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Revision By Date Comments
A0 dib 96.09.20  Initial release
Al jev 98.02.19  Add SBS Logos & Layout update

The infonmation contained within this doecument has been carefully checked and
is believed to be entirely reliable and consistent with the product that it
describes. However, no responsibility is assumed for inaccuracies. Nor does
SBS Embedded Computers, Inc. assume any liability arising out of the applica-
tion or use of any product or circuit described herein. SBS Embedded
Computers reserves the right to make changes to any product and product docu-
mentation in an effort to improve performance, reliability, or design.
Furthermore, the information contained herein is of a proprietary nature and is
not to be reproduced without prior written consent of SBS Embedded
Computers, Inc.

Inte! and Pentium are trademarks of Inte] Corporation.

IBM, PC/AT, and AT are trademarks of Intemational Business Machines
Corporation.

MS-DOS is a rademark of Microsoft Corporation.

A number of conventions are used throughout this manual in order to provide
clarity and accuracy. These include:

» The use of an ‘H’ suffix to a number indicates that the number is written in
hexadecimal (base sixteen) notation.

+» The use of a ‘> (minus) suffix to a signal name indicates that it is an active
low signal. The signal is either true when the signal is at a logic zero level or
the signal initiates actions on a high-to-low transition.

+ Text in Courier Font indicates a command entry or output from an SBS
embedded PC product using its built-in character set.
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CHAPTER 1

Introduction and
Manual Organization

Chapter Scope

Manual Scope

Manual Organization

This chapter introduces the software interface to the VSA Embedded PC. Also,
the organization of this manual is presented.

This manual is designed to aid the programmer in writing software for the V5A
Embedded PC. A large portion of this manual concerns programming the
VMEDbus interface of the V5A. Because the V5A is 100% IBM PC/AT compati-
ble, and because there is 50 much good documentation about programming the
PC/AT architecture, general programming of the PC/AT section of the VSA is
beyond the scope of this manual. It is assumed that you have some experience
in programming a standard PC/AT. Whenever possible, however, we have sug-
gested sources which will cover a particular topic in detail.

This manual has been logically organized into six chapters and four appendices.
The following paragraphs give the purpose of each chapter:

Chapter 1: Introduction and Manual Organization
The first chapter introduces the VSA software interface.

Chapter 2: PC/AT Devices Programming
This chapter describes programming the PC/AT devices of the V5A, especially
those which are not found on a common PC/AT such as onboard Ethernet.

Chapter 3: VMEbus Slave Programming
This chapter describes writing software for the V5A which utilizes the VMEbus
Slave interface.

Chapter 4: VMEbus Master Programming _
This chapter describes writing software for the V5A which utilizes the VMEbus
Master interface.

{ntroduction and Manual Organization 11




Introduction to the V5A
Software Interface

PC/AT Device
Programming

Chapter 5: VMEbus Interrupt Programming
This chapter describes using VMEDbus interrupts in programs for the V5A.

Chapter 6: Using the VME BIOS
This chapter describes the VME BIOS routines and their use in a VMEbus-
accessing application.

Appendix A: Universe Registers
This appendix summarizes the Universe Registers for quick, easy reference.

Appendix A: VME BIOS Routine
This appendix summarizes the VME BIOS routines for quick, easy reference.

Appendix C: Universe Block Diagram
This appendix provides a functional biock diagram of the Universe VMEbus
Interface Controller.

Appendix C: VME BIOS Routines
This appendix summarizes the VME BIOS routines for quick, easy reference.

Appendix D: V5A Register Reference
This appendix summarizes those registers of the V5A which are most likely to
be used by user software,

Appendix E: VME Address Modifer Codes
This appendix lists the standard address modifier codes.

The V5A has been designed to have as many functional elements controlled by
software as possible. As such, the V5A is basically void of jumpers. All board
configuration settings are completely software controlled. Therefore, software
has all the responsibility of properly configuring and using the VSA. To allevi-
ate some of the complexity of complete software control, the V5A has been
designed to facilitate relatively easy programming.

At the heart of the V5A is a high-performance PC/AT-compatible computer
with all the common devices and interfaces one would expect from a PC/AT
compatible. PCs are so widespread, and so much documentation exists for the
basic PC/AT configuration, that this manual does not concentrate on the com-
mon PC/AT devices. Rather, it describes what elements are unique to the V5A:
the VMEDbus interface and the advanced SVGA video. However, this manual
can serve as a guide for obtaining further advice on the commeon AT devices of
the V5SA. Chapter 2 discusses the PC/AT devices of the V5A, where to obtain
additional information, and how to program those devices that are more
advanced than those on a standard PC/AT.

VSA Programmer's Manual
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VMEbus Interface
Programming

The VME BIOS

Recommended Reading

An essential component in any embedded VMEbus computer card is its
VMEDbus interface. Since the VMEbus was primarily designed around the
Motorola MC68000 CPU architecture, interfacing it to the quite different Intel
80x86 architecture is a delicate and complex task. In designing the V5A, it was
our goal to provide several easy-to-use methods for communicating with the
VMEDbus. The V5A can function as a VMEbus Master, a VMEbus Slave, both,
or neither. Because of this, details on programming the VMEDbus interface have
been divided into three chapters. Chapter 3 covers the Slave side of the
VMEDbus interface. Chapter 4 covers the Master side of the VMEbus interface.
Writing programs which utilize VMEDbus interrupts is covered separately in
Chapter 5. The V5A can also be a VME system controller, but that function
requires no programming as it can be configured using the embedded Setup pro-
gram. As such, it is not discussed in detail in this manual.

The VME Basic Input Qutput System, or BIOS, is a collection of routines pro-
vided in ROM which provide a consistent and relatively easy means of utilizing
the V5A VMEDbus interface, as well as some other VSA-specific devices. The
VME BIOS provides a layer of hardware abstraction which allows your soft-
ware to run with little or no modification on future SBS Embedded PC prod-
ucts. Chapter 6 covers use of the VME BIOS when programming the VSA.

If your application requires extensive low-level programming of the V5A, or if
you just need additional information about the VMEbus and the VSA’s interface
implementation, here are a few documents we recommend:

* VME64 ANSI/VITA 1-1994 Specification, VMEbus Intemational Trade
Association

+ Universe User Manual, Tundra Semiconductor Corporation

Introduction and Manual Qrganization 1-3




CHAPTER 2

PC/AT Devices
Programming

Chapter Scope

PC/AT Compatible
ROM BIOS

This chapter describes programming the PC/AT devices of the V5A. The basic
peripherals such as the serial ports, the parallel port, and the keyboard port are
covered generally, as are the more advanced controllers for the video, floppy
disk, and hard disk interfaces. Devices not usually found on a standard desktop
PC/AT, such as onboard Ethernet and advanced SVGA video, are covered in
more detail.

Note that it is beyond the scope of this manual to provide the programming
details associated with the IBM PC/AT compatible hardware, MS-DOS soft-
ware, and the ROM BIOS. Rather, it is suggested that one of the many good
programming reference books for the PC/AT architecture be consulted. We
highly recommend that you obtain a copy of Advanced MS-DOS which is pub-
lished by Microsoft Press. It presents the details of the software environment of
MS-DOS and the associated calls to the ROM BIOS, If you are planning to pro-
gram in 80x86 assembler or a high-level language such as ‘C’-and need to
access systemn resources directly, you will find this book absolutely essential.

The ROM BIOS is a firmware (installed in ROM) resident set of routines which
is used to interface the particular system hardware to the MS-DOS operating
system, and subsequently to MS-DOS applications. The use of a ROM BIOS in
the original IBM PC/AT design has allowed programs to be developed specifi-
cally for the operating system environment without concem for the underlying
hardware. Programs developed using the AT BIOS can be run on a variety of
PC/AT compatible computers without modification. The BIOS provides a very
rigid interface between the operating systern and applications, and the hardware
devices of the system. MS-DOS accesses devices through BIOS calls. These
routines must perform their functions and return to the operating system after
completion, without disturbing other system functions.
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Serial Communications
Interface

Parallel Port

Keyboard Port

Real Time Clock
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SBS Embedded Computers chose the particular ROM BIOS because it was
developed for complete compatibitity with IBM’s BIOS, without infringing on
IBM’s copyright. Since the BIOS is completely compatible in operation with
the original, we can assure you that programs developed correctly will run,
unmodified on the V5A.

In order to use the routines contained in the AT ROM BIOS, as well as the
VME BIOS, you will need to know how to make BIOS calls through software
interrupts. This is described in detail in Advanced MS-DOS.

The NS16450/16550-compatible UART serial controllers within the 37C665
fully implement both the standard PC/AT COM1 and COM?2 serial ports. These
devices normally appear at the standard addresses of 3F8H-3FFH for COM1
and 2F8H-2FFH for COM2. These addresses are software configurable.
Standard input and output with the COM ports is accomplished with BIOS calls
through interrupt 14H. These calls are fully described in Section 3 of Advanced
MS-DOS.

The V5A incorporates a COM2 with additional functionality. COM2 can be
configured for an RS-232, RS-422, or RS-485 driver type. The COM2 driver
type can be configured in the Setup utility, as well as by using bit 7 of the Serial
Switch (See Serial Switch below),

WARNING: Be sure that the type of driver selected matches the type of actual
connection. The differences in driver voltages and currents between the driver
types may cause damage to a connection of a different driver type. Changing the
COM2 configuration while the COM2 port has a connection is not recommend-
ed.

The parallel port of the PC/AT is typically used for interfacing to Centronics-
compatible parallel printers. MS-DOS defines the device, PRN, as the normal
printer output device of the system. Therefore, the programmer should not
require access to the parallel port directly. Rather, printer services available
through the AT BIOS at interrupt 17H should be used. AT BIOS services are
fully described in Section 3 of Advanced MS-DOS. Also, be aware that the par-
allel port of the V5A is capable of bi-directional communications.

The keyboard interface is designed to be fully compatible with the keyboard
used on the IBM PC/AT. Built into the AT BIOS are calls for keyboard services
using interrupt 16H. Section 3 of Advanced MS-DOS describes these calls in
detail.

The Real-Time Clock of the V5A is equivalent to the Motorola 146818A and is
contained in the DS12887 IC. The RTC occupies 3FH indexed locations and
contains registers for clock timekeeping and control, as well as 16 bytes of
scratchpad RAM (reserved for use by AT Setup). As long as battery power is
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Non-Volatile RAM

Reset Control Register

provided, the clock will continue updating the date and time registers as well as
preserve the contents of the scratchpad RAM.

Accessing the RTC is accomplished by first writing the index address to /O
port address 70H. The valid index address range is 0-7FH. The first 40H loca-
tions are used by the V5A, while the remaining 40H are available for general
use. The register or RAM data can then either be written or read at /O port
address 71H. The RTC occupies The specific use of clock registers is covered in
the data sheet on the Motorola 146818A.

Notice: The RTC clock is a 100-year device. No hardware provisions exist to
denote the rollover in the year 2000. An attempt to circumvent this problem
have been implemented in the BIOS. However, advanced operating systems
such as Windows NT do not use the BIOS to interface to the RTC. As such,
they may display the year 2000 as the year 1900, etc.

The Non-Volatile RAM is actually the scratchpad RAM of the RTC discussed
previously. This RAM is battery-backed and contains data used by AT Sewp.

The Reset Control Register is used to configure the sources and effects of reset
conditions. The register is located at /O address 2A0H.

| res |saweloewe| Rres | mes | Res | Res | mes |
7 6 5 4 3 2 ] 0

Figure 2-1 Reset Control Register (/O 2A0H)

Bit 0: Ignore VME SYSRESET (R/W)

This bit, when set, causes the V5A to ignore incoming SYSRESET conditions
from the VMEbus. This feature is handy when the V5A is being used as the
development platform in a VME system. In such a system, the ability to reset
the other VMEbus boards without resetting the V5A is helpful. When this bit is
clear, the V5A will reset upon assertion of the VMEbus SYSFAIL signal.

Bits 1-3: Reserved

These bits are reserved for future use by SBS. Reads are not guaranteed to
return any particular value. To avoid incompatibilities with future hardware, it is
recommended that you leave these bits unchanged during writes.
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BIOS Control Register
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Bit 4: Front Panel Reset to VME SYSRESET (R/W)

This bit determines whether or not the front panel Reset switch of the V5A will
cause a VMEbus SYSRESET. If this bit is set, the front panel Reset switch will
assert the VMEbus SYSRESET signal as well as reset the V5A. If this bit is
clear, the front panel Reset switch will not assert the VMEbus SYSRESET sig-
nal and will only reset the V5A.

Bits 5-7: Reserved

These bits are reserved for future use by SBS. Reads are not guaranteed to
return any particular value. To avoid incompatibilities with future hardware, it is
recommended that you leave these bits unchanged during writes.

The BIOS Control Register controls the write enables to both the onboard
FLASH BIOS and the BIOS socket. The register is located at I/O address
2A1H.

| res |sawe|oBwe| RES | res { res | mes | Res |
7 6 8 4 3 2 1 0

Figure 2-1 BIOS Control Register {0 2A1H)

Bits 0—4: Reserved

This bit is reserved for future use by SBS Embedded Computers. Reads are not
guaranteed to return any particular value. To avoid incompatibilities with future
hardware, it is recommended that you leave this bit unchanged during writes.

Bit 5: Onboard BIOS Write Enable (R/W)

This bit enables programming the onboard FLASH BIOS. For normal opera-
tion, this bit should be clear so that the onboard BIOS is a read-only device. It
should not be set by user programs. WARNING: Setting this bit makes the
BIOS suceptable to data corruption.

Bit 6: Socketed BIOS Write Enable (R/W)

This bit enables programmingof a FLASH ROM in the BIOS socket. For nor-
mal operation, this bit should be clear so that any socketed ROM is a read-only
device. It should not be set by user programs. WARNING: Setting this bit
makes a FLASH device in the socket suceptable to data corruption.

Bit 7: Reserved

This bit is reserved for future use by SBS Embedded Computers. Reads are not
guaranteed to return any particular value. To avoid incompatibilities with funure
hardware, it is recommended that you leave this bit unchanged during writes.
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User Register

Serial EEPROM/Switch
Register

The User Register provides a bit for controiling the SYS LED on the front
panel. The purpose of this LED is user-defined.

Figure 2-2 User Register (/O 2A2H)

Bits 0-6: Reserved

These bits are reserved for future use by SBS Embedded Computers. Reads are
not guaranteed to return any particular value. To avoid incompatibilities with
future hardware, it is recommended that you leave these bits unchanged during
writes.

Bit 7: SYS LED Control (R'W)

This bit, when set, illuminates theSYS LED on the front panel of the V5A. The
purpose of this inidcator is completely user-defined. Note that readbacks of this
bit will return the opposite value of the value written.

The Serial EEPROM/Switch Register provides a direct interface to the program,
data, and clock lines of the serially-programmable EEPROM and the serially-
programmable non-volatile switch (see Serial EEPROM and Serial Switch
below). Programming either of these devices requires knowledge of device-spe-
cific timing requirements, and should be done cautiously. Refer to the National
SemiconductorNM93C46 User’s Manual if you need to access this part direct-
ly. :

The Serial EPROM/Switch Register is an eight-bit register at I/Q address
2A3H. The bits are defined as follows:

| TERM j c232€ [HrLsH|DOCEN(BSSEL | vRST [ LRST | RES |
8 7 & 5 4 3 2 1

Figure 2.3 Serial EEPROM/Switch Register (/0 2A3H)

Bit 0: Serial Clock (R/W)

This bit is directly connected to the SK Serial Data Clock line of the NM93C46
Serial EEPROM and the SERIAL CLOCK line of the HC2001 Serial Switch. It
is used for clocking serial data transfers to and from the Serial EEPROM and
Serial Switch.
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Bit 1: Serial Data Out (R/W)

This bit is directly connected to the DI pin of the NM93C46 and the SERIAL
IN pin of the HC2001, It is used to send data to the Serial EEPROM and Serial
Switch.

Bit 2: Serial Switch PROG- Control (R/W)
This bit is directly connected to the PROG- pin of the HC2001. It is used to
enable a program cycle to the serial switch.

Bit 3: Serial Switch RD- Control (R/W)
This bit is directly connected to the RD- pin of the HC2001. It is used to select a
read cycle from the serial switch.

Bit 4: Serial Switch Data In(R)
This bit is directly connected to the SERIAL QUT pin of the HC2001, 1t is used
to receive serial data from the Serial Switch.

Bit 5: Serial EEPROM Data In (R)
This bit is directly connected to the DO pin of the NM93C64 during reads. It is
used 1o receive serial data from the serial EEPROM.

Bit 6: Serial EEPROM Chip Select (R/'W)
This bit is directly connected to the CS pin of the NM93C486. It selecis the
NM93C46 chip, making it active and ready for read or write cycles.

Bit 7: Reserved

This bit is reserved for future use by SBS Embedded Computers. Reads are not
guaranteed to return any particular value. To avoid incompatibilities with future
hardware, it is recommended that you leave this bit unchanged during writes.

The V5A incorporates a 128x16 bit serially-accessed Electrically Erasable
Programmable Read Only Memory, or EEPROM. This part is the National
Semiconductor NM93C46, and is used for storing board setup and configuration
data for SETVSA and the VME BIOS. Programming the EEPROM is facilitated
through the Serial EPROM/Switch Register (see Serial EPROM/Switch
Register above). However, user programs should make use of the EEPROM
only under special circumstances. SBS Embedded Computers can provide you
with more information about programming the EEPROM, as well as the dan-
gers of doing so.

The EEPROM is 64 words in size. The first 43 words are used for VME setup
values and board setup information. The remaining 21 words are available for
general use.
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Serial Switch

Note: Like most EEPROM devices, the NM93C46 has a limited lifetime for
write cycles. For the NM93C46, the average device life is 106 write cycles.
Conservative use of the EEPROM will ensure that it lasts the life of the board.

One of the major design features of the V5A is its lack of jumpers. By incorpo-
rating a serially-programmable non-volatile switch, hardware configuration is
completely under software control. Most of the settings in the Serial Switch can
be configured in SETVSA. Program the Serial Switch directly only when neces-

sary.

Because of the device-specific knowledge required to successfully program it,
caution should be exercised when programming the Hughes HC2001 Seriat
Switch directly. To read or write the Serial Switch, you must carefully follow
the timing requirements specified in the Hughes HC2001/2002 data sheet.
Reading or writing the lines of the Serial Switch is accomplished through the
Serial EPROM/Switch Register (SP/SW). See Serial EPROM/Switch Register
above.

Following are the switch definitions for the Serial Switch. For switch defini-
tions, on is synonymous with set {one) and off is synonymous with cleared
(zero):

| TERM | C232E |HFLSH|DOCENIBSSEL | VRST | LRST | Res |
8 7 6 H 4 3 2 {
Figure 24 Serial Swilch

Switch 1 (Bit 0): Reserved

This switch is reserved for future use by SBS Embedded Computers. Reads are
not guaranteed to return any particular value. To avoid incompatibilities with
future hardware, it is recommended that you leave this switch unchanged during
writes.

Switch 2 (Bit 1): SYSRESET to Local Reset Enable
This switch stores the inverted startup condition of the IGSR bit of the Reset
Control Register (see Reset Control Register above).

Switch 3 (Bit 2): Local Reset to VME SYSRESET Enable
This bit stores the startup condition of the FPSR bit of the Reset Contro!
Register (see Reset Control Register above).

Switch 4 (Bit 3): BIOS Socket Select
On startup, this bit determines if the onboard FLASH BIOS or the BIOS socket
will be used for the System BIOS.
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Multi-Mode Video
Controlier and BIOS

2.8

Switch 5 (Bit 4): Disk-on-Chip Enable
This bit enables a portion of the BIOS region to be mapped to a Disk-On-Chip
device.

Switch 6 (Bit 5): High Flash Enable
This switch swaps BIOS pages from the low region to the high region.

Switch 7 (Bit 6): COM2 RS232 Enable (COM2_RS232_EN)

This switch controls the driver type of the extended functionality COM2 port.
When off, COM2 RS232 is disabled and the COM2 RS485 is enabled. When
this switch is on, COM2 RS232 is enabled and the COM2 port driver type is
RS232. This is the normal configuration for a PC/AT.

WARNING: Be sure that the type of driver selected matches the type of actual
connection. The differences in driver voltages and currents between the driver
types may cause damage to a connection of a different driver type. Changing the
COM2 configuration while the COM2 port has a connection is not recommend-
ed.

Switch 8 (Bit 7): On-Board SCSI Terminator
When this switch is on, the onboard active Terminators are enabled.

The multi-mode video controller is implemented with a complex Large Scale
Integration (LSI) device, the Cirrus Logic CL-GD543X. Primarily, you should
not need to program the video controller directly, because the Video BIOS pro-
vides functions for video operation through interrupt 10H. These are fully
defined in Section 3 of Advanced MS-DOS. However, when it is necessary to
program the controller directly, refer to the Cirrus Logic CL-GD3543X Data
Sheet. Refer to table 2-1 below for the video modes supported by the V5A,
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VSA Memory Map The total accessible address space of the V5A can be divided into two parts:
Figure 2-4 shows the VSA memory map and Figure 2-5 shows the VSA I/O
map.

o Unused/Aliased
o VME Access Region 4* (16M)
oo VME Access Region 3* (16M)
ot VME Access Region 2* (16M)
o Linear Video RAM (2M)
oo Local DRAM (up to 128M)
o System ROM (64K)
i VME Access Region 1" (64K)
il Universe Registers (64K)
pooositly SCSI BIOS (32K)
oo Video ROM (32K)
ooosbied Video RAM (128K)
e Local DRAM (640K)

Figure 2-4 V5A Memory Map

* These master VME access regions are shown in recommended default loca-
tions. They can be moved anywhere in the V5A memory map by changing the
configuration of the access path.
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VO Address
0IFF 4
posi Serial Port 1
oF 4
oy Floppy Disk
OJEF
ol Video
03BE
80 Paralle) Port 1
931F
paned Ethemet
QFF .
o8 Serial Porl 2
3 EEPROM/Serial Switch Register
282 User Register
241 BIOS Control Register
240 Reset Control Register
01F7
01F) IDE

2-10

Figure 2-5 V5A 1/0 Map
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Chips Extended
Yideo Modes

" N Dot | Horiz. | Vert. | Video
Video Maode | Displa Pixel Font
Mode Type Ada':)te}:' Resolution | Size Chars | Colors g:loch'; (':;ﬁg) ‘;:fz‘; n&fg’) CRT
00h Text CGA 3207200 | 88 | 40°25 16 25 31.5 70 256 | AB.C
EGA2 320350 | 8°t14 | 4025 16 25 31.5 70 256 |ABC
VGA! 360°400 [ 916 | 40°25 16 28 31.5 70 256 | ABC
0th Text CGA 320200 | 88 [ 4025 16 25 31.8 70 256 | ABC
EGA? 320°350 814 | 4025 16 25 315 70 256 | ABC
. VGA! 360°400 | 9716 | 4025 16 28 315 70 | 256 |ABC
02h Text CGA 6407200 ! 88 | 80725 16 25 31.5 70 256 |ABC
EGA? 640350 1814418025 | 16 25 315 70 256 [ABC
VGA' 720°400 [ 916 | 8025 16 28 31.5 70 256 !ABC
03h Text CGA 640°400 88 | 80°25 16 25 31.5 70 256 | ABC
EGA? 640°350 [ 814 | 80°25 16 25 315 70 | 256 |ABC
VGA! 720°400 | 9°16 | 80°25 16 28 31.5 70 256 | ABC
04h Graph All 3207200 | 88 | 4025 4 25 315 70 256 |ABC
05h Graph CGA 3207200 88 | 40°25 4 25 315 70 25% | ABC
EGA 320200 | 88 [ 40°25 4 25 315 70 256 | ABC
VGA 320200 | 88 [ 40°25 4 25 315 70 25 | ABC
06h Graph All 640200 | 88 | 80'25 2 25 315 70 256 |AB.C
07h Text MDA 720°350 | 914 | 8025 | Mono | 28 31.5 70 256 | ABC
EGA 720°350 [ 914 | 80°25 | Mono 28 31.5 70 256 |ABC
VGA 720400 | 916 | 8025 | Mono | 28 31.5 70 256 |ABC
08hD0OCh Reserved
0Dh Graph ENGA 3207200 88 | 40°25 16 25 31.5 70 256 | ABC
0Eh Graph E/NVGA 640°200 88 | 80'25 16 25 NS5 70 256 |ABC
OFh Graph ENGA 640°350 1814 | 80°25 [ Mono 25 31.5 70 256 |ABC
10h Graph ENGA 640350 {814 | 8025 16 25 31.5 70 256 | AB,C
11h Graph VGA 640480 | 816 | 80725 2 25 31.5 60 256 | ABC
12h Graph VGA 640480 | 816 | 80730 16 25 315 60 256 |ABC
13h Graph VGA 3207200 88 | 4025 | 256 25 315 70 256 | ABC
60h Text VGA 1056°400 | 8°16 {132°25| 16 40 305 | 67.5 256 |ABC
61h Text VGA 1056400 | 88 {132°50| 16 40 305 | 675 | 256 [ABC
BA,70h | Graph VGA 800600 | 816 { 100°37 16 40 38 60.5 256 B.C
72h{NI} Graph VGA 1024°768 | 8°16 {12848 16 65 48.5 60 512 C
72h(!) Graph VGA 10247768 | 8716 | 128'48 16 45 35.5 86 512 [ AB.C
78h Graph VGA 6407400 | 816 | 8025 | 256 25 315 70 256 | AB.C
79h Graph VGA 640°480 | 816 | 80°30 | 256 25 31.5 60 512 | AB,C
7Ch Graph VGA 800600 | 8°16 |100°37] 256 36 36 57 512 |AB,C

1 Enhanced VGA mode. Otherwise, the VGA can emulate either the CGA or the EGA characteristics of this mode.

2 The availability of these modes is dependent upon hardware and software configuration.

| = Interlaced, NI = Non-Interlaced

A = PS/2 analog CRT monitor or equivalent.
B = Multifrequency CRT (NEC Multisync 3D or equivalent)
C = Nanao Flexscan 9070s, NEC Multisync 5D or equivalent CRT monitor.

Color Palette is 256K (262,144) colors.

Table 2-1 V5A Video Modes
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cvarTer 3 VMEbus Slave
Programming

Chapter Scope This chapter describes programming the VMEDbus slave interface of the V5A.
Configuring the V5SA as a slave, using the slave access paths, and slave registers
of the Universe are covered.

VME Access Paths The VME interface of the V5A provides four discrete paths for VMEbus data
transfers. These “access paths” can be configured as either VMEbus slave
access paths or VMEbus master access paths.

VMEbus Slave Interface The VMEDbus Slave Interface of the V5A is provided by the Tundra Universe
VMEDbus Interface Controller. The Universe presents access paths to and from
VME in terms of PCI and VME “images”. [f an access path is configured as a
slave path, then in terms of Universe functions, the path consists of a VMEbus
Slave Image, a PCI Master Image, and a VMEbus Slave Channel. The Universe
Block Diagram shown in Appendix B illustrates these function blocks.

VME Slave & PCI In order for the V5A to be a VMEbus slave, the Universe VMEbus Interface

Master Controller has to be a PCI bus master. As such, the remainder of this chapter is
divided into two related sections, Universe as a VMEDbus Slave, and Universe as
a PCI Master.

Universe as a VMEbus The Universe VME Slave Channel accepts all of the addressing and data trans-

Slave fer modes documented in the VME®64 specification (except A64 and those

intended to support 3U applications, i.e. A40 and MD32). Incoming write trans-
actions from the VMEbus may be treated as either coupled or posted, depending
upon the programming of the VMEDbus slave image (see “VME Slave Images”
on page 3-8). With posted write transactions, data is written to a Posted Write
Receive FIFO (RXFIFO), and the VMEbus master receives data acknowledg-
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ment from the Universe. Write data is ransferred to the PCI resource from the
RXFIFO without the involvement of the initiating VMEbus master (see “Posted
Writes” on page 3-3 for a full explanation of this operation). With a coupled
cycle, the VMEbus master only receives data acknowledgment when the trans-
action is complete on the PCI bus. This means that the VMEbus is unavailable
to other masters while the PCI bus transaction is executed.

Read transactions may be either prefetched or coupled. If enabled by the user, a
prefetched read is initiated when a VMEbus master requests a block read trans-
action (BLT or MBLT) and this mode is enabled. When the Universe receives
the block read request, it begins to fill its Read Data FIFO (RDFIFO) using
burst transactions from the PCI resource. The initiating VMEbus master then
acquires its block read data from the RDFIFO rather than from the PCI
resources directly.

The Universe becomes a VMEbus slave when one of its four programmed slave
images or register images are accessed by a VMEbus master (note that the
Universe cannot reflect a cycle on the VMEDbus and access itself). Depending
upon the programming of the slave image, different possible transaction types
result (see “VME Slave Images” on page 3-8 for a description of the types of
accesses to which the Universe responds).

For reads, the transaction can be coupled or prefetched. Similarly, write transac-
tions can be coupled or posted. The type of read or write transaction allowed by
the slave image is dependent upon the programming of that particular VME
slave image (see Figure 3-1 below and “VME Slave Images” on page 3-8). To
ensure sequential consistency, prefetched reads, coupled reads, and coupled
write operations are only processed once all previously posted write operations
have completed (i.e. the RXFIFO is empty).

PREFETCHED READ DATA
[~ norso | -
— ROFWO j
PCI BUS COUPLED READ DATA VMEbuS
MASTER SLAVE
MODULE COUPLED WRITE DATA MODIWLE
POSTED WRITE DATA
!l FAXFIFO Il

Figure 3-1 VMEbus Slave Channel Datafiow
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Coupled Transfers

Posted Writes

Incoming cycles from the VMEbus can have data widths of 8-bits, 16-bits, 32-
bits, and 64-bits. Although the PCI bus suppotts only two port sizes {32-bits and
64-bits), the byte lanes on the PCI bus can be individually enabled, which
allows each type of VMEbus transaction to be directly mapped to the PCI data
bus,

In order for a VMEbus slave image to respond to an incoming cycle, the PCI
master interface must be enabled (bit BM in the PCI_CSR register, Appendix A,
Table A.3).

A coupled transfer means that no FIFO is involved in the transaction and hand-
shakes are relayed directly through the Universe. Coupled mode is the default
setting for the VMEbus slave images. Coupled transfers only proceed once all
posted write entries in the RXFIFO have completed (see “Posted Writes”
below).

A coupled cycle with multiple data beats (i.e. block transfers) on the VMEbus
side is always mapped to single data beat transactions on the PCI bus, where
each data beat on the VMEbus is mapped to a single data beat transaction on the
PCI bus regardless of data beat size. No packing or unpacking is performed.
The only exception to this is when a D64 VMEDbus transaction is mapped to
D32 on the PCI bus. The data width of the PCI bus is dependent upon the pro-
grarnming of the VMEbus stave image (32-bit or 64-bit, see “VME Slave
Images” onpage 3-8). The Universe enables the appropriate byte lanes on the
PCI bus as required by the VMEDbus transaction. For example, a VMEDbus slave
image programmed to generate 32-bit transactions on the PCI bus is accessed
by a VMEbus D08 BLT read transaction (prefetching is not enabled in this slave
image). The transaction is mapped to single data beat 32-bit transfers on the PCI
bus with only one byte lane enabled.

The Universe does not generate RETRY* on the VMEDbus, so a target-retry
from a PCI slave will not be communicated to the VMEbus master. PCI transac-
tions terminated with target abort or master abort are terminated on the VMEbus
with BERR*. Note that the Universe sets the R_TA or R_MA bits in the
PCI_CS register (Appendix A, Table A.3) when it receives a target abort or
master abort.

A posted write involves the VMEbus master writing data into the Universe’s
RXFIFO, rather than directly to the PCI address. Write transactions from the
VMEDbus are processed as posted if the PWEN bit is set in the VMEbus slave
image control register (see “VME Slave Images” on page 3-8). If the bit is
cleared (the default setting) the transaction bypasses the FIFO and is performed
as a coupled transfer (see above). Incoming posted writes from the VMEbus are
queuved in a 16-entry deep RXFIFO. Each entry in the RXFIFO can contain 64
address bits (with extra bits provided in an address entry for command informa-
tion), or 64 data bits. Each incoming VMEbus address phase, whether it is 16-
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bit, 24-bit, or 32-bit, constitutes a single entry in the RXFIFO and is followed
by subsequent data entries. The address entry contains the translated PCI
address space and command information mapping relevant to the particular
VMEDbus slave image that has been aceessed (see “VME Slave Images” on page
3-8). For this reason, any re-programming of VMEDbus slave image attributes
will only be reflected in RXFIFO entries queued after the re-programming.
Transactions queued before the re-programming are delivered to the PCI bus
with the VMEbus slave image atiributes that were in use before the re-program-

ming.

Incoming non-block write transactions from the VMEbus require two entries in
the RXFIFO: one address entry {with accompanying command information) and
one data entry. The size of the data entry corresponds to the data width of the
VMEbus transfer. Block transfers require at least two entries: one entry for
address and command information, and one or more data entries, The VME
Slave Channel packs data received during block transfers to the full 64-bit
width of the RXFIFQ, For example, a ten data phase D16 BLT transfer (20
bytes in total) does not require ten data entries in the RXFIFO. Instead, eight of
the ten data phases (16 bits per data phase for a total of 128 bits) are packed into
two 64-bit data entries in the RXFIFQ. The final two data phases (32 bits com-
bined) are queued in the next RXFIFO entry. When you add the address entry to
the three data entries, this VMEDbus block write has been stored in 2 total of four
RXFIFO entries.

Unlike the PCI Slave Channe! (see Appendix B), the VME Slave Channel does
not retry the VMEDbus if the RXFIFO does not have enough space to hold an
incoming VMEbus write transaction. Instead, the DTACK* response from the
VME Slave Interface is delayed until space becomes available in the RXFIFO.
Since single transfers require two entries in the RXFIFO, two entries must be
freed up before the VME Slave Interface asserts DTACK*. Similarly, the VME
Slave Channel requires two available RXFIFO entries before it can acknowl-
edge the first data phase of a BLT or MBLT transfer {one entry for the address
phase ang one for the first data phase). If the RXFIFO has no available space
for subsequent data phases in the block transfer, then the VME Slave Interface
delays assertion of DTACK?* until a single entry is available for the next data
phase in the block transfer.

The availability of RXFIFO entries depends upon how many transactions are
queued in the RXFIFO. The VME Slave Channel permits only four transactions
queued in the RXFIFO at any one time. A transaction is a VMEbus transaction
with an address phase and one or more data phases. For example a single word
write is one transaction. If four single word writes are queued in the RXFIFO,
then the RXFIFO is considered full. If four transactions are already queued in
the RXFIFO, assertion of DTACK?* is delayed until one transaction is delivered
to the PCI bus.
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Prefetched Block Reads

The PCI Master Interface uses transactions queued in the RXFIFO to generate
transactions on the PCI bus. No address phase deletion is performed, so the
length of a transaction on the PCI bus corresponds to the length of the queued
VMEDbus transaction. Non-block transfers are generated on the PCI bus as sin-
gle data beat transactions. Block transfers are generated as one or more burst
transactions, where the length of the burst transaction is programmed by the
PABS bit in the MAST_CTL register.

The Universe always packs or unpacks data from the VMEbus transaction to the
PCI bus data width programmed into the VMEbus slave image (with all PCI bus
byte lanes enabled). For example, consider a VMEbus slave image programmed
for posted writes and a D32 PCI bus that is accessed with a VMEbus D16 block
write transaction. The VMEbus D16 write transaction is mapped to a D32 write
transaction on the PCI bus with all byte lanes enabled. (However, note that a
single D16 transaction from the VMEbus is mapped to the PCI bus as D32 with
only two byte lanes enabled),

During block transfers, the Universe will pack data to the full negotiated width
of the PCI bus. This may imply that for block transfers that begin or end on
addresses not aligned to the PCI bus width different byte lanes may be enabled
during each data beat.

If an error occurs during a posted write to the PCI bus, the Universe uses the
L_CMDERR register (Appendix A, Table A.31) to log the cormnmand informa-
tion for the transaction (CMDERR [3:0]). The L_CMDERR register also
records if multiple errors have occurred (with the M_ERR bit) although the
actual number is not given. The error log is qualified with the L_STAT bit. The
address of the errored transaction is latched in the LAERR register (Table
A.32). An interrupt is generated on the VMEDbus and/or PCI bus depending
upon whether the VERR and LERR interrupts are enabled.

Prefetching of read data occurs for VMEbus block transfers (BLT, MBLT) in
those slave images that have the prefetch enable (PREN) bit set (see “VME
Slave Images™ on page 3-8). Without prefetching, block read transactions from
a VMEbus master are handled by the VME Slave Channel as coupled reads.
This means that each data phase of the block transfer is translated to a single
data beat transaction on the PCI bus. In addition, only the amount of data
requested during the relevant data phase is fetched from the PCI bus. For exam-
ple, D16 block read transaction with 32 data phases on the VMEbus maps to 32
PCI bus transactions, where each PCI bus transaction has only two byte lanes
enabled. Note the VMEbus lies idle during the arbitration time required for each
PCI bus transaction, resulting in a considerable performance degradation.
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With prefetching enabled, the VME Slave Channel uses a 16 entry deep RDFI-
FO to provide read data to the VMEbus with minimum latency. The RDFIFQ is
64 bits wide, with additional bits for control information. If a VMEbus slave
image is programmed for prefetching (see “VME Slave Images” on page 3-8),
then a block read access to that image causes the VME Slave Channel to gener-
ate aligned burst read transactions on the PCI bus (the size of the burst read
transactions is determined by the setting of the aligned burst size, PABS in the
MAST_CTL register). These PCI burst read transaction are queued in the RDFI-
FO and the data is then delivered to the VMEbus. Note that the first data phase
provided to the VMEbus master is essentially a coupled read, but subsequent
data phases in the VMEbus block read are delivered from the RDFIFOQ and are
essentially decoupled (see “Prefetched Reads” on page 3-3 for the impact on
bus error handling).

The data width of the transaction on the PCI bus (32-bit or 64-bit) depends upon
the setting of the LD64EN bit in the VME slave image control register (e.g. see
Table A.60) and the capabilities of the accessed PCI slave. Internally, the
prefetched read data is packed to 64 bits, regardless of the width of the PCI bus
or the data width of the original VMEbus block read (no address information is
stored with the data). Once one entry is queued in the RDFIFO, the VME Slave
Interface delivers the data to the VMEbus, unpacking the data as necessary to fit
with the data width of the original VMEbus block read (e.g. D16, or D32). The
VME Slave Interface continuously delivers data from the RDFIFO to the
VMEDbus master performing the block read transaction. Because PCI bus data
transfer rates exceed those of the VMEbus, it is unlikely that the RDFIFO will
ever be unable to deliver data to the VMEbus master. For this reason, block read
performance on the VMEbus will be similar to that observed with block writes.
However, should the RDFIFO be unable to deliver data to the VMEbus master
{which may happen if there is considerable traffic on the PCI bus or the PCI bus
slave has a slow response) the VME Slave Interface delays DTACK* assertion
until an entry is queued and is available for the VMEbus block read.

On the PClI side, prefetching continues as long as there is room for another
transaction in the RDFIFO and the initiating VMEbus block read is still active.
The space required in the RDFIFO for another PCI burst read transaction is
determined by the setting of the PCI aligned burst size (PABS in the
MAST_CTL register, Table A.56). If PABS is set for 32 bytes, there must be
four entries available in the RDFIFO; for aligned burst size set to 64 bytes, eight
entries must be available. When there is insufficient room in the RDFIFO to
hold another PCI burst read, the read transactions on the PCI bus are terminated
and only resume if room becomes available for another aligned burst AND the
original VMEbus block read is still active. When the VMEbus block transfer
terminates, any remaining data in the RDFIFO is purged.
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VMEbus Lock Commands

VMEbus Read Modify
Writes

Regardless of the read request, the data width of prefetching on the PCl side is
full width with all byte lanes enabled. If the request is unaligned, then the first
PCI data beat will have only the relevant byte lanes enabled. Subsequent data
beats will have full data width with all byte lanes enabled. If LD64EN is set in
the VME Slave image, the Universe requests D64 on the PCI bus by asserting
REQ64# during the address phase. If the PCI slave does not respond with
ACK64#, subsequent data beats are D32.

The Universe only translates errors from the PCI bus to the VMEbus during the
first data beat (the coupled portion) of the prefetched read. A target abort on the
PCI bus is translated as a BERR* signal on the VMEbus. However, a target
abort on subsequent data beats during a prefetched read is ignored, but does
cause prefetching to stop. There is no logging of the error, and all previously
fetched data is provided to the VMEbus master. Once the block read on the
VMEDbus extends beyond the available data in the RDFIFO, then a new prefetch
is initiated on the PCI bus. The point at which the new prefetch is initiated cor-
responds to where the error previously occurred. If the error occurs again, it will
be on the first (coupled) data beat of the transaction and will be translated to the
VMEbus as a BERR* signal. As with all coupled errors, no error is logged and
no interrupt is generated. It should be anticipated that two target aborts may be
generated before the VMEDbus block read is terminated with BERR*.

The Universe supports VMEbus lock commands as described in the VME64
specification. Under the specification, ADOH cycles are used to execute the
lock command (with a special AM code}. Any resource locked on the VMEDbus
cannot be accessed by any other resource during the bus tenure of the VMEDbus
master. If the Universe receives a VMEbus lock command, it asserts LOCK# to
the addressed resource on the PCI bus. The Universe holds the PCI bus lock
until the VMEbus lock command is terminated, i.e. when BBSY* is negated.
All subsequent slave VMEbus transactions are coupled while the Universe
owns PCI LOCK#. Note that the VME Slave Channel has dedicated access to
the PCI Master Interface during the locked transaction.

A read-modify-write (RMW) cycle allows a VMEbus master to read from a
VMEDbus slave and then write to the same resource without relinquishing bus
tenure between the two operations. Each of the Universe slave images can be
programmed to map RMW transactions to PCI locked transactions. If the
LLRMW enable bit is set in the appropriate VMEbus slave image control regis-
ter (e.g. Table A.60), then every non-block slave read is mapped to a coupled
PCI locked read. LOCK# will be held on the PCI bus until AS* is negated on
the VMEbus. Every non-block slave read is assumed to be a RMW since there
is no possible indication from the VMEDbus master that the single cycle read is
just a read or the beginning of a RMW.
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Register Accesses

DTACK Rescinding

VME Siave Images

If the LLRMW enabte bit is not set and the Universe receives a VME RMW
cycle, the read and write portions of the cycle will be treated as independent
transactions on the PCl bus: i.e., a read followed by a write. The write may be
coupled or decoupled depending on the state of the PWEN bit in the accessed
slave image.

Note: There may be a performance loss for reads that are processed through a
RMW-capable slave image. Some of this comes about due to the sampling of
and arbitration for LOCK# by the Universe’s PCI Master Interface. More of a
performance loss can arise if LOCK# is currently owned by another PC1 master.

The Universe registers are initially setup to appear at local addresses D000:0000
to DOOO:FFFF. See the Register Appendix, Page A-1, for a full description of
register mapping and register access.

The user can increase performance in many systems by programming the
Universe to rescind DTACK*. When the Universe releases the VMEDbus, it can
be programmed to either just release DTACK* (in which case DTACK?* floats
to its negated level) or rescind DTACK* (in which case the Universe actively
drives DTACK* to its negated level). DTACK* rescinding is programmed by
setting the RESCIND bit in the MISC_CTL register (Table A.57) and is enabled
by default.

The Universe accepts accesses from the VMEbus within specific programmed
slave images. Each VMEbus slave image opens a window to the resources of
the PCI bus and, through its specific attributes, allows the user to control the
type of access to those resources. The tables below describe programming for
the VMEbus slave images by dividing them into VMEbus, PCI bus and Control

fields.
Field Register Bits Dasaription
bae BS[31:12] in Table A.81 multiples of 4 or &4 Kbyles (base to bound:
bound BD[31:12] in Table A.62 maximum of 4 GByles)
address sprie VAS i Table A.60 Als, A24,A32, User 1, User 2
mode SUPER in Table A.60 supervisor andfor non-privileged
type PGM in Table A0 program and/or data

Table 3-1  VMEbus Fields for VME Slave image
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VMEbus Fields

Fleld Ragister Bits Dascription
mmage enable EN in Table A.60 enable bit
posted write PWEN in Table A.60 posted write enable bit
prefetohed 1ead PREN m Table A0 prefetched read enadble b
énable PCE Déd LDE4EN m Table ASC enabdles 64-bit PCI bus transactions
Table 3-2 PCI Bus Fields for VME Slave Image
Ficld Ragister Bits Description
translation offset TO[31:12) in Table A.€3 offsets VIMEbUS slave address 1o a selected PCH
address
address space LAS in T2ble A.60 Memory, /O, Configuntion
RMW LLRMW m Table A.60 RMW snable vit

Table 3-3 Control Fields for VME Slave image

Note: If the programming for an image is changed after the transaction is
queued in the FIFO, the transaction’s attributes are not changed. Only subse-
quent transactions are affected by the change in attributes.

Decoding for VMEbus accesses is based on the address, and address modifiers
produced by the VMEbus master. Before responding to an external VMEbus
master, the address must lie in the window defined by the base and bound
addresses, and the Address Modifier must match one of those specified by the
address space, mode, and type fields.

The Universe’s four VME slave images (images 0 to 3) are bounded by A32
space. The first of these (VME slave image 0) has a 4 Kbyte resolution while
VME slave images 1 to 3 have 64-Kbyte resolution (maximum image size of 4
GBytes). Typically, image 0 would be used as an A16 image since it provides
the finest granularity of the four images. Any slave image (0-3) that is enabled
must have its corresponding master image disabled.

Note that the address space of 2 VMEbus slave image must not overlap with the
address space for the Universe’s control and status registers. Since register
accesses take priority, any access to the overlap region results in a register
access.
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PCI Bus Fields

Control Fields

310

The PCI bus fields specify how the VMEbus transaction is mapped to the
appropriate PCI bus transaction. The translation offset field allows the user to
translate the VMEbus address to a different address on the PCI bus. The transla-
tion of VMEDbus transactions beyond 4 Gbytes results in wrap-around to the low
portion of the address range.

The PAS field controls generation of the PCI transaction command. The
LLRMW bit allows indivisible mapping of incoming VMEbus RMW cycles to
the PCI bus via the PCI LOCK# mechanism (see “VMEbus Read Modify
Writes” on page 3-5). When the LLRMW bit is set, single cycle reads will
always be mapped to single data beat locked PCI transactions. Setting this bit
has no effect on non-block writes: they can be coupled or decoupled. However,
note that only accesses to PCI Memory Space are decoupled, accesses to /O or
Configuration Space are always coupled.

A32 Image

Offset [31.12)  VME([31.12]  VME[11.0]

PCI[31..12) PCI[13.0)

Figure 3.2 Address Translation for VMEbus to PCI Bus Transfers

The control fields allow the user to enable 2 VMEbus slave image (using the
EN bit), as well as specify how reads and writes will be processed. At power-
up, all images are disabled and are configured for coupled reads and writes.

If the PREN bit is set, the Universe will prefetch for incoming VMEbus block
read cycles. It is the user's responsibility to ensure that prefeiched reads are not
destructive and that the entire image contains prefetchable resources.

If the PWEN bit is set, incoming write data from the VMEDbus is loaded into the
RXFIFO (see “Posted Writes” on page 3-3). Note that posted write transactions
can only be mapped to Memory space on the PCI bus. Setting the PAS bit in the
PCl fields to KO or Configuration Space will force all incoming cycles to be
coupled independent of this bit,
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Configuring the VMEbus
Slave using Setup

Example Slave Program

If the LD64EN bit is set, the Universe will attempt to generate 64-bit transac-
tions on the PCI bus by asserting REQ64#. The REQ64# line is asserted during
the address phase in a 64-bit PCI system, and is the means of determining
whether the PCI slave is a 64-bit port. If the slave asserts ACK64# with
DEVSEL#, then the Universe uses the 64-bit data bus. If the slave does not
assert ACK64# with DEVSEL#, then the Universe uses a 32-bit data bus.
However, note that use of REQ64# requires extra clocks internally. Therefore, if
no 64-bit targets are expected on the PCI bus then performance can be improved
by disabling LDG4EN on the VME slave images.

In order for a VMEbus slave image to respond to an incoming cycle, the PCI
master interface must be enabled (bit BM in the PCI_CSR register, Table A.3).

The VMEbus Slave Interface of the VSA can be configured using the embedded
Setup utility. Figure 3-2 shows the VME Access Path 0 screen in Setup in one
possible configuration. In this configuration, the slave is set to appear in VME
A24 space. The Slave base address is set to 400000h and the bound address is
set to 500000h. The PC address will be 400000h also, as the Translation Offset
is set to 000000h. In this configuration, the V5A appears as an A24 slave at
VME address 400000h which will decode to local address 400000h. Refer to
the V5A User’s Manual for more information on accessing and using the Setup
utility.

The example C program shown in Figure 3-3 demonstrates how to configure
and enable the slave interface of the VSA.
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#include <stdio.h>
#include <stdlib.h>
#include <deos.h>

#define VERSICN ~0.90~

int image; // Image number

int os; // Image array offset
1/

// Configure the selected path as VME slave.

//

// Initialize/Pisable PCI Slave Image so Universe can become VME Slave.
/7
void u_initl( unsigned int lsi_base, unsigned int 1si_bd )
{
unsigned char far *uregs;
unsigned char bval=0;
uregs = MK_FP( 0xD0O0O0, 0 };
if{ image == 0 ) {
bval = uregs[0x105+0s] & Ox0f;
uregs[0x105+0s) = bval | ({lsi_base & 0xf) << 4);// Set PCI mem base
}
uregs (0x106+0s]
uregs [0x107+0s)
if( image == 0 ) {
bval = uregs(0x109+os] & OxO0f;
uregs[0x109+0s] = bval | ((lsi_bd & 0xf) << 4);// Set PCI mem bound
}
uregs [0xl10a+og) {lsi_bd >> 4) & Oxff;
uregs[0x10b+os) = (lsi_bd »>> 12) & Oxff;
bval = uregs[0x102+0s] & Ox3f;

{1si_base >> ¢) & Oxff;
{lsi_base >> 12) & Oxff;

uregs {0x102+0s) = bval | 0x80; // vme max width to 32 bits
uregs {0x100+0s8] &= Oxfe¢; // set for pci memory space
bval = uregs{0x403] & O0x0f;

uregs (0x403} = bval | 0x10; // 64 retries

uregs [0x406} &= ~(0x19): // syscon, etc.

uregs {0x103+0s] &= ~{0x80); // disable pe¢i slave image

// Enable and initialize VME Slave Image.
/7
void u_initv( unsigned long vsi_base, unsigned long vsi_bd )
{
unsigned char far *uregs;
unsigned char bval=0:; uregs = MK_FP{ 0xD00¢, ¢ ):
if{ image == 0 ) {
bval = uregs[0x£f05+0s} & Ox0f;
uregs [0x£05+0s] = bval | ((vsi_base & 0xf) << 4);// Set VME mem base
}
uregs [0xf06+0s]
uregs [0xf07+o0s]
if( image == 0 } {
bval = uregs|[0xf09+0s) & Ox0f;

{vsi_base >> 4) & Oxff:;
{vsi_base >> 12) & Oxff;

]

Figure 3-3 Slave Access Example Program
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00000000000 0000 00000000 000000000000000000OCGS

uregs [0xf09+0s8] = bval | ({vsi_bd & O0xf} << 4);// Set VME mem bound

}

uregs (0xfla+os) (vsi_bd >> 4) & Oxff;

uregs [0xf0b+os]) = (vsi_bd >> 12) & Oxff;

uregs [0xf0d+os] &= O0x0f;

uregs [0xf0e+0s] = 0;

uregs [0xf0f+0s] = 0;

uregs [0x£02+0s] = O0x01; // set for A24

uregs [0xE03+0s) |= 0xe0; // Enable VME slave image 0
// +posted write enable+read
// prefetch

// Translation Offset

void main (void)

{

int getchiveid);

void u_initl( unsigned int, unsigned int }:
void u_initv{ unsigned long, unsigned long ):
unsigned int be, i;

unsigned char parms, ch;

unsigned long va;

unsigned char la[8];

int s;

printf(“Set for VME Slave Operation -~ Version %4s\n”, VERSION);
printf("Select VME Slave Image {0 - 3)\n"):
ch = getch();
switch {ch} {
case ‘0
image = 0;
break:;
case ‘l1':
image = 1;
break;
case ‘27
image = 2;
break;
case ‘3':
image = 3;
break;
default:
printf(*Illegal Entry\n”);
exit(0);
}
08 = image * 0x14; // 14 hex bytes between images
u_initl (0xe0, O0x£0); // Disable + initialize PCI slave image
u_initv(0x0l, Oxfffffl); // Enable + initialize VME slave image
printf (*VME Slave Image %1.1i Enabled\n*, image):

Figure 3-3 Slave Access Example Program
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CHAPTER 4

VMEbus Master
Programming

Scope

VMEbus Master
Interface

Master Access Paths

Master Accesses in
Real Mode

This chapter describes programming the VMEbus master interface of the V5A.
Configuring the V5A as a VME master, using the four master images, and con-
figuring the master registers of the Universe are covered.

The VMEbus Master Interface of the V5A is provided by the Tundra Universe
VMEDbus Interface Controller. As discussed in Chapter 3, the Universe presents
access paths to and from VME in terms of PCI and VME “images”. If an access
path is configured as a master path, then in terms of Universe functions, the
path consists of a VMEbus Master Image, a PCI Slave Image, and a VMEbus
Master Channel. The Universe Block Diagram shown in Appendix B illustrates
these function blocks. Whenever a VME master image is enabled, the corre-
sponding slave image must be disabled.

In Chapter 3 we discussed the four VME access paths provided by the VSA.
Each of these paths can be setup to provide a Jocal address range through which
VME Master access can be made. :

Any of the four access paths can be setup to provide a “Real Mode Window”, a
range of address space on the V5A that provides a window to VMEbus address
space for programs running in 80x86 Real Mode. It provides an easy, conve-
nient method of accessing the VMEDbus from the V5A running in 80x86 Real
Mode. To use an access path to provide a Real Mode Window, configure the
path with a base address of E0000 and a bound address of EFFFF. This local
address range from E000:0000 to ECCQ:FFFF will provides a 64 kilobyte page
into VMEbus space. As such, it can provide a direct one-to-one map to
VMEbus A16 (Short I/O) space. The Real Mode Window can be paged through
VMEbus space for A24 and A32 accesses by changing the translation offset of
the path.
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The Universe as
VMEbus Master

4-2

Note: If the Real Mode Window is used, the EQOC region must be excluded
from any extended memory manager such as EMM386.EXE, and from
Microsoft Windows. Also, be aware that calls to the Read VMEbus and Write
VMEbus BIOS functions (functions 20 & 21) use the Real Mode Window
E0000 region for VME access.

The Universe becomes VMEbus master when the VME Master Interface is
internally requested by the PCI Bus Slave Channel, the DMA Channel, or the
Interrupt Channel. The Interrupt Channel always has priority over the other two
channels. Several mechanisms are available to configure the relative priority
that the PCI Bus Slave Channel and DMA Channel have over ownership of the
VMEDbus Master Interface.

The Universe’s VME Master Interface generates all of the addressing and data
transfer modes documented in the VMEG64 specification (except A64 and those
intended to support 3U applications, i.e. A40 and MD32). The Universe is also
compatible with all VMEbus modules conforming to pre-VMEG64 specifica-
tions. As VMEbus master, the Universe supports Read-Modify-Write (RMW),
and Address-Only-with-Handshake (ADOH) but does not accept RETRY* as a
termination from the VMEbus slave. The ADOH cycle is used to implement the
VMEDbus Lock command allowing a PCI master to lock VMEbus resources.

The Universe becomes VMEbus master as a result of the following chain of
events:

1. a PCI master accesses a Universe PCl slave image (leading to VMEbus
access) or the DMA Channel initiates a transaction,

2. either the Universe PCI Slave Channel or the DMA Channe! wins access
to the VME Master Interface through internal arbitration, and

3. the Universe Master Interface requests and obtains ownership of the
VMEbus.

The Universe will also become VMEbus master if the VMEbus ownership bit is

~ set and in its role in VMEbus interrupt handling (see Chapter 5).

The following sections describe the function of the Universe as a VMEbus mas-
ter in terms of the different phases of a VMEDbus transaction: addressing, data
transfer, cycle termination, and bus rejease.
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Addressing Capabilities

Data Transfer Capabilities

Depending upon the programming of the PCI slave image (see “PCI Bus Slave
Images” on page 4-5), the Universe generates A16, A24, A32, and CR/CSR
address phases on the VMEbus. The address mode and type (supervisor/non-
privileged and program/data) are also programmed through the PCI slave
image. Address pipelining is provided except during MBLT cycles, where the
VMEDbus specification does not permit it.

The address and AM codes that are generated by the Universe are functions of
the PCI address and PCI slave image programming (se¢ “PCI Bus Slave
Images” on page 4-5) or through DMA programming.

The Universe generates ADdress-Only-with-Handshake (ADOH) cycles in sup-
port of lock commands for A16, A24, and A32 spaces. ADOH cycles must be
generated through the Special Cycle Generator.

To increase the flexibility of the Universe’s address space programming, there
are two User Defined AM codes that can be programmed through the
USER_AM register (Appendix A, Table A.59). After power-up, the two values
in the USER_AM register default to the same VME64 user-defined AM code.

The data transfer between the PCI bus and VMEbus is perhaps best explained
by Figure 4-1. The Universe can be seen as a funne] where the mouth of the
funnel] is the data width of the PCI transaction. The ¢nd of the funnel is the max-
imum VMEbus data width programmed into the PCI slave image. For example,
consider a 32bit PCI transaction accessing a PCI slave image with VDW set 10
16 bits. A data beat with all byte lanes enabled will be broken into two 16-bit
cycles on the VMEDbus. If the PCI slave image is also programmed with block
transfers enabled, the 32-bit PCI data beat will result in a D16 block transfer on
the VMEbus. Write data is unpacked to the VMEbus and read data is packed to
the PCI bus data width.

If the data width of the PCI data beat is the same as the maximum data width of
the PCI slave image, then the Universe maps the data beat to an equivalent
VMEbus cycle. For example, consider a 32bit PCI transaction accessing a PCI
slave image with VDW set to 32 bits. A data beat with all byte lanes enabled is
translated to a single 32-bit cycle on the VMEbus.

As the general nule, if the PCI bus data width is less than the VMEbus data
width then there is no packing or unpacking between the two buses. The only
exception to this is during 32-bit PCI multi-data beat transactions to a PCI slave
image programmed with maximum VMEbus data width of 64 bits. In this case,
packing/unpacking occurs to make maximum use of the full bandwidth on both
buses.
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transaction
Maximum data width
programmed into PCI
slave image
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meximum data width of the
PClslave image
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Data width tits with maximum
daa widih of the PCI slave
image
S
WRITE (UNPACKING)
-
-l
READ (PACKING)
PCIBUS SIDE VMEBUS SIDE

Figure 41 Transfer Width, Slave image Width, & Data Packing/Unpacking

Only aligned VMEbus transactions are generated, so if the requested PCI data
beat has unaligned or non-contiguous byte enables, then it is broken into multi-
ple aligned VMEbus transactions no wider than the programmed VMEbus data
width. For example, consider a three-byte PCI data beat (on a 32-bit PCI bus)
accessing a PCI slave image with VDW set to 16 bits, The three-byte PCI data
beat will be broken into two aligned VMEbus cycles: a single-byte cycle and a
double-byte cycle (the ordering of the two cycles depends on the arrangement
of the byte enables in the PCI data beat). If in the above example the PCI slave
image has a VDW set to 8 bits, then the three-byte PCI data beat will be broken
into three single-byte VMEbus cycles.

BLT/MBLT cycles are initiated on the VMEDbus if the PCI slave image has been
programmed with this capacity (see “PCI Bus Slave Images” on page 4-5). The
length of the BLT/MBLT transactions on the VMEbus will be determined by the
initiating PCI transaction or the setting of the PWON field in the MAST_CTL
register (Appendix A, Table A.56). For example, a single data beat PCI transac-
tion queuved in the TXFIFO results in a single data beat block transfer on the
VMEDbus. With the PWON field, the user can specify a transfer byte count that
will be dequeued from the TXFIFO before the VME Master Interface relin-
quishes the VMEbus.
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Cycle Terminations

PCI Bus Slave limages

During DMA operations, the Universe will attempt block transfers to the maxi-
mum length permitted by the VMEDbus specification (256 bytes for BLT, 2
Kbytes for MBLT) and as limited by the VON counter.

The Universe accepts BERR* or DTACK*® as cycle terminations from the
VMEbus slave. The assertion of BERR* indicates that some type of system
error occurred and the transaction did not complete properly. A VMEbus
BERR?* received by the Universe during a coupled transaction is communicated
to the PCI master as a target abort. No information is logged if the Universe
receives BERR* in a coupled transaction. If an error occurs during a posted
write to the VMEbus, the Universe uses the V_AMERR register (Table A.80) to
log the AM code of the transaction (AMERR {5:0]), and the state of the IACK*
signal (IACK bit, to indicate whether the error occuired during an IACK cycle).
The current transaction in the FIFO is purged. The V_AMERR register also
records if multiple errors have occurred (with the M_ERR bit), although the
actual number of errors is not given. The error log is qualified by the value of
the V_STAT bit. The address of the errored transaction is latched in the
V_AERR register {Table A.81). When the Universe receives a VMEbus error
during a posted write, it generates an interrupt on the VMEbus and/or PCI bus
depending upon whether the VERR and LERR interrupts are enabled (see “The
Interrupt Channel” on page 2-56, Table A.43 and Table A.44).

DTACK?* signals the successful completion of the transaction.

The Universe accepts accesses from the PCI bus with specific programmed PCI
slave images. Each image opens a window to the resources of the VMEbus and
allows the user to control the type of access to those resources.The tables below
describe programming for the four standard PCI bus slave images (numbered 0
to 3) by dividing them into VMEbus, PCI bus and Control fields. One special
PCI slave image separate from the four discussed below is described in “Special
PCI Slave Image” on page 4-8,

Field Registar Bits Dascription
bass BS[31:12)in Table A9 multiples of 4 or 68 Kbytes (base to bound:
bound BD[31:12) in Table A.10 maximum of 4 GBytes)
address space LASiInTadle A8 Memeory, [/O, Configuration

Table 41 PCI Bus Fields for PCI Stave Image
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PCI Bus Fields

Fidd Register Bits Dascription
translation ofset TO(31:12) m Table A.11 translates address suppled by PClmasterto 3
specified YMEbus address
maxmney data width VDWinTable A8 8, 16,32, or 64 bits
address space VASinTibie AS Al6, A24, A32, CRICSR, Userl, User2

mode SUPERnTiblke AR supervisor or non-privileged

type PCMmTibke A8 program or data

cyele VCTinTablke AR smgle or block

Table 42 VMEbus Fields tor PCI Slave Image

Field Register Bits Description
image enable ENinTible A8 enable bt
posted write PWEN m Table A8 enabte bit

Table 43 Control Fields for PCI Slave Image

All decoding for VMEDbus accesses are based on the address and command
information produced by a PCI bus master. The Universe slave claims a cycle if
there is an address match and if the command matches certain criteria.

All of the Universe’s four PCI slave images are A32-capable only. The first of
these (PCI slave image 0) has a 4 Kbyte resolution while PCl slave images 1 to
3 have 64 Kbyte resolution. Typically, image 0 would be used for an A16 image
since it has the finest granularity.

Note that the address space of a PCI bus slave image must not overlap with the
address space for the Universe’s control and status registers. Since register
accesses take priority, any access to the ovelap region results in a register
access.
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VMEbus Fields

The VMEbus fields map PCI transactions to a VMEbus transaction, causing the
Universe to generate the appropriate VMEbus address, AM code, and cycle
type. Some invalid combinations exist within the PCI slave image definition
fields. For example, A16 and CR/CSR spaces do not support block transfers,
and A16 space does not support 64-bit transactions. Note that the Universe does
not attempt to detect or prevent these invalid programmed combinations, and
that use of these combinations may cause illegal activity on the VMEbus.

The 21-bit translation offset allows the user to translate the PCI address to a dif-
ferent address on the VMEbus. The figure below illustrates the translation
process:.

A32Image
Offset [31..12)  PCI[31.12] PCI [11..0)
4
VME [31..12] VME [11..0)

Figure 42 Address Translation for PCI Bus to VMEbus Transfers

The AM code generated by the Universe is a function of: the VMEDbus fields,
and the data width and alignment generated by the PCI bus master. For RMW
and ADOH cycles, the AM code also depends upon the settings for the Special
Cycle Generator.

The address space, mode, type, and cycle fields control the VMEbus AM code
for most transactions. Setting the cycle field to BLT enables the BLT cycle gen-
eration. MBLT cycles are generated when the maximum width is set to 64, the
BLT bit is set, and the PCI master queues a transaction with at least 64 bits
(aligned) of data.

The Universe provides support for user defined AM codes. The USER_AM reg-
ister (Appendix A, Table A.59) contains AM codes identified as Userl and
User2. If the user selects one of these two, then the corresponding AM code
from the global register is generated on the VMEbus. This approach results in
standard single cycle transfers to A32 VMEbus address space independent of
other settings in the VMEDbus fields.
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Control Fields

Special PCI Slave Image

The control fields allow the user to enable a PCI slave image (the EN bit), as
well as specify how writes are processed. If the PWEN bit is set, then the
Universe will perform posted writes when that particular PCI slave image is

accessed. Posted write transactions are only decoded within PCI Memory space.

Accesses from other spaces will result in coupled cycles independent of the set-
ting of the PWEN bit.

The Universe provides a special PCI slave image located in Memory, /O, or
Configuration space. Its base address is aligned to 64-Mbyte boundaries and its
size is fixed at 64 Mbytes (decoded using PCI address lines [31:26]). The
Special PCI Slave Image is divided into four 16Mbyte regions numbered 0 to 3
(see Figure 4-2 below). These separate regions are selected with PCI address
bits AD [25:24). For example, if AD {25:24 = 01, then region 1 is decoded.
Within each region, the upper 64Kbytes map to VMEbus A16 space, while the
remaining portion of the 16 Mbytes maps to VMEbus A24 space. Note that no
offsets are provided, so address information from the PCI transaction is mapped
directly to the VMEbus.

BASE+400 0000 s
B4KOYeS ] BASELIFF 0000 | = = = — — — A
3 A24 16 Mbytes
BASE+300 0000
A6
BASE+2FF 0000 | — — — — — — 1
2 A24
BASE»200 0000 -~
BASE+1FF 0000 § — — — — — — -
1 A24
BASE+100 0000 —
BASE+OFF 0000 | — — — — — — 1
0 A24
BASE+000 0000

Figure 43 Memory Mapping in the Special PCl Slave Image

The general attributes of each region are programmed according to the tables
below.
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VME Master Example
Program

Field Ragister Bits Dasceiption
base BS[S:0) i Table A.30 | 64 Mbyts aligned base 1ddress forihe
image
address space LAS[$:0] m Table A.30 Placas mage i Memory, 1/0, o
Configuration space

Table 44 PCl Bus Fields for the Special PCI Slave Image

Field Register Bits Description
maximun data width VDW m Table A30 | separately sots cachregion for 16oc 32
bits
mode SUPER in Tablke A.30 scpanately sels each region a5
Mperviser of non-privileged
type PGM i Table A 30 separaiely setseach region 25 program
or data

Table 45 VMEbus Fields for the Speciat PC! Slave Image

Ficld Ragister Bits Description
mage enable ENin Table A.30 enable Bt for the mmage
postad writs PWEN m Tablk A.30 enable bit for posted wriles for the
mage

Table 46 Control Fields for the Special PCI Slave Image

The special PCI slave image provides access 1o all of A16 and most of A24
space (all except the upper 64 Kbytes). By using the special PCI slave image for
Al6 and A24 transactions, it is possible to free the four standard PCI slave
images (see “PCI Bus Slave Images™ on page 3-5), which are typically pro-
grammed to access A32 space.

Note that some address space redundancy is provided in A16 space. The
VMEbus specification requires only two A16 spaces, while the special PCI
slave image allows for four A16 address spaces.

The C program shown in Figure 4-4 is an example of how to configure the
VMEbus master interface and perform VME master operations using the VSA.
The program allows the user to select one of the four VME access paths and
perform read and write operations to the VMEbus through the selected path.
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#include <time.h>
#include <stdio.h>
#include <stdlib.h>
#include <dos.h>

#define VERSION *0.90”

int path; // Universe path number

int os; // Universe path offset
unsigned char vdw; // VMEbus data width

// funct20 - Read VMEbus.

// ENTRY: vadd = VMEbus address

/7 bytes = number of bytes to transfer

/7 padd = PCI bus (local) address

7/ parms =

/7 2:0 VME address space: 000=3Al6é 001=224 010=232
/7 101=CR/CSR 110=Userl 1lll=User2
/7 3 pom/data: 0O=data l=program

// 4 mode: O=non-privileged 1=supervisor

//

// EBXIT: Nothing.

/7

void funct20( unsigned long vadd, unsigned int bytes, unsigned char *padd,

{

vCeT

Offset

unsigned char parms)

unsigned char bval=0;

unsigned char btmp;

unsigned char far *uregs: // pointer to Univ reg space
unsigned char far *vspace; // pointer to local mem space
unsigned long lwval;

unsigned int i;

uregs = MK_FP{ 0xd000, 0 };

uregs [0x102+0s] = (uregs[0x102+o0s)] & Ox£f8) | (parms & 0x07);

bval = uregs[0x10l+os] & OxOe; // isolate PGM,SUPER clear
btmp = {parms >> 3) & 1;

bval |= btmp << 6; // position pgm bit

btmp = (parms >> 4} & 1;

bval |= btmp << 4; // position super bit
uregs[0x10l+os] = bval; // set them

1lval = {(vadd >> 12) + Ox£ff20;

if( path == 0 ) {

bval = uregs[0x10d] & OxE£;

uregs [0x10d] = bval | (({lval & Oxf) << 4);

{(lval >> 4) & Oxff;
{lval >> 12) & Oxff; // VME adr by Translation

}
uregs {0x10e+os]
uregs {0x10£+0s]

[ ]

vspace = MK_FP{ 0xe000,0 }; // VME space

for( i=0; i<bytes; i++) {
*padd = vspacel[i + (vadd & Oxfff)];// VME to Local bus transfer
padd++;
}

// funct2l -« Write VMEbus.
// ENTRY: vadd = VMEbus address

410

Figure 44 Master Access Example
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/7
/1
/7
//
1/
1
//
//
//
/f

bytes = number of bytes to transfer

padd = PCI bus {local) address

parms =

2:0 VME address space: 000=2A16 001=224 010=a32
101=CR/CSR 110=Userl 1lll=User2

3 pgm/data: O=data Il=program
4 mode: O=non-privileged l=supervisor
EXIT: Nothing.

void funet2l({ unsigned long vadd, unsigned int bytes, unsigned char *padd,

{

veT

1/
/1
/7
/!
/!

uwnsigned char parms)

unsigned c¢har bval, btmp;

unsigned char far *uregs; // pointer to Univ reg space
unsigned char far *lspace; // pointer to local mem space
unsigned int i;

unsigned long lval;

uregs = MK_FP( 0xd000, 0 };
uregs (0x102+0s) = {uregs{0xl02+os] & Ox£8} | (parms & 0x07});
bval = uregs[0x10l+cs] & Ox0e; // isclate PGM, SUPER clear

btmp = {parms >> 3) & 1;

bval |= btmp << 6; // position pgm bit
btrp = {(parms >> 4} & 1;

bval |= btmp << 4; // position super bit
uregs [0x101+o0s] = bval; // set them

1lval = (vadd »>> 12) + Oxf££20;

if{ path == 0) {

bval = uregs[0x10d4} & OxE;

uregs [0x104]) = bval | ((lval & Oxf) << 4);
}

uregs [0x10e+0s]) {(lval >> 4) & Oxff;
uregs [0x10f+os) {lval »>> 12) & Oxff; // VME address via T.O.
lspace = MK_FP{ 0xe000, 0 }; // VME space
for( 1=0; i<bytes; i++} {
lspace(vadd] = *padd;
vadd++;
padd++;
}

it n

// Local bus to VMEbus xfer

Initialize the local (PCI) Slave Image so Universe can become VME Master
on Universe Path 0, 1, 2, or 3.

Note: The local slave image registers are 14 hex bytes apart.

vold u_init{ unsigned int lsi_base, unsigned int 1lsi_bd )

{

unsigned char far *uregs;
unsigned char bval=0;
uregs = MK_FP( 0xD000, 0 ); // Univ reg space=mem access
if{ path == 0 } {

bval = uregs{0x105)] & OxO0f;

uregs [0x105] = bval | ((lsi_base & Oxf) << 4);// Set PCI mem base
}

uregs (0x106+0s]
uregsi0x107+os)
if{ path == 0 )

// pointer to Univ reg space

{lsi_base >> 4) & O0xff;
(lsi_base >> 12) & Oxff;

~ 1

Figure 44 Master Access Example
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bval = uregs[0x109] & Ox0f;

uregs [0x109) = bval | ((lsi_bd & 0xf) << 4);// Set PCI mem bound
}

uregs [0x10a+os) {lsi_bd >> 4) & Oxff;

uregs [0x10b+os]) = (lsi_bd >> 12) & Oxff;

bval = uregs[0x102+os] & Ox3f;

[l

uregs{0x102+0os) = bval | vaw; // set VMEbus max data width
uregs [0x100+0s) &= Oxfc; // set for pci memory space
bval = uregs(0x403]) & Ox0f;

uregs{0x403) = bval | 0x10; // 64 retries

bval = uregs([0x406] & Oxe2;

uregs[0x406) = bval | 0x04; // rescind

uregs (0x£03+0s) &= ~{0x80); // disable vme slave image
uregs{0x103+0s] |= 0x80; // enable pci slave image

void main(voeid)

{

412

int getch(void);

clock_t clock{void);

void u_init{ unsigned int, unsigned int);

void funct20( unsigned long, unsigned int, unsigned char *,
unsigned char);

void funct2l( unsigned long, unsigned int, unsigned char *,
unsigned char);

unsigned int bc, lc, i, 3, eent:

unsigned char parms, ch;

unsigned long va;

¢clock_t start, fini;

unsigned char laf{4096], db[(40961;

int ddw, s;

printf (“WME Master Access Test - Version $%4s\n”, VERSION);
printf(“Select Path for VME Master Transfer(0-3):\n"):

ch = getch{);
switch(ch) {
case ‘0’':
path = 0;
break;
case ‘1’:
path = 1;
break;
case ‘2’:
path = 2;
break;
case ‘3’:
path = 3;
break;
default:
printf(*Illegal Entry\n”):;
exit (0);

}
printf(*Using Path %1.1i\n”, path);
printf{*0 for 8 bit VMEbus data width\n");
printf{*1l for 16 bit VMEbus data width\n”);
printf{*2 for 32 bit VMEbus data width\n”);
printf(*3 for 64 bit VMEbus data width\n”):
printf (“Select width:\n"};
ch = getch(};
switch(ch}) {
case ‘0Q':

Figure 44 Master Access Example
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vdw = 0 << 6; // use 08-bit vme data width
ddw =

break;

case ‘1°:
viw = 1 << 6; // use l6-bit vme data width
ddw = 16;
break;

case ‘2’:
vdw
ddw
break;

case ‘3’:
vdw = 3 << 6; // use 64-bit vme data width
ddw = 64;
break:

default:
printf(*Illegal Entry\n~);
exit{0};

§2<< 6; // use 32-bit vme data width

}
printf(*Using %2.2i-bit data width\n”, ddw);
oS path * 0x14; /7 14 hex bytes between images
ilc¢ 1024; // loop count
be 4096; // transfer byte count
for( i=0; i<bc; i++ ) // initialize data buffer
la(il = i;
u_init (0xe0, O0xf0): // Enable + initialize pci slave O
parms = 0x11; // A24 + Data + Supervisor
while(l) {
printf (*\n0 = Quit\n");
printf ("1l = Write\n”);

nwnn

printf(*2 = Read\n”");
printf(*3 = Compare Data\n”);
printf (*Enter Option: \n”);
c¢h = getch{);

switch (ch) {

case ‘0’: // End of program
printf (*Bye\n~};
exit(0);

case ‘1': // VME Master write

printf(*Write VME address: “);
s = scanf (*%81x”, &va);
if{s == 0) exit(0);
start = clock{);
for( i=0; i<lec; i++ )
funect2l{ va, bc, la, parms):
fini = clock():
printf{*Wt time= %f\n”, (fini-start}/CLK_TCK);
break:
case ‘2': // VME Master read
printf(*Read VME address: "“);
s = scanf(*%81x”, &va);
if(s == 0) exit(0);
start = clock();
for( i=0; i<lc¢; i++ }
funct20{ va, be, la, parms);
fini = clock(}:
printf(*RA Time= %£f\n”, (fini-staxt)/CLK_TCK);
printf (™ %2.2x %2.2x %2.2x %2.2x”, la[0]. la[l], la[2],
la[3));
printf(* $2.2x $2.2x %2.2x %2.2x\n”, la{4), la[5]. lalé].
laf71):

Figure 44 Master Access Example
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case

lalj], dbijl};

j. i);

break;

‘37 // VME Master WT/RD/Compare

printf (*Wt/RA VME address: “);
s = scanf(*%81x*, &va):
if(s == 0) exitc{0);
for(i=0; i<bc; i++)

db(i) = i; // pattern compare buffer
ecnt = 0; // error count
for( i=0; i<lec; i++ ) {

funct21l{ va, bec, db, parms);

funct20( va, bc, la, parms);

for(j=0; j<bc; j++) {

if( la[j]l !'= db{j} ) {
printf(“Got %2.2x, Expected $2.2x ™,

printf(“at byte %4.4x of pass %4.4x\n”

ecnt++;
}
}
}
printf (*%1i errors detected\n”, ecnt);
break;

default:

}

printf(“Select 0,1 or 2.\n");
break;

//End switch.

}  //End while.

} //End main.

414
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CHAPTER 5

VMEbus Interrupt
Programming

Chapter Scope

VME Interrups and the
Combined PCI Interrupt

Interrupter

This chapter covers programming the interrupt facilities of the V5A VMEbus
interface. Generating VMEbus interrupts, handling VMEbus interrupts, and
handling local VME-related interrupts are discussed.

The Tundra Universe provides a range of VMEbus-related interrupts for use in
your application. All VMEDbus interrupt sources are combined to form one PCI
interrupt. This PCI interrupt can be mapped to one of several locat IRQ lines.
IRQ35, IRQ10, IRQ11, and IRQ15 can be selected, with IRQ11 as the default. To
avoid conflict with other PCI devices (SCSI, Ethernet), a PCI steerable IRQ
may also be used to exclusively handle Universe interrupts. This PCI steerable
interrupt can also be mapped to one of the local IRQ lines (5,10,11,15).

The Universe interrupt channel provides a flexible scheme to map interrupts to
either the PCI bus or VMEDbus interface. Interrupts are generated from either
hardware or software sources (see “VMEbus Interrupt Generation” on page 5-5
for a full description of hardware and software sources). Interrupt sources can
be mapped to any of the PCI bus or VMEDbus interrupt output pins. Interrupt
sources mapped to VMEDbus interrupts are generated on the VMEbus interrupt
output pins VIRQ# [7:1]. When a software and hardware source are assigned to
the same VIRQn# pin, the software source always has higher priority.

Interrupt sources mapped to PCI bus interrupts are generated on one of the
INT# [7:0] pins. To be fully PCI compliant, all interrupt sources must be routed
to a single INT# pin.
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For VMEDbus interrupt outputs, the Universe interrupter supplies an 8-bit STA-
TUS/ID to a VMEDbus interrupt handler during the IACK cycle, and optionally
generates an internal interrupt to signal that the interrupt vector has been pro-
vided (see “VMEbus Interrupt Generation” on page 5-5).

Interrupts mapped to PCI bus outputs are serviced by the PCI interrupt con-
troller. The CPU determines which interrupt sources are active by reading an
interrupt status register in the Universe. The source negates its interrupt when it
has been serviced by the CPU (see “PCI Interrupt Generation” below).

A VMEDbus interrupt triggers the Universe to generate a normal VMEbus IACK
cycle and generate the specified interrupt output. When the IACK cycle is com-
plete, the Universe releases the VMEbus and the interrupt vector is read by the
PCI resource servicing the interrupt output. Software interrupts are ROAK,
while hardware, and internal interrupts are RORA.

The Universe Interrupt Channel is a module within the Universe which handles
prioritization and routing of various interrupt sources to interrupt outputs on the
PCI bus and VMEbus. The interrupt sources are:

+ the PCI LINT([7:0] lines,
« the VME IRQ*[7:1] lines,
» ACFAIL¥* and SYSFAIL*
* various internal signals

These sources can be routed to either the PCI LINT {7:0] lines or the VMEbus
IRQ* [7:0] lines (see Figure 5-1 below). Each interrupt source is individually
maskable and can be mapped to various interrupt outputs. Most intesrupt
sources can be mapped to one particular destination bus. The PCI sources,
LINT[7:0], can only be mapped to the VMEbus interrupt outputs, while the
VMEDbus sources, VIRQ[7:1], can only be mapped to the PCI interrupt outputs.
Some internal sources (for example, error conditions or DMA activity) can be
mapped to either bus.

Interrupt Sources

VME
INTERRUPT " G— VRRap1)
LINT(7:0] MAPPING ond

I_D_ VXRQ 7]

Figwre $-1 Interrupt Sources and Destinations

V5A Programmer’s Manual




0000000000000000000006000000000000000000000

PCl Interrupt
Generation

The Universe expands on the basic PCI specification which permits “single
function” devices to assert only a single interrupt line. Eight PCI interrupt out-
puts are provided to give maximum flexibility, although if full PCI compliancy
is required, the user may route all interrupt sources to a single PCI interrupt out-
put.

NOTE: Only one of the PCI interrupt outputs, LINT[0], has the drive strength to
be fully compliant with the PCI specification. The other seven may require
buffering if they are to be routed to PCI compliant interrupt lines. For most
applications, however, the drive strength provided should be sufficient.

PCI interrupts may be generated from multiple sources:

+ VME interrupts
-IRQ*{7:1]

-SYSFAIL* (SYSFAIL bit)
-ACFAIL*

« internal interrupts

-DMA

-VME bus error encountered

~PCI bus error encountered

-VMEbus ownership has been granted while VOWN bit is set
-software interrupt

-VME IACK cycle performed in response to a sofiware interrupt

Each of these sources may be individually enabled in the LINT_EN register
(Appendix A, Table A.40) and mapped to a single LINT signal through the
LINT_MAPO and LINT_MAP1 registers (Appendix A, Table A.42 and Table
A.43). When an interrupt is received on any of the enabled sources, the
Universe asserts the appropriate LINT pin and sets a matching bit in the
LINT_STAT register (Appendix A, Table A .41). See Table 5-1 below for a list
of the enable, mapping and status bits for PCI interrupt soutces.
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Interrupt Source E:‘!Ib:;' Bé;:n lmTp?n‘MA?;i:r IS‘!a!Nl'aru ;ﬁmﬁ;
- LINT_MAPL =
ACFAIL* ACFAIL ACFAIL ACFAIL
SYSFAIL* SYSFAIL SYSFAIL SYSFAIL
PCI Software Interrupt SW_INT SW_INT SW_INT
VME Software IACK SW_IACK SW_1ACK SW_IACK
VMEbus Error VERR VERR YERR
PCI Bus Etror LERR LERR LERR
DMA Event DMA DMA DMA
YMEbus interrupt VIRQ?-1 VIRQ7-1 VIRQ7-1
Input
‘VMEbus Ownesship VOWN SYOWN YOWN

Table -1  PCl Interrupt Source Enabling, Mapping, and Status Bits

The LINT_STAT register shows the status of all sources of PCI interrupts, inde-
pendent of whether that source has been enabled. This implies that an interrupt
handling routine must mask out those bits in the register that do not correspond
to enabled sources on the active LINT pin.

Except for SYSFAIL* and ACFAIL*, all sources of PCI interrupts are edge sen-
sitive. Enabling of the ACFAIL* or SYSFAIL* sources {ACFAIL and SYS-
FAIL bits in the LINT_EN register) cause the status bit and mapped PCI inter-
rupt pin to assert synchronously with the assertion of the ACFAIL* or SYS-
FAIL* source. The PCI interrupt is negated once the ACFAIL* or SYSFAIL*
source is also negated and its respective status bit in the LINT_STAT register is
cleared, or the interrupt is disabled. Both of these sources are synchronized and
filtered by the 64 MHz clock at their inputs.

All other sources of PCI interrupts are edge sensitive. Note that the VMEbus
source for PCI interrupts actually comes out of the VMEbus Interrupt Handler
block and reflects acquisition of a VME STATUS/ID. Therefore, even though
VMEDbus interrupts externally are level sensitive as required by the VME speci-
fication, they are internally mapped to edge-sensitive interrupts (see “VMEbus
Interrupt Handling” on page 5-7).

The interrupt source status bit (in the LINT_STAT register) and the mapped
LINT pin remain asserted with all interrupts. The status bit and the PCI inter-
rupt output pin are only released when the interrupt is cleared by writing a
“one” to the appropriate status bit.
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VMEbus Interrupt

Generation

Interrupts may be generated on any combination of VME interrupts from multi-
ple sources:

+ PCI Interrupts
- LINT[7:0]

» Internal Interrupts

-DMA

- VME bus error encountered
- PCI bus error encountered

- software interrupt

Each of these sources may be individually enabled through the VINT_EN regis-
ter (Appendix A, Table A.44) and mapped to a particular VME Interrupt level
using the VINT_MAPO and VINT_MAPI registers (Appendix A, Table A.46
and Table A.47). Multiple sources may be mapped to any VME level. Mapping
interrupt sources to level 0 effectively disables the interrupt.

Once an interrupt has been received from any of the sources, the Universe sets
the corresponding status bit in the VINT_STAT register (Appendix A, Table
A.45), and asserts the appropriate VMEDbus intetrupt output signal (if enabled).
When a VME interrupt handler receives the interrupt, it will perform an IACK
cycle at that level. When the Universe decodes that IACK cycle together with
TIACKIN* asserted, it provides the STATUS/ID previously stored in the STATID
register (Appendix A, Table A.48). See Table 5-2 below for a list of the enable,
mapping and status bits for VMEDbus interrupt sources.

. Mapping Bitin
e | SpitAE | VDG | Sebe
- VINT_MAPL
VME Software SW_INT SW_INT SW_INT
Interrupt

VMEbus Ercer VERR VERR VERR
PCI Bus Ecror LERR LERR LERR
DMA Event DMA DMA DMA

PCI bus Intesrupt Input LINT7-0 LINT?-¢ LINT7-0

Table §-2 VMEbus Interrupt Source Enabling, Mapping, and Status Bits
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STATUS/ID
1
Programmed from t 0 I.I SM Intermupt Source
VME_STATUSAD 1 if internat or LINT
Aegisters Interrupt Source

Figwe 52 Status/ID Provided by the Universe

For all VMEbus interrupts, the Universe interrupter supplies a pre-programmed
8-bit STATUS/ID: a common value for all interrupt levels. The upper seven bits
are programmed in the STATID register. The lowest bit is cleared if the source
of the interrupt was the software interrupt, and is set for all other interrupt
sources. If a software interrupt source and another interrupt source are active
and mapped to the same VMEbus interrupt level, the Universe gives priority to
the software source.

Once the Universe has provided the STATUS/ID to an interrupt handler during a
software initiated VMEDbus interrupt, it generates an internal interrupt,
SW_IACK. If enabled, this interrupt feeds back to the PCI bus (through one of
the LINT pins) to signal a process that the interrupt started through software has
been completed.

All VMEbus interrupts generated by the Universe are RORA, except for the
software interrupt which is ROAK. This means that if the interrupt source was
the software interrupt, then the VMEDbus interrupt output is automatically negat-
ed when the Universe receives the IACK cycle. However, for any other inter-
rupt, the VMEDbus interrupt output remains asserted until cleared by a register
access. Writing a “one” to the relevant bit in the VINT_STAT register clears
that interrupt source. However, since PCI interrupts are level sensitive, if an
attempt is made to clear the VMEDbus interrupt while the LINT pin is still assert-
ed, the VMEDbus interrupt remains asserted. This causes a second interrupt to be
generated to the VMEbus. For this reason, a VME interrupt handler should clear
the source of the PCI interrupt before clearing the VMEbus interrupt.

All eight PCI interrupt lines, LINT[7:0], can act as interrupt inputs to the
Universe. They are level sensitive and, if enabled in the VINT_EN register
(Table A.44), immediately generate an interrupt to the VMEbus. It is expected
that when a VMEbus interrupt handler receives the Universe’s STATUS/ID
from the Universe, the interrupt handler will clear the VMEDbus interrupt by first
clearing the source of the interrupt on the PCI bus, and then clearing the
VMEbus interrupt itself (by writing a “one” to the appropriate bit in the
VINT_STAT register, Table A.45).

Note that since PCI interrupts are level sensitive, if an attempt is made to clear
the VMEbus interrupt while the LINT pin is still asserted, the VMEbus interrupt
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remains asserted. This causes a second interrupt to be generated to the VMEDbus.
For this reason, a VMEbus interrupt handler should clear the source of the PCI
interrupt before clearing the VMEbus interrupt.

As a VME interrupt handler, the Unjverse can monitor any or all of the
VMEDbus interrupt levels. It can also monitor SYSFAIL* and ACFAIL*,
although IACK cycles are not generated for these inputs. Each interrupt is
enabled through the LINT_EN register (Appendix A, Table A .40).

Once enabled, assertion of any of the VMEDbus interrupt levels, IRQ[7:1]*,
causes the internal interrupt handler circuitry to request ownership of the
Universe's VME Master Interface on the level programmed in the MAST_CTL
register . This interface is shared between several channels in the Universe: the
PCI Slave Channel, the DMA Channel, and the Intemupt Channel. The [nterrupt
Channel has the highest priority over all other channels and, if an interrupt is
pending, assumes ownership of the VME Master Interface when the previous
owner has relinquished ownership.

There may be some latency between reception of a2 VMEbus interrupt and gen-
eration of the IACK cycle. This arises because of the latency involved in the
Interrupt Channel gaining control of the VME master interface, and because of
possible latency in gaining ownership of the VMEbus if the VME Master
Interface is programmed for release-when-done. In addition, the Universe only
generates an interrupt on the PCI bus once the IACK cycle has completed on
the VMEDbus. Because of these combined latencies (time to acquire VMEbus
and time to run the IACK cycle), systems should be designed to accommodate a
certain worst case lag time from VMEDbus interrupt generation to its translation
to the PCI bus.

When the Universe receives a STATUS/ID in response to an IACK cycle, it
stores that value in one of seven registers. These registers, V1_STATID through
V7_STATID (Appendix A, Table A.49 to Table A.55), store the STATUS/ID
corresponding to each IACK level (in the STATID field). Once an IACK cycle
has been generated and the resulting STATUS/ID is Jatched, another IACK
cycle will not be run on that level until the level has been re-armed by writing a
“one” to the corresponding status bit in the VINT_STAT register (Table A.45).
If other interrupts (at different levels) are pending while the interrupt is waiting
to be re-armed, IACK cycles are run on those levels in order of priority and the
STATUS/IDs stored in their respective registers.
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Internal Interrupt
Handling

Once the IACK cycle is complete and the STATUS/ID stored, an interrupt is
generated to the PCI bus on one of LINT#[7:0] interrupt output lines depending
on the mapping for that VME level in the LINT_MAPO register. The interrupt is
cleared and the VMEbus interrupt level is re-armed by clearing the correct bit in
the LINT_STAT register.

A bus error encountered on the VMEDbus while the Universe is performing an
IACK cycle is handled by the Universe in two ways. The first is through the
error logs in the VME Master Interface. These logs store address and command
information whenever the Universe encounters a bus error on the VMEbus . If
the error occurs during an IACK cycle, the IACK# bit is set in the V_AMERR
register (Appendix A, Table A.80). The VME Master Interface also generates an
internal interrupt to the Interrupt Channel indicating a VMEDbus error occurred.
This intemal interrupt can be enabled and mapped to either the VMEbus or PCI
bus.

As well as generating an interrupt indicating an error during the IACK cycle,
the Universe also generates an interrupt as though the IACK cycle completed
successfully. If an error occurs during the fetching of the STATUS/ID, the
Universe sets the ERR bit in the Vn_STATID register (Table A.49 to Table
A.55), and generates an interrupt on the appropriate LINT pin (as mapped in the
LINT_MAPO register, Table A.42). The PCI resource, upon receiving the PCI
interrupt, is expected to read the STATUS/ID register, and take appropriate
actions if the ERR bit is set. Note that the STATUS/ID cannot be considered
valid if the ERR bit is set in the STATUS/ID register.

It is important to recognize that the IACK cycle error may generate two PCI
interrupts: one through the VMEbus master bus error interrupt and another
through the standard PCI interrupt translation. Should an error occur during
acquisition of a STATUS/ID, the VINT_STAT register (Table A.435) will show
that both VIRQx, and VERR are active.

The Universe's intemal interrupts are routed from several processes in the
device (see Figure 5-3 on page 5-9). There is an interrupt from the VME master
interface to indicate a VMEbus error, another from the PCI master interface to
indicate an error on that bus, another from the DMA to indicate various condi-
tions in that channel, along with several otbers as indicated in Table 5-3 below.
Some interrupts may be routed only to the PCI bus, some only to the VMEbus,
and others that may be routed to both (although we recommend that you map
interrupts to a single bus).
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Table 5-3 Internal Interrupt Routing

PCIBuUs VMEbus
Interface Interface

VMEbus Slave Channel

PCl posted writes FIFO < VME
Master Slave
prefetch read FIFQ

ocoupled path

DMA Channel

DMA bidirectional FIFOlyg |

Pl Bus Stave Channe!

posted writes FIFO

R coupled read logic

PCI
Slave

lnterrupt Channel

Interrupt Handler

——

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

PR -

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

POl software intertupt | ) YME software interrupt

Figure 5-3 Sources of Internal intesrupts
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Two interrupt sources are provided as mechanisms to interrupt the PCI or VME
buses through software. These interrupts may be triggered by writing a “one” to
the respective enable bits. Writing a “one” to the SW_INT bit in the VINT_EN
register (Appendix A, Table A.44) triggers one (and only one) interrupt on the
VMEDbus on the level programmed in the VINT_MAP1 register (Appendix A,
Table A.47). When an [ACK cycle is serviced on the VMEDbus, the Universe can
be programmed to generate an interrupt on the PCI bus by setting the
SW_IACK enable bit in the LINT_EN register. Writing a “one” to the SW_INT
in the LINT_EN (Appendix A, Table A.40) registersimilarly generates an inter-
rupt to the PCI bus. While these interrupt sources are active, their respective sta-
tus bits are set (SW_INT in VINT_STAT; SW_IACK and SW_INT in
LINT_STAT). Either interrupt may be cleared by clearing the respective enable
bit although clearing a VMEDbus interrupt through this methed is not recom-
mended since it may result in a spurious interrupt on that bus.

Since the software interrupt is edge-sensitive, the SW_INT bit should be cleared
before generating another interrupt. It is recommended that the appropriate
interrupt handler clear this bit once it has completed its operations.
Alternatively, the process generating the interrupt could clear this bit before re-
asserting it.

Software interrupts on the VMEbus have priority over other interrupts mapped
intemally to the same level on the VMEbus. When 2 VMEDbus interrupt handler
generates an IACK cycle on a level mapped to both a software interrupt and
another interrupt, the Universe always provides the STATUS/ID for the soft-
ware interrupt (bit zero of the Status/ID is cleared). If there are no other active
interrupts on that level, the interrupt is autornatically cleared upon completion
of the JACK cycle (since software interrupts are ROAK).

While the software interrupt STATUS/ID has priority over other interrupt
sources, the user can give other interrupt sources priority over the software
interrupt. This is done by reading the LINT_STAT register (Table A.41) when

handling a Universe interrupt. This register indicates all active interrupt sources.

Using this information, the interrupt handler can then handle the interrupt
sources in any system-defined order.
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The Universe generates an internal interrupt when it provides the software STA-
TUS/ID to the VMEbus. This interrupt can only be routed to a PCI interrupt
output. A PCI interrupt will be generated upon completion of an [ACK cycle
that had been initiated by the Universe’s software interrupt if the SW_IACK bit
in the LINT_EN register (Appendix A, Table A.40) is set and the SW_IACK
field in the LINT_MAPI register (Appendix A, Table A.43) is mapped to a cot-
responding PCI interrupt line. This interrupt could be used by a PCI process to
indicate that the software interrupt generated to the VMEbus has been received
by the slave device and acknowledged.

Like other interrupt sources, this interrupt source can be independently enabled
through the LINT_EN register (Appendix A, Table A.40) and mapped to a pat-
ticular LINT pin using the LINT_MAP1 register (Appendix A, Table A.43). A

status bit in the LINT_STAT register (Appendix A, Table A.41) indicates when
the interrupt source is active, and is used to clear the interrupt once it has been

serviced.

The VMEbus ownership interrupt is generated when the Universe acquires the
VMEbus in response to programming of the VOWN bit in the MAST_CTL reg-
ister (Appendix A, Table A.56). This interrupt source can be used to indicate
that ownership of the VMEbus is ensured during an exclusive access. The inter-
rupt is cleared by writing a one to the matching bit in the LINT_STAT register
(Appendix A, Table A.41).
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CHAPTER 6

Using the VME BIOS

Chapter Scope

Introduction to the
VME BI0S

Services Provided by
the VYME BIOS

This chapter describes the purpose and use of the V5A onboard VME BIOS

The VME Basic Input/Cutput System (BIOS}) is a collection of routines in
ROM which allow software to easily take advantage of the V5A VMEbus inter-
face. In previous chapters, the specific operation and programming of the V5A
VMEbus interface was described. For most applications, however, the VME

" BIOS provides a much more convenient method of using the VSA VMEbus

interface. You should only need to program the interface directly under the fol-
lowing circumstances:

1. You require absolute control of board operations due to timing constraints,
ete.

2. You require more flexibility in the use of the VME interface such as use of
the master or slave images in 80x86 Protected Mode.

3. Your software runs in 80x86 protected mode.

The VME BIOS provides many of the services a programmer would commonly
need to write a VMEDbus-accessing application. Services provided by the VME
BIOS, divided into functional groups, are shown below:

VMEbus Interrupt Services
Request VMEDbus Interrupt, Get VMEbus Interrupt Status, Clear VME
Interrupts, Service Interrupts
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VMEbus Slave Services
Get Slave Image, Put Slave Image

VMEbus Master Services .
Get Master Image, Put Master Image, Read VMEbus, Write VMEbus

Board Services
Get VME BIOS Version, Set BoardInfo, Get SYSFAIL, Set SYSFAIL

Accessing the VME BIOS is relatively simple because calls to it are made just
like calls to any other BIOS. Accessible through software interrupt 69H, the
individual BIOS routine you want is specified in register AH. Detailed informa-
tion about the numbers of VME BIOS routines, required parameters, and an in-
depth functional description of each is provided in Appendix C of this manual.
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APPENDIX A

Universe Registers

Appendix Scope

This appendix provides the register descriptions, bit definitions, and locations of
the registers in the Universe VMEbus Interface Controller. The information in
this appendix is a direct excerpt from Tundra Semiconductor Corporation’s
Universe User Manual. All page references, table numbers, and figure numbers
refer to the Universe User Manual, and not to this Programmer’s Manual.

The Universe Control and Status Registers (UCSR) facilitate host system congur-
ation and allow the user to control Universe operational characteristics. The
UCSRs are divided into three groups:

+ PCI Conguration Space (PCICS),

+ VMEDbus Control and Status Registers (VCSR), and

* Universe Device Specic Status Registers (UDSR).

The Universe registers are little-endian.
Figure A.1 below summarizes the supported register access mechanisms.

VMEbus Configuralion
and Status Registers
{(VCSR)

UNIVERSE DEVICE
SPECIFIC REGISTERS ——— 4 Kbytes
(UDSR)

PCI CONFIGURATION
SPACE
(PCICS}

—_—1

Figure A.1 : UCSR Access Mechanisms
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Table A.1 below lists the Universe registers by address offset. The tables following the register
map (Table A.2 to Table A.84) provide detailed descriptions of each register.

Address offsets in Table A.1 below apply to accesses from the PCI bus and to accesses from
the VMEDbus side using the VMEbus Register Access Image (see “Registers” on page 2-87).
For register accesses in CR/CSR space, be sure to add S08 Kbytes (0x7F000) to the address
offsets provided in the table.

The resets that apply to the registers are provided on a bit by bit basis. If "all” is given in the
“Reset By” eld in the register description, then that bit is reset by power reset (PWRRST#H),
the VMEbus SYSRST* input (VRSYSRST#), and the PCI RST# input. If “PWR, VME" are
given in the "Reset By" eld in the register description, then that bit is reset by power reset
(PWRRST#) and the VMEbus SYSRST* input (VRSYSRST#). Bits not affected by resets
contain “none” in the "Reset By” eld in the register description.

Table A.1: Universe Register Map

Offset Register Name
000 PCI Conguration Space ID Register PCI_ID
004 PCI Conguration Space Control and Status Regis- PCI_CSR

ter

008 PCT Conguration Class Register PCICLASS
00C PCl Conguration Miscellaneous O Register PCI_MISCO
oto PCI Conguration Base Address Register PCI_BS
014 PCI Unimpiemented
018 PCI Unimpiemented
o) [nd PCI Unimplemented
020 PCl Unimplemented
024 PCI Unimplemented
028 PCI Reserved
02C PCI Reserved
030 PCl Uaimplemented
034 PCI Reserved
038 PCT Reserved
03C PCI Conguration Miscellaneous | Register | PCI_MISC)

(040-0FF PCE Unimplemented
100 PCI Slave Image 0 Control LS10_CTL
104 PCI Slave Image O Basc Address Register LSIO_BS
108 PCI Slave Image 0 Bound Address Register LS10_BD
10C PCI Slave Image 0 Translatjon Offset LSIO_TO
110 Universe Reserved
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Table A.1: Universe Register Map

Universe Registers

®
o
o
®
9®
o
®
®
. Offset Register Name
. 114 PCI Slave Image 1 Control LSiL.CTL
| . 18 PCI Slave Image 1 Base Address Register LSII_BS
1c PCI Slave image 1 Bound Address Registec LS[1_BD
. 120 PCI Slave Image 1 Translation Offset LSI_TO
. 124 Universe Reserved
128 PCI Slave Image 2 Control LSI12_CTL
. 12C PCT Slave Image 2 Base Address Register 1312 BS
. 130 PCI Slave image 2 Bound Address Register LSIZ_BD
134 PCI Slave Image 2 Translation Offset LSI2_TO
. 138 Universe Reserved
[ ) 13C PCl Slave fmage 3 Control LSI3_CTL
. 140 PCI Slave image 3 Base Address Register LSI3_BS
144 PCI Slave Image 3 Bound Address Register LSI3_BD
. 148 PCI Slave image 3 Translation Offse1 LSE3_TO
. 14C-16C Universe reserved
170 Special Cycle Conwol Register SCYC_CTL
. 174 Special Cycle PCI bus Address Register SCYC_ADDR
. 178 Special Cycle Swap/Compare Enable Register SCYC_EN
17C Special Cycle Compare Data Register SCYC_CMP
. 130 Special Cycle Swap Data Register SCYC_SWP
. 184 PC1 Miscellaneous Register LMISC
188 Special PCI Slave Image sLsI
. 18C PCI Command Esror Log Register L_CMDERR
. 190 PCI Address Esror Log LAERR
194-1FC Universe reserved
. 200 DMA Transfer Control Register DCTL
. 204 DMA Transfer Byte Count Register DTBC
208 DMA PCI bus Address Register DLA
. 20C Universe Reserved
. 210 DMA VMEbus Address Register [ DVA
214 Universe Reserved
’ 218 DMA Command Packet Pointet [ DCPP
. 21C Universe Reserved
220 DMA General Control and Status Register DGCS
. 224 DMA Linked List Update Enadle Register D_LLUE
. 228-2FC Universe reserved
. 300 PCI Interrupt Enable LINT_EN
@
®
®
®
@
®
®
®
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Table A.1: Universe Register Map

Offset Register Name
304 PCT Interrupt Staws LINT_STAT
308 PCl Interrupt Map 0 LINT_MAPG
30C PCT Inerrupt Map | LINT_MAPI
310 VMEbus Interrupt Enable VINT_EN
314 VMEbuvs Interrupt Suatus VINT_STAT
B3t VMEbus Interropt Map & VINT_MAPO
31C VMEbus Intecrupt Map 1 VINT_MAP]
320 Interrupt Status/ID Out STATID
324 VIRQ1 STATUSAD YI_STATID
328 VIRQ2 STATUSAD V2_STATID
32C VIRQ3 STATUSAD V3_STATID
330 VIRQ4 STATUS/ID V4_STATID
334 VIRQS STATUSAD V5_STATID
338 VIRQS STATUSAD V6_STATID
33C VIRG? STATUSAD V7_STATID

M0-3FC Universe reserved
400 Master Control MAST_CTL
404 Miscellaneous Conurot MISC_CTL
408 Miscellaneous Status MIESC_STAT
40C User AM Codes Register USER_AM

410-EFC Universe reserved
FoQ VMEbus Slave Image 0 Control VSIO_CTL
FO4 VMEDbus Slave Image 0 Base Address Register VSIO_BS
FO8 VMEbus Slave Image 0 Bound Address Registar VSIO_BD
FoC VMEbus Slave lmage 0 Translation Offset VSI0_TO
Fi0 Universe resérved
Fi4 VMEbus Slave Image 1 Conicol VSII_CTL
Fi8 VMEbus Slave Image 1 Base Address Register VvSIt_BS
F1C VMEDbus Slave Image 1 Bound Address Register VSI1_BD
F20 VMEbus Slave Image 1 Translation Offset VSII_TO
Fa Universe resesved
F28 VMEbus Slave Image 2 Conurol VSI2_CTL
F2C VMEDbus Slave Image 2 Base Address Register VSI2_BS
F30 VMEbus Slave Image 2 Bound Address Register VSI2_BD
Fi4 VMEbus Slave Image 2 Translation Offset VS2_TO
F33 Universe reserved
F3C VMEDbus Slave lmage 3 Convol V813_CTL
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Table A.1: Universe Register Map

Oflset Register Name
F40 VMEDbus Slave Image 3 Base Address Register VSI3_BS
Fas VMEDbus Slave Image 3 Bound Address Register VSI3_BD
F48 ‘VMEbus Slave kmage 3 Translation Offset VSI3_TO
FAC-F6C Universe reserved
F0 VMEDbus Register Access Image Control Register VRAI_CTL
F74 VMEDbus Register Access Image Base Address VRAI_BS
F78 Universe reserved
F7C Universe reserved
F80 VMEbus CSR Control Register VCSR_CTL
F84 VMEbus CSR Translation Offset VCSR_TO
F88 VMEDus AM Code Envor Log V_AMERR
F8C VMEbus Address Error Log VAERR
F90-FEC Universe reserved
FFO VME CR/CSR Reserved
FF4 VMEbus CSR Bit Clear Register VCSR_CLR
FF8 VMEbus CSR Bit Set Register VCSR_SET
FFC VMEbus CSR Bas¢ Address Register VCSR_BS

Caution: Register space marked as “reserved” should not be overwritten.
Unimplemented registers return a value of 0 on reads; writes complete
normally.
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Table A.2: PCI Conguration Space ID Register (PCI_ID)

Bits Function
31-24 DID
23-16 DID
15-08 viD
07-00 VID

PCI_ID Description

Name Type Reset By | Reset State Function
DID[15:0} R all 0 Device [D - Newbridge allecated device identier
VID{15:0§ R all LOE3 Vendor ID - PCI SIG allocated vendor identier
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Table A.3: PCI Conguration Space Control and Status Register
{PCI_CSR)

Bits

Function

31-24

D_PE

S_SERR [ R_MA | R_TA | 5_TA [ DEVSEL ] DP_D

2316

TFBBC

PCIReserved

PCT Reserved

MFBBC SERR_EN

07-00

WAIT | PERESP | VGAPs | MWLEN | sc [ BM MS 105

PCI_CSR Description

Name

Type

Reset By

Reset State

Function

P_PE

R/Write 1
to Clear

all

Detecied Parity Ervor

0=No parity emor, 1=Parity error

This bit is always set by the Universe when: the PC) master
interface detects a data pariry ercoc of the PCl target interface
detects address or data parity errors.

S_SERR

R/Write 1
10 Clear

all

Signalied SERR#

0=SERR# not asserted, 1=SERR#¥ asserted.

The Universe PCI targei interface sets this bit when it assens
SERR# to signa! an address parity ercor. SERR_EN must be set
befor¢ SERR# can be asserted.

R_MA

R/Write 1
10 Clear

Received Masier-Abort

O=Master did noi generale Master- Abort, 1=Master generated
Master-Abort

The Universe PCI master imerface sets this bit when a
transaction it initiated had to be (erminated with a Master-Abert.

R/Write |
1o Clear

all

Received Target-Abort

0=Master did not detect Target- Abowt, t=Master detected Target-
Abort.

‘The Universe PCI maswer interface sets this bit when a
transaction it initiated was terminated with a Target-Abost.

S_TA

RAWrie 1
to Clear

all

Signalled Target-Abort
0=Target did not ierminale iransaction with Target-
Abort, 1=Target terminated transaction with Targer-Abort.

DEVSEL

all

ol

Device Select Timing
The Universe is a medium speed device

DP_D

RClear

all

Data Parity Detecied

0=Master did not derect/generate data parity error, 1=Master
detzcied/generatad daia parity error.

‘The Universe PCI master interface sets this bit if the Parity Error
Response bit is set, it is the masier of transaction in which it
assents PERR#, or the addressed targel asserts PERR#,

TFBBC

all

Targe1 Fast Back to Back Capable
Universe cannol accept Back to Back cycles from a different
agenL

Universe Registers
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PCI_CSR Description

Name Type Reset By | Reset State Function
MFBBC R all 0 Master Fast Back 10 Back Enable
The Universe master never generates tast back to back
transactions.
SERR_EN R/W all 0 SERR# Enable
O=Disable SERR# driver, 1=Enable SERR# driver,
Sening this and PERESP allows the Universe PCI uarget
interface to report address parity emrors with SERR#.
WAIT R all ¢ Wait Cycle Control
0=No addressfdata stepping
PERESP R/W all Li] Parity Error Response
0O=Disable, 1=Enable
Controls the Universe response 10 daia and address parity errors,
‘When enabled, it allows the assertion of PERR#¥ 10 repont data
parity errors. When this bit and SERR_EN are asserted, the
Universe can report address parity emrors on SERR#. Universe
parity generation is unaffected by this bit.
VGAPS R all 0 VGA Palette Snoop
O=Disable
MWI_EN R all 0 Memory Write and Invalidale Enable
O=Disable
The Universe PC1 master interface never generates a Memory
Write and Invalidate command.
sC R all 0 Special Cycles
0=Disable
The Universe PCE target interface never responds to special
cycles.
BM RV PWR, VME see note 1 Master Enable
0=Disable, 1=Enable
For a VMEbus slave image to respond te an incoming
cycle, this bit must be set.
MS RW PWR, VME see note 1 Target Memory Enable
O=Disable, 1=Enable
108 R/W PWR, VME seenone ) Targe1 IO Enable
0=Disable, 1=Enable
Note:

1. These bits may not be disabled after reset as required by the PCl specification if the VCSR or LSI0 power-up options have

been enabled.
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Table Ad :

PCI Conguration Class Register (PCI_CLASS)

Bits Function
31-24 BASE [7:0]
23-16 SUB (7:0)
1308 PROG [7:0}
07-00 RID {7:0)
PCI_CLASS Description
Name Type Reset By | Reset State Fuonction
BASE [7:0) R all % Base Class Code ‘
The Universe is dened as a PCI bridge device
SUB [7:0) R all 80 Sub Class Code
The universe sub-class is “other bridge device™
PROG [7:0) R all 00 Programming Interface
The Universe does not have a standardized register-level
progracming interface
RID [7:0) R all 00 Revision [D
Universe Registers
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Table A.5: PCI Conguration Miscellaneous 0 Register (PCI_MISC0)

1508 LTIMER o | o | o
07.00 PCI Unimplememed
PCI_MISCO Description
Name Type Reset By | Reset State Fulwtioh
BISTC R alt ) The Universe is not BIST Capable
SBIST R all o Start BIST
‘The Ugiverse is not BIST capabl
CCODE R all 0 Completion Code
‘The Universe is not BIST capable
MFUNCT R all 1 Muhtifonction Device
O=No, I=Yes
‘The Universe is a multifunction device with a single function:
function 0.
LAYOUT R alt 0 Conguration Space Layout
LTIMER (7:3] RIW alt o Latency Timer. The latency timer has a resolution of 8 clocks
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Table A.6 : PCI Conguration Base Address Register (PCI_BS)

0700 0 0 o 0 0 ¢ 0 SPACE
PCI_BS Description
Name Type Reset By | Resef State Function
BS${31:16] RIW all 1] Base Address
SPACE R alt Power-up PCI bus Address Space
Option Q=Memory, 1=1/0

This register species the 64 Kbyte aligned base address of the Universe register space on
PCI. Since the Universe register space is only 4 Kbytes, it only responds to this image if
address lines [15:12] are zero. PCI address lines [11:0] are used to select the Universe register.

A power-up option determines whether the registers are mapped into Memory or I/O space.
There is an internal inversion on the power-up pin (VA[1]). When VA[1] pin is pulled down at
power-up, the device starts-up in O space and the SPACE bit is set to 1. When VA[1] is
pulled up at power-up, the Universe starts-up in Memory space. If mapped into Memory
space, the user is free to locate the registers anywhere in the 32-bit address space, but note that
the registers are not prefetchable.

Since all Memory and I/O accesses are specied in relation to the Base Address, a write must
occur to this register before any Universe registers can be accessed through PCI Memory or
1/O space. This initial write can be performed with a PCI conguration transaction or a
VMEDbus register access.

Universe Registers

A11




Table A.7 : PCI Conguration Miscellaneous 1 Register (PCI_MISC1)

Bits Function

31-24 MAX_LAT [7:0}
2316 MIN_GNT [7:0}
1508 INT_PIN (7:0}
07-00 INT_LINE {7:0}

PCI_MISCI1 Description

Name Type Reset By | Reset State Function
MAX_LAT(7:0] R ali 0 Maximum Latency: This device has no special latency
- requirements
MIN_GNT(7:0) R all 00000011 Minimum Grant:. 250 as units
INT_PIN(7:0) R all 00000001 Intesrupt Pin: Universe pin INT# (0] has a PCI compliant YO
- buffer
INT_LINE[7:0] RW ai [ Intesrupt Line: used by some PCI systems (0 record integupt
- routing information .

The MIN_GNT parameter assumes the Universe master is transferring an aligned burst size of
64 bytes to a 32-bit target with no wait states. This would require roughly 20 clocks (at a
clock frequency of 33 MHz, this is about 600 ns). MIN_GNT is set to three, or 750 ns.
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Table A.8 : PCI Slave Image 0 Control (LSI0_CTL)

Bits Function

3124 EN PWEN Universe Reserved

2316 vDW Univesse Reserved J VAS

15.08 PGM SUPER | Universe Reserved L VCT
07.00 Universe Reserved J LAS

LSI0O_CTL Description

Name Type Reset By | Reset State Function
EN RAW all Power-up image Enable
Option OmDisable, 1=Enabte
PWEN R/W an 14 Posted Write Enable
0=Disable. }=Enable
VDWW RW alt 10 VMEbus Maximum Datawidih
00=1 bit dawa widh, 01=16 bit dawa widih, 10=32 bit data width,
11=64 bt data width
VAS RW an Power-up VYMEbus Address Space
Option 000=A 16, 001=A2d. Ol0=A32, O11= Reserved, 100=Reserved
101=CR/CSR, 110=User), 111=User2
PGM RW al 0 Program/Data AM Code
002Da13, 01=Program. others=Reserved
SUPER RW alt 0 Supervisor/User AM Code
00=Non-Privileged, 01=Supervisor, others=Reserved
VCT RIW all [} YMEbus Cycle Type
C=Single Cyctes Onty on VMEDus. 1=Single Cycles and Block
Transfers on VMEbus
LAS RIW alt Power-up PC] bus Memorty Space
Option 00=PC) bus Memory Space, 01=PCI bus 1AQ Space. 10=PCI bus
Type 1 Conguration Space, 11sReserved

The general, VMEbus and PCI bus controls for this A32 capable image. This PCI slave image
has 4 KByte granularity, and dual address cycles are never claimed. Only PCI Memory write
transactions can be posted.

Universe Registers A13




Table A.9 : PCI Slave Image 0 Base Address Register (LSI0_BS)

Bits Function

31-24 BS

23-16 BS

15-08 BS | Universe Reserved
07-06 Universe Reserved

LSI0_BS Description

Naie Type Reset By | Reset State Function
BS[31:28] R/W all Power-up Base Addsess
Option
BS[27:12] RW all 0 Base Address

The base address species the lowest address in the address range that will be decoded.
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Table A.10 ¢

PCI Slave Image 0 Bound Address Register (LSI0_BD)

Bits Function

31-24 BD

23-16 BD

1508 BD I Universe Reserved
07-00 Universe Reserved

LSI0O_BD Description

Name Type Reset By | Reset State Function
BD{131:28) R/W all Power-up Bound Address
Option
BD{27:t2) R/W all ¢ Bound Address

The addresses decoded in a slave image are those which are greater than or equal to the base
address and less than the bound register. If the bound address is 0, then the addresses decoded
are those greater than or equal to the base address.

Universe Registers
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Table A.11 : PCI Slave Image 0 Translation Offset (LSI0_TO)

Bits Function

31.24 TO

23.16 TO

15-08 TO Universe Reserved
07-00 Universe Reserved

LSI0_TO Description
Name Type Reset By | Reset State Fonction
TO[31:12) R/W all [ Translation Offset

The TO is eld is used in an unsigned addition with PCIBS and the PCI address to generate a
VME address. For example, if PCIBS is 32°h0000_0000 and TO is 32°h8000_0000 then the
corresponding VME address will be equal to the addition of AD{11:0] and 32°h8000_0000.
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Table A.12 : PCI Slave Image 1 Control (LSI1_CTL)

Bits Function
324 EN PWEN Universe Reserved
23-16 VDW Universe Reserved J VAS
15-08 PGM SUPER Universe Reserved VvCT
0700 Universe Reserved LAS
LSI1_CTL Description
Namse Type Reset By | Reset State Function
EN RW al 0 Image Enable
O=Disable, 1=Enable
PWEN R/W all (1] Possed Writke Enable
OxDisable, 1sEnable
VDWW R/W all 10 VMEDbus Maximum Datawidth
00=8 bit data width, 01=16 bit dawa width, 10=32 bit data widih,
11=64 bit data width
VAS RW all 0 VMEbus Addsess Space
000=A16. 0012A24. 010wA32, 011= Reserved, |00=Reserved,
101=CR/CSR, 110=User], 111=User2
PGM RW all o ProgranvDau AM Code
00=Daa, Ol=Program. ohers=Reserved
SUPER R/W all 0 Supervisor/User AM Code
00=Non-Privileged, 0!=Supervisor, othersaReserved
VCT R/W all 0 VMEbus Cycle Type
0=Single Cycles Only va VMEbus, 1=Single Cycles and Block
Transfers on VMEbus
LAS R/W all 0 PC] bus Memory Space
00=PCl bus Memory Space, 01=PCI bus /O Space, 10=PCl bus
Type 1 Conguration Space, 11=Reserved

The general, VMEbus and PCI bus controls for this A32 capable image. This PCI slave image
has 64 KByte granularity (maximum size of 4GBytes), and dual address cycles are never
claimed. Only PCI Memory write transactions can be posted.

Universe Registers
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Table A.13 : PCI Slave Image 1 Base Address Register (LSI1_BS)

Bits Function
31-24 BS

2316 BS

15-08 Universe Reserved
07-00 Universe Reserved

LSI1_BS Description

Name

Type

Reset By

Reset State

Function

BS[31:16)

RW

none

Base Address
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Table A.14 : PCI Slave Image 1 Bound Address Register (LSI1_BD)

Bits Function
3124 _ BD

23-16 BD

£5-08 Universe Reserved
07-00 Universe Reserved

LSI1_BD Description

Name Type Reset By | Reset State Function
BD[31:16] RAW no0e X Bound Address

The addresses decoded in a slave image are those which are greater than or equal to the base
address and less than the bound register.

Universe Registers
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Table A.15 : PCI Slave Image 1 Translation Offset (LSI1_TO)

Bits Function
31-24 T0
2316 TO
15-08 Universe Reserved
07-00 Universe Reserved
LSI1_TO Description
Name Type Reset By Reset State Function
TO[31:16) RW none X Translation offset
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Table A.16 : PCI Slave Image 2 Control (LSI2_CTL)

Bits Function
3124 EN PWEN Universe Reserved
2316 YDW Universe Reserved VAS
15-08 PGM SUPER Universe Reserved ] vCT
07-00 Universe Reserved LAS
LSI2_CTL Description
Name Type Reset By | Reset State Function
EN W all 0 Image Enable
0O=Disabte, 1=Enabk
PWEN RW al 0 Posted Write Enable
O=Disable, 1=Enable
vDW W al 10 VMEbus Maximum Datawidi
0028 bit data widih, $1=16 bin data width, 10=32 bit data width,
1164 bit daws width
VAS RIW all [ VMEDus Address Space
000wA16, D01wA24, 010=A32, O11m Reserved, 100=Reserved.
101=CR/CSR, 110mUserl, 111aUser2
PGM RIW al 0 Program/Drata AM Code
00=Data, 0)1=Program. others=Reserved
SUPER RIW all 0 SupervisorfUses AM Code
00=Non-Privileged, 01=Supervisor, others=Reserved
vCT RW all ¢ VMEbus Cycle Type
0=Single Cycles Only on VMEDus, 1=Single Cycles and Block
Transfers on VMEbus
LAS RW al 0 PCI bus Memory Space
00=PC1 bus Memory Space, 01=PCl bus 15O Space, 10=PCI bus
Type 1 Conguration Space, 11=Reserved

The general, VMEbus and PCI bus controls for this A32 capable image. This PCI slave image
has 64 KByte granularity, and dual address cycles are never claimed. Only PCI Memory write
transactions can be posted.
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Table A.17 : PCI Slave Image 2 Base Address Register (LSI2_BS)

[ Bits Function
324 BS
2316 BS
15-08 Universe Reserved
07-00 Universe Reserved

LSI2_BS Description

Name

Type

Reset By

Reset Staie

Function

BS[31:16)

RIW

none

X

Base Address
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Table A.18 : PCI Slave Image 2 Bound Address Register (LSI2_BD)

Bits Function

31.24 BD

23116 BD

15-08 Universe Reserved

07-00 Universe Reserved

LSI2_BD Description

Name Type Reset By | Reset State Function

BD[31:16) R/W none X Bound Address

The addresses decoded in a slave image are those which are greater than or equal to the base

address and less than the bound register.

Universe Registers
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Table A.19 :

PCI Slave Image 2 Translation Offset (LSI2_TO)

Bits Function
31-24 TC

2316 TC

15-08 Universe Reserved
07-00 Universe Reserved

LSI2_TO Description

Name

Type

Reset By

Reset State

Function

TO[31:16)

RW

none

X Translation offset
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Table A.20: PCI Slave Image 3 Control (LSI3_CTL)

Bits Function
31-24 EN } PWEN Universe Reserved
2316 VDW Universe Reserved [ VAS
1508 PGM SUPER Uhiverse Reserved [ vCT
07-00 Universe Reserved 1 LAS
LSI3_CTL Description
Name Type Reset By | ResetState ~ Function
EN R/W alt 0 image Enable
0=Disable, 1=Enable
PWEN R/W al} 0 Posted Write Enable
0O=Disable, 1=Enable
vDW R/W all 10 VMEbus Maximum Datawidih
O0=8 bit data width, 0316 bit daa width, 10=32 bit data width,
11=64 bit data width
VAS R/W all 0 VMEbus Address Space

000=A16, 001=424, 010=A32, Oli= Reserved, 100=Reserved,
181=CR/CSR, {10=Userl, 111=User2

PGM RW all 0 Program/Data AM Code
00=Dt1a, 01=Program, others=Reserved
SUPER RW al 0 SupervisorUser AM Code
O0=Non-Privileged, OlwSupervisor, othersaReserved
VCT RW all 0 VMEbus Cycle Type

O=Singhe Cycles Only on VMEDbus, 1=Single Cycles and Block
Transfers on VMEbus

LAS R/W all 1] PCI bus Memory Space
00=PC1 bus Memory Space. 01=PCl bus X0 Space, 10=PCI bus
Type | Conguration Space. 1 1=Reserved

The general, VMEDbus and PCI bus controls for this A32 capabie image. This PCI slave image
has 64 KByte granularity (maximum size of 4GBytes), and dual address cycles are never
claimed. Only PCI Memory write transactions can be posted.

Universe Registers
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Table A.21 : PCI Slave Image 3 Base Address Register (L.SI3_BS)

Bits Function
31-24 BS

23-16 BS

15-08 Universe Reserved
07-00 Universe Reserved

LSI3_BS Description

Name

Type

Reset By

Reset State Function

BS(31:16)

R/W

none

X

Base Address
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Table A.22 : PCI Slave Image 3 Bound Address Register (LSI3_BD)

Bits Function
3124 BD

2316 BD

15-08 Universe Reserved
07-00 Universe Reserved

LSI3_BD Description

Name Type Reset By | Resei State Function
BD[31:16} RV none x Bound Address

The addresses decoded in a slave image are those which are greater than or equal to the base
address and less than the bound register.

Universe Registers
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Table A.23 : PCI Slave Image 3 Translation Offset (LSI3_TO)

15-08 Univetse Reserved
07-00 Universe Reserved
LSI3_TO Description
Name Type Reset By | Reset State Function
TO[31:16) R/W none x Translauon offset
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Table A.24 : Special Cycle Control Register (SCYC_CTL)

Bits “Function

31-24 Universe Reserved

23-16 Universe Reserved

1508 Universe Reserved

07-00 Universe Reserved SCYC

SCYC_CTL Description

Name

Type

Reset By

Reset State

Function

SCYC

RW

all

0

Special Cycle

00=Disable, 01=RMW, 10=ADOH, 11=Reserved

The special cycle generator will generate an ADOH or RMW cycle for the 32-bit PCI bus
address which matches the programmed address in SCYC_ADDR. A Read-Modify-Write
command is initiated by a read to the specied address. Address-Only cycles are initiated by
either read or write cycles.

Universe Registers
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Table A.25 : Special Cycle PCI bus Address Register

Bits Function
31-24 ADDR
2316 ADDR
15-08 ADDR
07.00 ADDR Universe Reserved
SCYC_ADDR Description
Name Type Reset By Reset State Function
ADDR{33:2] R/W nene X Address

This register designates the special cycle address. This address must be contained in an

enabled PCI image.
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Table A.26 : Special Cycle Swap/Compare Enable Register (SCYC_EN)

Bits Function
31-24 EN
23-16 EN
15-08 EN
07-00 EN

SCYC_EN Description

Name Type Reset By | Reset State Function

EN(31:0] RW none X Bit Enable
0O=Disable, 1=Enable

The bits enabled in this register denes the bits that will be involved in the compare and swap
operations for VME RMW cycles.

Universe Registers
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Table A.27 : Special Cycle Compare Data Register (SCYC_CMP)

Bits Function
31-24 CMP
23-16 CMP
15-08 CMP
07-00 CMP

SCYC_CMP Description

Name Type Reset By | Reset State Function

CMP(31:0) RW none x The dala d from the VMEDbus is pared wilh the
contents of this register.

The data returned from the read portion of 2a VMEbus RMW is compared with the contents of
this register. SCYC_EN is used to control which bits are compared.

A-32 V5A Programmer’s Manual




Table A.28 : Special Cycle Swap Data Register (SCYC_SWP)

Bits Function
31-24 SWP
23-16 SWP
1508 SWP
07-00 SWP

SCYC_SWP Description
Name Type Reset By | Reset State Function
SWP[31:0] RAW none 3 Swap data

If enabled bits matched with the value in the compare register, then the contents of the swap
data register is written back to VME. SCYC_EN is used to control which bits are written back
to VME.
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Table A.29 : PCI Miscellaneous Register (LMISC)

Bits Function
3124 CRT CWT
23-16 Universe Reserved
15-08 Universe Reserved
07-00 Universe Reserved
LMISC Description
Name Type Reset By | Resef State ~ Function
CRT RW all 0001 Coupled Request Timer

0000=Disable (Innjte), 0001=128 usec, 0010=256 psec,
0011=512 psec, 010021024 psec, 0101e2048 psec, 0110=4096
psec, otherssRESERVED

CWT RAW all 0 Coupled Window Timer
0000=Disabie - release after st coupled transacuion, 0001=16
PCl Clocks, 0010=32 PCI Clocks, 001i=64 PCI Clocks.
0100=128 PCI Clocks. 01012256 PCI Clocks, 0110=512 PC1
Clocks, otherssRESERVED

If a PCI master generates a coupled transaction and the PCI Slave Channel in the Universe is
not currently the owner of the VMEbus, then the Universe retries the PCI master and requests
VMEDbus ownership. The Universe uses the coupled request timer (CRT) to determine how
long to wait after ownership is acquired for a PCI master to retry a coupled transaction. The
timer is restarted each time a PCI master attempts the coupled transaction. If this timer
expires, then the PCI Slave Channel releases the VME Master Interface.

The Universe uses the coupled window timer (CWT) to determine how long to hoid
ownership of the VMEbus on behalf of the PCI Slave Channel after processing a coupled
transaction. The timer is restarted each time the Universe processes a coupled transaction. If
this timer expires, then the PCI Slave Channel releases the VME Master Interface.

Device behaviour is unpredictable if CRT/CWT are changed during coupled cycle activity.
These registers should be set only at conguration time, or after disabling all PCI Slave
Images.
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Table A.30 : Special PCI Slave Image (SL.ST)

Bits Function
31-24 EN PWEN Universe Reserved
23-16 VDW Universe Reserved
15-08 PGM SUPER
07-00 BS LAS
SLSI Description
Name Type Reset By | Reset State Function
EN R/W alt ] Image Enable
0=Disable, 1=Enable
PWEN RW all 0 Posted Write Enable
0=Disable, 1=Enable
VDW [3:0] R/IW all 0 VMEbus Maximum Datawidth
Each of the four bits species a data width for the comesponding
16 MByie region. Low order its correspond to the lower address
regions.
O=16-bit, 1=32-bie
PGM {2:0 RW all ¢ Program/Data AM Code
Each of 1he four bits species Program/Data AM code for the
comresponding 16 MByte region, Low order bits correspond to
\he lower address regions,
0=Data. 1=Program
SUPER [3:0] RV all 0 SupervisozUser AM Code
Each of the four bits species Supervisar/User AM code for the
corresponding 36 MByte region. Low order bits correspond 1©
the Jower address regions.
0=Non-Privikged, 1=Supervisor
BS [5:0) RW al 1) Base Address
Species a 64 MByte alighed base addvess for this 64 MBye
image.
LAS R/W all 0 PC1 bus Address Space
00=PCI bus Memory Space, 01=PCT bus /O Space, 10aPC] bus
Type 1 Conguration Space, 11=R« d

This register fully species an A32 capable special PCI slave image. The base is
programmable to a 64 Mbyte alignment, and the size is xed at 64 Mbytes. Incoming address
lines [31:26) (in Memory, 1O, or Conguration space) must match this ¢ld for the Universe

to decode the access. This special PCI slave image has lower priority than any other PCI slave

image.
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The 64 Mbytes of the SLSI is partitioned into four 16 Mbyte regions, numbered 0 to 3 (0 is at
the lowest address). PCI address bits [25:24) are used to select regions. The top 64 Kbyte of
each region is mapped to VMEbus A16 space, and the rest of each 16 Mbyte region is mapped
to A24 space. :

The user can use the PGM, SUPER and VDW elds to specify the AM code and the
maximum port size for each region. The PGM eld is ignored for the portion of each region
mapped to Al6 space,

No block ransfer AM codes are generated.
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Table A.31 : PCI Command Error Log Register (L_CMDERR)

Bits Function
324 CMDERR M_ERR Universe Reserved
23-16 L_STAT Universe Reserved
15-08 Universe Reserved
07-00 Universe Reserved
L_CMDERR Description
Name Type Reset By | Reset State Function
CMDERR R alt ol PCI Command Esror Log
(3:0)
M_ERR R all 0 Multiple Ercos Occurred
0=Single error, 1=Al least one error has occusved since the logs
were frozen.
L_STAT RW all 0 PCI Ervor Log Staus
Reads:
O=logs invalid, I=logs are valid and ervor logging halted
Writes:
O=no effect, b=clears L_STAT and enables error bogging

The Universe PCI Master Interface is responsible for logging errors under the following

conditions:

+ a posted write transaction results in a target abort,

+ a posted write transaction results in a master abort, or

* a maximum retry counter expires during retry of posted write transaction.

This register logs the command information.
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Table A32 : PCI Address Error Log (LAERR)

Bits Function
31-24 LAERR
2316 LAERR
15-08 LAERR
07-00 LAERR
LAERR Description
Name Type Reset By | Reset State Function
LAERR [31:0) R all [} PCI lower address error log

The starting address of an errored PCI transaction is logged in this register under the
following conditions:

*» a posted write transaction results in a target abort,

= aposted write transaction results in a master abort, or

+ a maximum retry counter expires during retry of posted write transaction.

Contents are qualied by bit L_STAT of the L_CMDERR register.
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Table A.33 : DMA Transfer Control Register (DCTL)

Bits Function
31-24 v | Universe Rescrved
2316 VDW Ubiverse Reserved | VAS
15-08 PGM SUPER Universe Reserved VCT
07-00 LDS4EN | Universe Reserved
DCTL Description
Name Type Reset By | Reset State Function
L2v RW all 0 Direction
O=Transfer from YMEbus o PC] Bus, 1=Transfer from PC] bus
o YMEbus
VDW R/W all 0 VMEbus Maximum Datawidth
00=2 bit data width, O1=16 bit data widih, 10=32 bit dawa width,
11=64 bit daa width
VAS RW all 0 VMEbus Address Space
000=A16, 001=A24, (102A32, 011= Reserved, 100uReserved,
101=Reserved, 110=tserl, 111=User2
PGM R/W all ¢ Program/Data AM Code
00wData, OleProgram, otherswReserved
SUPER RAW al) o Supervisor/User AM Code
00=Non-Privileged, 01=Supervisor, others=Reserved
YCT R'W all 0 VMEbus Cycle Type
O=Single Cycles Only on VMEDbus, 1=Single Cycles and Block
Transters on VMEbus
LDS4EN RW all 1 Enable 64-bit PCT Bus Trarsactions
0=Disable, 1=Enable

This register is programmed from either bus or is programmed by the DMAC when it loads
the commang packet. The DMA only accesses PCI bus Memory space.
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Table A.34 : DMA Transfer Byte Count Register (DTBC)

Bits Function

31-24 Universe Reserved

23-16 DTBC

15-08 DTBC

07-00 DTBC

DTBC Description

Name Type Reset By | Reset State Function

DTBC[23:0) RAW all L] DMA Teansfer Byte Count

This register species the number of bytes to be moved by the DMA before the start of the
DMA transfer, or the number of remaining bytes in the transfer while the DMA is active. This
register is programmed from either bus or is programmed by the DMAC when it loads the
command packet. If the register is non-zero at the start of a linked-list operation, these bytes
are transferred before reading in the rst linked-list entry.
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Table A.35 : DMA PCI Bus Address Register (DLA)

N4 LA

2316 LA

15-08 LA

07-00 LA

DLA Description

Name Type Reset By | Reset State Function
LA(31:3] RIW oone X PCI bus Address
LA[2:0 R/W ail ] PCI bus Address

This register is programmed from either bus or is programmed by the DMAC when it loads
the command packet. During linked-list operation, this register is only updated at the end of a
transaction (i.e., processing of a command packet) or when the DMA is stopped or halted.
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Table A.36 : DMA VMEbus Address Register (DVA)

3124 VA

23-t6 VA

1508 VA

07-00 VA

DVA Description

Name Type Reset By ] Reset State Function
VA[31:3} RIW none x VMEbus Address

VA[2:0) RIW all 0 VMEbus Address

This register is programmed from either bus or is programmed by the DMAC when it loads
the command packet. During linked-list operation, this segister is only updated at the end of a
transaction (i.e., processing of a command packet) or when the DMA is stopped or halted.
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Table A37 :

DMA Command Packet Pointer (DCPP)

Bits Function
31-24 DCFP
2316 DCPP
15-08 DCPP
07-00 DCrPP Universe Reserved
DCPP Description
Name Type Reset By | Reset State Function
DCPP(31:3] R/W all 0 DMA Command Packet Pointer

This register contains the pointer into the current command packet. Initially it is programsmed
to the starting packet of the linked-list, and is updated with the address to a new command
packet at the completion of a packet. The packets must be at an aligned 64-bit address.

Universe Registers



Table A.38 : DMA General Control/Status Register (DGCS)

Bits Function
31-24 GO | STOP_REQ | HALT_REQ 0 CHAIN 0 0 0
23-16 VON VOFF
1508 ACT STOP HALT L] DONE LERR YERR P_ERR
07-00 [+ INT_STOP | INT_HALT 0 INT_DONE | INT_LERR | INT_VERR | INT_P_ERR
DGCS Description
Name Type Reset By | Reset State Function
GO W/Read 0 all 0 DMA Go Bit
always 0=No effece, 1wEnable DMA Transfers
STOP_REQ WiRead 0 al) 0 DMA Swp Request
always 0=No effect, 1mStop DMA transfer when all buffered data has
been written
HALT_REQ WiRead 0 all 0 DMA Halt Request
always OuNo effect, 1xHalt the DMA wansfer st the completion of the
current command packet
CHAIN R/W all 0 DMA Chaining
0=DMA Direct Mode, 1=DMA Linked List mode
VON [3:0) RW all 0 VMEbus Aligned DMA Transter Count
0000=Until done, 0001=256 bytes, 0010=512 bytes,
0011=1024 bytes, 010022048 bytes, 010124096 bytes,
0110=B192 bytes, 011 1=16384 byies, othersmReserved
VOFF [3:0 R/W all 0 Minimum period the DMA is off the VMEbus between tenures
0000=0ps, 0001=16ps, 0010=32us, 001 1=64ps, OF00=128us,
0101=256ps, 0110=512ps, 0111=1024us, others=Reserved
ACT R all 0 DMA Active Flag
O=Not Active, IxActive
STOP RiWrite 1 0 all 0 DMA Stwopped Flag
Clear 0=Not Stopped. 1=Stopped
BALT R/Wrie 1 to all 0 DMA Haled Flag
Char 0=Not Halted, 1»Halted
DONE R/Write | to all ¢ All DMA Transfers Complete
Clear OxNot Complete, 1=Complete
LERR R/Write t to all 0 DMA PCI Bus Esror
Clear 0=No Esror, 1=Error
VERR R/Write 110 all 0 DMA VMEbus Error
Clear 0=No Error, 1sEsror
P_ERR R/Write | © all 0 Protocol Emvor
Clear Asserted if PCI master interface disabled or lower thees bits of
PCI and VME addresses differ
O=No Error, 1=Emor
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DGCS Description
Namé Type Reset By | Reset State Function

INT_STOP RAW all 0 Interrupt when Stopped
O=Disable, 1=Enabie

INT_HALT R/W all 0 Interrupt when Halied
O=Disabl¢, 1=Enable

INT_DCNE R/W alt 0 Intermupt when Done
0=Disable, 1=Enable

INT_LERR RAW ali 0 Intemupt on LERR
O=Disable, 1=Enable

INT_VERR RW all 0 Interrupt on VERR
O=Disable, 1=Enable

[NT_P_ERR RW alt 0 Intermupt on Protocol Emroe
O=Disable, 1=Enable

STOP, HALT, DONE, LERR, VERR, and P_ERR all need to be cleared to enable the GO bit
to start DMA transfers.
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Table A.39 : DMA Linked List Update Enable Register (D_LLUE)

Bits Function

31-24 UPDATE Universe Reserved
23-16 Universe Reserved

15-08 Universe Reserved

07-00 Universe Reserved

D_LLUE Description

Name Type Reset By | Reset State Function
UPDATE R/W all o DMA Linked List Update Enable
0=PCI Resource not Updating Linked List
1=PCl Resource Updating Linked List

The PCI Resource must read back a logic 1 in the UPDATE eld before proceeding to modify
the linked list. After the Linked List has been modied the PCI Resource must clear the
UPDATE eld by writing a logic 0.
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Table Ad40 : PCI Interrupt Enable Register (LINT_EN)

Bits

Function

3124

2316

Universe Reserved

15-08

ACFAIL

SYSFAIL

SW_INT | SW_IACK | Reserved VERR LERR PMA

07-00

VIRQ?

VIRQS

VIRQS VIRQ4 VIRQ3 VIRQ2 VIRQ) VOWN

LINT_EN Description

Name

Type

Reset By

Reset State

Function

ACFAIL

RW

all

0

ACFAIL InterrpL Mask
O=ACFAIL lnterrupt masked
k=ACFAIL Intesrupe enabled

SYSFAILL

all

SYSFAIL Intersupt Mask
0=SYSFAIL Inerropt masked
1=SYSFAIL Interrupt enabled

SW_INT

all

PCLl Software Interrupt Mask

0=PCI Sofrware Interrupt masked

1=PCT Software Interrupt enabled

A zero-to-one wransition will cause the PCI software interrupt to
be assered. Subsequent zeroing of this dit will cause the
inteerupt to be masked, but will not clear the PCT Software
Interrupt Stams biL,

SW_IACK

all

“VME Software IACK™ Mask
0 ="VME Software IACK" Inierrupt masked
1 =“VME Softwase IACK" Intesrupt enabled

VERR

PCI VERR Imemmupt Mask
0 =PCl VERR Interrupt masked
1=PCT VERR interrupt enabled

all

PCI LERR Interrupe Mask
0 =PC) LERR Interrupt masked
| =PCI LERR Interrupt enabled

DMA

alt

PCI DMA Interrupt Mask
0=PCI DMA Tnterrupt masked
1=PCI DMA Interrupt enabled

VIRQ7-VIRQ1

all

VIRQx Interrupt Mask
0=VIRQx Interrupt masked
I =VIRQx Intesrupt enabled

VOWN

all

VOWN Imenmupt Mask
0=VOWN Interrupt masked
1=VOWN Internspt Enabled
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Bits VIRQ7-VIRQI enable the Universe to respond as a VME Interrupt Handler to interrupts
on the VIRQ[x] lines. When a VIRQx interrupt is enabled, and the corresponding VIRQ([x)
pin is asserted, the Universe requests the VMEbus and performs a VME IACK cycle for that
interrupt level. When the interrupt acknowledge cycle completes, the STATUS/ID is stored in
the corresponding VINT_ID register, the VIRQx bit of the LINT_STAT register is set, and a
PCI interrupt is generated. The Universe does not acquire further interrept STATUS/ID
vectors at the same interrupt ievel until the VIRQx bit in the LINT_STAT register is cleared.

The other bits enabie the respective internal or external sources to interrapt the PCI side.
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Table A.41 : PCI Interrupt Status Register (LINT_STAT)

Bits Function
31-24 Universe Reserved
23-16
£5-08 ACFAIL SYSFAIL SW_INT SW_IACK Reserved VERR LERR DMA
07-00 VIRQ? VIRQS VIRQS VIRQ4 VIRQ3 VIRQ2 VIRQ) VOWN
LINT_STAT Description
Name Type ResetBy | Resel State " Function
ACFAIL R all o ACFAILL Interrupt Statns/Clear
0: no ACFAIL Interrupt
1: ACFAIL lnserrupt active
SYSFALL R all ¢ SYSFAIL Interrupt Status/Clear
0: no SYSFAIL Interrupt
}: SYSFAIL Inscrrapt active
SW_INT R/Write 1 all V] PCI Software Interrapt Status/Clear
to Chear 1 no PCI Software Inerrupt
1: PC1 Sofrware Ineecropt sctive
SW_IACK R/Write 1 all 0 “VME Software IACK” Statws/Clear
1o Clear 0: no “VME Software IACK” Inderrupt
t: “VME Software TACK" Interrupt active
VERR RMWrite 1 alt 0 PCl VERR Inerrupt Staos/Clear
10 Chear 0: no PCI VERR Interrupt
1: PC1 VERR Intermupt active
LERR RfWrite 1 all 0 PCI LERR Tneerrupt Status/Clear
1o Clear 0: no PC] LERR Intermopt
1: PCE LERR Interrupt active
DMA RiWrite 1 all 0 PCI DMA Interrupt Status/Clear
to Clear 0: no PCT DMA Interrupt
): PCI DMA Interrupt active
YIRQ7-VIRQI | R/Write ) all 0 VIRQx interrupt StatusiClear
to Clear 0: no YIRQx Interrupt SamsID vector avaitable
1: VIRQx Interrupt StatsiD vector available
YOWN RiWrite 1 all 9 VOWN [ntemmupt Sutus/Clear
to Clear 0: no VOWN Interrupt active
1: VOWN Interrupt active

Interrupt status bits indicated as “R” (read only) are level sensitive, and the source of the
interrupt must be cleared in order to clear the interrupt status. ACFAIL and SYSFAIL bits
directly reect the status of the respective VMEbus pins (after tering and synchronization to
the PCI clock).

Universe Registers




A-S0

Status bits indicated as “R/Write 1 to Clear” are edge sensitive: the status is latched when the
interrupt event occurs. These status bits can be cleared independently of the state of the
interrupt source by writing a “1” to the status register. Clearing the status bit does not imply
the source of the interrupt is cleared.

V5A Programmer’s Manual




0000000000000 000000000000000000000000000000

Table A.42: PCI Interrupt Map 0 Register (LINT_MAP0)

Bits Function
31-24 Reserved VIRQ? Reserved VIRQS
23-16 Reserved VIRQS Reserved VIRQ4
15-08 Reserved VIRQ3 Reserved VIRQ2
07-00 Reserved VIRQI Reserved VOWN
LINT_MAP0 Description
Name Type Reset By | Reset State Function
VIRQ7-VIRQ1 RW all 0 PC] intecrupt destnation {LINT{7:0]) for VIRQx
VOWN R/W all 0 VMEDbus ownesship bi i pt map 1o PCI i p

The two PCI Interrupt Map registers map various interrupt sources to one of the eight PCI
interrupt pins. A value of 000 maps the corresponding interrupt source to LINT# [0], a value
of 001 maps to LINT# [1], etc.
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Table A.43 : PCI Interrupt Map 1 Register (LINT_MAP1)

Bits Function

324 Reserved ACFAIL Reserved SYSFAIL
23-16 Reserved SW_INT Reserved SW_IACK
15-08 Reserved VERR
07-00 Reserved 1 LERR Reserved DMA

LINT_MAP1 Description

Name Type Reset By | Reset State Function
ACFAILL RAV all 0 ACFAIL internupt destination
SYSFAIL RW all 0 SYSFAIL imervept destination
SW_INT RW all 0 PCI software interrupt destination
SW_TACK RW all 0 VMEbus S JACK 4 ptd
VERR RAWY all 1] VMEbus Error intecropt destination
LERR RW all 0 PCI bus Etvor interupt destination
DMA RAW alt 0 DMA intezrapt destination

The two PCI Interrupt Map registers map various interrupt sources to one of the eight PCI
interrupt pins. A value of 000 maps the corresponding interrupt source 1o LINT# (0], a value
of 001 maps to LINT# 1], etc.
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Table A.44: VMEbus Interrupt Enable Register (VINT_EN)

Bits Function
N2 Universe Reserved
S
23416
o
15.08 Reserved SW_INT Reserved VERR LERR DMA
07-00 LINT? [ LINTS | LINTS LINT4 LINT3 LINT2 LINTI LINTO
L
VINT_EN Description
| Name Type Reset By | Reset State Function
SW_INT RAWY all Power-up “VME Software [nteaupt’ Mask
Cpuion 0= VME Software Imerropt masked
) =VME Software Interrupt enabled
A zero-t0-0ne Uansition causes the VME software interrupt o be
asseried. Subsequent zevoing of this bit causes the interrypt to be
masked and the VMEbus interrupt negated, bul does not clear
the VME software intermpt status bit.
VERR RW alt 0 VERR Intesrupt Mask
0=PC] VERR Inierrupt masked
1=PCi VERR Interrupt enabled
LERR R all 0 LERR Interrupt Mask
0 =PC] LERR Iaterrupt masked
1 =PCI LERR Interrupi enabled
DMa R/W all 0 DMA Interrupt Mask
0=PC) DMA Interrupt masked
1=PC) DMA Interrupt cnabled
LINT?-LINTO R/W all 0 PCl Interrupt Mask
O=LINTx Imemupt masked
1 =LINTx Intcrrupt enabled

This register enables the various sources of VMEbus interrupts. SW_INT can be enabled with
the VMES4AUTO power-up option.
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Table A.45: VMEbus Interrupt Status Register (VINT_STAT)

Bits Function
31-24 Universe Reserved
2318
15-08 Reserved SW_INT Reserved VERR LERR DMA
07-00 LINT? } LINTS | LINTS LINT4 LINT3 LINT2 LINTI LINTO
VINT_STAT Description
Name Type Reset By | Reset State Function
SW_INT RiWrite | all Power-up VME Software Interrupt Sutus/Clear
to Clear Option O=no VME Software Inierrupt
1=VME Sofrware Inlenupt acGve
VERR R/Write 1 all ¢ VERR Interrupt Status/Clear
to Clear 0=noVME VERR Intemupt
1=VME VERR Interyupt active
LERR RAWrite t all ] LERR [oterrupt Status/Qlear
to Clear 0=noVME LERR Iaterropt
1=VME LERR Iaterrupt active
DMA R/Write § all o DMA Inierrupt Status/Clear
10 Clear 0=noVME DMA Interrupt
1=VME DMA Interrupt active
LINT?-LINTO | R/Write ] all 0 LINTx Intecrupt Suaus/Clear
10 Clear O=no LINTx Intecrupt
1=LINTx Interrupt active

SW_INT can be set with the VME64AUTO power-up option,
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Table A.46 : VME Interrupt Map 0 Register (VENT_MAPO)

Bits Function

31.24 Reserved LINT? Reserved LINTS
2316 Reserved LINTS Reserved LINT4
15-08 Reserved LINT3 Reserved LINT2
07-00 Reserved LINT1 Reserved LINTO

YINT_MAPO Description

Name

Type

Reset By

Reset State

Function

LINT7-LINTO

R/W

all

0

VYMEbus destination of PCE bus interrupt source

The two VME Interrupt Map registers map various interrupt sources to one of the seven
VMEDbus interrupt pins. A value of 001 maps the corresponding interrupt source to
VIRQ*([1], a value of 002 maps to VIRQ*[2}, etc. A value of 000 effectively masks the

interrupt since there is no corresponding VIRQ*[0].
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Table A47 : VME Interrupt Map 1 Register (VINT_MAP1)

Bits “Function

N-24 Reserved

2316 Reserved SW_INT

15-08 Reserved VERR
| 000 Reserved | LERR Reserved DMA

VINT_MAPI1 Description

Name Type Reset By | Reset State Function
SW_INT RIW all Power-up VMEbus Sofrware intesrupt destination
Option
VERR RIW all Q VMEbus Error interrupt desination
LERR R/W all 0 PCI bus Error interrupt destination
DMA RW all 0 DMA interrupt destination

The two VME Interrupt Map registers map various interrupt sources to one of the seven
VMEDbus interrupt pins. A value of 001 maps the corresponding interrupt source to VIRQ*(1),
a value of 002 maps (o VIRQ*[2], etc. A value of 000 effectively masks the interrupt since
there is no corresponding VIRQ*[0].

SW_INT is set to 010 with the VMES4AUTO power-up option.
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Table A.48 : Interrupt STATUS/ID Out (STATID)

Bits — Function

3124 STATID [7:1) | Reservea
23-16 Universe Reserved

15-08 Universe Reserved

07-00 Universe Reserved

STATID Description
Name Type Reset By | Reset State Function
STATID (7:1) RW al] 1nimmn Bits [7:1] of the STATUS/ID byte are retumed when the
Universe responds to a VMEbus JACK eyele.

When the Unjverse responds to an interrupt acknowledge cycle on VMEbus it returns an 8 bit
STATUS/ID. The upper seven bits are specied by STATID eld and can be written by
software to uniquely identify the VMEbus module within the system. The low order bit of the
STATUS/ID is cleared if the Universe is generating a software interrupt (SW_IACK) at the
same level as the interrupt acknowledge cycle, otherwise it is set.

The reset state is designed to support the VME64 Auto ID STATUS/ID value.
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Table A.49 : VIRQ1 STATUS/ID Register (V1_STATID)

Bits Function

31-24 Universe Reserved

2316 Universe Reserved

15-08 Universe Reserved | Ere
07-00 STATID {7:0]

V1_STATID Description

Name Type Reset By | Reset State “Function

ERR R al) 0 Error Status Bit
0=STATUSAD was acquised without bus error
1=bus emror occusred during acquisition of the STATUSAD

STATID [7:0) R all 0 STATUS/D acquired during IACK cycie for level } VMEbus
interTupt

The Vx_STATID registers are read-only registers that hold the 8-bit VMEbus STATUS/ID
that is acquired when the Universe performs a IACK cycle for a given interrupt level. The
Universe is enabled as the interrupt handler for a given interrupt level via the VIRQx bits of
the LINT_EN register. Once a vector for a given level is acquired, the Universe does not
perform a subsequent interrupt acknowledge cycle at that level until the cotresponding
VIRQx bit in the LINT_STAT register is cleared.

The acquisition of a level x STATUS/ID by the Universe updates the STATUS/ID ¢ld of the
corresponding Vx_STATID register and generation of a PCI interrupt. A VMEbus error
during the acquisition of the STATUS/ID vector sets the ERR bit, which means the
STATUS/ID eld may not contain a valid vector.
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Table A.50 : VIRQ2 STATUS/ID Register (V2_STATID)

Bits Function
324 Universe Reserved
2316 Universe Reserved
15-08 Universe Reserved ERR
07-00 STATID (7:0)
V2_STATID Description
Name Type Reset By | Reset State Function
ERR R all 0 Error Status Bit
Q=STATUS/ID was acquired without bus ertor
1=bus eror occurred during acquisition of the STATUS/AD
STATID (7:0) R all ) STATUS/ID acquired during IACK cycle for level 2 VMEbus
interrupt
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Table A.51 : VIRQ3 STATUS/ID Register (V3_STATID)

Bits Function

3]-24 Universe Reserved

2316 Universe Reserved

15-08 Universe Reserved ERR
07-00 STATID (7:0

V3_STATID Description

Name Type Reset By | Reset State Function

ERR R alk 1] Error S1aws Bit
0=STATUS/ID was acquired without bus error
}=bus error occurted during acquisition of the STATUS/ID

STATID (7:0) R ai} 0 STATUSAD zcquired during IACK cycle for level 3VMEbus
interrupt
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Table A.52 : VIRQ4 STATUS/ID Register (V4_STATID)

Bits Function

31.24 Universe Reserved

2316 Universe Reserved

15-08 Universe Reserved ERR

0700 STATID [7:0]

V4_STATID Description
Name Type Reset By | Reset State Function
ERR R all 0 Envor Statos Bit
0=STATUS/TD was acquired without bus eror
1=bus emor occurred during acquisiton of the STATUS/ID
STATID (7:0} R all 0 STATUS/ID acquired during IACK cycle for level 4 VMEbus

interrupt
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Table A.53 : VIRQS STATUS/D Register (V5_STATID)

Bits Function

3124 Universe Reserved

23-16 Univers¢ Reserved

15-08 Universe Reserved ERR
07-00 STATID [7:0)

V5_STATID Description

Name Type Reset By | Reset State Function

ERR R all 0 Error Status Bit
0=STATUS/ID was acquired without bus error
1=bus error occusred during acquisition of the STATUS/ID

STATID [7:0] R all 0 STATUSAD acquired during FACK cycle for level 5 VMEbus
inlerrupt
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Table A.54 : VIRQ6 STATUS/ID Register (V6_STATID)

Bits Function

31-2¢4 Universe Resecved

23-16 Universe Reserved

15-08 Universe Reserved ERR
07.00 STATID (7:0)

V6_STATID Description

Name Type Reset By | Reset State Function

ERR R all 0 Ecror Swaius Bit
0=STATUS/ID was acquired withowt bus ervor
1=bus erTor occurred during acquisition of (e STATUS/ID

STATID [7:0} R all 0 STATUS/ID acquired during 1ACK cycle for level 6 VMEbus
imecrupe
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Table A.55: VIRQ7 STATUS/ID Register (V7_STATID)

Bits Function

3124 Universe Reserved

23-16 Universe Reserved

15-08 Universe Reserved ERR
07-00 STATID (7:0)

V7_STATID Description

Name Type Reset By | Reset State Function

ERR R ail [ Error Status Bit
0=STATUS/ID was acquired without bus error
1=bus efror occurred during acquisition of the STATUS/ID

STATID (7:0} R all 0 STATUS/D acquired during JACK cycle for level 7 VMEbus
interrupt
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Table A.56 : Master Control Register (MAST_CTL)

Bits Function
31-24 MAXRTRY PWON
2316 VRL [ VRM VREL VOWN [VOWN_ACK|  Universe Reserved
15-08 Universe Reserved PABS Universe Reserved
07-00 BUS_NO
MAST_CTL Description
Name Type Reset By | Reset State Fanction
MAXRTRY RAW all 1000 Maximum Number of Retries
(3:0} 0000=Rery Forever, Multiples of 64 (0001 wbrough H11).
Maximum Number of rewies before the PCI master interface
signals emror condition
PWON (3:0) RAW all 0000 Posted Write Transfer Count
0000w 128 bytes, 0001=256 bytes, 0010=512 bytes, 0011=1024
bytes, 0100=2048 bytes, 0101=4096 bytes, Others=Reserved
Transfer count at which the PCI Slave Channel Posted Wirites
FIFQ gives up the VME Master Imerface.
VRL [1:0} RIW all 11 YMEDbus Request Level
00=Level 0,01=Level 1.10=Level 2, 11=Level 3
VRM RIW all 0 VMEbus Reguest Mode
0=Demand, 1=Fair
VREL RW. all Q VMEbos Release Mode
O=Release When Done. 1=Release on Request
YOWN w 0 VME Ownership Bit
O=Release VMEbus, 1=Acquire and Hold VMEbus
VOWN_ACK R 9 VME Ownership Bit Acknowledge
O=VMEbus not owned, }=VMEbus acquired and held due to
assertion of VOWN
PABS RIW ali 0 PCI Aligned Burst Size
Om32-byte, 1=64-byte
Conwols the PCT address boundary at which the Universe breaks
vp & PCI transaction. See “Posted Writes™ on page 2-38. and
“FIFO Operation and Bus Ownership” on page 2-82.
BUS_NO [7:0) RIW all 00000000 | PCIBus Number

VOWN_ACK is synchronized to the PCI clock.
VMEbus masters should not set the VOWN bit since this will lock up the VMEbus.
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BUS_NO is used by the PCI master interface when it is mapping VME transactions into PCI
Conguration space. If the bus number of the PCI address (bits [23:16)) is equal to the
BUS_NO eld, then the Universe generates a Type 0 conguration cycle, otherwise Type 1 is
generated.
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Table A.57 : Miscellaneous Control Register (MISC_CTL)

Bits

Fenction

324

VBTO

Reserved VARB VARBTO

2346 | SW_LRST | SW_SRST

Reserved Bl

ENGBI RESCIND | SYSCON | VS4AUTO

15-08

Universe Reserved

07-00

Universe Reserved

MISC_CTL Description

Name

Type

Reset By

Reset State

Function

VBTO

RW

all

oon

VME Bus Time-out .

0000=Disable, 0001=16 psec, 0010=32 psee, 0011=64 psec,
0100=128 psec, 0101=256 psec, 0110=512 psec, 0111=1024
usec, others«RESERVED

VARB

VMEbus Asbitration Mode
OmRound Robin, |=Priority

VARBTO

all

01

VMEbus Arbitralion Time-cut
00=Disable Timer, O1=16 s, 10=256 ps, otherssReserved

SW_LRST

all

Software PC] Reset
0=No affect, 1=Initiate LRST#
A read always retums 0.

SW_SYSRST

all

Software VMEbus SYSRESET
0=No affect, IsInitiae SYSRST*
Aread always reurms 0.

Bl

all

BI-Mode

0=Universe is not in Bl-Mode,

t=Universe is in Bl-Mode

Write (0 this bit 10 change the Universe Bl-Mode status. This bit
is also affecied by the global Bl-Mode initiator VRIRQI1*, if this
feause ks enabled.

ENGBI

all

Enable Global BI-Mode Initiator
O=Assertion of VIRQI ignored, 1=Assertion of VIRQI pins
device in B1-Mode

g

all

Rescinding DTACK Enable
0=Disabie, I=Enable

SYSCON

E

SYSCON
Q=Universe is not VMEDus System Conwoller,
1=Universe is YMEbus System Controller

V64AUTO

all

VME64 Awo ID
Write: 0=No effect, 1=Initiate sequence
This bit initises Universe VMEG4 Awo 1D Slave participation.

VMEbus masters should not write to SW_SYSRST, and PCI masters should not write to

SW_LRST.
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The bits VBTO, VARB and VARBTO support SYSCON functionality.

Universe participation in the VME64 Auto ID mechanism is controlled by the VMEG64AUTO
bit. When this bit is detected high, the Universe uses the SW_IACK mechanism to generate
VXIRQ2 on the VMEbus, then releases VXSYSFAIL. Access to the CR/CSR image is
enabled when the level 2 interrupt acknowledge cycle completes. This sequence can be
initiated with a power-up option or by software writing a 1 to this bit,
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Table A.58 : Miscellaneous Status Register (MISC_STAT)

Bits Function
324 ENDIAN | LCLSIZE Reserved DY4AUTO Universe Reserved
2316 Universe Reserved MYBBSY 1 Reserved |DY4_DONE| TXFE RXFE Reserved
15-08 DY4AUTOID
0700 Universe Reserved
MISC_STAT Description
Name Type Reset By | Reset State " Function
ENDIAN R all 0 The Universe is always linde endian on the PCT bus
LOLSIZE R all Power-up | PClBus Size
Option At the uvailing edge of RSTH, the Universe samples REQS4# to
determine the PCI bus size. This bit reects the result,
Om32.bits, 1x6d-bits
DY4AUTO R all Power-up DY4 Auo LD Enable
Option 0=Disable, 1sEnable
MYBBSY R all 1 Universe BBSY
OmAsserted, 1=Negated
DY4DONE R all )] DY4 Auo ID Done
0=Not done.1=Dooe
TXFE R all ) Transmit FIFO Empty
0=Not empty, 1=Empty
RXFE R all i Receive FTFO Empty
O=Not Empty, I=Empty
DY4AUTOID R none X DY4 Aue ID
Universe Registers
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Table A.59 : User AM Codes Register (USER_AM)

Bits Function

31224 USERIAM Universe Reserved
23.16 USERZAM Universe Reserved
15-08 Universe Reserved

07-00 Universe Reserved

USER_AM Description

Name Type Resel By | Reset State Function
USERIAM RW all 010000 User AM Code 1
[5:0)
USER2AM RW all 010000 User AM Code 2
(5:0)

The reset state is one of the VMEG64 user-dened AM codes.
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Table A.60 : VMEDbus Slave Image 0 Control (VSIO_CTL)

Bits Function

3124 EN [ PWEN | PREN [ Universe Reserved

2316 PGM  SUPERReserved [ vas i

15-08 Univérse Reserved

07-00 LDG4EN { LLRMW —[ Universe Reserved \ LAS

VSIO_CTL Description

Name Type Reset By | ResetState Function
EN RW all 0 lmgf Enable
Q=Disable, 1=Enable
PWEN R/W alt 0 POSIF\‘.I Write Enable
Q=Disable, 1=Enable
PREN RW al ¢ Prefetch Read Enable
0=Disable, 1=Enable
PGM RW al) 1 Program/Data AM Code
00mReserved, 0laData, 10=Program, 11=Both
SUPER RIW all 11 Supervisor/User AM Code
00=Reserved, 01=Non-Privileged, 10=Supervisor. 11=Both
VAS R/W all ¢ YMEbus Address Space
. 000=A16, 001=A24, 010=A32. 01 L= Reserved. 100=Reserved,
101wResecved, 110=User], 1il=User2
LDS4EN R/W all 0 Enable 64-bit PCI bus Transactions
O=Disable, 1=Enable
LLRMW RW all 0 Enable PCI bus Lock of VMEbus RMW
O=Disable, 1=Enable
LAS R/W all 0 PCI bus Address Space
00=PCl bus Memory Space, 0)=PCl bus 1O Space, 10=PCl bus
Conguration Space, 13=Reserved

This register provides the general, VMEbus and PCI controls for this slave image. Note that
only transactions destined for PCI Memory space are decoupled (the posted write RXFIFO
generates on Memory space transactions on the PCI bus). This image has 4 Kbyte resolution.

In order for a VMEbus slave image to respond to an incoming cycle, the PCI master interface
must be enabled (bit BM in the PCI_CSR register, Table A.3).
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Table A.61 : VMEbus Slave Image 0 Base Address Register (VSIO_BS)

Bits Fanction

31-24 BS

2316 BS

1508 BS Universe Reserved
07-00 Universe Reserved

VSIO_BS Description

Name Type Reset By | Reset State Function
BS{31:12) R/W none % Base Address

The base address species the lowest address in the address range that will be decoded.
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Table A.62 : VMEDbus Slave Image 0 Bound Address Register (VSI0_BD)

Bits Function

3124 BD

2316 BD

15-08 BD Universe Reserved

07.00 Universe Reserved

VSI0_BD Description

Name Type Reset By | Reset State Function

BD(3t:12] RW none X Bound Address

The addresses decoded in a slave image are those which are greater than or equal to the base

address and less than the bound register.
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Table A.63 : VMEbus Slave Image 0 Translation Offset (VSI0O_TO)

Bits Function

31-24 TO

2316 TO

15-08 TO Universe Reserved
07-00 Universe Reserved

VSI0_TO Description

Name Type Reset By | Reset State Function
TO[31:12} R/W none X Translaton Offset
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Table A.64 : VMEDbus Slave Image 1 Control (VSI1_CTL)

Bits Fuanction

31.24 EN | pwen | pREN [ Universe Reserved

2316 PGM  SUPERReserved | vas |

15-08 Universe Reserved

07-00 LDG4EN | LLRMW | Universe Reserved LAS

VS8I1_CTL Description

i Name Type | ResetBy | ResetState Function
EN RW all 0 Image Enable
0=Disable, 1=Enable
PWEN RV all 0 Posxed Write Enable
Q=Disable, 1=Enable
PREN RW all 0 Prefewh Read Enable
Q=Disable, 1=Enable
PGM RW all 3 Program/Data AM Code
(00=Reserved, 01=Data, 10=Program, 11=Both
SUPER R/W al 1 Supervisor/User AM Code
00=Reserved, 01=Non-Privikged. 10=Supervisor, 11=Both
VAS RW all 0 VMEbus Addsess Space

000=A16,001=A24, 010=A32, 0 1= Resesved, 100=Reserved,
101 =Reserved, 110=Userl, 111=User2

LD64EN RW all 1 Enable 64-bit PC1 bus Transactions
0=Disable, 1=Enable
LLRMW RW 1 Enable PCT bus Lock of VMEbys RMW
0O=Disable, 1=Enable
LAS RW all ] PC1 bus Addsess Space
00=PCI bus Memory Space, 01=PC1 bus YO Space, 10=PCl bus
Conguration Space, 11=Reserved

This register provides the general, VMEbus and PCI controls for this slave image. Note that
only PCI Memory space accesses are decoupled (the posted write RXFIFQ generates PCI
transactions only to Memory space). This image has a 64 Kbyte resolution (maximum size of
image is 4 GBytes).

In order for a VMEDbus slave image to respond to an incoming cycle, the PCI master interface
must be enabled (bit BM in the PCI_CSR register, Table A.3).
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Table A.65: VMEbus Slave Image 1 Base Address Register (VSI1_BS)

Bits Function
31-24 BS

23-16 BS

15-08 Universe Reserved
07-00 Universe Reserved

VSI1_BS Description

Name Type Reset By | Reset State Fanction
BS{31:16) RW none x Base Address

The base address species the lowest address in the address range that will be decoded.
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Table A.66 : VMEbus Slave Image 1 Bound Address Register (VSI1_BD)

Bits Function
31-24 BD

23-16 BD

15-08 Universe Reserved
07-00 Universe Reserved

VSI1_BD Description

Name

Type

Reset By

Reset State Function

BD[31:16]

RIW

none

X Bound Address

The addresses decoded in a slave image are those which are greater than or equal to the base

address and less than the bound register.
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Table A.67 : VMEbus Slave Image 1 Translation Offset (VSI1_TO)

Bits Function
31-24 TO

23-36 TO

15-08 Universe Reserved
07-00 Universe Reserved

VSI1_TO Description

Name

Type

Reset By

Reset State

Function

TO[31:16)

RW

none

X

Translation Offset

V5A Programmer’s Manual




Table A.68 : VMEbus Slave Image 2 Control (VSI2_CTL)

Bits Function

31.24 EN | PwEN | PREN [ Universe Reserved

2316 PGM  SUPERReserved vas |

15-08 Universe Reserved

07-00 LDGEN | LLRMW | Universe Reserved LAS

VSI2_CTL Description

Name Type Reset By | Reset State Function
EN RW all 0 I.I'I'IS‘G Enable
OaDisable, 1aEnable
PWEN RW all 0 Posted Write Enable
OuDisabl¢, 1=Enable
PREN RW all 0 Prefetch Read Enable
0=Disabie, i=Enable
PGM RIW al n Program/Dau AM Code
00=Reserved, 01=Pata, 10=Program, 11=Both
SUPER RIW all 11 Supervisor/Usesr AM Code
00=Reserved, 01wNon-Privikged, 10=Supervisor, 11=Both
VAS RW alt 0 VMEbus Address Space

000=A16, 001=A24, 010=A32, 011= Reserved, 100sReserved.
101=Reserved, 110=serl, 111aUser2

LD&4EN R/W all ¢ Enable 64-bit PC1 bus Transaciions
O=Disable, 1=Enablc
LLRMW RW all ° Enable PCl bus Lock of VMEbus RMW
O=Disabi¢, 1=Enable
LAS RW al o PCT bus Address Space

00=PC1 bus Memory Space, 01=PCI bus 170 Space, 10=PCl bus
Conguration Space, 11=Reserved

This register provides the general, VMEbus and PCI controls for this slave image. Note that
only PCI Memory space accesses are decoupled (the posted write RXFIFO generates PCI
transactions only to Memory space). This image has a 64 Kbyte resolution (maximum size of
image is 4 GBytes).

In order for a VMEDbus slave image to respond to an incoming cycle, the PCI master interface
must be enabled (bit BM in the PCI_CSR register, Table A.3).
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Table A.70 : VMEbus Slave Image 2 Bound Address Register (VSI2_BD)

Bits Function
31-24 BD

23-16 BD

15-08 Universe Reserved
0700 Universe Reserved

VSI2_BD Description

Name Type Reset By | Reset State Function
BD{31:16) RW none X Bound Address
Universe Registers
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Table A.71 : VMEbus Slave Image 2 Translation Offset (VSI2_TO)

Bits Function
31-24 TO

23-16 TO

15-08 Universe Reserved
07-00 Universe Reserved

VSI2_TO Description

Name Type Reset By | Reset State Function
TOf31:16] R/W none x Translation Offsel
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Table A.72 : VMEbus Slave Image 3 Control (VSI3_CTL)

Bits Function
3124 eN | PwEN | PREN Universe Reserved
2316 PGM  SUPERReserved | vas |
15-08 Universe Reserved
07-00 LDGEN | LLRMW | Universe Reserved LAS
VSI3_CTL Description
Name Type Reset By | Reset State Function
EN W al V] Image Enable
O=Disable, 1=Enable
PWEN RW ( 0 Posted Write Enable
o 0=Disable, 1=Enable
PREN RW 0 Prefetch Read Enable
A O=Disable. 1=Enable
PGM R/W all n Program/Pata AM Code
Q0«Reserved, 01=Data, 10=Program. ti=Both
SUPER R/W all 11 Supervisor/User AM Coge
00=Reserved, O1=Non-Privileged. 10=Supesvisor, 1 1=Both
VAS RW all 1] VMEbus Address Space
000=A 16, 001=A24, 010=A32, 011= Reserved, 100=Reserved,
101=Reserved, 110=User}, 111=User2
LDS4EN RIW all V] Enable 64-bit PC1 bus Transacuions
O=Disable, 1=Enable
LLRMW RAW all 0 Enable PCI bus Lock of VIMEbus RMW
0=Disable, I=Enable
LAS RW all 0 PCT bus Address Space
00=PC1 bus Memory Space, 01=PCl1 bus /O Space, 10=PCl bus
Conguration Space. I 1=Reserved

This register provides the general, VMEbus and PCI controls for this slave isnage. Note that
only PCI Memory space accesses are decoupled (the posted write RXFIFO generates PCI
transactions only to Memory space). This image has a 64 Kbyte resolution (maximum size of
image is 4 GBytes).

In order for a VMEbus slave image to respond to an incoming cycle, the PCI master interface
must be enabled (bit BM in the PCI_CSR register, Table A.3).

Universe Registers




L

®

¢

L

@

@

o

Table A.73 : VMEDbus Slave Image 3 Base Address Register (VSI3_BS) :
o e o
23-16 BS .
o e .
VSI3_BS Description ®
Name Type Reset By | Reset State Function .
BS[31:16) RAW none x Base Address .
®

o

@

@

®

®

®

®

®

®

®

@

4

®

®

®

L

@

®

®

@

@

@

¢

V5A Programmer’s Manual :




0000000000000000000000000000000000000000000

Table A.73 : VMEbus Slave Image 3 Base Address Register (VSI3_BS)

Bits Function
3-24 BS

2316 BS

15-08 Universe Reserved
07-00 Universe Reserved

VSI3_BS Description

Name Type Reset By | Reset State Funciion
BS{31:16) R/W none X Base Address
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Table A.74 : VMEbus Slave Image 3 Bound Address Register (VSI3_BD)

Bits Function

31-24 BD

2316 BD

15-08 bniverse Reserved

07-00 Universe Reserved

VSI3_BD Description

Name Type Reset By | Reset Stale Function

BD(31:16) RW fnone X Bound Address
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Table A.76 : VMEbus Register Access Image Control Register

(VRAI_CTL)
Bits Function
31.24 EN Universe Reserved
2316 PGM SUPER | Universe Reserved VAS
15-08 Universe Reserved
07-00 Universe Reserved

VRAI_CTL Description

Name Type Reset By | Reset State Function
EN RW all Power-up Image Enable
OQption 0=Disable, 1=Enable
PGM RW all 1 Program/Data AM Code
00=Reserved, 01=Data, 10=Program, 11=Bot
SUPER RW all 1t Supervisot/User AM Code
00=Reserved, 01=Non-Privileged, 10=Supervisor, 11=Bodh
VAS R/W all Power-up VMEbus Address Space
Option 00mA16,012A24, 10wA32, all others are reserved

The VME Register Access Image allows access to the Universe registers with standard
VMEDbus cycles. Only single cycle and lock AM codes are accepted. When a register is
accessed with a RMW, it is locked for the duration of the transaction.

Universe Registers



Table A.77 : VMEbus Register Access Image Base Address Register
(VRAIL_BS)

Bits Function

31-24 BS

23-16 BS

15-08 BS Univers¢ Reserved
07-00 Universe Reserved

VRAI_BS Description

Name Type Reset By Reset State Function
BS(31:12) RAW all Power-up The base address species the lowest address in the 4 Kbyte
Option VYMEbus Register Access Image.

The base address species the lowest address in the 4 Kbyte VMEbus Register Access Image.

The reset state is a function of the Power-up Option behaviour of the VAS eld in

VRAI_CTL.:
VRAIL_CTL: VAS BS [31:24) BS (23:16) BS [15:12)
Al 1] 1] Power-up Option VA [28:25]
A4 0 Power-up Option YA [23:21) ¢
A32 Power-up Option VA [28:2]) ¢ [}
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Table A.78 : VMEbus CSR Control Register (VCSR_CTL)

Bits Fuonction
31.24 EN Universe Reserved
2315 Universe Reserved
15-08 Universe Reserved
0700 Universe Reserved J LAS
VCSR_CTL Description

Name Type | ResetBy | Reset Stais Fonction

EN RW PWR.VME 0 Image Enable

O=Disablk, 1=Enable
LAS R/W ail Power-up PC1 bus Address Space
Option 00=PC1 bus Memory Space, 01=PCI bus IO Space, 10=PC] bus

Conguration Space, 11=Reserved

The EN bit alows software to enable or disable the Universe CR/CSR image. This image can

also be enabled by the VME64 Auto ID process.

For CSR's not supported in the Universe and for CR accesses, the LAS eld determines the

PCI bus command that will be generated when the cycle is mapped to the PCI bus.
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Table A.79 : YMEbus CSR Translation Offset (VCSR_TO)

Bits Function

324 TO

2316 TO Universe Reserved
15-08 Universe Reserved

07-00 Universe Reserved

VCSR_TO Description

Name Type Reset By | Reset State Function
TO[31:24] R/W PWR, VME 0 Translation Offset
TO[23:19) R/W all Power-up Teanslation Offset
Opiion

For CSR's not supported in the Universe and for CR accesses, the translation offset is added to
the 24-bit VMEbus address to produce a 32-bit PCI bus address. Negative offsets are not
supported.
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Table A.80 : VMEbus AM Code Error Log (V_AMERR)

Bits Function

3124 AMERR LIACK M_ERR
23.16 V_STAT Universe Reserved

15-08 Universe Reserved

07-00 Universe Reserved

V_AMERR Description

Name Type Reset By | Reset State Function
AMERR [5:0) R all 0 YMEbus AM Code Exror Log
1ACK R all 0 VMEbus IACK Signat
M_ERR R all 0 Multiple Error Occurred
0=Single emor, 1=At least one error has occurred since the fogs
were frozen
V_STAT RW alt 0 VME Enor Log Status
Reads:
O=logs invalid, 1=logs are valid and ecror logging halted
Writes:
Q=no effect. 1=clears V_STAT and enables ecroe logging

The Universe VMEbus Master Interface is responsible for logging the parameters of a posted
write transaction that results in 2 bus error. This register holds the address modier code and
the state of the IACK* signal. The register contents are qualied by the V_STAT bit.
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Table A.81 : VMEDbus Address Error Log (VAERR)

Bits Function
3124 VAERR
23-16 VAERR
15-08 VAERR
07-00 VAERR
VAERR Description
Name Type Reset By | Reset State Function
VAERR (31:0] R all 4] VMEbus address eror log

The Universe PCI Master Interface is responsible for logging the parameters of a posted write
transaction that results in a bus error. This register holds the address. The register contents are

qualied by the V_STAT bit of the V_AMERR register.
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Table A.82: VMEbus CSR Bit Clear Register (VCSR_CLR)

Bits Function

31-24 RESET | SYSFAL | FaL Universe Reserved

23-16 Universe Reserved

15-08 Universe Reserved

07-00 Universe Reserved

Y CSR_CLR Description

Name Type Reset By | Reset State Function

RESET W PWR, VME 0 Board Reset
Reads: O=LRST# not assened, 1=LRST# assened
Writes: O=no effect, 1=negaie LRST#

SYSFALL RW ail Power-up YMEbus $YSFAIL
Option Reads: 0=VXSYSFAIL not asserted, 1aVXSYSFAILL assened
Writes:0=n0 effect, I=n¢gate VXSYSFAIL
FAIL R PWR, VME 0 Board Fail

{0=Board has not failed

This register implements the Bit Clear Register as dened in the VME®S4 specication. Note

that the RESET bit can be written to only from the VMEbus.
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Table A.83 : VMEbus CSR Bit Set Register (VCSR_SET)

Bits Function

3124 RESET | SYSFALL FALL ] Universe Reserved
23-16 Universe Reserved

15-08 Universe Reserved

07-00 Universe Reserved

VCSR_SET Description

Name Type Reset By | Reset State Function

RESET R/IW PWR, YME [ Board Reset
Reads: 0=LRST# not assened, 1sLRST# asserted
Writes: O=no effect, 1=assert LRST#

SYSFAIL RW alt Power-sp VMEbus SYSFAIL
Option Reads: 0=VXSYSFAIL no asseried, 1=VXSYSFAIL assened
Writes:0=no effect, J=assent YXSYSFAIL

FAIL R PWR, VME 0 Board Fail
0=Board has not failed

This register implements the Bit Set Register as dened in the VMEG4 specication. Note that
the RESET bit can be written to only from the VMEbus. Writing 1 to the RESET bit asserts
LRST#. The PCI reset remains asserted until a 1 is written to the RESET bit of the
VCSR_CLR register.
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Table A.84: VMEbus CSR Base Address Register (VCSR_BS)

Bits Function
31-24 BS Uriverse Reserved
2316 Universe Reserved
15-08 Universe Reserved
07-00 Universe Reserved
VCSR_BS Description
Name Type Reset By | Reset State Function
BS {23:19] R/W PWR. VME Q Base Address

The base address species one of thirty-one available CR/CSR windows as dened in the
VMEG64 specication. Each window consumes 512 Kbytes of CR/CSR space.
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APPENDIX B

Universe Block Diagram

Appendix Scope

This appendix gives a functional block diagram of the Universe VME Interface
Controller. The relationships between PCI Master and PCI Slave Modules,
VMEbus Master and VMEbus Slave Modules, and VME/PC! Slave Channels
are shown. Also, the Interrupt Channel and Register Channel are illustrated.
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aprenpix ¢ VME BIOS Routines

Appendix Scope

This appendix describes in detail, on a function by function basis, the routines which comprise the V5A VME
BIOS. The following VME BIOS functions are accessible from software interrupt 69H:

Note: all function numbers are given in hexadecimal

AR AR T AN RN N T T AR N TR AR R T TR T RRA AT AR AR NN T R R R RN XX IR T A AN A AN TR T AP RN

function 00h - GET_VME_BIOS_VERSION
Returns the VME BIOS version, board type and A32 capability

ENTRY: AH = OOH
EXIT: AL = VERSION OF THIS FPIRMWARE, VERSION & MAJOR REV, IN BCD format
AH = VME SYSTEM/OPTION INFO.:

bit: if set: if clear:

7-5 Reserved

4-1 0000 = XT
Q0001 = XP
0010 = XPS
0011 = XPX
0100 = VME-1486
0101 = VME-7486
0110 = VME-2486
0111 = VME-B486
1000 = VMR-3486
1001 = VME-9586
1010 = Vvsa
1011 = VME-190
1100 = Iv-586

0 EXTENDED ADDRESS NO EXTENDED
CAPABLE ADDRESS CAPABILITY
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function 01h -~ REQUEST_VME_INTERRUPT
Function generates a VME IRQ to the VMEbus.

ENTRY: AH = 01H
AL = VMEBUS INTERRUPT REQUEST LEVEL {1-7)
BL = VMEBUS INTERRUPT VECTOR NUMBER {ID/Status Byte}

EXIT: NOTHING

R R R T R A T A N R R T N R A R N P RN R R A P AP T AN P R TR I I ARERARNANN R RN ok

function 02h - GET_VME_INTERRUPT_STATUS
Function returns the pending VME IR¢ interrupt status.

ENTRY: AH 02H
EXIT: AL = VMEBUS INTERRUPT LEVEL PENDING, 0 returned if none pending,

RN AAN N TR AW AR R RN T T AR R AR E N RN R R TR R R R AT AR AT A AN RN ARR RIS TR RS ww

function 03h - SETUP_VME_INTERRUPTS
Function enables VME IRQs to pass through to the PCI {(local)} bus.

ENTRY: AH = 03H
AL = any bit 1-7 set enables the corresponding VME IRQ
BL = for each bit set in AL, the corresponding bit in BL tells

which PCI (local) interrupt path to take. 0 means LINTO (PCI
INTA), 1 means LINT1 {PCI Steerable interrupt 0).
EXIT: NOTHING

A H RN TR RE T T kR T TR T R T F R T T W R T AT TR A RN AN AR X I N TP RN AN NN RS E NS T R IR T TR T wR

function 0Bh - CLEAR VME INTERRUPTS
Function disables all VME interrupts

ENTRY: AH = OBH
EXIT: NOTHING

LR RR RS SRRl SRSl sd sl el e s Rl R Rl s R e RS S

function OCh - GET_SYSFAIL_STATUS
Function returns the status of the VMEbus SYSFAIL signal

ENTRY: AH = OCH
EXIT: AL BIT O
AL BIT 0

1 IF SYSFAIL IS ASSERTED
0 IF SYSFAIL 1S DEASSERTED
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function 0Dh - SET_SYSFAIL_STATUS
Function will set or clear the SYSFAIL signal

ENTRY: AH = ODH
AL BIT 0 = 1 TO ASSERT SYSFAIL
AL BIT 0 = 0 TO DEASSERT SYSFAIL
EXIT: NOTHING
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function 10h - SERVICE_INTERRUPTS
Function processes the pending VMEbus interrupt.

ENTRY: AH = 10H
EXIT: AL:

Bit Meaning if set
highest priority vme interrupt was serviced
SYSFAIL Interrupt occurred
ACFAIL Interrupt occurred
DMA error occurred
PCI errox occurred
VME error occurred
VOWN Interrupt occurred
Reserved

DOV e WNEO

BL:

bits 0-6 = VME IRQ (1-7} acknowleged

bit 7 = BUS erroxr occurred after int vector was read
CL: VME Interrupt Status/ID byte; 0 if bit-5 in AL is set
EOI‘s acknowleged.
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fupction 12h - GET_MASTER_IMAGE
Function will return information about a VME Master Image.

ENTRY: AH 12H
AL = image number (0-3)

EXIT: AL = ¢ontrol status:
bit 7 = image enabled
bit 6 = Posted Write enabled
bits 5-3 = VME address space (000 = Al6, 001 = A24,
010 = A32, 110 = userl, 111 = user2)
bit 2 = Data/PGM (0 = data, 1 = program)

bit 1 = Privilege (0 = user, 1 = supervisory)
bit 0 = Block Transfer enabled
BX = A31-Al6é of Base address
CX = A31-Alé of Bound address
DX = A31-aA16 of translation offset
AH = Al5-Al12 of Base address in bits 7-4, Al5-al12 of Bound

address in bits 3-0 (image 0 only)
DI = AlS-Al2 of Translation offset in bits 3-0 {image 0 only)

AEHA T A AN AR AT NN N AR T T AT R AT AN A A AN AT T RARAREXIR T T T AREAXINRT AR NN

function 13h - PUT_MASTER_IMAGE
Punction will setup parameters for a VME Master Image

ENTRY: AH = 13H
AL = image numbexr (0-3}
DI = control status:

bit 7 = enable image
bit 6 = Posted Write enabled
bits 5-3 = VME address space (000 = Al6, 001 = A24,
010 = A32, 110 = userl, 111 = user2)
bit 2 = Data/PGM {0 = data, 1 = program)
bit 1 Privilege (0 = user, 1 = supervisory)
bit © Block Transfer enabled
SI {image 0 only) = odd bytes of addresses
AlS5-Al2 of Base address in bits 11-8, Al5-Al2 of Boundary
address in bits 7-4, Al5-Al2 of Translation offset in bits 3-0
BX A31-Al6 of Base address
cX A31-216 of Bound address
DX = 331-2Al6 of translation offset
EXIT: NOTHING

]
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function 14h - GET_SLAVE_IMAGE
Function will return information about a VME Slave Image

ENTRY: AH 14H
AL = Image number {0-3)
EXIT: DI = control status:
bit 10 = image enabled
bit 9 = Posted Write enabled
bit 8 = Prefetch Read enabled
bits 7-5 = VME address space (000 = Alé6, 001 = aA24,

010 = A32, 110 = userl, 111 = user2)
bits 4&3 = Data/PGM {01 = data, 10 = program, 1l = both)
bits 2&1 = Privilege (01 = user, 10 = supervisory, 11 = both)
bit 0 = PCI Lock on VME RMW enabled

BX = A3l-Al6 of Base address
= A31-Al6 of Bound address
DX = A31-Al6 of translation offset
AH = Al5-Al2 of Base address in bits 7-4, AlS5-Al2 of Bound
address in bits 3-0 (image 0 only)
AL = Al5-Al12 of Translation offset in bits 3-0 (image 0 only)

i
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function 15h - PUT_SLAVE_IMAGE
Function will setup parameters for a VME Slave Image

ENTRY: AH = 15H
AL = Image number (0-3)
DI = ¢ontrol status:
bit 10 = enable image
bit 9 = Posted Write enabled
bit 8 = Prefetch Read enabled
bits 7-5 = VME address space {000 = Al6, 001 = A24,

010 = A32, 110 = userl, 111 = user2)
bits 4&3 = Data/PGM (01 = data, 10 = program, 11 = both)
bits 2&1 = Privilege (01 = user, 10 = supervisory, 11 = both}
bit 0 = Enable PCI Lock on VME RMW

BX = A31-Al6 of Base address

CX = A31-Al6 of Bound address

DX = A31-Al6 of translation offset .

SI = Al5-Al2 of Base address in bits 7-4, Al5-Al2 of Bound

address in bits 3-0, Al15-Al2 of Translation
offset in bits 11-8 {image € only)
EXIT: NOTHING
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function 16h - GET_EEPROM_WORD
Punction returns a word from the on-board serial EEPROM.

ENTRY: AH = 16H
AL = Word offset into the serial EEPROM (0-63)
EXIT: AX = EEPROM data from the requested OFFSET
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function 17h - SET_EEPROM_WORD

Punction writes a word to the on-board serial EEPROM.

WARNING: This device is used internally to store board information.
Writing to the wrong location will interfere with proper board

performance!
ENTRY: AH = 17H
AL = Word offset into the serial EEPROM (0-63)

BX Data to write to the device
EXIT: NOTHING
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function 18h - GET_SERIAL_SWITCH
Function returns the 8 on-board serial switch values.

18H
Bits 0-7 correspond to serial switches 1-8 respectively.

ENTRY: AH
EXIT: AL

1}
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function 19h - SET_SERIAL_SWITCH

Function writes to the on-board serial switches.

WARNING: These switches are used to run certain on-board resources.
Writing the wrong value to these switches will render the board
inoperable.

ENTRY: AH = 1%H
AL = Bits 0-7 correspond to switches 1-8 respectively
EXIT: NOTHING
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function 1fh ~ SET_BOARD
Function loads all VME parameters from saved {EEPROM) values.

ENTRY: AH = 1FH
EXIT: NOTHING
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function 20h - Read VMEbus,
Read the VMEbus in real mode (up to 64Kb}

ENTRY: AH = 20H
Al = transfer parameters:
bits 6-5 = vdw: 00=D8 01=D16 10=D32 1ll=not supported
kit 4 = mode: O=non-privileged 1=supervisor
bit 3 = pgm/data: 0O=data lsprogram
bits 2-0 = VME address space: 000=Al6 001=A24 010=A32
101=CR/CSR 110=0Userl 111=User2
BX = VMEbus address bits A31-Alé
SI = VMEbus address bits AlS-A0
CX = number of bytes to transfer

DS:DI = PCI bus (local) address
EXIT: Neothing.
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function 21h - Write VMEbus.
Write to the VMEbus in real mode {(up to 64Kb)

ENTRY: AH = 21H

AL = transfer parameters:
bits 6-5 = vdw: 00=D8 (Q1=Dl16 10=D32 1ll=not suppeorted
bit 4 = mode: O=non-privileged l=supervisor
bit 3 = pgm/data: 0=data l=program
bits 2-0 = VME address space: 000=A16 001=A24 010=a32
101=CR/CSR 110=Userl 111=User2
BX = VMEbus address bits A31-316
DI = VMEbus address bits AlS-A0
CX = number of bytes to transfer

DS:SI = PCI bus {local) address

VME BIOS Routines
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EXIT: Nothing.
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function 24h - Enable Universe Registers to the VMEbus.
Function will enable the UNIVERSE registers to appear on the VMEbus

ENTRY: AH = 24H
AL = bit 7 = enable if set, disable if clear
bits 6&5 = pgm/data: Ol=data, l0=program, ll=both
bits 4&3 = mode: Ol=non-privileged 10=privileged, ll=zboth
bits 2-~0 = VME address space: 000=A16 001=A24 010=232
BX = VMEbus address bits A31-Al6
CL = VMEbus address bits A15-Al2 in CL bits 7-4
EXIT: Nothing.
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appenpix 0 VDA Register Summary

Appendix Scope

Reset Control Register
/O 2A0H

This appendix gives a summary of the V5A board-specific registers which are
not standard PC/AT, or peripheral device registers. The register layout and loca-
tion are given, as are the bit mneumonics and names. Read or write capability
for each bit is also shown.

| REs | sewe|oBwWE| RES § Res | REs | res | RES |
7 6 $ 4 3 2 1 0

Bit Description

0 Ignore SYSRESET from VME (R/W)
4 Front Panel Reset to VME SYSRESET Enable (R/W)
V5A Register Reference ' D1




BIOS Control Register
/0 2A1H

User Register
O 2A2H

Serial EEPROM/Switch

Register
/O 2A3H

D-2

| res |sewe|oBwe| Res | Rres | mes | Res | mes |
7 6 5 4 3 2 H 0

Bit Description
5 Socketed BIOS Write Enable (R/W)
6 Onboard BIOS Write Enable (R/W)
[ sys | Reserved |
7 6 5 4 3 2 1 0

Bit Description
7 SYS LED Control (R/W)

| 7ERM [ cosek [HrLsHipoceN esseL | vasT | LrsT | Res |
8 7 6 5 4 3 2 1

Bit Description

Serial Clock (R/W)

Serial Data Out (R/'W)

Serial Switch Program Enable (R/W)
Serial Swtich Read Enable (R/W)
Serial Switch Data In (R/W)
EEPROM Data In (R/W)

EEPROM Chip Select (R/'W)

AU B W - O
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aprennix £ VME Address Modifier
Codes

The following table shows the standard VME address modifier codes. Codes
10H through 1FH are user-defined. All other codes are reserved.

Address Modifier Address Size Transfer Type
3FH 24 Standard Supervisory Block Transfer (BLT)
3EH 24 Standard Supervisory Program Access
3DH 24 Standard Supervisory Data Access
3BH 24 Standard Non-Privileged Block Transfer (BLT)
3AH 24 Standard Non-Privileged Program Access
39H 24 Standard Non-Privileged Data Access
38H 24 Standard Non-Privileged 64-bit Block Transfer (MBLT)
37H 40 A40 BLT
35H 40 A40 Lock Command (LCK)}
34H 40 Ad40 Access
32H 24 A24 Lock Command (LCK)
2FH N/A Configuration ROM/Control & Status Register
2DH 16 Short Supervisory Access
2CH 16 A24 Lock Command (LCK)
29H 16 Short Non-Privileged Access
OFH 32 Extended Supervisory Block Transfer (BLT)
0EH 32 Extended Supervisory Program Access
0DH 32 Extended Supervisory Data Access
0CH 32 Extended Supervisory 64-bit Block Transfer (MBLT)
0BH 32 Extended Non-Privileged Block Transfer (BLT)
0AH 32 Extended Non-Privileged Program Access
09H 32 Extended Non-Privileged Data Access
08H 32 Extended Non-Privileged 64-bit Block Transfer (MBLT)
05H 32 A32 Lock Command (LCK)
04H 64 A64 Lock Command (LCK)
03H 64 A64 Block Transfer (BLT)
01H 64 A64 Single Transfer Access
O0H 64 A64 64-bit Block Transfer (MBLT)

Table E-1 Address Modifier Codes

VME Address Modifier Codes




Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




