— Parity Error
— Module Busy

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 1is 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

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 A0O1 and A19-A23 is
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
iluminate the module busy LED on the front panel.

INTERLEAVED OPERATION

Interleaving is 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 its 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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MVME202, MVME222-1, MVME222-2

PARITY GENERATION AND CHECKING

The three modules have parity generation and check-
ing circuitry and a header for enabling or disabling the
function or for forcing incorrect parity for testing. During
a write operation, the parity generator for both the high
and low order bytes calculates odd parity 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 parity checker which
recalculates the parity values and compares them with
the stored values. A detected error causes illumination
of the front panel parity error LED and assertion of the

VMEbus signal BERR*. Otherwise DTACK" is 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
initiation of a memory cycle caused by a read or a write
access and for initiation of a refresh cycle is 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

2.0 mA (max) at 5.0 Vdc

Temperature
Operating 0°Cto 70°C
Storage -25°Ct0 85°C
Humidity 0% to 95% (non-condensing)

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

9.21in. (234 mm)
10.3in. (262 mm)
6.3in. (160 mm)
0.79 in. (20 mm)
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MVME202, MVME222-1, MVME222-2

Ordering Information

Part Number Description

MVME202 VMEmodule 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/D MVME202/222 512K/1M/2M Dynamic RAM User's Manual.

Related Documentation

| HB212D

1

VMEbus Specification Manual.
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VMEmodule™

1Mb/2Mb Dynamic RAM

w/VSB*

Supports VMEbus/VSB

Dual-ported — 32-Bit Address/data VMEbus and Mul-
tiplexed 32-Bit Address/data VSB Interface

Interleaving — Two-way Interleaving on VMEbus or
VS8

Configurable Array — Dynamically Alterable to be Par-
tially or Fully Private to the VSB Port. Selectable in
1/4 Population Increments

e Byte Parity Generation and Error Checking Circuitry

Longword (32-bit), Word (16-bit), or Byte (8-bit) Data
Transfers

VMEbus Addressing — Automatic Selection of 24- or
32-Bit Addressing on VMEbus Interface, 32-Bit Ad-
dressing on VSB

® Memory Base Address Settable on Board-Size Bound-

aries throughout VMEbus and VSB Address Space
® Transparent Refresh Support

FUNCTIONAL DESCRIPTION

The MVME204-1 and MVME204-2 are VMEmodules
offering, respectively, one and two megabytes of dual-
ported dynamic RAM with parity for use with VMEbus
and the dedicated, high-speed memory bus tailored for
the MC68020 32-Bit Microprocessor — VSB. Interfaces
to this bus enhance the performance of the MVME130
VMEmodule 32-bit Monoboard Microcomputer by al-
lowing the transfer of data between the MVME130 and
MVME204 modules concurrent with DMA transfers
over VMEbus.

The one megabyte capacity of MVME204-1 is attained
using 256K by 1-bit dynamic RAM devices. A mezzanine
board containing an additional megabyte is added to
achieve the two megabyte capacity of the MVME204-2.
Both modules have parity generation and detection cir-
cuitry which, together with a VMEbus accessible control
and status register, can be used for error detection and
memory diagnostics.

Having a VMEbus interface, the modules can be applied
in systems using this interconnect structure. Care must
be taken with existing VMEmodule-based systems, since
VSB and the extended 32-bit data and address use P2 of
the VMEbus connector. The pins on connector P2 of the
existing VMEbus system are commonly used as /O pins.

VMEbus ADDRESS MODIFIER CODE RESPONSE
VMEbus address modifier line decoding on the
MVME204 provides response to both standard and ex-

*MVMX32bus is a Subset of the VME Subsystem Bus.
VMEmodule is a trademark of Motorola Inc.

"

MVME204-1
MVME204-2

Figure 1 is a functional block diagram of the modules.
tended, supervisory and non-privileged program and
data accesses.

A programmable array logic device (PAL) is used for
address modifier line decoding. This PAL is socketed to
facilitate application of the modules in systems having
special requirements.

VMEbus ADDRESS MAPPING

Both modules provide two switches (12 bits) used to
select for a module, a base address in VMEbus address
space. All 12 switch positions are used to set MVME204-
1 VMEbus memory to begin on any 1024Kb boundary.
Eleven switch positions are used to set MVME204-2 VME-
bus memory to begin on any 2048Kb boundary. The end-
ing address in VMEbus space for a module is the sum of
the starting address and the module population.

VSB Address Mapping

Both modules provide two switches (12 bits) used to
select for a module a base address in VSB address space.
All 12 switch positions are used to set MVME204-1 mem-
ory to begin on any 1024Kb boundary. Eleven switch po-
sitions are used to set MVME204-2 memory to begin on
any 2048Kb boundary. The ending address in VSB space
for a module is the sum of the starting address and the
module population. Note that an additional requirement
is placed on the system programmer when the option of
using non-identical starting addresses for a module in the
VMEbus and VSB address spaces is chosen.
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MVME204-1, MVME204-2

STATUS/CONTROL REGISTER

An 8-bit, writable and readable Status/Control Register
is used for controlling module functions and for reporting
a parity error incurred during a VMEbus or VSB read ac-
cess. The register is accessed by placing on the VMEbus
address modifer lines the short supervisory 1/0 access
code (hexadecimal 15). Location in the VMEbus I/0 space
of the register is switch selectable. )

The moduies facilitate dynamic global/private memory
allocation using three bits in the Status/Control Register.
Bit 6, when set, disables any VMEbus access in effect
allocating all four module memory segments to access
from VSB only. Various combinations of the states of bits
4 and 5 are used to remove one to four memory segments
from VSB-only allocation and allow access also from
VMEbus. Segment size is 256Kb and 512Kb for the
MVME204-1 and MVME204-2, respectively.

Bit 3 of the Control/Status Register may be set to enable
reporting via bus error of any VMEbus device attempting

to access module memory allocated to private VSB
access.

In applications where it is not desirable for the
MVME130 system to cache the VSB port, this function
may be disabled by setting bit 2 in the Controi/Status
Register.

For use in diagnostics, bit 1 in the Control/Status Reg-
ister may be set to cause the wrong parity value to be
written to an addressed location.

Two bits in the Control/Status Register are involved
in parity control and reporting. The module indicates
that a parity error has occurred on a VMEbus or VSB
read access by setting bit 7 which is normally cleared
from the VMEDbus but can aiso be set for diagnostic use.
Bit 0 is set by the user to enable indication to.a selecting
device via the BERR* or MERR* signals of a parity error.
Module reporting of read access parity status via bit 7
is not affected by the state of bit 0.

256K RAM ARRAY MULTIPLEXED <rL
MUMEZOA ADDRESS ADDRESS
DECODE AND
1 ROW OF 36 BITS MULTIPLEXING
MVME204-2 K l—:
2 ROWS OF 36 BITS
28T {l
ARRAY PARITY BITS
BUS
PARITY ERROR TMNG
DETECTION: AND
PARITY BUFFERS GENERATION CONTROL
r 32.BIT DATA BUS I
I 1
32.B17 ADDRESS BUS >
VSB INTERFACE VMEbus INTERFACE
) vSB ) { VMEbus —

Figure 1. MVME204 Functional Block Diagram
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MVME2

PE:

RP:

PR1,PRO:

PRBEREN:

04-1, MVME204-2
MVMEZ204 STATUS CONTROL REGISTER FORMAT
D7 D6 D5 D4 D3 D2 D1 DO
L e [ r [ PR1_| PRO | PrBEReN | mcacHe* | wwp | EPER

<Parity Error> The MVME204 status bit,
when set indicates that a parity error has
occurred from a VMEbus or VSB read access.
It can be cleared by writing a zero from the
VMEbus or can be set for diagnostic purposes.
<VSB Private> When set, RP disables any
VMEbus access to the MVME204 DRAM array.
<Private RAM> PR1 and PRO allocates the
MVME204 DRAM array area to the VSB shown

MCACHE*:

memory that has been allocated private to
VSB by the PR1 or PRO bits, or the RP bit of
the MVME204 Control Register.

<Memory Cacheable> When cleared allows
the VSB port to be cached by the MVME130
system. MCACHE enables assertion of
MCACHE* on the VSB with the same timing
as MASACKO, 1*. Indicating that the selected
memory is cacheable.

by the following table. These bits are “don’t WWP: <Write Wrong Parity> When set, causes the

cares’’ when the RP bit is set. wrong parity to be written to the addressed
PRI PRO Memory Segment location for c‘iiagnostic purposes.

' VSB Accessible EPER: <Enable Parity Error Report>> When set, al-

lows the MVME204 error detecting circuitry to

00 3.2,1,0 report errors to the selecting device. Errors

01 321 are indicated by the BERR* or MERR*. The PE

1o 32 bit in the MVME204 status/control register will

1 3 not be affected by EPER. The PE bit will always

<Private Bus Error Enable> When set,
PRBEREN causes a Bus Error to be issued to
the VMEbus device attempting to access

*Active Low

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

indicate an error if one occurs. The EPER and
WWP bits should not be set simultaneously.

Characteristics

Specifications

Power Requirements

MVME204 — +4.75 to 5.25 Vdc @ 5 A (max)

Operating Temperature 0° to 55°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) MVME204-1
0.75 in. (1.91 cm) MVME204-2

Storage Capacity

1Mb (MVME204-1)
2Mb (MVME204-2)

Data Transfer Size

8-, 16-, 32-bits

Error Detection

0Odd Byte Parity

Data Input/Output

32-bit VMEbus/VSB data

Input Address

32-bit VMEbus/VSB addressing
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MVME204-1, MVME204-2

ORDERING INFORMATION

Part Number

Description

MVME204-1 VMEmodule 1024Kb Dynamic RAM with Byte Parity. Includes
User's Manual.
MVME204-2 VMEmodule 2048Kb Dynamic RAM with Byte Parity. Includes

User’s Manual.

MVME204-1, -2/D

VMEmodule Dynamic RAM User’'s Manual.

RELATED PRODUCTS

Part Number

Description

MVME130 VMEmodule 32-bit Monoboard Microcomputer with MC68020
CPU and VSB. Inciudes User’s Manual.

MVME131 Same as MVME130 but also includes Memory Management
Board.

MVME214 Static RAM/ROM VMEmodule with VSB. includes User's

Manual.
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VMEmodule™
2Mb Dynamic RAM
Module with VSB

Enhanced Performance Over the MVME204-2

Supports VMEbus/VSB (VME Subsystem Bus)

Dual-ported 32-Bit Address/Data VMEbus and Multi-
plexed 32-Bit Address/Data VSB Interface

® Interleaving — Two-way Interleaving on VMEbus
or VSB
® Cache and Non-Cache Operation

Configurable Array — Dynamically Alterable to be Par-
tially or Fully Private to the VSB Port. Selectable in
1/4 Population Increments

Byte Parity Generation and Error Checking Circuitry

Longword (32-bit), Word (16-bit) or Byte (8-bit) Data
Transfers

® VMEbus Addressing — Automatic Selection of 24- or

32-Bit Address on VMEbus Interface, 32-Bit Address-
ing on VSB

® Memory Base Address Settable on Board-Size Bound-

aries throughout VMEbus and VSB Address Space
® Transparent Refresh Support

FUNCTIONAL DESCRIPTION

The MVME204-2F is a VMEmodule offering two mega-
bytes of dual-ported dynamic RAM with parity for use
with VMEbus and the dedicated, high-speed secondary
bus — VSB. Interfaces to VSB enhance the performance
of processor modules such as the MVME130 by allowing
the transfer of data between the MVME130 and the
MVME204-2F modules concurrent with transfers over
VMEbus.

The 2Mb capacity of the MVME204-2F is attained using
256K by 1-bit dynamic RAM ZIP devices. The module has
parity generation and detection circuitry which, together
with a VMEbus accessible control and status register, can
be used for error detection and memory diagnostics.

Having a VMEbus interface, the module can be applied
in systems using this interconnect structure. Care must
be taken with existing VMEmodule-based systems, since
VSB and the extended 32-bit address and data use P2 of
the VMEbus connector. The pins in rows A and C of P2
are commonly used on existing VMEmodules as I/O pins.

Figure 1 is a functional block diagram of the module.

VMEbus ADDRESS MODIFIER CODE RESPONSE

The address modifier line decoding on the MVME204-
2F provides response to both standard and extended,
supervisory and non-privileged program and data
accesses.

VMEmodule is a trademark of Motorola Inc.

MVME204-2F

A programmable array logic device (PAL) is used for
address modifier line decoding. This PAL is socketed to
facilitate application of the modules in systems having
special requirements.

VMEbus ADDRESS MAPPING

The MVME204-2F provides two switches (11 bits) used
to select a base address in VMEbus address space. These
switches set the VMEbus base address to begin on any
2048Kb boundary. The ending address in VMEbus space
is the sum of the starting address and the module pop-
ulation (2Mb).

VSB ADDRESS MAPPING

The MVME204-2F provides two switches (11 bits) used
to select a base address in VSB address space. These
switches set the VSB base address to begin on any
2048Kb boundary. The ending address in VSB space is
the sum of the starting address and the module popula-
tion (2Mb). Note that an additional burden is placed on
the system programmer when the option of using non-
identical starting addresses for a module in the VMEbus
and VSB address spaces are chosen.

STATUS AND CONTROL REGISTER

An 8-bit wide, writable and readable Status/Control
Register is used for controlling module functions and for
reporting a parity error incurred during a VMEbus or VSB
read access. The register is accessed by placing on the
VMEbus address modifier lines the short supervisory or
short non-privileged I/0 access code (hexadecimai 2D or
29). Location on word boundaries of the register in the
VMEbus I/0 space is switch selectable.

The module facilitates dynamic global/private memory
allocation using bits 4, 5 and 6 in the Status/Control Reg-
ister. Bit 6, when set, disables any VMEbus access, in
effect allocating all four module memory segments to
accesses from VSB only. Various combinations of the
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MVME204-2F

states of bits 4 and 5 are used to remove one to four
memory segments from VSB-only allocation and allow
access also from VMEbus. Segment size is 512Kb.

Bit 3 of the Control/Status Register may be set to enable
reporting via bus error of any VMEbus device attempting
to access memory allocated to private VSB accesses.

In applications where it is not desirable for the mem-
ory of the MVME204-2F to be cached through the VSB
port, this function may be disabled by setting bit 2 in
the Control/Status Register.

For use in diagnostics, bit 1 in the Control/Status Reg-

ister may be set to cause the wrong parity value to be
written to an addressed location.

Two bits in the Control/Status Register are involved in
parity control and reporting. The module indicates that
a parity error has occurred on a VMEbus or VSB read
access by setting bit 7, which is normally cleared from
the VMEbus, but can also be set for diagnostic use. Bit
0 is set by the user to enable the indication to a selecting
device via the BERR* or MERR* signals of a parity error.
Module reporting of read access parity status via bit 7 is
not affected by the state of bit 0.

MULTIPLEXED

ADDRESS

2Mb DRAM ARRAY ADDRESS
2 ROWS OF 36 BITS DECODE AND
: MULTIPLEXING <‘

3281 PARITY BITS
ARRAY
BUS
PARITY ERROR TIMING
DETECTION/ [ AND
PARITY BUFFERS GENERATION CONTROL

32-BIT DATA BUS

32-BIT ADDRESS BUS

VSB INTERFACE

{}>

VMEbus
INTERFACE

VMEbus

Figure 1. MVME204-2F Functional Block Diagram

MVME204-2F INTERLEAVING

To provide an increase in speed by decreasing access
time, MVME204-2F VMEmodules support two way inter-
leaving both on the VMEbus and on the VSB. interleaving
is done by permitting a first module to handle even
addresses and a second module to handle odd addresses
so that the two appear as a single 4Mb module and are
treated as such for data transfers. There is no limit to the
number of pairs of modules that can be used in the inter-
leave mode.

Interleaving provides the greatest speed increase for
VMEDbus write cycles because of the fast write mode built
into the MVME204-2F VMEbus interface that allows the
second module to be accessed while the first is com-
pleting the access portion of its cycle.

VSB CACHE MODE OPERATION

In a system with a VMEbus processor having data
cache capabilities, the MVME204-2F can operate in the
cache mode. In this mode, significant access time is saved
since the processor can begin a read access on the VSB
before, as it normally would, determining a hit and receiv-
ing the data from cache memory then terminating the
data transfer cycle. The MVME204-2F, in the cache mode,
waits for the DS* signal (Data Strobe) before starting its
internal memory read cycle to preclude being in this con-
dition when the VSB cycle is terminated on a cache hit.
On a cache miss when the data is not in cache, the read
cycle initiated by the processor continues to full
completion.
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MVME204-2F

PE:

VSBP:

MVME204-2F Status/Control Register Format

D7 D6 D5 D4

D3

D2 D1 DO

[ pe [ vser [ P

[ PRo  [prBEREN|MCACHE’] wwp | EPER |

<Parity Error> The MVME204-2F status bit,
when set, indicates that a parity error has
occurred from a VMEbus or VSB read access.
It can be cleared by writing a zero from the
VMEbus or can be set for diagnostic
purposes.

<VSB Private> When set, VSBP disables any
VMEbus access to the MVME204-2F DRAM
array.

PRBEREN:

MCACHE*:

<Private Bus Error Enable> When set,
PRBEREN causes a Bus Error to be issued to
the VMEbus device attempting to access
memory that has been allocated private to
VSB by the PR1 or PRO, and the VSBP bit of
the MVME204-2F Control Register.

<Memory Cacheable> When cleared, allows
the VSB port to be cached. MCACHE* enables
assertion of MCACHE* on VSB with the same
timing as MASACKO,1*, indicating that the
selected memory is cacheable.

PR1,PRO: <Private Ram> PR1 and PRO allocate the WWP: <Write Wrong Parity>> When set, causes the
MVME204-2F DRAM array area to the VSB wrong parity to be written to the addressed
shown by the following table. These bits are location for diagnostic purposes.

“don’t cares”’ when the VSBP bit is set.
EPER: <Enable Parity Error Report> When set,
allows the MVME204-2F error detecting cir-
" S cuitry to report errors to the selecting device.
PR1, PRO Vegéozcceesi?gfem Errors are indicated by the BERR* or MERR*.
The PE bit in the MVME204-2F Control/Status
00 3,210 Register is not affected by EPER and will
0 3.2.1 always indicate an error if one occurs. The
1 2 EPER and WWP bits should not be set
simultaneously.
*Active Low
MVME204-2F Timing
(All times are typical values)
Access Sequence Write Read Notes

DS* to ACK* (VSB) 135 ns (7) 110 ns (7) 1,5

AS* to ACK* (VSB) 235 ns (7) 210 ns (7) 1.5

DS* to ACK* (VSB) 135 ns (8) 180 ns (7) 2,5

AS* to ACK* (VSB) 235 ns (8) 280 ns (7) 2,5

AS* to DTACK* (VMEbus) 150 ns (8} 260 ns (10) 35

AS* to DTACK* (VMEbus) 150 ns (8) 240 ns (9) 4,5

N

oaw

NOTES: 1. VSB is in the non-cacheable mode, which causes the MVME204-2F to start internal
DRAM access prior to receiving DS* from the initiating device.

. VSB is in the cacheable mode, which causes the MVME204-2F to hold the actual

DRAM access sequence untif after DS* has been received from the initiating master.

VMEbus is not enabled for early release of DTACK*.

VMEbus is enabled for early release of DTACK*,

. Numbers in parenthesis are the total number of cycles required to complete the
specified transfer (read or write) when connected to the MVME130DON Processor
Module, an MC68020-based monoboard microcomputer operating at 16.67 MHz.
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MVME204-2F

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristics

Specifications

Power Requirements

+4.75 to 5.25 Vdc @ 5 A (max)

Operating Temperature

0°C to +55°C inlet air temperature with forced air cooling
0°C to +40°C ambient, convection cooling

Storage Temperature

-40°C to +85°C

Relative Humidity

5% to 90% relative humidity (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}

Storage Capacity

2Mb

Data Transfer Size

8-, 16-, or 32-bits

Error Detection

QOdd Byte Parity

Data Input/Output

32-bit VMEbus/VSB Data

Input Address

32-bit VMEbus/VSB Address

ORDERING INFORMATION

Part Number

Description

MVME204-2F

2Mb, Dynamic RAM VMEmodule with odd byte parity and full 32-bit
VMEbus and VSB interfaces. Includes User’s Manual.

MVME204-2F/D

MVME204-2F User's Manual.

RELATED PRODUCTS

Part Number

Description

MVME130 VMEmodule 32-bit Monoboard Microcomputer with MC68020 MPU
and VSB Interface. Includes User's Manual.

MVME131 VMEmodute 32-bit Monoboard Microcomputer with MC68020 MPU,
Memory Management and VSB Interface. includes User’s Manual.

MVME130XT VMEmodule 32-bit Monoboard Microcomputer with MC68020 MPU,
MC68881 FPCP, VSB Interface, a 16Kb Instruction/Data Cache and
MVME130bug. Operates at 16.67 MHz. Includes User's Manual.

MVME131XT VMEmodule 32-bit Monoboard Microcomputer with MC68020 MPU,

MC68881 FPCP, Memory Management, VSB Interface, a 16Kb
Instruction/Data Cache and MVME130bug. Operates at 16.67 MHz.
Includes User’s Manual.
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VMEmodule
STATIC RAM/ROM

e Double High Eurocard Form Factor
® VMEbus Compatible

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

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
VMEDbus-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
is 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 8K x 8 28 Intel 2764
EPROM 4K x 8 24 Intel 2732
EPROM 2K x 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/D VMEmodule RAM/ROM/EPROM Memory Module User's Manual

Related Documentation

[ HB2120

L VMEbus Specification Manual
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VMEmodule™
Static RAM/ROM
with VSB*

e Dual-Ported VMEbus/VSB

® Storage Capacity of 32Kb, 64Kb, 128Kb, 256Kb, 512Kb
or 1Mb

e Full or Half-Populated Memory (switch selected)

e Supports 24- or 32-Bit addressing on VMEbus, 32-Bit
addressing on VSB

® VSB Private Mode (jumper selected)

o Accepts JEDEC Standard 24- and 28-pin Devices

® Cycle Time 130 ns (nominal)

® Access Times from 100 ns to 400 ns (typical)

e Battery Backup Provision

The MVME214 Static RAM/ROM VMEmodule is used
in VMEbus-based microcomputer systems to provide ad-
ditional data and program storage. This VMEmodule of-
fers up to 1Mb of storage capacity using 64Kb x 8 devices.
To provide system configuration flexibility, memory is
organized in two independent blocks in which 2Kb, 4Kb,
8Kb, 16Kb, 32Kb, or 64Kb devices can be used. Figure 1
is a functional block diagram of the MVME214.

VSB

The MVME214 VMEmodule supports the VSB, a ded-
icated memory channel tailored to the MC68020 micro-
processor and designed to enhance the performance
of the MVME130 VMEmodule 32-bit Monoboard Micro-
computer. The MVME214 can be configured to be a
private resource to the VSB. In this private mode, a
VMEbus access to the module will not be
acknowledged.

DEVICE SELECTION

The MVME214 Static RAM/ROM VMEmodule is pro-
vided with 16 sockets to support many of the JEDEC
standard 24- and 28-pin RAM, ROM, and EPROM devices.
To accommodate the several types of supported devices,
jumper headers allow connection of the required voltage
and time varying signals to the appropriate pins of the
device type used. Devices selected may range in size from
2Kb x 8 through 64Kb x 8.

Different size devices cannot be mixed. However, dif-
ferent types of devices can be installed so long as they
are separated by blocks. When ROM/EPROM devices are

*The VME Subsystem Bus (VSB) is a subset of the VMEbus.

MVME214

selected, the MVME214 will assert a bus error for write
access attempts to these devices. Half population of the
MVME214 is permitted. However, half population is re-
stricted to memory block 1. Table 1 is a partial list of
popular devices which can be used with the module.

BASE ADDRESS SELECTION

The MVME214 has switches which are used to select
a base address for each of the two memory ports. The
base address for a block may be set on population bound-
aries throughout the 4 gigabyte address space. The end-
ing address is determined by setting size-select jumpers
to values of 32Kb, 64Kb, 128Kb, 256Kb, 512Kb, or 1024Kb.

ACCESS TIME SELECTION

The module has two jumper-selected access time op-
tions related to a read/write access time of a device pro-
grammed using programmable array logic (PAL). The
access time is set for 100 ns or 300 ns devices but can
be programmed to produce access times varying from
100 ns through 400 ns. In instances where devices are
mixed, the access time of the slowest device is used.

BATTERY BACKUP

The module has a header that, when used in conjunc-
tion with device-type headers, allows battery backup op-
eration to be jumper-selected.
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Figure 1. MVME214 Functional Block Diagram
Table 1. Typical MVME214 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 8K x 8 28 Intel 2764
EPROM 4K x 8 24 Intel 2732
EPROM 2K x 8 24 Intel 2716
ROM 32K x 8 28 MCM63256
ROM 16K x 8 28 MCM27128
ROM 8K x8 28 MCM68369
RAM 8K x8 28 Hitachi HM6264
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MVME214

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristic Specification
Memory Organization Two 8 device blocks
Storage Capacity 16K, 32K, 64K, 128K, 256K,
Bytes/Block 512K (64K x 8 devices)
Data Organization Longword (32 bits)
Operating Modes Write (Byte, Word, or Longword)
Read (Byte, Word, or Longword)
Read/Modify/Write
Power Requirements
Normal Operation +5 Vdc at 3 A (typ) 4.5 A (max)
Battery Backup (excludes memory devices) +3to +5 Vdc at 5 uW (max)
Operating Temperature 0°C to 50°C inlet air temperature
Storage Temperature —20°C to 85°C
Humidity Range 5% to 80% (non-condensing)
Physical Dimensions
Height 6.30 in (16.00 cm)
Width 9.20 in (23.37 cm)
Thickness 0.062 in (0.157 cm)
Component Projections
Component Side 0.50 in (1.27 cm) max
Solder Side 0.062 in {0.157 cm) max

ORDERING INFORMATION

Part Number Description
MVME214 Static RAM/ROM VMEmodule with VSB. Includes
User’s Manual. ’
MVME214/D Static RAM/ROM VMEmodule User’'s Manual. N

RELATED PRODUCTS

M Part Number Description
MVME130 VMEmodule 32-bit Monoboard Microcomputer with MC68020
CPU and VSB. Includes User’s Manual.
MVME131 Same as MVME130 but equipped with Memory Management
Board.
MVME204 VMEmodule 1024Kb Dynamic RAM with VSB.

Includes User's Manual.
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Product Preview

256K/512K/1Mbyte

MVME215-1
MVME215-2
MVME215-3

CMOS RAM VMEmodules

® 256K/512K/TMb RAM Capacity

® 8-, 16-, 32-Bit Data Bus Width

® 24-, 32-Bit Address Bus Width

® Address Modifier Codes Programmable
® Onboard Power Monitor

e Onboard Battery for Power Down Backup
® VMEbus Rev. C Compatible

The MVME215 is a high speed, high performance static
CMOS random access memory module with various ca-
pacities {up to 1Mb). It can be accessed via the 8-/16-/32-
bit data bus. Circuitry is provided which maintains the
information stored in the RAM during power down. This
module is ideally suited to applications requiring large-
capacity non-volatile storage, for example in diskless
systems.

VMEbus INTERFACE

The MVME215 is designed for use as a slave in a VME
environment which complies with VMEbus Specification,
Rev. C. It supports the standard addressing range of 16Mb
and the extended addressing range of 4Gb. The appro-
priate mode is selected by means of address modifier
codes.

The data path can be 8-,16- or 32-bit wide. Logic is
provided which routes the local 8-bit data paths to their
correct counterparts on the VMEbus.

The following slave module types are supported by the
MVME215:

SLAVE MODULE OPTIONS:

RMW
BLT Read- UAT ADO
Block Modify- | Unaligned | Address-
Transfer Write Transfer Only
Capability | Capability | Capability | Capability
A24 D08 (EO) N Y N N
A24 D16 N Y
A24 D32 N Y N N
A32 D08 (EO) N Y N N
A32 D16 N Y N N
A32 D32 N Y N N

£O — Even, Odd Byte Access

The VMEbus BERR* (Bus ERRor) signal will be asserted
if a quad byte access is initiated but address line A01 is
set high.

The VMEbus lines used by the MVME215 are as
follows:

Address Lines A01-A31

Data Lines D00-D31

Data Direction Line WRITE*

Address Modifier Lines AMO-AM5
DSO0*, DS1*,

Strobe Lines AS*, LWORD*

Transfer Handshake Line DTACK*

Interrupt Control Lines BERR*

Additional Control Lines SYSRESET*

Power Supply Lines +5V, +12V, GND

All unused daisy-chained lines like the interrupt and
bus grant lines are passed through the module. There is
no interrupter on the module.

CMOS RAM DEVICES

The MVME215 is populated with 8K x 8 bit static CMOS
RAM devices. (256Kb version) or 32K x 8-bit static CMOS
RAM devices (512Kb and 1Mb version).

ADDRESS BUS INTERFACE

The MVME215 can be accessed in the standard ad-
dressing range (24-bit address) or the extended address-
ing range (32-bit address). The appropriate addressing
range is determined by decoding the VMEbus address
modifier lines.

Selection of the module’s base address is provided in
1Mb, 512Kb, 266K, 128K, or 64K steps depending on the
assembly option.

Thi_s document contains information on a product under development. Motorola reserves the right to change or discontinue this product without

notice.
VMEmodule is a trademark of Motorola Inc.
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MVME215-1, MVME215-2, MVME215-3
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Figure 1. MVME215 Block Diagram

DATA BUS INTERFACE

Data transfer to or from the MVME215 can be byte-wide
(8-bit), double byte-wide (16-bit), or quad byte-wide (32-
bit). The appropriate data path width is decoded by
means of the VMEbus signals ‘DS0*, DS1*, A01*, and
LWORD*.

ADDRESS MODIFIERS

The MVME215 is delivered with a programmed PROM
installed in a socket to decode the address modifier
codes. The module will respond if the following address
modifier codes are asserted:

A24 slave — $39, $3A, $3D, and $3E
A32 slave — $09, $0A, $0D, and $0E

As A24 slave, address lines A16 (A17, A18) through A23
are decoded to generate the module select signal. As A32
slave, address lines A16 (A17, A18) through A31 are de-
coded to generate the module select signal.

POWER MONITOR

The module has circuitry that monitors both the +5V
and +12 V supplies. When the 5 V supply decreases to
4.75 V or the 12 V supply decreases to 11.4 V the local

power fail signal is asserted. The local power fail signal
is also asserted by the VMEbus SYSRESET* signal.

Asserting the local power fail signal disables all RAM
select lines.

BATTERY BACKUP CIRCUITRY

When power is lost or switched off, the information
stored in the modules RAM devices is maintained. This
is accomplished by means of a NiCad battery mounted
on the module.

When the module is powered from the VMEbus, the
battery is constantly charged to maintain its maximum
capacity. When power is switched off, or the module is
removed from the VMEbus power lines, information
stored in the RAM will be maintained for about 2500
hours. Lithium batteries may be installed by the user in-
stead of a NiCad battery to store the information in RAM
for longer periods.

INDICATORS

There are two LEDs provided on the front panel of the
MVME215. LED1 is switched on when the board is se-
lected. LED2 is switched on if a bus error condition is
detected by the MVME215. Any access to the module
after the bus error condition has occurred will switch off
the bus error LED.
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MVME215-1, MVME215-2, MVME215-3

CONNECTOR P1

Rows A, B, and C of connector P1 are used for address,
data, and control signal lines.

CONNECTOR P2

Row B of connector P2 is used for power, address and
data lines. Rows A and C are not used.

POWER LINES

The +5V and +12V power are supplied from the +5
V and +12 V pins of connector P1 and P2. All GND pins

of connectors P1 and P2 are connected to the MVME215.

Power for the CMOS circuits and some pull-up resistors
is provided by the battery back-up circuitry which consists
of the battery charger, a separate power supply and logic
which selects between stand-by and active mode. In the
active mode, the CMOS circuits are supplied by a separate
onboard power supply. To suppress CMOS latch-up, the
power is derived from the + 12V power line. In the stand-
by mode, the CMOS circuits are supplied by the onboard
battery.

The NiCad battery is continuously charged while power
is applied.

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristics

Specifications

Power Requirements

+5 Vdc +0.25/-0.125 V 1.3 A (typ)
+12 Vdc +0.6/—0.36 V 30 mA (typ)

Operating Temperature 0° to +55°C

Storage Temperature —20°to +45°C

Relative Humidity

0% to 90% {(non-condensing)

Physical Dimensions

Height Double high Eurocard format
9.2 in. (233.6 mm)
Depth 6.3 in. (160 mm)
Connectors
P1, P2 96 Pin, DIN41612
Front Panel 4 TE, 6 HE
Battery High-Temperature NiCad (as supplied)
Lithium batteries (user option)
Capacity 256Kb, 512Kb, 1TMb options
Access time 230 ns (typ)

AS* — DTACK* 285 ns {max)

Input VMEbus Rev. C, compatible

Qutput VMEbus Rev. C, compatible
Open-collector outputs (Isink max = 48 mA}
Three-state outputs (Isink max = 48/64 mA)

ORDERING INFORMATION

Part Number Description
MVME215-1 256Kb CMOS RAM Module. Includes User’'s Manual.
MVME215-2 512Kb CMOS RAM Module. Includes User's Manual.
MVME215-3 1Mb CMOS RAM Module. Includes User's Manual.

Notes: All modules are supplied with onboard battery.

For other memory size configurations contact your sales representative.

RELATED DOCUMENTATION

Part Number

Description

HB212/D

VMEbus Specifications Manual
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Product Preview

VMEmodule™
1Mb/2Mb Dynamic
RAM

8-/16-/32-Bit Data Bus Width

A24/A32 Address Bus Width

Byte Parity Generation and Checking
Base Address Selectable in 64Kb Steps
Interleave mode

PROM Address Modifier Decoder

280 ns Read Access Time (with parity)
90 ns Write Access Time

VMEbus Compatible

The MVME225-1 and MVME225-2 are high speed, high
performance VMEmodules in double Eurocard format.
They provide in a single module TMb or 2Mb of dynamic
random access memory for 8-, 16-, or 32-bit data trans-
fers, respectively.

Self-contained parity generation and check on all
stored data bytes are features of both modules.

A two-way interleaving mode may be selected to
decrease the effective memory write access time.

Figure 1 shows the block diagram of the MVME225
modules. The modules consist of the VMEbus interface
timing and refresh control circuitry, board select logic,
logic to generate and check parity for each storage block
and four RAM storage blocks with a maximum capacity
of 512Kb each.

The start address of the module is jumper selectable
in 64Kb steps over a selected 16 megabyte partition of
the four gigabyte address range. The module responds
to 24- or 32-bit addresses depending on the Address
Modifier Code. A LED on the front panel informs the user
when a read or write access to the memory board takes
place. For fast memory access the modules have a two-
way interleave mode.

For each byte written to memory, parity is generated
during the access and stored in the associated parity bit.
For each byte read from memory, parity is generated and
compared with the stored parity bit.

If a parity error is detected, this error is latched and
displayed on the front panel ERROR-LED and the access
cycle is terminated by assertion of the bus error signal
(BERR*).

The VMEbus BERR* signal is also asserted (and the
ERROR-LED will be switched on) if a quad byte access is
initiated but address line A01 is set high.

® 6 00 060 0 00

MVME225-1
MVME225-2

The onboard refresh logic refreshes the data in a trans-
parent mode.

VMEbus INTERFACE

The modules are designed for use as slaves in a VME
environment which complies with VMEbus Specification,
Revision C.

SLAVE MODULE OPTIONS:

RMW
BLT Read- UAT ADO
Block Modify- | Unaligned | Address-
Transfer Write Transfer Only
Capability | Capability | Capability | Capability
A24 D08 (EQ) N Y N N
A24 D16 N Y N N
A24 D32 N Y N N
A32 D08 (EO) N Y N N
A32 D16 N Y N N
A32 D32 N Y N N

EO — Even, Odd Byte Access

Signals used:

Address Lines

Data Lines

Address Modifier Lines
Control Lines

A01-A23, A24-A31
D00-D15, D16-D31
AMO-AM5

DS0*, DS1*, AS*, WRITE*,
BERR*, DTACK*, LWORD*,
SYSRESET*

All unused daisy-chain signals are routed from the in-
put pin to the output pin.
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MVME225-1, MVME225-2
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Figure 1. MVME225 Block Diagram

24-/32-BIT ADDRESSING

The 24- or 32-bit address bus width is determined by
address modifier codes according to the VMEbus speci-
fication. The 32-bit address bus width is selected by as-
sertion of AM-codes $09, $0A, $0D, and $OE. 24-bit ad-
dress bus width is selected by assertion of AM-codes $39,
$3A, $3D, and $3E. When a 24-bit address bus width is
selected, address lines A24 to A31 are irrelevant. The AM-
codes are stored in a PROM.

START ADDRESS SELECTION

A module start address can be set on any 64Kb bound-
ary over a user-selected 16Mb range.

Using unique start addresses 32 {8) memory modules
can be supported in a 16Mb VMEbus system. In an A32
VMEbus system {4Gb) this number can be multiplied by
256.

With use of the address modifier codes this number
can be increased or several modules can have the same
start address.

INTERLEAVE MODE

The interleave is accomplished by steering memory ac-
cess to pairs of memory modules on an alternating basis
requiring memory modules using this mode to exist in
pairs. This allows a master access to one of them, while
the other module is completing the present cycle. Inter-
leaving can enhance the memory write throughput.

Depending on the system environment (D16 or D32) a
double byte or quad byte two-way interleave can be se-
lected by the user.

ACCESS AND PARITY ERROR HANDLING

If a parity error occurs during a read access cycle or an
access error occurs, the VMEbus BERR* signal is as-
serted. This error condition is also indicated by switching
the front panel ERROR-LED on. The next error-free access
switches the ERROR-LED off,

MEMORY ARRAY

The memory array consists of two 36 device blocks,
each of them physically arranged on the module in two
banks of 18 RAMs. The MVME225-2 uses four banks of
256K-bit devices for a capacity of 2Mb. The MVME225-1
uses two banks of 266K-bit devices for a capacity of 1Mb.
Each bank consists of two rows of nine RAMs comprising
one byte plus a parity bit.

DATA PARITY GENERATION/CHECKING

Whenever data is written to the memory module, one
parity bit for the low order byte and one for the high order
byte for each double byte are generated by the parity
generator/checker and stored in memory.

When a read cycle is performed, new parity bits are
generated and compared with the old ones.
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MVME225-1, MVME225-2

In the case of a parity error the BERR* signal is asserted ERROR-LED off.

on the VMEbus, otherwise DTACK* is generated after the

data set up time.

This parity error signal switches the front panel ERROR-

LED on. The next error-free board access switches the

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

By jumper, parity checking can be disabled and, for test
purposes, the parity generator can be forced to write a
wrong parity bit in all selected memory banks.

Characteristics

Specifications

Power Requirements

+5 Vdc

Operating Temperature

0° to 55°C

Storage Temperature

—40°to +85°C

Relative Humidity

0% to 90% (non condensing)

Physical Dimensions
Height

Depth

Double High Eurocard format
9.2 in. (233.5 mm)
6.3 in. (160 mm)

Connectors P1, P2

96 PIN, DIN41612

Front Panel

4TE, 6HE

Capacity

612Kb or 2Mb

Read Access Time

280 ns (with parity)

ORDERING INFORMATION

Part Number

Description

MVME225-1 VMEmodule 1TMb Dynamic RAM with Byte Parity.
Includes User’s Manual.
MVME225-2 VMEmodule 2Mb Dynamic RAM with Byte Parity.

Includes User’s Manual.

RELATED DOCUMENTATION

Description

Part Number
HB212/D

VMEbus 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

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 Controtler, 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 switch is also
used in conjunction with the software driver to
enable/disable GPIB talker/listener functionsand for
configuring the module as the GPIB system controller.
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MVME300

FIGURE 1 — MVME300 Functional Block Diagram
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ADDRESS MODIFIER REGISTER

A six bit read /write register is provided on the GPIBC
for use in DMA operations. Prior to the operation, the
register is loaded to identify the VMEbus address modifier
lines 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 TMS@914A
GPIB Adapter chip which must be reset via software
command. The signal generated as a resuit 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) is
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:

VMEbus INTERFACE
AND REQUEST LOGIC

it

j—

VMEbus CONNECTOR

H

Bit
S0
S1

S2
S3

S4

S5

Description
FIFO empty
GPIBC inlisten mode (EODNE): EOS received or
EOl detected and FIFO is empty. Bitis cleared by
a GPIBC reset or SYSRESET*
FIFO full
Byte count has been reached during DMA (BCRDN).
This bitis cleared by writing hex 20 to the Uniline
Command Register (UCR)
GPIBC System Fail LED is set (SYSFAIL). The bit
is set during power on or by writing hex 10 to the
UCR. The bit is 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. The bitis cleared by writing hex 20 to the
UCR or by SYSRESET*
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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 aninstrumentation 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 limited distance. An 8-bit parallel
bidirectional data bus with eight additional control lines is
described. Three lines control transfer of the data byte;
five are used for general interface management.

Table 1lists the GPIB functions provided by MVME300.

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 |EEE 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 initiation, 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 Select interface (remote) or front panel (local) controlinforma-
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.
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® 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.

e 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
jumper selected count number (0 through 15) is loaded
into the register.

The three multipurpose registers used in DMA opera-
tions include: :
® An 8-bit read/write FIFO data 1/O register (FDIOR)
through which datais 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 8-bit write only uniline command register (UCR). As
thelast stepin 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 setto 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
LSl device implemented using the TTL-compatible
MCA1300ALS Macrocell Gate Array and is housed in a
40-pin DIP package. It is capable of handling interrupt
requests from four sources, of generating an interrupt on
any of the seven VMEbus IRQ fines, 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 with a
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
avector 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
Adapterinitsregulation 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 aslave onthe VMEbus. These can occurinthe
memory read/write cycle during DMA.

GPIBC SOFTWARE DRIVER

A -software driver is available for use in applications
utilizinga VERSAdos 4.3 or higher Operating System. The
driver utilizes the VERSAdos Input/Output handler (I0S).

To accommodate the widest variety of applicationsin a
multiuser muititasking 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 the rules foraccessto 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 busisinthe 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 theassignmentisto a
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 onthebus. But no task is
allowed to assign the bus itself. Closingail 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 IPClinesinthat subsystem so thatit can act as system
controller. A dual inline switch is provided on the
MVMEBS00 for configuring the module as system controlier
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 OS module which performs all of the
general physical /O underthe VERSAdos Operating
System are supported by the GPIBC driver. The nine are
listed in 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 /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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!

| ’ }
: | assignment of device on bus

-——————

|
SHARED BUS MODE

FIGURE 3 — GPIB System Under VERSAdos
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TABLE 2 — GPIBC - Supported 10S 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 ot 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: (1) Must be active controller

VMEbus INTERFACE

VMEDbus 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, dataand
controllines are provided inthetriple row, 96-pin VMEbus
connector P1. VMEbus signal and connector physical
requirements are fully described in MVMEBS-VMEbus
Specification Manual.

(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 femaile 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 |IEEE-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
Connector Connector Signal
Pin Number Pin Numb M ic Signal Name/Description
1 C1 DIO1 Data Line 1
13 Al . DIO5 Data Line 5
2 Cc2 DIO2 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 EQl and REN
6 C6 DAV Data Valid
18 AB6 GND Return for DAV
7 Cc7 NRFD Not Ready for Data
19 A7 GND Return for NRFD
8 Cc8 NDAC Not Data Accepted
20 A8 GND Return for NDAC
9 C9 IFC Interface Clear
21 A9 GND Return for IFC
10 C10 SRQ Service Request
22 A10 GND Return for SRQ
11 c11 ATN Attention
23 A1 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°Cto70°C
-55°C to +85°C

Relative Humidity

0-90% (non-condensing)

Physical Characteristics
PC Board Only

® Height 9.2in. (233 mm)
® Depth 6.3 in. (160 mm)
® Thickness 0.63in. (16.0 mm)
PC Board with
Front Panel
e Height 10.3in. (262 mm)
e Depth 7.4in. (188 mm)
e Thickness 0.8in. {(20.3 mm)

PC Board Form Factor

Double High Eurocard
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Ordering Information

Part Number

Description

MVME300

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

MVME300/D

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
HB212/D VMEbus Specification Manual

IEEE STD 488-1978

Digital Interface for Programmable [nstrumentation

IEEE STD 488A-1980

Supplement to Above Standard

Related Documentation

— Software

Part Number

Title

M68KVOVER/D VERSAdos Overview

M6BKRMS68K/D M68000 Realtime Multitasking Software User’s Manual

RMS68KIO/D VERSAdos Data Managment Services and Program
Loader User’s Manual

MB8KSYSGEN/D System Generation Facitity User's Manual

MVME3SW MVME300 GPIB Controller with DMA Software Manual

S

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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MVME310

VMEmodule
Intelligent Controller
for Custom
Interfacing

Based on MC68121 Intelligent Peripheral Controller The MVMES310 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
e Large Wirewrap Area (3.5" x 6.3") for Prototype ported static RAM buffer (4K bytes are supplied and two

Construction 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

Standalone debugger supporting:
— Four Channel DMA Controller
— Interrupt Controller

— Serial download from host

— Checksum self test

Local Bus Interface Signals Available at Header

Locations for 8K bytes of static RAM. One PROM socket contains the
® Serial Port Connector 4K byte standalone debugger — IPCbug. A serial port con-
° nector is also provided. Figure 1 is a block diagram of

Two Sockets Expandable to Four for up to 32K Bytes MVME310.

Dual Ported RAM Buffer, 4K Bytes Static RAM Supplied One example of the kinds of interfaces that can be imple-
® Two sockets for up to 16K Bytes Program ROM/PROM. mented using as a basis MVME310 with IPCbug is found in

One Socket Static RAM Configurable the MVMES15 Intelligent Floppy Controller/SASI Interface.
. This module expanded the basic MC68121 functions into a

Double Eurocard Form Factor universal intelligent peripheral controller (UIPC) function
® VMEbus Compatible which provided a means of implementing an interface using

a standard protocol for host/MVME315 communications and
¢ 0°C-70°C Operating Temperature Range for development of control firmware. The control programs

for the UIPC, the floppy disk controller, and the SAS! interface
are contained in two 8K PROMS on MVME315.

,
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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 is 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 various
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 {PC.

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 DACKS3
4 NOT USED 18 1A1
5 TOUT 19 1A3
6 IPCRW 20 I1AS
7 NOT USED 21 A7
8 PRD* 22 1A9
9 AIOEN* 23 1A11
10 IIRQ4* 24 /01
11 IIRQ6* 25 1103
12 (TXC) 26 1105
13 DREQO* 27 107
14 DREQ2* 28 +5.0 Vde

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 IA0 17 NOT USED
4 1A2 18 NOT USED
5 1A4 19 TIN
6 1A6 20 E
7 1A8 21 SRESET*
8 1A10 22 PWR*
9 /00 23 IDEN*

10 /02 24 IIRQ1*

11 /04 25 IIRQ5*

12 1106 26 IIRQ7*

13 GND 27 PREADY

14 +12 Vde 28 DREQ1*

DMA SUPPORT

For DMA capability, MVME310 has an AMD Muitimode
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 MVMEB310 has two headers for jumper selection of
one of the seven VMEbus interrupt priority levels.

ENABLING THE SYSTEM FAIL FUNCTION

The MVMES310 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 MVMES10 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 atso configures
the two data memory socket locations in the user wirewrap
area. Three headers aflow 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 MVME310 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
VMEbus 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 MVME310 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.

VMEDbus 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.
MVME310/D VMEmodule Intelligent Controller for Custom Interfacing

User's Manual

Related Documentation

Part Number Description
HB212/D1 VMEbus Specification Manual
M68DRVGD/D Guide to Writing Device Drivers for VERSAdos
M68IPCS/D 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-232-C Serial 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

® o o o o

The MVME315 combines in one module a multiple
floppy disk controller, a SASI businterface and a universal
intelligent peripherat controller (UIPC). Itis usedin applica-
tions having intensive real-time disk 1/O 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 inctuding 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 controiler and
SASI interface sections. The serial port function and
service are provided by the MC68121 device. Figure 1is a
Functional Block Diagram of MVME315.

ADVANCE INFORMATION

MVME315

HOST/MVME315 COMMUNICATIONS

A driver running under a host communicates with the
MVMES315 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-levelinstructionsrequiredto
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
e Read sector ID/head position
e Verify sector header and data
e Seek (specified track) and Restore (head to track 0)

e Format disk or track

The command channelis 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 MVME315 via the command channel.
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FIGURE 1 — MVME315 Functional Block Diagram
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MVME315

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 MVME315 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 bejumper 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 MC88121 IPC. This port can be
used foradebugterminal ordownload of programsfroma
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 MVMES315 is incorporated in the 4.3 re-
lease ofthe 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 MVME315are listed in Table 1.

TABLE 1 — MVME315 Specifications

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
VMEbus connector P1 are fully described in the VMEbus
Specification Manual, MVMEBS/D1.
Serial Port Connector P2

Serial port connector P2 is 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 SAS| inter-
face connector P3 are given in Table 2.

TABLE 2 — SAS! Interface Connector P3 Pin Assignments and Signal Descriptions

1 through 49 GND System Ground
(odd only)
2 through 16 DBO*-DB7* Bidirectional data bus (7 = msb)
(even only)
18 DpPB* 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

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 DRVO* DRIVE 0 SELECT
28 DRV1* 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 TR0OO* TRACK O
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

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 O
28 WPRT* WRITE PROTECT
30 RDD* READ DATA
32 SS1* SIDE SELECT
34 - Not used

Ordering Information

MVME315 VMEmodule Intelligent Floppy Controller/SASI Interface with
DMA. Includes User's Manual

MVME315/D MVME315 Intelligent Floppy Controller/SASI Interface
User's Manual

Related Documentation
HB212/D VMEbus Specification Manual
M68DRVGD/D Guide to Writing Device Drivers for VERSAdos
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VMEmodule™
Intelligent SASI/SCSI
Interface, Floppy Disk
and Floppy-Tape
Controller

e Supports up to two Winchester Controllers via a SASI/
SCS! Interface

® Controls a 1/4" Cartridge Tape Drive Plus Two 5-1/4"
Floppy Disk Drives or four 8" or 5-1/4” Drives in any
Combination

® Supports all Standard Floppy Disk Formats

® Based on MC68121 Intelligent Peripheral Controller

® SYSTEM V/68 Support (UNIX)

The MVME319 combines in one double Eurocard mod-
ule a floppy disk controller and a SASI/SCSI bus interface.
Both are controlled by a universal intelligent peripheral
controller (UIPC). Firmware supplied with the MVME319
supports either the XEBEC (SASI/ST506) or the Adaptec
(SCSI/ST506) Winchester controllers. Also supported
through the 8" floppy disk interface is a Cipher Floppy
Tape using1/4” cartridges with up to 26Mb storage ca-
pacity. The tape interface may be used for Winchester
disk backup as well as for selective file copies. Because
the tape format is similar to that of a floppy disk, single
sectors can be randomly accessed and modified.

In addition to the functions offered by the MC68121
Intelligent Peripheral Controller device, the MVME319
has a Direct Memory Access (DMA) controller, 32Kb of
dual-ported RAM with controller, a peripheral interface
including a peripheral interrupt controller, and a full VME-
bus interface including a VMEbus requester and interrupt
controller. Two 8Kb PROMs contain the contro! program
for the UIPC functions as well as those for the floppy disk/
tape controller and SASV/SCSI interface sections. Figure
1 is a functional biock diagram of MVME319.

HOST/MVME319 COMMUNICATIONS

A driver program running on a VME system commu-
nicates with the MVME318 via a command channel im-
plemented in 128 bytes of dual-ported RAM within the
MC68121 IPC. Using a block-oriented protocol, the driver
uses command channel packets to transmit a series of
high-level application program requests for specific pe-
ripheral actions. The MVME319 control firmware re-
trieves the packets and executes the device-dependent,

MVME319

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 system CPU.

Due to the sector-oriented tape format, tape commands
are the same as floppy disk commands.

High-level hard disk/floppy tape commands supported
by the MVME319 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 Hard Disk/Floppy Tape

Configuration and status request commands are also
sent to the MVME319 via the command channel.

DMA DATA TRANSFERS

The MVME319 has a 4-channel controller which, under
UPIC firmware supervision, manages the transfer of data
between system memory and disk storage. A 32Kb dual-
ported RAM buffer with its own controller accommodates
differences in VMEbus and disk/tape data transfer rates.
A host requests a DMA transaction by transmitting (via
the command channel) source destination and block size
information to the DMA controller. The DMA controlier
performs the transfer of 16-bit data between system
memory and the RAM buffer, and the 8-bit data transfer
between RAM buffer and SASI/SCSI interface or floppy
tape.

BASE ADDRESS SELECTION

The MVME319 has a header for jumper selection of the
command channel base address. A base address can be
set on any 512-byte boundary throughout a 65,536-byte
memory space.
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Figure 1. MVME319 Functional Block Diagram

INTERRUPT PRIORITY SELECTION

The MVME319 has two headers for jumper selection
of one of the seven VMEDbus interrupt priority levels.

BUS REQUEST LEVEL SELECTION

The MVME319 has three headers for jumper selection
of one of the four VMEbus bus request levels.

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 con-
troller, the MVME319 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 the MVME319 can safely be used with drives
which produce this signal.

SOFTWARE DRIVER

A device driver for the MVME319 is available under
SYSTEM V/68 which supports the disks and the tape.

VMEbus INTERFACE

The MVME319 has a fuli VMEbus interface which de-
codes all address and address modifier lines and pro-
vides bus requester and bus interrupter functions.

VMEbus CONNECTOR P1

The electrical and mechanical characteristics of VME-
bus connector P1 are fully described in the VMEbus Spec-
ification Manual (MVMEBS/D).

SERIAL PORT CONNECTOR P2

Serial port connector P2 is 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.

The serial port is for hardware debug only, and is not
supplied in the firmware.

SASI/SCSI INTERFACE CONNECTOR P3

The pin numbers and signal descriptions for SASI/SCSI
interface connector P3 are given in Table 1.

8" FLOPPY DISK INTERFACE CONNECTOR P4

The pin numbers and signal descriptions for 8" floppy
disk/CT525 Cipher Tape interface connector P4 are given
in Table 2.

5-1/4" FLOPPY DISK INTERFACE CONNECTOR P5

The pin numbers and signal descriptions for the 5-1/4"
floppy disk interface connector P5 are given in Table 3.
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Table 1. SASI/SCSI Interface Connector P3 Pin Assignments and Signal Descriptions

Pin Signal
Number Mnemonic Description
1 through 49 GND System Ground
(odd only)
2 through 16 DBO*-DB7* Bidirectional data bus (7 = msb)
(even only)
18 DPB* Not used
20 thru 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 */0 INPUT/QUTPUT
Table 2. 8’ Floppy Disk/Tape Interface Connector
P4 Pin Assignments and Signal Descriptions
Pin Signal
Number Mnemonic Description
1 through 49 GND System Ground
2,4,6 — Not used
8 TG43* TRACKS >43
10 DUAL* Dual-Sided Indication
12 — Not used
14 SSi* DISK SIDE SELCT/TAPE STREAM SELECT
16 — Not used
18 HLD* HEAD LOAD/TAPE DRIVE MOTOR ON/OFF
20 INDEX* INDEX
22 READY* READY
24 —_ Not used
26 DRVO DISK DRIVE 0 SELECT/TAPE STREAM SELECT
28 DRV1* DISK DRIVE 1 SELECT/TAPE STREAM SELECT
30 DRv2* DISK DRIVE 2 SELECT/TAPE STREAM SELECT
32 DRV3* DISK DRIVE 3 SELECT/TAPE STREAM 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
Table 3. 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

Cont.
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Table 3. 5-1/4" Floppy Disk Interface Connector
P5 Pin Assignments and Signal Descriptions (Cont.)

Pin Signal
Number Mnemonic Description
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

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristic

Specification

Power Requirements

+6 Vdc £5% 3.7/Alltyp) 4.6 A (max)
+12Vdc £5% 30 mA 50 mA
—12Vdec +5% 20mA 33 mA

Environmental Requirements
Operating Temperature
Storage Temperature
Humidity Range

0° to 50°C
—55°C to 85°C
5% to 95% {non-condensing)

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

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

Connectors
VMEbus
Serial Port
SASI/SCS! Interface
8" Floppy Disk/Tape Interface
5-1/4” Floppy Disk Interface

DiN41612C96

25-pin D-Subminiature
50-pin Right Angle
50-pin

34-pin

ORDERING INFORMATION

Part Number

Description

MVME319 VMEmodule Intelligent Floppy/Tape Controllers and SASI/SCSI In-
terface with DMA. Includes User's Manual
MVME319/D MVME319 Intelligent Floppy Disk/Tape|Controller and SASI/SCSI

Interface User's Manual

RELATED DOCUMENTATION

| HB212D

VMEbus Specification Manual
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VMEmodule™
VMEbus

Disk Controller
Module

® Controls Mixed 5-1/4" and 8" Drives: Up to Two Win-
chester Hard and Two Floppy Disk Drives or up to
Four Floppy Disk Drives

® Provides DMA Data Channels

® 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

e Implied Seek

® Bit Serial 16-Bit CRC/32-Bit ECC Generator

e Single-phase Write and Read Clocks

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

e Self Diagnostics

o VMEbus Requester and Interrupter

The MVME320A VMEbus Disk Controller Module is a
double-high Eurocard module for adding mass storage
capacity to a VMEbus system. It provides direct memory
access (DMA) data channels between system memory
and Winchester hard disk drives and/or floppy disk drives.
The MVME320A is used in applications having intensive
real-time disk /0 or multiprocessing structures designed
to reduce VMEbus traffic and increase system through-
put. Figure 1 is a functional block diagram of the disk
controiler module.

The “A” and “A-1" versions are each an upgrade/
cleanup of the original MVME320 and can be used as a
direct replacement. The major change is the addition of
a connector for direct interface to floppy disk drives
(which greatly simplifies cabling). In the “A-1" version,
connections can be made without passing cables through
the front panel, as is required with the A" version.

HOST/MVME320A COMMUNICATIONS

An intelligent module, the MVME320A offers the user
a high level, easy to program interface. Microinstructions
in a 4K x 24 ROM are executed on a Signetics 8 x 305
Microcontroller at a 200 ns per instruction rate to provide
the macro I/O activities requested by the user program.

1BM is a trademark of International Business Machines, inc.
Signetics is a trademark of Signetics Corporation.
VERSAdos and VMEmodule are trademarks of Motorola Inc.

MVME320A
MVME320A-1

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 mem-
ory for each disk drive and in global memory a table of
pointers to the starting address of each block. General
control of module operations is obtained using the seven
registers to pass initialization, vector number, first pointer
address and command initiation information to the con-
troller. The registers are also used to obtain interrupt
source and drive status information from the module.

The other host/module communications avenue is the
event control areas (ECA’s). The ECA’s are memory
blocks used to convey drive control parameters and com-
mand execution parameters from host to module and the
status of executed commands from module to host. An
ECA comprised of static and dynamic fields is created by
the host when requesting the execution of a command.
Static fields remain unchanged. Dynamic fields are used
during execution and are updated at completion by the
controller.
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Figure 1. MVME320A Functional Block Diagram

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 /0 and high speed disk control circuitry.

Both sections are serviced by the fast 8 x 305 micro-
controller allowing the module to control a variety of disk
types and media formats.

Up to four disk drives can be interfaced to the
MVME320A. Of these, two can be Winchester 5-1/4" or 8"
hard disk and two can be 5-1/4” and/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 64K cylinders/drive) and
head selection {up to 8 heads/drive) is automatically pro-
vided by the controller for host requested 1/Q.

Table 1 is a partial list of the more popular disk drives
which can be used with the controller module. Other com-
patible disk drives may be substituted for those listed in
the table.

DATA INTERFACE

For a requested read or write operation, data is auto-
matically transferred beween any of the four disk drives
and system memory which can be located anywhere in
the VMEbus 16Mb address space.

Floppy disk data transfer is done using two byte buff-
ering. For hard disks, a 1024 byte local buffer is used.
Automatic head switching and cylinder positioning is per-
formed for operations requiring multiple sector read or
write.

The MVME320A design uses a multiplexer to transfer
disk data to a phase locked loop data separator before
sending the data to serializer/deserializer (SERDES) cir-
cuitry. This section converts serial disk data to parallel
bus data for bus transfer and parallel bus data to serial
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 comple-
tion. The number of retries of an operation that the mod-
ule will attempt is programmable.
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Table 1. MVME320A — Compatible Disk Drives

Hard Disk Drives
5-1/4"
Seagate ST506, ST512, ST406, ST412
Shugart SA600
RMS500, RMS506, RMS512
Floppy Disk Drives
8’ 5-1/4"
Shugart SA800, Sa801, Amlyn 5850
SA810, SA850 Shugart SA400, SA410, SA450 1.2 Mb Floppy
Table 2. Disk Controller Command Set
Command Description
CALB Recalibrate (reposition head) to track zero.
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.
Table 3. Boot/Load Support
Disk Controllers with Boot
Microcomputer Debug/Monitor Support in the Monitor
MVME101 MVME101bug MVME315
MVME110-1 MVMEbug MVME315, MVME320A, M68RWIN1
MVME120, 121, 122, 123 MVME120bug MVME315, MVME320A
MVME130, 131 MVME130bug MVME319, MVME320A, MVME360

ERROR DETECTION AND CORRECTION

To insure data integrity, the MVME320A provides two
software selectable modes of data validation: 16-bit cyclic
redundancy check (CRC) or 32-bit error checking and cor-
rection (ECC). The ECC algorithm used can correct errors
separated in data by as many as 11 bits.

COMMAND SET

The controller module offers the set of eight high level
commands listed in Table 2.

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. Note that not all
support boot load from an MVME320A, however, Table
3 lists the disk controllers for which bootstrap, load and
dump capabilities are provided by the debugger supplied
with the corresponding microcomputer.

BASE ADDRESS SELECTION

The module has a jumper selection header for a base
address which can be set on any 1Kb boundary through-
out the short /0 VMEbus address space.

ADDRESS MODIFIER CODE SELECTION

The MVME320A has a header for selection of response
to address modifier codes for user (hex 29) and super-

visor (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
any seven VMEbus interrupt priority and interrupt ac-
knowledge levels: 1 through 7. Selection of an interrupt
and an acknowledge level is accomplished by jumper in
the corresponding headers. As shipped, both levels are
set at 3.

VMEbus REQUESTER

The MVME320A has the logic required to request mas-
tership of the data transfer bus (DTB) on any one of the
four bus request and four bus release levels and for op-
eration 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 4.5 release of the VERSAdos Operating System and
is also available as a separate product. The driver sup-
ports 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 (M68KDRVGD/D1),
details how to write a driver that runs under the M68000
Real-Time Multitasking kernel or under VERSAdos.
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MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS

Characteristics

Specifications

Configuration

DTB Master: A24, D16
DTB Slave: A24, D8

Form Factor

Double High Eurocard

Power Requirements

+5 Vdc at 2.6 A typ
+12 Vdc at 20 mA typ

Environment Limits
Operating Temperature
Storage Temperature
Humidity

0°C to +50°C inlet air, forced air cooling
-55°C to +85°C
8% to 80% (non-condensing}

Physical Characteristics
PC Board Height
PC Board Depth

9.2 in. (234 mm)
6.3 in. (160 mm)

ORDERING INFORMATION

Part Number

Description

MVME320A VMEmodule Winchester/Floppy Disk Controller. Includes User's Manual.

MVME320A-1 Same as MVME320A, but with “side-mount” connectors. Include’s User's Manual.

MVME320A/D VMEmodute Winchester/Floppy Disk Controller User's Manual.

MVME702A Connector Transition Board for MVME320A, for simplified cabling or expansion disk
connection. Includes User's Manual.

MVME702A/D Transition Module User’s Manual.

RELATED DOCUMENTATION

Part Number

Description

HB212/D

VMEbus Specification Manual.

M68KDRVGD/D

Guide to Writing Device Drivers for VERSAdos
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Product Preview
VMEmodule™

VMEbus Disk Controlier

Winchester and Floppy

® Controls up to Two 5-1/4” Winchester Hard Disks,
ST506 Compatible

Controls up to Four 5-1/4" Floppy Disks, SA400
Compatible

Double-High VMEmodule, Occupies a Single VMEbus
Slot

Supports 24- or 32-bit DMA Addressing

— A32/A24:D32/D16 VMEbus Master Interface

— A16:D16/D08(EQ) VMEbus Slave Interface

® Software Programmable Interrupt Levels and Vectors

32Kb High-Speed Static RAM for Data Buffering

— Zero-Wait Cycle Access for Local CPU and DMA

Controlier

— Multi-track Data Caching for Optimal Performance

® 8Mb/s DMA Transfer over VMEbus (32-bit transfers)

Optimum 1:1 Sector Interleave on Winchester Disk

o Intefligent Disk Management and Standard Buffered
Pipe Protocol Implemented by Onboard MC68010
CPU (10 MHz)

Multitasking Control Kernel Supports Concurrent Exe-
cution of Peripheral Device Operations, Multi-sector
Transfers with Implied Seek, and Command Chain-
ing for Efficient Paged Memory Management
Transfers

32-Bit Error Correction {ECC) Allows Transparent Cor-
rection of up to 11-Bit Burst Errors on Winchester
Disk

16-Bit Cyclic Redundancy Check (CRC) on Floppy Disk

e Transparent Bad Block Handling with no Added Seeks

o Fully VMEbus Specification Rev C.1 Compatible

The MVME321 disk controller provides a high perfor-
mance DMA interface between VMEbus and rotating
mass storage; 5-1/4" Winchester and floppy disks. it is
intended for use in applications having extensive oper-
ating system or real-time disk /O requirements, where
the onboard processor and high-speed DMA can improve
over-all system throughput.

Figure 1 is a functional block diagram of the MVME321.

VMEbus INTERFACE

The interface between the MVME321 and VMEbus
can be considered from two points of view: from a
purely hardware perspective, or, from a higher-level

MVME321

host-operating-system or system-integration
perspective.

At the hardware level, the MVME321 has an A16:D16/
DO08(E0) VMEbus slave interface and an A32/A24:D32/D16
VMEbus master interface. Translated, this means that the
MVME321 appears as a slave device in the VMEbus
address space called ““short I/0 space” (A16) where it will
accept 8- or 16-bit transfers (D16/D08), and can become
a VMEbus master with the ability to generate 24- or 32-
bit addresses and execute 16- or 32-bit data transfers.

To request control of the VMEbus as a bus master, the
MVME321 has bus request logic which can be jumper set
for any of the four VMEbus request levels BR0..BR3, and
can also be programmed to release the bus either on
request from another device (ROR) or when done (RWD).
Both release mechanisms execute “early release of bus
busy,” which encourages optimal VMEbus utilization by
allowing the system controller to perform arbitration for
the next VMEbus master concurrently with the
MVME321’s last cycle.

To signal completion of a requested operation (reset,
disk write, etc), the MVME321 has a VMEbus interrupt
generator implemented by the Motorola MC68153 inter-
rupter chip. With the capability of generating four simul-
taneous, independent interrupts, each with its own pro-
grammable vector and level, this device provides the
onboard firmware with the tools to impiement very
sophisticated concurrent disk management processes
each having its own interrupt.

CONTROL/STATUS REGISTER

Addressed with only 16 address lines (A16), the “short
1/0 space” on VMEbus is used primarily for slave mod-
ules’ control and status registers {CSR). For the
MVME321, a Motorola standard CSR for intelligent
peripheral controllers is used, as shown in Table 1. The

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without

notice.

SYSTEM V/68, VERSAdos and VMEmodule are trademarks of Motorola Inc.
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MVME321

MVME321’s CSR space is the only part of the MVME321
that is “‘visible” to a host on VMEbus. Through the CSR,
the host can check the status of the MVME321 (reset,
busy, etc), give the MVME321 an address in VMEbus
global memory where a command block' may be found,
or check the status of the most recent command (com-
mand complete, error codes, etc). Provision is also made
for the host to request the attention of the local MPU with
a level 2 interrupt, and for other control functions such
as directly forcing a hard MVME321 reset.

The MVME321 CSR space is 16 bytes long,-and may
be mapped onto any 256 byte boundary in the short /O
space, by setting switches.

The MVME321 may be used in a ‘standard’ A24:D16

'VMEbus system with a Pl-only backplane, or in an

extended A32:D32 system with a combined P1 and P2
backplane. Internal control bits allow the local firmware
to select either 16- or 32-bit DMA transfers on VMEbus.
The extended VMEbus address and data signals on the
center row, b, of the P2 backplane connector are fully
connected, but can be left ‘open’ in a P1-only A24:D16
system. Power and ground on the P2-b connector MUST,
however, be connected, even in a P1-only system. The
other two rows of the P2 connector, a & ¢, are used for
the floppy disk interface. I/O connections to the Win-
chester disks are made through connectors near the front

'_—5‘- [ RraDiaLt ] [ RADIAL2 ]

edge of the board.
] ’l

P2

[ DAISY CHAIN
WINCHESTER DISK MC68010
CONTROLLER (1PD7261) SRAM EPROM 10 MHz
|| I
MC68440
DMA
CONTROLLER
A32/A24:D32/D16 CONTROL VMEbus
FLOPPY DISK VMEbus MASTER ANDSTATUS || INTERRUPTER
C(‘mﬁ‘?’%}“ INTERFACE REGISTERS LEVEL 0.7

Pl P

ROWS A & C OF P2

5-1/4"
FLOPPY DISK

Figure 1. MVME321 Functional Block Diagram

Offset from base address

Table 1. Control and Status Register

0 A31 .. IPC ADDRESS REGISTER {msw) .. A16
2 A15 .. IPC ADDRESS REGISTER (Isw) . A
4 IPC ADDR MODIFIER REGISTER | — reserved —
6 IPC CONTROL REGISTER | — reserved —
8 IPC STATUS REGISTER | — reserved —
A IPC ID REGISTER | — reserved —
c IPC ABORT VECTOR REGISTER | — reserved —
E | | l J { EHANNTL CONTROL RTGISTEI ‘ | l | l
| D15 DO
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MVME321

MVME321/HOST INTERFACE

From the other perspective, the point of view of a host
operating system, the MVME321 is an ‘“‘intelligent”’
peripheral controller, with an onboard microprocessor.
This allows implementation of a standard, high-level
interface to the VMEbus, which is independent of the type
of peripheral being controlled.

Motorola’s advanced Buffered Pipe command Protocol
(BPP), used on the MVME321, is a general purpose mes-
sage passing mechanism between the host operating
system driver software and the MVME321’s onboard
firmware. To execute a disk /O operation, for example,
the driver builds a command packet in global VMEbus
memory consisting of high-level commands, status
bytes, and pointers to data blocks in global memory. The
driver then passes a pointer to this packet to a generic
BPP routine that queues it into the MVME321’s input pipe
(linked list), and possibly generates an interrupt to alert
the MVME321’s firmware that a new packet is ready.

Another generic BPP routine (part of the firmware exe-
cuting on the MVME321’s local MPU) reads the packet
into local memory and passes control to the board-
specific command interpretation and execution logic
which understands the details of the local hardware and
can carry out the command. On completion, the process
reverses to return the command status to the calling rou-
tine. The BPP protocol allows one or more hosts to buffer
commands to the MVME321 without requiring a special
interlock mechanism. Multiple commands can be queued
without the host CPU having to wait for completion of
earlier requests, and command chaining is supported for
efficient operation in a system with paged memory
management.

The local firmware is a multitasking kernel comprising
the BPP module, command interpretation logic, and con-
trol logic for the direct memory access (DMA) data han-
dler & the disk controller chips. It supervises concurrent
execution of /0 managers and manages a pool of data

buffers that is shared by all devices. The hard disk man-
ager performs implied seeks, overlapped operations
beween drives, and schedules transfers to optimize head
movement. Also included is a power-up diagnostic self-
test.

Using BPP, the peripheral controller’'s VMEbus hard-
ware interface can be made standard, regardless of the
function that the module is to perform, and a substantial
part of the local firmware and operating system driver
becomes standard (BPP generic routines) making it much
easier to write both firmware and drivers. Also, since the
hardware interface is independent of the module function
and the software interface is at a high level, significant
hardware upgrades and modifications can be made with-
out affecting the host software. It is further possible to
move functionality from the operating system down into
onboard firmware simply by changing the driver and
firmware — requiring no hardware modifications. An
example might be a custom version of the MVME321 with
a full file manager on board.

15 0

00 Link msw

Link Isw

Packet Pointer msw

Packet Pointer Isw

Valid Flag Reserved

0A Reserved

Figure 2. Channel Pipe Envelope

PACKET PACKET

‘ NULL ENVELOPE ' PACKET PTR. PACKET PTR. I
TAIL H HEAD
POINTER VALID FLAG LINK LINK POINTER
SENDER . RECEIVER
(HOST) MESSAGE FLOW " (PC)

Figure 3. Mi ge Flow — Ch

| Command Pipe
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MVMES321

MICROPROCESSOR AND MEMORY

A local MC68010 MPU running at 10 MHz executes the
MVME321's multitasking control kernel. This kernel
implements Motorola’s “buffered pipe command pro-
tocol” VMEbus interface, and handles all local buffer and
DMA control for concurrent operation.

The MC68010, is a microprocessor of proven architec-
ture, optimized for efficient support of high-level lan-
guages and secure operating systems.

MC68010 features include:

32-Bit Internal Data, Address, and Stack Registers

14 Addressing Modes

16Mb Direct Addressing Range

57 Instruction Types

Operation on Five Data Types: Bit, Byte, Word, Long-
word, & BCD

256 Multi-level Vectored Interrupts

Fast ‘Loop-mode’ Execution for Frequently Needed
Sequences

Two 28-pin JEDEC sockets are used for firmware
EPROMs. Organized as a 16-bit wide memory, they accept
either 32K x 8 or 64K x 8 EPROMSs, for up to 128Kb of
firmware code. EPROMSs with 300 ns or faster access time
operate with one wait cycle for the MPU at 10 MHz.

Local buffer memory is implemented in four 28-pin
JEDEC sockets. Using 8K x 8 static RAMs, this is 32Kb of
zero wait cycle memory for the MPU and DMA buffering.
Optionally, use of 32K x 8 RAMs could expand the buffer
to 128Kb.

Local control I/O and a 24-bit timer are provided by a
Motorola MC68230 parallel interface/timer. Clocked at
10 MHz, the timer has a 100 ns resolution.

DIRECT MEMORY ACCESS (DMA)

High-speed data paths are provided between the VME-
bus & local buffer memory, and between local buffer &
the disk controllers. Implemented using a Motorola
MC68440 direct memory access (DMA) controlier, data
transfer speeds of 8Mb/s are supported to and from VME-
bus {to a sufficiently fast VMEbus memory — 400 ns or
faster cycle time), as are full disk data transfer rates to
and from disk.

Particularly for the Winchester disk, supporting maxi-
mum disk transfer rates means that the disk can be for-
matted for optimum performance with an interleaving
factor of 1:1, or no sector interleaving. Combining this
with a large buffer sufficient to hold several complete
tracks and well designed control firmware for buffer man-
agement, the MVME321 obtains the best performance
possible from a Winchester disk or disks. Local firmware
controlled DMA is used for all accesses to VMEbus includ-
ing reading command blocks and writing back the com-
pletion codes and status. Optimized buffer management
during data transfers, also under firmware control,
ensures minimum command response time. For a disk
read, this is the time from the command being actually
copied into the MVME321 to the beginning of data trans-
fer to VMEbus, and is heavily influenced by any buffer
allocation or switching overhead in the firmware.

DMA transfers to and from VMEbus can be ““throttled”
under software control to minimize VMEbus loading and
promote fairness of VMEbus arbitration. A typical throttle
setting would be for eight VMEbus cycles — meaning
that the bus would be released and re-requested every
eight cycles to allow other VMEbus masters plenty of
opportunity to access the bus.

For most systems, the MVME321 can be set for
“release-on-request” (ROR) mode of operation, with NO
throttling. In this mode, it uses the full VMEbus
bandwidth whenever it needs it, but releases automati-
cally when another bus request is made.

DISK CONTROLLERS

An uPD7261 hard disk controller from NEC interfaces
the Winchester disks. Two connections from the con-
troller are required for each attached disk. A "“daisy chain”
cable goes to each disk in sequence, for addressing and
control, and a second cable for data transfer goes directly
from the controller to each disk individually. The
MVME321 has connectors for one hard disk daisy chain
cable and two data cables, called radial cables, and can
therefore support one or two 5-1/4" hard disks. The inter-
face is compatible with the Seagate Technology ST506
interface, and supports serial data transfer at 5Mbit/s
(which is approximately equivalent to 600Kbytes/s of par-
allel data from the uPD7261).

Winchester drives with both fixed and removable
media are supported, as well as the very high density
drives which require that the controller be capable of
handling up to 16 heads.

Control and status information is accessed directly in
the uPD7261 by the local MC68010 MPU. Once both the
uPD7261 and the DMA controller have been set up, data
will be transferred automatically as required, and the
MPU can proceed to other functions such as acquiring
the next command.

NOTE: The error correction code (ECC) used by the
wPD7261 is not compatible with that used by the
MVME320A Winchester disk controller. This means that
an MVME320A cannot read a disk written by an
MVME321, and vice-versa. This is particularly of concern
for removable media.

The Western Digital WD1770 floppy disk controller is
used to interface 5-1/4" floppy disks. it supports both
125Kbit/s ‘single density’ and 250Kbit/s ‘double density’
serial transfer rates, according to the Shugart Associates
SA400 interface standard, and track densities of 48 or 96
tracks/inch, single or doubie sided.

A single daisy chain cable connection, which comes
out the P2 connector on the back edge of the board, is
required for floppy disks. This connection is terminated
with resistor pull-ups on the MVME321, and requires only
a 34-pin flat ribbon cable to connect up to four floppy
drives.

NOTE: 8" floppy drives are NOT supported, nor are the
‘triple density’ 5-1/4" drives that operate at the 8" 500Kbit/s
data rate (double density 8” floppy data rate).

MOTOROLA MICROCOMPUTER SYSTEMS AND COMPONENTS

2-156



MVME321

MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS
Characteristics Specifications

VMEbus Configuration DTB Master A32/A24:D32/D16
DTB Slave A16:D16/D08(E0)
— No VMEbus arbiter

— Requester: Any one of R(0)..R(3) Static ROR or RWD
Early release of bus busy (BBSY¥*)

— No Interrupt handler for VMEbus interrupts
— Interrupter: Any of 1(0)..1(7), Programmable

Form Factor Double High Eurocard
Card Dimensions Height 234mm (9.2"}, Depth 160mm (6.3")
Front Panel Height 261mm. (10.2"), Width 21mm (0.83")
Power Requirements
MVME321 +5 V (thd) typical, {tbd) maximum
Environmental Limits
Operating Temperature 0°C to 55°C inlet air temperature with forced air cooling
Storage Temperature —40°C to 85°C
Humidity 5% to 90% relative humidity (non condensing)

ORDERING INFORMATION

MVME321 VMEbus disk controller for two 5-1/4” Winchester and four 5-1/4" floppy
disk drives. Full A32:D32 and four 5-1/4" floppy disk drives. Full
A32:D32 VMEbus interface, 8Mbyte/s DMA data transfer, multi-track
cache, 1:1 interleave, multitasking control kernel running on 10 MHz
MC68010 MPU, supports BPP interface. Includes User's Manual.
Supported by SYSTEM V/68 and VERSAdos operating system drivers.

MVME321/D1 . MVME321 VMEbus Disk Controller User’s Manual.

RELATED DOCUMENTATION
HB212/D VMEbus Specification Manual
MC68010UM MC68010 Microprocessor User's Manual
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VMEmodule™
LAN Controller

® Frees VMEbus Hosts From Protocol Processing Burden

® Interfaces with VMEbus and Hosts in the Ethernet
System

® Interfaces with Hosts Running Under VERSAdos or
SYSTEM V/68 in the Same Ethernet System

e Based on AM7990 LANCE Ethernet Controller, AM7992
Serial Input/Output Adapter and MC68000 16-/32-Bit
Microprocessing Unit or MC68010 16-Bit Virtual
Memory Microprocessor

Hardware Features

10 MHz MC68000 or MC68010 MPU
VMEbus Compatible
Ethernet, Version 2.0 Compatible
AM 7990/7992 (LANCE/SIA) VLSI
128K or 512K 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°-50°C Operating Temperature Range

® © 00 0 0 0

Software Features

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

® SYSTEM V/68 or VERSAdos Drivers

® XNS Protocol Package Includes: Echo, Error,
Sequenced Packet, Datagram

® Firmware and Communications Executive

The MVME330, MVME330-1 and MVME330-2 LAN Con-
troller VMEmodules are a family of advanced commu-
nications processor boards that provide for VME-based
systems the interface and the performance for 10 Mbps
Ethernet 2.0 implementation. Each matches Ethernet con-
formance to the IEEE 802.3 local area network specifi-
cation (CSMA/CD), conforms to VMEbus industry stan-
dards and is fully supported by Motorola’s SYSTEM V/68
and VERSAdos operating systems.

The MVME330 family frees any VMEbus host from sig-
nificant protocol burden by means of a double high Euro-

MVME330
MVME330-1
MVME330-2

card node processor design incorporating an MC68000
16-Bit Microprocessing Unit or MC68010 16-Bit Virtual
Memory Microprocessor and the VLS| Lance Ethernet
Controller — AM7990. A communications executive exe-
cutes on the LAN controller MPU to supervise the Lance
chip in its processing of the Xerox Network System (XNS)
protocol package. A VLSI Serial Input/Output Adapter —
AM7992 — provides Manchester encoding/decoding for
the Ethernet interface. When the Ethernet interface is oper-
ating at 10 Mbps, the data exchange rate at the VMEbus
interface is about 130 one kilobyte packets per second. A
block diagram of the modules is shown in Figure 1.

The module’s on-board MPU facilitates the download-
ing of custom protocol implementations. Host-specific
drivers can be written for interfacing an MVME330 family
board to another host.

By interfacing directly with the LANCE chip to perform
all Ethernet i/O, the controller kernel acts as a standard
interface between the hardware and the XNS software
which in turn communicates out over VMEbus to the host
application software. The LANCE interfaces via Ethernet
to another node and then through that LANCE to the peer
XNS software at another node. A controller's commu-
nications executive comprises initialize, timer, transmit,
receive, status and network statistic functions, as shown
in Figure 2.
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MVME330, MVME330-1, MVME330-2

MC68000 MC68010

NODE
ADDRESS K MPU  OR MPU
PROM 110 MHz) (12 MHz)

. XCVR
CONNECTOR

3K

2 SOCKETS

128K OR 512K

DYNAMIC RAM +
PARITY AND NO

WAIT STATES

SYSTEM CONTROL
DECODE

ol —

INTERRUPT

VMEbus INTERFACE

27128 . LANCE SIA
EPROM AM7990 AM7992

PHOGTRm’:ABLE b > MPU INTERRUPT

P1 BI-DIRECTIONAL
MAPPED ACCESS

§ VMEbus

§

Figure 1. MVME330 Family LAN Controllers

The MVME330-resident layers include XNS inter-net-
work Datagram protocol in the network layer and XNS
Echo, Error and Sequenced Packet modules in the trans-
port layer. The host interfaces the operating system with
File Transfer, Network Utilities, Run Time Library, Virtual
Terminal and user written application packages. Data
transfer across the physical VMEbus interface between
host and LAN module is accomplished using a shared
memory interface.

Figure 3 depicts a two node Ethernet network.

FUNCTIONAL DESCRIPTION — HARDWARE

MVME330 offers SYSTEM V/68 or 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 of 130 1Kb length packets per second.
Requiring no additional hardware but a cable, any
MVME330 family module can be connected to standard
Ethernet transceivers.

The MVME330 is designed so that it can be used in
File, Print and Terminal Servers and other network appli-
cations. It facilitates network management by monitoring
collisions and retrys, frame checking, timeouts and error
free transmissions and receptions. Such configuration
control functions as initializing, suspending, and resum-
ing 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 and MVME330-1 is a
10 MHz MC68000. The processor on board MVME330-2
is a 12 MHz MC68010. Processor duties include moving
commands and data to and from system memory; gen-
erating VMEbus interrupts, 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 and MVME330-1,-2
have 512K bytes of dynamic RAM with parity which is
accessible from VMEbus, the LANCE and the processor,
in that order of priority.

ROM/EPROM

Each LAN controller has two 28 pin sockets in which
various 8K x 8 and 4K x 8 EPROM devices can be used.

LOCAL AREA NETWORK CONTROLLER FOR ETHERNET
(LANCE) )

The LANCE is a VLSI device used for interfacing a
microprocessor system to a local area network; namely
the base-band, carrier sense muitiple access with colli-
sion detection (CSMA/CD) shared medium defined by
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MVMES330, MVME330-1, MVMES330-2

APPLICATION
LSVSéL LAYER FILE NETWORK RUN TIME VIRTUAL
SOFTWARE TRANSFER UTILITIES LIBRARY TERMINAL
7 XNS XNS XNS
PRESENTATION
6 LAYER
SOFTWARE
VERSAdos OR SYSTEM Vi68
5 OPERATING SYSTEM
BUS INTERFACE CONTROL LAYER HOST
VMEbus PHYSICAL INTERFACE
L BUS INTERFACE CONTROL LAYER —l LAN CONTROLLER
TRANSPORT ECHO ERROR SEQUENCED
4 LAYER TP £Rp PACKET
S
SOFTWARE XNS XNS XNS
NETWORK INTERNETWORK DATAGRAM INTERNET PACKET
3 LAYER PROTOCOL FORMAT, ADDRESS,
SOFTWARE XNS ROUTING
DATA
LINK NETWORK STATISTICS
LAYER
ENP STATUS
SOFTWARE i KERNEL
, RECEIVE V. TRANSMIT
POWER UP DIAGNOSTICS
FIRMWARE RAM, /0 REGISTERS, DUART, LANCE
L BOOT ROUTINE ETHERNET
1 HARDWARE
LAYER

Figure 2. Host/MVME330 Family Ethernet Functions

Ethernet 2.0. It is designed to operate in an environment
comprising local memory and a microprocessor with the
memory serving as the communication link between the
microprocessor and the LANCE and as a buffer for Eth-
ernet packets.

LANCE operates at 2 10 megabit data rate, is MC68000
and MC68010 compatible, has: a 16-bit data bus, a mul-
tiplexed address/data bus, a DMA controller with 24-bit
addressing and a 48-byte data buffer with buffer man-
agement. It also offers diagnostic aids, three modes of
destination address comparison, executes a CSMA/CD
network access algorithm and provides extensive error
reporting.

LANCE diagnostics include:
® Pseudo full duplex capability for use in testing via

incoming and outgoing loopback packets

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

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

Three modes of checking the received network desti-
nation address against initialization values are provided.
These include:
® Physical mode: a comparison of address bits with cor-
responding bits in the physical address register

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

® 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
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MVME330, MVME330-1, MVME330-2

VME 10
SYSTEM 1121 OR SYSTEM 1131

S
TRANSCEIVER [~— St !l\

“mZo_mT 4 m

LAN CONTROLLER MPU BOARD
APPLICATION
K
Llite
AlTR OPERATING
N
Hh N s SYSTEM
£ E
L
VMEbus
ME 10

SYSTEM 1121 OR SYSTEM 1131

S
<—>| TRANSCEIVER }‘ A

LAN CONTROLLER MPU BOARD
- APPLICATION
Lile
Al'lr OPERATING
LY ) KNS SYSTEM
E L
VMEbus

Figure 3. Two Node Network

which on detecting collision it transmits Collision Jam
data and performs a backoff algorithm before again
attempting to transmit. Only after sixteen consecutive
collision detections does the LANCE report an error. Indi-
vidual packet errors reported by LANCE include: CRC
error, framing error and SILO under- or overflow.
LANCE reported errors which result in a controlter gen-
erating an interrupt on the VMEbus are: babbling trans-
mitter (transmission of more than 1518 bytes), nonfunc-
tional collision detection circuitry, missed packet due to
insufficient buffer space and memory timeout.
Host/LANCE communications are accomplished via
transmit and receive ring structures in memory. Each ring
is a circular queue comprising up to 128 message descrip-
tors four words long. Each descriptor defines a LANCE
— controlled buffer or chain of buffers holding a packet
awaiting further LANCE processing. Orderly manage-

ment 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 observ-
ance of a protocol which allows LANCE and Host to relin-
quish but never take ownership and forbids changes to
data in non-owned descriptors.

SERIAL INTERFACE ADAPTER (SIA)

The SIA performs the Manchester encoding/decoding
necessary for interfacing LANCE to Ethernet. It is com-
patible with standard Ethernet bus transceivers operating
at 10 megabits/sec. The SIA decoder acquires the clocks
and data within six bit times (600 ns). It features guar-
anteed 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 ' of a bit time.
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MVMES330, MVMES330-1, MVME330-2

VMEbus REQUESTER/BUS MASTERSHIP

Since each controller 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
reguest in/bus grant out daisy chain and provides jumper
selection of the module bus request level.

VMEbus INTERRUPTER

The interrupter circuitry on each LAN Controller com-
plies with the VMEbus specification, supporting the inter-
rupt acknowledge daisy chain and allowing jumper selec-
tion for the module of one of the seven interrupt priority
levels.

TIMER

For use by protocol processing software timers, each
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 Controller 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
executes a series of ROM-based self tests to determine
that the board is functioning properly. Upon successful
completion 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 check-
sum test, and a status and control register test (I/O
registers).

MVME330 FAMILY SOFTWARE

A controller module is supplied with host-specific soft-
ware/firmware offering the functionality and perfor-
mance for immediate use and for implementing custom
applications. The software supports the Motorola SYS-
TEM V/68 or the VERSAdos operating systems and pro-
vides a communications executive kernel which controls
the LANCE hardware in its performance of basic Ethernet
data transfer, status reporting, statistical and diagnostic
functions.

The software is designed to interconnect VME/10-
SYSTEM 1121-, and SYSTEM 1131-based systems via
Ethernet. Device drivers running under the Motorola
SYSTEM V/68 or the VERSAdos operating systems are
also provided. The software supports only MMU-based
systems.

KERNEL FUNCTIONS

The LAN Controller kernel performs all functions
required for controlling and monitoring MVME330 family
hardware. Included are: managing LANCE status regis-

ters and LANCE-controlled message descriptor rings,
performing timer functions, managing interrupts and
retrieving LANCE generated statistics.

APPLICATION PACKAGES

The MVME330 LAN Controller family comes with a
powerful set of application packages. These include:

® File Transfer: Files can be moved between two VME/10,
SYSTEM 1121 and SYSTEM 1131 hosts on the network
running under VERSAdos or SYSTEM V/68.

® 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 VERSA-
dos to VERSAdos communications are supported.

FILE TRANSFER CAPABILITIES

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

® File Management

® File Access

® File Protection, on both the SYSTEM V/68 or the
VERSAdos operating systems.

PROTOCOLS FOR HIGHER LAYER SOFTWARE

As high layer software support for the MVME330 LAN
Controller family, Motorola offers a XEROX Network Ser-
vice (XNS) implementation consisting of the following
protocols:

@ Internetwork Datagram Protocol — corresponding to
layer 3 of the OSI model.

e Transport Layer Protocol — corresponding to layer
four of the OSI| model, this LAN-resident protocol
handles echo, error and sequenced packet.

OPERATING SYSTEMS INTERFACES

AMVME330 family LAN Controller provides a bus inter-
face for VMEbus in the form of shared memory protocol.
This interface provides access to Ethernet from Motorola
SYSTEM V/68 or the VERSAdos Operating Systems via
the corresponding driver supplied with the software.

SYSTEMS INTEGRATION

A basic download capability useful for integrating sys-
tem software with system hardware is provided with the
MVME330 family controllers.

In conjunction with other kernel software; the down-
load function can assist with board diagnostics and pro-
gram development by allowing the required software to
be downloaded. .

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.
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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 Transmitter errors

Collision errors

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

Silo Overruns

Memory errors on receive

NETWORK PERFORMANCE

The system throughput, including upper layer XNS
software, is approximately 130 packets/second, for pack-
ets of 1024 bytes, average. Each controller can handle
multiple back-to-back packets of any length.

Sustained system throughput of the MVME330 has
been measured at the following speeds using “NTST"
and “NSTAT" (supplied) in packets per second. “NSTAT"”
measures the Network Layer while “NTST measures the
Application Layer.

Example: (« ntst net xdg <packet size> 10000 nstat 10

Network Application
Layer Layer
64 byte packets 185 165
1458 byte packets 145 120

Configuration: System 1121, MVME330-2, VERSAdos 4.5,
idle network.

MVME330 FAMILY SPECIFICATIONS

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

[—dj

VME 10

40 MB VME330
NETWORK “A"

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
involving the various Motorola Microsystems hardware
and software elements described in this data sheet.

STARTER KITS

For SYSTEM V/68 and VERSAdos system users wishing
to begin networking quickly or who desire to learn local
area network concepts, the components for a two node
Ethernet network are offered. All required software, hard-
ware and documentation can be obtained.

VMEmodule
SYSTEM 1121

IVME330-1

VMEmodule
SYSTEM 131

[VME330-2[

L IT T1 11T TT T1

LT ITT TF TT TT TT ]

OMM

NEM GiTEWAY PRINT TERMINAL

SERVER SERVER SERVER
X35 SNA NETWORK “B"

HARDWARE MEDIUM PROTOCOL FEATURES
© VME330 o ETHERNET ° XNS o FILE TRANSFER
© VME330-1 o TCPP o VIRTUAL TERMINAL
® VME330-2 o PROCESS-TO-PROCESS
* VME300 o VIRTUAL RESOURCE UTILIZATION
© VME310
© VME400

Figure 4. Systems Network Concept
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MVME330 FAMILY SPECIFICATIONS

Characteristic

Specification

Power Requirements

38A (@ +5Vdec £5%
0.6 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 VME-
bus connector P1 are fully described in the VMEbus Spec-

ification Manual, HB212.

ETHERNET TRANSCEIVER PORT CONNECTOR

The Ethernet transceiver port connector is a 15-pin

subminiature for Ethernet 2.0.
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ORDERING INFORMATION

A MVMES330 family LAN Controller is ordered as a
standalone board which includes the executive kernel
software; or as a package including the board, executive

cation software, and appropriate host-specific software
including device driver and the BIV bus interface control
layer. The entire software package (less kernel) may be

kernel, a complete set of XNS protocol and network appli- purchased separately.

Part Number

Description

MVME330

VMEmodule Ethernet LAN Controller. This module provides high perfor-
mance, intelligent single board connection of VMEbus Systems to Ethernet,
a Local Area Network. Includes 128Kb RAM, LANCE (7990), SIA (7992},
MC68000 MPU, Kernel Firmware and Power up self-test. :

MVME330-1

VMEmodule Ethernet LAN Controller. This module provides high perfor-
mance, intelligent single board connection of VMEbus Systems to Ethernet,
a Local Area Network. Includes 512Kb RAM, LANCE (7990), SIA (7992),
MC68000 MPU, Kernel Firmware and Power up self-test.

MVME330-2

VMEmodule Ethernet LAN Controller. This module provides high perfor-
mance, intelligent single board connection of VMEbus Systems to Ethernet,
a Local Area Network. Includes 512Kb RAM, LANCE (7990), SIA (7992),
MC68010 MPU, Kernel Firmware and Power up self-test.

MVME330-UX*

MVME330-VX*

MVME330 plus appropriate XNS software on SYSTEM V/68 file system 5-1/4"
floppy disk.

L
MVME330 plus appropriate XNS software on VERSAdos file system 5-1/4"
floppy disk.

MVME330-TUX*

MVME330-1 plus appropriate XNS software on SYSTEM V/68 file system
5-1:4" floppy disk.

MVME330-1VX*

MVME330-1 plus appropriate XNS software on VERSAdos file system 5-1/4"
floppy disk.

MVME330-2UX* ‘ MVME330-2 plus appropriate XNS software on SYSTEM V/68 file system
5-1.4" floppy disk.
MVME330-2VX* MVME330-2 plus appropriate XNS software on VERSAdos file system 5-1/4"

floppy disk.

‘ MVMELANSKIT

Ethernet LAN starter kit includes:
(2) Ethernet transceivers
(2) Transceiver cables (6 meters)
(2) Coaxial terminators
{1) Ethernet coax cable (24.6 meters)
(1) Installation kit
(1) Tap block
Associated documentation

MVMESKIT-VX*

MVMELANSKIT, plus
{2) MVME330’'s
VERSAdos XNS on 5-1/4" floppy
MVME330 User's Manual
XNS Manual

MVMESKIT-UX*

MVMELANSKIT, plus
(2) MVME330's
SYSTEM V/68 XNS on 5-1/4" floppy
MVME330 User's Manual
XNS Manual

*NOTE: For any of the above part numbers that specify XNS software, the object code modules supphed include:

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

— Network Application Software including File Transfer, Network Utilities, Runtime Library and Virtual Terminal.
~- Host Specific Network Software including a Device Driver for the MVME330.

— Software documentation, and User’s Manual.

So that it can be reconfigured without need for source code, object code is supplied as bootabie load modules,

and unlinked modules.
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VMEmodule™

MVME331
MVME705

Six-Channel Synchronous/
Asynchronous Communications

Controller

Intelligent Communications Controller (ICC)
Six RS-232-C or RS-422 Ports (Selection on separate
1/0 Transition Module)
Data Transfer Modes:
Synchronous 1 Mbit/s, Single Channel
Asynchronous 78.6K Baud, Full Duplex, Single
Channel
9600 Baud, Full Duplex,
6-Channels, Concurrent
128Kb Dynamic RAM (Zero CPU Wait Cycles)
10 MHz, MC68010 16-/32-Bit Microprocessor
Three 28530 Serial Communications Controllers
Double High Eurocard Form Factor
VMEbus Compatible’
Drivers for VERSAdos and SYSTEM V/68 (UNIX)
available

The MVME331 Intelligent Communications Controller
offers the control and interfaces for six high performance,
asynchronous or synchronous serial channels. A micro-
computer comprised of an MC68010 Microprocessor,
128Kb of dynamic RAM and a control program in 32Kb
of EPROM is used to free a system host of most of the
serial communications overhead and achieve high data
transfer rates. Each serial port can operate individually at
a synchronous data rate of up to one megabit per second
or asynchronously at up to 76.8 kilobaud, full duplex. A
block diagram of the controller is shown in Figure 1.

The controller is designed for use in VMEbus-based
systems requiring high performance. Because it handles
all 1/0 related functions locally without interacting with
the host processor, system performance is increased and
applications can be more modular and flexible. The con-
troller checks, translates and individually processes re-
ceived and transmitted characters. It also performs, au-
tonomously, typical peripheral control functions such as
echo, software or hardware handshake, insertion and
deletion of control characters and line editing. All com-
munication protocol parameters for the six ports are dy-
namically reconfigurable under software control, provid-
ing the maximum in application versatility.

The MVME331 has VMEbus control and status registers
which allow a host to send interrupts and commands to
the controller and the controller to provide status infor-
mation to a host.

The ICC firmware contains self-test routines which are
executed after system reset. Controlier malfunctions are
indicated on the front panel by a FAIL LED.

Typical applications for the MVME331 include terminal
connection in multiuser systems, connection of asyn-
chronous devices (e.g., printers, PROM programmers),
links between computer systems and all types of data
acquisition in control environments.

USER INTERFACE

A system host communicates with the MVME331 via
an easy-to-use interface that is virtually operating system
and serial device independent. Macro commands are sent
through a pipeline structure in system memory which is
shared by the host and the controller. The commands are
retrieved and executed by the controller and a report of
execution results is sent to the host through another, sim-
ilar structure. This software interface complies with the
standard Motorola Buffered Pipe Protocol for interpro-
cessor communications.

VMEbus/MVME331/SERIAL DEVICE
INTERCONNECTION

VMEbus/MVME331 interconnection is through rows A
& C of the rear P2 connector. Signals for all six channels
are brought to P2 at TTL levels and require off-board
translation of these levels to standard communication
values (RS-232-C, RS-422-B or other). Changing to a dif-
ferent protocol thus requires only a new external level
shifter — with no change to the MVME331 module or to
software. The user may provide this via a bulkhead con-
nector panel or by means of the available transition
modules.
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Figure 1. MVME331 Block Diagram

MVME705 COMMUNICATIONS
TRANSITION MODULE

By means of a separate MVME705 module, any of the
six serial channels can be individually configured for
RS-232-C or RS-422-B operation. The MVME705 module
provides the receiver and trasmitter circuits for con-
verting the input/output signals of the controller to con-
form to the requirements of the desired standard. Fig-
ure 2 is a block diagram of the MVME705 module.

A transition module is connected to the MVME331's P2
connector via a 64-conductor flat ribbon cable having

DIN41612 C64 connectors at each end. Six standard 25-
pin subminiature D"’ connectors are provided on a tran-
sition module’s front panel for attaching serial peripheral
devices. Each serial port can be configured independently
as data circuit terminating equipment (DCE) or as data
terminal equipment (DTE) by means of jumpers on the
transition module. Tables 1 through 3 provide, for each
configuration, the RS-232-C and RS-422-B pin/signal cor-
respondences at the P2 and front panel connectors.

Configuring a channel on the MVME705 for RS-232-C
or RS-422-B operation is done by installing in the IC sock-
ets on the module the appropriate transmitter/receiver
devices (supplied with the MVME705). The MVME705
package contains all devices required for either operating
standard. In addition, the module includes locations in
which the user can install capacitors for slew-rate limi-
tation and noise filtering (for RS-232-C) or resistors for
balanced line termination (for RS-422-B).
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Figure 2. MVME705 Functional Block Diagram

Table 1. Serial Port in RS-232-C DTE Configuration

Pin Signal Direction Connected With
2 TXD output P2 TXD
3 RXD input P2 RXD
4 RTS output P2 RTS*
5 CTS input P2 CTS*
6 DSR input P2 DSR*
7 GND — P2 GND
8 DCD input P2 DCD* or open
15 TXCI input P2 TRXC* or open
17 RXCI input P2 RTXC*
20 DTR output P2 DTR*
24 TXCO output PT TRXC* or open

Table 2. Serial Port

in RS-232-C DCE Configuration

Pin Signal Direction Connected With
2 TXD input P2 RXD
3 RXD output P2 TXD
4 RTS input P2 CTS*
5 CTS output P2 RTS*
6 DSR output P2 DTR*
7 GND — P2 GND
8 DCD output + 12 Volts
15 TXCI output P2 TRXC* or open
17 RXCH output P2 TRXC* or open
20 DTR input P2 DSR*
24 TXCO input P2 RTXC*

Table 3. Serial Port in RS-422-B Configuration

Pin | Signal | Pin | Signal | Direction | Direction With
2 | -TXD | 15 | +TXD | output P2 TXD
3 | -RXD | 16 | +RXD | input P2 RXD
4 | -RTS 17 | +RTS output P2 RTS*
5 | -CTS 18 | +CTS | input P2 CTS*
6 | -DSR | 19 | +DSR | input P2 DSR*
7 GND — P2 GND
8 | -DCD | 21 | +DCD | input P2 DCD* or open
9 [ -DTR 22 | +DTR output P2 DTR*
10 | —=TXCI | 23 | +TXCl | input P2 TRXC* or
open
11 | —TXCO| 24 | +TXCO| output P2 TRXC* or
open
12 | —=RXCl | 25 | +RXCl | input P2 RTXC*

COMMUNICATIONS CONTROLLER MEMORY

Local memory consists of 32Kb of EPROM and 18
64Kb RAM devices providing a capacity of 128Kb with
parity. The EPROMs contain the firmware resident ICC
program that is copied to and executed from RAM fol-
lowing power-up reset. The RAM also holds the inter-
mediate I/O data to be processed and transferred. Data
is written into and read from RAM without MPU wait
states. The generation and checking of byte parity is
performed automatically during RAM accesses and a
detected parity error causes generation of an autovec-
tored level 7 interrupt to the MPU. Wrong parity can be
forced for test purposes by setting the WWP* bit in the
module control register. Refresh of the dynamic RAM
is automatic with local arbitration logic controlling the
access/refresh cycles.

The two provided ROM sockets, one for odd and one
for even addresses, can accept a maximum of 128 kilo-
bytes of firmware. Means are included for jumper con-
figuration to accommodate 2764, 27128, 27256 or 27152
type EPROM devices, having access times of 250, 360, or
450 nanoseconds.

VMEbus INTERFACE

For data interchange with a host on the MVMEbus, the
controller utilizes an A32:D16 or A24:D16 master inter-
face supported by address decoding logic, address mod-
ifier registers and an option Release When Done (RWD)
bus requester. System memory accesses are controlled
by the option RWD bus requester which can be set by
jumper to any one of the four priority levels. Data trans-
fers are supervised by a bus timer with a jumper select-
able period. Two access modes are provided: the window
addressing mode in which a 4Mb local address map is
used as a window to the VMEbus and the alternate space
addressing mode in which an address extension register
is used to obtain mapping of a contiguous 16Mb address
space anywhere within the full 4 gigabyte VMEbus range.

Interrupt requests from the controller to a system host
are generated by a VMEbus interrupter having provision
for a programmabile status/ID byte. When the bus is ac-
quired for MPU accesses, the requester releases on the
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VMEbus INTERFACE (Cont.)

next local data transfer. The controller status register con-
tains a bit reflecting the state of the interrupt request
output which can be polled by the controller MPU.

An option A16:D16 slave interface accommodates ac-
cesses from the VMEbus of the ICC control and status
registers. These occupy, in the short /O address space,
a single word which appears redundantly throughout a
128 word segment. By jumper, the segment can be placed
on any 256 byte boundary relative to the I/O space base
address. A write operation accesses the VME control reg-
ister. A read operation accesses the VME status register.

Short supervisory and non-privileged access of the
short /O space is provided by a bipolar PROM which
decodes address modifier codes $29 and $2D. The PROM
may be reprogrammed if use of other codes is desired.

Tables 4 and 5 identify, respectively, the connectors P1
and P2 pin/VMEbus signal assigments.

Table 4. Connector P1 VMEbus Signal Locations

Pin Row A Row B Row C Pin
i No. Signals Signals Signals No.
1 DOoo BBSY* D08 1
2 Dot (BCLR*) D09 2
3 D@2 (ACFAIL*) D10 3
4 D03 BGOIN* D11 4
5 D04 BGOOUT* D12 5
6 DO5 BG1IN* D13 6
7 D06 B8G10OUT* D14 7
8 Do7 BG2IN* D15 8
9 GND BG20UT* GND 9
10 (SYSCLK) BG3IN* SYSFAIL* 10
1 GND BG30UT* BERR* 11
12 DS1* 1 BRO* SYSRESET* 12
13 DSO* BR* LWORD* 13
14 WRITE* BR2* AM5 14
15 GND BR3* A23 15
16 DTACK* AMO A22 16
17 GND AM1 A21 17
18 AS* AM2 A20 18
19 GND AM3 A19 19
20 IACK* GND A18 20
21 IACKIN* (SERCLK) A17 21
22 IACKOUT* (SERDAT) A16 22
23 AM4 GND A15 23
24 A07 IRQ7* Ad 24
25 A06 IRQ6* A13 25
26 A05 IRQ5* A12 26
27 A04 IRQ4* A1 27
28 A03 IRQ3* A10 28
29 A02 IRQ2* A09 29
30 A01 IRQ1* A08 30
31 -12V (5 V STBY) +12V 31
32 +5V +5V +5V 32

Note: Signais in parentheses are not used by the MVME331.

Table 5. Connector P2 Signal Locations

Pin Row A Row B Row C Pin
No. Signals Signals Signals No.
1 +5V +5V +5V 1
2 -12V GND +12V 2
3 TRXC6* (RESERVED) GND 3
4 DTR6* A24 DCDg&* 4
5 CTS6* A25 DSRé6* 5
6 RXD6 A26 RTS6* 6
7 TXD6 A27 RTXC6* 7
8 TRXC5* A28 GND 8
9 DTR5* A29 DCD5* 9
10 CTS5* A30 DSR5* 10
1 TXD5 A31 RTS5* 1"
12 TXD5 GND RTXC5* 12
13 TRXC4* +5V GND 13
14 DTR4* (D16) DCD4* 14
15 CTSax (D17) DSR4* 15
16 RXD4 (D18) RTS4* 16
17 TXD4 (D19) RTXC4* 17
18 TRXC3* (D20) GND 18
19 DTR3* (D21) DCD3* 19
20 CTS3* (D22) DSR3* 20
21 RXD3 (D23) RTS3* 21
22 TXD3 GND RTXC3* 22
23 . TRXC2* (D24) GND 23
24 DTR2* (D25) DCD2* 24
25 CTS2* (D26) DSR2* 25
26 RXD2 (D27) RTS2* 26
27 TXD2 (D28} RTXC2* 27
28 TRXC1* (D29) GND 28
29 DTR1* (D30) DCD1* 29
30 CTS1* (D31) DSR1* 30
31 RXD1 GND RTS1* 31
32 TXD1 +5V RTXC1* 32

Note: Signals in parentheses are not used by the MVME331. I/O signais
are at TTL levels.

PERIPHERAL INTERFACE

Asynchronous and synchronous transfer of data
through the serial channels is effected using three Z8530
Serial Communication Controller (SCC) devices. Each of-
fers two independent, full duplex serial channels, is ca-
pable of transferring data at rates up to 1 Mbit per second
over a single channel and provides the hardware support
for the software control of communication modes and
protocols. Control provided by the SCC devices allows
the independent selection of an encoding mode and the
programming of parameters for synchronous or asyn-
chronous operation of any serial channel.

Signals at the TTL level are provided at the VMEbus P2
connector and, by means of a separate communications
transition module which also provides the serial port con-
nectors, are translated to the levels and connections re-
quired by the RS-232-C or RS-422-B communications
standards. The communications signal assignments to
pins in connector P2 are identified in Table 5.

The SCC devices are clocked at 4.9152 MHz. By division
of this frequency, all baud rates for serial data transfer
are generated.
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ASYNCHRONOUS OPERATION

When asynchronous data transfer is required, the fol-
lowing parameters can be programmed:

— baud rate from 50 to 76800

— odd, even or no parity

— 1, 1.5 or 2 stop bits

— character length of from 5 to 8 bits

— NRZ, NRZI or FM data encoding

.

SYNCHRONOUS OPERATION

Transfer of both bit and byte data is supported and the
SCC devices can be programmed for a number of differ-
ent synchronization modes.

Both monosync and bisync modes with or without CRC
checking can be used for byte data transfer.

The SDLC or the HDLC protocol with automatic CRC
generation and checking can be used for the transfer of
bit data. An underrun causes generation of an interrupt
to the MPU.

For the synchronous transfer of byte or bit data, odd,
even or no parity may be programmed and NRZ, NRZ| or
FM coding may be selected.

COMMUNICATIONS CONTROLLER
TIMER/COUNTERS

The MVME331 Communications Controller contains
three timer/counters used for periodic interrupt genera-
tion, for the monitoring of module malfunctions and for
supervising accesses of the module’s data transfer bus
and accesses of the VMEbus.

TIMER-SLICE COUNTER

To facilitate the generation of firmware which takes ad-
vantage of the powerful data transfer capabilities offered
by the serial communications controilers, a program-
mable timer is included which is used for the generation
of periodic-interrupts to the module MPU as a basis for
the time-slice driven resident executive.

A value is loaded into an 8-bit register, counted down
to zero and the resulting output used to generate an au-
tovectored level 2 interrupt request. The interrupt request
is latched and reset when acknowledged by the MPU.

Clocked at 78.125 kHz, the counter offers time periods
ranging between 3.25 and 12.8 microseconds. The
counter can also be disabled and restarted by program
instructions.

WATCHDOG TIMER

To: provide user software a means of indicating fatal
MVME331 malfunctions, a timer with a period of 100 mil-
liseconds is provided on the controller module. On timing
out, this timer sets the fail bit in the status register, lights
the fail LED on the module front panel and may be jump-
ered to cause assertion of the VMEbus SYSFAIL* line.
User software prevents timeout of the counter by simply
accessing the watchdog timer reset location.

DATA TRANSFER BUS TIMER

For supervision of all MPU data transfer cycles on both
the local bus and the VMEbus, the MVME331 module
includes a timer which generates a local bus error signal

if an accessed device fails to respond with a data transfer
acknowledge signal before the counter times out. The
timeout period is fixed at 25 microseconds for all accesses
to local devices. For VMEbus accesses, a timeout period
of 25, 50 or 100 microseconds is jumper selectable. The
selected period should exceed the greatest time expected
to elapse between the assertion of a bus request and the
reception of a bus grant in the actual system
configuration.

HOST/CONTROLLER COMMUNICATIONS

In order for two intelligent devices to communicate
with each other, a channel must exist. In a bus-based
system, two kinds of channels are commonly used: phys-
ical and logical.

Operation of a physical channel depends on memory
which can be shared by the two devices. Often this is
dual-ported RAM located on a peripheral device control-
ler in which the host CPU writes commands for execution
and in which the controller reports the results of execut-
ing the commands. Coherent use of the dual-ported
memory as a communications channel generally requires
a buffer with its own semaphore register for passing com-
mands and a separate buffer/semaphore register for re-
porting status.

The other type of communications channel — logical
— depends on the sharing of a region of system RAM for
the exchange of messages. This concept offers the sig-
nificant advantage of not being constrained by the size
of dual-ported RAM on board an intelligent module. Mo-
torola's Buffered Pipe Protocol facilitates the implemen-
tation of logical communications channels.

THE BUFFERED PIPE PROTOCOL

Motorola’s Buffered Pipe Protocol defines a commu-
nications channel which uses two queues of the FIFO type
in system RAM for the exchange of commands and status
reports between a system host and an intelligent periph-
eral device. The buffered pipe implementation exhibits
the following features:

® Broadly Usable — Virtually Operating System and
Board Independent

® Supports both Interrupt-driven and Polled Modes of
Operation

® Minimizes Hardware — Imposes only Ability to Access
System RAM and Interrupt VMEbus Devices

® Non-busy Interface — Always Accessible

o Infinite Queue — Virtually no Message Quantity
Restriction

® No Worst Case Handling — Send/Receive Using One
Small Set of Instructions

® Simple — Uses a Few Simple Procedure Calls and One,
Simple Data Structure

® Symmetrical — Uses Same Mechanism for Virtually all
Communication Between Two Processors

® Tolerant — Does Not Restrict Message Content in any
Way

® Flexible — Processors Receive Messages in Sent Order
but are not Required to Process them in Sent Order
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PROTOCOL ELEMENTS

There are four principal elements utilized in the buff-
ered pipe protocol, as shown in the diagrams: a put
pointer associated with a sender, a get pointer associated
with a receiver, the Buffered Pipe Envelope (BPE) and the
command/status/data packet. An envelope is simply two
pointers: one to the next envelope and one to the packet
associated with the current envelope. The packet is a fixed
length data structure residing anywhere in system mem-
ory and containing commands, status reports or other
parameters. To ensure that a new envelope can be
queued by a processor at any time, the protocol pre-
scribes that the last envelope have no associated packet,
that its forward link act also as the empty envelope flag
by pointing to an odd address (rather than the even ad-
dress at which a full envelope is required to reside) and
that no receiver dequeue this last envelope from the pipe.

CHANNEL INITIALIZATION

Two buffered pipes are used for a MVME331 com-
munication channel: one in which a system driver sends
commands and configuration information to a device
controller and one in which the controller sends status
reports to the driver. Since the communication channel
is interrupt driven, each interrupts the other following the
queuing or dequeuing of an envelope. It is incument on
the driver to initialize the channel and controller by: cre-
ating from system memory a pool of envelopes and a
pool of packets, initializing a command pipe and a status
pipe by placing an empty envelope in each, initializing
the command get and status get pointers and passing
these to the device controller using the Get Pointers com-
mand. This is a command supported by the controller
firmware which uses interrupt handshaking for passing
a sequence of bytes via the controller’s control register.
The number of packets required and processing overhead
are both minimized by requiring the controller to return
status in the same packet in which a command is
received.

BYTE 3 BYTE 0
PACKET
LONG WORD 0 POINTER
FORWARD EMPTY FLAG
LONG WORD 1 LNK < @0

Buffered Pipe Envelope (BPE)

MVME331/DRIVER COMMUNICATIONS

Communications between a host driver and devices
connected to MVME331 serial ports are supported by
firmware in 32Kb of ROM onboard the controller module.
This firmware observes the Motorola standard buffered
pipe protocol for host/intelligent device communications
and facilitates initialization and full runtime control of se-
rial device communication modes, codes and protocols.
The versatile control and character processing provided
by the MVME331 firmware and hardware relieves a sys-
tem host of much of the overhead imposed when six
asynchronous communication channels are operated
concurrently.

The MVME331 firmware architecture utilizes a time
slice driven, multitasking executive to control read and
write channels each of which has a buffer, a dynamic
queue and three actions tables. The buffers reduce load-
ing of the VMEbus by allowing transmission of 16 byte
blocks for a single bus arbitration cycle and the 256 byte
queues aid Xon/Xoff control of the rate of data flow.

Overall control of the data flow is implemented by us-
ing tables to perform character translation so that differ-
ent codes can be accommodated, to provide control char-
acter services, to handle escape key sequences, and to
provide editing functions like echo/delete character or
cancel line. The tables provide great versatility since to
the standard functions provided by the firmware, a.user
can add control routines to each table to comply with the
specific requirements of nearly any application.

READ CHARACTER FLOW

As the diagram shows, the read character flow is: serial
port--> Receive Translation Table --> Immediate Receive
Action Table --> Receive Queue --> Receive Action Table
--> Receive Buffer --> VMEbus.

From a serial device and following any required code
translation called for in the Receive Transifation Table,
characters are sent to the Immediate Receive Action Table
where they’re screened against values in the Immediate
Receive Action Table. Ordinary data characters are
passed to the Receive Queue but codes requiring an im-
mediate action such as the use of Xoff to stop transmis-
sion on that channel are detected and acted on. The table
is also used for other functions such as stripping fill char-
acters so that they do not occupy queue space.

On leaving the Receive Queue, a character is screened
against values in the Receive Action Table where other

PACKET PACKET

LAST ENVELOPE

PACKET PTR.

PACKET PTR.

EMPTY FLAG

LINK H LINK

GET
POINTER

PUT
POINTER

SENDER

> RECEIVER

MESSAGE FLOW

Buffered Pipe Message Flow
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requirements are detected and acted on. Primarily, these

include the support of editing functions such as deleting
characters and canceling lines as well as the accommo-
dation of any variance in escape sequences between dif-
ferent kinds of terminals. Before being placed on the
VMEDbus, characters are sent to the Receive Buffer which
facilitates.transmission of small bursts rather than single
characters.

As the diagram shows, the write character flow is:
VMEbus --> Transmit Buffer --> Write Action Table -->
Transmit Action Table --> Transmit Queue --> Transmit
Translation Table --> Serial Port.

WRITE CHARACTER FLOW

From the VMEbus, bursts of characters are stored in
the Transmit Buffer, from which they march single file
into the Write Action Table where they are screened. Or-
dinary data characters are sent directly to the Transmit
Queue but a few non-data characters initiate an imme-
diate action such as the sending of a line termination
string after a carriage return character. All other non-data
characters are sent to the Transm