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@ warninG

This equipment has been certified to comply with the limits for a class B
computing device, pursuant to subpart J of part 15 FCC rules. Only
peripherals (computer input/output devices, terminals, printers, etc.)
certified to comply with the class B limits may be attached to this
computer. Operation with non-certified peripherals is likely to result in
interference to radio and TV reception.

All cables used to connect to peripherals must be shielded and grounded.
Operation with cables, connected to peripherals, which are not shielded
and grounded may result in interference to radio and TV reception.

This equipment meets or exceeds requirements for safety in the US
(UL 478 5th Edition), Canada (CSA C22.2 No. 220), and Europe (IEC 380,
IEC 435, IEC 950, and VDE 0806).

This equipment has been tested for radio frequency emissions and has
been verified to meet VDE 0871 Class B.

This digital apparatus does not exceed the Class B limits for radio noise
emissions set out in the radio interference regulations of the Canadian
Department of Communications.

Ce dispositif digital, s'il est utilise suivant les instructions et
recommandations du constructeur, ne depasse pas les limites de la
Classe B pour le bruit des frequences radio, etablies par les Regles sur
I'interference radio du Ministere Canadian des Communications.



RADIO FREQUENCY INTERFERENCE NOTICE

This equipment generates and uses radio frequency energy and if not installed properly, that
is, in strict accordance with the manufacturer’s instructions, may cause interference to radio
and television reception. It has been type-tested and found to comply with the limits for a
Class B computing device in accordance with the specifications in Subpart J of Part 15 FCC
rules, which are designed to provide reasonable protection against interference in a
residential installation. However, there is no guarantee that interference will not occur in a
particular installation. If the equipment does cause interference to radio or television
reception, which can be determined by turning the equipment off and on, the user is
encouraged to try to correct the interference by one or more of the following measures:

e Reorient the receiving antenna.
® Relocate the system with respect to the receiver.
®  Move the system away from the receiver.

®  Plug the system into a different outlet so that the system and receiver are on different
branch circuits.

® Move the cables connected to the system to minimize the interference.

e Tighten all screws on cables and the system housing.

e Install blank panels, originally supplied with the system, in all unused card slots.
If necessary the user should consult the dealer or an experienced radio/television technician
for additional suggestions. The user may find the following booklet, prepared by the Federal
Communications Commission, helpful:

"How to Identify and Resolve Radio-TV Interference Problems"

This booklet is available from the U.S. Government Printing Office, Washington, D.C. 20402.
Stock No. 004-00398-5.
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Additional copies of this manual or other Intel literature may be obtained from:

Intel Corporation

Literature Sales

P.O. Box 58130

Santa Clara, CA 95052-8130

Intel Corporation makes no warranty of any kind with regard to this material, including, but not
limited to, the implied warranties of merchantability and fitness for a particular purpose. Intel
Corporation assumes no responsibility for any errors that may appear in this document. Intel
Corporation makes no commitment to update nor to keep current the information contained in
this document.

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry
embodied in an Intel product. No other circuit patent licenses are implied.

Intel software and firmware products are copyrighted by and shall remain the property of Intel
Corporation. Use, duplication, or disclosure is subject to restrictions stated in Intel's Software
License Agreement, or in the case of software delivered to the U.S. government, in
accordance with the software license agreement as defined in FAR 52.227-7013

No part of this document may be copied or reproduced in any form or by any means without
prior written consent of Intel Corporation.

Intel Corporation retains the right to make changes to these specifications at any time, without
notice. Contact your local sales office to obtain the latest specifications before placing your
order.
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About This Manual

PURPOSE
This manual provides reference data for the Intel386™ MicroComputer Model
300SX System Board. The Technical Reference Manual gives system designers
sufficient information to allow them to integrate the board into systems, and to
test and evaluate that integration. System designers may also use this manual on
a continuing basis to support their customers, solve problems, or expand the
system. For example, this manual may be used to:

® Design or select system components such as expansion boards, peripheral
devices, and replacement parts

e Select or design systems and applications software
® Solve system integration and interfacing problems
e Troubleshoot at an advanced level

® Program complex applications and systems software such as device
drivers, interrupt handlers, etc.
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LIBRARY PLAN

This manual is the second in a set of three manuals written for the Intel386
MicroComputer Model 300SX board. A brief description of these manuals is as
follows:

® ntel386™ MicroComputer Model 300SX System Technical Reference
Manual. This manual and its companion volume, /nte/386™
MicroComputer Model 300SX Board Technical Reference Manual, are
written primarily for an Original Equipment Manufacturer (OEM), system
engineer, or hardware or software designer. The system manual focuses
on the major elements contained in the system module chassis. It provides
a general description of the system, a brief overview of the system board,
all internal interfaces to other components, and all external interfaces.
Basic installation and removal procedures for system components and
peripheral devices are also included. A detailed description of the system
board is contained in a separate manual (see following).

e Intel386™ MicroComputer Model 300SX Board Technical Reference
Manual. This manual describes the system board in detail, and is written
for engineers who design system accessories and for programmers who
require information on hardware and firmware specifications.

® Intel386™ MicroComputer Model 300SX User’'s Guide. This manual is
written for an end-user. It describes all system features, installation and
operation of the system, how to install or remove system components, and
basic troubleshooting procedures should problems occur.

AUDIENCE

XXXIV

This manual is written for an Original Equipment Manufacturer (OEM), or a
system engineer or hardware designer. As such, it assumes you are familiar with
the general terminology used in the field of microprocessor and microcomputer
design.
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ORGANIZATION
This manual is organized into 11 chapters and eight appendixes as follows:

Chapter 1 Board Overview — provides an overview of the 300SX board.
Included is a list of features, a block diagram of the board, and
a description of the feature set.

Chapter 2 Central Processing Core — describes the operation of the CPU,
the 387™ numeric coprocessor, and the data and controller
buffers.

Chapter 3 Intel 82335 High-Integration Interface Device — presents an
overview of the Intel 82335 and describes its internal functional
blocks.

Chapter 4 Intel 82330/82331 Chip Set — describes the operation of the
Intel 82330/82331 Chip Set which provides a high-integration
interface for a PC-AT system.

Chapter 5 Communication Ports — describes the board'’s serial and
parallel ports.

Chapter 6 Keyboard and Mouse Controller — describes the operation of
the keyboard and mouse controller.

Chapter 7 Video Display Subsystem — describes the operation of the
onboard graphics chip set and the digital-to-analog converter.

Chapter 8 Floppy Disk Drive Controller — describes the operation of the
87072 onboard floppy disk drive controller.

Chapter 9 Intel ISA Bus Interface — introduces the ISA bus, provides
general attributes of the ISA bus, and describes the ISA bus
signals.

Chapter 10 External Interfaces — describes the external interfaces included

on the board.
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Chapter 11 Power-on Self Test — describes the Power-on Self Test and the
Setup utility stored in ROM.

Appendix A Specifications — provides specifications for the 300SX board.

Appendix B System BIOS Specifications — provides BIOS specifications for
the 300SX board.

Appendix C Jumper Settings — provides jumper settings for the 300SX
board.

Appendix D Changing CPU Speed — describes how to decrease the
processor speed to 8 MHz.

Appendix E Messages — describes the various screen messages and error
beep codes. Included are POST messages, run-time
messages, 300SX board error messages, and beep codes.

Appendix F Device Mapping — provides tables that list mapping and
addressing information related to 300SX board memory and
onboard devices.

Appendix G Hot Keys — lists keystroke sequences used to invoke special
system functions.

Appendix H Component Installation — describes how to install the Intel
387SX numeric coprocessor and single in-line memory modules

(SIMMs).
Glossary List of standard acronyms and technical terms with definitions.
Index Manual index.
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HOW TO OBTAIN MORE INFORMATION

You may be interested in obtaining further information about products and
services relating to the Intel386 MicroComputer Model 300SX System Board. Or
you may require more detailed information than is provided in this manual.

Please contact your local Intel Sales Office if you desire additional information.

NOTATIONAL CONVENTIONS

Certain notational conventions are used throughout this manual and others in the
library. Refer to the glossary for specific definitions. Notational conventions

include:

system

board

Backspace]

G

Throughout this manual, the term "300SX system" or "system"
applies to the Intel386™ MicroComputer Model 300SX System.

Throughout this manual, the term "300SX board" or "board"
applies to the Intel386™ MicroComputer Model 300SX System
Board.

A letter, number, symbol, or word enclosed in a double
rectangle, and printed in small type represents a a key on your
keyboard. For example, the instruction "press [F1]" means press
the key labeled "F1" on your keyboard.

This manual refers to most keys by the symbol, letter, or name
printed on the key. The exception is the key. The
key is called Backspace to distinguish it from the left
arrow key.

This manual uses Enter to refer to the two keys. Other
manuals refer to the keys as RETURN, CARRIAGE
RETURN, or use an arrow. All these items are interchangeable.
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M+ M Two or three key names with plus signs between them indicate
multiple-key entries. For example, + + means hold
down the and [a] keys and press the key.

In signal definitions, the asterisk (*) following a signal name
indicates an active low signal; for example, IOCHECK™*.

H An H suffix to a numerical value denotes hexadecimal numbers.
For example, OF8H means OF8 (hexadecimal).

K A K (upper case) suffix to a numerical value is used to indicate
size in kilobytes; i.e., 7168K, 640K, etc. Note, that while a
kilobyte is defined as 1024 bytes, the lower case k prefix used in
other measurements indicates a quantity of 1,000. The K suffix
is synonymous with Kbyte. See Glossary.

Kb A Kb suffix to a numerical value indicates size in kilobits. For
example: 512Kb. (One kilobit is defined as 1024 bits.)

M An M (uppercase) suffix to a numerical value is used to indicate
size in megabytes; i.e., 1M, 256M, etc. Note, however, that
while a megabyte is defined as 1,048,576 bytes the M prefix
used in other measurements indicates a quantity of 1,000,000.
The M suffix is synonymous with megabyte. See Glossary.

Mb An Mb suffix to a numerical value indicates size in megabits.
For example: 4Mb. (One megabit is defined as 1,048,576 bits.)

All system messages (screen display) are shown in a non-proportional font to
simulate the appearance of a screen display.

An italicized word or phrase is used to represent a variable, a publication title, or
occasionally, to lend emphasis in textual descriptions. Where shown, DOS, UNIX
or XENIX files, path names, and directories are also italicized.

The longer POST and Boot error and informational messages in the index are
followed by an ellipsis (three periods). This convention is used to denote that the
message in the index is incomplete. The portion appearing in the index is of
sufficient length to make a unique identification.
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Four kinds of special admonishments are used throughout the text to emphasize
specific information. Examples of each type of admonishment are as follows:

=> Note
Notes are used to provide the reader with important or explanatory
information that stands out from the rest of the text.

€ DANGER
DANGER indicates the presence of a hazard that will cause death or
severe personal injury if the hazard is not avoided.

¢ warnING
WARNING indicates the presence of a hazard that can cause death or
severe personal injury if the hazard is not avoided.

W cautioN
CAUTION indicates the presence of a hazard that can or will cause minor
personal injury or damage to hardware or software.
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RELATED PUBLICATIONS

x1

Refer to the following publications for additional information relating to the
Intel386 MicroComputer Model 300SX Board and its operating environment.

Intel386™ MicroComputer Model 300SX System Technical Reference
Manual (Intel order number 459940-001)

Intel386™ MicroComputer Model 300SX User’s Guide
(Intel order number 501329-001)

Introduction to the 80386 (Intel order number 231252-001)

80386 Programmer’s Reference Manual
(Intel order number 230985-001)

386™ Microprocessor Hardware Reference Manual (Intel order number
231732-003)

80386 System Software Writer's Guide
(Intel order number 231499-001)

Microprocessor and Peripheral Handbook (Volumes | and Il
(Intel order number 230843-006)
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Board Overview

1.1 INTRODUCTION

This chapter provides an overview of the 300SX board. Included in this chapter is
a list of features, a block diagram of the board, and a description of the feature

set.

1.2 OVERVIEW

The 300SX board contains the following components:

Intel 386SX™ central processing unit (CPU)
Intel 387SX™ numeric coprocessor

0, 2, or 4M of random access memory
128K of read only memory

8237 direct memory access controllers
8259A programmable interrupt controllers
8254 programmable interval timer

6818 real time clock

Intel 8742 keyboard and mouse controller
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e Intel 82072 floppy disk controller

e AT hard disk interface

e Cirrus Logic VGA/JEGA/CGA/Hercules/MDA video display controller
e Two 9-pin serial ports

® One 25-pin parallel port

e One PS/2 mouse port

® One 9-pin TTL video connector

® One 15-pin analog video connector

® Four 16-bit expansion slots

® One parallel interface controller

Figure 1-1 presents a functional block diagram of the 300SX board and Figure
1-2 shows the layout of the board
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Figure 1-1.  300SX Board Functional Block Diagram
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1.3

1.3.1

1.3.2

1.3.3

1.3.4

FEATURE SET DESCRIPTION

This section gives a detailed description of the features listed earlier.

Central Processing Unit (CPU)

The CPU is a 32-bit 386SX microprocessor. The 386SX incorporates multitasking
support, pipelined architecture, memory management, address translation
caches, and a high-speed bus interface. The CPU runs at a clock speed of

16 MHz (62.5 ns cycle time) with the system clock of 32 MHz.

The 386SX features 32-bit internal data paths, 16-bit external data paths, and
directly outputs a 24-bit physical address. It also has a physical memory range
of up to 16M (the maximum amount of addressable memory on the ISA bus).

Random Access Memory (RAM)

The 300SX board is available with 0, 2, or 4M of dynamic random access
memory (DRAM).

Read Only Memory (ROM)

The board contains 128K of ROM, which contains a ROM-resident system and
video basic input/output system (BIOS) and a power-on self test (POST) that
performs automatic system diagnostics.

Direct Memory Access (DMA) Controller

The DMA controller, contained in the 82231 portion of the Intel 82230/82231 Chip
Set, provides seven DMA channels for data transfer between main memory and
I/O devices (typically disks or communications channels). The 82331 contains
two 8237 DMA controllers.
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1.3.5

1.3.6

1.3.7

1.3.8

1.3.9

Programmable Interrupt Controller (PIC)
Thirteen interrupt levels are provided by the 82230 portion of the 82230/82231

Chip Set. The 82230 includes two 8259A programmable interrupt controllers
(PICs).

Programmable Interval Timer (PIT)
The 82231 portion of the 82230/82231 Chip Set provides an 8254 programmable

interval timer (PIT). The 82231 generates timing for memory refresh, software
timing control, and speaker frequency.

Real-time Clock (RTC)
The RTC, contained in the 82230 portion of the 82230/82231 Chip Set, combines

a complete time-of-day clock with alarm, 100-year calendar, a programmable
periodic interrupt, and 50 bytes of low power memory.

Keyboard and Mouse Controller

The keyboard and mouse controller supports a 101- or 102-key enhanced
keyboard and a three-button mouse.

Floppy Disk Controller

The 300SX board uses an Intel 82072 for floppy disk control. The controller
supports the following two types of floppy disk drives.

® 1.44M or 720K 3.5-inch floppy disk drive

e 1.2M or 360K 5.25-inch floppy disk drive
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1.3.10

1.3.11

1.3.12

1.3.13

AT Fixed Disk Interface

The 300SX board provides an interface to a fixed disk controller. The interface
supports the following types of AT interface fixed disk drives.

® 40M 3.5-inch fixed disk drive
® 80M 3.5-inch fixed disk drive
e 120M 3.5-inch fixed disk drive

® 170M 3.5-inch fixed disk drive

Video Display Subsystem
The video controller used on the 300SX board consists of a Cirrus Logic GD510A
Graphics Attributes device, a Cirrus Logic GD520A Sequencer/CRT Controller

device, and a digital-to-analog converter. The video controller provides MDA,
CGA, EGA, VGA, extended VGA, and Hercules compatible modes.

Serial Port

The 300SX board is equipped with two 9-pin serial ports configured as COM1
and COM2.

Parallel Port

The 300SX board provides one parallel printer port configured as either LPT1 or
LPT2.
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1.4 OTHER FEATURES
e Fifty bytes of CMOS RAM and a battery backed-up power source for
keeping system clock/calendar and system configuration parameters in
permanent memory.
e Optional 387SX numeric coprocessor

® A keylock interface for prevention of unauthorized keyboard access

e Four 16-bit (36/62-pin) I/O expansion slots
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Central Processing Core

2.1 INTRODUCTION
This chapter describes the central processing core of the 300SX board. The
3865SX CPU, the 387SX numeric coprocessor, and the data and control buffers

are discussed. For more detailed information on these components, refer to the
Intel Microprocessor and Peripheral Handbook.

22 +  OVERVIEW
The central processing core contains the following components:
e A 386SX 32-bit CPU
® A 387SX numeric coprocessor
e Data and control buffers

Figure 2-1 diagrams the central processing core.
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Figure 2-1.  Central Processing Core
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2.3

2.3.1

2.3.2

CPU

The CPU is an Intel 3865X microprocessor operating at 16 MHz with a clock
cycle time of 62.5 ns. The CPU has separate 16-bit data and 24-bit address
paths, plus on-chip memory management and protection. The CPU supports
multi-user multi-tasking systems, memory management, virtual memory, and task
isolation or memory isolation. The 386SX is functionally equivalent to the 386™
CPU, except that the 386SX CPU has a 16-bit external data bus.

Real Mode Architecture

Real mode is the default mode of the CPU upon reset or power up and has the
same base architecture as the 8086, but provides access to a 32-bit register set.
Real mode is compatible with 8086/8088 and 80286 CPUs at the object code
level and has the same capabilities and limitations. In real mode, addressable
physical memory is limited to 1M via segment registers, with a 64K limitation on
segment size. Real mode does not provide memory protection features.

Real mode addresses are formed, as in the 8086, by combining the base
address from a segment register with the offset value provided by the instruction.
The CPU shifts the 16-bit base address value in the segment register left four
bits, and adds the 16-bit offset value forming the 20-bit real address. For more
information on real mode, refer to the Intel Microprocessor and Peripheral
Handbook.

Protected Mode Architecture

Protected mode significantly increases the physical address space (to 16M) and
allows the running of virtual memory programs of aimost unlimited size (64
terabytes). In this mode, the integrated memory management and protection
mechanism translates virtual addresses to physical addresses. It also isolates
the operating system and enforces protection rules necessary for maintaining
task integrity in a multi-tasking environment. This is useful in a multi-tasking and
multi-user environment where resources are shared.
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2.3.3

2.3.4

Protected mode provides memory paging, /O protection, virtual-8086 mode, and
a full 32-bit extended instruction set. Protected mode provides source code
compatibility with the 8086/8088 and 80286 allowing direct execution of 16-bit
applications at higher speeds. For more information on protected mode, refer to
the Intel Microprocessor and Peripheral Handbook.

Virtual-8086 Mode

The virtual-8086 mode is an extension of the protected mode. Under this mode,
the CPU provides compatibility with applications developed for the 8086/8088
while simultaneously providing a full 32-bit, large linear address programming
environment in its protected mode. Virtual memory allows programs to overcome
the limitation of physical memory.

The system divides virtual memory into many different segments. These
segments are mapped into physical memory during virtual memory execution.
The memory management system transfers code and data between physical
memory and disk. For more information on virtual-8086 mode, refer to the Intel
Microprocessor and Peripheral Handbook.

CPU Signals

This section defines the signal functions of the CPU. A signal name followed by
an "' in parentheses indicates an input signal. A signal name followed by an "O"
in parentheses indicates an output signal. A signal name followed by "l/O" in
parentheses indicates an input/output signal. For more detailed information on
the CPU signal functions, refer to the Intel Microprocessor and Peripheral
Handbook.

CLK2 (I)

CLK2 (system clock) provides the basic timing for the system. CLK2 is a 32-MHz
clock divided by two inside the CPU. CLK2 generates the 16-MHz CPU clock.
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D15:0 (I/O)

D15:0 (data bus lines) input data during read cycles of memory and I/O. D15:0
output data during write cycles of memory and I/O.

A23:1 (O)

A23:1 (address bus lines) output physical memory and I/O addresses.

BHE* AND BLE* (O)

BHE* and BLE* (byte enables) indicate which data bytes of the data bus take
part in a bus cycle. BHE* (byte high enable) applies to D15:8 and BLE* (byte
low enable) applies to D7:0. If both BHE* and BLE* are asserted, 16 bits of data
are being transferred.

ADS* (O)

ADS* (address status) indicates the initiation of a valid bus cycle. It also
indicates valid addresses are on the bus.

M/IO* (O)
M/IO* (memory or I/O select) distinguishes memory access from I/O access.

When this signal is high, a memory or halt/shutdown cycle is in progress. When
this signal is low, an /O or interrupt acknowledge cycle is in progress.

D/C* (O)

D/C* (data/control) indicates a data access cycle when high, a control cycle
when low.

Intel386™ MicroComputer Model 300SX Board 2-5



Central Processing Core

W/R* (O)

W/R* (write/read) indicates a data write cycle when high, a data read cycle when
low.

LOCK* (O)

LOCK* (locked bus) prevents access by an external coprocessor until the CPU
completes a read or modifies a byte in memory.

READY* (I)

READY* (transfer acknowledge) indicates the current bus cycle has completed.

HOLD (I)

HOLD (bus hold request) indicates that some device other than the 386SX
microprocessor requires bus mastership.

HLDA (O)

The CPU asserts HLDA (bus hold acknowledge) as a response to a HOLD
request. When in the Hold Acknowledge state, the CPU tri-states its buses.
When HOLD is no longer active, the CPU deactivates HLDA and drives the bus.

INTR (I)

INTR (interrupt request) requests the CPU to suspend program execution and
service all external requests. The CPU samples the INTR line at the beginning of
each processing cycle. INTR must be active at least two processing cycles
before the current instruction ends.
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NMI (I)

NMI (non-maskable interrupt) is an edge-triggered input that causes an interrupt
which cannot be masked by software. NMI has the highest priority of all
interrupts, and is generally not masked by software except during system
initialization.

PEREQ (I)

PEREQ (coprocessor extension operand request and acknowledge) coordinates
data transfer between the CPU and the numeric coprocessor. PEREQ requests
the CPU to perform a data operand transfer to the numeric coprocessor.
BUSY* (I)

BUSY* (coprocessor extension busy) indicates a busy condition from the
numeric coprocessor to the CPU. The CPU program execution stops as long as
the signal remains active.

ERROR* (I)

ERROR* (coprocessor extension error) indicates an error condition of the
numeric coprocessor to the CPU.

RESET (I)

RESET (system reset) clears the internal logic of the CPU. RESET initializes the
CPU with a low-to-high transition.
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2.3.5 Basic CPU Bus Operations

The CPU’s bus control unit manages all bus operations. It generates the
address, data, and command signals for the external memory and I/O

operations, and transfers instructions to the instruction pre-fetch unit. Instructions
are stored in a 16-byte queue while waiting for decoding and execution.

The instruction pre-decode unit receives and decodes the instructions from the
pre-fetch queue. It places them in the decoded instruction queue for use by the
execution unit.

The execution unit performs the basic processing functions. It accepts the
decoded instructions from the instruction pre-decode unit and executes them.

It uses the bus unit to fetch and store operands during the executicn of
instructions. The execution unit does not need to wait for the completion of a bus
cycle before taking in a new instruction.

The address paging unit and segmentation unit provides memory management
and protection services for the CPU. 1t also translates logical addresses into
physical addresses for use by the bus unit. A register cache in the address unit
contains the information used for performing the various memory translation and
protection checks for each bus cycle.

The CPU uses a 32-MHz clock to control the bus timing. The CPU divides this

clock by 2 to produce the internal processing clock which determines the bus
cycles.
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2.3.6

2.4

Intel386™ MicroComputer Model 300SX Board

Pipelined Address Generation

The CPU supports address pipelining for main memory accesses. Address
pipelining is the option of requesting the address and the bus cycle definition of
the next internally pending bus cycle before the current bus cycle is
acknowledged with READY* asserted. ADS* is asserted by the CPU when the
next address is issued. The address pipelining option is controlled on a cycle-by-
cycle basis with the NA* input signal. For more information on pipelined address
generation, refer to the Intel Microprocessor and Peripheral Handbook.

NUMERIC COPROCESSOR

An Intel 387SX numeric coprocessor is socketed on the 300SX board. The
numeric coprocessor uses the same clock generator as the CPU and fully
supports single, double, and extended precision operations. The 387SX is
upward object code compatible with the 8087 and 80287 numeric coprocessors
and completely object code compatible with the 387 numeric coprocessor.

The 300SX board performs high speed mathematical calculations, logarithmic
functions, and trigonometric operations using the numeric coprocessor. The
numeric coprocessor operates in conjunction with the CPU.

The numeric coprocessor provides the 300SX board with additional data types,
registers, instructions, and interrupts specifically designed to facilitate high-speed
numeric processing. The registers in the numeric coprocessor hold constants
and temporary results generated during calculations. Numeric coprocessor
register space can be used as a stack or as a fixed register set.
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2.4.1 387SX™ Data Types

The 387SX fully implements ANSVIEEE 754-1985 standard for binary
floating-point arithmetic. Table 2-1 lists the seven data types that the 387SX
supports.

The 387SX directly extends the CPU instruction set. Extending the instruction set

includes trigonometric, logarithmic, exponential, and arithmetic instructions for all
data types.

Table 2-1. 387SX Data Types

Data Type Precision Range
Word integer 16 bits +104
Short integer 32 bits +100
Long integer 64 bits +1018
Packed BCD 18 digits +1018
Single precision 24 bits +10F38
Double precision 53 bits +10Q 7308
Extended precision 64 bits +10 54932

2.4.2 387SX™ Programming Interface

The 387SX functions as an I/O device through the I/O ports using addresses
8000F8H and 8000FCH for sending opcodes and operands as well as receiving
and storing results. The CPU outputs address 8000F8H when writing a
command or reading status and outputs address 8000FCH when writing or
reading data.

The CPU has two input signals for controlling data transfer to and from the
387SX: BUSY* and PEREQ (387SX request). These input signals connect to the
corresponding 82335 pins.

The BUSY* signal informs the CPU that the 387SX is executing an instruction and

cannot accept another. The CPU WAIT instruction informs the CPU to wait until
the 387SX finishes execution.
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2.5

The PEREQ signal indicates that the 387SX needs to transfer data to or from
memory. Because the 387SX is never a bus owner, all input and output data
transfers are performed by the CPU. PEREQ always goes inactive before BUSY*
goes inactive.

The 387SX asserts an ERROR* signal after an instruction results in an error that
is not masked by the 387SX control register. If an error occurs, ERROR* goes
active before BUSY* goes inactive. As a result, the CPU receives an interrupt. If
a higher priority task does not exist, the CPU services the interrupt.

The 387SX detects six different conditions that may occur during instruction
execution. If the proper execution mask is not set by the control register, the
387SX asserts an ERROR* signal. The ERROR* signal generates a hardware
interrupt holding the 387SX in a busy state until cleared by writing zeroes to
address FOH.

The power-on self-test code in the system ROM enables the hardware interrupt. It
also sets the hardware interrupt vector pointing to a routine in ROM. This routine
clears the latch on the BUSY* signal and transfers control to the address pointed
to by the non-maskable interrupt (NMI) vector. The NMI interrupt handler reads
the 387SX status and determines if the 387SX caused the NMI. If it did not,
control passes to the original NMI interrupt handler.

While the CPU executes numeric programs in either real or protected mode,
interrupts report exception conditions (refer to Table 2-2).

All communication between the CPU and the 387SX is transparent to applications
software. The 387SX operates whether the CPU executes instructions in
real-address mode, protected mode, or virtual-8086 mode. The CPU handles all
memory accesses. The 387SX operates on instructions and values passed to it
by the CPU and is not aware of the processing mode of the CPU.

DATA AND CONTROL BUFFERS

Bidirectional buffers transfer control and data signals between the CPU bus and
the AT/memory buses. Two buffers transfer CPU data (D15:0) and three buffers
transfer CPU addresses (A23:1). Discrete logic provides buffer selection.
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Table 2-2. Exception Conditions While Executing Numeric Programs

Interrupt
Number Cause of Interrupt

7 An ESC instruction was encountered when EM or TS of 386SX
control register zero (CRO) was set. EM = 1 indicates that software
emulation of the instruction is required. When TS is set, either an
ESC or WAIT instruction causes interrupt 7. This indicates that the
current numeric processor extension (NPX) context may not belong
to the current task.

9 An operand of a coprocessor instruction wrapped around an
addressing limit and spanned inaccessible addresses. The failing
numeric instruction is not restartable; its address and data operand
may be lost. The return address on the stack does not necessarily
point to the failing instruction or to the following instruction. The
interrupt can be avoided by never allowing numeric data to start
within 108 bytes of the end of a segment.

13 The first word or double word of a numeric operand is not entirely
within the limit of its segment. The return address pushed onto the
stack of the exception handler points at the ESC instruction that
caused the exception, including any prefixes. The 387SX has not
executed this instruction; the instruction pointer and data pointer
register refer to a previous, correctly executed instruction.

16 The previous numeric instruction caused an unmasked exception.
The address of the faulty instruction and the address of its operand
are stored in the instruction pointer and data pointer registers. Only
ESC and WAIT instructions can cause this interrupt. The 3865X
return address pushed onto the stack of the exception handler
points to a WAIT or ESC instruction (including prefixes). This
instruction can be restarted after clearing the exception condition in
the NPX.
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Intel 82335
High-Integration Interface Device

3.1

3.2

INTRODUCTION

This chapter describes the Intel 82335 High-Integration Interface device. An
overview of the functions of the 82335 is presented, followed by descriptions of
the internal functional blocks. This chapter also provides information on the

300SX board’s dynamic random access memory (DRAM) resources. The
chapter concludes with a description of the pin functions of the 82335.

82335 OVERVIEW
The Intel 82335 interfaces the 386SX microprocessor to the 387SX numeric
coprocessor and to the Intel 82230/82231 chip set. The 82335 converts CPU
bus cycles into 80286 compatible cycles, generates necessary clock signals, and
provides dynamic memory control.
The 82335 is composed of the following seven functional blocks.

® Dynamic random access memory (DRAM) controller

® Address mapper/decoder

® Ready generator

e Bus cycle translator

® Numeric coprocessor interface
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e Clock generator/reset synchronizer

e Parity generator/checker

See Figure 3-1 for a block diagram of the 82335 device.

EFl—> Clock Generator > CLK2, PCLK#
and
. : PARH, PARL
Reset <] Reset Synchronizer Parity . '
Generator PERROR#
and Checker
Do0-D15
A1-A23 4 |
Address Mapper
Romes, and Decoder
Imegcs, €— >
Obmem Dynamic Memory
RAM Control
Controller Signals

Cycle
Translator

386SX™
CPU <
Status

Coprocessor
Interface

Ready

Generator Ready

Coprocessor 80286 Status
Status

A10046

Figure 3-1. 82335 Block Diagram
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3.3

3.3.1

3.3.2

Intel386™ MicroComputer Model 300SX Board

DRAM CONTROLLER

The DRAM controller keeps track of CPU bus states and provides the necessary
signals to address and refresh up to four 16-bit banks of 1Mb DRAMSs. It has
built in support for both paging and bank interleaving, and is configured for fast
page 100 ns DRAM memory modes.

The DRAM controller can also be configured to operate in either turbo or
non-turbo mode. In non-turbo mode, a fixed number of bus states (six per
memory cycle) are used for all local memory accesses. The TURBO* input must
remain static during local memory bus cycles.

DRAM Resources

The 300SX board has 2M of RAM installed, which can be expanded to 4M.
Single in-line memory modules (SIMMSs) are used for all system RAM.

ONBOARD RAM SIMMS

Onboard RAM SIMMSs are small boards containing nine surface-mount dynamic
random access memory (DRAM) chips. The SIMMs are organized in a 1Mb x 9
configuration. Each of the two SIMM sockets contain two SIMMSs, for a maximum
of four SIMMs on the system board. Refer to Appendix H for information on
installing SIMMs.

DRAM Bank Configuration

The local DRAM system can be configured into one or two banks (2 to 4 SIMMs)
of 1M x 16-bits each. Each 16-bit bank of memory is further divided into two 8-bit
banks, low and high. Each 8-bit bank contains one extra bit for parity. The
300SX board contains a standard 2M of DRAM with an additional 2M optionally
available (4M total configuration).
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The BIOS firmware automatically determines the amount of onboard memory
installed and configures the 82335 accordingly. The Setup program allows you
to configure the memory between 512K and 1M. Figure 3-2 illustrates memory
allocation for the system.

16M
BIOS
FEOOOOH
OFFFFFH 1024K

Onboard Video BIOS
/\/ OEOOOOH 896K

/\/ / Offboard Video BIOS*
0CO000H 768K

/ Expanded Memory

OAQO0OOH 640K

ngr:ged Conventional Memory

v Enabled in Setup
080000H 512K
Conventional
Memory
0 0K
1024K
* [f Offboard Video is Shadowed,
the Area from C8000H to DFFFFH
oK is Set to Zero.

A10008

Figure 3-2.  300SX Memory Address Map
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The 82335 internally decodes the address lines A23:1 from the CPU and outputs
multiplexed row and column addresses (MA9:0), row address strobe (RAS),
column address strobes (CASL and CASH), and write enable (WE) signals for
local memory accesses. Each bank has separate RAS, CASL, and CASH signals

(see Figure 3-3).

MA9:0 D15:0
Ny |
10 2 Bank 0
WE*
>
RAS0* CASLO* CASHO* >| MBx18 |<—>
3
2
> Bank 1 < >
82335
RAS1* CASL1* CASH1* N
21 1IMBx18 |¢
3 <
16
<> PARL PARH
2
DIR DEN*
e
Buffers < >
To/From : : < >
386SX
A10010
Figure 3-3. 82335 to DRAM Interface
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3.3.3 Page-Mode DRAM Operation

A DRAM read or write access requires a row and column address. Successive
memory accesses to the same row address and memory page (a page-hit
memory access) only require a new column address. During a page-hit memory
access, RAS* is kept active, and only a new CAS* is generated. Row addresses
are taken from the higher order address bits, providing effective page-mode
DRAM operation during successive memory accesses to the same page.

3.3.4 Page-Mode Bank Interleave Operation

A larger page size increases the chance of a page-hit memory access. One
page of memory is kept active per bank. In a two bank DRAM configuration, a
maximum of two pages of memory are kept active at a time. A successive
memory access to an active page in a different bank (a page-hit-bank-miss)
does not require a new row address and additional wait states. This increases
the DRAM page size by a factor of two.

The 82335 has four built-in watch-dog timers to keep track of RAS* active time.
Once timed out, the timer forces RAS* of the corresponding bank to be
deactivated at the end of the memory cycle such that the maximum RAS* active
time of the DRAM will not be violated.

3.3.5 Refresh Cycle

The 82335 generates its own DRAM refresh address with a 10-bit refresh
counter. The counter increments by one every refresh cycle. During a refresh
cycle, the refresh address appears on MA9:0, followed by the activation of
RAS(3:0)* in staggered cycles.
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3.4

34.1

Intel386™ MicroComputer Model 300SX Board

ADDRESS MAPPING/DECODING OPTIONS

The address mapping and decoding options consist of ROM and video RAM
shadowing, and address rolling. Selection of these options is done via
programming of the configuration, roll compare, and address compare registers.

Shadowing

Shadowing refers to copying data from slow memory devices (ROM) to DRAM.
Independent shadowing can be selected for the BIOS ROM, adapter ROM, and
video RAM by programming the ROMEN?*, ENADP*, and ENV* bits, respectively,
of the configuration register. Figure 3-4 is a diagram of the shadow RAM
address map.

BIOS ROM and adapter ROM contents must be copied to the shadow DRAM
area before setting the lock bit in the configuration register. Once the lock bit is
set, both DRAM areas are read only. Also, enabling video RAM shadowing and
setting the video read only (VRO) bit in the configuration register causes this
shadowed DRAM area to be read only. The Setup program allows you to control
the shadowing of BIOS and onboard ROM or offboard ROM.
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3.4.2

System BIOS and
OFFFFFH Onboard Video BIOS
OEOOOOH
Adapter ROM
0CO000H
OAOCOOH Video RAM
Local DRAM Address Space
A10012

Figure 3-4. Shadow RAM Address Map
Roll Address Mapping

Roll address mapping is a method of utilizing DRAM memory space that may not
otherwise be accessible. By not selecting BIOS ROM, adapter ROM, or video
RAM shadowing, addresses generated in these areas access the ROMs or video
RAM. Any local DRAM with the same physical addresses as the ROMs or video
RAM cannot be directly addressed. To allow access to this DRAM space, the
82335 re-maps or rolls logical addresses above the top of the available memory
in 128K segments.
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There are four 128K segments of physical memory (512K total) that can be
re-mapped. These segments are in the top half of the lowest megabyte of
memory (see Figure 3-1). The programmed memory configuration register bits
(ROMEN*, S640, ENADP*, and ENV*) control which segments are available for
re-mapping. The programmed roll compare registers enable roll address
mapping and specify the logical addresses to be re-mapped. Figure 3-5
diagrams a memory address map illustrating roll address mapping. The Setup
program, described in Chapter 11, allows you to control address rolling.

128K A
128K
¢
128K
128K
Top of Physical
Memory A
Logical
Addresses
Re-mapped to
Physical Logical
Addresses Address
Space
™
128K BIOS ROM
Physical
128K Adapter ROM Address
{ Space
128K ]
640K Video RAM
128K
512K
Y Y
A10014
Figure 3-5. Roll Address Mapping Range
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3.4.3 Address Mapping and DRAM Control Registers

There are five registers in the 82335 that control the operation of the address
mapping and DRAM control options.

® Memory configuration register (MCR)
® Roll compare registers (RC1 and RC2)
® Address range compare registers (CCO and CC1)
Each register resides in the local /O space of the 82335 and is read/write active
until the LOCK bit is set in the memory configuration register.
MEMORY CONFIGURATION REGISTER
The memory configuration register (MCR), located at I/O address 22H, selects a

number of address mapping and DRAM control options. At reset, all register bits
are set to zero. Table 3-1 lists the MCR bit assignments.

3-10 Intel386™ MicroComputer Model 300SX Board



Intel 82335 High-Integration Interface Device

Table 3-1. Memory Configuration Register Bit Assignments
Bit Name Function
0 ROMEN* 0 = Enable BIOS ROM/EPROM accesses
(OEOOOOH-OFFFFFH)
1 = Disable BIOS ROM/EPROM accesses,
shadow enabled
3 S640 0 = Base memory size is 512K
1 = Base memory size is 640K
4 DSIZE 0 = 256K x 1 or 256K x 4 DRAMS installed
1= 1Mx 1 DRAMs installed
7,6 INTERL 00 = 1 memory bank installed
01 = 2 memory banks installed
10 = 3 memory banks installed
11 = 4 memory banks installed
8 ROMSIZE 0 = 256K ROM/EPROM
1= 512K ROM/EPROM
9 ENADP* 0 = Enable adapter ROM/EPROM accesses
(OCO000H-ODFFFFH)
1 = Disable adapter ROM/EPROM accesses,
shadow enabled
10 ENV* 0 = Enable video RAM accesses
(OAOOOOH-OBFFFFH)
1 = Disable video RAM accesses,
shadow enabled
11 VRO 0 = Video area read-write
1 = Video area read-only
15 LOCK 0 = Enable all configuration register accesses
1 = Disable all configuration register accesses

Intel386™ MicroComputer Model 300SX Board
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ROMEN* Bit

The ROMEN™* bit (bit 0) enables or disables shadowing of the BIOS ROM to the
memory address range EOO00H - FFFFFH. Setting the ROMEN* bit to 1 enables
BIOS ROM shadowing. Accesses to this memory address range are from the
DRAM. Setting the ROMEN™ bit to 0 disables BIOS ROM shadowing. Accesses
to this memory address range are from the BIOS ROM. Disabling adapter ROM
shadowing allows this memory address range to be remapped above the top of
the physical address space. Since onboard video ROM resides in memory
address range OE0000 - OEFFFFH, setting the ROMEN* bit to 1 also shadows
onboard video ROM.

5640 Bit

The S640 bit (bit 3) selects the base memory size. When set to 0, the S640 bit
indicates a base memory size of 512K. When set to 1, the S640 bit indicates a
base memory size of 640K.

DSIZE Bit

The DSIZE bit (bit 4) indicates the type of DRAM installed. For the 300SX board,
the DSIZE bit is set to 1 (1Mb x 1 DRAM installed).

INTERL Bits

The INTERL bits (bits 6 and 7) indicate the number of memory banks installed.

For the 300SX board, the INTERL bits are set to 00 (one memory bank installed).
When an additional bank of memory is installed (2M), these bits are set to 01.
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ROMSIZE Bit

The ROMSIZE bit (bit 8) indicates the size of the installed ROM. For the 300SX
board, the ROMSIZE bit is set to 1 (512K-bit ROM installed).

ENADP* Bit

The ENADP* bit (bit 9) enables or disables shadowing of the adapter ROM to the
memory address range 0CO000H - ODFFFFH. Setting the ENADP* bit to 1,
enables adapter ROM shadowing. Accesses to this memory address range are
from the DRAM. Setting the ENADP* bit to 0, disables adapter ROM shadowing.
Accesses to this memory address range are from the ROM. Disabling adapter
ROM shadowing allows this memory address range to be re-mapped above the
top of the physical address space.

ENV* Bit

The ENV* bit (bit 10) enables or disables shadowing of the system video RAM to
the memory address range AOOOOH - BFFFFH. Setting the ENV* bit to 1,
enables video RAM shadowing. Accesses to this memory address range are
from the DRAM. Setting the ENV* bit to 0, disables video RAM shadowing.
Accesses to this memory address range are from the video RAM. Disabling
video RAM shadowing allows this memory address range to be re-mapped
above the top of the physical address space.

VRO Bit
During video RAM shadowing, the VRO bit (bit 11) selects either read/write
access or read only access from the video RAM area (A0000 - BFFFFH). When

set to 1, the VRO bit allows read only access to the video RAM area. When set to
0, the VRO bit allows read/write access to the video RAM area.
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LOCK Bit

The LOCK bit (bit 15) enables or disables external access to the configuration,
roll compare, and address range compare registers. Setting the LOCK bit to O,
creates the following conditions:

® The configuration, roll compare, and address range compare registers are
read/write active at even I/O addresses from 22H - 2BH.

e The status outputs SO* and S1* are not generated for these even I/O
addresses.

® The shadowing DRAM area is available for both reading and writing.
Setting the LOCK bit to 1, creates the following conditions:

® The configuration, roll compare, and address range compare registers are
not accessible.

® The status outputs SO* and S1* are generated for /O addresses between
22H and 2BH.

® The shadowing DRAM area is read only with the exception of AOOOOH to
BFFFFH if the VRO bit is cleared.

Once the LOCK bit is set to 1, the configuration, roll compare, and address
compare registers can only be accessed by resetting the system.

When writing to the 82335 registers, all bits are written over. Care should be
taken to insure that all data bits written are set for the intended operation.
ROLL COMPARE REGISTERS

There are two roll compare registers, RC1 and RC2, located at |/O addresses
24H and 26H, respectively. These registers re-map logical addresses into

physical addresses above the physical address space. Table 3-2 lists the RC1
and RC2 bit assignments.
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Table 3-2. Roll Compare Registers Bit Assignments

Bit Name Function
0 EN Enables roll address mapping
7-1 Address Mask Selects address bits to be included in re-mapping

comparison (M23:17)

15-9 Compare Data Selects address range to be re-mapped (C23:17)

In roll address mapping, the output of the roll comparator activates the address
mapper and causes an address roll-over. This is accomplished by using the
address bits A23:17, and the three outputs from each roll compare register:
compare enable, address mask, and compare data. Each time the 82335
receives a new address, it compares the address bits A23:17 with the compare
data C23:17 using M23:17 as a mask.

ADDRESS RANGE COMPARE REGISTERS

There are two address range compare registers, CC0 and CCH, located at I/O
addresses 28H and 2AH, respectively. They are used to decode the onboard
memory address range. Table 3-3 lists the CCO and CC1 bit assignments. At
reset, CCO is enabled and CC1 is disabled.

Table 3-3. Address Range Compare Registers Bit Assignments

Bit Name Function
0 EN Enables address range comparison
7-3 Address Mask Selects address bits to be included in address

range comparison (M23:19)

15-11 Compare Data Specifies top of address range (C23:19)
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3.4.4

3-16

The onboard memory address range is decoded in a similar manner as the
roll-over address range. Each address range comparator accepts address
inputs A23:19, compare data C23:19, mask data M23:19, and enable bit EN.
Each comparator compares A23:19 with C23:19 using M23:19 as a mask.

Chip Select Signals

The address mapper/decoder uses the configuration, roll compare, and address
range compare register contents along with input addresses to generate the
following output signals:

ROMCSO0* ROM 0 chip select

ROMCS1* ROM 1 chip select

LMEGCS* Lower meg chip select

OBMEM  Onboard memory address range

The ROM chip select signals are functions of the ROMSIZE, and ROMEN* bits in
the configuration register as well as the input address. Enabling ROM shadowing
(ROMEN* = 1) disables the ROM chip select outputs. Disabling ROM
shadowing activates the ROM chip select outputs as follows:

If ROMSIZE = 0 (256K ROM)
ROMCSO0* decodes the address ranges OEOOOOH:EFFFFH
and FEOOOOH:FEFFFFH.
ROMCS1* decodes the address ranges OFO000H:OFFFFH
and FFOOOOH:FFFFFFH.

If ROMSIZE = 1 (512K ROM)
ROMCSO0* decodes the address ranges OEOO0OH:OFFFFFH
and FEOOOOH:FFFFFH.
ROMCS1* is inactive.
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The lower meg chip select output (LMEGCS) is a function of both the input
address and M/IO* inputs. Decoding a memory address within the first
megabyte of memory activates LMEGCS. LMEGCS is inactive during I/O cycles.

The onboard memory output (OBMEM) is a function of the address range
comparators, roll comparators, and the bits in the configuration register
(ROMEN*, ROMSIZE, DSIZE, and S640). OBMEM differentiates local DRAM
access from system RAM, ROM, or I/O accesses. During system memory
addressing, the OBMEM output is inactive and the NA* output is deactivated to
extend the CPU address long enough to be latched onto the system address
bus.

3.5 READY GENERATOR

The 82335 indicates completion of the current bus cycle to the CPU with the
READYSX* signal. The ready generator determines the appropriate number of
wait states (if any) to insert and activates the READYSX* output at the correct
time. Zero wait states occur during a page-hit bank-hit and a page-hit
bank-miss. Two wait states occur during a page-miss bank-hit and a page-miss
bank-miss. One wait state occurs during a new RAS cycle.

The ready generator has three external inputs: READY286*, READYNPX*, and
EXTRDY. The READY286* input, driven by the 82230 READY* pin, identifies the
completion of system bus cycles. The READYNPX* input indicates the
completion of numeric coprocessor bus cycles. The level-triggered EXTRDY
input directly gates READYSX*. The READYSX* output is held inactive until the
EXTRDY input is sampled active. EXTRDY extends bus cycles when using slow
peripherals or off-board memory. Setup and hold times for these inputs must be
met to guarantee correct operation.
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3.6 BUS CYCLE TRANSLATOR (BCT)

The 82335 has a built-in interface unit that translates 386SX control signals to
80286 control signals. The bus cycle translator (BCT) identifies the bus cycle
being performed, monitors the CPU T-states, and outputs 80286-like bus control
signals to the 82330/82331 chip set and other components on the system board.

As the BCT monitors control inputs from both the CPU and the 82231, it
determines what type of cycle is being requested. The bus tracker monitors the
timing of the bus cycle and simultaneously outputs 80286-type bus control
signals when one of the following cycles is being requested:

® |/O access

® System memory access

e Halt/shutdown

® |Interrupt
The control signals output are S0*, S1*, and M/I0286*. The SO* and S1*
outputs are not activated for local memory accesses, or for accesses to the
82335 device I/O.
In addition to controlling status output to the 82230/82231 chip set, the BCT also
controls the hold request (HRQSX) input to the CPU. The BCT translates a hold
request signal from the 82230 (HRQ286) into a 386SX processor-compatible
output (HRQSX). The CPU responds with a hold acknowledge (HLDASX) to the

82335. The 82335 translates this signal into a HLDA output to the 82230/82231
chip set.
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3.7 NUMERIC COPROCESSOR INTERFACE

The 82335 automatically senses when a humeric coprocessor is installed. If a
numeric coprocessor is not installed, REFRESH* toggles BUSYSX* and
PEREQSX is forced low. The numeric coprocessor interface is diagrammed in
Figure 3-6.

A numeric exception latches BUSYSX* low and forces PEREQSX high. This
holds processing on the CPU until numeric coprocessor transfers are completed.
The ERROR* output from the numeric coprocessor becomes active, causing the
82230 to issue an interrupt request (IRQ13). The interrupt handler performs an
IOWR cycle to address OxFOH, clearing the BUSY latched hardware. The
interrupt handler clears the numerics ERRORNPX signal and normal operation
resumes.
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A10016

Figure 3-6. Numeric Coprocessor Interface
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3.8 CLOCK GENERATOR/RESET SYNCHRONIZER

The clock generator synchronizes the CPU, numeric coprocessor, and
peripherals by converting an input frequency into system clock outputs (CLK2
and PCLK*). A 32-MHz external oscillator, connected to the 82335 EFI pin,
provides the input frequency. The internally buffered EFI input is output to the
CPU and numeric coprocessor through the CLK2 output. The EFI input, divided
by two (16 MHz), also provides the clock output (PCLK*) for the 82230/82231.

The reset synchronizer receives the RESETCPU and SYSRESET inputs from the
82230 and generates the synchronous outputs RESETSX and RESETNPX. When
the SYSRESET signal is activated, both the RESETSX and RESETNPX outputs
are asserted to reset the entire system. Activating the RESETCPU input
generates the RESETSX output and resets the CPU. RESETCPU and SYSRESET
are asynchronous inputs.

3.9 PARITY GENERATOR/CHECKER

The 82235 has a built in parity generator and checker to maintain data integrity
for the DRAM. The parity generator/checker has data bus input/outputs D15:0,
and two parity input/output pins, parity high byte (PARH) and parity low byte
(PARL). The three-state PARH and PARL I/O pins directly drive the DRAMs
without data transceivers.

During memory write cycles, the internal parity generator evaluates the D15:0
pins, and outputs PARH and PARL to the DRAM. During memory read cycles,
combined DRAM data (D15:0) and parity outputs (PARH and PARL) are checked
for parity errors. A detected parity error asserts parity error pin PERROR*.

A parity register bit, provided within the 82335, resets the PERROR* output. Bit 2
of the I/O address 61H is the PARCHKEN (parity check enable) bit.

Programming the PARCHKEN bit to 0 enables local DRAM parity checking. The
register at I/O address 61H is write-only and cannot be read.
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3.10 82335 SIGNALS
This section describes the signals present at the /O pins of the 82335. A name
followed by an 'l" in parenthesis, such as ADS* (1), means the signal is an input.

Names followed by an "O" in parenthesis, such as CLK2 (O), are outputs. Names
followed by "I/O", such as D15:0 (I/0), are input/output signals.

3.10.1 A(23:1) (I)
A23:1 (address inputs) select the dynamic RAM address for a memory read or
write operation.

3102  A20GATE (I)

The keyboard/mouse controller uses the A20GATE input to force A20 low. When
A20GATE is low, A20 is forced low internal to the 82335 during CPU memory
cycles (not DMA or master). When A20GATE is high, A20 follows the CPU
address input from the A20 pin.

3103  ADS*(I)

ADS* (address status) indicates a valid, CPU driven, bus cycle definition and
address (W/R*, M/IO*, D/C*, BLE*, BHE*, and A23:1).

3104  BHE*(I)

BHE* (byte high enable) indicates when data is being transferred on D15:8 (the
physical address of the high byte of a 16-bit data word).

3105  BLE*(I)

BLE* (byte low enable) indicates when data is being transferred on D7:0 (the
physical address of the low byte of a 16-bit data word).
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3.10.6 BUSYNPX* (I)

BUSYNPX* indicates a busy numeric coprocessor. BUSYNPX* is connected
directly to BUSY* of the numeric coprocessor.

3.10.7 BUSYSX* (O)

BUSYSX* indicates a busy numeric coprocessor. BUSYSX* is connected
directly to BUSY* of the CPU.

3108  CASH(3:0)* (O)

CASH(3:0)* (column address strobe high byte) is used by the high byte of the
DRAM array to latch the column address present on the MA9:0 pins.
CASH(3:0)* directly drives the DRAM array.

3109  CASL(3:0)* (O)

CASL(3:0)* (column address strobe low byte) is used by the low byte of the
DRAM array to latch the column address present on the MA9:0 pins. CASL(3:0)*
directly drives the DRAM array.

31010 CLK2(O)

CLK2 (32 MHz) drives the CPU and numeric coprocessor input clocks. The CPU
and the numeric coprocessor internally divide CLK2 by two.

31011  D/C*(I)

D/C* (data/control select) distinguishes between data and control bus cycles.
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31012 DEN*(O)

DEN* (data enable) enables the transfer of data between the DRAM array and
the local data bus.

31013 DIR (O)

DIR (direction) controls the direction of the data transceivers. An active DIR
indicates data is being written into memory.

310.14 D15:0 (/O)

During initialization of the 82335, D15:0 (data bus) write and read control words
to and from the internal memory configuration registers. The 82335 uses D15:0
for parity generation and checking of data transferred between the bus and the
DRAM array.

3.10.15 EFI(I)
EFI (external frequency in), driven by an external oscillator (32 MHz), generates

the CLK2 and PCLK* output clocks. The EFl input also drives all internal 82335
logic.

31016 ERROR*(I)

The ERROR* input indicates when a numeric coprocessor error has occurred.
ERROR* connects directly to the ERROR* output of the numeric coprocessor
and the ERROR* input of the 82230.
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3.10.17 EXTRDY (I)
EXTRDY (external ready) inserts additional wait states into CPU bus cycles.

Deactivation of EXTRDY during a bus cycle delays the active edge of the 82335
READYSX* output until the EXTRDY input is sampled active.

3.10.18 FM and MMS ()
The FM and MMS inputs select the DRAM operating mode. FM and MMS are

tied high, which selects the mode for fast 100 ns DRAM. This mode allows up to
four pages to be active simultaneously.

31019 HLDA (O)

HLDA (hold acknowledge) indicates the CPU has relinquished control of the local
bus. It is asserted in response to activation of the HLDASX input from the CPU.

31020 HLDASX (I)

The CPU asserts HLDASX (hold acknowledge SX) in response to the assertion of
the CPU’s HOLD pin; indicating the CPU has relinquished control of the bus.

31021 HRQ286 (I)

The 82231 drives HRQ286 (CPU hold request) when requesting DMA or refresh
cycles.

31022 HRQSX (O)

HRQSX (CPU hold request) drives the CPU’s HOLD input. HRQSX is the
HRQ286 input synchronized to CLK2.
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31023 LMEGCS* (O)

LMEGCS* (lower meg chip select) decodes A23:20 and M/IO* for memory
accesses in the lowest megabyte of the 386SX address range.

3.10.24 MA9:0(O)
MA9:0 (multiplexed address) provides the row and column addresses for CPU or
DMA access, and row addresses for refresh access to the DRAM array.

3.10.25 MEMR* (I)

MEMR* (memory read command) indicates an 82230 memory read cycle. The
82235 uses this signal for memory control during DMA cycles.

3.10.26 MEMW* (I)

MEMW?* (memory write command) indicates an 82230 memory write cycle. The
82235 uses this signal for memory control during DMA cycles.

31027 M/IO* (I)

M/IO* (memory/IO select) distinguishes between memory and I/O accesses.

3.10.28 M/10286* (O)

M/10286* (memory 1/O select 286) emulates the M/IO* output of the 80286. The
82230/82231 and other system peripherals use M/I0286* to distinguish memory
access from I/O access. It also indicates halt/shutdown and interrupt
acknowledge cycles.
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3.10.29 NA*(O)
NA* (next address) controls the address pipelining of the CPU. Asserting NA*

validates the address of the next bus cycle in the T2P state of the current bus
cycle. The 82335 asserts this signal during local DRAM bus cycles.

3.10.30 OBMEM (O)

OBMEM (onboard memory) indicates the current bus cycle is to local DRAM.
The 82235 internally decodes the A23:1 and the M/IO* and D/C* inputs.

3.10.31 PARH (I/O)
PARH (parity high byte) is the upper byte parity bit of data on the bus (D15:8).
For memory write cycles, the 82335 outputs the internally generated parity bit to

the DRAM array via the PARH pin. During a memory read, the 82335 uses the
data received at PARH to validate the upper byte of data from the DRAM array.

310.32 PARL (I/O)

PARL (parity low byte) is the lower byte parity bit of data on the local bus (D7:0).
Its function is identical to the PARH pin.

3.10.33 PCLK* (O)
PCLK* (processor clock) drives the 82230 X3 pin. PCLK* is the EFIl input

(32 MHz) divide by two (16 MHz), and is equivalent to the 2X clock of an 8 MHz
80286.

3.10.34 PEREQNPX (I)

PEREQNPX (processor extension request NPX) indicates the numeric
coprocessor requires a data transfer.
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3.10.35

3.10.36

3.10.37

3.10.38

3.10.39

3.10.40

3-28

PEREQSX (O)

PEREQSX (processor extension request SX) requests the CPU to transfer data to
or from the numeric coprocessor.

PERROR* (O)

PERROR* (parity error) indicates that the 82235 has detected a parity error in
either the upper or lower byte of data from the DRAM array.

RAS(3:0)* (O)

RAS(3:0)* (row address strobe) is used by the DRAM array to latch the row
address present on the MA9:0 pins. RAS(3:0)* supports up to a four-way
interleaved DRAM configuration with page-mode access and drives the DRAM
array directly and needs no external drivers.

READY286* (I)

READY286* indicates a completed I/O bus cycle.

READYNPX* (I)

READYNPX* indicates a completed numeric coprocessor bus cycle.

READYSX* (O)

READYSX* indicates a completed current bus cycle to the CPU. Its output is a
function of the internally generated memory ready signal, and the READY286*,
READYNPX*, EXTRDY, and TURBO* inputs.

Intel386™ MicroComputer Model 300SX Board



Intel 82335 High-Integration Interface Device

3.10.41

3.10.42

3.10.43

3.10.44

3.10.45

3.10.46

Intel386™ MicroComputer Model 300SX Board

REFRESH* (I)

REFRESH* notifies the DRAM controller that the DRAM array requires refresh.

RESETCPU (1)

RESETCPU is activated during system power up, or when the CPU generates a
HALT status.

RESETNPX (O)

RESETNPX drives the RESETIN pin of the 387SX. It is active only during system
power up or a front-panel reset.

RESETSX (O)

RESETSX drives the RESET pin of the 386SX processor. RESETSX is the logical
OR of the SYSRESET and RESETCPU inputs.

ROMCS(1:0)* (O)

ROMCS(1:0)* (ROM chip select) selects the ROMs during system initialization.
Once the ROM contents are copied into the DRAM space, the ROMCS* outputs
are disabled and the ROM addresses are mapped into the DRAM physical
address space by the 82335.

S(1:0)* (O)

S(1:0)* (bus cycle status) indicates the initiation of a system bus cycle and, along
with M/I0286*, defines the type of bus cycle.
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31047 SYSRESET (I)

SYSRESET is driven active during system power up or a front-panel reset.

3.10.48 TEST(1:0) (I)

TEST(1:0) (test mode) is reserved for special test modes. These test inputs are
pulled inactive during normal operations.

3.10.49 TURBO*(I)
When asserted, (turbo mode select) TURBO* allows the CPU local bus to run at
maximum performance. Deactivating the TURBO* input causes the 82335
READY generation logic to insert additional wait states into each bus cycle. In

the non-turbo mode, CPU performance approximates 8 MHz 80286 bus
efficiency.

31050 WE* (O)

WE* (write enable) is used by the DRAM array to enable input for a write
operation. WE* drives 4M of DRAM with no additional buffering.

31051  W/R*(I)

W/R* (write/read select) distinguishes between read and write cycles from the
CPU.
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4.1 INTRODUCTION
This chapter describes the Intel 82230/82331 Chip Set. These two devices work
together to provide a high integration PC AT interface on the 300SX board. The
chapter begins with an overview of the 82230/82331 Chip Set and concludes with
a detailed description of these devices. For additional information on the

82230/82231 Chip Set, refer to the Intel Microprocessor and Peripheral
Handbook.

4.2 82230/82331 OVERVIEW

The Intel 82230/82231 is a high integration chip set (see Figures 4-1 and 4-2).
The 82230 performs the functions of the following devices:

e A 6818 real time clock/RAM
e Two Intel 8259A programmable interrupt controllers
e AnIntel 82284 clock generator and ready interface

e An Intel 82288 bus controller
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4.3

4-2

The 82231 performs the functions of the following devices:
e AnIntel 8254 programmable interval timer
e Two Intel 8237 direct memory access controllers
® A 74L.S612 memory mapper
® AnIntel 8284A clock generator

For information on the 82284, 82288, and the 8284A, refer to the Intel
Microprocessor and Peripheral Handbook. For information on the 74L.S612, refer
to the manufacturer's data sheet.

6818 REAL TIME CLOCK (RTC)

The 300SX board uses an RTC module of the 6818 as its real-time clock and
configuration memory. The 6818 is contained in the Intel 82230 portion of the
Intel 82230/82231 Chip Set. The RTC module combines a complete time-of-day
clock with alarm, 100-year calendar, a programmable periodic interrupt, and 50
bytes of low power static random access memory (SRAM) for the user. System
provisions allow the RTC to operate in a low power mode and protect the
contents of both the RAM and clock during system power-up and power-down.
The battery maintains clock and calendar information in the RAM. The system
does not charge the battery. If the battery fails, it must be replaced. Figure 4-3
illustrates the memory map for the RTC.
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Figure 4-1. 82230 Block Diagram
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Figure 4-2. 82231 Block Diagram
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4.3.1 RTC RAM I/O Operations

The RTC sets the system time and date. The RTC updates at one-second
intervals and automatically adjusts at the end of months and leap years.

Writing the corresponding index address to I/O port 70H allows reading and
writing of the 64 locations in the RTC. The RTC address register latches the
address and points to the specified byte in the RTC.

Values can be written to or read from all 64 bytes except for the following read
only bytes:

e Status registers C and D
e High-order bit (bit 7) of status register A

e High-order bit (bit 7) of the seconds byte
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Figure 4-3. RTC Memory Map
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4.3.2

Intel386™ MicroComputer Model 300SX Board

Perform the following two steps when writing data into the RTC/RAM:

1. Write the RAM address (data = 00H through 3FH) into
I/O port address 70H.

2. Write the data byte into I/O port 71H.

Perform the following two steps when reading data from the RTC/RAM:

1. Write the RAM address (data = 00H through 3FH) into
I/O port address 70H.

2. Read the data byte from /O port 71H.

=> NOTE
I/O port address 70H is also an output port for the NMI mask. Data bus bit
7 connects to the NMI mask bit and bits 0 through 5 connect to the
RTC/RAM address lines.

During normal operation, the RTC performs an update cycle once every second.
Divider bits DV2:0 and the SET bit in register B determine the performance of an
update cycle. Divider bits DV2:0 must not be cleared and the register B set bit
must be cleared. During an update, the lower ten registers are not available to
the CPU. The update cycle increments the clock/calendar registers and
compares them to the alarm registers. An interrupt is issued if a match occurs
between the two sets of registers (with enabled alarm and interrupt control bits).

RTC Internal Addressable Locations

The 64 addressable locations in the RTC are divided into 10 bytes containing the
time, calendar, alarm data, four control and status bytes, and 50 general purpose
RAM bytes (refer to Table 4-1). Table 4-1 also details the internal register/RAM
organization of the RTC.
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Table 4-1.  Real-time Clock Address Map

Function Index
Seconds 00
Seconds Alarm 01
Minutes 02
Minutes alarm 03
Hours 04
Hours alarm 05
Day of week 06
Date of month 07
Month 08
Year 09
Status register A 0A
Status register B 0B
Status register C ocC
Status register D 0D
Diagnostic status byte OE
Shutdown status byte OF
Floppy disk drive type byte 10
Intel reserved 11
Fixed disk type byte 12
Intel reserved 13
Equipment byte 14
Low base memory byte 15
Requested high base memory byte 16
Requested low expansion memory byte 17
High expansion memory byte 18
Drive C extended type byte 19
Drive D extended type byte 1A
Intel Reserved 1B-1E
Features installed 1F
Drive type 48 parameters 20-27
Cache/shadow/setup 28
Intel reserved 29-2D
2-byte CMOS RAM checksum 2E-2F
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Table 4-1. Real-Time Clock Address Map (continued)

Function Index
Actual low expansion memory byte 30
Actual high expansion memory byte 31
Date century byte 32
Setup information 33
CPU speed 34
Drive type 49 parameters 35-3C
Reserved for user 3D-3F

TIME, CALENDAR, AND ALARM BYTES

The CPU obtains time and calendar information by reading the appropriate
locations in the RTC. Writing to these locations initializes the time, calendar, and
alarm information. Information stored in these locations are in binary coded
decimal (BCD) format.

Before initializing the internal registers, the set bit in register B must be set to 1 to
prevent RTC updates. Once set, the CPU initializes the first 10 locations in BCD
format and the set bit is cleared.

Once initialized and enabled, the RTC performs clock/calendar updates at a 1-Hz
rate. During updates, the 10 bytes of time, calendar, and alarm information are
not available for reading or writing by the CPU for 2 ms.

Table 4-2 lists the format for the 10 clock, calendar, and alarm locations. System
software sets the real-time clock to BCD data mode.
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Table 4-2.  Time, Calendar, and Alarm Data Format

Function Index BCD Data
Seconds 00 00:59
Seconds alarm o1 00:59
Minutes 02 00:59
Minute alarm 03 00:59
Hours 04

(12 hour mode) 01:12 (AM)

(24 hour mode) 00:23
Hours alarm 05

(12 hour mode) 01:12 (AM)

(24 hour mode) 00:23
Day of week 06 01:07
Date of month 07 01:31
Month 08 01:12
Year 09 00:99

==> NOTE

The RTC does not affect the 50 bytes of RAM from index address OEH to
3FH. These bytes are accessible during the update cycle.
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4.3.3 Status Registers

The four control and status bytes (status registers A:D) control the operation and

monitor the status of the RTC. These registers, located at index addresses
OAH:0DH, are accessible by the CPU at all times (refer to Tables 4-3 through
4-6).

=> NOTE

A setup program must initialize status registers A through D when setting

the time and date.

STATUS REGISTER A (0AH)

Table 4-3.  Status Register A (0AH)

Bit Function

7 Update in progress (UIP) bit

1 = Thetime update cycle in progress
0 = The current date and time accessed

6.4 Divider selection (DV2:0) bits

These bits control the divider/prescaler on the RTC. They
specify the time-base frequency (in KHz) used. The system
initializes to 010, specifying a time base of 32.768 KHz.

3.0 Rate selection (RS3:0) bits

These bits select the divider output frequency. The system
initializes to 0110, which selects a 1024-Hz divider frequency
and an interrupt rate of 976.562 us.

Intel386™ MicroComputer Model 300SX Board
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4-12

STATUS REGISTER B (0BH)
Table 4-4.  Status Register B (OBH)
Bit Function
7 Set update cycle (SET) bit
1= Abort the update cycle in progress. Set to 1 for system
initialization.
0 = Enable normal update cycle of one count per second.
6 Periodic interrupt enable (PIE) bit
This read/write bit selects an interrupt occurring at a rate specified
by the rate and divider selection bits in register A.
1= Enable the generation of periodic interrupts
0 = Disable the interrupt (default)
5 Alarm interrupt enable (AIE) bit
1= Enable the alarm interrupt
0 = Disable the alarm interrupt (default)
4 Update-ended interrupt enable (UIE) bit

1 Enable the update-ended interrupt
0 = Disable the update-ended interrupt (default)
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Table 4-4. Status Register B (0BH) (continued)

Bit Function

3 Square wave enabled (SQWE) bit

1= Enable the square-wave frequency set by the rate selection
bits in register A
0 = Disable square-wave frequency (default)

2 Date mode (DM) bit
Indicates whether the time and date calendar updates use binary or
the BCD format.

1= Select binary format.
0 = Select BCD format (default)

1 24/12-hour (24/12) bit
Determines whether 24-hour mode or 12-hour mode is set in the
hours byte.

1= 24-hour mode (default)
0= 12-hour mode

0 Daylight savings enabled (DSE) bit

1 = Daylight savings time enabled
0 = Daylight savings time disabled (default)
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STATUS REGISTER C (0CH)

Table 4-5.  Status Register C (0CH)

Bit Function

7 IRQF (interrupt request flag)
Set to 1 when any of the conditions cause an interrupt is true and
the interrupt enable for that condition is true.

6 PF (periodic interrupt flag)

Set to 1 when a transition, selected by RS3:0, occurs in the divider
chain. This bit becomes active, independent of the condition of the
PIE control bit. The PF bit generates an interrupt and sets IRQF if
PIE = 1.

5 AF (alarm interrupt flag)

Set to 1 when a match occurs between the time registers and alarm
registers during an update cycle. This flag is independent of the
condition of the AIE, and generates an interrupt if AIE is true.

4 UF (update ended interrupt flag)
Set to 1 when an update ends. This flag is also independent of the
condition of the UIE, and generates an interrupt if UIE is true.

3.0 Reserved
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STATUS REGISTER D (0DH)

Table 4-6.  Status Register D (0DH)

Bit Function
7 Valid RAM and time (VRT) bit
This read-only bit determines the condition of the RTC internal
battery.
1 = Battery operational
0 = Alow power sense. Indicates a dead battery in the RTC.
6:0 Reserved
4.3.4 Configuration Registers

The configuration bytes provide information on diagnostic status, shutdown
status, equipment, memory, and other configuration parameters (refer to Tables
4-7 through 4-22).
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4-16

DIAGNOSTIC STATUS BYTE (0EH)

Table 4-7.  Diagnostic Status Byte (0OEH)

Bit Function

7 Real-time clock chip battery power status
1= Power off
0= Poweron

6 Configuration record (checksum status indicator)
1= Checksum not valid

0 = Checksum valid

5 Incorrect configuration information
Checks the equipment byte of the configuration record when the
system powers up.

1 Configuration information not valid

0 = Configuration information valid

4 Memory size comparison
1= Memory size different from configuration record
0 = Memory size the same as configuration record

=> NOTE
In order for the configuration information to be valid, power-on check
requires at least one floppy disk drive installed (bit 0 of the equipment byte
set to 1) and the display switch setting matches with the display controller
installed.
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Table 4-7.  Diagnostic Status Byte (OEH) (continued)

Bit Function

3 Initial state of drive C or fixed disk drive controller

1 = Wrong controller or drive C. System cannot boot from drive C.
0 = Correct controller and drive. The system boots from drive C.

2 Time status indicator (post checks)

1 = Time not valid
0 Time valid

1:0 Reserved

SHUTDOWN STATUS BYTE (0FH)

When the CPU resets, the shutdown status byte is set. The reset code identifies
the type of reset and signals the system what to do after the reset. It also
provides a method of resetting the system without losing previously stored data
or returning the system to the real mode from protected mode.

Table 4-8.  Shutdown Status Byte (OFH)

Bit Function
7:0 Reset information
00H = Normal system reset
09H = User software reset (return from protected mode)
01H:08H = Used by hardware self-test
OAH:FFH =  Used by hardware self-test
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4-18

FLOPPY DISK DRIVE TYPE BYTE (10H)

Table 4-9.  Floppy Disk Drive Type Byte (10H)

Bit Function
7:4 First floppy disk drive type
0000 = No floppy disk drive
0001 = 360K drive (5.25-inch)
0010 = 1.2M high-density drive (5.25-inch)
0011 = 720K (3.5-inch drive)
0100 = 1.4M (3.5-inch drive)

0101:1111 = Reserved

3.0 Second floppy disk drive type
0000 = No floppy disk drive
0001 = 360K drive (5.25-inch)
0010 = 1.2M high-density drive (5.25-inch)
0011 = 720K (3.5-inch drive)
0100 = 1.4M (3.5-inch drive)

0101:1111 = Reserved
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FIXED DISK TYPE BYTE (12H)

Table 4-10.  Fixed Disk Type Byte (12H)

Bit Function
7:4 First fixed disk drive type (drive C)

0000 = No fixed disk drive installed

0001:1110 = Types 1-14

1111 = Types 16 - 255 (refer to extended byte 19H)
3.0 Second fixed disk drive type (drive D)

0000 = No fixed disk drive installed

0001:1110 = Types 1-14

1111 = Types 16 - 255 (refer to extended byte 1AH)

EQUIPMENT BYTE (14H)

The hardware self-test uses the equipment byte. The format of the equipment

byte is described in Table 4-11.
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Table 4-11.  Equipment Byte (14H)

Bit Function

7:6 Number of floppy disk drives installed
00 = 1 drive
01 = 2drives
10 = Reserved

11 = Reserved

5:4 Type of video display controller used

00 = Extended functionality controller

01 = Color graphic video display controller in 40-column mode
10 = Color graphic video display controller in 80-column mode
11 = Monochrome display controller

3:2 Not used

1 Presence of a numeric coprocessor
1 = Numeric coprocessor installed
0 = No numeric coprocessor

0 Presence of floppy disk drive

1= Floppy disk drive installed
0 = No floppy disk drive
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LOW AND HIGH BASE MEMORY BYTES (15H AND 16H)

Table 4-12.

Low and High Base Memory Bytes (15H and 16H)

Bit

Function

7:0
7.0

Address 15H (low-byte base size)
Address 16H (high-byte base size)

0100H = 256K RAM
0200H = 512K RAM
0280H = 640K RAM

REQUESTED LOW AND HIGH
MEMORY EXPANSION BYTES (17H AND 18H)

This word indicates the total amount of expansion memory (above 1M) set by the
system configuration program before any unused memory is rolled.

Table 4-13.

Low and High Memory Expansion Bytes (17H and 18H)

Bit

Function

7.0
7:0

Address 17H (low-byte expansion size)
Address 18H (high-byte expansion size)

0200H = 512K RAM expansion
0400H = 1024K RAM expansion
0600H = 153K RAM expansion
3CO00H = 15360K RAM expansion
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DRIVE C EXTENDED BYTE (19H)

Table 4-14. Drive C Extended Byte (19H)

Bit Function

7:0 Addresses 00H:0FH (reserved)
Addresses 10H:FFH (types 16:255)

DRIVE D EXTENDED BYTE (1AH)

Table 4-15. Drive D Extended Byte (1AH)

Bit Function

7.0 Addresses 00H:0FH (reserved)
Addresses 10H:FFH (types 16:255)

FEATURE INSTALLED BYTE (1FH)

Table 4-16.  Feature Installed Byte (1FH)

Bit Function

7:3 Reserved

2 Floppy disk drive A installed
1 Video display installed

0 Keyboard BIOS installed
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CMOS RAM CHECKSUM (2EH AND 2FH)

The CMOS RAM checksum is the sum of the values from addresses 10H through
2DH.

Table 4-17. CMOS RAM Checksum (2EH and 2FH)

Bit Function
7:0 Address 2EH (high byte of checksum)
7.0 Address 2FH (low byte of checksum)

FXD TYPE 48 PARAMETERS (20H - 27H)

Table 4-18.  FXD Type 48 Parameters (20H-27H)

Parameter Function

20H Cylinder low byte

21H Cylinder high byte

22H Number of heads

23H Write pre-compensation start cylinder low byte
24H Write pre-compensation start cylinder high byte
25H Landing zone cylinder low byte

26H Landing zone cylinder high byte

27H Sectors per track
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SHADOW AND ENTER SETUP (28H)

Table 4-19. Shadow and Enter Setup (28H)

Bit Function
7:4 Reserved
3 Enter Setup program at pre-boot only
2 Reserved
1 Video shadow disabled
0 BIOS shadow disabled
=> NOTE
Video BIOS, alone, cannot be shadowed. It must be shadowed with the
system BIOS.
ACTUAL LOW AND HIGH

EXTENDED MEMORY BYTES (30H AND 31H)

The high and low expansion memory bytes represent the total extended memory
(above 1M) determined during system power up and after any unused memory
has been rolled. System interrupt 15H determines extended memory size.
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Table 4-20. Low and High Extended Memory Bytes (30H and 31H)

Bit Function
7.0 Address 30H (low-byte extended memory size)
7:0 Address 31H (high-byte extended memory size)
0200H = 512K RAM extended
0400H = 1024K RAM extended
0600H = 1536K RAM extended
3CO0H = 15360K RAM extended
DATE CENTURY BYTE (32H)

The date century byte is the century part of the current date encoded in BCD
format.

Table 4-21.  Date Century Byte (32H)

Bit Function

7:0 BCD value for century
(BIOS sets and reads this value)
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SETUP INFORMATION (33H)

Table 4-22.  Setup Information (33H)

Bit Function

7 128K ROM expansion

6 Enable user message after initial setup

5 Reserved

4 Copy of the 386 CRO ET bit (will always be 1, regardless if an 387SX
is present or not)

3.0 Reserved

CPU SPEED (34H)

Table 4-23. CPU Speed (34H)

Bit Function
7:3 Reserved
2.0 CPU speed
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FXD TYPE 49 PARAMETERS (35H - 3CH)

Table 4-24.  FXD Type 49 Parameters (35H-3CH)

Parameter Function
20H Cylinder low byte
35H Cylinder low byte
36H Cylinder high byte
37H Number of heads
38H Write pre-compensation start cylinder low byte
39H Write pre-compensation start cylinder high byte
3AH Landing zone cylinder low byte
3BH Landing zone cylinder high byte
3CH Sectors per track
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4.4 8259A PROGRAMMABLE
INTERRUPT CONTROLLERS (PICS)

The system interrupt controllers (INTC1 and INTC2) are Intel 8259A
programmable interrupt controllers (PICs) contained in the 82230 portion of the
Intel 82230/82231 Chip Set. INTC1 is located between addresses 20H and 21H
and configured for master operation. INTC2 is a slave device located between
addresses AOH and A1H.

INTC1 has seven prioritized interrupt levels and INTC2 has eight. The PIC
minimizes the software and real time overhead in handling multilevel priority
interrupts.

The PIC functions as an overall manager in an interrupt-driven system
environment. It accepts incoming interrupt requests from the various peripherals
attached to the system unit. The PIC checks the interrupt requests for priority,
determines whether the incoming request has a higher priority value than the
current level, then sends an INT pulse to the CPU. The CPU acknowledges the
INT request with an INTA signal.

Configuring a variety of priority assignment modes any time during system
operation structures the system interrupt (based on the system environment).

Each peripheral device has a special program associated with its specific
functional or operational requirements. The PIC, after receiving an interrupt
request from the peripheral device special program, sends the interrupt request
information to the CPU. This forces the program counter to the starting interrupt
vector address. Interrupt vector addresses are stored in a table in low memory
(locations 0 to 1024).

4.4.1 Interrupt Controller Architecture

The interrupt controller consists of an interrupt request register, cascade buffer,
in-service register, interrupt mask register, and priority resolver.

4-28 Intel386™ MicroComputer Model 300SX Board



Intel 82330/82331 Chip Set

4.4.2

INTERRUPT REQUEST REGISTER
(IRR) AND IN-SERVICE REGISTER (ISR)

IRR and ISR handle the interrupts at the input lines. The IRR stores interrupt
levels requesting service; the ISR stores interrupt levels currently in service.
INTERRUPT MASK REGISTER

Each interrupt line can be individually masked by the interrupt mask register

(IMR). Masking an interrupt line prevents the IRR from generating an interrupt.
Masking a higher priority input does not affect the interrupt request lines of lower

priority.
PRIORITY RESOLVER
The priority resolver determines the priorities of the bits set in the IRR. The

priority resolver, following the first INTA pulse from the CPU, selects the highest
priority and strobes it into the corresponding bit of the ISR.

Types of Interrupts
The system module utilizes the following four types of interrupts:
e Maskable interrupts
o Non-maskable interrupts
e Hardware interrupts
e Software interrupts
The CPU enables or disables the maskable interrupt (INTR). Parity check logic
within the 82231 masks the non-maskable interrupt (NMI). The NMI cannot be

masked off within the CPU. The NMI mask register appears at I/O address port
70H.
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MASKABLE INTERRUPTS

All maskable hardware interrupts to the CPU are processed by the interrupt
controllers. These devices generate interrupts on the CPU interrupt line (INTR)
and can be masked in the CPU with the Clear Interrupt Enable Flag (CLI)
instruction. Any or all interrupts may be masked using the IMR; however, the
interrupt vector of the PIC must be initialized in advance. Several interrupts are
used by the system for onboard peripherals.

Fifteen interrupt levels are available by cascading the two interrupt controllers in
the 82230 (refer to Table 4-25). The slave controller signals the master to cause
an interrupt. The base I/O addresses are: INTC1 (master) 20H and INTC2 (slave)
AOH.

Table 4-25. Interrupt Levels

PIC Interrupt Interrupt
Priority | Number | Number Source
1 1 NMI Parity error detected
2 1 IRQO Interval timer, counter O output
3 1 IRQ1 Keyboard output buffer full
1 IRQ2 Interrupt from controller 2 (cascade)
4 2 IRQ8 Real-time clock
5 2 IRQ9 Onboard video, software
redirected to INT OAH (IRQ2)
6 2 IRQ10 Real-time clock INT
7 2 IRQ11 Reserved
8 2 IRQ12 Auxiliary device
9 2 IRQ13 INT from numeric coprocessor
10 2 IRQ14 Fixed disk drive controller
11 2 IRQ15 Reserved
12 1 IRQ3 Serial communications port 2
13 1 IRQ4 Serial communications port 1
14 1 IRQ5 Parallel port 2
15 1 IRQ6 Floppy disk drive controller
16 1 IRQ7 Parallel port 1

11/O port 70H bit 7 controls the masking of the NMI signal.
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The possibility of two or more interrupts demanding service at the same time
exists. The PICs, after determining the priority of the interrupt requests, process
the requests one at a time by transferring the control of the CPU to the higher
priority service routine first.
NON-MASKABLE INTERRUPTS
NMI interrupts are caused by the following:

® Detection of parity error during memory (DRAM) read on the system board

® Parity errors on any 8-bit or 16-bit board pulling the IOCHCK* line low

e System software generating a software interrupt to the NMI routine (BIOS
call)

Enable or disable the NMI interrupt by performing the following operations:

e Clearing Mask F/F: OUT 70H, 00H. Executing this instruction enables the
NMI.

e Setting Mask F/F: OUT 70H, 80H. Executing this instruction disables the
NMI.

At power on, the NMI is disabled until system software executes the clear mask
instruction. NMI remains enabled after the power-on self test completes.
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4.4.3

4-32

Programming the PICs

Initialization Command Words (ICWs) and Operation Command Words (OCWs)
are used to program the operation of the PICs (refer to Table 4-26).

Table 4-26.  Interrupt Controller I/O Address and I/O Data

Interrupt I/O Port Write Read
Controller Address Data Data
INTC1 0020H ICWA1
Master ocw2
(IRQO-IRQ7) OCW3 IRR
ISR
0021H ICW2
ICW3
ICW4
OCW1 IMR
INTC2 00AOH ICW1
Slave ocw2
(IRQ8-RQ15) OCW3 IRR
ISR
00ATH ICw2
ICW3
ICW4
OCW1 IMR
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INITIALIZATION COMMAND WORDS (ICWS)

The initialization command words (ICWs) initialize the PICs after power-on.
Before normal operation can begin, the PICs must be brought to a starting point
by writing a sequence of four ICWs to each PIC. See Figures 4-4 and 4-5 for a
description of the formats of ICWs. Figure 4-6 shows the initialization sequence
of the ICWs.

A0 D7 D6 D5 D4 D3 D2 D1 DO
icwi [o]o]ofo]1][LTM|o]sNaGL]|Ic4|

1 = ICW4 Needed
0 = ICW4 Not Needed

1 = Single
0 = Cascade Mode

1 = Level Triggered Mode
0 = Edge Triggered Mode

A0 D7 D6 D5 D4 D3 D2 D1 DO

A15A14|A13 A2 ATT
ICW2 11137176 |15 | 14 | 13| © | 0] ©

‘ ‘ l ‘ l T7 - T3 of Interrupt
Vector Address
iIcw3s A0 D7 D6 D5 D4 D3 D2 D1 DO
(Master [ 0 [S7 | 56]85] 54| 83[S2[51]s0]
Pevice) [ l ’ J ) ’ 1 = IR Input Has a Slave
0 = IR Input Does Not Have
a Slave

A10024

Figure 4-4. Command Word Format (ICW1, ICW2, and ICW3)
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iIcwa A0 D7 D6 D5 D4 D3 D2 D1 DO

Stave [1] 0| oo]o]o|iD2]iD1]iDo]

Device) Slave ID
0(1|2|3|4|5|6|7
0(1|0|1|0|1|0O{1
0(0(1]1]|0[0|1|1
ofofojo|1{1{1|1

A8 D7 D6 D5 D4 D3 D2 D1 DO
iIcwa | 1] 0| o] o [SFNM|[BUF |w/S|AEOI| 1 |

1 = 8086/8088 Mode

1 = Auto EOI

Note: Slave ID is equal 0 = Normal EOI
to the corresponding
master IR input.

Non Buffered Mode
Buffered Mode/Slave
Buffered Mode/Master

-

1 = Special Fully
Nested Mode

0 = Not Special Fully
Nested Mode

A10027

Figure 4-5. Command Word Format (ICW3 and ICW4)
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No (SINGL = 1)

In
Cascade
Mode?

Yes (SINGL = 0)

No (ICA = 0)

Is ICW4
Needed?

Yes (ICA = 1)

Ready To Accept
Interrupt Requests

A10028

Figure 4-6.

Initialization Sequence Diagram
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The initialization sequence starts by writing ICW1 with a value of 11H to /O
address 020H for INTC1 (I/O address OAOH for INTC2). The interrupt controller
interprets this as the start of an initialization sequence and does the following:

1. Resets the ICW counter to zero

2. Selects the fixed priority mode

3. Assigns the highest priority to IRO

4.  Clears the interrupt mask register and inservice register

5. Sets the slave mode address to 7

6. Disables the special mask mode

7.  Selects the interrupt request register for status read operations

8. Resets the edge sense circuit for edge-triggered interrupt response
mode

The next three I/O writes to address 021H (0A1H for INTC2) loads ICW bytes 2, 3,

and 4. See Figures 4-7 and 4-8 for the initialization formats from the power-on
test routine.
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OUTO020H AL AL = 11H (Master 8259A)
OUTOAOH AL AL = 11H (Slave 8259A)

D7 D6 D5 D4 D3 D2 Di_ DO
Icw1 [A7[A6]A5] 1 [LTIM | ADI[SNGL [IC4 |

0o oo o o o 1
[

L ICW4 Required
To Set 8086/88

Set Cascade Mode

Not Used
By 8086/88 Mode

Set Edge
Triggered Mode

1 During ICW1

Not Used by 8086/88

OUT 021H, AL AL = 08H (Master 8259A)
OUT OA1H, AL AL = 70H (Slave 8259A)

D7 D6 D5 D4 D3 D2 D1 DO
icwz [17] 76 |15 [T4 [13]A10] A9]A8|

Master 0 0 0 O 1 0 O O
Save 0 1 1 1 0
Ll [
Not Used
BY 8086/88 Mode
Interrupt Vector
Table Offset

A10029

Figure 4-7. Power-on Formats (ICW1 and ICW2)

Intel386™ MicroComputer Model 300SX Board 4-37



Intel 82330/82331 Chip Set

OUTO021H,AL AL = 04H (Master 8259A)
D7 D6 D5 D4 D3 D2 D1 DO
Icws [s7[s6 S5 |54 [s3[s2 [s1]s0]

0 0 0 0 0 1 0 0 guego50A
L L 1 b 1 I | ConnectedtolR2
of Master

OUT OA1H, AL AL = 02H (Slave 8259A)

D7 D6 D5 D4 D3 D2 D1 DO
[o]o]o]o]o [iD2]ID1]IDO|

0 1 0

L L | saen

OUTO021H,AL AL = O1H (Master 8259A)
OUTOATH,AL AL = O1H (Slave 8259A)

D7D6D5 D4 D3 D2 D1 DO
Icwa [0 0|0 [SFNM|BUF [W/S| AEOI [pPM|

0 0 0 0 O 0 0 1
L Set Assignment

8086/88 Mode

EOI Command
Required by the
Service Routine

Not Used
Set Non-buffer Mode

Not in Nested Mode

A10030

Figure 4-8. Power-on Formats (ICW3 and ICW4)
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OPERATIONAL CONTROL WORDS (OCWS)

The OCWs command the PICs to operate in various interrupt modes. Each PIC
has three OCWs which can be programmed to change the configuration and to
monitor controller operation.

OCW?1 can be written to address 021H (0A1H for INTC2) any time the controller
is not in initialization mode. OCW2 and OCW3 are written to address 020H
(OAOH for INTC2). Writing to address 020H (OAOH) with a O in bit 4 places the
controller in operational mode and loads OCW2 (if data bit 3 = 0) or OCW3 (if
data bit 3 = 1).

It is not necessary to execute the OCWs in sequence. The OCW is an output
instruction defined by the software. Figures 4-9 and 4-10 diagram the OCW
instruction sequence.
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A0 D7 D6 D5 D4 D3 D2 D1 DO
ocw1 [ 1 | M7 M6 |m5| M4|[M3 M2 |m1]mo|

T r | I ]T ] Interrupt Mask

1 = Mask Set
0 = Mask On
A0 D7 D6 D5 D4 D3 D2 D1 DO
ocw2 | o[ R |SL|EOI| 0] 0 |L2[L1]Lo|
IR level to be
1 Acted Upon
01234567
0|1({0|1|0[1{0]|1
0|0|1{1|0(0|1 |1
o|ojo|Oj1{1]1]|1
0/0|0| Rotate in Automatic EOl Mode (Clear)
0|0]|1 Non-specific EOl Command
0i1|0 No Operation
0|11 Specific EOl Command
1/0/0| Rotate in Automatic EOI Set Mode
1|0]1 Rotate on Non-specific EOl Command
1]1|0| Set Priority Command
1{1]1 Rotate on Specific EOl Command

A10031

Figure 49. Command Word Format (OCW1 and OCW2)
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A0 D7 D6 D5 D4 D3D2 DI DO
ocws [o | o [EsmM [smm]| o] 1| P[RR RS |

Read Register Command

0| 1 0 1
0| O 1 1
Read IR Read IS
No Register Register
Action on Next on Next
RD* Pulse | RD* Pulse

1 = Poll Command
0 = No Poll Command

Special Mask Mode

01 0 1
0| o0 1 1
N Reset Set
A r° Special Special
ction Mask Mask
A10031C

Figure 4-10. Command Word Format (OCW3)
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4.5 8254 PROGRAMMABLE INTERVAL TIMER (PIT)

The system timer is an Intel 8254 programmable interval timer (PIT) located in the
82231 portion of the Intel 82230/82231 Chip Set. The PIT contains three
independent 16-bit counters counting down in binary coded decimal (BCD) or
binary. The counters are read, written, and configured using common control
logic. Each counter operates in one of the following six modes:

® Mode 0: interrupt on terminal count

e Mode 1: hardware triggered one-shot
e Mode 2: rate generator

e Mode 3: square wave generator

e Mode 4: software triggered strobe

e Mode 5: hardware triggered strobe

4.5.1 Counter Description

A common clock drives each of the three PIT counters. The clock frequency is
1.19318 MHz, which is derived from the 14.31818 MHz crystal connected to pins
X1 and X2 of the 82231. The output of counter 0 (IRQ0) connects directly to
IRQO of the 82230 interrupt controller module and provides the system timer
interrupt for time-of-day, disk timeout, and other system timing functions. System
hardware uses counter 1 to generate a dynamic random access memory
(DRAM) refresh operation request signal. Counter 2 generates the tone for the
system speaker.

Each counter contains a control register, a status register, a 16-bit counting
element (CE), a pair of 8-bit counter input latches (CIL and CIH), and a pair of
8-bit counter output latches (COL and COH). Each counter also has a clock
input for loading and decrementing the CE. The CE is a mode-defined GATE
input for controlling the counter and an OUT signal. The counter mode and
condition of CE controls the OUT signal state and function. Table 4-27 lists the
functions of the counters, the respective gates, and the clock in/clock out signals.
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Table 4-27.  Counter Functions, Gates, and Signals

Counter Signals Function

0 System timer
GATE OC Always on
CLKoC 1.193 MHz
OuToC PITIRQ IROA

1 Refresh request
GATE 1C Always on
CLK1C 1.193 MHz
ouTi1C Request refresh

2 Speaker frequency
GATE 2C ENBSPK
CLK2C 1.193 MHz
out2Cc Speaker signal

CONTROL AND STATUS REGISTERS

The control register stores the mode and command information for each of the
counters. Writing a byte to the write control word address (043H) loads the
control register. The byte contains a pointer to the desired counter, the type of
command, and count format information. System software uses a status register
to monitor the counters and read back the contents of the control register.

COUNTING ELEMENT (CE)
The CE is a 16-bit synchronous down counter. Writing one or two bytes in the
counter input latches loads the CE. The CE loads or decrements on the falling

edge of the input clock. The CE contains the maximum count when loading 0
and wraps around to FFFFH in binary operation.

Intel386™ MicroComputer Model 300SX Board 4-43



Intel 82330/82331 Chip Set

4.5.2

4-44

Programming the PIT

Programming the PIT requires writing a control word and initial counts to the three
PIT counters at power-up. Register F receives the control word while each
counter receives an initial count listed in Table 4-28.

Table 4-28.  Counter/Timer Address Map
Address Function
040H Counter 0 read/write
041H Counter 1 read/write
042H Counter 2 read/write
043H Control register (write-only)

CONTROL REGISTER (043H)

Programming a counter requires writing control words to control register 043H
(refer to Table 4-29). Control words specify the counter, command, mode, and
numeric format (BCD or binary). Control register 043H is write-only.
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Table 4-29.

Control Register Bit Definition

Bit

Function

7:4

Command to be performed

0000 =
0001 =
0010 =
0011 =

0100 =
0101
0110
0111 =

1000 =
1001
1010
1011 =

11xx =

Latch counter O

Read/write counter O least significant byte only
Read/write counter O most significant byte only
Read/write counter O least significant byte then most
significant byte

Latch counter 1

Read/write counter 1 least significant byte only
Read/write counter 1 most significant byte only
Read/write counter 1 least significant byte then most
significant byte

Latch counter 2

Read/write counter 2 least significant byte only
Read/write counter 2 most significant byte only
Read/write counter 2 least significant byte then most
significant byte

Read-back command

3:1

Operating mode selection
These bits are don't care during Latch Counter command.

000 =Mode 0
001 =Mode 1
x10 =Mode 2
x11 = Mode 3
100 =Mode 4
101 =Mode 5

Binary or BCD count down format
This bit must be 0 during Read/Write command.

0 = Binary (16-bit) count down
1 = Binary-coded decimal count down (four decades)
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4-46

Read/Write Counter Command

The following three conventions must be observed when loading a counter using
the read/write counter command:

® Each counter control word must be written before loading the initial count.

e Writing an initial count must follow the format specified in the control word.
Load the least significant byte (LSB) only, most significant byte (MSB) only,
or load the LSB then the MSB.

o When writing the LSB and MSB, control must not be relinquished between
modes.

A new initial count can be written into the counter at any time after programming.
Writing a new initial count does not require rewriting the control word as long as
the programmed format is observed.

When reading a counter, the following two conventions must be observed:
® The count must be latched.

o When reading the LSB and MSB, control must not be relinquished between
modes.

Latch Counter Command

When issuing a latch counter command, the counter output latches (COL and
COH) latch the current state of the CE. COL and COH remain latched until read
by the CPU, or until the counter is reprogrammed. Once read or reprogrammed,
COL and COH return to the value currently in the CE.

Latch counter commands can be issued to more than one counter before
reading the first counter. Multiple latch counter commands issued to the same
counter, without reading the counter, are ignored with the exception of the first
command.
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Read-back Command

The read-back command checks the count value, mode, state of the OUT signal,
and NULL count flag of the selected counters (refer to Table 4-30). Latched
status bytes (OUT and NULL) remain until the counter is read or reprogrammed
(refer to Table 4-31).

Table 4-30. Read-Back Command Format

Bit Function

7:6 Read-Back command specified

11 = Specifies the READ-BACK command

5:4 Latch CE/Status (LC and LS)

If LS and LC = 0, status returns on the first read from the counter.
The next one or two reads from the counter results in the count
being returned.

Bit 5 = O latches the state of the CE in COL and COH.
Bit 4 = 0 latches status of selected counters into the status register.

3.0 Counter selection (C2:C0)

Bit 3 = 1 selects counter 2
Bit 2 = 1 selects counter 1
Bit 1 = 1 selects counter 0
Bit 0 = 0 (must be zero)
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Table 4-31.

Format of a Status Byte Latched

Bit

Function

OUT signal state

0=
1=

OUT signal O (low)
OUT signal 1 (high)

NULL count flag condition

0=

1=

Counter loaded from the counter input registers, count can
be read.

Write to the control register or the counter, but the new value
has not been loaded into CE.

54

Byte transfer during Read/Write commands

00 = Reserved

01
10
11

Il

R/W least significant byte
R/W most significant byte
R/W least significant byte then most significant byte

3:1

Operating mode selection

000 =Mode 0
001 =
010 =Mode 2
011 =Mode 3
100 =Mode 4
101 =Mode 5

Mode 1

Binary or BCD count down format

0
1

I

Binary (16-bit) count down
BCD count down (four decades)
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4.6

4.6.1

DIRECT MEMORY ACCESS (DMA) CONTROLLERS

DMA is a process where data is transferred between I/O devices and memory
without using the CPU. Intel 8237A DMA controllers within the 82231 portion of
the Intel 82230/82231 Chip Set implement the process.

The 300SX board utilizes two 8237A DMA controllers. Each DMA controller
device generates the memory addresses and control signals necessary to
transfer information. The DMA controllers are internally cascaded and provide
four DMA channels for transfers to 8-bit peripherals (DMA1) and three channels
for transfers to 16-bit peripherals (DMA2).

DMA Operation

The DMA controllers and I/O devices use the DMA request (DRQ) and DMA
acknowledge (DACK?*) signals for handshaking. An I/O device activates the DRQ
line when transferring a byte or a data word. The I/O device asserts the byte or
data word on the data bus after receiving an active DACK* from the DMA
controller. During normal operation, the DMA controller can be in an idle cycle,
program condition, or active cycle.

IDLE CYCLE

The DMA controller enters the idle cycle when no I/O device requests service.
During the idle cycle, the DMA controller samples the DRQ input pins every clock
cycle. The DMA controller also samples the chip select (CS*) signal and
determines if the CPU is attempting to access the DMA controller registers. If
either situation occurs, the DMA controller exits the idle cycle.

ACTIVE CYCLE

The DMA controller enters the active cycle when a DMA request on a non-
masked channel occurs. During an active cycle, the system programs the DMA
controller to operate in one of four modes: single transfer, block transfer,
demand transfer, or cascade.
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Single Transfer Mode

During single transfer mode, the DMA controller makes one transfer. After each
transfer, the current word count decrements and the current address decrements
or increments. A terminal count (TC) causes an autoinitialize if the channel is
programmed and the current word count goes from zero to FFFFH.

Autoinitialize, enabled by a bit in the mode register, restores channels to their
original condition.

An I/O device must hold DRQ active until a corresponding DACK* signal
becomes active. If the I/O device holds DRQ active throughout the single
transfer, the hold request (HRQ) signal goes inactive for one full cycle, then
becomes active again. Another single transfer begins when the DMA controller
receives a new HLDA.

Block Transfer Mode

During block transfer mode, a DRQ activates the DMA controller. DRQ remains
active during an active DACK*. The controller continually makes block transfers
during the service until it encounters a TC, caused by the word count going to
FFFFH, or an external end of process (EOP*). If the DMA channel is
programmed for autoinitialize, autoinitialization occurs at the end of the service.

Demand Transfer Mode

During demand transfer mode, the DMA controller continually makes demand
transfers until it encounters a TC, an external EOP*, or when the current DRQ
goes inactive. An inactive DRQ, before the last working state of the cycle,
prevents another transfer. Current address and current word count registers
store intermediate values of addresses and word counts between transfers. An
EOP* causes an autoinitialize at the end of the DMA controller service.
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Cascade Mode

During cascade mode, both DMA controllers are cascaded together for system
expansion. The HRQ and HLDA signals, from the slave DMA controller, connect
to a DRQ and DACK* signal of the master DMA controller. This allows the
master DMA controller to request the slave DMA controller to propagate through
the priority network circuitry of the preceding device (master DMA controller).
The cascade channel of the master controller prioritizes the slave controller and
does not output any address or control signals of its own. The DMA controller
responds only to DRQ and DACK*. All other outputs, except HRQ, are disabled.

4.6.2 Transfer Types

Each of the four transfer modes performs three types of transfers: read, write,
and verify (see Figure 4-11).

l S2 | S3 | SwW l S4 |
1 [ | I LT |
DMA CLK(4 MHz)

BUSALE (High During DMA)
DACK* \

ADDRESSES

MEMR* \

IORC* \

r
X

—

-

IOWC*/MEMW* S A

Figure 4-11. DMA Timing
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READ TRANSFER

Read transfers move data from memory to an I/O device by generating the
memory address and asserting MEMR* and IOWC* during the same cycle.

WRITE TRANSFER

Write transfers move data from an I/O device to memory by generating the
memory address and asserting MEMW* and IORC* during the same cycle.

VERIFY TRANSFER

Verify transfer is a pseudo-transfer used for diagnostics. In this type of transfer,
the DMA operates as if it were performing a read or write transfer by generating
HRQ, address, and DACK*. However, memory and I/O control lines remain
inactive.

4.6.3 DMA Channels

DMA1 supports channels 3:0 and DMA2 supports channels 7:5. Both DMA
controllers support seven channels (refer to Table 4-32). Channel zero has the
highest priority and channel seven the lowest.

Table 4-32. DMA Channel Assignment

Channel Controller Function
0 DMA1 Spare
1 DMA1 Spare
2 DMA1 Floppy disk drive
3 DMA1 Spare
5 DMA2 Spare
6 DMA2 Spare
7 DMA2 Spare
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The DMA controller and page register provides 24 bits of address. The system
assigns a page register to each DMA channel. The page register supplies the
upper eight bits of each 24-bit address. The DMA controller supplies the lower
16 bits of each 24-bit address. Generated addresses do not cross page
boundaries (64K for channels 3:0 and 128K for channels 7:5).

The DMA controller and page register must be initialized before initiating a DMA
transfer. Initialization consists of loading the starting address, the number of
bytes, and the direction of transfer. The CPU reads and writes the DMA
controllers’ internal registers when the controller is selected and while the CPU
controls the bus. All registers, including those not used, are written to at
power-up.

4.6.4 Programming the DMA Controllers

The DMA controllers can be programmed any time during an inactive HLDA. The
CPU ensures no DMA activity occurs on the channel being programmed. To
prevent a conflict, disable the DMA controller or mask the DMA channel before
programming any registers. Disabling external interrupts protects the sections of
code that set up the registers. This prevents another routine from changing the
state of the circuit.

4.6.5 DMA Internal Registers

The DMA internal registers control DMA transfers. Table 4-33 lists all DMA
internal registers and their size.
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Table 4-33. DMA Internal Registers

Register Name Size Number
Base address registers 16 bits 4
Base word count registers 16 bits 4
Current address registers 16 bits 4
Current word count registers 16 bits 4
Temporary address register 16 bits 1
Temporary word count register 16 bits 1
Status register 8 bits 1
Command register 8 bits 1
Temporary register 8 bits 1
Mode registers 6 bits 4
Mask register 4 bits 1
Request register 4 bits 1

ADDRESS AND COUNT REGISTERS

The address and count registers specify the address and length of the transfer.
These registers are 16 bits, requiring two successive read or write operations.
The byte pointer flip-flop must be cleared before accessing these registers. This
guarantees that the first operation transfers the low order byte and the second
operation transfers the high order byte. After clearing the byte pointer flip-flop,
control must not be relinquished by the program until both bytes are written or
read. Table 4-34 lists the I/O port address assignments for the DMA address
and count registers.
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Table 4-34. 1/O Port Addresses for DMA Address and Count Registers

Controller I/O Address Command Codes

DMAT1 000H Channel 0 base and current address
001H Channel 0 base and current word count
002H Channel 1 base and current address
O003H Channel 1 base and current word count
004H Channel 2 base and current address
005H Channel 2 base and current word count
006H Channel 3 base and current address
007H Channel 3 base and current word count

DMA2 0COH Channel 4 base and current address
0C2H Channel 4 base and current word count
0C4H Channel 5 base and current address
0C6H Channel 5 base and current word count
0C8H Channel 6 base and current address
OCAH Channel 6 base and current word count
OCCH Channel 7 base and current address
O0CEH Channel 7 base and current word count

Current Address Register

Each DMA channel has a 16-bit current address register for storing the value of

the address used during DMA transfers. The address automatically increments

or decrements after each transfer and the intermediate values of the address are
stored in the register during the transfer. The CPU reads or writes the register in
successive 8-bit bytes while in the program state. During autoinitialize, the
original values of the current address register are automatically restored from the
base count register after EOP* goes active. An /O device or TC generates

EOP>.
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Current Word Count Register

Each DMA channel has a 16-bit current word count register for determining the
number of transfers performed. The actual number of transfers is one more than
the number programmed in the register (e.g., programming a count of 25 results
in 26 transfers). The register loads or reads in successive 8-bit bytes by the CPU
in the program condition. The word count decrements after each transfer until
the value in the register goes from zero to FFFFH. At FFFFH the TC generates
an autoinitialize. During autoinitialize, the original values of the current address
register are automatically restored from the base count register after EOP* goes
active. An l/O device or TC generates EOP*.

Base Address and Base Word Count Registers

Each DMA channel has a pair of base address and base word count registers.
These 16-bit registers store the original value of their associated current registers.
During autoinitialize, these values restore the current registers to their original
values. The base registers are automatically loaded when corresponding current
registers are written. The base registers cannot be read by the CPU.

PAGE REGISTERS

The system assigns each channel an 8-bit page register. These page registers
extend the 16-bit DMA controller address space to 24 bits (refer to Table 4-35).
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Table 4-35. Page Register Addresses for Each Channel

I/0 Address Function (In/Out)

081H 8-bit DMA channel 2 (DACK2*)
082H 8-bit DMA channel 3 (DACK3*)
083H 8-bit DMA channel 1 (DACK1*)
087H 8-bit DMA channel 0 (DACKO*)
089H 16-bit DMA channel 6 (DACK6*)
08AH 16-bit DMA channel 7 (DACK7*)
08BH 16-bit DMA channel 5 (DACK5*)
08FH Refresh cycle page register

PROGRAM CONTROL REGISTERS

Program control registers program DMA transfer operations. Table 4-36 lists the
I/O port addresses for the control registers.
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Table 4-36.  Control Registers I/O Port Addresses

Address

DMA1 DMA2 Operation Command Codes

008H ODOH Read Read status register

008H ODOH Wirite Write command register

009H 0D2H Write Write request register

00AH 0D4H Wirite Write single mask register bit

00BH 0D6H Write Write mode register

00CH 0D8H Write Clear byte pointer flip-flop

OODH ODAH Read Read temporary register

00DH ODAH Wirite Master clear

00EH 0DCH Write Clear mask register

00FH ODEH Write Write all mask register bits
COMMAND REGISTER

The 8-bit command register (refer to Table 4-37) controls the overall operation of

the DMA subsystem. The CPU programs the command register during a
program condition. A reset or a master clear instruction clears the command

register.

MODE REGISTER

Each DMA channel has an associated 6-bit mode register (refer to Table 4-38).
The mode registers specify the channel operating mode. When the CPU writes

to a mode register during a program state, bits 0 and 1 specify the channel

selected.
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Table 4-37. Command Register Bit Assignments
Bit Function
7 DACK* sense bit
1= DACK* sense active high
0 = DACK* sense active low (default)
6 DRQ sense bit
1= DRQ sense active low
0 = DRQ sense active high (default)
5 Extended write bit
1= Extended write selection
0 = Late write selection
4 Rotating priority bit
1= Rotating priority scheme is used
= Fixed priority used (default)
3 Compressed timing bit
1= Compressed timing enabled
0 = Normal timing used (default)
2 Controller enable bit
1= Controller disabled
0 = Controller enabled
1 Channel address hold enable bit
1 = Channel 0 address hold enabled
0 = Channel 0 address hold disabled (default)
0 Memory-to-memory enable bit
1= Memory-to-memory enabled for Channel 0 and Channel 1
0= Memory-to-memory disabled (default)
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Table 4-38. Mode Register Bit Assignments

Bit Function

7.6 Mode selection bits

00 = Demand mode selected
01 = Single mode selected
10 = Block mode selected
11 = Cascade mode selected

5 Address increment/decrement bit
1 = Address decrement selected
0 = Address increment selected

4 Autoinitialization enable bit

1 = Autoinitialization enabled
0 = Autoinitialization disabled

3.2 Transfer bits

00 = Verify transfer
01 = Write transfer
10 = Read transfer
11 = lllegal

1.0 Channel select bits

00 = Select Channel 0
01 = Select Channel 1
10 = Select Channel 2
11 Select Channel 3

(I
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REQUEST REGISTER

Each DMA channel has an associated 4-bit request register. The system

software sets or resets each request register bit separately. A TC or EOP* clears
each request register bit. A system reset clears the entire request register. The
DMA channel must be in the block transfer mode and the appropriate registers

must be set before initiating this request. Table 4-39 lists the format for writing

the request register.

Table 4-39.

Request Register Update

Bit

Function

7:3

Not used

2 Set/reset request bit

1= Setrequest bit
0 = Reset request bit

1:0

Channel selection bits

00 = Select channel 0
01 Select channel 1
10 = Select channel 2
11 = Select channel 3

Il

Il
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4-62

MASK REGISTER

Each DMA channel has an associated mask bit. The mask bit disables incoming
DRQs. Each mask bit is set when the associated DMA channel activates EOP*
(if autoinitialize is not programmed in the DMA channel). The system software
sets or clears each mask register bit separately. A system reset masks all DMA
channels and disables all DMA requests.

Two commands are associated with the mask register: Write Single Mask Bit and
Write All Mask Bits.  Tables 4-40 and 4-41 list the bit positions for both

commands.
Table 4-40.  Write Single Mask Bit Assignments
Bit Function
7:3 Not used
2 Set/reset mask bit
1= Set mask bit
0= Reset mask bit
1:0 Select channel mask bits

00 = Select channel 0 mask bit
01 = Select channel 1 mask bit
10 = Select channel 2 mask bit
11 = Select channel 3 mask bit
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Table 4-41. Write All Mask Bit Assignments

Bit Function

7:4 Not used

3 Set/reset channel 3 mask bit
1= Set channel 3 mask bit
0 = Reset channel 3 mask bit

2 Set/reset channel 2 mask bit

1= Set channel 2 mask bit
0 = Reset channel 2 mask bit

1 Set/reset channel 1 mask bit

1 Set channel 1 mask bit

0 = Reset channel 1 mask bit
0 Set/reset channel 0 mask bit
1 = Set channel 0 mask bit
0 = Reset channel 0 mask bit
STATUS REGISTER

The status register contains the status of the DMA controller at the time of
readout. The status information tells which channel has reached the terminal
count and which channel has a DMA request pending. Bits 3:0 are set every
time the corresponding channel reaches the terminal count or when a DMA
channel activates EOP*. Reading or resetting the status register clears the
status register bits. Status register bits 7:4 are set when the corresponding DMA
channel requests service. Table 4-42 lists the status register bit positions.
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Table 4-42.  Status Register Bit Assignments

Bit Function

7 Channel 3 DMA request bit
1= Channel 3 DMA requested
0= No DMA request

6 Channel 2 DMA request bit
1= Channel 2 DMA requested
0= No DMA request

5 Channel 1 DMA request bit
1= Channel 1 DMA requested
0= No DMA request

4 Channel 0 DMA request bit
1= Channel 0 DMA requested
0= No DMA request

3 Channel 3 TC reached bit
1= Channel 3 DMA process completed
0 = Status register is read or reset

2 Channel 2 TC reached bit

1= Channel 2 DMA process completed
0 = Status register is read or reset

1 Channel 1 TC reached bit

1= Channel 1 DMA process completed
0 = Status register is read or reset

0 Channel 0 TC reached bit

1= Channel 0 DMA process completed
0 = Status register is read or reset
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TEMPORARY REGISTER

The temporary register is used to hold data during memory-to-memory transfers.
Following completion of the transfers, the last word moved can be read by the
CPU in the program condition. The temporary register always contains the last
byte transferred in the previous memory-to-memory operation, unless cleared by
areset.

NON-REGISTER PROGRAM CONTROLS

Performing an output to the addresses specified in the program control register
I/O executes special software commands. These commands do not depend on
any specific bit pattern on the data bus. The three software commands are: clear
byte pointer flip-flop, master clear, and clear request mask register.

Clear Byte Pointer Flip-flop

The clear byte pointer flip-flop command resets (clears) the byte pointer flip-flop
so the next CPU access to the register contents addresses the low byte. This
command must be executed before writing or reading new address or word
count information.

Master Clear

This master clear command resets the DMA controller and has the same effect
as a hardware reset. During a master clear, the command, status, request,

temporary, and internal first/last flip-flop registers reset (clear) and the mask
register sets. The DMA controller enters the idle condition after a master clear.

Clear Request Mask Register

The clear request mask register command resets (clears) the mask bits of all four
DMA channels.
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Communication Ports

5.1

5.2

Intel386™ MicroComputer Model 300SX Board

INTRODUCTION

This chapter provides reference data for the two RS-232C serial communication
ports and one parallel printer port on the 300SX board. Included are all
addresses and interrupt levels.

SERIAL COMMUNICATION PORTS

The 300SX board provides two RS-232C serial communication ports (COM1 and
COM2). Each port operates in an asynchronous mode for system software
compatibility. An 82C605 multifunction communications controller provides the
interface between the communication ports and the CPU. Refer to Table 5-1 for
selection of port addresses and interrupt levels. Figure 5-1 shows an internal
block diagram of the 82C605.

Table 5-1.  Selection of Addresses and Interrupt Levels

Port Designation Address Interrupt
1 COM1 3F8-3FFH IRQ4
2 COM2 2F8-2FFH IRQ3
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5.2.1

5-2

Interrupts
Serial
Data P$rt COM1

Sl $ come
ort
Address 2

Decoder

Configuration Parallel LPT1
Logic Port or
Interface LPT2

A10036

Figure 5-1.  82C605 Internal Block Diagram

Connectors and Pinouts

Connectors J2A, J2B, and J13 provide signals for COM1 and COM2. COM1
signals connect to a DB9 RS-232 connector at J2B. COM2 signals connect to a
DB9 RS-232 connector at J2A. Both COM1 and COM2 signals are available at
J13 for use with ribbon cable connectors. Refer to Chapter 10 for pinout
information on the serial I/O connectors.
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5.2.2 Communication Port Registers

Access to the communication port registers is determined by multiplexed
address bits SAD2:0 and the divisor register address (DRA) bit. COM1 and
COM2 each contain one set of the registers listed in Table 5-2.

Table 5-2. Serial Communication Port Register Selection

DRA SAD2 SAD1 SADO Register
0 0 0 0 Receive buffer (read)
0 0 0 0 Transmit buffer (write)
0 0 1 0 Interrupt flag (read)
0 0 0 1 Interrupt enable
X 0 1 1 Byte format
X 1 0 0 Modem control
X 1 0 1 Line status
X 1 1 0 Modem status
X 1 1 1 Scratchpad
1 0 0 0 Divisor (LSB)
1 0 0 1 Divisor. (MSB)

RECEIVE BUFFER REGISTER (RBR)

The RBR holds the incoming data byte. Bit O is the least significant bit, and is

transmitted and received first. An additional shift register assembles the
incoming byte before loading it into the RBR.

TRANSMIT BUFFER REGISTER (TBR)

The TBR holds the data byte to be sent. Bit O is the least significant bit, and is

transmitted and received first. An additional shift register shifts the outgoing byte

to the TDX pin.
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INTERRUPT ENABLE REGISTER (IER)

The low order four bits of the IER control the enabling of each of the four possible
types of interrupts (refer to Table 5-3). Setting the corresponding bit to 1 enables
an interrupt. The interrupt flag register contents are not valid when all the
interrupts are disabled.

Table 5-3.

Interrupt Enable Register Bit Assignments

Bit

Function

0

1 = Generate an interrupt when the receive buffer contains valid data
0 = Disabled

1 = Generate an interrupt when the transmit buffer is empty
0 = Disabled

1 = Generate an interrupt when an error (overrun, parity, framing, or
break) has been encountered. The status register must be read
to determine the type of error.

0 = Disabled

1 = Generate an interrupt when one of the bits in the modem
status register changes state.

4.7

0 These four bits are set to 0.
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INTERRUPT FLAG REGISTER (IFR)

When accessed, the IFR bits report and record the highest pending interrupt
(refer to Table 5-4). The following four levels of prioritized interrupts are used:

® Line status (highest priority)
® Receive buffer full
e Transmit buffer empty

® Modem status (lowest priority)

Table 5-4. Interrupt Flag Register Bit Assignments

Bit Function
0 0 = Indicates an interrupt is pending and bits 1 and 2 can be read
to determine the source of the interrupt
1= |Indicates no interrupts are pending
1:2 1-1 = Line status interrupt

0-1 = Receive buffer full interrupt
1-0 = Transmit buffer empty interrupt
0-0 = Modem status interrupt

3.7 0 Set to zero
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BYTE FORMAT REGISTER (BFR)

The read/write BFR contains format information for the serial line.

Word Length (WL) Bits
The WL bits (bit 0 and 1) specify the word length for received and transmitted

characters (refer to Table 5-5). Start, stop, and parity bits are not included in the
word length value.

Table 5-5. Word Length Bit Assignments

Bit 0 Bit1 Word Length
0 0 5 bits
0 1 6 bits
1 0 7 bits
1 1 8 bits
Stop (SP) Bit

The combination of the SP bit (bit 2) and the WL bits determines the number of
stop bits used with each transmitted character (refer to Table 5-6). The receiver
ignores additional stop bits beyond the first one, regardiess of the number of
stop bits transmitted.

Table 5-6. Stop Bits per Transmitted Character

Bit 2 Word Length Number of Stop Bits
0 - 1
1 5 bits 15
1 6 bits 2
1 7 bits 2
1 8 bits 2
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Parity Generator (PG) Bit

The PG bit (bit 3) enables parity generation (during transmission) and checking
(during receipt). The parity bit is always after the last data bit but before the first
stop bit. Setting the PG bit to 1, generates a parity bit of the proper state (0 or 1).
The sum (carry ignored) of all data bits, plus the parity bit, produces either an
even (even parity) or odd (odd parity) value.

Even Parity (EP) Bit

The EP bit (bit 4) controls parity sense. When set to 1, the EP bit indicates even
parity. Transmitting an odd number of logic 1's generates a parity error. When
set to 0, the EP bit indicates odd parity. Unless it is set to 1, the EP bit is ignored.
Force Parity (FP) Bit

The FP bit (bit 5) ensures that the parity bit and sense (even or odd) match
regardless of the sum normally used to determine parity.

Break Bit

Setting the break bit (bit 6) to 1, forces the transmitted data output pin to a
spacing or logic 0 condition. Setting the break bit to 0, terminates the break
condition.

Divisor Register Address (DRA) Bit

Setting the DRA bit (bit 7) to 1, permits access to the divisor registers. Setting
the DRA bit to 0, allows access to all other internal registers.
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MODEM CONTROL REGISTER (MCR)

The byte-wide MCR manages the connection to an external modem or data set.
Table 5-7 lists the bit assignments.

Table 5-7. Modem Control Register Bit Assignments

Bit Function
0 1= Force DTR* to its active state
0= Force DTR* to its inactive state
1 1= Force RTS* to its active state
0 = Force RTS* to its inactive state
2 1= Force the RI* bit (bit 6) of the MSR active when the serial port
is in a loopback mode
0 = Force the RI* bit inactive
3 1= Force the DCD* bit (bit 7) of the MSR active when the serial
port is in a loopback mode
0 = Force the DCD* bit inactive
4 Used for self-diagnostic purposes
5.7 Setto 0
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LINE STATUS REGISTER (LSR)

The byte-wide LSR (read-only) supplies serial link status information to the CPU.
One of the conditions flagged by bits 1 through 4 of the LSR generates a line
status interrupt.

Receive Buffer Full (RBF) Bit

When set to 1, the RBF bit (bit 0) indicates an incoming character has been
transferred from the receive shift register to the receive buffer. Reading the
receive buffer clears the RBF bit.

Overrun Error (OE) Bit

When set to 1, the OE bit (bit 1) indicates a new character was transferred into
the receive buffer before the previously received character was read by the CPU.
The previously received character is lost. Reading the LSR clears the OE bit.
Parity Error (PE) Bit

When set to 1, the PE bit (bit 2) indicates a parity error was detected (received
character has a parity other than that selected). Reading the LSR clears the PE
bit.

Framing Error (FE) Bit

When set to 1, the FE bit (bit 3) indicates an incoming character has no stop bit

after the last data bit or (if parity is enabled) after the parity bit. Reading the LSR
clears the FE bit.
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Break Interrupt (BI) Bit

When set to 1, the Bl bit (bit 4) indicates a space condition (logic 0) is present on
the corresponding RXD (RXD2 or RXD1) line for an entire character time. A
character time equals a start bit time, data bit times, parity bit time, and stop bit
time. Reading the LSR clears the Bl bit.

Transmit Buffer Empty (TBE) Bit

When set to 1, the TBE bit (bit 5) indicates an outgoing character is loaded from
the transmit buffer into the transmit shift register. If the TBE bit is set (bit one of

the IER), an interrupt occurs. Writing a character to the transmit buffer clears the
TBE bit.

Transmitter Empty (TEMT) Bit

When set to 1, the TEMT bit (bit 6) indicates the transmit buffer and the transmit
shift register are both empty. If a character is present in either the transmit buffer
or the transmit shift register, the TEMT bit is cleared.

MODEM STATUS REGISTER (MSR)

The byte-wide MSR holds the current value of the MODEM control lines. Each
time one of MODEM control lines changes state, the MSR sets the corresponding
bit to a 1. Reading the MSR clears the previously set bits. When set to 1, bits 0,
1, 2, and 3 generate an interrupt, provided the corresponding interrupt bit is
enabled.

Clear to Send Changed (CSC) Bit

When set to 1, the CSC bit (bit 0) indicates the corresponding CTS* line (CTS2*
or CTS1*) changed state since the last time the MSR was read.
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Data Set Ready Changed (DSRC) Bit

When set to 1, the DSRC (bit 1) indicates the corresponding DSR* line (DSR2* or
DSR1*) changed state since the last time the MSR was read.

Rising Edge of Ring Indicator (RERI) Bit

When set to 1, the RERI bit (bit 2) indicates the corresponding RI* line (RI2* or
RI1*) changed state since the last time the MSR was read.

Data Carrier Detect Changed (DCD) Bit

When set to 1, the DCD bit (bit 3) indicates the corresponding DCD* line (DCD2*
or DCD1*) changed state since the last time the MSR was read.

Clear to Send (CS) Bit

The CS bit (bit 4) is the complement of the corresponding CTS* line. When in the
diagnostic loopback mode, the CS bit is identical to the RTS bit in the MCR.
Data Set Ready (DS) Bit

The DS bit (bit 5) is the complement of the corresponding RI* line. When in the
diagnostic loopback mode, the DS bit is identical to the DTR bit in the MCR.
Ring Indicator (RI) Bit

The Rl bit (bit 6) is the complement of the corresponding DSR* line. In diagnostic
loopback mode, the Rl bit is controlled by bit 2 of the MCR.

Intel386™ MicroComputer Model 300SX Board 5-11



Communication Ports

Data Carrier Detect (DRD) Bit

The DRD bit (bit 7) is the complement of the corresponding DCD* line. In
diagnostic loopback mode, the DRD bit is controlled by bit 3 of the MCR.

DIVISOR REGISTERS (LSB AND MSB)

The two Divisor registers, Divisor register LSB (DRL) and Divisor register MSB
(DRM), contain a 16-bit divisor used to generate the baud rate of the serial ports
from the 300SX board’s 1.8432 MHz crystal. DRL holds the least-significant byte
and DRM holds the most-significant byte of the divisor.

Table 5-8 details the contents of the Divisor registers for various baud rates. All
values in Table 5-8 are decimal.

Table 5-8. Divisor Register Values for Various Baud Rates

Baud Rate Register Value Percent Error
50 2304 none
75 1536 none
110 1047 0.026
134.5 857 0.058
150 768 none
300 384 none
600 192 none
1200 96 none
1800 64 none
2000 58 0.69
2400 48 none
3600 32 none
4800 24 none
7200 16 none
9600 12 none
19200 6 none
38400 3 none
56000 2 2.86
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5.3 PARALLEL PORT

The 300SX board is equipped with one parallel printer port, configurable as either
LPT1 or LPT2. The parallel printer port, at connector J1, provides a one-way
interface to a printer. The parallel port is also available at connector J11 (if
installed) for use with ribbon cable connectors. Refer to Chapter 10 for pinout
information on the parallel printer port connectors.

5.3.1 Data Latch Register (DLR)

The read/write DLR is located at on offset of zero from the base address of the
parallel port. Data written to the DLR is transmitted to the printer.

5.3.2 Printer Status Register (PSR)
The read-only PSR is located at on offset of 1H from the base address of the
parallel port. Bits 2-0 of the PSR are reserved.
BUSY BIT
The busy bit (bit 7) reflects the state of the BUSY* input pin. When set to 0, the
busy bit indicates that the printer is busy and cannot accept data. When set to 1,
the busy bit indicates that the printer is ready to accept data.
ACKNOWLEDGE (ACK) BIT
The ACK bit (bit 6) reflects the state of the ACK input pin. When set to 0, the
ACK bit indicates the printer received a character and is ready to accept another.

When set to 1, the ACK bit indicates the printer is still reading the last character
sent.
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PAPER EMPTY (PE) BIT

The PE bit (bit 5) reflects the state of the PE* input pin. When set to 1, the PE bit
indicates there is no paper in the printer. When set to 0, the PE bit indicates the
presence of paper.

SLCT (SO) BIT

The SO bit (bit 4) reflects the state of the SLCT* input pin. When set to 1, the SO
bit indicates the printer is online. When set to 0, the SO bit indicates the printer is
not selected.

ERROR (ER) BIT

The ER bit (bit 3) reflects the inverted state of the ERROR input pin. When set to

0, the ER bit indicates an error condition has been detected. When set to 1, the
ER bit indicates no errors have been detected.
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5.3.3

Printer Controls Register (PCR)

The read/write PCR is located at an offset of 2H from the base address of the
parallel port. Bits 7-5 of the PCR are reserved and reset to 0.

IRQ ENABLE (IE) BIT

The IE bit (bit 4) enables or disables interrupts resulting from the printer ACK
signal. Setting the IEB to 1, enables interrupts. A deasserted ACK by the printer,
interrupts the CPU on the IRQ line specified in the configuration RAM.

SLCTIN (SI) BIT

The SI bit (bit 3) drives the SLCTIN output pin. Setting the Sl bit to 1, selects the
printer.

INIT (IN*) BIT

The IN* bit (bit 2) controls the INIT output pin. Setting the IN* bit to O, starts the
printer.

AUTO FEED (AF) BIT

The AF bit controls the AUTOFD output pin. Setting the AF bit to 1, causes the
printer to line feed after each printed line.

STROBE (ST) BIT

The ST bit controls the STROBE output pin. Setting the ST bit to 1, generates an
active high pulse (0.5 us pulse minimum) which clocks data into the printer.
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Keyboard and Mouse Controller

6.1 INTRODUCTION

The 300SX board supports a 101- or 102-key enhanced keyboard and a three
button mouse. An Intel 8742 microcontroller controls the keyboard and mouse
system interface (see Figure 6-1). This chapter describes the keyboard and
mouse interface through the 8742 microcontroller.

6.2 KEYBOARD AND MOUSE
CONTROLLER SYSTEM INTERFACE

The keyboard and mouse controller communicates with the system through an
8-bit read-only status register at /O address 64H, a read only output buffer at I/O
address 60H, and an input buffer. The input buffer consists of two parts: a data
byte and a command byte written at addresses 60H and 64H, respectively.
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Figure 6-1. Keyboard/Mouse Controller

6.2.1 Status Register

The controller status register (refer to Table 6-1) contains information about the
state of the controller and system interface.
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Table 6-1. Status Register Bit Definition

Bit

Function

0

Output Buffer (I/O Address 60H) Full

0
1

I

No data from the keyboard in the output buffer (DBBOUT)

This bit is set to 0 when the CPU reads it (DBBIN).

The keyboard controller loaded the output buffer with data.

Input Buffer (I/O Address 60H) Full

0 = No data from the CPU in the input buffer
1 = Data from the CPU in the input buffer. This bit is set to 0
when the keyboard controller reads the buffer.

System Flag

Il

0
1

Power-on reset occurred
Self-test successful

i

Command/Data

0 A data byte written (port 60H)
1= Acommand byte written (port 64H)

Il

Front Panel Keylock Status

0 = Keyboard inhibited
1 Keyboard not inhibited

Auxiliary (Mouse) Device Output Buffer Full

0 = Output buffer is keyboard device data.
1= Output buffer is auxiliary device data.
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6.2.2

6.2.3

Table 6-1.  Status Register Bit Definition (continued)

Bit Function
6 General Time-Out
0 = Data reception from the keyboard/auxiliary device terminated
normally within the programmed time-out delay.
1= Data from the keyboard/auxiliary device did not terminate

normally within the programmed time-out delay.

7 Parity Error
0 = Last byte of data received from the keyboard/auxiliary device
had odd parity (no error).
1= Last byte of data received from the keyboard/auxiliary device

had even parity (error).

Output Buffer

The controller output buffer is an 8-bit read-only register at /O address 60H. The
controller sends keyboard scan codes, command requested data bytes, and
mouse data to the system via the output buffer. The significant data in the output
buffer can be read only when the output buffer full bit (bit 0) of the status register
equals 1.

Input Buffer

The controller input buffer is an 8-bit write-only register at I/O addresses 60H and
64H. Data can be written to the input buffer only if the input buffer full bit (bit 1) of
the status register equals 0.

Wiriting to address 60H clears the command/data bit (bit 3) of the status register.
Once cleared, the controller processes the data in the input buffer as a data byte.
Data written to address 60H is sent to the keyboard, unless a system command
instructs the controller to wait for a data byte.
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6.2.4

Intel386™ MicroComputer Model 300SX Board

Writing to address 64H sets the command/data bit (bit 3) of the status register to
1. Once set, the controller processes the data in the input buffer as a command

byte.

Controller Commands

The CPU uses controller commands (refer to Table 6-2) to control the operation
of the controller and sense its status. The CPU writes controller commands into
the input buffer through I/O port address 64H.

Table 6-2. Controller Commands

Code (Hex) Description

20 Read controller command byte
21:3F Read 8742 internal RAM locations 21-3F
60 Write