Personal Computer
Hardware Reference
Library

IBM RT PC

Hardware Technical
Reference

Volume [

6489893



Personal Computer
Hardware Reference
Library

IBM RT PC
Hardware Technical

Reference

Volume I



First Edition (November 1985)

Changes are made periodically to the information herein; these changes will be incorporated in new editions of this publication.

References in this publication to IBM products, programs, or services do not imply that IBM intends to make these available in all countries
in which IBM operates. Any reference to an IBM program product in this publication is not intended to state or imply that only IBM’s
program product may be used. Any functionally equivalent program may be used instead.

International Business Machines Corporation provides this manual “as is,” without warranty of any kind, either express or implied,
including, but not limited to, the implied warranties of merchantability and fitness for a particular purpose. IBM may make improvements
and/or changes in the product(s) and/or the program(s) described in this manual at any time.

Products are not stocked at the address given below. Requests for copies of this product and for technical information about the system
should be made to your authorized IBM RT PC dealer.

A reader’s comment form is provided at the back of this publication. If the form has been removed, address comments to IBM
Corporation, Department 997, 11400 Burnet Road, Austin, Texas 78758. IBM may use or distribute whatever information you supply in
any way it believes appropriate without incurring any obligation to you.

© Copyright International Business Machines Corporation 1985



About This Book

Purpose

This manual describes the IBM RT PC Product Family Hardware, the various units and components
of the product family and how they interact. It provides information about the family system
architecture, and about hardware and programming interfaces.

Audience

The information in this manual is for reference. It is intended for hardware and program designers,
programmers, engineers, and anyone else who needs to understand the design and operation of the
IBM RT PC Product Family.

How to Use This Book

This manual is composed of ten sections. Section 1, System Introduction, introduces major system
components in the order they are discussed in subsequent sections. It provides an initial description
and understanding of the functions of key components of the product family workstations, and how
the workstations are physically configured with various components.

An overview of the system architecture is included with a system block diagram which shows major
partitions of the system unit elements such as the system board, processor board, memory boards,
Floating-Point Accelerator board. Major system characteristics are described such as a 32-bit
system unit, demand paged virtual memory system, high bandwidth interleaved memory and
standard I/0.

Section 2 describes the major functions of the processor board. Section 3 provides a functional
description of the system memory boards. Section 4 describes the Floating-Point Accelerator
board. Section 5 contains information about the system boards, with.a description of the
differences between each of the boards as used with its unique system unit. Section 6 provides a
complete architectural description of the I/O channel. Section 7 describes the functions provided
by the system IPL. ROM, including a list of the various error codes displayed by diagnostic routines.
Section 8 contains information about adapters from the IBM Personal Computer Family, and their
compatibility or noncompatibility with the RT PC family. Section 9 provides information about the
locator, keyboard, characters, keystrokes. Section 10 describes the system unit physical dimensions,
power, environmental and operating requirements. Section 11 includes detailed specification
information for the system processor and memory management unit components.



Appendix A lists the instruction set by mnemonic and provides information for instruction execution
time.

A glossary of terms and a bibliography of related publications is included.

An abbreviated index is included. A more complete Section Table of Contents is provided at the
beginning of each section.
Related Information

IBM PC Network Technical Reference Manual
IBM RT PC Personal Computer AT Coprocessor Technical Reference

Ordering Additional Copies of This Book

To order additional copies of this publication, use either of the following sources:
« To order from your IBM representative, use Order Number SV21-8024.

o To order from your IBM dealer, use Part Number 6489887.

A binder is included with the order.
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About this Section

This section contains an introduction to the IBM RT PC System. The differences between the
Model 10, the Model 20, and the Model 25 are described. The components that reside on the
system board are discussed along with a description of how they transfer data throughout the
system.
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General System Description

The IBM RT PC Product Family is a family of workstations supporting both stand-alone and
clustered configurations. Each workstation offers significant computational power, coupled to all
points addressable displays. The workstations have a common family appearance, use the same
software and user interface. A wide range of options and adapters are offered for the workstations,
such as data communications, color displays, quality printers, graphic printers, and color plotters.

The workstation family consists of three models. Each has growth capabilities. The RT PC Model
20 and Model 25 systems consist of a small floor standing console and an ergonomically packaged
display monitor. The second system, the RT PC Model 10 system, is a table-top workstation.
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RT PC Model 20 and Model 25 Systems

The IBM RT PC Model 20 and Model 25 Systems are 32-bit system units packaged in a small floor
standing console. A Model 20 or a Model 25 can be configured by selecting one of the following
displays and its appropriate adapter board:

+ A 12 inch IBM PC Green Monochrome Display
« A 12 inch Advanced Monochrome Graphics Display
» A 14 inch IBM PC-AT Enhanced Color Graphics Display.

The system unit console contains the system board, power supply, fixed-disk drives, and diskette
drives. The system board has unique pluggable slots for the processor board, the Floating-Point
Accelerator board, and for two memory boards with addressing for up to 16M-bytes of main
memory. In addition, eight slots are provided for optional I/O adapters. Two of these eight slots
only accommodate adapters from the IBM PC-1 and the PC-XT. The remaining six slots
accommodate RT PC adapters, PC-1 and PC-XT adapters, and PC-AT adapters identified in this
manual.

A special Coprocessor board, Intel 80286 based, is available as an option for the Model 20 and
Model 25 systems. This board allows most existing PC applications to run on RT PC. The IBM
Personal Computer AT 512 KB Memory Expansion Option can be used with this board. The
system unit accommodates up to five 5.25-inch storage device drives. Four full-high positions are
provided, with one position configured to accept either one or two 5.25-inch half-high diskette
drives. The other three positions accommodate a maximum of three fixed-disk drives.
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RT PC Model 10 System

The IBM RT PC Model 10 System is a 32-bit system unit packaged in a console designed for table
top operation. A Model 10 System can be configured by selecting one of the following displays and
its appropriate adapter:

o A 12 inch IBM PC Green Monochrome Display
o A 12 inch Advanced Monochrome Graphics Display
e A 14 inch IBM PC-AT Enhanced Color Graphics Display.

The system unit console contains the system board, power supply, fixed-disk drive and diskette
drive. The system board has unique pluggable slots for the processor board, Floating-Point
Accelerator, and two memory boards, with addressing for up to of 16M-bytes of system memory.
In addition, six slots are provided for optional I/O adapters. One of these slots only accommodates
adapters from the IBM PC and XT computers, while the remaining five accommodate RT PC
adapters, PC-1 and PC-XT adapters, and IBM PC-AT adapters identified in this manual.

A special Coprocessor board, Intel 80286 based, is available as an option for the Model 10 system.
This board allows most existing PC applications to run on RT PC. The IBM Personal Computer
AT 512 KB Memory Expansion Option can be used with this board.

The Model 10 system unit console accommodates one full high 5.25-inch fixed-disk drive and one
half-high 5.25-inch diskette drive.
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System Overview

The Model 10, Model 20, and the Model 25 are virtual memory 32-bit workstations. All models use
the same processor board, system memory boards, optional Floating-Point Accelerator, and I/0O
adapters. A unique system board is used in each model, and differs only in the number of 1/0 slots
provided and in the built-in RS232C serial port capability.

The following section provides an overview of the RT PC system architecture. This section contains
information for the Model 10, Model 20, and the Model 25. Features unique only to Model 20 and
Model 25 are also described.

Introduction 1-7



SYSTEM UNIT

SYSTEM BOARD

PROCESSOR BOARD
SYSTEM PROCESSOR

MEMORY MANAGEMENT UNIT

IPL ROM SYSTEM| |SYSTEM
PROCESSOR & MEMORY MEMORY| IMEMORY
CHANNEL BOARD BOARD

D 25 o

MEMORY CHANNEL
PROCESSOR
CHANNEL

ACCELERATOR
BOARD

FLOATING POINT

L

—J

A

1/0 SUB-SYSTEM POWER SUPPLY

1/0 CHANNEL CONTROLLER

SYSTEM DMA CONTROLLER

INTERRUPT CONTROLLER KEYBOARD

TRANSLATION CONTROL

LOGIC

KEYBOARD/LOCATOR LOCATOR
CONTROLLER

REAL TIME CLOCK BATTERY

RS232 SERIAL PORT LOGIC*

TWO RS232 SERIAL

* * 1/0 CHANNEL PORTS*
FIXED
DISK
AND
DISKETTE

000ooo | =

FIXED
DISK

DISK-
KETTE

Figure 1-1. System Board Block Diagram

Note: * = Model 20 and Model 25 only
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System Board

The RT PC system board contains the I/O subsystem, I/O channel, and connectors for the
processor board, system memory boards, and optional Floating-Point Accelerator. Unique system
boards are used for the Model 10, Model 20 and Model 25, and differ only in the number of I/O
slots provided and in the built-in RS232C serial port capability. The same processor board, system
memory boards, Floating-Point Accelerator, and I/0 adapters are used in both models.

Processor Board

The processor board plugs into the system board and contains the following major components:
e A 32-bit microprocessor

« A memory management unit

» A 64K-byte read-only memory (ROM) for initial program load (IPL)

« Reference and change bits for virtual memory management

¢ Memory channel and processor channel control and interface logic.

The RT PC processor board includes a system processor and a memory management unit (MMU).
Both components use Very Large Scale Integration (VLSI) technology. These two components
form a 32-bit virtual memory processor unit, providing advanced memory management functions.
The system processor provides sixteen 32-bit general purpose registers and 118 instructions. All
internal address and data paths are 32 bits. The MMU provides virtual memory address translation
functions, memory control, and error correct code (ECC) functions. The basic processor board
clock rate is 170 nanoseconds.

The processor board also contains 64K-bytes of read-only memory (ROM) used for initial program
load (IPL) and initial diagnostic functions. Five bipolar gate arrays and miscellaneous TTL logic
are used for memory channel and processor channel interface. A bipolar (Random Access Memory
(RAM) is used for the reference and change bits associated with virtual memory management
support.

The processor board connects to both the memory channel and the processor channel. The memory
channel connects only to system memory boards, with the processor channel connecting to both the
I/0 subsystem and the optional Floating-Point Accelerator.
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Memory Channel

The memory channel connects system memory to the processor board. This channel provides a
multiplexed address bus, a data bus, and control signals. The address bus supports up to 16M-bytes
of system memory. The data bus provides 32 bits of data and 8 bits of error correcting code
(ECC). The memory channel is capable of supplying 4 bytes of data every 170 nanoseconds,
resulting in a bandwidth of 23.5 megabytes per second.

Processor Channel

The processor channel connects the processor board to the I/O subsystem and the optional
Floating-Point Accelerator. This channel provides a multiplexed 32-bit address and data bus, plus
control signals to allow access of system memory through the memory management unit by the I/O
subsystem. This channel also allows transfer of floating point data and control from the processor
board to the Floating-Point Accelerator. External interrupt lines are provided for use by the I/O
subsystem.

System Memory Boards
System memory boards plug into the memory channel on the system board and contain the address
and buffer logic.

Memory on a board is divided into two banks, with one bank containing only even addresses, and
the second bank containing only odd addresses. Interleaving of memory in this manner provides
improved memory bandwidth to the processor board. Each memory word contains 32 bits of data
and 8 bits of error correcting codes (ECC). The ECC allows correction of single bit errors and
detection of all double bit errors. TTL logic is used for address and data buffers on the system
memory boards.

Floating-Point Accelerator Board

The optional Floating-Point Accelerator board plugs into the processor channel on the system board
and contains the following components:

« NS32081 Floating-Point Accelerator

» Floating point register sets

« Interface and control logic.
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A National NS32081 Floating-Point Accelerator is used for floating point applications. Additional
interface and control logic on the Floating-Point Accelerator Board allows floating point operations
to be executed in parallel with other computations on the processor board.

I/0 Subsystem

The I/0 subsystem, located on the system board, consists of logic on the system board, and
provides the following functions:

L]

I/0O Channel Controller. The I/O channel controller converts the 32-bit processor channel to a
standard 16-bit and 8-bit I/O channel.

System Direct Memory Access (DMA) Controller. The system DMA controller consists of two
Intel 8237 modules. They are used to provide 7 independent DMA channels. An eighth DMA
channel exists for the optional RT PC 286 Coprocessor.

Interrupt Controller. Two Intel 8259 modules are used to provide 15 levels of priority
interrupts.

Translation Control Logic. The translation control logic determines the mapping of addresses
from the I/0O channel to system memory.

Keyboard/Locator Controller. An Intel 8051 microprocessor and 8255 peripheral interface are
used for the keyboard controller. The 8051 microprocessor handles keyboard, locator (mouse
or tablet) and speaker communications independent of the processor board.

Real-Time Clock. A Motorola 146818 CMOS module is used for the real-time clock. The
real-time clock is battery-powered and provides both time of day information and nonvolatile
memory of certain system configuration information.

RS232C Serial Port Logic. The Model 20, and the Model 25 units provide logic on the system
board for two RS232C serial ports. The Model 10 unit does not provide these serial ports.

I/0 Channel

The I/O channel provides a 16-bit and 8-bit data bus for attachment of standard I/O adapters.
The Model 20, and the Model 25 units provide six 16-bit slots and two 8-bit slots, with the Model
10 unit providing five 16-bit slots and one 8-bit slot.
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System Performance

The RT PC processor board operates .at a 170 nanosecond cycle time. Execution time for
instructions is contained in Appendix A.

The memory channel can supply 4 bytes of data every 170 nanoseconds, which results in a
bandwidth of 23.5M-bytes per second.

Memory refresh operations are controlled by the memory management unit (MMU), and normally
occur during idle memory cycles. Typical refresh interference is about one percent of the available
memory bandwidth..
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System Hardware Overview

The RT PC system hardware includes the system board, processor board, memory boards and
Floating-Point Accelerator.

Nomenclature

This section discusses the conventions used on the processor channel and the conventions used on
the I/0 channel. The I/O Channel Controller (IOCC) provides the interconnection between the
two different conventions.

Notes:
1. MSB = Most Significant Bit
2. LSB = Least Significant Bit

Data Names and Bit Conventions

The RT PC system hardware includes both unique 32-bit system processor features and standard
16-bit I/O channel features. Standard System 370 terminology is used when discussing address
quantities, data quantities, and bit numbering related to the 32-bit components. Standard vendor
notation is used for the 16-bit I/O channel features.

The following terminology is used for the 32-bit components:

o Word - A word is four consecutive bytes, or 32 consecutive bits.

« Halfword - A halfword is two consecutive bytes, or 16 consecutive bits.
« Byte - A byte is eight consecutive bits.

The following bit numbering is used for the 32-bit components:

0 78 15 16 23 24 31
MSB LSB
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-The following terminology is used when discussing address and data quantities related to the 16-bit
I/0 channel:

Doubleword - A doubleword is four consecutive bytes, or 32 consecutive bits.
o Word - A word is two consecutive bytes, or 16 bits.
«  Byte - A byte is eight consecutive bits.

The following bit order is used for the 16-bit components:

15 87 0
MsB LsB

Hexadecimal Notation

The notation X ’value’ is used for all hexadecimal numbers. For example, X’A 123’ is the 16-bit
hexadecimal value A123.

Processor Channel Bit Convention

The processor channel bit convention is as follows:

0 78 15 16 23 24 31
MsB LsB

Figure 1-2. - Processor Channel Bit Convention
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I/O Channel Bit Convention
The 1/0 channel data bus uses the following convention for 8 bits.

7 0
MSsB LSB

Figure 1-3. 1/0 Channel 8-Bit Convention

The 1/0 channel data bus uses the following convention for 16 bits.

15 87 0
MSB LsB

Figure 1-4. I/0 Channel 16-Bit Convention

Processor Channel Byte Convention
The processor channel uses the following convention.

0 78 15 16 23 24 31
MS BYTE LS BYTE

Figure 1-5. Processor Channel Byte Convention

Introduction
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I/0 Channel Byte Convention

The 1/0 channel uses the following convention for a 2 byte (16 bit) channel:

B A

MS BYTE LS BYTE

Figure 1-6. 1/0 Channel Byte Convention

Coprocessor to I/0O Channel and Memory Byte Conventions

When the Coprocessor is attached to the 1/0 channel, its byte reversal characteristics must be
considered. Programmers transferring data between the processor channel and the Coprocessor
registers must understand this convention.
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The following diagram shows the value X'1A2B' in the AX register of the Coprocessor.

AX REGISTER 1 A 2 B

15 av 87 A O
MSB LSB

When the AX register value X'1A2B'is sent to the I/O channel data bus, it will be as follows:

1/0 CHANNEL
DATA BUS AND 2
MEMORY

1/0 CHANNEL
MEMORY ADDRESS ‘XX00’ ‘XX0t1

(EVEN ADDR) (ODD ADDR)

The Coprocessor stores the least significant byte in the even address and stores the most significant
byte in the odd address.
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System Memory Conventions

System memory is part of the 32-bit features in RT PC, and uses the following conventions:

Word
Halfword

Byte
Word address boundary

Halfword address boundary
Even halfword address
Odd halfword address
Even byte address boundary

Odd byte address boundary
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A word is four consecutive bytes or 32 consecutive bits.
A halfword is two consecutive bytes, or 16 consecutive bits.
A byte is eight consecutive bits.

A word address boundary is an address where the two least
significant address bits are zero (XX00).

A halfword address boundary is an address where the least
significant bit is zero (XXXO0).

An even halfword address is an address where the two least
significant address bits are zero (XX00).

An odd halfword address is an address where the two least
significant address bits are one and zero (XXO01).

An even byte address is an address where the least significant
address bit is zero (XXXO0).

An odd byte address is an address where the least significant
address bit is one (XXX1).



System Memory Addressing Conventions

Address . XX00 ..XX01 ..XX10 ..XX11
00000004 E F G H
00000000 A B C D

0 78 1516 2324 31

T 1—— BYTE BOUNDARY (ODD)

BYTE BOUNDARY (EVEN
HALFWORD BOUNDARY (ODD)

BYTE BOUNDARY (ODD)

BYTE BOUNDARY (EVEN)
HALFWORD BOUNDARY (EVEN)
WORD BOUNDARY

Figure 1-7. System Memory to I/O Channel Convention

Introduction
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Processor Channel to I/0O Address Bus Convention

1111XXXX ! ! PROCESSOR CHANNEL ADDRESS
| 1
0 78 ) 31
MSB LSB
1/0 CHANNEL
SELECT 1 !
T I
1/0 CHANNEL ADDRESS
| I
23 0

Figure 1-8. 1/0 Channel Address Bus Mapping

Bits 0-7 of the processor channel select the I/O channel as decribed in ‘“Addressing Model”” on
page 1-26. The low-order 24 bits are used as the I/O channel address.
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System Memory to Processor Channel Byte Positions

The following figure shows data movement between system memory and the processor channel.

SYSTEM

MEMORY A B ¢ D
0 7 8 15 16 23 24 31
MS BYTE i LS BYTE

y

PROCESSOR

CHANNEL A B ¢ D
0 78 1516 23 24 31

Figure 1-9. System Memory to Processor Channel Bytes

The IOCC always reads a word from system memory. Byte A is always aligned on a word address
boundary. The processor channel contents are the same for the following:

e A word read

e An even halfword read (AB)
e An odd halfword read (CD)
o Any single byte read.
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Processor Channel to I/0O Data Bus Conversion

PROCESSOR

CHANNEL A B c o
0 78 15 16 23 24 31
MSB ‘ LSB
10cC
y
1/0
CHANNEL A B
DATAB
us 7 015 8

LSB MSB

Figure 1-10. Processor Channel to I/0 Data Bus Mapping

For a 16-bit transfer, the IOCC receives byte A. (bits 0-7) from the processor channel and sends
them to byte A (bits 7-0) on the I/O channel data bus. Simultaneously, the IOCC receives byte B
(bits 8-15) from the processor channel and sends them to byte B (bits 15-8) on the 1/0 channel
data bus. The actual I/O channel data bus format is as follows.

1/0
CHANNEL B A
DATA BUS = T 5

MSB LSB

Figure 1-11. I/0O Channel Data Bus

If processor channel bytes C and D were also requested, the IOCC would multiplex them onto the
16-bit I/O data bus. The IOCC sends processor channel byte C (bits 16-23) to I/O channel data
bus A (bits 7-0) and processor channel byte D (bits 24-31) to I/O channel data bus byte B (bits
15-8).
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IOCC to I/0 Channel Alignment

The I/0 and memory maps on the I/O channel are a collection of 8-bit (byte) addressable
elements. There are 16,777,216 such addressable elements within each map. Each transaction over
the RT PC I/O Channel(Programmed Input/Output or Direct Memory Access) is capable of
transferring 2 bytes (16 bits) of data. The number of bytes actually transferred over the channel
during one channel cycle is determined jointly by both the adapter initiating the operation and the
target adapter. The transfer defaults to a single byte if one of the adapters is an 8-bit adapter.
Transfers of more than 16 bits are accommodated by multiple I/O channel operations.

Both the processor channel and I/O channel have control signals which indicate the amount of data
transferred during the current transaction. Depending on the source initiating the transaction, one
set of control signals dictates the transfer size while the other set will simply reflect that
requirement.

On all system processor PIO operations, the actual data pattern transferred over the I/O channel
and the number of channel cycles required is dependent on the amount of data transferred as well as
the width of the selected I/O adapter. This means if the number of bytes transferred by one system
processor instruction is larger (2 or 4 bytes) than the data width (1 or 2 bytes) of the selected I/O
adapter the IOCC automatically performs multiple I/O operations. For example, a 32 bit
microprocessor PIO operation to:

+ An 8-bit wide adapter requires the IOCC to perform four distinct channel cycles with each
cycle transferring 8 bits of data.

« An 16-bit wide adapter requires the IOCC to perform two distinct channel cycles with each
cycle transferring 16 bits of data.

Boundary alignment is strictly enforced on all transfers through the IOCC. The low order address
bits are modified by the IOCC such that the resulting address conforms to the definitions stated in
“System Memory Conventions” on page 1-18. The IOCC forces address bits A(1,0) to 00 on all
32-bit transfers through IOCC for system processor PIO. Similarly, the IOCC forces address bit
A(0) to 0 on all halfword transfers through IOCC.

On the I/O channel a 2-byte transfer is flagged through the use of the *Byte High Enable’ (SBHE)
signal. The selected I/O adapter signals its data bus width through the "TOCS16’ or 'MEMC16’
signal for a 16 bit adapter to either the I/O map or memory map respectively. On the processor
channel, the transfer size information is encoded within "DAB 2, 3’ of the address cycle with data
being positioned according to the value of the address bus. For a I/O channel byte transfer the two
least significant address bits determine which one of the four bytes within the processor channel
word participates in the transfer. Likewise for I/O channel word operations, the second least
significant address bit determines which of the two halfwords within the processor channel is
selected (with the least significant address bit not used).

The mapping within the IOCC of 8- and 16-bit adapters onto the 32-bit processor channel is
accomplished through the multiplexer network on the I/O channel. The IOCC positions data
correctly on the I/O channel for system processor PIO operations for 8- and 16-bit adapters on the
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initial I/O channel cycles based solely on the low order address bits and the transfer size. If the
adapter’s response indicated a width less than the transfer size then subsequent cycles are required.
For these multiple cycles, the multiplexer control is a function of the cycle and adapter width. The
IOCC activates the ’SBHE’ signal for 16 and 32 bit PIO transfers. This signal is not changed
through the duration of the entire operation (1, 2, or 4 I/O channel cycles).

Data alignment through the IOCC, and on both the processor channel and I/O channel, is
independent of the device location initiating the operation (I/O or processor channel attached).
Alignment is dependent only on the address and size of the transfer. Data is aligned identically for
16-, and 8-bit data flowing from the processor channel to the I/O channel on either a system
processor write or DMA read. Data is also aligned identically for 32-, 16-, and 8-bit transfers
flowing from the I/O channel to the system processor on either a I/O DMA write or a system
processor read.

Programming Note

The IOCC permits the programmer to perform a doubleword (32 bit) read or write to a byte wide
adapter on the I/O channel. The IOCC converts this single transaction into either 2 or 4 I/O
channel operations depending on the amount of data transferred and the characteristics of the
selected adapter (16 or 8 bits). If the operation is directed to the memory map on the I/O channel,
the IOCC increases the address between consecutive channel transfers. If the operation is directed
to the I/0 map on the I/O channel, the IOCC holds the address constant between consecutive
channel transfers.

This facility can not be used without knowledge by the programmer of the characteristics of the
addressed adapter. In particular, the adapter must be capable of handling back-to-back operations
without violating any timing restrictions it may have. The responsibility for knowing the
characteristics of the 1/O adapter and not violating these restrictions resides with the programmer.

If a I/0 adapter requests one byte (byte D), the processor channel presents the byte as shown in
Figure 1-7 on page 1-19. The IOCC aligns the byte as shown below. This allows the adapter to
get the byte in one cycle according to its data width.
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DATA ALIGNMENT
REQUIRED FOR

8-BIT ADAPTER

16-BIT ADAPTER - D - -

Figure 1-12. Data Alignment for 8- and 16-Bit Adapters
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Addressing Model

This section describes the addressing model of the RT PC system board. The addressing model is
described from the point of view that the IOCC is attached to the processor channel.

This section further describes how the addresses move through the IOCC and what action the
IOCC will take on addresses generated from both the processor channel and I/O channel. Detailed
descriptions of hardware implementation found in other sections of this document are referred to
throughout this section.

The nomenclature used in this section for bit numbering and data naming are described in
“Nomenclature” on page 1-13.

The system processor communicates with the system through the processor channel. The processor
channel has both I/0O and memory address space (maps) that are accessible from either the I/O
channel or the system processor. The memory map on the processor channel is further divided into
real and virtual accesses. The I/O Channel Controller (IOCC) is a device on the processor
channel. The system processor has access to the I/0 adapters through the IOCC and, conversely,
I/0 adapters have access to the system memory. The I/O channel has both I/O and memory maps.
The following two sections describe the system processor’s view of the I/O channel maps and an
adapter’s view of both the I/O channel and processor channel maps.

The term segment is used in the following sections to describe various address spaces on the
processor channel. The most significant four bits of the 32-bit address on the processor channel
select one of sixteen areas, which are referred to as segments. These segments are numbered zero
through fifteen and are called segments 0 through F. Segment F is assigned to the IOCC and is
further decoded in the IOCC to select between the I/O channel I/O map and the I/O channel
memory map as described in “I/O MAP” on page 1-28 and “Memory Map” on page 1-29.

Addressing From the System Processor

This section covers access to both of the address maps on the I/O channel as viewed from the
program executing system processor instructions. The view that the system processor has of these
address maps is shown in Figure 1-13 on page 1-30.

The RT PC system configuration has four devices attached to the processor channel. These devices,
along with their characteristics, are:
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System Processor

The system processor can initiate an operation over the processor channel through the execution of
the following commands:

« I/0 read and write (IOR and IOW) instructions to control registers, translation buffers, and
segment registers in the memory management unit.

o Load or store instructions to system memory, IOCC control registers, the I/O channel, or the
floating point accelerator.

Use of the IOR and IOW instructions is described in “Input/Output” on page 11-83 and ‘“Control
Registers” on page 11-113. The various load and store instructions are described in “Load and
Store Instructions” on page 11-31. ‘

The system processor does not have any registers that are addressable over the processor channel.
Thus, it never responds to processor channel requests.

Memory Management Unit

The memory management unit (MMU) cannot initiate a processor channel operation. That is, it
cannot generate an address. The memory management unit will either supply data in response to a
read request or will receive data on a write operation. It responds to I/O space (IOR, IOW)
operation for control functions and memory space (Memory Read, Write) for memory references.

Floating-Point Accelerator Option

The Floating-Point Accelerator cannot initiate a processor channel operation. That is, it cannot
generate an address. The Floating-Point Accelerator is always the target of an address. Thus, it
will either supply data in response to a read request, or it will receive data on a write operation. It
responds to memory space (Memory Read,Write) operations for referencing segment 'FF' of the
address map.

10CC

The IOCC can both initiate operations on the processor channel as well as be the target of
processor channel operations. . IOCC initiates processor channel operations as a result of a DMA
operation on the 1/0 channel. Furthermore, it is the target of a processor channel operation
resulting from LOAD and STORE instructions executing in the system processor or from a system
processor instruction fetch. The IOCC responds only to processor channel address cycles which are
referencing segment 'FO' or 'F4' of either the real or virtual address map. All references to the
I/0 map on the processor channel are ignored.

For system processor access to the I/0 channel (to either the I/O map or the memory map) the
IOCC performs the number of I/O cycles (1,2, or 4) required to transfer the data. This is possible
because the 1/0 adapter identifies its data width when selected. The IOCC first aligns the address
to the appropriate boundary as indicated by the size of the transfer (for instance, forcing word or
double word) address by modifying address bits A(1) and/or A(0) as required. Since boundary
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alignment is strictly enforced, the address used for the second and subsequent channel cycles will
differ from the first by the 2 low order address bits. Refer to ‘“System Memory Conventions” on
page 1-18.

The IOCC supports system processor access to the I/O channel address map for both data
(Memory Read, Write) and instructions.

The rest of this section discusses access to the I/O map and memory map of the 1/0 channel.
Refer to Figure 1-13 on page 1-30 and Figure 1-15 on page 1-34.

I/0 MAP

Access to the I/O address map of the I/O channel is through the first 16 M-bytes of the segment
'F'. Access to this map is controlled by the state of the I/O Map Access Authority (IMAA) latch.

Access attempts to the I/O address map of the I/O channel in unprivileged state with the IMAA set
to privileged state are not allowed by the IOCC. A protection violation error will be reported.
Refer to the “Channel Status Register (CSR)”” on page 5-63. Access to-the I/O address map of
the I/O channel in privileged state is allowed regardless of the state of the IMAA.

Note: Access to the channel status register (CSR) within the IOCC is restricted to privileged state
only.

The IOCC supports byte (8 bits), word (16 bits), and doubleword (32 bits) access to the I/O
address map. The IOCC activates a control signal on the I/O channel to indicate the transfer size
as stated by the system processor instruction executed. If the I/O adapter is not capable of
transferring the requested number of bytes, multiple accesses are'made to-the same address until the
requested amount of data has been transferred.

One characteristic of the system processor structure is that non-adjacent (order of execution)
Read/Write instructions to external devices (memory management unit or IOCC) can (and often
do) arrive at the device as if they were adjacent. That is, the programmer cannot guarantee the time
period between consecutive accesses to an adapter simply by inserting some instructions between
the two I/O channel references. The effect of this is that the I/O adapter may receive I/O
commands at a rate faster than it can process them. The IOCC is not capable of ascertaining any
performance limitations relative to 'wait' time between consecutive I/O operation associated with a
given address in the I/O space. Thus, the responsibility for knowing the characteristics of the I/O
adapter and not violating these restrictions resides with the programmer.

In order to assist software in generating wait time for those adapters that require a minimum time
delay between consecutive accesses, a 'NOP like' I/O command has been provided that can be
inserted between the I/0 instructions to the adapter. Access to this I/O delay register between
otherwise sequential accesses to I/O subsystem and I/O channel adapter options prevents the
possible loss of data. The system board devices which should use this mechanism are: 8237s,
82509s, real time clock (RTC), and the keyboard adapter.
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Boundary alignment is strictly enforced on the I/O channel. That is, the IOCC may alter the low
order address bits as received from the processor channel before they are applied to the I/O
channel. Refer to “IOCC to I/O Channel Alignment” on page 1-23.

Memory Map

Access to the memory address map of the I/O channel is through to the fifth 16M-bytes of segment
'F'. Access to this map is controlled by the state of the Memory Map Access Authority(MMAA)
latch.

Access attempts to the I/O channel memory address map in unprivileged state with the MMAA set
to privileged state are not allowed by the IOCC, and a “protection violation” error will be reported.
Access to the memory address map of the I/O Channel in privileged state is allowed regardless of
the state of the MMAA.

The IOCC supports byte (8 bits), word (16 bits), and doubleword (32 bits) access to the memory
address map. The IOCC activates a control signal on the I/O channel to indicate the transfer size
as stated by the system processor instruction executed. If the I/O adapter is not capable of
transferring the requested number of bytes, multiple access will be made to consecutive addresses
until the requested data has been transferred. However, since none of the I/O subsystems use any
portion of the memory address map, this function is not supported on the system board.

Boundary alignment is strictly enforced on the I/O channel. That is, the IOCC may alter the low
order address bits as received from the processor channel before they are applied to the I/0O
channel. Refer to “IOCC to I/0O Channel Alignment” on page 1-23.
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Figure 1-13. System Processor Access to Address Maps. This diagram shows the view of the I/O channel,
I/0 and memory maps from the system processor and the access authority control.
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Addressing From the I/O Channel

This section covers access to the maps on the I/O channel as well as access to system memory as
viewed from an adapter on the I/O channel. The view that a alternate controller has of memory
and its access path is shown in Figure 1-14 on page 1-33.

The IOCC responds to addresses originating on the I/O channel. 1/0 addresses are restricted to
the I/O subsystem facilities. The I/O address is not propagated onto the processor channel.

Access to the I/0 subsystem by I/0 adapters is controlled by three channel access control bits.
Memory addresses to which the IOCC will respond are under program control. The IOCC does not
contain any facilities within the memory map, but it will respond to the I/O channel operation on
behalf of the processor channel.

I/0 MAP
An 1/0 adapter cannot access the I/O address map on the processor channel. However, it can
access the other adapters on the I/O channel in the I/O map.

Most of the registers internal to the IOCC can be accessed from an alternate controller adapter
operating in region mode. These registers are in the I/O map and are addressed with the IOR or
IOW control lines. Access to this I/O map from the system processor can be controlled through the
IMAA latch. A separate set of control latches must be used to control access by alternate controller
adapters.

Note: Alternate controller adapters cannot address (and, therefore, cannot access) the channel
status register (CSR) or the translation control word (TCW) RAM.

Memory Map
The I/O channel architecture of RT PC permits a variety of adapter types to exist in the memory
map:
e Memory board options
« I/0 adapters with RAM addressable in the memory map
o I/0 adapters with internal registers addressable in the memory map
« IOCC which permits access to system memory by alternate controller adapters.

RT PC system architecture requires the physical location of Random Access Memory (RAM) in the
I/O memory map be transparent to the alternate controller adapter referencing it. For example, if

performance of the 286 Coprocessor is important, then RAM should be located on the I/0O channel.
However, if low entry cost is desired, the 286 Coprocessor can execute out of system memory. The
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application program is to be unaware (except for time dependent code) of the physical location of
the memory out of which it is executing.

When a memory address is placed on the I/O channel, it is examined by all adapters, including the
IOCC, to determine if the address is within the range covered by the adapter. If a match is found
by one adapter, it responds with the appropriate channel control signals. In order to maintain the
integrity of the data and to avoid damage to the channel interface circuitry, it is important that only
one adapter responds to a given address.

One of the primary functions of the IOCC is to provide access to system memory. Thus, the IOCC
must examine each reference to the memory map on the I/O channel to determine if the address
was intended for system memory. The effect is that this requirement places an unusual burden on
the IOCC not commonly found in I/O adapters. In general, I/O adapters have a fixed address
range in the memory map to which they respond. The address range to which the IOCC responds is
variable in that it can differ for alternate controller and DMA devices as well as vary with
application. This selection is controlled by the values written into the IOCC translation mechanism
by the software. Refer to the section on IOCC translation mechanism.

All addresses in the memory map applied to the I/O channel by adapters are processed by the
IOCC under control of its TCW. This translation mechanism is a programmable facility controlling
target memory location, memory protection, defining access mode, and reformatting the address.
The central element of this mechanism is a 1K x 16 bit RAM.
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Figure 1-14. Access to System Memory Maps from IOCC. This diagram shows how an I/O channel
adapter views the system memory map IOCC address translation.
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System Processor Address Map

The system processor can directly address two completely independent address spaces. The address
spaces are referred to as memory and I/O. Access to these maps by the system processor is
controlled by the nature of the instruction being executed (I/O or Memory Load/Store) and
memory mode (real or virtual). The I/O address is 24 bits, while the system address is 32 bits. The
address maps from the perspective of the system processor are given in Figure 1-13 on page 1-30
and Figure 1-14 on page 1-33.

Note: Even though the system processor supports a 32-bit real memory address, the RT PC
system is limited to a 24-bit real memory address.

Address Range Size Device

00 0000 - 7F FFFF 8 MB Not Defined

80 0000 - 80 FFFF 64 KB Processor Channel Device
Initialization

81 0000 - 81 FFFF 64 KB Memory Management Unit

82 0000 - FF FFFF 8064 KB Not Defined

Figure 1-15. System Processor Address I/O Map

Address Range Size Device
0000 0000 - OOFF FFFF 16 MB Memory Management Unit
0100 0000 - EFFF FFFF - Not Defined
F000 0000 - FOFF FFFF 16 MB 1/0 Channel I/0 Map
F100 0000 - F3FF FFFF 48 MB Reserved
F400 0000 - F4FF FFFF 16 MB I/0O Channel Memory Map
F500 0000 - FEFF FFFF 158 MB Reserved

'FF00 0000 - FFFF FFFF 16 MB Floating Point Accelerator

Figure 1-16. System Processor Real Memory Address Map
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Address Range Size Device

0000 0000 - EFFF FFFF 4 GB Memory Management Unit
F000 0000 - FOFF FFFF 16 MB I/0 Channel I/O Map
F100 0000 - F3FF FFFF 48 MB Reserved

F400 0000 - F4AFF FFFF 16 MB I/0O Channel Memory Map
F500 0000 - FEFF FFFF 158 MB Reserved

FF00 0000 - FFFF FFFF 16 MB Floating-Point Accelerator

Figure 1-17. System Processor Virtual Memory Address Map
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Interrupts

The interrupt facility permits the system processor to change its status at the request of some other
system element. The interrupting sources are:

« Software generated interrupt request from system processor's interrupt request buffer
« System component on the processor channel
« 1/0 adapters on the I/O channel.

This request is generated when an I/0 adapter reaches some condition established by software or
the occurrence of some error condition. All interrupts are fielded and processed by the system
processor. The interrupt processing consists of saving the current program status and establishing
the program status for the routine servicing the interrupt. Interrupt handling by the system
processor is described in “Interrupts” on page 11-19.

Interrupt Levels

The system processor supports 5 levels of external interrupts. Normally, interrupts are serviced in a
fixed priority sequence with interrupt level O having the highest priority and level 4 having the
lowest. The 1/O channel supports 11 levels of interrupt request. The I/O subsystem uses 4 levels
in addition to those on the I/O channel.

The IOCC interrupt controller (refer to “Interrupt Controllers” on page 5-56 ) maps the 11 I/0
channel interrupts and 4 system board interrupts onto two system processor interrupt levels. It also
provides the ability to mask off individual interrupt signals.

System Processor Trap

The system processor interrupt mechanism supports a second class of interrupts referred to as the
I/O Trap. Activation of the ’I/O Trap’ signal causes the system processor to do a program status
word (PSW) exchange to the machine check level. The memory management unit activates the

’I/O Trap’ signal upon detection of uncorrectable ECC errors ( or, optionally, on all ECC errors) or
upon detection of an 'Early Power-Off Warning’ signal from the power supply.
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Interrupt Level Assignment

The assignment of the five system processor interrupt request signals and the trap signal are as

follows:
Interrupt
Level Assignment
0 System Attention Interrupt Sequence from Keyboard
1 Real Time Clock Interrupt
2 IOCC Errors
2 Memory Management Unit Program Check
3 I/0 Channel Levels
4 I/0 Channel Levels
Trap Memory Management Unit Machine Check
Trap Early Power Off Warning

Figure 1-18. Interrupt Level Assignment

System Processor Interrupt Processing

The system processor accomplishes the interrupt handler function through a combination of:
« Hardware within the IOCC

+ Interrupt control logic within the system processor

« Software executing in the system processor.

The interrupts are fielded directly by the system processor. If the interrupt mechanism within the
system processor is enabled, and the interrupt request is at a higher level than is currently being
processed by the system processor, a PSW exchange is initiated. If the new interrupt level can be
reached by multiple external events, the interrupt service must then determine the interrupting
source. If the new level is one assigned to the I/O channel, the interrupt service routine must first
read the interrupt controller to determine the active I/O channel interrupts and, second, must read
the adapter's status register.

Note: The information format of the status registers, and the addresses of these registers, are
adapter dependent.
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The interrupt routine issues the required commands to the adapter to turn off the interrupt signal,
and it executes on the 'interrupt ' level. The routine's last task is to return control to the
interrupted level. Further processing of the interrupt request is done on a lower interrupt level,
permitting other I/O interrupts to be serviced.

Once the source and reason for the interrupt has been identified, the interrupt service program
issues the required instructions to satisfy the condition within the 1/0 adapter. This routine
normally executes on an interrupt level of lower priority than that on which the adapter was
interrupted.

The interrupt service program must be aware that multiple I/0 adapters may have active interrupt
requests pending at the same time. Thus, satisfying the requirements of one adapter may not be
sufficient to cause the interrupt request (I/O channel signal) to go inactive. This condition is likely
to occur on I/O channel levels. To save time, the interrupt service routine reads the interrupt
controller before exiting the interrupt level.
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About this Section

This section contains information about the processor board used by the IBM RT PC system and
how it interfaces with the rest of the system. Included in this section is a description of the
processor channel signal lines.
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Processor Board Description

The RT PC processor board includes an IBM designed, custom logic proprietary 32-bit
microprocessor and memory management unit (MMU). Features of these VLSI chips follow.

System Processor
The system processor is a single chip microprocessor that is mounted in a 175-pin package. The
processor includes:
o A 32-bit processor on a single chip
— Very Large Scale Integration (VLSI) custom logic design
— A 32-bit address and data quantities
— Single cycle execution of most register-to-register instructions
— High memory bandwidth for CPU and I/O
« High performance virtual memory support
o Privileged and unprivileged states for system integrity
o A 32-bit timer facility
« Extensive error checking including:
— Power On Reset (POR) microcode diagnostic
— Programming errors (illegal instructions, invalid addresses)
— Hardware errors (parity errors, timeout).

Detailed information on the system processor is provided in Section 11.

Memory Management Unit (MMU)

The memory management unit implements a single level memory address translation architecture.
The MMU contains all hardware required for address translation, translation lookaside buffer
(TLB) management, and automatic reload on TLB miss.

The MMU is packaged in a 175-pin package. The MMU features include:
« Interfaces to the 32-bit microprocessor

e Performs virtual address translation
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— A 40-bit virtual address

— Supports 2K and 4K page sizes

— Provides internal ECC logic for system memory
¢ Provides memory control to external system memory and IPL ROM .
« Supports up to 16M-bytes of system memory
« Provides control of and access to reference and change bits.

Detailed information on the memory management unit is provided in Section 11.

Reference/Change (R/C) Array

The R/C array is a 16K x 1 static RAM. The R/C array stores the reference and change bits
associated with pages in memory. Access and use of the R/C array is described in ‘“Reference And

Change Bits” on page 11-111.

System Initial Program Load (IPL) ROM

The system IPL. ROM contains basic hardware tests which are run everytime the hardware is turned
on. Functions provided by the system IPL are described in “System IPL. ROM” on page 7-4.
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Processor Board Function Overview

The processor board, as depicted in Figure 2-1 is divided into two major functional units and two
interfaces. The system processor and the memory management unit are the two major components
on the board. Six additional IBM custom designed modules are used on the processor board to
create the external interface.

The two processor board interface dataflow blocks are shown in:
+ Processor Channel Interface - see “Processor Channel Interface” on page 2-8.
¢ Memory Channel Interface - see ‘“‘Memory Channel Interface’ on page 2-11.

The interface dataflow blocks are shown in Figure 2-2 on page 2-7.

MEMORY DATA BUS
SYSTEM MEMORY
PROCESSOR| | MANAGEMENT
UNIT
AlB
plu
R|s
R/C
o | ARRAY
MEMORY -
INTERFACE
[
Ylnr 7 A
E| G |INTERFACE SYSTEM [—=
B |G MEMORY  |'PLROM
uls ADDRESS
PLT BUS'
4
PROCESSOR CHANNEL MEMORY CHANNEL INTERFACE

INTERFACE

Figure 2-1. Processor Board Data Flow
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Figure

2-2. Processor Board Interfaces

MEMORY CHANNEL
100 PIN
CONNECTOR

PROCESSOR
CHANNEL
100 PIN
‘'CONNECTOR

[
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Processor Channel Interface

The processor channel interface connects the RT PC processor board with the I/O subsystem and
the Floating-Point Accelerator slot. It is a multiplexed 32-bit interface with appropriate signals to
control programmed I/O (PIO) and direct memory access (DMA) sequences. Miscellaneous
processor control lines such as interrupts and power on reset are also part of this channel section.

Common lines on the channel connect to both the IOCC and the Floating-Point Accelerator (FPA)
board. Processor board input control lines include resistive pullups and may be driven with open
collector drivers.

The processor channel interface is illustrated in Figure 2-3 on page 2-9.
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BOARD
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' +DATA/ADDRESS BUS
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b +ADDR EXTENSION

14

-FPA ID

I

% +EXCEPTION

—> +TAG

# -1/0 CYCLE

—3 -DATA STROBE

$ -I0CC BUSY

# -READY

— -FPA BUSY

- -DMA REQUEST

— -DMA CYCLE

¥ -ADDRESS GATE

¥ -DATA GATE

< -CHANNEL END

$ -CHANNEL ERROR

-INTERRUPT

]

- -TRAP

$ -TIMER IN

» -PIO REQUEST
» -HRQ

% -HLDA

# -POR
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Figure 2-3. Processor Channel Interface
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Figure 2-4 illustrates interconnection of the processor board, IOCC, and the Floating-Point
Accelerator slot.

DMA REQ
DMA CYCLE
ADDR GATE
TRAP
TIMER

PIO REQ
HRQ

[
HLDA
SYS ﬁSET
DAT
10CC
ADDRESS >
BUS ACTIVE

ADDR EXT l

A\
10CC UNIQUE ' 10CC

P~

EXCEPTION
TAG

1/0 CYCLE
BUSY
DATA STRB
READY
DATA GATE
CHNL END
INTERRUPT

COMMON

_—

FPA
BOARD

FPAID 4
FPA BUSY |f FPA BOARD UNIQUE

POR < >

POR

Figure 2-4. Processor Channel Interconnections
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Memory Channel Interface

The memory channel interface connects the RT PC processor board with the system memory
boards. This interface provides a multiplexed address bus that supports up to 16M-bytes of system
memory, and a separate 40-bit data bus that contains 32 bits of data and 8 bits of error correcting
code (ECC) check information.

The processor board contains address decode logic used to select the appropriate memory board
based on the system memory address. This logic recognizes system memory board sizes of
512K-bytes, 2M-bytes, and 8M-bytes. Other memory board sizes are supported, with an unused
address space between the memory board size and the next larger size recognized by the processor
board. For example, with 1M-byte memory boards, addresses X’000000’ to X’0FFFFF’ are
assigned to the first memory board, and addresses X’100000’ to X’1FFFFF’ are unused. If a
second 1M-byte memory board is used, it is assigned addresses X’200000’ to X’2FFFFF’. See
“Memory Board Slots” on page 3-5 for restrictions on the slot assignments for multiple memory
boards.

Signal Line Definition
This interface comprises 71 signal signals and includes the following:

Data Address Bus

The ’data address bus’ (DAB) is used to transmit address, data, and control between the processor
and the I/O subsystem or Floating-Point Accelerator board.

Refer to Figure 2-5 on page 2-12 for the data bus format.
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ADDRESS

Data Address Bus

CMD 24 BIT ADDR AE
COMMAND BYTE ADDRESS EXTENSION
bl
O|R/W|WIDTH| - | XLT| P/UP| - 11111 L1
L 0 PRIVILEDGED 0 0 X X I/0 CHANNEL ADDRESS
1 UNPRIVILIGED 0 1 X X 1I/0 MEMORY ADDRESS
0 REAL : 8 8 (1) RESERVED
1 VIRTUAL 1010
00 1 BYTE 1011
01 2BYTE 1100
10 4 BYTE 8 1101
11 TEST & SET 1110
0 READ 111 1 FPA
1 WRITE

DATA

PROCESSOR CHANNEL SELECT

DATA ADDRESS BUS

32 BIT DATA

Figure 2-5. Data Bus Format

Address Extension

The ’address extension’ provides subaddressing or control functions within the IOCC or
Floating-Point Accelerator board devices.
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+Exception

‘Exception’ is an error response to PIO commands or DMA requests and indicates the operation
cannot be executed or did not execute correctly.

+Tag
The processor channel allows up to two PIO commands to be executing concurrently; two
commands are not required to complete in the same order they were initiated. To link commands
and (completion) replies, a ‘tag’ bit is supplied when a command is issued. This ‘tag’ is to be
returned along with the return status to indicate the PIO command currently completing.

-1/0 Cycle
The ’I/O cycle’ signal is activated whenever a PIO command is accepted.

-Data Strobe
‘Data strobe’ is used as a clock to signal that valid address or data is on the data bus.

-PIO Request
The "PIO request’ signal is activated on queued PIO commands to I/O channel devices or I/O
channel memory to signal the arbiter that the Coprocessor should be dearbitrated.

-Ready
The ’ready’ signal signals completion of channel operations.

-Busy
The ’busy’ signal holds I/0 cycle active. While active, no further (nondiagnostic) PIO commands
are accepted from the processor.

-FPA Busy
The "FPA busy’ signal causes a (busy) rejection of PIO commands directed to the Floating-Point
Accelerator slot.

-DMA Request

The 'DMA request’ signal initiates a DMA memory cycle.
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-DMA Cycle
The ’DMA cycle’ is the response to a DMA REQUEST.

-Addr Gate
’Addr gate’ controls tri-state drivers within the IOCC gating the 1/0 channel address onto the data
bus.

-Data Gate
The ’data gate’ signal controls tri-state drivers within the IOCC and Floating-Point Accelerator
board for gating data or exception status onto the data bus.

-Channel Error

The *channel error’ signal is activated when a transmission error occurred from the IOCC or
Floating-Point Accelerator board to the system.

-Interrupt
These 5 ’-interrupt’ signals are wired to the processor interrupt inputs for levels 0 - 4.

-Trap
The ’-trap’ signal is wired to the processor ’trap’ input and may be used for functions such as early
power-off warning. The ’trap’ signal is edge sensitive.

-System Reset
The ’-system reset’ signal resets the system processor, and produces a ’channel reset’ when the
processor finishes its diagnostics. System memory is not disrupted by this signal.

-Channel Reset
The ’-channel reset’ signal is activated whenever a ’channel reset’ is issued. This normally occurs on
power up or after a processor error timeout.

-POR

*Power-on reset’ is active during power on and is deactivated (100-500 ms) following all voltages
becoming valid.
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-HRQ
The *-HRQ’ signal is activated by the IOCC arbiter to request usage of the IOCC data path and the
I/0 channel.

-HLDA
"HLDA'’ is the processor response to HRQ.

~Channel End

The *-channel end’ signal is activated following presentation of ready. The low to high transition of
this signal may be used as an indication of the end of the command.

=Timer In

The timer in’ signal drives the processor timer.

Arbitration

The various operations (PIO, DMA) performed or controlled by the IOCC are competitive in nature
and require shared usage of the data flow hardware. Additionally, these functions are independent
and asynchronous to each other.

PIO Sequences
PIO sequences are initiated by processor LOAD and STORE instructions.

DMA Sequences

DMA operations are initiated by the IOCC to gain access to system memory when the HRQ signal
to the processor is activated.

Using the Hardware LEDs

The following procedure gives information on how the hardware uses system LEDs.
1. Enable the LEDs by accessing ROM. This is done with a read to ROM.

2. Read the R/C array. The last byte of the R/C array address equals the value of the LEDs,
decimal numbers only. (For example, for the address X’811014’, the LEDs would display the
number 14. After the number has been displayed the LEDs can be blanked with a FF.)

3. Disable the LEDs by writing to the R/C array.
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Processor Board Pin Assignments

The following tables contain the processor board slot pin assignments.

B1

B5

B10

B15

B20

B25

B30

B35

B40

B45

B50

A1

AS

A10

A15

A20

A25

A30

A35

A40

A45

AS50

Figure 2-6. 100 Pin Processor Channel Interface Slot
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I/0 Pin Signal Name I/0
Al +5 Vdc Power
A2 +5 Vdc Power
A3 +ADR/DATA 00 I/0
A4 +ADD/DATA 01 I/0
A5 +ADR/DATA 02 I/0
A6 +ADD/DATA 03 1I/0
A7 +ADR/DATA 04 I/0
A8 +ADD/DATA 05 1/0
A9 +ADR/DATA 06 1I/0
A10 +ADD/DATA 07 I/0
All +ADR/DATA 08 1/0
A12 +ADD/DATA 09 I/0

A 13 Gnd Ground
A 14 +ADR/DATA 10 I/0
A1l5 +ADD/DATA 11 1/0
Al6 +ADR/DATA 12 I/0

A 17 +ADD/DATA 13 I/0
A18 +ADR/DATA 14 I/0
A19 +ADD/DATA 15 I/0
A20 +ADR/DATA 16 1I/0
A21 +ADD/DATA 17 1/0
A22 +ADR/DATA 18 I/0
A23 +ADD/DATA 19 I/0
A24 GND Ground
A 25 GND Ground

Figure 2-7 (Part 1 of 2).

Processor Channel Interface Slot (A-Side)

Processor Board 2-17



1/0 Pin Signal Name 1/0

A 26 +ADD/DATA 20 1/0
A 27 +ADR/DATA 21 1/0
A28 +ADD/DATA 22 I/0
A29 +ADR/DATA 23 1I/0
A 30 +ADD/DATA 24 I/0
A3l +ADR/DATA 25 1/0
A32 +ADD/DATA 26 1/0
A33 +ADR/DATA 27 1/0
A34 +ADD/DATA 28 1/0
A35 +ADR/DATA 29 I/0
A 36 +ADR/DATA 30 1/0
A37 GND Ground
A38 +ADD/DATA 31 I/0

A 39 Reserved —
A40 -RSC HOLD (0}
A41 -IREQ 0 (0]

A 42 -IREQ 2 (0}
A43 -IREQ 4 (0]

A 44 Reserved —

A 45 +Panel Ind 0 1

A 46 +Panel Ind 2 I

A 47 +Panel Ind 4 I

A48 +Panel Ind 6 I

A 49 +5 Vdc Power
A 50 +5 Vdc Power

Figure 2-7 (Part 2 of 2). Processor Channel Interface Slot (A-Side)
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I/0 Pin Signal Name 1/0
B1 GND Ground
B2 GND Ground
B3 +ADR EXT 4 1

B4 +ADD EXT 5 I

B5 +ADR EXT 6 I

B6 +ADD EXT 7 |

B7 -FPAID 5 O

B8 -Channel End I

B9 -System Reset 0]

B 10 +Parity 0 I/0
B11 -Channel Reset I

B 12 -POR (0}

B13 GND Ground
B14 -IOCC Busy (0]

B 15 -Ready (@)

B 16 -Channel Error I

B17 -I/0 Cycle I

B 18 +Seg Sel (o)

B19 +Parity 1 I/0

B 20 -Address Gate I

B21 -Data Gate 1

B 22 -FPAID 6 (6]

B 23 -Data Strobe I

B 24 +5 Vdc Power
B 25 +5 Vdc Power

Figure 2-8 (Part 1 of 2).

Processor Channel Interface Slot (B-Side)
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1/0 Pin Signal Name 1/0

B 26 -DMA Req (0}

B 27 -HRQ (0)

B 28 -HLDA I

B 29 +Parity 2 I/0

B30 -DMA Cycle I

B 31 -FPAID 7 (0]

B 32 -FPA Busy (0)

B33 -Tag I/0

B 34 -5 Vdc Power

B35 +Exception I/0

B 36 -Timer In (0]

B 37 GND Ground

B 38 +Parity 3 I/0

B39 -PIO Request I

B 40 Reserved —

B 41 -IREQ 1 (0]

B 42 -IREQ 3 (0]

B 43 Reserved —

B 44 -1/0 Trap (0]

B 45 +Panel Ind 1 1

B 46 +Panel Ind 3 I

B 47 +Panel Ind 5 I

B 48 +Panel Ind 7 I

B 49 Gnd Ground

B 50 Gnd Ground
Figure 2-8 (Part 2 of 2). Processor Channel Interface Slot (B-Side)
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Figure 2-9.

D1

DS

D10

D15

D20

D25

D30

D35

D40

D45

D50

Cc1

(o1

c10

C15

c20

Cc25

C30

C35

c40

o7:13

C50

100 Pin Memory Channel Interface Slot

Component Side
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1/0 Pin Signal Name 1/0
C1l +5 Vdc Power
C2 +5 Vdc Power
C3 Cnfg 0 Slot C (0]
Cc4 Cnfg 1 Slot C 0]
Cs -Fast Refresh (0]
Cé6 Reserved —
C1 DATA 00 I/0
C8 DATA 02  I/0
(oX) DATA 04 I/0
C10 DATA 06 1/0
Cc11 DATA 08 I/0
C12 DATA 10 I/0
Cc13 Gnd Ground
C14 Reserved —
C15 DATA 12 I/0
Cle DATA 14 I/0
C17 DATA 16 I/0
C18 DATA 18 I/0
Cc19 DATA 20 I/0
C20 DATA 22 I/0
c21 DATA 24 1I/0
C22 DATA 26 I/0
Cc23 DATA 28 I/0
C24 GND Ground
C25 GND Ground

Figure 2-10 (Part 1 of 2).
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I/0 Pin Signal Name I/0
C26 DATA 30 I/0
C27 DATA 32 1/0
C28 DATA 34 I/0
C29 DATA 36 I/0
C30 DATA 38 1I/0
C31 ADR A-9 I

C32 ADR A-7 I

C33 ADR A-5 I

C34 ADR A-3 I

C35 ADR A-1 I

C36 ADR B-9 I

C37 GND Ground
C38 ADR B-7 I

C 39 ADR B-5 1

C 40 ADR B-3 I

C41 ADR B-1 I

C42 ‘RAS A Slot C I

C43 CAS A I

C44 WRT A I

C 45 BEN A Slot C I

C 46 RAS B Slot C I

c 47 CASB I

C48 WRT B I

C49 +5 Vdc Power
C50 +5 Vdc Power

Figure 2-10 (Part 2 of 2).

Memory Channel Interface Slot (C-Side)

Processor Board 2-23



1/0 Pin Signal Name 1/0
D1 GND Ground
D2 GND Ground
D3 Cnfg 0 Slot D 0)

D4 Cnfg 1 Slot D o

D5 Reserved —

D6 Reserved _

D7 DATA 01 I/0
D38 DATA 03 I/0
D9 DATA 05 I/0
D10 DATA 07 I/0
D11 DATA 09 I/0
D12 DATA 11 I/0
D13 Gnd Ground
D 14 +Address (4) I

D15 DATA 13 1/0
D16 DATA 15 I/0

D 17 DATA 17 I/0

D 18 DATA 19 I/0
D19 DATA 21 I/0
D20 DATA 23 I/0
D21 DATA 25 1I/0

D 22 DATA 27 1I/0
D23 DATA 29 1/0
D24 +5 Vdc Power
D25 +5 Vdc Power

Figure 2-11 (Part 1 of 2).
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I/0 Pin Signal Name I/0
D26 DATA 31 I/0

D 27 DATA 33 I/0

D 28 DATA 35 I/0
D29 DATA 37 I/0

D 30 DATA 39 I/0

D 31 ADR A-8 I

D 32 ADR A-6 |

D33 ADR A-4 I

D 34 ADR A-2 1

D35 ADR A-0 I

D 36 ADR B-8 I

D 37 GND Ground
D 38 ADR B-6 I

D 39 ADR B-4 I

D 40 ADR B-2 I

D 41 ADR B-0 I

D 42 RAS A Slot D I

D 43 Refresh 1

D 44 Address (2) 1

D45 BEN A Slot D 1

D 46 RAS B Slot D 1

D 47 BEN B Slot C I

D48 BEN B Slot D I

D 49 GND Ground
D50 GND Ground

Figure 2-11 (Part 2 of 2).

Memory Channel Interface Slot (D-Side)
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Section 3. System Memory Boards
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‘About this Section

This section contains information about the memory boards used by the IBM RT PC system. The
memory board slots are defined and various memory configurations are listed. Also shown are the
timing waveforms for the memory read and write cycles.
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Memory

The memory board contains two memory arrays. Each array is configured to be 40 bits wide and
either 128K or 256K address positions deep. These configurations yield board sizes of 1M-bytes
and 2M-bytes respectively.

The board interface consists of nine multiplexed address lines and four control lines for each array.
There are 40 bidirectional data lines and 2 input control lines which are shared between the two
arrays. It is the responsibility of the external control logic to ensure that there are no data bus usage
conflicts between the two arrays.

Features

Two Way Interleaving — 40 Bit Data Interface (32-bit data, 8-bit
ECC)

High Density (IMB, 2MB)

Single +5V Supply

Bandwidth : 23.5MB/Sec.

Array Access Time : 175ns

Availability : 98%
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Memory Board Slots

The system board contains two memory board slots. When a mixture of different memory boards is
used, the larger boards must be plugged in slot C as shown in the following table.

Config. System Ram Slot C Slot D
1 1.0 MB 1.0 MB —

2 2.0 MB 1.0 MB 1.0 MB
3 2.0 MB 2.0 MB —

4 3.0 MB 2.0 MB 1.0 MB
5 4.0 MB 2.0 MB 2.0 MB

System Memory Boards
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Signal Definitions

RAS A
RAS B
CAS A
CASB

WRT A
WRT B

BEN A
BEN B

ADR A (0-8)

ADR B (0-8)

DATA (00-39)

CNFG (0-2)
BAB O

Refresh

3-6 Reference Manual

Row Address Strobe for Array A
Row Address Strobe for Array B
Column Address Strobe for Array A
Column Address Strobe for Array B

Write Enable and Bus Direction for
Array A

Write Enable and Bus Direction for
Array B

Bus Enable for Array A
Bus Enable for Array B

Address Lines 0-8 for Array A (0 is
LSB)

Address Lines 0-8 for Array B (0 is LSB)

Data Lines 00-39 for Array A and Array
B

Board Identification Jumpers
Bank Address Bit 0

Refesh Rate Signal



ADR A (0-8)
RAS A , CONTROL MEMORY
CAS A l ARRAY
WRT A | A
REFRESH ‘
BAB 0

|
I
|
| I
| TRANCEIVER I
BEN A l
| DATA A (00-39)
|
DATA (00-39) I I
DATA B (00-39)
I TRANCEIVER |
BENB
l I
| l
| |
| |
| |
I
|
l
I

WRT B
CONTROL MEMORY
CAsB ARRAY
RAS B B
ADR B (0-8)

CNFG (0-2) CONFIGURATION
REFRESH RATE !

Figure 3-1. Memory Board Logical Dataflow
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Configurations

The following tables list the various configurations for the memory boards.

Configuration Identification Table

CNFG 2 CNFG 1 CNFG 0 Definition
0 1 1 Reserved
1 1 1 Reserved
0 1 0 Reserved
1 1 0 512K-bytes
0 0 1 1M-bytes
1 0 1 2M-bytes
0 0 0 4M-bytes
1 0 0 8M-bytes
Note:

0 = Tab pin grounded on the board
1 = Tab pin open (no connection)
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Bank Addressing Control for 1M-Byte Board

The following bank addressing description is implemented independently for both memory arrays on
the board. The eight least significant address bits (ADRA 0-7 and ADRB 0-7) are used to provide
the 256 row and 256 column addresses (64K address space) to each bank of memory chips.

Bank address bit 0 and the Refresh (REF) signal are used to select between the two banks of each
memory array. The REF input signal to the board is shared between the two arrays on the board.

The REF signal (along with Bank Address Bit 0) is routed through transparent latches. There is a
separate set of latches for array A and array B and the latches are clocked at the beginning of a
memory cycle with the rising edge of the RAS signal for that array. The latched values are then
decoded and used to gate the incoming RAS signal to the proper memory bank.

The REF and BAB 0 signals have the same input timing requirements as the row address inputs.
The logic required for band addressing is implemented independently for each memory array on the
board. The decode logic used for bank addressing is described by the following table.

RAS REF BAB 0 | Bank Activated (By RAS Signal)

0 X X None

1 0 1 Bank 0 (1st bank of 64K x 4 chips)
1 0 0 Bank 1 (2nd bank of 64K x 4 chips)
1 1 X Bank 0 and 1 (all banks Refresh)

Transceiver Control

Ben WRT Transceiver Data Direction

1 X Disabled N. A.

0 0 Enabled Memory array —» board tab
0 1 Enabled Board tab —» memory array

Note: The transceiver control logic is implemented independently for each memory array on the
board.
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Absolute Maximum Ratings

Parameter Limits Unit Notes
Operating temperature (TA) 0 to +70 oC

Storage temperature (TS) -55 to +125 oC 1
Supply voltage (VCC) -0.5 to +7.0 \" 1,2
Voltage on any pin except VCC -1.0 to +7.0 \'% 1,2

Notes:

1. These are stress ratings only. Functional operation at these limits is not implied.

2. Voltages relative to VSS.
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DC Characteristics

TA =0to +70°C

LIMITS
Test

Parameter Symbol | Min Typical Max Unit Condition
Supply Voltages VCC 4.75 5.0 5.25 v

VSS 0 0 0 \" All Voltages
High Input Voltage VIH 2.0 55 v Referenced
Low Input Voltage VIL -1.0 0.8 \'% to VSS
High Output Voltage VOH 2.4 VCC \'%
Low Output Voltage VOL 0 0.4 \%
High Input Current ITH 200 nA Except RAS
ITH for RAS Signal ITHR 500 uA
Low Input Current I -1.8 mA Except RAS
IIL for RAS Signal IILR -10.0 mA
High Output Current IOH -10 mA
Low Output Current IOL 4 mA
AVG Full Operating ICC1 7200 mA
Supply Current both Arrays
Active
AVG Standby Power ICC2 2000 mA
Supply Current both Arrays
Standby
Input Capacitance Data CIND 40 pF
I/0 Lines
Input Capacitance BEN CINB 160 pF
Lines
Input Capacitance All CINC 25 pF
Other Lines
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AC Characteristics

LIMITS
Parameter Symbol Min Max Unit Notes
Read or write cycle time tec 290 ns
Access time from RAS toac 175 ns 1,2
Access time from CAS toac 100 ns 1,2
RAS precharge time tep 120 ns
RAS pulse width tRAS 165 10000 ns
CAS Pulse width teag 90 10000 ns
RAS to CAS delay time tecn 55 75 ns 3
ROW address setup time tasr 15 ns
ROW address hold time tral 30 ns
Column address setup time tasc 15 ns
Column address hold time tean 60 ns
COL address hold time to RAS tar 135 ns
Read command setup time. tecs 25 ' ns
Read command hold time tecy 25 ns
Write command setup time twes 40 ns
Write command hold time twen 60 ns
Write command hold to RAS twer 135 ns
Write command pulse width twp 75 ns
Data in setup time ths 10 ns 2
Data in hold time ton 60 ns
Data out hold time thon 0 ns
Data in hold time to RAS tpRE 135 ns
RAS hold time tRsH 90 ns
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LIMITS

CAS hold time

tosH 165 ns
CAS to RAS precharge time terp 25 | ns
CAS precharge time tepN 40 ns
Output buffer turn on ton 40 ns
Output buffer turn off Lo 30 ns
Refresh period of A0 - A6 tREE] 2 ms
Refresh period of AQ - A7 tRER) 4 ms

Notes:

1.
2.
3.

specifications.

Measured with a load equivalent to 2 TTL loads and 100pF.

These parameters are valid when data. transceivers are properly enabled.

= trep + toac:
The memory board meets either tgpp or tppp,, the external controller is required to meet both

System Memory Boards

trep (max) is for reference only. For trep < Trep (max) the access time (from RAS)
For tyop > tyep (max) the access time (from RAS)

= trac.
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Timing Waveforms

All timings for Read, Write, and Refresh cycles are provided by an external memory controller.
Read-Modify-Write cycles are not supported.

The address inputs (ADRA (0-8) and ADRB (0-8)) are numbered with bit 0 being the least
significant. The Refresh (REF) and Bank Address Bit 0 (BAB 0) input lines for bank addressing
are valid during the row address valid time.

The external controller provides refresh for the lower 128 Row Addresses (ADRA (0-6) and ADRB
(0-6)) every 2 milliseconds, and refresh for the lower 256 Row Addresses (ADRA (0-7) and ADRB
(0-7)) every 4 milliseconds. RAS only refresh cycles are used to perform the refresh operation.

The timing marks in the following timing waveforms are referred at two points. The lower point
represents +0.8 volts and the upper point indicates +2.0 volts.

The timing waveforms in this section show only one array, but are required for both arrays. It is the
responsibility of the external memory control logic to ensure that there are no data bus usage
conflicts. The following timing waveforms are included in this section:

« Read cycle
«  Write cycle
« Refresh cycle.
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Read Cycle

- TRC
s

TRAS >| |4 TRP—p>
P—Tnsu—p\‘

- TCSH
4—TRCD—>’—TCAS TCRP-p

TCPN>]

CAS Tj \___/_
TAR
TRAH I‘TCAH

TASR g— l§-TASC
ADR "1 "

3223 nlAs X:X CAS X Y
I/‘_

TDOH -pl '4-
TCAC
DATA [ X VALID DATA D__

RAS

\l__Y_

RCS»

WRT —\

l@——TRAC

TON ->| TOFF
BEN _—\r_ ';

Figure 3-2. Memory Board Read Cycle Timing Waveform
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Write Cycle
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Figure 3-3. Memory Board Write Cycle Timing Waveform
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Refresh Cycle
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Figure 3-4. Memory Board Refresh Cycle Timing Waveform
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Slot Pin Assignments

The following figures show the memory board slot pin assignments.

Figure 3-5. 100 Pin Memory Board Slot
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I/0 Pin Signal Name 1/0
Al +5 Vdc Power
A2 GND Ground
A3 RAS A |

A4 CAS A I

AS WRT A I

A6 BEN A 1

A7 RAS B I

A8 CAS B 1

A9 WRT B I

A10 BEN B I

All GND Ground
A12 ADR A-0 I

A 13 | ADR A-2 I

Al4 ADR A-4 I

A 15 ADR A-6 I

A1l6 | ADR A-8 I

A17 GND Ground
A 18 +5 Vdc Power
A19 ADR B-0 I

A 20 ADR B-2 I

A2l ADR B-4 I

A22 ADR B-6 I

A 23 ADR B-8 I

A24 RESERVED —
A25 GND Ground

Figure 3-6 (Part 1 of 2).

Memory Board Slot (A-Side)
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I/0 Pin Signal Name 1/0

A 26 DATA 00 1I/0
A27 DATA 02 I/0
A28 DATA 04 1I/0

A 29 DATA 06 I/0

A 30 DATA 08 I/0

A 31 DATA 10 1/0

A 32 GND Ground
A33 +5 Vdc Power
A 34 DATA 12 I/0

A 35 DATA 14 1/0

A 36 DATA 16 1/0

A 37 DATA 18 1/0

A 38 DATA 20 I/0

A 39 DATA 22 1/0

A 40 DATA 24 I/0

A 41 GND Ground
A 42 DATA 26 /0

A 43 DATA 28 1I/0
A4d4 DATA 30 I/0

A 45 DATA 32 1/0

A 46 DATA 34 1/0

A 47 DATA 36 I/0
A48 DATA 38 1/0

A 49 GND Ground
A 50 +5 Vdc Power

Figure 3-6 (Part 2 of 2).

3-20 Reference Manual

Memory Board Slot (A-Side)



I/0 Pin Signal Name 1/0

B1 +5 Vde Power

B2 GND Ground

B3 Refresh Rate (0]

B4 Cnfg 0 (0]

BS Cnfg 1 0)

B6 Cnfg 2 (0]

B7 Reserved —_

B8 Refresh I

B9 Bank Address Bit 1 I

B 10 Bank Address Bit 0 I

B11 GND Ground

B12 ADR A-1 I

B13 ADR A-3 I

B 14 ADR A-5 I

B 15 ADR A-7 I

B 16 ADR A-9 I

B17 GND Ground

B 18 +5 Vdc Power

B 19 ADR B-1 I

B 20 ADR B-3 |

B21 ADR B-5 I

B 22 ADR B-7 I

B 23 ADR B-9 I

B24 Reserved —

B 25 GND Ground
Figure 3-7 (Part 1 of 2). Memory Board Slot (B-Side).
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I/0 Pin Signal Name 1/0

B 26 DATA 01 1/0

B 27 DATA 03 I/0
B28 DATA 05 I/0

B 29 DATA 07 I/0

B 30 DATA 09 I/0

B 31 DATA 11 I/0

B 32 GND Ground
B33 +5 Vdc Power
B34 DATA 13 1/0
B35 DATA 15 I/0

B 36 DATA 17 1/0

B 37 DATA 19 I/0

B 38 DATA 21 1/0
B39 DATA 23 I/0

B 40 DATA 25 I/0
B41 GND Ground
B 42 DATA 27 1/0
B43 DATA 29 1/0

B 44 DATA 31 I/0
B45 DATA 33 1/0

B 46 DATA 35 I/0

B 47 DATA 37 1/0

B 48 DATA 39 I/0

B 49 GND Ground
B 50 +5 Vdc Power

Figure 3-7 (Part 2 of 2).
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Section 4. Floating-Point Accelerator
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About this Section

This section describes the programmer’s view of the Floating-Point Accelerator board. Many users
will not require this level of information. Application programmers may require the Application
Program Interface found in the AIX Operating System Technical Reference. Floating point data
representations and operation definitions are defined in the IEEE Standard 754 for Binary
Floating-Point Arithmetic and are not detailed here.
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Floating-Point Accelerator

The RT PC Floating-Point Accelerator (FPA) is an optional system unit feature which can be
installed in either the Model 10, Model 20, or Model 25. It utilizes a dedicated slot on the system
board. Operands may be stored on the FPA and operations may be initiated by issuing processor
load and store instructions. The FPA operates independently of the system unit so that the system
unit and FPA operations can overlap. The board implements a subset of the IEEE revision 10.1
floating point standard. Software is required to fully implement the standard. The board employs
the National Semiconductor NS32081 floating point module, utilizing only the external memory
functions of the part.

Block Diagram

Figure 4-1 on page 4-5 is a block diagram of the Floating-Point Accelerator board. When the
system unit executes either a load or store instruction having any address in segment FF, the
processor board routes the address and any associated data to the FPA over the 32 bit bus. The
FPA decodes the command from the address.
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INTERNAL BUS

NS 32081

STATUS
REGISTER

REGISTER
FILE

OUTPUT
DATA
REGISTER

TASK ID
REGISTER

INPUT
DATA
REGISTER

SEQUENCE LOGIC

INPUT
ADDRESS
(COMMAND)
REGISTER

Figure 4-1.

Data Formats

Floating-Point Accelerator Block Diagram

32 BIT
BUS

PROCESSOR CHANNEL

The FPA supports 2 floating-point data formats; the 32-bit single and the 64 bit double, as shown
in Figure 4-2 on page 4-6 and Figure 4-3 on page 4-6.

Floating-Point Accelerator
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1 8 23

S | EXPONENT FRACTION

Figure 4-2. Single Precision Format

1 11 52

S | EXPONENT FRACTION:

Figure 4-3. Double Precision Format

The Floating-Point Accelerator performs arithmetic in both formats, converts between formats, and
converts to and from the system processor’s twos complement binary format.

Register Sets

The register file contains 32 sets of 32 bit wide registers. Each set contains 16 registers. Long
operands are stored with the high order 32 bits at an even register address and with the low 32 bits
at the next higher odd register address. Context switching is achieved by issuing the Task Switch
Unlock command which loads the Task ID register. Registers X’0 through D’ are general purpose;
register X’E’ is the floating-point status register (FPSR) and register X’F’ is the floating- point
exception register (FPER). Figure 4-4 on page 4-7 shows the registers and how they are paired
for long operands. Notice that there is a FPSR and a FPER in each of the 32 sets.
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XE FPSR X‘F FPER
X'c XD
XA X'B
X'B X9
X6 X7
X4 X'5
X2 X'3
X0 X1

Figure - 4-4. Floating Point Registers

Description

~“SET O

SET 31

All transfers of commands and data between the system processor and the FPA are initiated by the
system processor and accomplished by Store and Load instructions using memory mapped I/O.

Memory addresses starting with X’FF’ are decoded by the FPA as commands to it, and are ignored
by other devices on the processor channel. The remaining 24 bits of the 32-bit memory address are
used as the FPA command. If there is data associated with the command, it is transferred in the 32
bit data packet associated with the Store or Load instruction. If the command requires no data, the
data packet is discarded. The system processor address and FPA command format is shown in

Figure 4-5 on page 4-8
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1
1

2
0 7 8 1

anN
oON
©OoN

11111 2
23456 2

X'FF 0000 | ds | ff | ccccccee | OP1 | OP2 | XX

Figure 4-5. FPA Command Format

Bits 0 through 7 are the FPA address and are fixed at X’FF’. Bits 8 through 11 are reserved and
must be 0. Bits 12 and 13 indicate if the data packet is to be used and whether it is to go into the
register indicated by OP1 or OP2. Bits 14 and 15 are format bits which can be regarded as an
extension of the command field, bits 16 through 21. Notice that the format bits-assume values 00,
01, and 10 only.

Data Source Field Definitions

Bits Function
12-13
00 Non immediate data
01 Immediate data to OP2 address
10 Immediate data to OP1 address
11 Reserved
Format Field Definitions
Bits Function
14-15
00 Format 0 - FPU type 9
01 Format 1 - FPU type 11
10 Format 2 - Non FPU
11 Reserved

Bits 0 through 3 do not actually reach the FPA and bits 4 through 7 become an address extension.
Bits 0 through 7 are replaced with the 8-bit processor channel control word providing FPA control
and exception reporting. The two operand fields, OP1 and OP2, specify the FPA source and
destination addresses, respectively.

‘Most floating-point instructions are unprivileged instructions. Task Switch/Unlock, Lock, and
Read Status/Clear Exception are valid only in privileged state.
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Normally, the FPA should be used in the virtual mode of operation in which program checks
(exception conditions) are reported on both Load and Store instructions. FPA exceptions are
caused by parity errors, illegal commands or operands, or various data situations, such as overflow.
The FPA can be used in the real mode of operation if certain rigorous programming restrictions are
followed (see “Programming Considerations” on page 4-40).

FPA Status Register (FPSR)

The FPA status register, shown in Figure 4-6 is a hardware register used to control the FPA
operation, (such as rounding mode) and to identify various exception conditions. The last state of
the status register is saved in register X‘E’ of the active register set by a Read Status Register

instruction.
11 1 2 22 2 2 3
0 12 5 0 12 4 9 1
SOFTWARE HDWR | O | Al B|T|P|N |RND | I | V] U | TFT
RESERVED C|X|X]|D] 2z MD F E|F E

Figure 4-6. Floating Point Status Registers
Bits 0 through 15 and 20 through 31 may be written or read by status register commands. Bits 21,

22,25, 27, and 29 through 31, however, may change during the operations of the FPA. Bits 16
through 19 cannot be written by the programmer.

Status Register Definitions

Bits <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>