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SECTION 1 INTRODUCTION

1. GENERAL INFORMATION

This CPU board is a high performance single board computer based on the 68040 microprocessor
and the VMEbus. The board incorporates a modular I/0 subsystem which provides a high degree
of flexibility for a wide variety of applications. The CPU board can be used with or without an /O
subsystem, called an "EAGLE" module.

The board is able to hold a RAM Module which can be DRAM (CPU-40) or SRAM (CPU-41) based.

The CPU-40/41 family design utilizes all of the features of the powerful FORCE Gate Array
(FGA-002). Among its features is a 32-bit DMA controller which supports local (shared) memory,
VMEbus and 1/0 data transfers for maximum performance, parallel real time operation and
responsiveness.

The EAGLE modules are installed on the CPU board via the FLXi (FORCE Local eXpansion interface).
This provides a full 32-bit interface between the base board and the EAGLE module /O subsystem,
providing a range of 1/0 options.

Four multiprotocol serial 1/0 channels, a parallel I/0 channel and a Real Time Clock with on-board
battery backup are installed on the base board which, in combination with EAGLE modules, make
the CPU board a true single board computer system.

A broad range of operating systems and kernels is available for the CPU board. However, as with
all FORCE COMPUTERS’ CPU cards, VMEPROM firmware is provided with the board at no extra
cost. VMEPROM is a Real Time Kernel and is installed on the CPU board in the two 16-bit wide
EPROM sockets, which results in a 32-bit wide System EPROM area. This ensures that the board
is supplied ready to use.
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INTRODUCTION

Figure 1-2: Block Diagram of the CPU Board
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1.1 Features of the CPU Board

68040 microprocessor: 25.0 MHz on CPU-40B/41B/x
68040 microprocessor: 33.0 MHz on CPU-40D/41D/x

Shared DRAM Module: 4 Mbyte DRAM with Burst Read/Write and Parity Generation and
Checking (DRM-01/4)

16 Mbyte DRAM with Burst Read/Write and Parity Generation and
Checking {(DRM-01/16)

Shared SRAM Module: 4 Mbyte SRAM with Burst Read/Write (SRM-01/4)
8 Mbyte SRAM with Burst Read/Write (SRM-01/8)

32-bit high speed DMA controller for data transfers to/from the shared RAM, VMEbus
memory and EAGLE modules; DMA controller is installed in the FGA-002.

Two system EPROM devices supporting 40-pin devices. Access from the 68040 using a 32-
bit data path

One boot EPROM for local booting, initialization of the 1/O chips and configuration of the
FGA-002

128 Kbyte SRAM with on-board battery backup

128 Kbyte FLASH EPROM

FLXi interface for installation of one EAGLE module

Four Serial 1/0 interfaces, configurable as RS232/RS422/RS485, available on the front panel
8-bit parallel interface with 4-bit handshake

Two 24-bit timers with 5-bit prescaler

One 8-bit timer

Real Time Clock with calendar and on-board battery backup

Full 32-bit VMEbus master/slave interface, supporting the following data transfer types:

u A32, A24, A16 : D8, D16, D32 - Master

] A32, A24 : D8,D16, D32 - Slave
u UAT, RMW, ADO

-
i
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INTRODUCTION

Features of the CPU Board (cont’'d)

L] Four-level VMEbus arbiter

® SYSCLK driver

° VMEbus interrupter (IR 1-7)

L] VMEbus interrupt handler (IH 1-7)

] Support for ACFAIL* and SYSFAIL

. Bus timeout counters for local and VMEbus access (15 usec)

° VMEPROM, Real Time Multitasking Kernel with monitor, file manager and debugger

1-5
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The following table summarizes the memory map of the CPU board.

Table 1-1: The Memory Map

Start End
Address Address Type
00000000 OO3FFFFF Shared Memory (4 Mbyte}
00000000 OO7FFFFF Shared Memory {8 Mbyte) or
00000000 OOFFFFFF Shared Memory (16 Mbyte)
00400000 FOFFFFFF VMEbus Addresses (4 Mbyte Shared Memory)
: A32: D032, 524, D16, D8
00800000 FOFFFFFF VMEbus Addresses (8 Mbyte Shared Memory)
A32: D32, D24, D16, D8
01000000 FOFFFFFF VMEbus Addresses (16 Mbyte Shared Memory)
A32: D32, D24, D16, D8
FAO00000 FAFFFFFF Message Broadcast Area
FBOOOOOO FBFEFFFF VMEbus
A24:D32,D24,D16, D8
FBFFOO00 FBFFFFFF VMEbus
A16: D32, D24, D16, D8
FC0O00000 FCFEFFFF VMEbus
A24: D16, D8
FCFFO000 FCFFFFFF VMEbus
A16: D16, D8
FDO0OO0O000 FEFFFFFF Reserved
FFOO0000 FF7FFFFF SYSTEM EPROM
FF800000 FFBFFFFF Local 10O
FFCO0000 FFC7FFFF LOCAL SRAM
FFC80000 FFCFFFFF Local FLASH EPROM
FFDO0O00O0 FFDFFFFF Registers of FGA-002
FFEOOO000 FFEFFFFF BOOT EPROM
FF803EQOQ FF803FFF VMEbus Arbiter
FFFOO000 FFFFFFFF Reserved

-



SECTION 1 INTRODUCTION

This table gives a brief overview of the local I/0 devices and the equivalent base address.

Table 1-2: The Base Addresses of the Local I/O Devices

BASE ADDRESS DEVICE
$FF803000 RTC 72423
$FF802000 DUSCC1 68562
$FF802200 DUSCC2 68562
$FF800CO0 PI/T1 68230
$FF800EOO PI/T2 68230
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SECTION 1 INTRODUCTION

2. THE PROCESSOR

2.1 The CPU 68040

The 68040 is a third generation full 32 bit enhanced microprocessor. The 68040 is upward object
code compatible with the 68030, 68020, 68010 and 68000 line of microprocessors.

The 68040 combines a central processing unit core, an instruction cache, a data cache, a memory
management unit, and an enhanced bus controller.

This virtual memory processor utilizes multiple, concurrent execution units and a highly integrated
architecture providing a high level of performance.

The 68040 processor combines a 68030 compatible integer unit, a 68881/68882 compatible
floating point unit (FPU), memory management units (MMUs), and a 4 Kbyte instruction and data
cache. Cache functionality is strengthened by the built-in on-chip bus snooping logic which instantly
supports cache logic during multimaster applications.

Instruction administration is routed through both the integer unit and FPU, which link to the fully
independent data and instruction memory units. Each memory unit consists of an MMU, an address
translation cache (ATC), a main cache, and a snoop controller.

The internal blocks are designed to operate in parallel, allowing instruction execution to be
overlapped. In addition, the internal caches, the on-chip memory management unit, and the
enhanced bus controller operate parallel to one another.

The 68040 contains an enhanced bus controller that supports both synchronous/ asynchronous bus
cycles and burst data transfers. It contains a nonmultiplexed address bus and data bus and supports
32 bits of address and data.

2-1
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Features of the 68040

L] Nonmultiplexed 32 bit address and data buses

] 16 general purpose address and data registers (32 bit wide)

e 8 floating point data registers (80 bit wide)

] Two superyisor stack pointers (32 bit wide)

] 19 special purpose control registers

] 4 Kbyte instruction and 4 Kbyte data cache

° On-chip paged memory management unit

L] Pipelined architecture with parallelism allowing accessestointernal caches, bus transfers, and

instruction execution in parallel
L] Synchronous bus cycles and burst read and write data transfers
] Complete floating point support given to the 68882 FPCP subset and software emulation
. 68030 compatible
L Low latency bus accesses to reduce cache miss penalty
° Maximized throughput from the integer unit, FPU, MMU and bus controller

L] 4 Gbyte direct addressing range

I}J
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SECTION 1 INTRODUCTION

2.2 The Shared RAM

On this CPU board the shared RAM is placed on a module to allow the adaption of DRAM or SRAM
to the base board.

All signals which are needed to control the shared RAM are available on the RAM module connector.
Therefore RAM devices with different access times can also be used on this CPU board to take
advantage of the 68040 with higher frequency if it becomes available.
2.2.1 The DRM-01/4
The DRM-01/4 is a 4 Mbyte RAM module which is used on the CPU-40B/4.

Features of the DRM-01/4
° 4 Mbyte DRAM

° Burst READ and Burst WRITE capability

. Parity Generation and Checking
° Asynchronous refresh is provided every 14us
° Accessible via VMEbus

The access address for the 68040 is $00000000 to $003FFFFF.

The access address for the VMEbus is programmable in 4 Kbyte steps through the FGA-002. The
defined memory range can be write protected in coordination with the address modifier codes. For
example, in supervisor mode the memory can be read and written, in user mode memory can only
be read.

The DRAM module includes byte parity check for local and VMEbus accesses. If a parity error is
detected on a VMEbus cycle, a BERR is forced to the VMEbus informing the requestor that a parity
error has occurred. On local accesses, a Transfer Error Acknowledge (TEA) is forced to the
processor if a parity error was detected.

The following chart lists the required CPU clock cycles and wait states for accessing the shared
RAM.

Board 68040 Clock No. of CPU Clock No. of CPU Clock No. of Wait No. of Wait
Type Frequency Cycles Counted Cycles for States for States for
From TS to TA Burst Cycles Normal Cycles Burst Cycles
for Normal Cycles
CPU-40/B 25 MHz 4 1 3 0

2-3
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2.2.2 The DRM-01/16

The DRM-01/16 is a 16 Mbyte RAM module which is used on the CPU-40B/16.
Features of the DRM-01/16

° 16 Mbyte DRAM

° Burst READ and Burst WRITE capability

° Parity Generation and Checking
] Asynchronous refresh is provided every 14us
L Accessible via VMEbus

The access address for the 68040 is $00000000 to $O0OFFFFFF.

The access address for the VMEbus is programmable in 4 Kbyte steps through the FGA-002. The
defined memory range can be write protected in coordination with the address modifier codes. For
example, in supervisor mode the memory can be read and written, in user mode memory can only
be read.

The DRAM module includes byte parity check for local and VMEbus accesses. If a parity error is
detected on a VMEbus cycle, a BERR is forced to the VMEbus informing the requestor that a parity
error has occurred. On local accesses, a Transfer Error Acknowledge (TEA) is forced to the
processor if a parity error was detected.

The following chart lists the required CPU clock cycles and wait states for accessing the shared
RAM.

Board 68040-B Clock | No. of CPU Clock | No. of CPU Clock No. of Wait No. of Wait
Type Frequency Cycles Counted Cycles for States for States for
From TS to TA Burst Cycles Normal Cycles Burst Cycles
for Normal Cycles
CPU-40/B 25 MHz 4 1 3 0
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2.2.3 The SRM-01/4

The SRM-01/4 is a 4 Mbyte RAM module which is used on the CPU-41B/4.

Features of the SRM-01/4
° 4 Mbyte SRAM
° Burst READ and Burst WRITE capability
] Battery Backup via VMEbus
L Accessible via VMEbus
The access address for the 68040 is $00000000 to $003FFFFF.
The access address for the VMEbus is programmable in 4 Kbyte steps through the FGA-002. The
defined memory range can be write protected in coordination with the address modifier codes. For
example, in supervisor mode the memory can be read and written, in user mode memory can only
be read.
Parity check is not necessary for SRAM devices, because these components are protected against

soft errors owing alpha emission. The following chart lists the required CPU clock cycles and wait
states for accessing the shared RAM.

Board 68040 Clock No. of CPU Clock No. of CPU Clock No. of Wait No. of Wait
Type Frequency Cycles Counted Cycles for States for States for
From TS to TA Burst Cycles Normal Cycles Burst Cycles
for Normal Cycles
CPU-41/B 25 MHz 3 1 2 0
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2.2.4 The SRM-01/8

The SRM-01/8 is an 8 Mbyte RAM module which is used on the CPU-41B/8.
Features of the SRM-01/8

o 8 Mbyte SRAM

° Burst READ and Burst WRITE capability

° Battery Backup via VMEbus

° Accessible via VMEbus

The access address for the 68040 is $00000000 to $007FFFFF.

The access address for the VMEbus is programmable in 4 Kbyte steps through the FGA-002. The
defined memory range can be write protected in coordination with the address modifier codes.

For example, in supervisor mode the memory can be read and written, in user mode memory can
only be read.

Parity check is not necessary for SRAM devices, because these components are protected against
soft errors owing alpha emission. The following chart lists the required CPU clock cycles and wait
states for accessing the shared RAM.

Board 68040 Clock No. of CPU Clock | No. of CPU Clock No. of Wait No. of Wait
Type Frequency Cycles Counted Cycles for States for States for
From TS to TA Burst Cycles Normal Cycles Burst Cycles
for Normal Cycles
CPU-41/B 25 MHz 3 1 2 0

'|\|
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SECTION 1 INTRODUCTION

2.3 The System EPROM

The CPU board offers two 40-pin EPROM sockets for the installation of two 16-bit wide EPROM
devices. The EPROMSs present a full 32-bit data path to the processor enabling maximum
performance. The following devices are supported in the system EPROM area:

Supported Device Types in the System EPROM Area:

Organization Total Memory Capacity
64K x 16 256 Kbytes

128K x 16 512 Kbytes

256K x 16 1 Mbyte

512K x 16 2 Mbytes

2.4 The Local SRAM

The CPU board contains a 128K * 8 bit SRAM. Battery backup is provided via the on-board battery
or the VMEbus +5VSTDBY line.

2.5 The Local FLASH EPROM

A 128 Kbyte FLASH EPROM is included on the base board of the CPU-40 which can be used as
additional data backup under conditions of power down for long periods. FLASH EPROM is ideal to
hold details of the board status, such as software revision or user data which is to be kept
permanently.

2.6 The Boot EPROM

The CPU board contains, in addition to the two system EPROMSs, a single boot EPROM to boot the
local microprocessor, initialize all 1/0 devices and program the board-dependent functions of the
FGA-002. All basic initialization of the 1/0O devices and the FGA-002 are made through the boot
EPROM.

In addition, the boot EPROM contains user utility routines, which may be called out of the user’s
application program. These routines provide easy software access to the functionality of the
FGA-002 (DMA controller, FORCE Message Broadcast, Interrupt Management, etc.).
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2.7 The FGA-002

One of the main features on this CPU board is the FGA-002 Gate Array with 24,000 gates and 281
pins. The FGA-002 controls the local bus and builds the VMEbus interface. It also includes a DMA
controller, acomplete interrupt handler, message broadcast interface (FMB), timer functions, mailbox
locations, and a VMEbus interrupter. This gate array monitors the local bus, which in turn signifies
that if any local 1/0 device is to be accessed, the gate array overrules all control signals, used
address signals, and data signals.

The FGA-002 serves as a VMEbus manager. All VMEbus address and data lines are connected to
the gate array through the buffers. Additional functions such as the VMEbus interrupt handler are

also installed on the FGA-0C2. The on-chip DMA controlier can access the iocai memory, VMEDbus

memory, and on-board devices which are able to function in a DMA mode. The start address of the
FGA-002 registers is $SFFDO000O. All registers of the gate array and associated functions are
described in detail in the FGA-002 Users Manual. On the following page you will find a list of
features for the FGA-002.

Features of the FGA-002
° 32 bit DMA Controller
° 2 Message Broadcast Channels (FMB)
° 8 Mailbox Interrupt Channels
° One 8 bit timer

] Complete Interrupt Management for VMEbus interrupts, ACFAIL, SYSFAIL, Onboard
Interrupts and FGA-0O02 internal interrupts

° VMEbus interface including a single level arbiter
° Decoding logic for accesses to the Shared Memory of the CPU hoard

A complete functional description of the FGA-002 may be found in the FGA-002 Users Manual.
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2.8 The PI/T 68230

The MC68230 Paralle! Interface/Timer (PI/T) provides versatile double buffered parallel interfaces and
an operating system oriented timer for MC68000 systems. The parallel interfaces operate in
unidirectional or bidirectional modes, 8 or 16 bits wide. The PI/T timer contains a 24 bit wide
counter and a 5 bit prescaler.

Features of the PI/T

° MC68000 Bus Compatible

° Port Modes Include: Bit I/O
Unidirectional 8 bit and 16 bit
Bidirectional 8 bit and 16 bit

L Selectable Handshaking Options

° 24 bit Programmable Timer

o Software Programmable Timer Modes

] Contains Interrupt Vector Generation Logic

® Separate Port and Timer Interrupt Service Requests
L Registers are Read/Write and Directly Addressable

2-9
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2.8.1 The I/O Configuration of PI/T1

Port A is connected to the two 4 bit HEX rotary switches provided on the front panel for application
dependent settings.

Port B is used for programming the local base address for A24 accesses from the VMEbus.

Port C is used for port and timer interrupts and to control the RMC behavior of the board.

2.8.2 The I/O Configuration of PI/T2

Port A and the handshake lines are routed to a 24-pin header which allows the connection of a flat
cable. 8 bits are connected to port A of the PI/T and can be used as inputs or outputs, with the
remaining 4 bits being connected to the handshake pins of the PI/T. This port can be used to
establish a "Centronics type" interface.

Port B allows the memory capacity of the Shared RAM to be read. Each CPU board of this type
contains three readable status bits describing the memory capacity. In addition, the CPU board type
can be read through the remaining 5 bits.

Port C grants the RAM type (DRAM/SRAM) burst and parity capability of the Shared RAM to be
read.

A "Powerup Reset" can be initiated by software.

N
1
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SECTION 1 INTRODUCTION

2.9 The Real Time Clock 72423

There is a Real Time Clock (RTC) 72423 installed on the CPU board. The CPU board contains a self
supportive battery to sustain the RTC during power down.

Features of the RTC

° Built-in quartz oscillator makes regulation unnecessary and allows easy design

] Direct bus compatibility (120 ns access time)

] Incorporated built-in time (hour, minute, second), and date (year, month, week, day) counters
® 12 hour and 24 hour clock switchover functions and automatic leap year setting

® Interrupt masking

[ ] An error adjustment time function of 30 seconds

L] READ, WRITE, HOLD, STOP, RESET, and CHIP SELECT inputs

] The C-MOS IC boasts low current consumption and features a backup function

] A 24-pin so package

2-11
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2.10 The DUSCC 68562

The Dual Universal Serial Communications Controller (DUSCC) 68562 is installed to communicate
with terminals, computers, or other equipment.

The DUSCC is a single chip MOS-LSI communications device providing two independent,
multiprotocol, full duplex receiver/transmitter channels in a single package. Each channel consists
of a receiver, transmitter, 16-bit multifunction counter/timer, digital phaselocked loop (DPLL),
parity/CRC generator and checker, and associated control circuits.

Features of the DUSCC

° Dual full duplex synchronous/asynchronous receiver and transmitter

] Multiprotocol operation consisting of:
BOP: HDLC/ADCCP, SDLC, SDLC Loop, X.25 or X.75 link level
COP: BISYNC, DDCMP, X.21
ASYNC: 5-8 bit plus optional parity

° Programmable data encoding formats: NRZ, NRZI, FMO, FM1, Manchester

° 4 character receiver and transmitter FIFOs

L Individual programmable baud rate for each receiver and transmitter

® Digital phase locked loop

L User programmable counter/timer

° Programmable channel modes full/half duplex, auto echo, local loopback

° Modem control signals for each channel: RTS, CTS, DCD

L] CTS and DCD programmable autoenables for Receiver (RX) and Transmitter (TX)
] Programmable interrupt on change of CTS or DCD

N
-
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SECTION 1 INTRODUCTION

2.10.1 The I/O Configuration of DUSCC1 and DUSCC2

The four channels may be configured to function as a RS232 or RS422/RS485 compatible interface.
Termination resistors can be installed to adapt various cable lengths and reduce reflections upon the
selection of the RS422/RS485 compatible interface. The DUSCC can interrupt the local CPU at a
specified programmable IRQ level.

I/O Signals for DUSCC1:

The 1/0 signal assignment of channel 1 to 2 is listed as follows:

Signal Input Output 9 Pin Micro Description
D-Sub Connector

DCD X 1 Data Carrier Detect
RXD X 2 Receive Data

TXD X 3 Transmit Data

DTR X 4 Data Terminal Ready
GND 5 Signal GND

DSR X X 6 Data Set Ready

RTS X 7 Request to Send
CTS X 8 Clear to Send

GND 9 Signal GND

2-13
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The 1/0 signals of channel 1 can be connected to the VME connector P2 in paraliel to the 3-pin Micro
D-Sub connector as foliows:

Signal Input Output VME Connector Description
P2

DCD X c29 Data Carrier Detect
RXD X c30 Receive Data

TXD X c31 Transmit Data

DTR X c32 Data Termina! Ready
DSR X X a29 Data Set Ready

RTS X a30 Request to Send
CTS X a31 Clear to Send

GND a32 Signal GND

NOTE

This is only possible if these VMEbus P2 lines are not used by an EAGLE module.

1/0 Signals for DUSCC2:

The 1/0 signal assignment of channels 3 and 4 is listed as follows:

Signal Input Output 9 Pin Micro Description
‘ D-Sub Connector

DCD X 1 Data Carrier Detect
RXD X 2 Receive Data

TXD X 3 Transmit Data

DTR X 4 Data Terminal Ready
GND 5 Signal GND

DSR X X 6 Data Set Ready

RTS X 7 Request to Send
CTS X 8 Clear to Send

GND 9 Signal GND
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2.11 The EAGLE Modules

EAGLE modules are 1/0 subsystems designed not only to increase the functionality of the board but
to add the exact /O features to fit the application requirement. EAGLE modules connect directly
onto the FLXi of the base board. FLXi and EAGLE modules will be a feature on future FORCE board
generations to ensure continued flexibility.

If your CPU board is assembled with an EAGLE module please refer to the "EFAGLE Module” manual
which is shipped with this board and should be placed in Section 6 of this manual.

2.12 The VMEDbus Interface

The CPU board has a full 32-bit VMEbus interface. The address modifier codes for A16, A24 and
A32 addressing are fully supported in master mode. In slave mode, the address modifiers for A32
and A24 are fully supported.

Read-Modify-Write cycles are fully supported to allow multiple CPU boards to be synchronized via
the shared RAM. The FGA-002 determines whether or not an access to the shared RAM is allowed
and, if allowed, controls the access cycle.

The CPU board provides an interrupt handler capability (IH 1-7) which can be enabled/disabled by
programming the FGA-002. The CPU board also provides an interrupter function which enables the
board to send interrupts to the VMEbus on seven programmable levels with a software-
programmable vector.

The following bus release modes are supported:

RWD = Release When Done
ROR = Release On Request
RBCLR = Release On Bus Clear
RAT = Release After Timeout
REC = Release Every Cycle
ROACF = Release On ACFAIL*
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Each of the listed modes is software programmable inside the gate array. The bus request level of
the CPU board is jumper or software selectable (BRO-3).

The DMA controller installed in the FGA-002 on the CPU board is able to access the VMEbus
interface independently from the microprocessor, enabling VMEbus communication to take place
without impacting the processing capabilities of the rest of the board for number crunching or
servicing on-board 1/0.

A four level arbiter with round robin and prioritized round robin arbitration modes, a power monitor,
a SYSRESET * generator, IACK* daisy chain driver and support for ACFAIL*, SYSFAIL* and SYSCLK
complete the VMEbus interface.

N
4
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2.13 The Monitor of the CPU board

Every CPU board contains VMEPROM, a real time multitasking monitor debugger. It consists of a
powerful real time kernel, file manager and monitor/debugger with 68040 line
assembler/disassembler.

The monitor/debugger includes all functions to control the real time kernel and file manager as well
as all tools required for program debugging such as breakpoints, tracing, memory display, memory
modify and host communication.

VMEPROM supports several memory and 1/0 boards on the VMEbus to take full advantage of the
file manager and kernel functions.

A built-in selftest checks all on-board devices and memory. This allows detection of any failures on
the board.

Memory initialization and test commands offer easy installation of global memory in the environment
on the local RAM and/or the VMEDbus.

The one line assembler/disassembler is 68040 compatible and supports all 68040 commands in the
original mnemonic described in the MC 68040 User’s Manual.
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2.14 Default Jumper Settings on the CPU Board

The following are the default jumper settings and a location diagram displaying all jumpers.

Default Jumper Settings for the CPU

Jumperfield Description Default Schematics
Connection
B2 Reset Voltage Sensor SH4
B4
B20 Backup Supply for Local SRAM and - SH4
RTC via +5VSTDBY B2
B1 Backup Supply for Local SRAM and 1-2 SH4
RTC via Bat 1 B2
Default Jumper Settings for System EPROMs and SRAM/EEPROM
Jumperfield Description Default Schematics
Connection
B11 System EPROM device select 1-6 SH5
A4
B16 FLASH EPROM write dis-/enable 1-2 SH4
c2
Default Jumper Settings for Serial /O (RS232)
Jumperfield Description Default Schematics
Connection
B3 Connector 1, PD1 2-156 SH6
(DUSCC1 Port #1) 8-9 B2
B4 Connector 2, PD2 2-15 SH6
(DUSCC1 Port #2) 8-9 B3
B5 Connector 1, PD1 SH6
(DUSCC1 Port #1) Cc2
B6 Connector 2, PD2 - SH6
(DUSCC Port #2) C3
B7 Connector 3, PD3 2-15 SH7
(DUSCC2 Port #3) 8-9 B2
B8 Connector 4, PD4 2-15 SH7
(DUSCC2 Port #4) 8-9 B3
B9 Connector 3, PD3 SH7
{DUSCC2 Port #3), PD3 C2
B10 Connector 4, PD4 SH7
{DUSCC Port #4), PD4 C3
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Default Jumper Settings for VMEbus

Jumperfield Description Default Schematics
Connection
B19 Four level Arbiter Request Level 1-6 SH9
2-5 B4
3-4
B13 SYSCLK 1-8 SH10
SYSFAIL 2-7 c2
Receive VMEbus RESET 3-6
Drive VMEbus RESET 4-5
Default Jumper Settings for Test
Jumperfield Description Default Schematics
Connection
B17 Clock Signal to CPU 1-2 SH16
Al
Headers for 12 Bit I/O and 8 Bit I/O
Jumperfield Description Default Schematics
Connection
B12 User 1/0 SH8
D1
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Figure 2-2: The Front Panel of the CPU Board
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3. SPECIFICATIONS OF THE CPU BOARD

Board Dimensions
No. of Slots Used

CPU Type 68040
CPU Clock Frequency CPU-40B/x 25.0 MHz
CPU-40D/x 33.0 MHz
Shared DRAM Capacity with Parity CPU-40X/4 4 Mbytes
CPU-40X/16 16 Mbytes
Shared SRAM Capacity CPU-41X/4 4 Mbytes
CPU-41X/8 8 Mbytes
SRAM Capacity with On-board Battery Backup 128 Kbytes
FLASH EPROM 128 Kbytes
Number of System EPROM Sockets 2
Data Path 32-Bits
Serial 1/O Interfaces (68562) 4
RS232/RS422/RS485 Compatible 4 of 4
24-bit Timer with 5-bit Prescaler 2
8-bit Timer 1
Parallel 1/0O Interface (68230) 12 Lines
Real Time Clock with On-board Battery Backup 72423
VMEbus Interface A32, A24, A16:D8, D16, D32, UAT, RMW Master
A32, A24:D8, D16, D32, RMW Slave
Four Level Arbiter Yes
SYSCLK Driver Yes
Mailbox Interrupts 8
FORCE Message Broadcast FMB FIFO O 8 Bytes
FMB FIFO 1 1 Byte
VMEbus Interrupter/VMEbus and Local Interrupt Handler 1to7
All Sources can be Routed to a Software Programmable IRQ Level Yes
RESET/ABORT Switch Yes
VMEPROM Firmware Installed on All Board Versions 256 Kbytes
Power Requirements + 5V min/max 5.2A/6.0A
+ 12V min/max 0.1A/0.3A
-12V min/max 0.1A/0.3A
Operating Temperature with Forced Air Cooling 0 to +50°C
Storage Temperature -40 to +85°C
Relative Humidity {noncondensing) 0 to 95%

234x160mm/9.2x6.3in

1
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4. ORDERING INFORMATION

SYS68K/CPU-40B/4-00

SYS68K/CPU-40B/4-01

SYS68K/CPU-40B/16-00

SYS68K/CPU-40B/16-01

SYS68K/CPU-40D/4-00

SYS68K/CPU-40D/4-01

SYS68K/CPU-40D/16-00

SYS68K/CPU-40D/16-01

SYS68K/CPU-41B/4-00

SYS68K/CPU-41B/4-01

SYS68K/CPU-41B/8-00

SYS68K/CPU-41B/8-01

SYS68K/CPU-41D/4-00

SYS68K/CPU-41D/4-01

SYS68K/CPU-41D/8-00

25.0 MHz 68040 based CPU board with DMA, 4 Mbyte shared DRAM, 4 serial
1/0 channels, FLXi, VMEPROM. Documentation included.

25.0 MHz 68040 based CPU board with DMA, 4 Mbyte shared DRAM, 4 serial
1/0 channels, EAGLE-O1C (SCSI, floppy disk and Ethernet Interfacel),
VMEPROM. Documentation included.

25.0 MHz 68040 based CPU board with DMA, 16 Mbyte shared DRAM, 4 serial
1/0 channels, FLXi, VMEPROM. Documentation included.

25.0 MHz 68040 based CPU board with DMA, 16 Mbyte shared DRAM, 4 serial
I/0 channels, EAGLE-O1C (SCSI, floppy disk and Ethernet Interface),
VMEPROM. Documentation included.

33.0 MHz 68040 based CPU board with DMA, 4 Mbyte shared DRAM, 4 serial
1/0 channels, FLXi, VMEPROM. Documentation included.

33.0 MHz 68040 based CPU board with DMA, 4 Mbyte shared DRAM, 4 serial

- 1IJO channels, EAGLE-01C (SCSI, floppy disk and Ethernet Interface),

VMEPROM. Documentation included.

33.0 MHz 68040 based CPU board with DMA, 16 Mbyte shared DRAM, 4 serial
1/0 channels, FLXi, VMEPROM. Documentation included.

33.0 MHz 68040 based CPU board with DMA, 16 Mbyte shared DRAM, 4 serial
I/0 channels, EAGLE-O1C (SCSI, floppy disk and Ethernet Interface),
VMEPROM. Documentation included.

25.0 MHz 68040 based CPU board with DMA, 4 Mbyte shared SRAM, 4 serial
1/0 channels, FLXi, VMEPROM. Documentation included.

25.0 MHz 68040 based CPU board with DMA, 4 Mbyte shared SRAM, 4 serial
1/0 channels, EAGLE-01C (SCSI, floppy disk and Ethernet Interface),
VMEPROM. Documentation included.

25.0 MHz 68040 based CPU board with DMA, 8 Mbyte shared SRAM, 4 serial
1/0 channels, FLXi, VMEPROM. Documentation included.

25.0 MHz 68040 based CPU board with DMA, 8 Mbyte shared SRAM, 4 serial
1/0 channels, EAGLE-O1C (SCSI, floppy disk and Ethernet Interface),
VMEPROM. Documentation included.

33.0 MHz 68040 based CPU board with DMA, 4 Mbyte shared SRAM, 4 serial
1/0 channels, FLXi, VMEPROM. Documentation included.

33.0 MHz 68040 based CPU board with DMA, 4 Mbyte shared SRAM, 4 serial
1/0 channels, EAGLE-01C (SCSI, floppy disk and Ethernet Interface),
VMEPROM. Documentation included.

33.0 MHz 68040 based CPU board with DMA, 8 Mbyte shared SRAM, 4 serial
1/0 channels, FLXi, VMEPROM. Documentation included.
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SYS68K/CPU-41D/8-01

SYS68K/10BP-1

SYS68K/CABLE MICRO-9 SET 1

SYS68K/CABLE MICRO-9 SET 2

SYS68K/VMEPROM/40/UP

SYS68K/VMEPROM/UM

SYS68K/CPU-40/UM

SYS68K/FGA-002/UM

33.0 MHz 68040 based CPU board with DMA, 8 Mbyte shared SRAM, 4 serial
/0 channels, EAGLE-O1C (SCSI, floppy disk and Ethernet Interface),
VMEPROM. Documentation included.

Backpanel for single board computers providing SCSI and floppy disk drive
connectors.

Set of three adapter cables 9-pin micro D-Sub male connector to 9-pin D-Sub
female connector, length 2 m.

Set of four adapter cables 9-pin micro D-Sub male connector to 25-pin D-Sub
female connector, length 2 m.

VMEPROM update service for the SYS68K/CPU-40 series.

VMEPROM User‘s Manual excluding the SYS68K/CPU-40 description.

User’s Manual for the SYS68K/CPU-40 product, including VMEPROM User’s
Manual and EAGLE-O1C User's Manual (separately available as
EAGLE-01C/UM).

User’s Manual for the FGA-002 Gate Array.
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6.8 RESET Generation

There is an |IEEE 1014 compatible SYSRESET* driver installed on the CPU board. The RESET
generator circuitry is operable if the power supply VCC is at least 3 volts. The RESET signal can be
asserted (low) on any one of the following conditions:

° Front Panel RESET switch toggled .
° Voltage Sensor detects VCC below limit (4.8V)
] Execution of the RESET instruction by the microprocessor on the board

The asserted RESET signal will be held low for at least 200 milliseconds after removing all the above
conditions.

When the Reset Switch is toggled twice a Powerup equivalent Reset can be generated. The time
lapse immediately after the Reset Switch is released must be 0,2 seconds or less.

6.8.1 The Front Panel RESET Switch

The upper switch on the front panel of the CPU board is the RESET switch. Toggling it provides a
reset of all on-board devices, independent from the jumper options. With the jumper B13 3-6
connection inserted, the SYSRESET * signal of the VMEbus backplane will be asserted. When the
RUN LED is red, the processor is in the HALT state. For example, this state will be entered if a
double bus fault occurs. A reset of the board must be performed by toggling the RESET switch or
by asserting the SYSRESET * backplane signal. The light of the RUN LED is also red while the RESET
generator drives the reset. After reset, the red light must change to green.

6.8.2 The Voltage Sensor Module FHOO1

The voltage sensor module FHOO1 is included with the RESET generator. Power up reset is provided
by this sensor, as soon as the supply voltage VCC has reached 3 volts. RESET will be asserted if
VCC is less than 4.8 volts on the board, once the jumper B2 pin 1-2 is removed (B). This jumper
is removed upon delivery. When the jumper at B2 1-2 is inserted (A), RESET will be asserted if VCC
is less than 4.6 volts. RESET will stay asserted at least 200 milliseconds after the supply voltage
has passed the threshold. Jumperfield B2 pin 1-2 must be removed for normal operation, and may
be inserted for test purposes.

Figure 6-7: Jumper Settings for Jumperfield B2

A) B2 1 o—o0 2 B) B2 1|18 o 2
4.6V 4.8V
(default)
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Figure 6-8: Location Diagram of Jumperfield B2
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6.8.3 VMEbus RESET Conditions

6.8.3.1 Receive RESET from VMEbus

In order to receive a RESET from the VMEbus on the CPU board, jumper B13, 4-5 must be inserted.
If removed, the SYSRESET signal from the VMEbus is not monitored on the CPU board.

B13
8 7 6 5
0 ) ) o
|
|
8 ) ) 0
1 2 3 4

6.8.3.2 Drive RESET to VMEbus

To drive the RESET signal on the VMEbus, jumper B13, 3-6 must be inserted on the CPU board.
When inserted, the RESET from the front panel switch and voltage monitor are driven to the
VMEbus. If not inserted, SYSRESET is not VMEbus driven.

B13
8 7 6 5
) ) 0 )
|
|
] 0 0
1 2 3 4

6.8.3.3 Default Configuration of Jumperfield B13

By default, SYSCLK and SYSRESET are driven to the VMEbus; SYSRESET and SYSFAIL are
monitored by the CPU board.

B13
8 7 6 5
o o} o o]
! | | I
a o o (o]
1 2 3 4
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Figure 6-9: Location Diagram of Jumperfield B13
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SECTION 3 HARDWARE USER’'S MANUAL

6.8.4 The RESET Instruction

The RESET instruction of the microprocessor is designed to reset peripherals under program control,
without resetting the processor itself. This instruction is fully supported by the CPU board. The
RESET instruction triggers the RESET generator and resets all peripherals on the board driving RESET
to low. At this point the processor on the CPU itself will not be reset. Therefore, program execution
will go on with the next operation code. If another board asserts SYSRESET * before this instruction
triggered reset is ended, then the processor will still not be reset because of a lockout logic.
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APPENDIX A

SPECIFICATIONS OF THE CPU BOARD

CPU Type 68040
CPU Clock Frequency CPU-40B/x 25.0 MHz
CPU-40D/x 33.0 MHz
Shared DRAM Capacity with Parity CPU-40X/4 4 Mbytes
CPU-40X/16 16 Mbytes
CPU Clock Frequency CPU-41B/x 25.0 Mhz
CPU-41D/x 33.0 MHZ
Shared SRAM Capacity CPU-41X/4 4 Mbytes
CPU-41X/8 8 Mbytes
SRAM capacity with On-board Battery Backup 128 Kbytes
FLASH EPROM 128 Kbytes
Number of System EPROM Sockets 2
Data Path 32-bits
Serial 1/0 Interfaces (68562) 4
RS232/RS422/RS485 Compatible 4 of 4
24-bit Timer with 5-bit Prescaler 2
8-bit Timer 1
Parallel 1/O Interface (68230) 12 lines
Real Time Clock with On-board Battery Backup 72423
VMEbus Interface A32, A24, A16:D8, D16, D32, UAT, RMW Master
A32, A24:D8, D16, D32, RMW Slave
Four Level Arbiter Yes
SYSCLK Driver Yes
Mailbox Interrupts 8
FORCE Message Broadcast FMB FIFO O 8 bytes
FMB FIFO 1 1 byte.
VMEbus Interrupter/VMEbus and Local Interrupt Handler Tto?7
All Sources can be Routed to a Software Programmable IRQ Level Yes
RESET/ABORT Switch Yes
VMEPROM Firmware Installed on All Board Versions 256 Kbytes -

TO BE CONTINUED
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SPECIFICATIONS OF THE CPU BOARD CONTINUED

Power Requirements +5V min/min 5.2A/6.0A
+ 12V min/max 0.1A/0.3A
-12V min/max 1.0A/0.3A
Operating Temperature with Forced Air Cooling 0 to +50°C
Storage Temperature -40 to +85C
Relative Humidity (noncondensing) 0 to 95%
Board Dimensions 234x160mm/9.2x6.3in
No. of Slots Used 1
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5. HISTORY OF MANUAL REVISIONS

Revision No.

Description

Date of Last Change

0

First Print.

FEB/05/1991

1

The following sections/pages have been changed:
Section 1:

Page 2-16 (EPROM Description)

Section 3:

Pages 3-11, 3-12, 3-14, 3-15 (EPROM Description)
Section 4:

Page F-1 (EPROM Description)

Sections 7, 8, and 9:

These have been changed to adapt to
VMEPROM Version 2.74

Section 1:

Chapter 3: Power Requirements for + 12V changed
from 0.1A/0.5A to 0.1A/0.3A

Section 3:
Chapter 3.9.4 has been eliminated.

Chapter 3.9.12: New Board Identification.
Chapter 3.9.16: 1 and O were switched.

APR/16/1991

AUG/23/1991

Rework for PCB Revision 2

FEB/03/1992
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WARNING

TO AVOID MALFUNCTIONS AND COMPONENT DAMAGES, PLEASE
READ THE COMPLETE INSTALLATION PROCEDURE BEFORE THE
BOARD IS INSTALLED IN A VMEBUS ENVIRONMENT.
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SECTION 2 INSTALLATION

1. GENERAL OVERVIEW

Easy installation of the CPU board is provided since the memory map, the I/O devices, and the
interfaces are configured to communicate with a standard terminal containing RS232 interface.

The monitor (VMEPROM) boots up automatically with the setup of the rotary switches on the front
panel. '
1.1 The Rotary Switches

Two rotary switches are installed on the CPU board to configure the startup of the VMEPROM or
a user program.

The following lists the default configuration for bootup.

Switch Hex Code
2 $F
1 $F

The different functions of the rotary switches are described in detail in the Introduction to
VMEPROM as well as in the Hardware User’s Manual of this particular CPU board.

1.2 The Function Switch Positions

The CPU board contains two function switches. These two switches are defined as RESET and
ABORT. The RESET switch is located in the first and upper position, and the ABORT switch is
located directly underneath in the second and lower position.

The two moveable positions of these switches are defined as "Up" and "Down".

All function switches must be set to the position "Down" upon performing initial installation.

Please toggle each of the switches before installing the board in the rack in order to detect
mechanical damages to the switches during transport.
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Figure 1-1: Front Panel of CPU Board and the Rotary Switch Positions
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SECTION 2 INSTALLATION

1.3 Connection of the Terminal
The terminal must be connected to the 9-pin Micro D-Sub connector 1 on the CPU board.
The board is delivered with a 9-pin Micro D-Sub to 9-pin D-Sub adapter cable.

The following communication setup is used for interfacing the terminal. Please configure the
terminal to this setup.

No Parity

8 Bits per character

1 Stop Bit

9600 Baud
Asynchronous Protocol

The hardware interface is RS232 compatible. The following signals are supported on the 9-pin Micro
D-sub connector on the front panel:

Signal Input Output Required 9 Pin Micro Description 9 Pin D-Sub of the
D-Sub Connector Adapter Cable
DCD X 1 Data Carrier Detect 1
RXD X X 2 Receive Data 2
TXD X X 3 Transmit Data 3
DTR X 4 Data Terminal Ready 4
GND 5 Signal GND 5
DSR X X 6 Data Set Ready 6
RTS X X 7 Request to Send 7
CTS X X 8 Clear to Send 8
GND X 9 Signal GND 9

CAUTION

The terminal used must not drive a signal line which is marked to be an output of
CPU board.

All signals marked as "Required" must be supported from the terminal to enable
the transmission. -

If the terminal is configured to the listed setup, please connect the 9-pin Micro D-
Sub connector to the terminal with a cable which supports all of the required
signals.
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Figure 1-2: Pinout of the Micro D-Sub and D-Sub Connector for RS232

A) Micro DSUB Male Connector Soldered B) Micro DSUB and DSUB Female Connectors
on the CPU Board on the Adapter/Terminal Cable
RS232 RS232
Pa Pa
/)7 DCD Os| GND
opsr {60 _ GND /30
O 2| AxD O 4| DTR
rRTS | 70 cTs | 80
O3] %D e EIREC
cts | 8O RTS | 70
O 4| oTR O 2| RXD
GND \ SO DSR \ 60O
Ni GND w DCcD
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1.4 The Default Hardware Setup
The VMEbus interface is configured to be used immediately, without any changes.
This results in a default hardware setup which may conflict with other boards installed in the rack.

The following signals are driven/received from the CPU board:

Signal Driven Received From
SYSCLK X FGA-002 Gate Array
BR3* X FGA-002 Gate Array
BRI[3..01* X 4 Level Arbiter
BG[3..010UT* X 4 Level Arbiter
ACFAIL* X FGA-002 Gate Array
SYSFAIL* X FGA-002 Gate Array
SYSRESET* X X FGA-002 Gate Array

CAUTION

1) The on-board four level arbiter is enabled and reacts on every Bus Request*.

2) The CPU board is configured as a slot 1 controller.
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SECTION 2 INSTALLATION

2. INSTALLATION IN THE RACK

The CPU board can immediately be mounted into a VME rack at slot 1.

CAUTION

Switch off power before installing the board to avoid electrical damage to the
components.

The CPU board contains a special ejector (the handles).
The board must be plugged in, and the screws on the front panel tightened up to
guarantee proper installation.

Unplug every other VMEbus board to avoid conflicts.

2.1 Power ON

Power to the VMEbus rack may be switched on when the board is correctly installed, the switches
are in the correct positions, and the terminal is correctly configured and under power.

Initially, the green RUN LED will light up, and after one to three seconds the message "Wait until
hard disk is up to speed” will be displayed. A few seconds later the VMEPROM banner should
appear.

The terminal is now at the user’s discretion. At this point, it is advised to make a few carriage
returns, to obtain the question mark (?_) prompt.
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2.2 Correct Operation

To test the correct operation of the CPU board, the following command must be typed in:
? SELFTEST<cr>

It is a matter of a few seconds until all tests are completed. Once all tests are completed, the
following messages will appear on the screen:

VMEPROM Hardware Selftest

/0 test ...... passed
Memory test ..... passed
Clock test . ..... passed

Any errors will be reported as they occur.

If an error message is displayed, please refer to Section 7, "Introduction to VMEPROM" containing
the command description "SELFTEST".

l.\‘l
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3. ENVIRONMENTAL REQUIREMENTS

This board was specified and tested for reliable operation under certain environmental conditions.
Based on our performance tests, this board is capable of operating within the temperature range of
0°C to 50°C when used inside of a FORCE TARGET-32 chassis. The following chart details the
calculated rate of forced air cooling.

Rate of Forced Air Cooling

Air Cooling per Board Total Air Cooling - Target-32
5.5 CFM* = 0.0026 cubic meter/sec 131 CFM = 0.062 cubic meter/sec
275 LFM** = 1.4 meter/sec 275 LFM = 1.4 meter/sec

* CFM = Cubic Feet per Minute ** LFM = Linear Feet'per Minute

The TARGET-32 chassis performs forced air cooling using four axial fans. The amount of airflow
needed for cooling and normal operation is reflected by certain factors such as ambient temperature,
number and location of boards in the system, and outside heat sources. Sufficient air cooling is
normally obtained when 5.5 CFM and 275 LFM is circulating around each board at an ambient
temperature between 0°C and 50°C. Aliowable storage temperatures may range between -40°C and
85°C. The rate of relative humidity (non-condensing) should not be less than 5%, and should not
exceed 95%. The following illustration is a pictorial view of the fan placement in the chassis.

5%55455%?5%#3#5???5
E =
3
“ Judutdouuouuuguygul

TARGET-32
20 SLOTS AVAILABLE FOR 20 BOARDS
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SECTION 3 HARDWARE USER’S MANUAL

1. GENERAL INFORMATION

This CPU board is a high performance single board computer based on the 68040 microprocessor
and the VMEbus. The board incorporates a modular 1/0 subsystem which provides a high degree
of flexibility for a wide variety of applications. The CPU board can be used with or without an 1/0
subsystem, called an "EAGLE" module.

The board is able to hold a RAM Module which can be DRAM (CPU-40) or SRAM (CPU-41) based.

The CPU-40/41 family design utilizes all of the features of the powerful FORCE Gate Array
(FGA-002). Among its features is a 32-bit DMA controller which supports local (shared) memory,
VMEbus and 1/O data transfers for maximum performance, parallel real time operation and
responsiveness.

The EAGLE modules are installed on the CPU board via the FLXi (FORCE Local eXpansion interface).
This provides a full 32-bit interface between the base board and the EAGLE module 1/O subsystem,
providing a range of 1/0 options.

Four multiprotocol serial I/O channels, a parallel 1/0 channel and a Real Time Clock with on-board
battery backup are installed on the base board which, in combination with EAGLE modules, make
the CPU board a true single board computer system.

A broad range of operating systems and kernels is available for the CPU board. However, as with
all FORCE COMPUTERS' CPU cards, VMEPROM firmware is provided with the board at no extra
cost. VMEPROM is a Real Time Kernel and is installed on the CPU board in the 16-bit wide EPROM
sockets, which results in a 32-bit wide System EPROM area. This ensures that the board is supplied
ready to use.
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SECTION 3 HARDWARE USER’S MANUAL

2. THE PROCESSOR

2.1 The CPU 68040
2.1.1 Hardware Interface of the 68040

The 68040 uses a nonmultiplexed 32-bit address and 32-bit data bus. The 68040 does not support
the dynamic bus sizing like the 68020 or 68030. On this CPU board the dynamic bus sizing is built
in external hardware (two programmable gate arrays). This means if the 68040 does a long word
read from a byte device, the external hardware will fetch 4 bytes from this byte wide device, from
a long word and acknowledge the access cycle to the 68040. Therefore all device drives within the
68020 or 68030 can be used on this CPU board. Please note that the 68040 has a 4 Kbyte
instruction and a 4 Kbyte data cache which may cause problems.

2.1.1.1 General Operation

The CPU drives the address lines (AO-A31), the size lines (SIZ0, SIZ1) the transfer type (TTO-TT1)
on every cycle, and modifier (TMO-2) signals independent of a cache hit or miss. These signals are
used to decode the memory map of the CPU board.

The transfer start (TS) signals the hardware on the CPU board that the current cycle is not a cache
cycle, and that the decoding outputs are valid.

The 32 data lines (DO-D31) are also driven from the processor on write cycles and sensed on read
cycles.

The size of the data transfer is defined by the SIZE output signals (always driven from the CPU when
master). The transfer acknowledge or the transfer error acknowledge signal (TA, TEA) or both
terminate the transfer cycle. CPU 68040 cycles only allow a port width of 32 bits.

If an access error occurs (TEA sensed from the CPU), exception handling starts because the current
cycle has been aborted (illegal transfer or wrong data).

During local bus operation, an access error will be generated if a device does not respond correctly.
VMEbus transfers may also be aborted via a TEA (VMEbus : BERR*).

The TA and TEA signal asserted simultaneously initiate a retry cycle.

2.2 The Instruction Set

For the 68040 instruction set and further information relative to programming, please refer to the
68040 User’s Manual.
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2.3 Vector Table of the 68040

The following table lists all vectors defined and used by the 68040 CPU.

Table 2-1: Exception Vector Assignments

Vector Vector Offset Assignment
Number(s) {Hex)
0 000 Reset Initial Interrupt Stack Pointer
1 004 Reset Initial Program Counter
2 008 Access Fault (Bus Error)
3 00C Address Error
4 010 lllegal Instruction
5 014 Integer Divide by Zero
6 018 CHK, CHK2 Instruction
7 01C FTRAPcc, TRAPcc, TRAPV Instructions
8 020 Privilege Violation
9 024 Trace
10 028 Line 1010 Emulator {Unimplemented A-Line Opcode}
11 02C Line 1111 Emulator (Unimplemented F-Line Opcode}
12 030 {Unassigned, Reserved)
13 034 Defined for MC68020/MC68030, not for MC68040
14 038 Format Error
15 03C Uninitialized Interrupt
16-23 040-05C {(Unassigned, Reserved)
24 060 Spurious Interrupt
25 064 Level 1 Interrupt Autovector
26 [0153:3 Level 2 Interrupt Autovector
27 06C Level 3 Interrupt Autovector
28 070 Level 4 Interrupt Autovector
29 074 Level 5 Interrupt Autovector
30 078 Level 6 Interrupt Autovector
31 07C Level 7 Interrupt Autovector
32-47 080-0BC TRAP #0-15 Instruction Vectors
48 0Cco FP Branch or Set on Unordered Condition
49 oc4 FP Inexact Result
50 ocs FP Divide by Zero
51 occC FP Underflow
52 oDOo FP Operand Error
53 oD4 FP Overflow
54 obs FP Signaling NAN
55 obC FP Unimplemented Data Type
56 OEO0 Defined for MC68030 and MC68851, not for MC68040
57 OE4 Defined for MC68851, not for MC68040
58 OE8 Defined for MC68851, not for MC68040
59-63 OEC-OFC {Unassigned, Reserved)
64-255 100-3FC User Defined Vectors (192)
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For test purposes the clock signal for the microprocessor is connected via jumper B17 to the
devices. When using the CPU board, this jumper must be inserted according to the following figure.

CAUTION

If jumper B17 is removed, damage may be caused to the devices on the CPU board.

Figure 2-1: Jumper Setting for B17

B17 | o—%
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Figure 2-2: Location Diagram of Jumperfields B17
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3. THE LOCAL BUS

3.1 The FGA-002 Gate Array
The FGA-002 Gate Array featured on this CPU board has 24,000 gateé and 281 pins.

The FGA-002 Gate Array controls the local bus and builds the interface to the VMEbus. It also
includes a DMA controller, complete interrupt management, a message broadcast interface (FMB),
timer functions, and mailbox locations.

This gate array monitors the local bus. This in turn signifies that if any local device is to be
accessed, the gate array takes charge of all control signals in addition to used address and data
signals.

The FGA-002 Gate Array serves as a manager for the VMEbus. All VMEbus address and data lines
are connected to the gate array through the buffers. Additional functions such as the VMEbus
interrupt handler are also installed on the FGA-002 Gate Array. The SGL VMEbus arbiter in the
FGA/002 must remain disabled because the 4 level VME arbiter of the CPU board is designed in a
separate device and connected with the VME bus (please refer to chapter 6.4 \VMEbus Arbitration
in this section)..

The start address of the FGA-002 Gate Array registers is $FFD0O0000. All registers of the gate array
and associated functions are described in detail in the FGA-002 Gate Array Users Manual.
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3.2 The Shared RAM

On this CPU board the shared RAM is placed on a module to allow the adaption of DRAM or SRAM
to the base board. :

All signals which are needed to control the shared RAM are available on the RAM module connector.
Therefore RAM devices with different access times can also be used on this CPU board to take
advantage of the 68040 with higher frequency if it becomes available.

3.2.1 General Operation

The Shared RAM is accessible from the 68040 and from the VMEbus. The access address for the
68040 starts at $00000000. The access address for the VMEbus is software programmable in
4 Kbyte steps. The defined memory range can be write protected in coordination with the address
modifier codes. For example, in supervisor mode the memory can be read and written, in user mode
memory can only be read.

If an access from the VMEbus takes place the onboard logic requests the local bus mastership from
the local arbiter via the FGA-002 Gate Array. After the arbiter has granted local bus mastership to
the FGA-002 Gate Array, the access cycle is executed. A read cycle is terminated by latching all
data from the memory; a write cycle is ended by storing the data in the memory cells. Both read
and write cycles are terminated on the local bus side and the FGA-002 Gate Array immediately
releases bus mastership to the CPU while completing the fully asynchnronous VMEbus access cycle.

3.2.2 Shared RAM Information

The RAM module connector holds several signals which are software readable and inform the user
concerning RAM type and functionality.

These pins are readable via the PI/T2 device which is installed on the CPU board. For base address
and register address information please refer to the chapter "Address Map of the Pl/T2 Registers".

(]M
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The following table shows the information which can be read and the corresponding PI/T bit. The
RAM modules which are accessible are described in the following chapters which also contain the
"RAM Type Information” description.

RAM Type Information on PI/T2
PI/T Bit Name Value Description

PBO MCDO * Describes the memory size of the module.
PB1 MCD1 * Please refer to the following chapters.
PB2 MCD2 *
PC2 RAMTYP 0 SRAM

1 DRAM
PC4 BURST 0 Not available

1 Available
PC6 PARITY 0 Not available

1 Available
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3.2.3 The DRM-01/4

The following CPU boards are assembled with the DRM-01/4.

CPU Board

RAM Module

CPU-40B/4/xx

DRM-01/4

"xx" contains the EAGLE module number and is independent for the RAM module.

The DRM-01/4 is a 4 Mbyte RAM module using Dynamic Random Access Memory devices. The
RAM module has the following features.

. 4 Mbyte DRAM

L Burst READ and Burst WRITE capability

Features of the DRM-01/4

L Parity Generation and Checking
® Asynchronous refresh is provided every 14us
° Accessible via VMEbus

The access address for the 68040 is $00000000 to $003FFFFF.

The access address for the VMEbus is programmable in 4 Kbyte steps through the FGA-002. The
defined memory range can be write protected in coordination with the address modifier codes. For
example, in supervisor mode the memory can be read and written, in user mode memory can only

be read.

The DRAM module includes byte parity check for local and VMEbus accesses. If a parity error is
detected on a VMEbus cycle, a BERR is forced to the VMEbus informing the requestor that a parity

error has occurred.

On local accesses, a Transfer Error Acknowledge (TEA) is forced to the

processor if a parity error was detected. The following chart lists the required CPU clock cycles and
wait states for accessing the shared RAM.

Board 68040 Clock No. of CPU Clock No. of CPU Clock No. of Wait No. of Wait
Type Frequency Cycles Counted Cycles for States for States for
From TS to TA Burst Cycles Normal Cycles Burst Cycles
for Normal Cycles
CPU-40/B 25 MHz 4 1 3 0

W
h
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3.2.4 RAM Type Information for the DRM-01/4

The following information can be read from the PI/T2.

RAM Type Information

3.2.5 Summary of the DRM-01/4

Capacity
Address Range
Port Data Width
Local Data Width
Burst Mode
Parity Mode
Device

Supported Transfers

Pl/T Bit Name Value
PBO MCD4 1
PB1 MCD1 1
PB2 MCD2 0]
PC2 RAMTYP 1
PC4 BURST 1
PC6 PARITY 1

4 Mbytes

$00000000 to $003FFFFF

32 bits
32 bits
Supported

Supported

1M x 1 Nibble Mode

Byte, Word, Long word, Cache Line (16 bytes)
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3.2.6 The DRM-01/16

The following CPU boards are assembled with the DRM-01/16.

CPU Board

RAM Module

CPU-40B/16/xx

DRM-01/16

"xx" contains the EAGLE module number and is independent for the RAM module.

The DRM-01/16 is a 16 Mbyte RAM module which is used on the CPU-40B/16.

16 Mbyte DRAM

Features of the DRM-01/16

Burst READ and Burst WRITE capability

Parity Generation and Checking

Asynchronous refresh is provided every 14us

Accessible via VMEbus

The access address for the 68040 is $00000000 to $O0FFFFFF.

The access address for the VMEbus is programmable in 4 Kbyte steps through the FGA-002. The
defined memory range can be write protected in coordination with the address modifier codes.

For example, in supervisor mode the memory can be read and written, in user mode memory can

only be read.

The DRAM module includes byte parity check for local and VMEbus accesses. If a parity error is
detected on a VMEbus cycle, a BERR is forced to the VMEbus informing the requestor that a parity

error has occurred.

On local accesses, a Transfer Error Acknowledge (TEA) is forced to the

processor if a parity error was detected. The following chart lists the required CPU clock cycles and
wait states for accessing the shared RAM.

Board 68040 Clock No. of CPU Clock | No. of CPU Clock No. of Wait No. of Wait
Type Frequency Cycles Counted Cycles for States for States for
From TS to TA Burst Cycles Normal Cycles Burst Cycles
for Normal Cycles
CPU-40/B 25 MHz 4 1 3 0]

w
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3.2.7 RAM Type Information for the DRM-01/16

The following information can be read from the PI/T2.

RAM Type Information

3.2.8 Summary of the DRM-01/16

Capacity
Address Range
Port Data Width
Local Data Width
Burst Mode
Parity Mode
Device

Supported Transfers

PI/T Bit Name Value
PBO MCD4 1
PB1 MCD1 0]
PB2 MCD2 0]
PC2 RAMTYP 1
PC4 BURST 1
PC6 PARITY

16 Mbytes

$00000000 to $00FFFFFF

32 bits
32 bits
Supported

Supported

4M x 1 Nibble Mode

Byte, Word, Long word, Cache Line (16 bytes)

3-7
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3.2.9 The SRM-01/4

The following CPU boards are assembled with the SRM-01/4.

CPU Board RAM Module

CPU-41B/4/xx SRM-01/4

"xx" contains the EAGLE module number and is independent for the RAM module.

The SRM-01/4 is a 4 Mbyte RAM module using Static Memory devices. The RAM module has the
following features.

Features of the SRM-01/4
) 4 Mbyte SRAM
L Burst READ and Burst WRITE capability
L Battery Backup via VMEbus
o Accessible via VMEbus
The access address for the 68040 is $00000000 to $O03FFFFF.
The access address for the VMEbus is programmable in 4 Kbyte steps through the FGA-002. The
defined memory range can be write protected in coordination with the address modifier codes. For
example, in supervisor mode the memory can be read and written, in user mode memory can only
be read.
Parity check is not necessary for SRAM devices, because these components are protected against

soft errors owing alpha emission. The following chart lists the required CPU clock cycles and wait
states for accessing the shared RAM.

Board 68040 Clock No. of CPU Clock No. of CPU Clock No. of Wait No. of Wait
Type Frequency Cycles Counted Cycles for States for States for
From TS to TA Burst Cycles Normal Cycles Burst Cycles

for Normal Cycles

CPU-41/B 25 MHz 3 1 2 0
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3.2.10 RAM Type Information for the SRM-01/4

The following information can be read from the PI/T2.

RAM Type Information

3.2.11 Summary of the SRM-01/4

Capacity
Address Range
Port Data Width
Local Data Width
Burst Mode
Parity Mode
Device

Supported Transfers

PI/T Bit Name Value
PBO MCD4 1
PB1 MCD1 1
PB2 MCD2 0
PC2 RAMTYP 0
PC4 BURST 1
PC6 PARITY 0

4 Mbytes

$00000000 to $003FFFFF

32 bits
128 bits
Supported

Not necessary

128K x 8 Static RAM

Byte, Word, Long word, Cache Line (16 bytes)
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3.2.12 The SRM-01/8

The following CPU boards are assembled with the SRM-01/8.

CPU Board

RAM Module

CPU-41B/8/xx

SRM-01/8

"xx" contains the EAGLE module number and is independent for the RAM module.

The SRM-01/8 is an 8 Mbyte RAM module which is used on the CPU-41B/8.

8 Mbyte SRAM

Features of the SRM-01/8

Burst READ and Burst WRITE capability

Battery Backup via VMEbus

Accessible via VMEbus

The access address for the 68040 is $00000000 to $007FFFFF.

The access address for the VMEbus is programmable in 4 Kbyte steps through the FGA-002. The

defined memory range can be write protected in coordination with the address modifier codes.

For example, in supervisor mode the memory can be read and written, in user mode memory can
only be read.

Parity check is not necessary for SRAM devices, because these components are protected against
soft errors owing alpha emission. The following chart lists the required CPU clock cycles and wait

states for accessing the shared RAM.

No. of CPU Clock

Board 68040 Clock No. of CPU Clock No. of Wait No. of Wait
Type Frequency Cycles Counted Cycles for States for States for
From TS to TA Burst Cycles Normal Cycles Burst Cycles
for Normal Cycles
CPU-41/B 25 MHz 3 1 2 0

(V]
1
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3.2.13 RAM Type Information for the SRM-01/8

The following information can be read from the PI/T2.

RAM Type Information

3.2.14 Summary of the SRM-01/8

Capacity
Address Range
Port Data Width
Local Data Width
Burst Mode
Parity Mode
Device

Supported Transfers

PI/T Bit Name Value
PBO MCD4 0
PB1 MCD1 1
PB2 MCD2 0
PC2 RAMTYP 0
PC4 BURST 1
PC6 PARITY 0

8 Mbytes

$00000000 to $007FFFFF

32 bits
128 bits
Supported

Not necessary

128K x 8 Static RAM

Byte, Word, Long word, Cache Line (16 bytes)

3-11
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3.3 The System EPROM Area

The first two read cycles after RESET of the microprocessor are fetches of the Initial Interrupt Stack
Pointer and the Initial Program Counter. These cycles are executed under addresses $0 and $4
respectively. A special control logic maps the System EPROM Area down to this address to start
the CPU from the installed EPROMs. As a result of this downmapping, the first two long words in
the EPROM must contain the following data:

$0 in EPROM Initial Interrupt Stack Pointer
$4 in EPROM Initial Program Counter

The data path of the System EPROM Area is 32 bits wide. The system EPROM consists of two 16
bit wide EPROM devices.

3.3.1 Memory Organization of the System EPROM Area

The memory organization of the System EPROM and the location number of the sockets are outlined
in the following figure. The one after that shows the location diagram of the sockets.

Figure 3-1: Memory Organization of the System EPROM Area

Long Word Address D31 D24 | D23 D16 | D15 D8 | D7 DO
Byte O Byte 1 Byte 2 Byte 3
$FFO0 0000
$FFO0 0000 $FFO0 0001 $FFO0 0002 $FFO0 0003
Byte 4 Byte 5 Byte 6 Byte 7
$FFO0 0004 ‘
$FFOO 0004 $FFO0 0005 $FFO0 0006 $FFO0 0007
uu um LM LL
J30 J30 J29 J29
UU = Upper Upper Byte in J3OB
UM = Upper Middle Byte in J30,
LM = Lower Middle Byte in J29 -
LL = Lower Lower Byte in J29

W
-
N



SECTION 3 HARDWARE USER’S MANUAL

Figure 3-2: Location Diagram of the System EPROM Area
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The following read only cycles can be forced to the System EPROM Area:
Byte: 8 Bits | Word: 16 Bits | Long Word: 32 Bits

The processor supports long word read instructions odd addresses, resulting in byte and word
accesses which meet the 68040 boundary requirements. If a user program must be burned into
EPROMs for CPU board usage, the data bytes must be burned into the different chips as shown
below.

Device Locations Address

Uu, UM: XXXO0 XXX1
J30 (UPPER) XXX4 XXX5
XXX8 XXX9

XXXC XXXD

LM, LL: XXX2 XXX3
J29 (LOWER) XXX6 XXX7
XXXA XXXB

XXXE XXXF

CAUTION

The bus size of the System EPROM Area cannot be changed. Two EPROMs must
always be used for proper operation.

Microprocessor interactive fetches can only be on addresses ($0,2,4,6, 8..). An]
Address Trap Error occurs if a program is started/executed on odd addresses §
($1,3,5,7...). ‘

Data can be read from any address; odd, even or unaligned in byte, word, or long word
format.

Write cycles to the EPROM Area are forbidden.

All chips must be the same device type and access time for usage in System EPROM
Area.

W
-
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Example for Data Transfers:
The following instruction is fully supported from the System EPROM Area:

MOVE.X ($FF0O0 000Y), DO

X = B = Byte 1 Byte
X = W = Word 2 Bytes
X = L = Long Word 4 Bytes
Y =0
Y = 1
Y = 2
Y = 3

All combinations of the listed instructions are allowed and possible.

3.3.2 Usable Device Types for the EPROM Area

The following device types or equivalent are supported by the System EPROM Area:

Device Device Capacity Total Capacity Default Configuration
27210 64K x 16 256 Kbytes
272048 128K x 16 512 Kbytes X
UNDEFINED 256K x 16 1 Mbyte
UNDEFINED 512K x 16 2 Mbytes

The default configuration, using 27210 devices, is provided for the installation of VMEPROM. The
following figure outlines the different jumper settings for the listed device types and the one to
follow shows the location diagram of Jumperfield B11 for device dependent configuration. The
Appendix of this Hardware User’s Manual lists a table of the usable pinouts for the System EPROM
Area if other devices than those listed must be used.

3-15
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Figure 3-3:

Configuration Jumper

Jumperfield B11

Jumpersetting:

Device:

Organization:

B11

[¢)
0

B11

B11

o—O0

o—o

27C210

27C2048

UNDEFINED

UNDEFINED

64K x 16

128K x 16

(DEFAULT)

256K x 16

512K x 16

Settings of System EPROM Area
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Figure 3-4: Location Diagram of Jumperfield B11 Configuration of the System
EPROM Area
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3.3.3 Access Time Selection of the System EPROM Area

The access time of the System EPROM Area is software programmable in the FGA-002 Gate Array.
It can be adapted to various access speeds of the EPROM devices. A complete description of the
FGA-002 Gate Array can be found in the related manual.

3.3.4 Address Map of the System EPROM Area
The start address of the System EPROM Area is mapped via the FGA-002 Gate Array and cannot

be changed. The size of this memory area depends on the memory capacity of the used devices.
The following table lists the address map of the EPROM area.

Table 3-1: Address Map of the EPROM Area

Start Address | End Address | Used Device | Total Capacity Default
Configuration
FFOO 0000 FFO3 FFFF 27210 256 KBYTES
FFOO 0000 FFO7 FFFF 272048 512 KBYTES X
FFOO 0000 FFOF FFFF UNDEFINED 1 MBYTE
FFOO 0000 FF1F FFFF UNDEFINED 2 MBYTES

3.3.5 Summary of the EPROM Area

Not Allowed Access with Function Code 111

Usable Data Bits D00 - D31
Supported Port Size Long Word

No. of Devices to be Installed 2

Upper Upper Byte J30

Upper Middle Byte J30

Lower Middle Byte J29

Lower Lower Byte J29

Maximum Capacity 2 Mbytes

Default Configuration for 128K * 16 Devices
Default Access Time 200ns

Access Address Range - $FFO0 0000 START

$FFO3 FFFF END

3-18
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3.4 The FLXibus
The CPU board can be used with or without an I/0 subsystem, called an "EAGLE" Module.

The EAGLE module increases the functionality of the board and adds extra I/O features to fit the
application requirement. EAGLE modules connect directly to the FLXi (FORCE Local eXpansion
interface) of the base board.

If your CPU board is assembled with an EAGLE module please refer to the "EAGLE Module” manual
which is shipped with this board and should be placed in Section 6 of this manual.

3.4.1 Introduction to the FLXibus

The FLXi (FORCE Local eXpansion interface) is a 32 bit interface with non-multiplexed data and
address lines.

An EAGLE module holds a FLXibus interface and an |/O interface (64 pins), which is directly
connected to row a and row c of the VMEbus P2 connector.

The aim of the EAGLE module concept is to be more flexible in the 1/0 part of the board. This avoids
the complete redesign of a board if new /O devices or customer specific solutions must be
implemented. When having several modules available we can take advantage of a basis contingent
for the design of new boards.

The EAGLE module has the ability to become master of the FLXi and therefore the devices on the

EAGLE module are able to transfer data to the "main memory" on the base board if they have DMA
capability.

Features of the FLXibus

° One or more identical or different EAGLE modules can be used on a base board. This CPU
board is capable of holding one EAGLE module.

® The EAGLE modules contain all necessary software which is stored in the on-board EPROMSs.

o The EAGLE module can become bus master (e.g. for DMA transfers) on the base board.

° Interrupts to the base boards are supported. |

] FLXibus definition is based on the 68020 asynchronous interface and supports frequencies
up to 50 MHz.

3-19
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3.5 The Local FLASH EPROM

The CPU board holds a 128K x 8 FLASH EPROM which allows data storage without the need of a
battery or supply via the +5VSTDBY VMEbus line.

3.5.1 Memory Organization of the FLASH EPROM

The FLASH EPROM is connected with the data lines D24 to D31. This device features a byte port.
The cycle control chip (CCC) between the 68040 processor and the FGA-002 simulates the dynamic
bus sizing, so that succeeding bytes seen by the microprocessor are handled in the same manner
as succeeding bytes for the FLASH EPROM. Byte, word, and long word accesses are managed by
the dynamic bus sizing of the microprocessor. For further details, please refer to the CCC
description.

Data can be read from any address; odd, even or unaligned in byte, word, or long word format, and
written to any address in byte format.

Example for Data Transfers:

The following instruction is fully supported from the FLASH EPROM Area:

MOVE.X ($FFC8 000Y), DO

X = B = Byte 1 Byte
X = W = Word 2 Bytes
X = L = Long Word 4 Bytes
Y=0
Y=1
Y =2
Y =3
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3.5.2 Programming the FLASH EPROM

The software and hardware to erase and program the FLASH EPROM is installed on the CPU board.
For detailed information on how to program the FLASH EPROM, please refer to the CPU-40
VMEPROM description which is located in Section 7 and Section 8 of this manual.

Before programming the FLASH EPROM the write protection jumper on jumperfield B16 must be set
from 1-2 to 2-3. The following page shows the location of jumperfield B16.

3.5.3 Address Map of the FLASH EPROM

The address range of the FLASH EPROM Area is mapped via the FGA-002 and a PAL and is
unchangeable.

3.5.4 Summary of the Local FLASH Memory

Not Allowed Access with Function Code 111

Supported Port Size Byte

Capacity 128 Kbytes

Chip Organization 128K x 8

Access Time 200ns

Access Address $FFC80000 to FFCOFFFF

3.5.5 Jumper Settings for B16

1 o Write disabled = 1 - Write enabled
| Write Protection
o (Default) o
|
o o

3-21



SYS68K/CPU-40/41 USER'S MANUAL FORCE COMPUTERS

3.5.6 Location Diagram of Jumperfield B16
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3.6 The Local SRAM

The SRAM allows the user to retain data even when the power supply is switched off. A battery
provides the voltage for the SRAM standby mode. With Jumper B20, it is possible to select either
the on board battery or the + 5VSTDBY of the VMEbus for backup supply.

3.6.1 Memory Organization of the User SRAM

This device features a byte port. External hardware simulates the dynamic bus sizing, so that
succeeding bytes seen by the microprocessor are handled in the same manner as succeeding bytes
for the Local SRAM. Byte, word, and long word accesses are managed by the dynamic bus sizing

of the external hardware.

Data can be read from and written to any address; odd, even or unaligned in byte, word, or long
word format.

Example for Data Transfers:

The following instruction is fully supported from the SRAM Area:

MOVE.X ($FFCO 000Y), DO

X = B = Byte 1 Byte
X = W = Word 2 Bytes
X = L = Long Word 4 Bytes
Y=0
Yy=1
Y =2
Y =3
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All combinations of the listed instructions are allowed and possible.

This SRAM can be used to save special settings of the FGA-002 as described in Section 7,

"Introduction to VMEPROM" of this manual.

The following figure shows the location diagram of Jumperfield B20 for the backup supply. The

default configuration uses the on board battery.

Please note that the Real Time Clock on the CPU board is supplied via the same jumperfield.

R1
1 | 8 | Battery is connected to
1 | Backup Supply Line
o (default)
B20
1 | & | +5VSTDBY is connected to
1" | Backup Supply Line
o

1

)
i

B20

Battery is cut from
Backup Supply Line

+5VSTDBY is cut from
Backup Supply Line
(default)

NOTE

The battery is not installed on the CPU board to avoid damage during shipment.

CAUTION

If the special settings for the FGA-002 which are stored in the SRAM are used, these settings

will be erased when

a) removing the jumper on jumperfield B1 or disassembling the battery

and

b) removing the jumper on jumperfield B20 or removing the board from the

VMEbus.
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Figure 3-5: Location Diagram of the Backup Supply Jumperfield B1 and B20
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3.6.2 The Address Map of the SRAM Area

The address range of the SRAM Area is mapped via the FGA-002 and a PAL and is unchangeable.
The SRAM is used by the boot software and therefore not fully available to the user. Please refer
to the FGA-002 User’s Manual, Section 10, Boot Software.

3.6.3 Summary of the SRAM Area

Not Allowed Access with Function Code 111

Supported Port Size Byte

Capacity 128 Kbytes

Chip Organization 128K * 8 Devices

Access Time 100ns

Access Address $FFCO 0000 - $FFC1 FFFF
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3.7 The Boot EPROM

The CPU board contains one 28-pin EPROM which is used to boot up the processor and run a
program to initialize register contents of the FGA-002 Gate Array. This program finishes in such a
manner that the System EPROM appears to have booted the CPU Board. The device type of the
Boot EPROM is 27512 with the total memory capacity of 64 Kbytes. The location is J15.

For more detailed information over the Boot EPROM, please refer to Section 710, "Boot Software
Description" of the FGA-002 Users Manual.

The figure on the page to follow displays the location of the Boot EPROM on the CPU board.

3.7.1 Summary of the Boot EPROM Area

Access Not Allowed with Function Code 111

Supported Port Size Byte

No. of Devices to be installed 1

Maximum Capacity 64 Kbytes

Default Access Time 200ns

Access Address $FFEO 0000 - $FFEO FFFF
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Figure 3-6: Location Diagram of the Boot EPROM
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3.8 The DUSCC 68562

The Dual Universal Serial Communications Controller 68562 (DUSCC) is a single-chip MOS-LSI
communications device that provides two independent, multiprotocol, full duplex receiver/
transmitter channels in a single package. Each channel consists of a receiver, a transmitter, a 16
bit multifunction counter/timer, a digital phaselocked loop (DPLL), a parity/CRC generator and
checker, and associated control circuits.

Features of the DUSCC

L Dual full-duplex synchronous/asynchronous receiver and transmitter

L] Multiprotocol operation consisting of:
BOP: HDLC/ADCCP, SDLC, SDLC Loop, X.25 or X.75 link level
COP: BISYNC, DDCMP, X.21
ASYNC: 5-8 bit plus optional parity

] Programmable data encoding formats: NRZ, NRZI, FMO, FM1, Manchester

° 4 character receiver and transmitter FIFOs

° Individual programmable baud rate for each receiver and transmitter

° Digital phase locked loop

° User programmable counter/timer

° Programmable channel modes full/half duplex, auto echo, local loopback

] Modem control signals for each channel: RTS, CTS, DCD
° CTS and DCD programmable auto enables for Receiver (RX) and Transmitter (TX)

° Programmable interrupt on change of CTS or DCD
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3.8.1 Address Map of the DUSCC1 Registers

The following tables contain the complete register map of the DUSCC1.

Table 3-2: Serial 1/0 Port #1 (DUSCC1) Register Address Map

Port Base Address: $FF802000
Address Offset | Reset

HEX HEX Value | Mode Label Description
$FF802000 00 00 R/W DUSCMR1 Channel Mode Reg 1
$FF802001 01 00 R/W DUSCMR2 Channel Mode Reg 2
$FF802002 02 - R/W DUSSS1R SYN1/Secondary Adr Reg 1
$FF802003 03 - R/W DUSS2R SYN2/Secondary Adr Reg 2
$FF802004 04 00 R/W DUSTPR Transmitter Parameter Reg
$FF802005 05 - RW DUSTTR Transmitter Timing Reg
$FF802006 06 00 R/W DUSRPR Receiver Parameter Reg
$FF802007 07 - R/W DUSRTR Receiver Timing Reg
$FF802008 08 -- R/W DUSCTPRH | Counter/Timer Preset Reg H
$FF802009 09 - R/W DUSCTPRL | Counter/Timer Preset Reg L
$FF80200A OA - R/W DUSCTCR Counter/Timer Control Reg
$FF80200B oB 00 R/W DUSOMR Output and Miscellaneous Reg
$FF80200C oC - R DUSCTH Counter/Timer High
$FF80200D oD - R DUSCTL Counter/Timer Low
$FF80200E OE 00 R/W DUSPCR Pin Configuration Reg
$FF80200F OF - R/W DUSCCR Channel Command Reg
$FF802010 10
$FF802011 11
$FF802012 12 - w DUSTFIFO Transmitter FIFO
$FF802013 13
$FF802014 14
$FF802015 15
$FF802016 16 - R DUSRFIFO Receiver FIFO
$FF802017 17
$FF802018 18 00 R/W DUSRSR Receiver Status Reg
$FF802019 19 00 R/W DUSTRSR Transmitter/Receiver Stat Reg
$FF80201A 1A - R/W DUSICTSR Input + Counter/Timer Stat Reg
$FF80201C 1C 00 R/W DUSIER Interrupt Enable Reg
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Table 3-3: Serial 1/0 Port #2 (DUSCC1) Register Address Map

Port Base Address: $FF802000

Address Offset | Reset

HEX HEX Value | Mode Label Description
$FF802020 00 00 R/W DUSCMR1 Channel Mode Reg 1
$FF802021 01 00 R/W DUSCMR2 Channel Mode Reg 2
$FF802022 02 -- R/W DUSSS1R SYN1/Secondary Adr Reg 1
$FF802023 03 - R/W DUSS2R SYN2/Secondary Adr Reg 2
$FF802024 04 00 R/W DUSTPR Transmitter Parameter Reg
$FF802025 05 - R/W DUSTTR Transmitter Timing Reg
$FF802026 06 00 R/W DUSRPR Receiver Parameter Reg
$FF802027 07 - R/W DUSRTR Receiver Timing Reg
$FF802028 08 - R/W DUSCTPRH | Counter/Timer Preset Reg H
$FF802029 03 -- R/W DUSCTPRL | Counter/Timer Preset Reg L
$FF80202A OA - R/W DUSCTCR Counter/Timer Control Reg
$FF80202B OB 00 R/W DUSOMR Output and Miscellaneous Reg
$FF80202C ocC - R DUSCTH Counter/Timer High
$FF80202D oD - R DUSCTL Counter/Timer Low
$FF80202E OE 00 R/W DUSPCR Pin Configuration Reg
$FF80202F OF - R/W DUSCCR Channel Command Reg

$FF802030 | 10+
$FF802031 | 11|
$FF802032 | 12| - W DUSTFIFO | Transmitter FIFO
$FF802033 | 134
$FF802034 | 14+
$FF802035 | 15 |

$FF802036 16 | - R DUSRFIFO Receiver FIFO

$FF802037 174

$FF802038 18 00 R/W DUSRSR Receiver Status Reg
$FF802039 19 00 R/W DUSTRSR Transmitter/Receiver Stat Reg
$FF80203A 1A - R/W DUSICTSR Input + Counter/Timer Stat Reg
$FF80203C 1C 00 R/W DUSIER Interrupt Enable Reg

Table 3-4: Ports #1 and #2 (DUSCC1) Common Register Address Map

Port Base Address: $FF802000
Address Offset | Reset
HEX HEX Value | Mode Label Description
$FF80201B 1B 00 R/W DUSGSR General Status Register
$FF80201E 1E OF R/W DUSIVR Interrupt Vec Reg Unmodified
$FF80201F 1F 00 R/W DUSICR Interrupt Control Register
$FF80203E 3E OF R DUSIVRM Interrupt Vec Reg Modified
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3.8.2 RS232 Hardware Configuration of Port #1 and #2

Ports #1 and #2 are built around the DUSCC (J19). The DUSCC is connected to the local 8 bit data

bus.

The RS232 interfaces of port #1 and #2 are identical except that port #1 is additionally wired to a
0Q resistor field which allows connection to the VMEbus P2 connector. The 0Q resistors are not
installed in the default configuration because it may conflict with the EAGLE module. All RS232
driver and receivers are installed in the default configuration.

connected to the VME connector P2 as follows:

Signal | Input | Output VME Connector P2 Description
DCD X c29 Data Carrier Detect
RXD X c30 Receive Data

TXD X c31 Transmit Data

DTR X c32 Data Terminal Ready
DSR X X a29 Data Set Ready

RTS X a30 Request to Send
CTS X a31 Clear to Send

GND a32 Signal GND

The individual 1/O signal assignment of ports #1 and #2 are listed as follows:

Signal | Input | Output | 9 Pin D-Sub Connector Description
DCD X 1 Data Carrier Detect
RXD X 2 Receive Data

TXD X 3 Transmit Data

DTR X 4 Data Terminal Ready
GND 5 Signal GND

DSR X X 6 Data Set Ready

RTS X 7 Request to Send
CTS X 8 Clear to Send

GND 9 Signal GND

w
w
NI

FORCE COMPUTERS

The 1/O signals of port #1 are
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The following figure shows the location diagram of the 0Q resistor fields R563 to R569 and the
figure afterwards displays the connection between the DUSCC and the VMEbus Connector P2, and
the Micro D-Sub connector.

CAUTION

Before installing the 0Q resistors to generate the port #1 availability on the VMEbus P2
Connector, please make sure that the EAGLE module which is being used does not occupy the
VMEbus P2 signals ¢29 to ¢32 and a29 to a32. Otherwise the board will be damaged.
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Figure 3-7: Location Diagram of the 0Q Resistors R563 to R569
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Figure 3-8: RS232 Connection Between DUSCC1 and VMEbus Connector P2
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32 |17 ——© CCE
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Figure 3-9: RS232 Connection Between DUSCC1 and Micro D-Sub Connector
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The devices are labeled as shown in the following chart.

Port# Channel Ba Bb Pa Connector
1 a B3 Bb5 PD1 1/VME P2
2 b B4 B6 PD2 2

The next figure shows the pinout of the Micro D-Sub connector for RS232. The figure on the next
page displays the location of the RS232 configuration jumperfields. The default setting of the
RS232 configuration jumperfield is shown in the next table.

Figure 3-10: Pinout of the Micro D-Sub and D-Sub Connector for R§232

A) Micro DSUB Male Connector Soldered B) Micro DSUB and DSUB Female Connectors
on the CPU Board on the Adapter/Terminal Cable
RsS232 RS232
Pa Pa
O 1| bco O s| GND
psR (60 GND (30
O 2| rxD QO 4| DTR
rts | 70 cTs | 80
O 3| TxD O 3| ™D
c1s | 80 RTs | 70
O a4l otR O 2| axD
GnD \ 5O DSR \ 60
w GND w DCD

(f)
W
(-}]
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Figure 3-11: Location Diagram of RS232 Configuration Jumperfields B3, B4,
B5, and B6
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Table 3-5: Default Setting of RS232 Configuration Jumperfields

B3, B4 B5, B6
1|8 o |16 1 9

2 o—o |15 2 o
3|0 o |14 3 o

4 | o o |13

5 | o o |12

6 | o o |11

3.8.3 Cable for the Micro D-Sub Connector

The CPU board is delivered with one 9-pin Micro D-Sub to 9-pin D-Sub Adapter Cable. Additional
cables or a 9-pin Micro D-Sub to 25-pin D-Sub Adapter Cable are available from FORCE
COMPUTERS.

3.8.4 RS422/RS485 Hardware Configuration of Ports #1 and #2

The CPU board is delivered with RS232 compatible interface buffers installed on all serial 1/0 ports.
It is possible to reconfigure 1/0 ports #1 and #2 to be RS422/RS485 compatible. Termination
resistors can be installed to adapt various cable lengths and reduce reflections. The resistor value
is user application dependent. A recommended value for all resistors is 1 KOHM. The
RS422/RS485 interfaces of ports #1 and #2 are identical except that port #1 is additionally wired
to a 0Q resistor field which allows connection to the VMEbus P2 connector.
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The 0Q resistors are not installed in the default configuration because it may conflict with the EAGLE
module.

Signal Input Output | VME Connector P2 Description
TXD- X c29 Transmit Data
RTS- X c30 Request to Send
CTS+ X c31 Clear to Send
RXD + X c32 Receive Data
TXD + X a29 Transmit Data
RTS + X a30 Request to Send
CTs- X a31 Clear to Send
RXD- X a32 Receive Data

The next figure shows the location diagram of the 0Q resistors R563 to R569 and the figure
afterwards displays the connection between the DUSCC1 and the VMEbus connector.

CAUTION

Before installing the 0Q resistors to generate the port #1 availability on the VMEbus P2
Connector, please make sure that the EAGLE module which is being used does not occupy the
VMEbus P2 signals ¢29 to ¢32 and a29 to a32. Otherwise the board will be damaged.

The devices are labeled according to the following chart.

Port# | Channel Ba Bb Pa Connector Resistor Array
1 a B3 B5 PD1 1/VMEbus P2 J22
2 b B4 B6 PD2 2 J23
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Figure 3-12: Location Diagram of the 0Q Resistors R563 to R569
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Connection between DUSCC1 and VMEbus
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Figure 3-13: RS422/RS485
Connector P2

DUSCC FHOO3
68562
CHANNEL
A | B
Pin No. [PIn No. o Ba
36 | 13 ; .
41 | o8 2o %ﬁ "zti
33 18 2100 oo
34 |15 21 &2

arc | 12
39 | 10 o O

TRC B 11
40 | 09 o 0O

:€D 10 1o<j:

32 |17 [ 2o °
44 | 05 ¢
38 | 11 =

RXD 07/‘
37 | 12 <

1O, -0 3O, J; DRORONOY i .

22

Table 3-6: RS422/RS485 Configuration Jumperfield Settings

B3, B4

3] o o |14
4| o o |13
5] o o |12

6| o o |11

B5, B6

341




SYS68K/CPU-40/41 USER’S MANUAL

FORCE COMPUTERS

Figure 3-14: RS422/RS485 Pinout of the Micro D-Sub and D-Sub Connectors

A) Micro DSUB Male Connector

RS422/ R5485

TXD+

RTS+

CTS-

RXD-

(BO

02
70

O3
8 O

O4
50O

Os

Pa

o

Soldered on the CPU Board

TXD-

RTS-

CTS+

RXD+

RXD-

B) Micro DSUB and DSUB Female Connectors

RS422/R5485

RXD-

CTS-

RTS+

TXD+

Pa

o5

S0

O4
80
70

60

on the Adapter/Terminal Cable

RXD-

RXD+

CTS+

RTS-

TXD-

The following table shows the PCB locations and devices that have to be inserted according to the

RS232/RS422/RS485 configuration.

Table 3-7: PCB Locations for the RS232/RS422/RS485 Configuration

RS232 Devices RS422/RS485 Devices
Port #
Driver and Receiver FH002 Driver and Receiver FHO03 Resistor Array Ja
1 J20 J20 J22
2 J21 J21 J23

The RS422/RS485 compatible interface supports TXD, RXD, RTS, CTS with differential outputs and
inputs. The port occupies the same eight pins of the P2 connector as in the RS232 compatible
configuration, but with a different signal association. The following figure displays the location
diagram for the RS232/ RS422/RS485 driver/receiver J22 and resistor array J23.
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Figure 3-15: Location Diagramof R§422/RS485 Configuration Jumperfields B3,
B4, B5, and B6
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Figure 3-16: Location Diagram of R§232/RS422/RS485 Driver/Receivers J20
and J21 plus Resistor Arrays J22 and J23

° 0 [j [’"l bdl=EE
D e
- M
3| T =
A 32 ==
[ X ki P T e .
o \UO] ~
i =T
: | * il
—l 5L & B é
: j ———= e R
= | —
3 “H 0 = {j s
)
L [@ o> S
] T § J23 o =TT
1 > L ¥ = | (a [
A ) 2
s G 8
L 1™
3
glCe]¥ Q | ﬂ“
lj 1 ez
J24 E
el ]
e ] )
Al =
J 9 o N
o &0 ~ l Tz
o

344



SECTION 3 HARDWARE USER’S MANUAL

WARNING
1) Please make sure that the jumper setting is adapted to the user driver module.
2) Any mistakes could ruin the inserted component upon board powerup.

3.8.5 RS232 and RS422/RS485 Driver Modules FHO02 and FHO03

To save space and to be able to vary the interface, FORCE COMPUTERS has developed the RS232
and RS422/RS485 modules with the FHO02 and FHO03. These 21-pin SIL modules are installed
with sockets so that they may be easily changed. The default jumper setting on the CPU board for
the RS232 module is as shown below:

B3, B4 B5, B6
1 Qg O |16 1
2 o—o0 |15 2 o
3 o o |14 3 o)

4 | o o |13

5| o o |12

6 | o o |11

3.8.6 Summary of DUSCC1

Device 68562 DUSCC

Access Address $FF802000

Port Width Byte

Interrupt Request Level Software programmable
FGA-002 Interrupt Level Local IRQ #4
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3.8.7 Address Map of the DUSCC2 Registers
The following tables contain the complete register map of DUSCC2.

Table 3-8: Serial 1/0 Port #3 (DUSCCZ2) Register Address Map

Port Base Address : $FF802200
Address Offset || Reset [[Mode Label " Description
HEX HEX Vaiue

$FF802200 00 00 | R/W ] DUSCMR1 [Channel Mode Reg 1
$FF802201 01 00 ||R/W| DUSCMR2 |[Channel Mode Reg 2
$FF802202 02 -- R/W DUSSSTR |[[SYN1/Secondary Adr Reg 1
$FF802203 03 -- R/W DUSS2R |ISYN2/Secondary Adr Reg 2
$FF802204 04 00 R/W DUSTPR Transmitter Parameter Reg
$FF802205 05 - R/W DUSTTR |Transmitter Timing Reg
$FF802206 06 00 R/W DUSRPR Receiver Parameter Reg
$FF802207 07 - R/W DUSRTR |Receiver Timing Reg
$FF802208 08 - R/W || DUSCTPRH [[Counter/Timer Preset Reg H
$FF802209 09 - R/W || DUSCTPRL ([[Counter/Timer Preset Reg L
$FF80220A OA -- R/W | DUSCTCR [[Counter/Timer Control Reg
$FF80220B oB 00 ||R/W DUSOMR |[Output and Miscellaneous Reg
$FF80220C oC -- R DUSCTH ([[Counter/Timer High
$FF80220D oD - R DUSCTL (|Counter/Timer Low
$FF80220E OE 00 || R/W DUSPCR |Pin Configuration Reg
$FF80220F OF - R/W DUSCCR |[Channel Command Reg
$FF802210 104
$FF802211 11|
$FF802212 12| - w DUSTFIFO |[Transmitter FIFO
$FF802213 13-
$FF802214 14+
$FF802215 15 |
$FF802216 16 |
$FF802217 174 - R DUSRFIFO |[Receiver FIFO
$FF802218 18 00 [ R/W DUSRSR |Receiver Status Reg
$FF802219 19 00 | R/W| DUSTRSR [Transmitter/Receiver Stat Reg
$FF80221A 1A - R/W | DUSICTSR [input + Counter/Timer Stat Reg
$FF80221C 1C 00 |R/W DUSIER Interrupt Enable Reg
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Table 3-9: Serial I/O Port #4 (DUSCC2) Register Address Map

Port Base Address : $FF802220
Address | Offset [|[Reset||Mode Label Description
HEX HEX [[Value
$FF802220| 00 00 || R/W || DUSCMR1 [[Channel Mode Reg 1
$FF802221 01 00 || R/W || DUSCMR2 [[Channel Mode Reg 2
$FF802222| 02 - [[R/W ]| DUSSS1R [[SYN1/Secondary Adr Reg 1
$FF802223}) 03 - {{R/W || DUSS2R |[SYN2/Secondary Adr Reg 2
$FF802224)| 04 00 | R/W || DUSTPR |[Transmitter Parameter Reg
$FF802225| 05 - ||RW || DUSTTR [[Transmitter Timing Reg
$FF802226| 06 00 [fR/W | DUSRPR {Receiver Parameter Reg
$FF802227| 07 - ||R/W{ DUSRTR |[Receiver Timing Reg
$FF802228| 08 -- || R/W || DUSCTPRH |[Counter/Timer Preset Reg H
$FF802229| 09 - || R/W || DUSCTPRL [[Counter/Timer Preset Reg L
$FF80222Af OA - [|R/W I DUSCTCR |iCounter/Timer Control Reg
$FF80222B| OB 00 |R/W || DUSOMR [Output and Miscellaneous Reg
$FF80222C| OC -- R DUSCTH |Counter/Timer High
$FF80222D| OD -- R DUSCTL |Counter/Timer Low
$FF80222E| OE 00 ||R/W | DUSPCR |[Pin Configuration Reg
$FF80222F|f OF - ||RW | DUSCCR [[Channel Command Reg
$FF802230( 104
$FF802231J 11|
$FF802232( 12| -- W |[ DUSTFIFO [Transmitter FIFO
$FF802233| 13-
$FF802234 (| 14+
$FF802235( 15 |
$FF802236| 16 |
$FF802237| 174 - R DUSRFIFO |Receiver FIFO
$FF802238 18 00 ||R/W | DUSRSR [Receiver Status Reg
$FF802239| 19 00 [|R/W | DUSTRSR |[Transmitter/Receiver Stat Reg
$FF80223A( 1A - ||R/W || DUSICTSR [Input + Counter/Timer Stat Reg
$FF80223Cf 1C 00 ||R/W DUSIER Ilnterrupt Enable Reg '
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Table 3-10: Ports #3 and #4 (DUSCC2) Common Registers Address Map

Port Base Address : $FF802200
Address || Offset ||Reset|Mode Label Description
HEX HEX ||Value
$FF80221B|| 1B 00 | R/W || DUSCMR1 |[Channel Mode Reg 1
$FF80221E 1E OF || R/W || DUSCMR2 [[Channel Mode Reg 2
$FF80221F 1F 00 ||R/W || DUSSS1R |ISYN1/Secondary Adr Reg 1
$FF80223E| 3E OF R DUSS2R |[ISYN2/Secondary Adr Reg 2

3.8.8 RS232 Hardware Configuration of Ports #3 and #4

Ports #3 and #4 are built around the DUSCC (J24).

DUSCC2 is connected to the local 8 bit data

bus and is accessible in the byte mode. The RS232 interfaces of port #3 and #4 which are wired
to the two 9-pin Micro D-Sub connectors (named "3" and "4") on the front panel are identical. All

RS232 driver and receivers are installed in the default configuration.

assignment of the two channels is listed as follows:

Signal | Input | Output

9 Pin D-Sub Connector

Description

DCD X
RXD X
TXD
DTR
GND
DSR X
RTS
CTS X
GND

xX X

X X

OCoONOADWN =

Data Carrier Detect
Receive Data
Transmit Data

Data Terminal Ready
Signal GND

Data Set Ready
Request to Send
Clear to Send

Signal GND

The individual 1/O signal

The following figure displays the connection between DUSCC2 and the D-Sub connectors.
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Figure 3-17: Connection Between DUSCC2 and D-Sub Connector for RS232
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The devices are labeled as shown in the following chart.
Port # Channel Ba Bb Pa Connector
3 a B7 B9 PD3 3
4 b B8 B10 PD4 4

"Location Diagram of the RS232 Configuration Jumperfields" is found in the figure on the next page.
The default setting of the RS232 configuration jumperfield is shown in the next table.
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Figure 3-18: Location Diagram of RS232 Configuration Jumperfields B7
through B10
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The following is the displayed pinout of the D-Sub connector for R§232 Configuration.

Figure 3-19: RS232 Pinout of the Micro D-Sub and D-Sub Connectors

A) Micro DSUB Male Connector Soldered B) Micro DSUB and DSUB Female Connectors
on the CPU Board on the Adapter/Terminal Cable
RS232 RS232
Pa Pa
ﬁ? DCD O 5| GND
psr (60 GND (30
O2f rxD O 4| oTR
rRTs | 70 cTs | 80
O 3| ™xD O 3| T™xD
cts | 80O RTS | 70
O 4| DTR O 2| rRXD
GND \ 83O DSR \ 60
Os| GnD w DCD

Table 3-11: Default Setting of the R§232 Configuration Jumperfields

B7, B8 B9, B10O
1 g o |16 1 o
2 o—o |15 2 (o)
3 o o |14 3 (o}
4 o o |13

5] o o |12

6 | o o |11
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3.8.9 Cable for the Micro D-Sub Connector

The CPU board is delivered with one 9-pin Micro D-Sub to 9-pin D-Sub Adapter Cable. Additional
cables or a 9-pin Micro D-Sub to 25-pin D-Sub Adapter Cable are available by order from FORCE
COMPUTERS.

3.8.10 RS422/RS485 Hardware Configuration of Port #3 and #4

The CPU board is delivered with RS232 compatible interface buffers installed on all serial 1/0 ports.
It is possible to reconfigure 1/O ports #3 and #4 so that they are RS422/RS485 compatible.
Termination resistors can be installed to adapt various cable lengths and reduce reflections. The
resistor value is user application dependent. A recommended value for all resistorsis 1 KOHM. The
I/0 signal assignment of each of the channels is listed as follows:

Signal Input Output 9 Pin D-Sub Connector Description
TXD- X 1 Transmit Data
RTS- X 2 Request to Send
CTS+ X 3 Clear to Send
RXD + X 4 Receive Data
RXD- X 5 Receive Data
TXD + X 6 Transmit Data
RTS+ X 7 Request to Send
CTs- X 8 Clear to Send
RXD- X 9 Receive Data

The next figure displays the connection between DUSCC2 and D-Sub connectors.
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Figure 3-20: Connection between DUSCC2 and Micro D-Sub Connector for
RS422/RS485
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The devices are labeled according to the following chart.

Port # Channel Ba Bb Pa Connector
3 a B7 B9 PD3 3
4 b B8 B10 PD4 4
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Figure 3-21: Location Diagram of RS422/RS485 Configuration Jumperfields B7
through B10
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Figure 3-22: RS422/RS485 Pinout of the Micro D-Sub and D-Sub Connectors

A) Micro DSUB Male Connector B) Micro DSUB and DSUB Femaie Connectors

Soldered on the CPU Board on the Adapter/Terminal Cable

RS422/ R5485 RS422/ R5485

Pa Pa

O1| TXD- O 5| RXD-
™o+ (680 RXD- (80O

Oz| rTs- O 4| RXD+
RTs+ | 70 cTs- | 80

O3] cTs+ QO 3| CTs+
cts- | 80 RTS+ | 70

Q4| rxD+ QO 2| RTS-
rxD- \ 9O T™XD+ \ 60O

Os| rxbp- O 1| TXD-

Table 3-12: RS422/RS485 Configuration Jumperfield Setting

B7, B8 B9, B10
1|8 o |16
2 | o—o |15
3|0 o |14 o
4 | o o |13
5| o o |12
6 | o o |11
7 o o |10
8 | o—o | 9
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The following table shows the PCB locations and devices that have to be inserted according to the
RS232/RS422/RS485 configuration.

Table 3-13: PCB Locations for RS232/RS422/RS485 Configuration

RS232 Devices RS422/RS485 Devices
Port #
Driver and Receiver FH002 Driver and Receiver FHO03 Resistor Array Ja
3 J2s J28 Jaz7
4 J26 J26 J28

The RS422/RS485 compatible interface supports TXD, RXD, RTS, CTS with differential outputs and
inputs. Each port occupies the same nine pins of the D-Sub connector as in the RS232 compatible
configuration, but with a different signal association. The following figure displays the location
diagram for the RS232 RS422/RS485 driver/receiver J25/J26 and resistor arrays J27/J28.

WARNING

1) Please make sure that the jumper settings are adapted to the user driver module.
2) Any mistakes could ruin the inserted component upon board powerup.
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Figure 3-23: Location Diagram of RS232/RS422/RS485 Driver/Receiver
J25/J26 and Resistor Arrays J27/J28
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3.8.11 RS232 and RS422/RS485 Driver Modules FHO02 and FHO03

To save space and to be able to vary the interface, FORCE COMPUTERS has developed the RS232
and RS422/RS485 modules with the FHOO02 and FHO03. These 21-pin SIL modules are installed
with sockets so that they may be easily changed. The default jumper setting on the CPU board for
the RS232 module is as shown below:

B7, B8 B9, B1O
1 g o |16 1
2 o—o0 |15 2 (e)
3 o o (14 3 o

4 | o o |13

5] o o |12

6 | o o |11

3.8.12 Summary of DUSCC2

Device 68562 DUSCC

Access Address $FF802200

Port Width Byte

Interrupt Request Level Software programmable
FGA-002 Interrupt Channel Local IRQ #5

w
(53}
-3}
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3.9 The PI/T 68230

The MC68230 Parallel Interface/Timer provides versatile double buffered parallel interfaces and an
operating system oriented timer. The parallel interfaces operate in unidirectional or bidirectional
modes, either 8 or 16 bits wide. The PI/T contains a 24 bit wide counter and a 5 bit prescaler.

Features of the PI/T

o MC68000 Bus Compatible

° Port Modes Include: Bit /0
Unidirectional 8 bit and 16 bit
8 bit and 16 bit

° Selectable Handshaking Options

° 24 bit Programmable Timer

° Software Programmable Timer Modes

° Contains Interrupt Vector Generation Logic

] Separate Port and Timer Interrupt Service Requests

° Registers are Read/Write and Directly Addressable
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3.9.1 Address Map of the PI/T1 Registers

PI/T1 is accessible via the 8 bit local I/O bus (byte mode). The following table shows the register

layout of the PI/T1.

Table 3-14: PI/T1 Register Layout

Default 1/0 Base Address: $FF80 0000
Default Offset: $0000 0C00
Default Name: PI_T1
Address Offset Reset

HEX HEX Value Label Description
FF800CO00 00 00 PIT1 PGCR Port General Control Register
FF800CO1 01 00 PIT1 PSRR Port Service Request Register
FF800CO02 02 00 PIT1 PADDR | Port A Data Direction Register
FF800CO03 03 00 PIT1 PBDDR | Port B Data Direction Register
FF800C04 04 00 PIT1 PCDDR | Port C Data Direction Register
FF800CO05 05 00 PIT1 PIVR Port Interrupt Vector Register
FF800CO06 06 00 PIT1 PACR Port A Control Register
FF800CO7 07 00 PIT1 PBCR Port B Control Register
FF800CO08 08 -- PIT1 PADR Port A Data Register
FF800CO09 09 -- PIT1 PBDR Port B Data Register
FF8OOCOA OA -- PIT1 PAAR Port A Alternate Register
FF800COB 0B -- PIT1 PBAR Port B Alternate Register
FF800COC oC -- PIT1 PCDR Port C Data Register
FF800COD oD -- PIT1 PSR Port Status Register
FF800C10 10 00 PIT1 TCR Timer Control Register
FF800C11 11 OF PIT1 TIVR Timer Interrupt Vector Register
FF800C12 12 -- PIT1 CPR Counter Preload Register
FF800C13 13 - " "
FF800C14 14 - " "
FF800C15 15 - " "
FF800C16 16 - PIT1 CNTR Count Register
FF800C17 17 - " "
FF800C18 18 -- " "
FF800C19 19 - " "
FF800C1A 1A 00 PIT1 TSR Timer Status Register
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3.9.2 1/0 Configuration of PI/T1

The following table lists all I/O signals connected to PI/T1. The functions of these signals are
described in the corresponding chapter. Additional information is provided in the PI/T data sheet,
included in Section No. 5, "COPIES OF DATA SHEETS".

Table 3-15: PI/T1 Interface Signals

PI/T1 1/O Pin PI/T Signal Name Connected Signal Input/Output
4 PAO Rotary Switch 1 |
5 PA1 " |
6 PA2 " |
7 PA3 "o |
9 PA4 Rotary Switch 2 |
10 PAS " |
11 PAG " |
12 PA7 " |
14 H1 Reserved -
15 H2 Reserved -
16 H3 Reserved -
17 H4 Reserved -
18 PBO 0]
19 PB1 0
22 PB2 A31..A24 0
23 PB3 Control 0
24 PB4 for 0
25 PB5 Accesses in 0
26 PB6 Slave Mode o)
27 PB7 0]
34 PCO Reserved -
35 PC1 Reserved -
36 PC2 Reserved -
37 PC3 Timer IRQ 0]
38 PC4 Lock Cycles 0]
39 PC5 Reserved -
40 PCé6 Reserved -
41 PC7 Reserved -
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3.9.3 Rotary Switches

There are two rotary switches installed on the front panel of the CPU board. The position of each
switch can be read in via port A of the PI/T1. The next figure outlines the front panel and the
position of the rotary switches. Each rotary switch covers four bits. Therefore, each switch holds
16 positions and the code shown on the switch (i.e., 0-9 and A-F) can be read from the line PAO-
PA3 (SW1) and PA4-PA7 (SW2) of PI/T1. The following lists the input signals of PI/T1 in relation
to the rotary switch signals.

Rotary Switch Signals Assignment

PI/T1 Signal | Rotary Switch | Bit Data Bit of PI/T Port A
PAO SW1/1 0 0
PA1 SW1/2 1 1
PA2 SW1/3 2 2
PA3 SW1/4 3 3
PA4 SW2/1 4 4
PAbS SW2/2 5 5
PAG6 SW2/3 6 6
PA7 Sw2/4 7 7

For application programs, the rotary switches can be used as a general purpose input channel for
diagnostics, configuration selection, or automatic system boot with different configurations.
VMEPROM uses the rotary switches for automatic configuration.

NOTE: The rotary switches serve a special function in conjunction with the RESET
and ABORT switches. This functionality is built into the BOOT EPROM and
is described in detail in the BOOT Software description of the FGA-002
User’s Manual.




SECTION 3

HARDWARE USER’'S MANUAL

Figure 3-24: CPU Board Front Panel and Rotary Switch Positions
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3.9.4 Lock Cycles

On the initial cycle of a line access, a retry causes the MC68040 processor to retry the bus cycle.
A retry signaled during the second, third, or fourth cycle of a line transfer is recognized by the
processor as a bus error, and causes the processor to abort the line transfer and start an access fault
exception subroutine.

When the local MC68040 wants to access a slave on the VMEbus and has already been granted the
local bus, and a master on the VMEbus wants to access the MC68040’s Shared Memory and has
already been granted the VMEbus, a bus collision occurs. In this case the FGA-003 signals a retry
to the MC68040 to resolve the collision on hardware level. It is not necessary that software
observes this event.

When a bus collision occurs during the second, third, or fourth cycle of a line transfer, where the
processor is not able to retry the cycle, the MC68040 initiates a bus error. So the collision appears
on the software level and can be resolved there with considerable time expense.

To prevent the software from being concerned, the following feature is implemented on the CPU-
40/41 Rev. 2 and succeeding revisions.

The signal ENARMC 16 can be activated by software via PI/T1 Pin PC4. With this signal driven low
a line transfer from the MC68040 is defined as a locked RMC transfer. So the FGA-002, when
being granted the VMEbus, doesn’t release the VMEbus until all four long cycles of the line tranfer
are successfully completed or an actual bus error occurred.

When using this feature the FGA-002 must be programmed to drive ASVME high between the locked
RMC similar cycles and not to support real VMEbus compatible Read Modify Cycles. Actual RMC
transfers from the MC68040 are treated the same way. As a result, on a slave board which is
accessible from the VME bus as well as from the VSB, this kind of arbitration locked read modify
cycle can be broken.

PC4:

To enable the feature that line transfers are defined as locked cycles, this bit must be programmed
to low. Be sure to program the FGA-002 so that ASVME is driven high between RMC transfers.

To disable this feature, this bit must be programmed to high. VMEPROM programs this bit to low
by default.
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3.9.5 Interrupt Request Signal

TOUT:

The PI/T1 pin 37 is used as an interrupt request line. The 24 bit timer can generate interrupt
requests at a software programmable level. This interrupt request line is connected to the IRQ #2
of the FGA-002.

PIRQ:

The PI/T pin 33 is used to generate an interrupt depending on the handshake lines of the PI/T. The

PIRQ is connected to the TOUT pin but is not able to generate an interrupt because the handshake
lines are not used and are reserved.

3.9.6 A24 Slave Mode

In order to allow an A24 slave mode as described in the chapter "Address Modifier Decoding and
A24 Slave Mode", the A31 to A24 address lines are programmable for this mode as described in the
following table displaying the PI/T bit and the coordinating address line.

PI/T Port B Bit| Address Line

A24
A25
A26
A27
A28
A29
A30
A31

Nooa,r, WN =0

3.9.7 Reserved Lines
H1, H2, H3, H4, PCO, PC1, PC2, PC5, PC6, PC7:

These lines are not used. In order to retain compatibility to following versions, these lines should
not be used in any applications.
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3.9.8 Summary of PI/T1

Device

Access Address

Port Width

interrupt Request Level

FGA-002 Interrupt Channel (Timer IRQ)

68230 PI/T

$FF800C00

Byte

Software programmable

Local IRQ #2

W
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3.9.9 Address Map of the PI/T2 Registers

The PI/T2 is accessible via the 8 bit local 1/0 bus (byte mode).

register layout of PI/T2.

Table 3-16: PI/T2 Register Layout

Default /O Base Address: $FF80 0000
Default Offset: $0000 OEOO
Default Name: PI_T2

Address Offset Reset

HEX HEX Value Label Description
FF800EQO 00 00 PIT2 PGCR Port General Control Register
FF8OOEO1 01 00 PIT2 PSRR Port Service Request Register
FF800EO2 02 00 PIT2 PADDR | Port A Data Direction Register
FF800EO3 03 00 PIT2 PBDDR | Port B Data Direction Register
FFSOOEO4 04 00 PIT2 PCDDR | Port C Data Direction Register
FF8OOEOQO5 05 00 PIT2 PIVR Port Interrupt Vector Register
FF80OEO6 06 00 PIT2 PACR Port A Control Register
FF800EQ7 07 00 PIT2 PBCR Port B Control Register
FF8OOEO8 08 -- PIT2 PADR Port A Data Register
FF8OOEO9 09 -- PIT2 PBDR Port B Data Register
FFS8OOEOQA 0A -- PIT2 PAAR Port A Alternate Register
FF800EOB OB -- PIT2 PBAR Port B Alternate Register
FF800EOC oC - PIT2 PCDR Port C Data Register
FF800OEQOD oD -- PIT2 PSR Port Status Register
FF800E10 10 00 PIT2 TCR Timer Control Register
FF800E11 11 OF PIT2 TIVR Timer Interrupt Vector Register
FF800E12 12 -- PIT2 CPR Counter Preload Register
FF800E13 13 -- " "
FF800E14 14 - " "
FF800E15 15 - " "
FF800E16 16 - PIT2 CNTR Count Register
FF800E17 17 - " "
FF800E18 18 -- " "
FF800E19 19 -- " "
FFSBO0E1A 1A 00 PIT2 TSR Timer Status Register
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3.9.10 1/0 Configuration of PI/T2

The following table lists all 1/0 signals connected to PI/T2. The functions of these signals are
described in the corresponding chapter. Additional information is provided in the PI/T data sheet,
included in Section No. 5, "COPIES OF DATA SHEETS".

Table 3-18: PI/T2 Interface Signals

PI/T 1/O Pin PI/T Signal Name Connected Signal Input/Output
4 PAO 1/0
5 PA1 1/0
6 PA2 1/0
7 PA3 1/0
9 PA4 1/0
10 PAS 1/0 Port via 1/0
11 PAG B12 1/0
12 PA7 1/0
14 H1 i
15 H2 1/0
16 H3 I
17 H4 1/0
18 PBO Memory Size |
19 PB1 " |
22 PB2 " I
23 PB3 Board ID I
24 PB4 " |
25 PB5S " o
26 PB6 " |
27 PB7 " i
34 PCO MODLOW |
35 PC1 Reserved -
36 PC2 RAMTYP |
37 PC3 Timer IRQ/Reset 0
38 PC4 BURST |
39 PC5 PORT IRQ 6]
40 PCé6 PARITY |
41 PC7 ENA24 0
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3.9.11 Memofy Size Recognition
PBO-PB2:

From these lines, the on-board memory capacity can be read in by software. Please refer to the
chapter "The Shared RAM" for detailed information.

3.9.12 Board Ildentification
PB3-PB7:

From these lines, the CPU board identification number can be read in by software. Every CPU board
has its own number. Different versions of one CPU board (i.e. different speeds, capacity of memory,
or modules) contain the same identification number. In the case of the CPU-40/41, the number is
ten ("$20").

3.9.13 Interrupt Request Signal
TOUT:

PI/T2 pin 37 is used as an interrupt request line. The 24 bit timer can generate interrupt requests
on a software programmable level. Together with the Port Interrupt Request line, the timer interrupt
request line is connected to the local IRQ #3 of the FGA-002. Therefore the software has to check
whether the interrupt request was generated by the timer or by the port handshake lines.

PIRQ:

PI/T2 pin 39 is used as an interrupt request line. The port handshake lines can generate interrupts
on a software programmable level. Together with the Timer Interrupt Request line, the port interrupt
request line is connected to the local IRQ #3 of the FGA-002. Therefore the software has to check
whether the interrupt request was generated by the timer or by the port handshake lines.
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3.9.14 12 Bit 1/O Port

PAO-PA7, H1-H4:

This 12 bit I/O port is routed to a 24-pin header B12 allowing flat cable connection. Eight bits are
connected to PI/T2 port A and are used as inputs or outputs; the remaining four bits are connected
to the PI/T2 handshake pins. This port can be used to build a Centronics type interface.

PUT Header B12
Signal Pin Pin
PAO 4 1
PA1 5 2
PA2 6 3
PA3 7 4
PA4 9 5
PAS 10 6
PAG6 1 7
PA7 12 8
H1 14 9
H2 15 10
H3 16 11
H4 17 12

The figure on the next page shows the location diagram of Jumperfield B12.
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Figure 3-25: Location Diagram of Header B12
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3.9.15 MODLOW
PCO

This line is driven low by an Eagle Module if there is one inserted. Be sure to leave this pin undriven
by the PI/T. If no Eagle Module is inserted and this signal is driven low the local IACK daisy chain
is not closed!

3.9.16 RAM Module Configuration Signals

PC2, PC4, PC6:

From PC2, RAMTYP of the RAM module can be read as shown in the following chart.

PC2 RAM Type
1 DRAM
0 SRAM

For more information please refer to the chapter "The Shared RAM".

From PC4, BURST capability of the RAM module can be read as shown in the following chart.

PC4 Burst Mode
1 Yes
0 No

From PC6, PARITY capability of the RAM module can be read as shown in the following chart,.

PC6 Parity
1 Yes
0 No

For more information please refer to the chapter "The Shared RAM".
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3.9.17 Timer IRQ/Reset

PC3:

This line can be connected to FGA-002 LIRQ 3 or to the RESET operation via jumperfield B18. An
interrupt can be requested by the PI/T timer or directly by programming this line to low, when the
jumper is inserted in 2-3. With a jumper inserted in 1-2, this bit can generate a RESET which is
equivalent to a Powerup RESET so that the contents of a RAM disk in DRAM area can be destroyed.
3.9.18 PIRQ

PC5:

interrupts from the Pl/Ts handshake lines are routed to this FGA-002 LIRQ3 line.

3.9.19 Enable A24 Slave Mode
PC7:

The A24 slave mode can be enabled via the PC7 bit as described in the chapter "Address Modifier
Decoding and A24 Slave Mode".

PC7?7 Enabled VMEbus Slave Mode
1 A32
0 A32/A24
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3.9.20 Reserved Line
PC1:

This line is not used. In order to retain compatibility to following versions, this line should not be
used in any applications.

3.9.21 Summary of PI/T2

Device 68230 PI/T

Access Address $FF800EOO

Port Width Byte

Interrupt Request Level Software programmable

FGA-002 Interrupt Channel
Timer IRQ: Local IRQ #3

3-74



SECTION 3 HARDWARE USER’S MANUAL

3.10 The Real Time Clock (RTC) 72423

There is an RTC 72423 installed on the CPU board, containing its own battery to maintain the RTC
function during power down.

3.10.1 Address Map of the RTC Registers

The RTC 72423 is a four bit device. It must be accessed in byte mode and the upper four bits are
"don’t care" during read and write accesses. The base address of the RTC is $FF803000. The
following table shows the register layout of the RTC 72423.

Table 3-17: RTC Register Layout

Default 1/0 Base Address: $FF80 0000

Default Offset: $0000 3000

Default Name: RTC

Address HEX | Offset Label Description
FF803000 00 RTC1SEC 1 Second Digit Register
FF803001 01 RTC10SEC 10 Second Digit Register
FF803002 02 RTC1MIN 1 Minute Digit Register
FF803003 03 RTC10MIN 10 Minute Digit Register
FF803004 04 RTC1HR 1 Hour Digit Register
FF803005 05 RTC10HR PM/AM and 10 Hour Digit Register
FF803006 06 RTC1DAY 1 Day Digit Register
FF803007 07 RTC10DAY 10 Day Digit Register
FF803008 08 RTC1MON 1 Month Digit Register
FF803009 09 RTC10MON | 10 Month Digit Register
FF80300A OA RTC1YR 1 Year Digit Register
FF80300B OB RTC10YR 10 Year Digit Register
FF80300C oC RTCWEEK Week Register
FF80300D oD RTCCOND Control Register D
FF80300E OE RTCCONE Control Register E
FF80300F OF RTCCONF Control Register F

3.10.2 RTC Programming

The following programming example shows how to read from or write to the RTC. Please note that
the RTC must be stopped prior to reading the date and time registers. For further details, please
refer to the RTC 72423 Data Sheet in Section 5, "COPIES OF DATA SHEETS" in this manual.
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Figure 3-26: RTC Programming Example

/*****************************************

** read RTC 72421 and load to RAM ok
** 30-0ct-87 M.S. *%
*****************************************/
setclock(sy)

register struct SYRAM *sy;

L4

register struct rtc7242 *rtc = RTC2;
register long count=1000001;

rtc->dcontrol = 1; /* hold clock */
while(count--)
if(rtc->dcontrol&0x02)
break; '
if(lcount)
{ printf("\nCannot read Realtime Clock");
rtc->dcontrol = 0;

return; 3}
sy->_ssec[0] = (unsigned char)((rtc->sec10reg&0x07)*10 + (rtc->secireg&0x0f));
sy->_smin = (unsigned char)((rtc->min10reg&0x07)*10 + (rtc->min1reg&0x0f));
sy->_shrs = (unsigned char)((rtc->houl0reg&0x03)*10 + (rtc->houlreg&0x0f));
sy->_syrs[0] = (unsigned char)({rtc->yr10reg&0x0f)*10 + (rtc->yrireg&0x0f));
sy->_sday = (unsigned char)((rtc->day10reg&0x03)*10 + (rtc->daylreg&0x0f));
sy->_smon = (unsigned char)((rtc->mon10reg&0x01)*10 + (rtc->monireg&0x0f));
rtc->dcontrol = 0; /* start clock */
}
/*****************************************
*% write RTC 72421 from RAM *k
*x 30-0ct-87 M.S. *x

******************t**********************/

writeclock(sy)
register struct SYRAM *sy;
{
register struct rtc7242 *rtc = RTCZ;
register long count=1000001;
rtc->dcontrol = 1; /* hold clock */
while(count--)
if(rtc->dcontrol&0x02)
break;
if(lcount)
{ printf("\nCannot read Realtime Clock");

rtc->dcontrol = 0;

return; )}
rtc->fcontrol
rtc->fcontrol
rtc->sec10reg
rtc->seclreg
rtc->min10reg
rte->minlreg
rtc->houlOreg
rtc=>houlreg
rtc->yrilreg
rtc->yrireg
rtc->day10reg
rtc->daylireg

5;

4; /* 24-hour clock */
sy->_ssecl01/10;

sy->_ssec[01%10;

(char)(sy->_smin/10);
(char)(sy->_smin%10);
(char)(sy->_shrs/10);
(char)(sy->_shrs#%10);

sy->_syrs[01/10;

sy->_syrs[01%10;

sy->_sday/10;

sy->_sday%10;

rtc->mon10reg = sy->_smon/10;

rtc->monireg sy->_smon%10;

rtc->dcontrol = 0; /* start clock */
>

3-76



SECTION 3

HARDWARE USER'S MANUAL

supplied via this jumperfield.

The following figure shows the location diagram of jumperfield B20 for backup supply. The default
configuration uses the onboard battery. Please note that the SRAM on this CPU board is also

Bl Bl
1 | o | Battery is connected to 1| 8 Battery is cut from
T Backup Supply Line Backup Supply Line
e} (default) o}
B20 B20
1 | © | +5VSTDBY is connected to 1|8 +5VSTDBY is cut from
1| Backup Supply Line Backup Supply Line
o o (default)

NOTE

The battery is not installed on the CPU board to avoid damage during shipment.

CAUTION
Local SRAM".

Before altering jumperfield B1 or disassembling the battery, please consult Chapter 3.6, “"The
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Figure 3-27: Location Diagram of the Backup Supply Jumperfield B1 and B20
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3.10.3 Summary of the RTC
Device

Access Address

Access Mode

Supported Transfers

Battery Type
Interrupt Request Level

FGA-002 Interrupt Request Channel

72423 RTC
$FF80 3000
Byte only

Byte only, the upper 4 bits are to be ignored for read and
write accesses

Varta CR 1/3 or equivalent
Software programmable

Local IRQ #0
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4. FUNCTION SWITCHES AND INDICATION LEDs

The following paragraphs describe all switches and indicator LEDs. Figure 4-1 shows the front panel
of the CPU board.

4.1 RESET Function Switch

A reset of all on-board |I/O devices and the CPU is performed if the RESET switch is pushed to the

"UP" position. RESET is held active until the switch is in "DOWN" position. In addition, a local

timer guarantees a minimum reset time of two to three seconds. Power fail and power up also force

a RESET (2-3 seconds), to start the board if the supply voltage is out of range (below 4.8 Volts).
Normal switch position: "DOWN"

If enabled, the reset is also driven to the VMEbus. For more information, please refer to the chapter
"VMEbus RESET Conditions".

In combination with the ABORT switch, the RESET switch has a special function which is described
in the BOOT Software description of the FGA-002 User’s Manual.

When the Reset Switch is toggled twice a Powerup equivalent Reset can be generated. The time
lapse immediately after the Reset Switch is released must be 0,2 seconds or less.

4.2 ABORT Function Switch

An interrupt on a software programmable level is provided on the board to allow an abort of the
current program, to trigger a self-test or to start a maintenance program. ABORT is activated in
"UP" position and deactivated in "DOWN" position.

Normal switch position: "DOWN"

In combination with the RESET switch, the ABORT switch has a special function which is described
in the BOOT Software description of the FGA-002 User’s Manual.

4-1



SYS68K/CPU-40/41 USER’S MANUAL FORCE COMPUTERS

4.3 "RUN" LED

The first LED below the RESET and ABORT switch is the RUN LED. This bicolor LED is green if the
processor is not in HALT state. Itis red during the RESET phase, and when the processor isin HALT
state.

4.4 "BM" LED

If the CPU board is the current bus master, the BM LED is lit. Optical control is provided through
this LED whether or not the board is working on VME.

4.5 Rotary Switches

There are two rotary switches (SW1 and SW2) which are four bit, hexadecimal encoded. These
switches are completely under software control. The default setting is $FF. For a detailed
description of the use of these switches under VMEPROM, please refer to the Section No. 7,
"Introduction to VMEPROM".

In combination with the RESET and ABORT switches, the rotary switches have a special function
which is described in the BOOT Software description of the FGA-002 User’'s Manual.
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Figure 4-1: Front Panel of the CPU Board
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5. THE CPU BOARD INTERRUPT STRUCTURE

All interrupts on the CPU board are handled via the FGA-002 or the hardware which is controlling
the FLXibus.

The interrupts of the FLXibus and the interrupts handled by the FGA-002 are daisy chained. If an

interrupt occurs on the FLXibus with the same priority as an interrupt occurring through the FGA-
002, the priority is as follows:

Priority of the Onboard Interrupts
Highest Priority
FLXibus

FGA-002

Lowest Priority

The interrupts which are caused by the EAGLE module are described in the Section 6, "EAGLE
Module". Interrupts handled by the FGA-002 are described in the following paragraphs.

The Gate Array installed on the CPU board handles all local and VMEbus interrupts. Each interrupt
request from the local bus through the two DUSCCs, RTC, the two timers, as well as the Gate Array
specific interrupt requests, are combined with seven VMEbus interrupt requests.

Each IRQ source including VMEbus IRQs can be programmed to interrupt the CPU on an individual
programmable level (1 to 7).

The Gate Array supports the vector, or initiates an interrupt vector fetch from the 1/0 device or from
the VMEbus.

In addition to local interrupts, the ACFAIL and SYSFAIL signals can be used to interrupt the CPU on
a software programmable level.

Gate Array supplied interrupt vectors have basic vector and fixed increments for each source. The
basic vector is software programmable.

For a complete description of interrupt handling, please refer to the FGA-002 Users Manual.
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The chart below shows the connection between local devices and the local interrupt request of the
FGA-002.

Device Base Address Function Local Interrupt FGA-002 Pin
Request Number Number
RTC $FF803000 * 0 Co7
PI/T1 $FF800CO00 Timer IRQ 2 EO7
PI/T2 $FF800EOQO * 3 AQ6
puscct $FF802000 * 4 BO6
DUSCC2 $FF802200 * 5 BO5
*  More than one function is available. Please refer to the data sheet of the
coinciding device in Section No. 5, "COPIES OF DATA SHEETS", for a
complete description.
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6. VMEBUS INTERFACE
The CPU board contains a VMEbus interface which is compatible with the following standards:
IEEE 1014

The VMEbus interface supports 8, 16, 32 bit, and unaligned data transfers. The extended, standard,
and short 1/0 address modifier codes are implemented to interface to all existing VMEbus products.

Read-Modify-Write cycles on the VMEbus are handled as described in the VMEbus Standard (see
above). The address strobe signal is held low during this cycle while the data strobe signals are
driven low twice, once for the read cycle and once for the write cycle, and high between the both
of them.

All seven interrupt request signals are connected to the FGA-002 which can optionally map every
level and then interrupt the local CPU. A four level bus arbiter together with several release
functions are implemented with all slot 1 functions such as SYSRESET driver and receiver and
SYSCLOCK driver.

The following chapters describe the functions of the interface parts in detail.

6.1 VMEbus Master Interface

6.1.1 Data Transfer Size of the VMEbus Interface

The VMEbus interface contains memory areas where the transfer size is software programmable to
be 16 or 32 bits wide.

The memory areas which contain the software programmable data bus size are fixed mapped and
can’t be modified.

The hardware on the CPU board adjusts the transfer size of the data bus automatically, so that no
additional overhead in the programs is necessary.

The table on the next page lists the VMEbus memory areas and their data bus sizes in detail.
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Table 6-1: Data Bus Size of the VMEbus

Start Address End Address Type Transfer Size
XXXX XXXX* FOFF FFFF VME:A32 PROGRAMMABLE
FBOO 0000 FBFE FFFF VME:A24
: PROGRAMMABLE
FBFF 0000 FBFF FFFF VME:A16
FCOO0 0000 FCFE FFFF VME:A24 FIXED, 16 BIT
FCFF 0000 FCFF FFFF VME:A16 FIXED, 16 BIT

X XXX XXXX = 0040 0000 for CPU-40x/4 or 0100 0000 for CPU-40x/16
* XXXX XXXX = 0040 0000 for CPU-41x/4 or 0080 0000 for CPU-41x/8
NOTE
1) The data bus transfer size of the areas marked "FIXED" cannot be modified.

2) The data bus transfer size of the areas marked as "PROGRAMMABLE" can be set
to 16 or 32 bits. The default setup after RESET through the hardware is 32 bits.

VMEPROM contains a command (MEM) to set up the data bus transfer size of the software

programmable areas.

MEM displays the current data bus transfer size

MEM 16
MEM 32

sets the size to 16 data bus transfer bits only
sets the size to 32 data bus transfer bits

(8 and 16 bit transfers are also allowed)

In addition, VMEPROM uses one bit of the rotary switches available on the front panel to select the
data bus size of the VMEbus after RESET or power up.

This default configuration is useful if a user program or an operating system is started, and additional

memory boards with known data sizes are installed.

For details on the usage of the rotary switches, please refer to Section 7, "Introduction to

VMEPROM".
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Table 6-2: Defined VMEbus Transfer Cycles (D32 Mode)

Transfer Type

D31-D24

D23-D16

D14-D8

D7-DO

Supported

Byte
Byte

Word

Long Word

Unaligned Word
Unaligned

Long Word A
Unaligned

Long Word B

Y
Y
Y
Y
Y
Y

~<

RMW Byte
RMW Byte
RMW Word
RMW Long Word

X

< < < <<

RMW = Read Modify Write

Table 6-3: Defined VMEbus Transfer Cycles (D16 Mode)

Transfer Type

D31-D24

D23-D16

D14-D8

D7-DO

Supported

Byte
Byte

Word

RMW Byte
RMW Byte

X

RMW Word

X

Y
Y
Y
Y
Y
Y

RMW = Read Modify Write
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6.1.2 Address Modifier Implementation
The VMEbus defines three different Address Modifier Ranges as shown in the following table:

Table 6-4: Address Ranges

Mode Used Address Lines Short Form
Extended Addressing A1-A31 A32
Standard Addressing A1-A24 A24
Short 1/0 A1-A15 A16

All allowed and defined Address Modifier (AM) Codes are listed in the next table. The supported AM
codes are marked with an asterisk (*).

The address range of the microprocessor (4 Gigabyte) is split into several areas to support all of the
listed AM codes. The table to follow lists the address ranges and the supported AM codes for this
range.

All'1/0 and Memory Boards on the VMEbus which will be addressed in the listed address ranges must
use one or a combination of the AM codes to guarantee proper operation.
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Table 6-5: Address Modifier Codes

Address Modifier
HEX
Code 5 4 3 2 1 Y Function
3F H|H]|H| H| H]| H | Standard Supervisory Block Transfer
*3E H H H HIH L | Standard Supervisory Program Access
*3D H H H H L H | Standard Supervisory Data Access
3C H H H H L L | Reserved
3B H|H]|H]| L | H]J{ H | Standard Privileged Block Transfer
3A H|H{|{H{|L/| H]| L | Standard Previleged Program Access
39 HI!H]|]H]|]L L | H | Standard Previleged Data Access
38 H | H H L L L { Reserved
37 H|H L H| H /| H | Reserved
36 H | H L H| H L | Reserved
35 H H L H L H | Reserved
34 H H L H L L | Reserved
33 H | H L L H | H | Reserved
32 H H L L H L | Reserved
31 H H L L L H | Reserved
30 H H L L L L | Reserved
2F H L H H H H | Reserved
2E H L H HI|H L | Reserved
*2D H L1H]|H L | H | Short Supervisory Access
2C H L H|H L L | Reserved
2B H L H L H H | Reserved
2A H L H L H L | Reserved
*29 HiLj|H]|]L L | H | Short Previleged Access
28 H L H L L L | Reserved
27 H L L HI| H H | Reserved
26 H L L HI|H L | Reserved
25 H L L H L H | Reserved
24 H L L H L L | Reserved
23 H L L L H | H | Reserved
22 H L L L H L | Reserved
21 H L L L L H | Reserved
20 H L L L L L | Reserved
L = low signal level H = high signal level
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The Address Modifier Codes (cont’d)

, Address Modifier
HEX
Code 5 4 3 2 1 Y Function
1F L{H|H]|H]| HI| H | Standard Supervisory Block Transfer
1E L{H|H]|H|H]| L | Standard Supervisory Program Access
1D LI HlH]|H L | H | Standard Supervisory Data Access
1C L H|H]|H L L | Reserved
1B L|H|HY|{ L] H]| H | Standard Previleged Block Transfer
1A LIHJ|H]| L] H]| L | Standard Previleged Program Access
19 Ll H]H|L L | H | Standard Previleged Data Access
18 L HI|H L L L | Reserved
17 L H L H| H | H | Reserved
16 L H L H H L | Reserved
15 L1 H L|H L | H | Reserved
14 L H L H L L | Reserved
13 L H L L | H| H | Reserved
12 L H L L H L | Reserved
11 L H L L L H | Reserved
10 L H L L L L | Reserved
OF L L|H]|]H]| H]| H | Reserved
*QOE L L H|H|H L | Reserved
*OD L L H | H L H | Short Supervisory Access
oC L L H H L L | Reserved
OB L L H L H H | Reserved
*0A L L H L H L | Reserved
*09 L L|H L L | H | Short Previleged Access
08 L L H L L L | Reserved
07 L L L H | H | H | Reserved
06 L L L H|H L | Reserved
05 L L L H L H | Reserved
04 L L L H L L | Reserved
03 L L L L | H| H | Reserved
02 L L L L H L | Reserved
01 L L L L L H | Reserved
00 L L L L L L | Reserved
L = low signal level H = high signal level

C.b
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Table 6-6: Address Modifier Codes Used on the CPU Board

Address Range Address Modifier Code
XXXX >°<>b<g<x* 001110 SPA
[ D00 0600 VMEbus (Extended Access) 001101 SDA
: A32:D32,D24,D16, D8 001010 NPA
FOFF FFFF 001001 NDA
FBRE 0000 111110 SPA
00 . VMEbus (Standard Access) 111101 SDA
: A24 : D32, D24,D16, D8 111010 NPA
FBFE FFFF 111001 NDA
FBFF 0000
: VMEbus (Short I/0 Access) 101101 SDA
: A16 : D32, D24, D16, D8 101001 NDA
FBFF FFFF
FCOO0 0000 111110 SPA
: VMEbus (Standard Access) 111101 SDA
: A24 : D16, D8 111010 NPA
FCFE FFFF 111001 NDA
FCFF 0000
: VMEbus (Short I/O Access) 101101 SDA
: A16 : D16, D8 101001 NDA
FCFF FFFF
SPA = Supervisor Program Access
SDA = Supervisor Data Access
NPA = Nonpreviliged Program Access
NDA = Nonpreviliged Data Access
¥ XXXX XXXX = 0040 0000 for CPU-40x/4 or 0100 0000 for CPU-40x/16
¥ XXXX XXXX = 0040 0000 for CPU-41x/4 or 0080 0000 for CPU-41x/8
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6.2 VMEDbus Slave Interface

6.2.1 The Access Address

The onboard shared RAM of the CPU board is also accessible from the VMEbus side. Both the begin
and end address are programmable in 4 Kbyte increments inside the FGA-002. The complete
address decoding for the shared RAM logic is performed inside the FGA-002 Gate Array. For details
on the programming of the access address, please refer to the BOOT Software description in the
FGA-002 User’s Manual. :

6.2.2 Data Transfer Size of the Shared RAM

The VMEDbus interface of the shared RAM is 32 bits wide. It supports 32 bit, 16 bit, and 8 bit as
well as unaligned (UAT) and read-modify-write (RMW) transfers.

6.2.3 Address Modifier Decoding and A24 Slave Mode

For access to the shared RAM from the VMEbus side, extended (A32) and standard (A24) accesses
are allowed.

The FGA-002 only recognizes A32 accesses. The access address for an A32 access can be
programmed as described above.

If an A24 access takes place additional onboard hardware translates this A24 access to an A32
access to the FGA-002. This means that the standard address modifier code from the VMEbus is
modified to extended address modifier to the FGA-002. In A24 mode the address lines A31 to A24
of the VMEbus must not be used for address decoding. Therefore these address lines are driven to
the FGA-002 via an additional driver. The value of these address bits are programmable via the
PI/T1 Port B. For detailed information about the address map and register layout of the PI/T1 please
refer to the chapter "Address Map of the Pl/T1 Registers".
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The following table shows which PI/T bit belongs to which address line.

A31 to A24 for FGA-002 in A24 Slave Mode

PI/T1 Port B Bit| Address Line

A24
A25
A26
A27
A28
A29
A30
A31

NOOPWN=O0

The value of these bits must be programmed according to the access address inside the FGA-002.
For example if the shared RAM access address for VMEbus is programmed to:

Start Address $10000000
End Address $10400000

the PI/T bits must be programmed to:

Pl/T1PortBBit 7 6 5 4 3 2 1 O
0O 0 01 0O 0O O O
to allow A24 accesses.

If an A24 master now accesses the address $005000, it reaches the same address as an A32
master accessing the address $10005000.

A32 mode is always enabled and A24 mode can be enabled in addition via the PI/T2 Port C Bit 7.
For detailed information about the address map and register layout of the PI/T2, please refer to the
chapter "Address Map of the Pl/T2 Registers".
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The following table shows the function of the PI/T2 Port C bit 7.

PI/T2 Port C Bit 7

Enable VMEbus Slave Accesses

A32
A32/A24

The following table shows the allowed AM Codes for VMEbus accesses to the Shared RAM.

Table 6-7: VMEbus Slave AM Codes

Address Modifier
HEX
Code 51413210 Function
3E H H]H]|H]|H L | Standard Supervisory Program Access
3D H]{H]|H]|H L | H | Standard Supervisory Data Access
3A H]lH|H] L] H]| L | Standard Previleged Program Access
39 H{H]|H|L L | H | Standard Previleged Data Access
OE L L H|H]|H L | Extended Supervisory Program Access
oD L L|H]|H L | H | Extended Supervisory Data Access
OA L L{H| LJ| H]| L |Extended Previleged Program Access
09 L L H]|L L | H | Extended Previleged Data Access
L = low signal level H = high signal level
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6.3 The VMEbus Interrupt Handler

All seven VMEDbus interrupt request (IRQ) signals are connected to the interrupt handling logic on the
FGA-002 Gate Array. Each of the VMEbus IRQ signals can be separately enabled or disabled. The
FGA-002 Gate Array allows high end multiprocessor environment board usage with distributed
interrupt handling.

The FGA-002 Gate Array uses the interrupt as a DO8(0) interrupt handler in accordance with the
VMEbus Standard. ‘

In addition every VMEbus interrupt level can be mapped to cause an interrupt on a different level to
the processor. So for example a VMEbus interrupt request on level 2 can be mapped to cause an
interrupt request on level 5 to the processor.

CAUTION

The CPU board only supports the byte interrupt vectoring.

The byte interrupt vector is implemented on most of the existing boards because the VMEbus
Specification Rev. A and B do not include a word or long word interrupt vector. Therefore,
older VMEbus boards can be used together with this CPU board if they are compatible to the
current timing specification.

The complete VMEbus interrupt handling is done inside the FGA-002. Therefore please refer to the
FGA-002 User’s Manual for a detailed description of the programming of the interrupt management
functions.
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6.4 VMEbus Arbitration

Each transfer to/from an area marked in Table 6-6 causes a VMEbus access cycle. The VMEbus
defines an arbitration scheme to arbitrate the bus mastership. Four request levels are defined as O,
1, 2,and 3.

6.4.1 Four Available VMEbus Arbiters

A VMEbus Arbiter may operate in one of the following modes:

a) Single Level Arbiter

b) Prioritized 4-Level Arbiter

c) Round Robin 4-Level Arbiter

d) Prioritized Round Robin 4-Level Arbiter

The arbiter modes a, b, and ¢ above are defined in the VMEbus standard and mode d has been
developed by FORCE COMPUTERS and implemented on the CPU board. The arbiter mode used is
application dependent.

6.4.2 The On-Board Four Level Arbiter

The CPU board contains a four level arbiter which can be enabled/disabled through hardware. The

four level arbiter together with the VMEbus request level control and the VMEbus interrupter is built
in an LCA which is a programmable gate array.

CAUTION

If the four level arbiter is enabled, the board must be plugged into slot 1 of the VMEbus
rack, as defined in the VMEbus standard.

All other boards must force bus requests at level 0...3 if the on-board arbiter is
enabled.

No other arbiter can be used if the on-board arbiter is enabled.

If an external arbiter is used, the on-board arbiter must be disabled.

By default, the four level arbiter is enabled.

The SGL VMEbus arbiter in the FGA-002 must remain disabled in all cases.

The arbiter can work in the Prioritized 4-level, Round Robin 4-level or Prioritized Round Robin 4-level
mode.
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The VMEbus Arbiter/Requester/Iinterrupter LCA has three internal registers which are one byte wide.
One of the registers is used to control the VMEbus Requester and the VMEbus Arbiter. It can be

accessed on address $FFS803EQ2.

Table 6-8: VMEbus Arbiter/Requester Register Layout

Default I/O Base Address: $FF800000

Default Offset: $00003E02
Address | Offset | Mode |Default| Label Description
HEX HEX Value
FF803EO 00 R/W 73 ARBRE | Arbiter/Requester Register
2 G

Table 6-9: Description of Arbiter/Requester Register Bits

Bit Value | Mode Description
0 1* R/W | Request level: low bit
1 1* R/W | Request level: high bit
2 2* R/W | Arbiter mode: low bit
3 2* R/W | Arbiter mode: high bit
4 -- R No function
5 -- R No function
6 R Setting of arbiter jumperfield:
1 Arbiter enabled (Jumper inserted)
0] Arbiter disabled (Jumper not inserted)
7 R/W | Control of request level:
1 Done by software
0 Done by hardware
1% See the description "Request Level”
2* See the description "Arbiter Mode™
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Request Level

The control of the request level on VMEbus can be done either by software (bit 7 is set to one) or
by hardware (bit 7 is set to zero).

If the control of the request level is done by hardware the request level is selected via jumperfield
B19. The jumpersettings for the VMEbus request levels O to 3 are shown in figure 6-1:
Requester/Arbiter Jumperfield B19.

If the control of the request level is done by software the request level is selected via bit O and bit
1 of the register. The hit settings for the VMEbus request levels 0 to 3 are shown in the next table.

Table 6-10: Bit Settings for VMEbus Request Level

Bit1 | BitO VMEbus Request Level Default

_ =00
WN =0

NOTE

If the user wants to select the request level by software (bit 7 set to one) the two jumpers
in jumperfield B19 for the request level (see Figure 6-1: Requester/Arbiter Jumperfield B19)
must be removed before. Otherwise bit 7 can’t be set to one.

6-14



SECTION 3 HARDWARE USER’S MANUAL

Arbiter Enable/Disable

The onboard VMEbus arbiter can enabled or disabled via the third jumper of jumperfield B19 (see
Figure 6-1: Requester/Arbiter Jumperfield B19). The setting of the jumper can be read by software
via bit 6 of the requester/arbiter register (see Table 6-9: Description of Requester/Arbiter Register
Bits).

Arbiter Mode

The arbiter mode of the onboard VMEbus arbiter can be selected by software via bit 2 and bit 3 of
the requester/arbiter register. The bit settings for the three arbiter modes are shown in Table 6-11:
Bit Settings for VMEbus Arbiter Mode.

Table 6-11: Bit Settings for VMEbus Arbiter Mode

Bit 3 Bit 2 Default Arbiter Mode
0 0 * prioritized mode
0 1 round robin mode
1 0 prioritized round robin mode
1 1 prioritized round robin mode
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Figure 6-1: Requester/Arbiter Jumperfield B19

Arbiter Enabled Arbiter Disabled

B19 (default) B19
1| 8—o | 6 1 6
Bus Request Level 3 2| =0 |5 2| o—o |5
K] o—0 a 2 o o 4

B19 B19
Bus Request Level 2 2| o o |5 2| o o |5
3| o—o |24 3| o o |4

B19 B19
1 O o | 6 1 8 o |6
Bus Request Level 1 2| o—o |5 2| o—o0 |5
3 o—o0 4 3 o o 4

B19 B19
1 0 ) 6 1 o o 6
Bus Request Level 0 2y o o |5 2| o o |5
3| o—o |4 3| © o |a
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Figure 6-2: Location Diagram of Jumperfield B19
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6.4.3 The VMEbus Release Function

The CPU board contains several different software selectable bus release functions to relinquish
VMEbus mastership. The Bus Release Operation is independent of whether or not the on-board
arbiter is enabled and independent of the Bus Request level. Easy handling and usage of the bus
release functions is provided through the FGA-002 Gate Array. RMW Cycles are always completed
before the bus is released. VMEPROM allows the user to change the release function through the
ARB command. Please refer to the /ntroduction to VMEPROM for details. The modes are defined
in the following chapters.

6.4.3.1 Release Every Cycle (REC)

The REC mode causes a release of VMEbus mastership after the initiated transfer cycle has been
completed. A normal read or write cycle is terminated after the address and data strobes are driven
high (inactive state). A Read Modify Write cycle (RMW) is terminated after the write cycle is
completed by the CPU, through deactivation of the address and data strobes. If the REC mode is
enabled, all other bus release functions have no impact ("don’t care"). The REC mode is only for
CPU cycles to the VMEbus, and not for DMA cycles. The programming of the REC mode is
described in the FGA-002 Gate Array User’s Manual.

6.4.3.2 Release on Request (ROR)

The ROR Mode is defined as a release of bus mastership if another bus requester has requested bus
mastership and the CPU board is the current bus master. The Gate Array contained DMA controller
can also be the requestor causing such a bus release. The ROR mode is only for CPU cycles to the
VMEDbus, and not for DMA cycles. The ROR mode cannot be disabled, it is programmable how long
the CPU stays VMEbus master despite of a Bus Request pending. The programming of the ROR
mode is described in the FGA-002 Gate Array Manual.

6.4.3.3 Release After Timeout (RAT)

A timer with a fixed clock rate is installed in the FGA-002 providing a bus mastership release after
100 microseconds of no CPU cycles to the VMEbus. This release function is active only after the
ROR mode timeout. This function cannot be disabled. The RAT Mode is only for CPU cycles to the
VMEbus and not for DMA cycles. The programming of the RAT mode is described in the FGA-002
Gate Array Manual.




SECTION 3 HARDWARE USER’'S MANUAL

6.4.3.4 Release on Bus Clear (RBCLR)

The RBCLR function allows the bus mastership release if an external arbiter asserts the BCLR * signal
of the VMEbus. This function then overrides the ROR function timing limitations. The RBCLR Mode
is only for CPU cycles to the VMEbus and not for DMA cycles. The programming of the RBCLR
mode is described in the FGA-002 Gate Array User’s Manual.

6.4.3.5 Release When Done (RWD)

The DMA Controller installed in the FGA-002 Gate Array can also be VMEbus master. It always
operates in transfer rounds (maximum 32 transfers). The bus is always released after completion
of such a transfer round. The other Bus Release Functions are for CPU mastership to the VMEbus.
The VMEbus board mastership is always a CPU or DMA Controller mastership. Gaining mastership
is always a VMEbus arbitration sequence.

6.4.3.6 Release Voluntary (RV)

If the local processor is VMEbus bus master, the release on request counter inhibits the gate array
from releasing the bus for the specified time (See ROR function). After this time elapses, the gate
array may release the bus voluntary if the local CPU does not perform accesses to the VMEbus
within a 100 microsecond time period. After each new access to VME, this 100 us time period
must pass until the bus is released voluntary.

6.4.3.7 Release on ACFAIL (ACFAIL)

If the board is programmed by the Gate Array to be the ACFAILHANDLER in the VMEbus Rack, and
if the ACFAIL* signal of the VMEbus is asserted, the CPU will not release the VMEbus if it is the bus
master. That is, REC, ROR, RAT, and RBCLR do not operate in this case. If the board is not
ACFAILHANDLER and the ACFAIL* signal is asserted, the board will release the VMEbus
immediately.
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Table 6-12: Bus Release Functions

Release

Function Enabled
REC Yes Every Cycle
ROR Y
RAT Y
RBCLR X
REC NO BR(0,1,2) = 0
ROR Y or
RAT Y Timeout
RBCLR NO
REC NO BR(0,1,2) = O or
ROR Y Timeout or BCLR = 0
RAT Y
RBCLR YES

don’t care Y = cannot be disabled

o
N
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6.5 The VMEbus Interrupter

The VMEbus Interrupter on the CPU board can generate interrupts on the VMEbus interrupt levels
IRQ1 to IRQ7. The interrupts can be generated by software. The interrupter can generate a byte

wide interrupt vector which is software programmable.

The VMEbus Interrupter on the CPU board together with the VMEbus Arbiter/Requester is built in
an LCA which is a programmable gate array. This LCA has three internal registers which are byte
wide. Two of these registers are used to control the VMEbus Interrupter. They are accessed on

addresses $FF