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GUIDE TO TECHNICAL DOCUMENTATION
This Manual is one of a series that documents the
Convergent™ Family of 1Information Processing
Systems. The series includes:
o) Technical Summary
o Workstation Hardware Manual
o Peripherals Hardware Manual
o Central Processing Unit
o CTOS™ Operating System Manual
o Executive Manual
o) Editor Manual
o BASIC Manual
o FORTRAN Manual
o COBOL Manual
o Pascal Manual
o Assembly Language Manual
o Debugger Manual
o Utilities Manual
o Data Base Management System Manual
o 3270 Emulator Manual
o System Programmer's Guide
o Operator's Guide

This section outlines the contents of these
manuals.

The Technical Summary briefly describes the
hardware and software of the Convergent Family of
Information Processing Systems. It summarizes
the other manuals in one volume. It may be
helpful to read this overview before reading the
other manuals.
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The Workstation Hardware Manual describes the
mainframe, keyboard, and video display. It
specifies system architecture, printed circuit
boards (motherboard, processor, I/O-memory, video

control, ROM expansion, and RAM expansion),
keyboard, video monitor, Multibus interface,
communications interfaces, power supply, and

environmental characteristics of the workstation.

The Peripherals Hardware Manual describes the
disk subsystems. It specifies the disk
controller motherboard, controller boards for the
floppy disk and the Winchester disks, power
supplies, disk drives, and environmental
characteristics.

The Central Processing Unit describes the main
processor, the 8086. It specifies the machine
architecture, instruction set, and programming at
the symbolic instruction level.

The CTOS™ Operating System Manual describes the
operating system. It specifies services for
managing processes, messages, memory, exchanges,
tasks, video, disk, keyboard, printer, timer,
communications, and files. In particular, it
specifies the standard file access methods.

The Executive Manual describes the command
interpreter, the program that first interacts
with the user when the system is turned on. It
specifies commands for managing files and
invoking other programs such as the Editor and
the programming languages.

The Editor Manual describes the text editor.

The BASIC, FORTRAN, COBOL, Pascal, and Assemblz

Language Manuals describe the system's
programming languages. Each mannual specifies
both the language itself and also operating
instructions for that language. For Pascal, the

manual is supplemented by a popular text, Pascal
User Manual and Report.

The Debugger Manual describes the Debugger, which
is designed for use at the symbolic instruction
level. Together with appropriate interlistings,
it can be used for debugging FORTRAN, Pascal, and
assembly language programs. (BASIC and COBOL, in
contrast, are more conveniently debugged using
special facilities described in their respective
manuals.)
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The Utilities Manual describes miscellaneous
programs such as the Linker, which links together
separately <compiled object files, and the
Asynchronous Terminal Emulator.

The Data Base Management System Manual describes
the data base management system. It specifies
(1) the data definition language, which defines
the logical structure of data bases and
separately defines their physical organization,
(2) the host language interfaces for accessing
data bases from each of the system's programming
languages, and (3) the utilities for creating,
loading, unloading, and reorganizing data bases.

The 3270 Emulator Manual describes the 3270
emulator package.

The System Programmer's Guide addresses the needs
of the system programmer or system manager for
detailed information on operaating system
structure and system operation. It describes (1)
diagnostics, (2) procedures for customizing the
operating system, and (3) system utilities
normally used only by a system programmer or
manager, for example, Initialize Volume, Backup,
and Restore.

The Operator's Guide addresses the needs of the
average user for operating instructions. It
describes the workstation switches and controls,
keyboard function, and floppy disk handling.

xiii



PREFACE

INTENDED AUDIENCE

The Workstation Hardware Manual deals with the
mainframe (processing, memory and I/0O-control portions
of the system), the keyboard and the video subsystem
for a workstation configuration of the system. The
Peripherals Hardware Manual deals with the mass
storage (floppy disk and Winchester disk) portions of
the system.

The manual is intended for OEM engineers who will test
or service the system electronics. It 1is not,
however, intended as documentation of production-level
testing nor is it designed to support modifications of
the hardware. Convergent Technologies does not
support modifications to its boards other than those
predetermined by design, such as jumper options; the
only provision for user additions to the system are
through the Multibus* interface slots on the mainframe
and through the conventional serial and parallel I/0
connectors on the mainframe.

SOFTWARE CONTENT

The system contains several programmable peripheral
ICs and registers. All of these are either
initialized to default conditions by the standard
operating system during power-up/Reset and/or they are
supported with preprogrammed routines 1in the system
library that can be bound to wuser's application
programs. In addition, the operating system's
interrupt service processes often reinitialize or
modify the operation of this circuitry.

The descriptions given under the "Software Interface"
sections of certain chapters document the interface
between these software events and the hardware. With
this exception, the manual concentrates exclusively on
hardware.
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CONVENTIONS

REFERENCES

All numbering of bits in a word, bits on a bus line
and I/O-port addresses is done in hexidecimal
notation, with decimal equivalents included in
parentheses for reference to CT software manuals. For
example, the 20 bits in an address are numbered from
0, the least significant bit, to 13 (19 decimal), most
significant bitg the signal lines on 16-bit data
buses are numbered from 0 to F (0 to 15, decimal).

Signal names use plus (+) and minus (-) suffixes to
distinguish active-high from active-low, res=-
pectively. For example,

Signal Logical Voltage
Name State Level
RD- 0 (active) Low

1 (inactive) High
RD+ 0 (inactive) Low
1 (active) High

# Multibus is a trademark of Intel Corporation.
Throughout this manual the name is used as a
synonym for the IEEE 796 Microcomputer System Bus
Standard, which is derived from the Multibus.

The convention usa2d here corresponds to the Multibus
convention as follows:

CT Multibus IEEE 796
Convention Convention Convention
RD- RD/ RD#

RD+ RD RD

In all other respects, our convention is the same as
the Multibus convention.

There is a reference section at the end of most
chapters in this manual. These sections contain a
variety of lists summarizing hardware-related
functions. The appendices at the end of the manual
contain additional reference material.

Since the system contains several programmable devices

whose hardware functions and software interfaces are
only briefly summarized in this manual, readers are
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likely to want occassional reference to the following
manufacturer's literature:

Intel 8086 Family User's Manual
Intel Component Data Catalog
Zilog Z80A-SIO Technical Manual

Several new terms are introduced in the course of this
manual. Generally, they are explained when first used
but the Glossary at the end of the manual gives
explanations of these terms.
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OVERVIEW

1. SYSTEM ARCHITECTURE

The workstation system supports interactive
single-job, multi-task data processing. It can
be operated in either a stand-alone or multi-drop
(distributed) environment.

The configuration has many similarities with
larger mainframe computers: substantial main
memory is available (up to 1 megabyte), hard disk
storage is available either directly to the user
or through a shared-disk cluster, and rapid pro-
cessing and I/0 are possible.

The system is dissimilar to larger mainframes,
however, in that the system operator is usually
the principal user; a high-resolution CRT moni-
tor and a keyboard with programmable functions
are integral parts of the operator's interface. -
Moreover, a convenient and widely-used bus struc-
ture (Multibus) is provided in the dual-bus
architecture for the addition of user-designed
hardware.

Figure 1-1 gives an overview of the system ar-
chitecture. A high-performance 16-bit 8086 mi-
croprocessor forms the heart of the system and
ultimately controls al% activity. The internal
bus (called the CT-BUS'™ or "local bus") for the
workstation system supports the following re-
sources:

0 video control and high-resolution CRT
video display monitor.

o 8086 central processor, with optional
8087 coprocessor for hardware floating-
point operations.
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THE MAINFRAME

o ROM or PROM, up to 144 kilobytes.
o Dynamic RAM, up to 992 kilobytes.

o Disk control interface, to external hard
and floppy mass storage subsystems.

o DMA controller, for high-speed I/0 in
transfers involving video, disk and com-
munications, and Multibus.

o Interfacing for two serial communications
channels, one of which can be controlled
by the DMA logic.

o Keyboard interface and keyboard.

o Centronics-compatible parallel printer
interface.

o A programmable interval timer.

o Interrupt control for local and Multibus
interrupts to the 8086 CPU.

o A standard IEEE 796 (Multibus) interface
for two or four user-supplied boards.

The local bus, which operates asynchronously with
and is electrically separate from the Multibus,
has its own high-speed protocol for access by the
local resources it supports. The memory is the
only local-bus resources accessible from the
Multibus.

The workstation configuration includes an opera-
tor's keyboard and CRT monitor. Other configura-
tions of the system may not include the keyboard
or CRT.

Figure 1-2 illustrates the mainframe for a work-
station configuration. It is a set of hardware
components that includes a processor (CPU) board,
an I/0-memory board, a motherboard (backplane), a
video control board, a console (system switches),
a power supply and a fan. The mainframe may
optionally control a RAM expansion board, a ROM
expansion board, and two or four Multibus
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MEMORY

boards. If both the RAM and ROM expansion boards
are installed, they are stacked onto one main-
frame motherboard connector. A1l boards in the
mainframe are contained in a single physical
enclosure, although different types of enclosures
are used in different mainframe configurations.

The processor board includes the following pro-
grammable integrated circuits:

o 8086 central processing unit (5 MHz,
standard; 8 MHz, optional).

o 8087 numeric data processor (optional)
for high-speed arithmetic operations.

o ROM or PROM, up to 16 kilobytes.

o A four-channel DMA controller (8237-2 or
9517.

o An 8259A eight-level interrupt controller
for maskable interrupts from the 1local
bus or the Multibus.

The I/0-memory board includes these integrated
circuits:

o Dynamic RAM, up to 512 kilobytes.

o 2-80 SI0/2 serial I/0 controller for
dual-channel communication interfacing.

o 8253 interval timer, for communications
baud-rate generation and user applica-
tion.

o 8251A UART for asynchronous interfacing
to the operator's keyboard.

Figure 1-3 illustrates the system's memory-ad-
dress space. The maximum 1-megabyte (1024-~kilo-
byte) space is illustrated, although many systems
will have only a portion of this space populated
with memory chips.

RAM memory occupies the low addresses and can
expand to higher addresses in a variety of incre-
ments. The lowest space in RAM contains the
interrupt table, the operating system, and the
I/0 buffers.
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ROM memory occupies the high addresses and can

expand to lower addresses in various incre-
ments. The highest space in ROM contains the

bootstrap program.

The term "main™ ROM or RAM in Figure 1-3 refers
to memory chips physically located on one of the
two required boards in the mainframe: the pro-
cessor board for ROM and the I/0-memory board for
RAM. The term "expansion"™ ROM or RAM refers to
chips located on one of the optional memory ex-
pansion boards.
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INPUT/0UTPUT

While the 8086 ultimately controls all activity
on the local bus (and, optionally, on the Multi-
bus), much of the I/O associated with the local
bus is controlled by the 8237-2 DMA logic.

The following table presents an overview of how
data transfers are controlled. The terms "CPU"
and "DMA" refer to the 8086 and 8237-2 chips on
the local bus.

Data
Transfer Method
Video DMA
Hard Disk DMA
Floppy Disk DMA
Communications DMA or CPU
Keyboard CPU
Printer CPU

Of the two communication channels (A and B), only
channel A can be configured to use DMA service;
this channel can have either an RS-232 or an RS-

422 interface.

MULTIBUS INTERFACE

Information in memory can be accessed across the
Multibus interface within various memory-address
ranges (windows), as depicted in Figure 1-4. The
windows are selected by switches on the mainframe
boards and they are different, depending on the
direction in which the transfer are made: there
are three choices for cases in which the local
8086 is controlling the transfer, and four
choices for cases in which a Multibus CPU or DMA
is controlling the transfer.

The I/0 resources supported by the local bus are
dedicated, in the sense that they can only be
accessed by a local master (i.e., the 8086 CPU or
the 8237-2 DMA controller). Multibus devices
cannot directly access the local I/0 resources;
they are limited to accessing local memory. The
local 8086 CPU, however, can access Multibus I/0
resources.
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2. FUNCTIONS AND INTERFACES (Processor and 1/0-Memory Boards)

This chapter describes the functions of the major
buses, 1logic blocks, and hardware interfaces
provided on the processor and I/0-memory
boards. Software interfaces for the programmable
chips and registers on these boards are also
described. The video control boards, disk con-
trol boards and other components of the system
are not covered in this Chapter; their functions
and software interfaces are described in other
chapters.

DUAL BUS ORGANIZATION

In its most basic configuration, the mainframe
for the system consists of a processor board, an
I/Q0-memory board, and a motherboard. The main-
frame contains the primary bus structure for the
system, a structure which incorporates two sets
of buses as illustrated at the top of Figure 2-
1

o Local Bus: This is the bus that links the
entire mainframe. It includes a 20-bit
local address bus (LAO to LA13, hex), a
16-bit local data bus (MEMO to MEMF, hex)
and an 8-bit local I/O bus (IOBO to IOBT),
plus several control lines. The local bus
also includes as a subset the processor
bus, a collection of 20 time-multiplexed
address/data lines (ADO to AD13, hex) plus
several control lines.

o Multibus: This is the standard IEEE 796
86-pin microcomputer system bus provided
for user-supplied boards. It is not used
for CT boards, but Multibus board slots
are provided on the mainframe motherboard
and these slots interface to the 1local
bus. ‘

In Figure 2-1, the mainframe consists of all the
blocks except the shaded drawings of peripheral
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devices (the CRT, keyboard, printer, disk control
and disk); the video control 1logic is omitted
from the mainframe in certain configurations.

Only address and data buses are shown here;
control lines are not included in this diagram.

The processor bus subset of the local bus ser-
vices only the 8086 CPU and the optional 8087
Numeric Data Processor (NDP). Both of these
processors have nearly identical pinouts which
are tied together by their shared bus. The chips
use address/data multiplexing, and it is the
function of the local bus interface to demulti-
plex and latch these lines for convenient use by
other devices attached to the local bus and the
Multibus.

The remainder of the local bus services all of
the memory and I/0 peripherals provided by CT.

The 20-bit local address bus, LAO-LA13 in Figure
2-1, carries addresses from the local CPU (8086),
the local DMA chip (8237-2), or a Multibus mas-
ter. The addresses reach all of the memory-re-
lated resources, including the local ROM, RAM and
video control logic. Through the Multibus inter-
face, addresses placed on this bus by the local
CPU that are within certain switch-selectable
memory ranges (windows) can be directed to the
Multibus. Similarly, Multibus masters can ad-
dress local-bus memory resources within another
set of switch-selectable ranges.

The ROM and RAM logic blocks shown in this figure
represent both main ROM and RAM (i.e., memory
chips installed on the processor or I/0-memory
board) as well as expansion memory (i.e., memory
chips 1installed in the ROM or RAM expansion
boards). The video control logic is physically
contained on its own board which plugs into the
nainframe motherboard, and a cable connects the
motherboard to the external CRT.

The 16-bit local data bus, MEMO-MEMF in Figure
2-1, connects the demultiplexed processor data
bus with the local ROM, RAM, video control, disk
control interface, printer control and local I/0
bus interface, as well as being buffered through
to the Multibus. Note that the disk control
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interface and the printer interface connect to
this bus instead of to the local I/0 bus. The
disk control board(s), to which the disk control
interface logic connects, are located with the
disk drives themselves. The printer-interface
logic constitutes the entire printer interface
(Centronics compatible) provided on the CT sys-
tem,

The 8-bit local I/0 bus, IOB0O-IOB7 in Figure 2-1,
is buffered off of the local data bus to service
the DMA logiec, interrupt control, keyboard inter-
face, interval timer and communications inter-
faces. The keyboard contains its own micropro-
cessor and is attached to the 8251-based keyboard
interface 1logic through a serial cable. The
communications control block includes cable con-
nectors on the mainframe enclosure to which
standard RS-232 and RS-422 cables can be attach-
ed; two separate channels, A and B, are avail-
able. The entire local I/0 bus is strictly re- .
served for local resources in the sense that it
has no interface with the Multibus and cannot be
addressed by a Multibus master. The two serial
communications channels on the mainframe provide
access to and from external devices.

The processor bus and the rest of the local bus
operate in an intimately 1linked protocol. The
local bus and Multibus, by contrast, operate
asynchronously. A

Word accesses by the CPU may have even or odd
addresses on either the local bus or Multibus;
the only distinction is that odd-addressed word
accesses cause two bus cycles instead of one.
For DMA transfers on the local bus, however, only
word transfers are made; the LAO line on the
local address bus is always forced to O. For
transfers from the local data bus to the local
I/0 bus, only the lower byte is seen by the lat-
ter bus.

Local and Multibus Separation

The separation of processor bus from local bus is
almost a necessity, given the fact that the mul-
tiplexed processor lines need to be demultiplexed
before they can be used conveniently. The asyn-
chronous separation between local bus and Multi-
bus, however, is not imposed by design restric-
tions but rather results from a conscious effort

to achieve three objectives:
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o Speed: Local bus masters (the 8086, 8087
and 8237-2) can optimize their access to
the local bus because they use a bus-ar-
bitration protocol that is more efficient
for their well-defined environment than
the bus-request/bus-acknowledge protocol
used on Multibus.

o Protection: By controlling the access of
Multibus signals to the local bus (a task
handled by the local DMA logiec) the local
bus can protect itself and its memory re-
sources from unauthorized or electrically
anomalous interaction with the Multibus.

o Parallel Processing: Because the 1local
bus 1is electrically separate from the
Multibus, connected only through buffers
that can be controlled from the local bus,
both buses can operate simultaneously but
separately. That is, the local CPU and a
Multibus CPU can operate simultaneously as
long as they do not require access to
resources on the opposite side of the
Multibus interface.

The local bus appears as simply another Multibus
module to Multibus masters trying to gain access
to local resources. In order to gain access to
those portions of local memory that are open to
them through the switch-selectable memory-space
windows, Multibus masters must go through their
standard protocol of raising their bus-request
(BREQ/) 1line and awaiting a bus-priority-in
(BPRN/) signal through the priority-resolving
network.

Local bus masters, on the other hand, have faster
and more direct priority-resolving methods for
access to their own bus. On one hand, both the
8086 and 8087 watch the same instruction stream
being fetched from memory and they execute a
mutually exclusive set of instructions; more-
over, they have a request/grant handshake that it
synchronized by their shared clock. On the other
hand, the DMA logic watches status lines from the
CPU and is able to anticipate when the bus will
become free before the CPU has finished executing
an instruction. This results in faster access to
local memory than is possible for Multibus mas-
ters.
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Either the DMA chip or a Multibus master can use
the local bus between CPU bus cycles, during non-
bus CPU cycles or when the CPU is waiting for
permission to use Multibus slave resources.

Local Bus Interface

The logic block in Figure 2-1 that represents the
interface between the processor bus and the re-
mainder of the local bus (local bus interface)
includes several functions beyond the demulti-
plexing and latching of the processor's ad-
dress/data bus. It also includes the bus control
logic (organized around an 8288 bus controller
chip), the processor address decode logic, and
the local I/0 address decode logic.

The 8288, which handles 1local bus control by

watching the CPU's status lines, also has an

interface to the Multibus through a trans-
ceiver. This arrangement puts read/write com-

mands on the Multibus when the local CPU is the

Multibus master.

The processor address decode logic determines
what logic block (on the processor board, I/0-
memory board, or user-installed Multibus boards)
a CPU instruction refers to. It thereby deter-
mines whether the local bus should connect to the
Multibus. This logic also connects to the local
I/0 address decode 1logic, to the 8086, the op-
tional 8087 and the 8237-2 DMA chip.

The buffers on the local bus interface are bi=-
polar (TTL-type) in order to achieve high speed
and drive. Similarly, the buffers that interface
the local address (LA) and local data (MEM) buses
to the many devices attached to these buses use
bipolar buffering for the same reason. This is
in contrast to the devices on the local I/0 bus,
which have only internal MOS buffering and are
much slower.

Local I/0 Bus Interface

The local I/O bus interface consists entirely of
a TTL transceiver connecting the local data (MEM)
bus and the local I/O bus. The devices attached
to the local I/O bus are all 8-bit MOS devices
with no additional buffering beyond their inter-
nal pin buffering, and their drive capacity is
limited to the devices on the local I/0 bus with
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which they interact. Because these devices in-
herently operate more slowly than those on the
local data bus, they require three additional
clock cycles (Wait states) beyond the read/write-
cycle specifications given in the 8086 data
sheet.

Multibus Interface

As mentioned above, the Multibus interface pro-
vides standard Multibus slots for user-installed
boards. A later chapter defines the standard
interface by reference to the related IEEE docu-
ment.

The Multibus is interfaced electrically to the
local bus through bipolar transceivers which are
controlled by the local DMA logic. In addition
to this buffering, the Multibus interface con-
tains the Multibus control logic (rebuffered from
the 8288 in the local bus interface), the Multi-
bus address=-decode logic for determining which
memory and I/0 addresses are meant for it, and
the arbitration logic (primarily and 8289) for
determining when the local masters can get the
Multibus.

The local bus can generate a 10 MHz bus clock for
the Multibus or it can receive clocking from the
Multibuss this option is switch-selectable.

Interprocessor communication between the 1local
bus and the Multibus is supported by the standard
LOCK prefix for 8086 instructions, which can be
used to implement test-and-set semaphores or
other synchronization primitives in software.

Interaction between the local bus and the Multi-
bus can take place in both directions; i.e., it
can occur with the local CPU acting as master
(called a "Multibus master access") or with a
Multibus board acting as master (called a "Multi-
bus slave access").

Multibus Master Access

When the local CPU is master of the Multibus,
hardware switches on the processor board deter-
mine which memory-address ranges, if any, refer
to memory resources located on the Multibus
rather than the local bus. A 96-kilobyte or 352-
kilobyte range within the total 1-Megabyte ad-
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Priorities

dress space can be selected for these accesses.
For local CPU access to Multibus I/0 devices,
whenever an I/0 address does not pertain to a
local bus device, Multibus I/O devices will be
accessed.

Multibus Slave Access

Hardware switches on the processor board and
software-programmable bits in the local DMA logic
control whether a Multibus board can become mas-
ter of the local bus and, if so, to what areas of
memory . The range of local address space ac-
cessible to a Multibus master can be set at 16
kilobytes or 512 kilobytes. Only memory accesses
(including the video buffer in memory) are per-
mitted.

Memory accesses from a Multibus master may be
either byte or word aligned. As in conventional
8086 usage, if word accesses have odd addresses
they will take two bus cycles instead of one.

Priorities for access to the 1local bus, from
highest to lowest, are as follows:

1. Multibus-master accesses to local memory,
in which the local DMA 1logic arbitrates
access but the Multibus master generates
addresses.

5. Channel A communications access to and
from local memory, in which the local DMA
chip generates addresses. (Channel B com-
munications are not serviced by the DMA
logic and have a priority of 5, since it
uses the CPU for transfer control).

3. Disk accesses (floppy or hard disk) to and
from local memory, in which the local DMA
chip generates addresses.

. Video-refresh accesses from local memory,
in which the 1local DMA chip generates
addresses.

5. 8086/8087 use of the local bus, in which
the 8086 or 8087 generates addresses.
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Bus Timeout

When 1local bus usage involves memory there are
two 1levels of contention involved: the first
level of contention is for the bus itself, as
described above, The second level is for the
memory. At this second level, memory refresh
always has priority over bus masters.

Access by the 8086 and 8087 is given equal prior-
ity. These two devices compete with each other
for the local bus with a request/grant handshake
that is synchronized to their shared clock.

The system causes a 6-millisecond bus timeout if
a memory location or I/0 port does not respond
when it is addressed. The timeout will affect
accesses of local-bus masters to 1local-bus
slaves, local-bus masters to Multibus slaves, and
Multibus masters to local-bus slaves. Timeouts
between Multibus masters must be provided
independently of the local timeout.

The enabling/disabling of the timeout function
interrupt is done with a bit in the I/0 Control
Register (IOCR); a non-maskable interrupt is
caused whenever the memory or I1/0 device does not
respond within the allotted time. The mechanism
is designed to protect the local bus's functions
ageinst faulty or non-existent slave devices,
unplugged cables, faulty programs, or other un-
forseen problems.

2-9



THE 8086 AND 8087 PROCESSORS

The 8086 CPU

The CPU for the system is an Intel 8086. A 5-MHz
version is standard but an 8-MHz version is of-
fered as an option. The chip is operated in its
Maximum Mode.

The 8086 achieves high performance in part
through pipelined architecture. This architec-
ture combines a 16-bit internal data path with
prefetch registers which permit instructions to
be fetched from memory and queued for execution
during bus cycles that would otherwise go unused.

The 16-bit registers include four registers used
to store and update base addresses for memory.
Figure 2-2 illustrates the manner in which the
contents of two 16-bit registers are manipulated
to obtain 20-bit addresses, allowing a 1-megbyte
address space. The segment register, one of the
four registers referred to above, holds the base
address for a given logical segment of memory.
The offset for the address is obtained from one
of the 8086's general-purpose registers or from
memory. Whenever memory is accessed, a physical
address is obtained from a logical address by
shifting the segment base four bits to the left
and adding the offset.

For more background on the 8086, see the Intel
8086 Family User's Manual.

The 8087 Numeric Data Processor |

The optional 8087 numeric data processor (NDP) is
a coprocessor which can improve system throughput
dramatically in some applications. Coprocessing
is a special case of multiprocessing, one in
which both processors execute from a single in-
struction stream.



SEGMENT
REGISTERS

8086

REGISTER
M |
| I .
| (0022 | Offset—b 10022 (10,240%)
: | ~base —» [12 3 4[0] (1,239 )
I
| | st
l ' 12362 ‘—-(HEXIDECIMAL) (11’479 )
| |
|
12334 :
|
1
I
1
L 1

* Fffective when shifted
right 4, 640 x 16 = 10,240.

Figure 2-2. 8086 Address Generation



In the 8086-8087 combination, both processors
operate in unison. They monitor the same in-
struction stream and execute selected instruc-
tions from it. For example, while the 8086 deals
with memory segmentation, calculating the addres-
ses of operands in memory, the 8087 can perform
complex arithmetic and 1logic operations that
would otherwise take the 8086 much longer to
compute.

The 8087 can filter out its own instructions as
they appear on the bus that it shares with the
8086. The 8086 calculates the memory address for
the initial operand, if any, and puts that on the
bus. The 8087 1latches this address, reads the
operand, and begins to execute the required nu-
merical operation, leaving the 8086 free to pro-
cess non-numeric commands. The 8087 takes con-
trol of the bus only when necessary, to load and
store operands.

The 8087 can be viewed as an architectural ex-
tension of the 8086. It in effect extends the
register resources and instruction set of the
CPU. Programming the 8086-8087 combination is
essentially the same as programming a lone
8086. From the programmer's standpoint the 8087
simply provides 68 new instructions and data
types (seven in all) on top of those provided by
the 8086.
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Software Interface
8086 CPU

The 8086 uses the full instruction set, which is
summarized in Figures 2-3 and 2-4.

To fully understand the programming of the 8086,
the following publications are recommended:

o Convergent Technologies Central Processing
Unit '
o Convergent Technologies Assembler Manual

Descriptions of the 8086 memory and I/0 inter-
faces are given later in this chapter. The mem-
ory address space accessible to the 8086 depends
not only on the amount and location of physical
memory chips installed in the system but also
upon the jumper-selected windows between local-
bus and Multibus address spaces.

8086 addressing of I/0 ports can be affected by

the setting of bit C in the I/0 Control Register
(IOCR), which is described under the "Interrupts"

section of this chapter.



BATA TRAMSFER

0OV - Bove:

Regrsier /memory to/lrom register
menediaie 10 4
Eamediate 10 regisier

Semory 10 dccumulator

Accumuiator 10 memoty

Register /memory 10 segment regisier

e Imemory

Segment tegisier 10 tegister memory

PUSH  Push.
Register /memory
Regrster

Segment register

POP - Pop

Regrater I memoty

Ragister

Segment register

CWE + Exchange:

Regigtes /memory with regster
Regater wilh accumuiaion

Misinput trom

76843210 188543210 188543213 PE9A3N0
[100010¢ w|moa 10 1/m

110001 1w |md000 «m dans o w1 ]
1011w teg oaa data w1

1010000w 2001 low 2061 high

1010001 w 200 low 3001 -high

|oou||_|u mod 01eg 1M

10001100 mogOreg t/m

1111

mod 110 t/m |

01010 teg
000reg 110

0001111 Img000 vim |

010V Y reg

000 g V11

[[o000 1 vw]mos 1eg tim ]

[tooro e |

Fixed port [vicorow] b ]
Varabdle port IlllOllOuI
OUY = Oumput to.
Fixed port 111001 1w port |
Varuabie port 1110111 w
RULAT: Transiate byte 10 AL 1101011
LEA=Load EA tp register 10001101 [mod rep t/m
AB3+Load pornter to OS 1100010 [mod reg 1'm
LEB-Lead pomter 1o ES 11000100 [mog 1eg 'im
LAMF L0820 AH enth flags IETXEEEE
BANF « Siore AN ial0 tlags 10011110
PUSHF =Push Hags 10011100
POPf-Pop tlags 10011101
ABITHMETIC
ABD - Ade:
Rag /memory with regrstat to ether (0 000000 wimod reg !/m
mmediate W register/memory 1000005 w|{mog000 r/m
w 0000010w a1
ASC + Add with carry:
feg Imemory wih register o erther |0 00 1006 w mog reg t/m
tmmediate 10 regrsier /memory 1000003 w|mod0 10 t/m o ] st M 5 w01
tmmediste 10 accumuldtor 0001010w dats Gatadwt |
3C - Imcroment:
Regestor /memory TI1111 1w mod000 o/m |
Regester 01000 reg
AM=ASCH adjust fer 264 0011011
BAA-Decimai adst for 864 00100111
8US - Bubirset:
Rag /momory and 1egrsier 1o erthar 001010dw|mod reg 1/m
Wmmadaate irom rogister /memory 1000008 w|modi 0 t/m das [ asansee0r]
tmmediote tiom accumulator 0010110w data Gl |
888 « Sudtract with borrow
Rog /mamory and regrsier 1o either 0001106 w][mod rep t/m
Immodiate hom regrster /memory 1000003 w [mod0 )1 1/m dan | oaants
Immediste hom accumulater 0001110w daa data fwel |

BEC  Gacrement
Regisier memory
Register

BEE Change sign

CiP  Compore

18643210

16643218 76543213 18843219

\RERRERE]

mod0 01 m |

01001 reg

111101 1w mog0 11 oim |

Register Memory ang regisier Q011100 w !mod reg /m

Immediate with regisie: -memoty 100000s o |modt 11 um G | e '“E

Immediate with accumulator 0011110w saa ganaiw V|

AAS ASCH adyust lor subtract 60111111

843 Decimal 3gjust for sublract 001001111

HUL Muhiply tunsigned) 111101 1w [mod1 00 1/m J

RAUL Integer multiply 131gned) 11110V 1w |mog1 0t ¢em |

AAB ASCH adjust lor mutiply 11010100 00001010

OV Divide tunsigned) 111101 w [mgr1 10 i m

101V integer Givade (swned) 11110 w [mogt v o m

AAD ASCH adjust for Givide 11010101 (00001010 |

CBW Convert byte 1o word 10011000

WD Converi word to double word 10011001

LOGIC

HOT invert 1111011 w |moo0 10 1im

SHL/SAL SAht tkogrcal. amthmenc kett |1 10100 v w [mod100 rm

SHR Shit togical rght 110100vw[moslor rm

SAR Snift anthmenc 1t 11010dvwimost iy 1im

0L Rotate teh 110100vw|mos000 ' m

208 Rotaie nght 110100vw [md00t 1/m

BCL Rotate thiough tarry fiag lett 110100y w|mod0 10 r'm

RCA Rotate IMOUGH Carry 1M 110100vw mea0 1t v,

AND  And.

Reg Imemory an0 tegisier 10 either 0010000 w |mod 1eg /m

Immediate 10 1egister i memory 1000000w |mod1 00 ¢'m dals | dala ‘e J

immediate 10 dccumulator 0010010w dan aatw it |

TEST . Aad lunctisa t3 Nags. ®o resuil:

RQegusier /memory 368 register 100001 0w [med reg o'm

Kmmedate 6312 a0 register memory |1 111011 w [mod0 00 1/m G | eure]

tmme0iate 6313 and dccumuldtor 1010100w gan o212 o -g

ea : or

Rog /memory angd regisier 10 eilhet 0000100 w |[mog veg ¢/m

Immediate 10 regisier imemory 1000000w [mog0 01 rim | ware!]
10 00001 10w da1a ouitwl |

208 - Exclusive of:

Rap Imemory ang register 10 enher 0011000 w [mog reg o/m

Immediate 10 regisier /memory 1000000 w [mogi 10 i/m | e |

Immediate 10 dccumulator 0011010w s qanndwt |

BTRING MAKIPULATION

REP>Repeot 11110012

0 VS=tiow byse/word 101001 0w

CHPS:Compare byte/word 1010011 w

$CAS*Scan byte/word 101011 1w

LODS+Losd byte/wd 10 AL/AX 101011 0w

SYOS+Stor byte/wd from AL/A 101010V w

Figure 2-3. 8086 Instruction Set
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COMTROL TRAMBFER

CAlL Lol - 70843218 20043210 JOBa3210

Dviact m.1hin segment 11101000 €3 tow osp nigh |

nowect o 1hin segment 1111V fmee L 0 em

Ourect intersegment V0011010 ntisel iow cisel hgn |
69 0w seghgr |

thdnect ntersegment [I 1YYV ) fmoe 0ty aem

8P Uncongitionz! Jump

Ouwect w.thun segment S 10100 aapion s hgh )

Dreext witrin segment-short 111010y 8isp

Ingwect withun segment 1111111 lmoc 100 rom

Burect ~ersegment T1101010 i, . oetion °"“i—::g
[_ L seg 0w seg-hgh

ngrect ntersegment vy Tmee t et om

BET  Return trom CALL

wntnn segment 11000011

Within seg 300ing immed to SP 11060010 canaiow | anangr |
ntersegment 1100108

Interseg~ent a00ing -mmediate 10 SP{1 1001 01 0 Qo' tow aatatigh |
JE/41 Jump on equal 2e10 01110100 &3y

u»uaof.m:n 1ess. not greater 01111100 Paes

Al/ﬂ;::glan tess or gqual-not (RIS csp

uum;..:: ?n below notabove 0"y v 1 g1 g 0sp

ﬂ/ﬂns;:g‘x;mwu of eQua. 01110110 050

4P/ Jump on party-pantyeven (0111101 ¢ 015

48: Jump on overtiow 01110000 050

3 Jump on sign 011117000 0sp

JRE/JUY Jump 0N NOY eQuAI'NDL 2610 L0V Y 1 G 10 Y disp

Jll/&;:.’:g:r not 1SS . greater s e Son

Jllb.‘c.,::lr:.on nol ress or eQuar 't' EEEEEE) osp

Fooinstes:

AL - B-bit accumuiator

AX = 16-Dit accumulator

CX = Count register

DS = Data segment

ES - Extra segment

Above/deiow refers 10 unsigned value

Greater - more positive.

Less : less posiive imore negative) signed values
A= linen 10 reg, f 6= 0 then “trum" reg

ol = ) then wurd nstruction; of w - 0 tnen dyte instiuchion

11 mod = 11 then r/m s treated as a REG feld

# mod = 00 then DISP - 0°. disp-low ang disp-high are absent
it mod = 01 then DISP - disp-low sign-exiended 10 16-bits 01sp-Righ 15 absent
it mod = 10 then DISP : disp-high 0isp-low

if r/m = 000 then EA = (BX) - (SI) - DISP

i r/m = 001 then EA - (BX) - (D) - DISP

#l tsm = 010 then EA - (BP) - (SI) - DISP

#rim < 011 then EA - (BP) - (DI) - DISP

i r/im =« 100 then EA - (SI) - DISP

M r/m = 101 then EA = (DI) - DISP

dr/m = 110 then EA = (BP) - DISP*

f 1/m = 111 then EA - (BX) - DISP

DISP follows 2nd byte of nstruction (before cata if required)

“except f mod - 00 and r/m = 110 then EA  disp-high disp-low.

Figure 2-4. 8086

: 76843210 18843218
JUB/JAE Jump on nol Deiow ‘abOve :
0':0:!' o CARRLLRAN o
JHBE/JA Jump on not detow o1 [ EERE RER] ay
i equd! ‘above il
i JuP/JPO Jump on nol pat /D3 000 01vivpr g
| 0 Jump on not overtiow 0110001
1 S Jump on not sigr 01111001
1607 Loap CX nimes 11100010
LBOP2/L00PE Loop while zero-equal |1 110000
mm/f,’?:'.‘,.}.?"” while not [frroo0000 S
X2 swmp on CX zero 1110001 S
WY laterrupt
Type specied V1000101 we ).
Type 3 11001100
WT0 interrupt on overtiow 1100111 G
b
IRET intertupt retuen Y100t
'
PROCESSOR CONTROL
CLE Ciear carry 11111600
€HC Compiement carry YY1 010Y
8TC Set carry 11V 100
CLO Ciear euection [EEEEEY S
810 Set dwection IREEEEY K
! LI Clear snterrupt [EEERT EX]
8YI Set snierrupt AR EN
"y wan Trracrog
b
Cowai ware RN
' E8C Escave -ic external gevice: IO Ta wa moda a vamd
. brses. et - - -
LOCK Bus -ock prétn h_\_' AR : N
f s w=01 then 16 bits of iImmediate data form the operang
# s w=11then an immediate dala byle 1S Sign extendeq 1o
form the 16-bit operand
dv=01then ‘count” =1 1l v=1then “count i (CL)
x = gon't care
215 used for Sinng primilives for companson with LF i AG
SEGMENT OVERRIDE PREFIX
REG 15 ass.gneo according 10 the foliowing table
168w Y Gditiw 0 Segmont
000 AX 000 AL w €S
001 CXx 001 CL 01 CS
010 DX 010 Ot 10 S§S
01 BX 01 BL n oS
W00 SP 100 AH
10° 8P 101 CH
10 SI 10 DH
1" 0 11 BH

Instructions which reference the flag register hile as a 16 bit nhject use the symbo! FLAGS to
represent the hie

FLAGS X X X X (OF ) (DF) (IF) (TF) (SF) (ZF) X (AF) X (PFs X (CF1

Instruction Set (Continued)
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8087 NDP

The optional 8087 performs arithmetic and logical
operations on a variety of numeric data types.
Users with this option should refer to the Intel
literature. A summary of the instruction set is
given in Figures 2-5 and 2-6.



Data Transfer

FLD = LOAD

Integer/Real Memory to ST(0)
Long Integer Memory to ST{0)
Temporary Rea! Memory to §T(0)
BCP Memory to ST(0)

ST(i) to ST(0)

FST = STORE
ST(0) to Integer/Real Memory
ST(0) to ST(i)

FSTP = STORE AND POP

ST(0) to Integer/Real Memory
S$T(0) to Long Integer Memory
ST{0) to Temporary Real Memory
S$T(0) to BCD Memory

S§T(D) to SY(i)

FXCH = Exchange S¥(i) and ST‘O)

Comparison
FCOM = Compare
Integer/Reat Memory to ST(0)

ST(1) to ST(0)

FCOMP = Compare and Pop
Integer/Real Memory 10 ST(0)

ST(1} 1o ST(0)

FCOMPP = Compare ST(1) 10 ST(0)
and Pop Twice
FYST = Test ST(0)

FXAM = Examine ST(0)

7654321

0765432107605 4321076543210

[[escape MF_ 1] MOD 0 0 0 R/M | (DISP-LO) )| (DISP-HI) ]
[_Eescare 1 1 1] MoD 1 0 1 RM | (DISP-LO) )| (DISP-H1) ]
[__€escare 0 1 1] MOD 1 0 ' RM | (DISP-LO) 1 (DISP-HI) ]
[_escare 1 1 1] MOD 1 0 0 RM | (DISP-LO) 1 (DISP-HI) ]
[__Escape 00 1] v 100 0 sta) ]
[__escare MF_ 1] MOD 0 1 0 RM | (DISP-LO) 1 (DISP-HI) ]
[ Escape 10 7] v 1010 ST |
[__escape MF_ 1] MOD 0 1 1 AM_ ] {DISPLO) 1 (DISP-HI) ]
[ escape T 1 7] MOD 1 1 1 RM | (DISP-LO) | (DISP-HI) ]
[ Escare 0 Y 1] MOD v 1 T RM | (DISP-LO) | (DISP-HI) ]
{ escare 1 7 1] MOD 1 7 0 RM ] (DISP-LQ) | (DISP-HI) ]
[ escare 10 1] V1o v st |
{_Eescape 00 1] 1 10 0 1 st )
[ escape. MF 0] MOD 0 1 0 RM | (DISP-LO) 1 (DISP-HI) ]
[Escape 5 0 0] 17 0 1 6 5]
[[_Eescape MF 0] MOD 11 RiM ] (DISP-LO) I (DISP-HI) ]
[ EscapE 00 0] 171 0 1 1 51
[__Eescare 1t 1t oJ1 101 10 0 1]
[ escare 11 11001 00]
[ Eescare T 11001 0 1]

Figure 2-5.

8087 Instruction Set
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Arithmetic
FADD = Addition
integer/Real Memory with ST(0)

ST(i) and ST(0)

FSUB = Subtraction
Integer/Real Memory with ST(0)

ST( and ST(0)

FRUL = Multiplication
Integer/Real Memory with ST(0)
ST(i) and ST(0)

FOIV = Division

Integer/Real Memory with ST(0)

7 6 54 3 21 GV 654 3 210786543 2107630543210

[ escape

MF_ 0 [MOD 0 0 0 R/M [ (DISP-LO) | (DISP-HI) ]

[_escare

d P of1 1 00 0 sTH) ]

C

ESCAPE

MF_0[MOD 1 0 R RA/M | (DISP-LO) | (DISP-HI) ]

L

ESCAPE

g POt 1 1 0 R RAM |

[ escare

MF_0[MOD 0 0 1 R/M | (DISP-LO) | (DISP-HI) ]

[ Eescare

g POt 1001 RM_ |

[ escare

MF__0[MOD 1 1 R R/M | (DISP-LO) ]| (DISP-HI) ]

ST(i) and ST(0) [ _escare d POt 1 1 1R RM |
FSQRT = Square Root of ST(0) [[_escare 00 11 1 1 1+ 10 1 0]
FSCALE - Scale ST(O) by ST(1) [ ESCAPE 00 1[1 1 1110 1]
FPREM = Partial of

ST(0) + ST(1) [[_escare 0 0 1]1 1 1 1.1 00 0]
FRNDINT = Round ST(0)

10 Integer [[_escare 00 1[1 1 1 31 110 0]
FXTRACT = Extract Ci

of ST(0) [ escare 0 0 1]1 1 1 10 1 0 0]
FABS = Absolute Value of ST(0) [ ESCAPE 0 0 11 1 1 00¢Co0 1]
FCHS = Change Sign of ST(0) [ _Escare 0 0 11 1 10000 0]
Transcendental
FPTAN = Partial Tangent of ST(0) | ESCAPE 0 0 1]1 1 1 100 1 0]
FPATAN = Partial Arctangent of

STI0) + ST(1) [ Eescape o0 0 11 1 1 1 0 0 1 1]
F2xM1 = 2 STI0)y [__Eescare 00 1]1 1 1 1 0 0 0 0]
FYL2X = ST(1) - Logy [ST(O)] [ Escare 9 0 11 1 1 1 0 0 0 1]
FYL2XP1 = ST(1) - Log, (ST(0) + 1] | ESCAPE 00 11 1 1+ 1 100 1]
Constants
FLDZ = LOAD + 00 into ST(0) [ Escare 00 11 1 1.0 1 1 10
FLD® = LOAD » 10 into ST(0) [ Escare 0 0 1]1 1 1 0 1 0 0 0
FLOP! = LOAD  into ST(0) [ escare 0 0 11 1 1 0 1 0 1 1
FLDL2T « LOAD log, 10 into ST(0) [ ESCAPE 0 0 11t 1 1 0 10 0 1
FLDL2E = LOAD logg @ nto ST(0) [ ESCAPE 0 0 1[1 1 1010 10
FLDLG2 = LOAD 1og g 2into ST(0) [ ESCAPE 0 0 11 1 10 1 100
FLOULNZ * LOAD 18ge 2 nto ST(0) [ ESCAPE 0 0 11 1 1 0 1 1 ]

Figure 2-6.

8087 Instruction Set (Continued)
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76543210 76 5432107 654321707 65243210
Processor Control
FINIT = Initialze NDP [ Eescare 0 1 11 1 1000 11
FENI = Enable Interrupts [ Eescape 0 v 11 1+ 10000 0]
FDIS! = Disable Interrupts [__Escape 0 v tJ1 1 1000 0 1]
FLDCW = Load Control Word [ Escape 0 0 1 [MOD 1 0 1 R'M T (DISP-LO) | (DISP-HI) ]
FSTCW = Store Control Word [_escape 0 0 1t JMOD v v 1 RM | (DISP-LO) ] (DISP-HI) ]
FSTSW = Store Status Word [ Escape 10 1 JMOD 1 1 1 mM ] (DISP-LO) ] (DISP-HI) ]
FCLEX = Clear Exceptions [_Eescape 01 1J1 1 10001 0]
FSTENV = Store Environment [ Escape 0 0 1 JMoD 1 1 0 RM | (DISP-LO) | (DISP-HI) ]
FLDENV = Load Environment [ Escape 0 0 1 [MOD 1 0 0 RM ] (DISP-LO) I (DISP-HI) ]
FSAVE - Save State [ Escape 10 1[MoD 1 1 0 RM | (DISP-LO) | (DISP-HI) 1
FRSTOR = Restore State [_Escare 10 1]MOD 1 0 0 RM_] (DISP-LO) I (DISP-HI) ]
FINCSTP = Increment Stack Pointer | ___ESCAPE 0 0 v Jr 1+ v 1o 11 1]
FDECSTP = Decrement Stack Pointer [ ESCAPE 00 1J1 1 1t 1011 0]
FFREE = Free ST(1) [_Escapre 10 1]t 1 0 0 0 st ]
FNOP = No Operation [ _Escape 00 1] v 01000 0]
FWAIT = CPU Wait for NDP [V oo v v KN

FOOTNOTES:

it mod =00 then DISP =0°, disp-low and disp-high are absent

if mod=01 then DISP=disp-low sign-extended to 16-bits,
disp-high is absent

it mod =10 then DISP = disp-high; disp-low

if mod =11 then r/m is treated as an ST(i) field

if r/m =000 then EA = (BX) + (SI) + DISP

if r/m =001 then EA = (BX) + (DI) + DISP

if r/m=010 then EA = (BP) + (Sl) + DISP

if r/m=011then EA=(BP) + (DI) + DISP

if r/m =100 then EA = (SI) + DISP

if 1/m =101 then EA = (DIl) + DISP

if r/m =110 then EA = (BP) + DISP*

if r/m =111 then EA = (BX) + DISP

“except if mod = 000 and r/m = 110 then EA = disp-high. disp-low.
MF = Memory Format

00 — 32-bit Real
01 — 32-bit Integer
10 — 64-bit Real

11 — 16-bit Integer

Figure 2-6a. 8087
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ST(0) =
ST(i) =

For FSQRT:
For FSCALE:
For F2XM1:
For FYL2X:

For FYL2XP1:

For FPTAN:
For FPATAN:

Current stack top
it" register below stack top

Destination
0 — Destination is ST(0)
1 — Destination is ST(i)

Pop
0 — No pop
1 — Pop ST(0)

Reverse
0 — Destination {op) Source
1 — Source (op) Destination

-0 < ST(0) < +=

2" < ST(1) < +2'% and ST(1) integer
0<ST(d) < 2!

0<ST(0)<=

—o < 5T(1) <+ e

0 < IST(0)l < (2 - \/2)/2

~© < ST(1) <

0 < ST(0) < n/4

0 < ST(0) < ST(1) < 4+

Instruction Set (Continued)




MEMORY INTERFACE

Address Space

ROM Memory

The 1-Megabyte address space, illustrated in
Figure 1-3 of the prior chapter, can be populated
with memory chips in a variety of ways. ROM
occupies the highest addresses and expands down-
ward; RAM occupies the 1lowest addresses and
expands upward.

Main ROM and RAM are both of variable size, de-
pending on the type and number of chips in-
stalled. Similarly, expansion ROM and RAM can be
of variable size. However, the border 1line
between main and expansion ROM is fixed at hexi-
decimal address F7FFF (1,015,807 decimal), where-
as the border line between main and expansion RAM
can be at several alternative address. This
allows flexibility in the configuration of main
versus expansion RAM without sacrificing the
contiguity of the RAM address space.

Figure 2-7 shows the maximum capacities and their
associated maximum address-space allocations for
ROM and RAM. The two options for expansion mem-
ory represent no expansion ROM (option #1) and
maximum expansion ROM (option #2).

The term ROM, as used in this manual, applies to
either ROM or PROM. Figure 2-8 gives a detailed
illustration of the memory space that can be
occupied by ROM.

ROM capacity can be added in increments of 4
kilobytes, up to a total of 16 kilobytes for main
ROM (located on the processor board) and a total
of 128 kilobytes for expansion ROM (located on
the ROM expansion board, although this space can
alternatively be occupied by RAM located on the
RAM expansion board). Total ROM capacity for the
entire system is therefore 144 kilobytes,
although the reserved address space (for future
use) is 160 kilobytes.

The devices that can be loaded into the available
sockets are as follows:

2-20



ROM RAM

———

Main Memory:

Maximum capacity (bytes) A 16K 512K

Maximum space allocated (bytes) 32K 512K
Main + Expansion Memory, Option #1

Maximum capacity (bytes) 16K 992K ¥*#

Maximum space allocated (bytes) 32K 992K
Main + Expansion Memor Option #2

Maximum capacity (By%es) 160K BoUKH##

Maximum space allocated (bytes) 160K 864K

* ROM on processor board and RAM on I/0-memory board.
®% 1024 minus 32K (for main ROM)
%%% 1024 minus 32K (for main ROM) minus 128K (for expansion
ROM)

Figure 2-7. Memory Capacity and Address Space
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A~ ™
RAM
7 D7FFF w (884,735)
y / // /
/ / / .
' / /// // /7
A/ EMPTY ROM SPACE P
1~ OR FILLED WITH RAM ’W’
/ / / / y /4
A
A\l £ £ L L o+ JFTFFF (950,271)
EXPANSION ROM
ADDRESS SPACE
(128K BYTES)
ROM
MAX IMUM
EXPANSION or
ROM
(64K BYTES) RAM
L A
F7FFF
/ Vo4 (1,015,807)
e
‘ (1,032,191)
: ADDRESS SPACE
MAXIMUM
MAIN ROM ROM (32K BYTES)
(16K BYTES) "FFFFF (1,048,575)

Figure 2-8. ROM Memory Space
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RAM Memory

Chip Chip Board
nges Capacity Capacity

Main (processor board):
2316 ROM or 2716 PROM 2K x 8 UK bytes
2332 ROM or 2732 PROM 4K x 8 8K bytes
2364 ROM or 2764 PROM 8K x 8 16K bytes

Expansion Board: '
2316 ROM or 2716 PROM 2K x 8 32K bytes
2332 ROM or 2732 PROM 4K x 8 64K bytes
2364 ROM or 2764 PROM 8K x 8 128K bytes

All chips on the same board (processor board or
expansion board) must be of the same type. The
main ROM (processor board) consists of two chips,
or one word row. The ROM expansion board con-
sists of eight word rows, two chips per row, so
that expansion ROM can be added in one-row in-
crements. Only one ROM and one RAM expansion
board can be used in a mainframe.

Access time for main and expansion ROM 1is 500
nanoseconds. With a 5-MHz CPU clock, 3 Wait
states will normally be added to the bus cycle.
With an 8-MHz clock, 4 Wait states are normally
added.

The bootstrap program that occupies the highest
locations of ROM does a basic verification of
hardware functions before reading in the opera-
ting system. The read is first attempted from
floppy drive 0, then from hard-disk drive 0.

RAM memory 1is organized in the standard 8086
format of high-byte bank and 1low-byte bank,
thereby allowing either byte or word accesses,
Chips are added from the bottom of the address
space upward. By 8086 convention, the interrupt
pointers occupy the lowest one kilobyte of RAM
memory. The operating system is normally loaded
above the interrupt pointers.

A total of 512 kilobytes of RAM can be installed
on the I/O-memory board. The fully-buffered RAM
expansion board can also hold 512 kilobytes,
although the total of the two RAM boards cannot
exceed 992 kilobytes. The highest 128 kilobytes
of permitted RAM space overlaps with the space
allocated to the ROM expansion board (see Figure
2-8), hence this space can be used for either RAM
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or ROM, but not intermixed. If it is used for
RAM, the entire 128-kilobyte space can be used.

RAM can be added in increments of 32 or 128 kilo-
bytes, depending on whether 16K or 64K chips are
used. These increments represent word rows.
There are a total of 8 word rows possible, 4 on
the I/0-memory board and 4 on the RAM expansion
board. The types of chips (16K or 64K) can be
different on each board. Figure 2-9 shows the
possible configuration of chips. Each configura-
tion is associated with a specific RAM-decode
PROM and switch setting on the processor board,
as described in chapter U4.

RAM is refreshed in a way that does not interfere
with non-RAM bus accesses, although it does take
precedence over RAM accesses from bus masters.
The 8 bits of refresh address are adequate to
support virtually all types of 16K and 64K dy-
namic RAM's. The refresh rate of 78 kHz repre-
sents only about 5% of the memory bandwidth,
during which RAM is unavailable to the CPU.

A flexible, jumper-controlled scheme of delay-
line timing provides support for a wide variety
of RAM chips. No Wait states are required when
running a 5-MHz clock or when faster RAM's are
used with a 8-MHz clock. Timing protection is
provided for the T, g and Tr timing specifica-
tions of the RAS sfénal, theﬂ%by preventing des-
tructive results from illegal accesses by Multi-
bus masters.

A special memory-read optimizer circuit on the
processor board generates memory-read commands
faster than the 8288 bus controller is able to,
thereby allowing the CPU to operate at full speed
even with relatively slow RAM chips. The op-
timizer circuit works in parallel with the 8288,
using the status outputs of the 8086.

Single-bit RAM errors can be detected and report-
ed. Even parity is used by default and odd
parity can be software selected; the parity
logic itself is checked by switching between the
two modes for the same data. If a parity error
is detected, 1its address and circumstances
(word/byte access, high/low-byte error, last
cause of system reset) are stored in the Parity-
Error Register (PER) on the processor board.
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I1/0-Memory Board Expansion RAM Board Total

128K 0K 128K
128 _ 32 160
128 64 192
128 96 224
128 128 256
128 256 (64K chips) 384
128 ;384 (v ") 512
128 512 (" " ) 640

Note: The memory configurations listed above are standard. The
configurations 1listed below may not be available and are
included to enhance understanding of the hardware. Contact the
CT factory for avallability of the configurations.

0 256
256 32 288
256 64 320
256 96 352
256 128 480
256 256 (64K chips) 608
256 - 384 (" " ) 640
256 512 (" ") 768
84 (64K chips 0 84
384 E " " ; 32 316
384 (v ") 64 Ly8
38y (v ") 96 480
38}4 ( " " ) 128 512
384 (v ") 256 (64K chips) 640
3824 ( " " ) 38“ ( il " ) 768
384 (n ") 512 ( » ") 896
12 (64K chips 0 512
212 g " "p ; 32 guu
512 (" " ) 64 576
512 (") 96 608
512 (" om0 128 640
512 (" m ) 256 (64K chips) 768
512 ( 1] " ) 38)4 ( " " ) 896**
512 ( " ") 512 ( " ") 1024%, %%

¥ 32 Kilobytes of the address space must be reserved for
permanent ROM space.
#* 160 Kilobytes of the address space must be reserved for ROM
space if the optional ROM Expansion Board is used.

Figure 2-9. RAM Configurations (kilobytes).
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Typically, the operating system will write the
entire contents of memory to disk upon parity-
error detection and bootstrap a new version of
the operating system.

The bottom 32 kilobytes of RAM, where the opera-
ting system typically resides, can be write-pro-
tected by setting a bit in the I/0O Control Reg-
ister (IOCR). If a write is attempted into this
area, it is prevented and a non-maskable in-
terrupt to the CPU is generated.

Multibus/Local-Bus Memory Mapping

The processor board contains a set of switches
which define memory-space windows for local and
Multibus masters. The windows determine whether
memory resources on the Multibus or on the local
bus will be addessed when an address is generated
by a master. These windows are illustrated in
Figure 1-4 of the prior chapter. Three choices
of windows are available for local-bus masters
%nd four choices are available for Multibus mas-
ers.

This scheme of windowing is intended to facili-
tate communication across the Multibus interface
with either 8-bit or 16-bit microprocessor boards
on the Multibus. It also tends to minimize the
amount of physical memory chips needed for high-
address communication. A small and large window
are available in both directions.

The small window is generally intended for inter-
processor communication. On the Multibus side,
this window falls within the 64-kilobyte address
space of 8-bit boards without interfering with
the board's ability to access its own low-end or
high-end operating memory. On the 1local-bus
side, there will always be some RAM at the low
end of the memory space where communication mes-
sage buffers are located and Multibus masters
will be able to access these locations.

The large window is generally intended for buf-
fering of large I/0 devices, such as tape
drives. The method used for shifting the window
across the Multibus interface simply involves
forcing the high-order address bits one way or
another.
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Software Interface
Parity Error Register (PER)

RAM is checked for single-bit parity errors when
enabled for this function through the IOCR. Even
parity is used by default, but odd can be select-
ed. If a parity error occurs and the IOCR is
enabled for the detect function, a non-maskable
interrupt occurs.

The Parity Register, at ports 52 (82 decimal) and
54 (84 decimal), is designed as a status register
in the event of such an interrupt. This register
has the following bit assignments:

Port Bit(s) Function
52 (82) 0-F Low-order 16 bits of the

address at which parity
error occurred.

54 (84) 0-3 High-order 4 bits of the
address at which parity
error occurred.

54 (84) y When one, a word access
caused the error. When
zero, a byte access caused

54 (84) 5 When oné, a DMA access
caused the error.

54 (84) 6 When one, a SLAVE Multibus
access caused the error.

54 (84) D When one, the most recent
‘ system Reset was by power-
up. When zero, it was a

manual Reset.

54 (84) E When one, the low byte of
data was in error.

54 (84) F When one, the high byte of
data was in error.

Figure 2-10 illustrates this register.
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ERROR IN HIGH BYTE (IF SET)

———— ERROR IN LOW BYTE (IF SET)

——— LAST RESET (1=POWER UP, @=MANUAL)

WORD/BYTE
1=WORD
P=BYTE

'DF,’DE DD.'DC: DB ‘DA 'D9 pg D7 D6, D5:D4 'D3 D2 D1'iDP

porT 54 (88)[ [ [ Tx e I DT T 1 11 ]
, o

(N

DON'T CARE HIGH-ORDER
4 BITS OF
ADDRESS

oF 08 07 08
vorr 52 () [T T T T 1] LITTTTTT]

J

k .

-~

LOW-ORDER 16 BITS OF ADDRESS

Figure 2-10. Parity Error Register (PER)
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I/0 AND CONTROL INTERFACES

I/0 Peripheral Devices and Channels

As illustrated in Figure 2-1 only two I/0 peri-
pheral devices (the keyboard and the dual-com-
munication-channel interface) are attached to the
local I/0 bus. Because this bus comes off the
lower byte of the local data (MEM) bus, all port
addresses and I/0 data must be on even bytes.
Three other I/0 devices (video, disk, and
printer) are located on the 16-bit TTL-buffered
local data (MEM) bus, where speed and drive are
higher. Additional I/O peripherals can be added
on the Multibus. The video screen is refreshed
completely from main memory.

Transfers involving video, disk and one of the
two communications channels can use DMA ser-
vice. All DMA transfers are word transfers. In
the case of DMA transfers for video, hard disk
and floppy disk, the full word is used since
these devices are attached to the 16-bit 1local
data (MEM) bus. In the case of DMA communica-
tions on channel A, however, only the low byte of
each word is used since the communication path
uses the local I/0 bus, which sees only the lower
8 bits of the MEM bus.

When the CPU controls transfers, e.g., for the
keyboard and printer, it can use byte instruc-
tions to peripherals on the 1local I/0O bus and
thereby avoid wasting the high byte of each word.

In a standard system, contrcl of the peripheral
devices is only done by the operating system,
never by a user program or a Multibus master.
The hardware control is not adequate to prevent
all possible errors, such as Winchester disk and
floppy disk simultaneously sending data to memory
via DMA transfers (a shared DMA channel is used
for both types of drives). For video displays,
user programs running locally or on the Multibus
can read and write to the video-refresh buffers
in local memory, but the operating system handles
all video control and status exchanges.

The CPU's 1I/0 to peripheral devices on the
Multibus can be controlled by a bit in the I/0
Control Register (IOCR), which is described below
in the section entitled "Interrupts". The local
DMA 1logic, however, cannot control transfers
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across the Multibus interface; DMA of this type
can only be done between local memory and a
Multibus I/0 device using a DMA controller that
is located on the Multibus.

I/0 Circuits and Registers

There are a number of I/0 ports on the various
boards of the mainframe and disk subsystems.
Nearly all of them are initialized and/or other-
wise monitored by the operating system, although
in a few cases user software may benefit from
interaction with these ports. The descriptions
here are followed by the port addresses relating
to the functions; all port addresses are even
(word-aligned). A reference to further program-
ming details is given under the "Software
Interface" section that follows.

DMA Control

The local DMA chip (8237-2 or 9517) on the pro-
cessor board is used for video, disk and com-
munication transfers, as well as for 1local-bus
arbitration when a Multibus master 1is seeking
access to local memory. Control words are writ-
ten to the DMA chip for a variety of purposes,
including the enabling/disabling (masking) of DMA
transfers for particular I/0 devices and the
enabling/disabling of Multibus access to the
local bus. Associated with the DMA chip is the
Extended Address Register (EAR), a 3-bit register
used in disk accesses to expand the DMA chip's
16~bit word addresses into 19-bit word addresses
that cover the full 1 Megabyte address space (the
least-significant address 1line 1is always held
low). The EAR can be initialized by software at
the beginning of each DMA access and the hardware
will increment it thereafter. Ports 0 through 1C
(24) and 68 (104).

Interrupt Control

The 8259A interrupt controller on the processor
board, together with the I/0 Control Register
(IOCR) described below, handle CPU interrupts by
the I/0 peripherals and other local and Multibus
logic. After initialization, the controller can
be programmed for various forms of operation,
including interrupt masking, end of interrupt,
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and interrupt-priority rotation for user-added
interrupts. Interrupt status can also be read
from the chip. The "Special Fully Nested Mode"
on %h§§ chip is not supported. Ports 20 (32) and
22 (34).

Keyboard Control and LEDs

An 8251A USART on the I/O-memory board is used
primarily to receive communication from the key-
board, which contains its own dedicated firmware-
programmed 8048 microprocessor. Transfers from
the local bus to the 8251 are used for 8251 ini-
tialization after system Reset and for subsequent
control bytes that light the 8 programmable LEDs
located on the keyboard, set the keyboard in a
diagnostics echo mode, or Reset the entire key-
board logic. Ports 38 (56) and 34 (58).

Interval Timer

A three-counter 8253 timer chip on the I/0O-memory
board is used to generate software-controlled
baud rates for the two communication channels.
The third counter is available to users and can
be programmed to generate a maskable interrupt
(1e¥ﬁl)3) periodically or. Ports 28 (40) through
30 2).

I/0-Memory Board LEDs and Audio

Six latched LEDs and control for the speaker on
the I/0-memory board are available for various
functions controlled by users' software. The
LEDs are used by the ROM during system boot to
indicate various types of failures; thereafter,
any application program can set or clear them.
The audio signal can be driven in hardware at a
standard 625 Hz tone or in software at any other
audible frequency. Port 44 (68).

Communications Control

A Z80A-SIO (serial I/0) chip on the I/O-memory
board controls the two communication channels.
After mode initialization by library subroutine,
the status of various communication and interrupt
functions can be read from the chip. One of the
channels (channel A) can be programmed to operate
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either under DMA or CPU control; channel B is
always operated by the CPU. Due to the SIO's
non-8086 bussing structure, interrupt acknow-
ledges by the CPU are made through a separate
logie block called the Interrupt Acknowledge
Register (IAR). An Extended Control Register
(ECR) 1is also associated with the SIO; this
programmable register adds some transmit/receive
control functions that the SIO does not support,
such as secondary receive/transmit and control
lines used for RS-U422 multidrop drivers. Ports
30 (u48), 48 (72) through UE (78), and 60 (96).

I/0 Control Register (IOCR)

This 16-bit register on the I/0-memory board
serves miscellaneous I/O-related interrupt enab-
ling, status and other control functions. It
communicates with the system over the local data
(MEM) bus. The entire 16 bits can be read by the
CPU and 8 of these bits can be written to perform
the following functions:

Power-~failure interrupt enable and status
Parity-error interrupt enable and status
Parity sense (odd/even)
Local-master/Multibus-slave I/0 enable
(factory option)

Printer interrupt enable and status
Bus~-timeout interrupt enable and status
Realtime (50/60 Hz) clock interrupt enable
and status

0 Memory-write interrupt enable and status

o Programmable-timer interrupt status

OO0O0Oo

(o3Ne e

In addition to providing these functions, the
IOCR also pulls together all non-maskable in-
terrupts and all level-U4 maskable interrupts and
forwards them to the CPU. Port 56 (86).

Parity Error Register (PER)

A register located on the processor board will
latch the 20~bit address at which a RAM parity
error occurs. It will also record whether the
data was a word or byte, which byte in a word
caused the error, and whether the last system
Reset was manual or power-up; the latter distinec-
tion indicates whether or not the operating sys-
tem should save the prior contents of memory onto
disk. Ports 52 (82) and 54 (84).
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Printer Status Register (PSR)

In addition to the 8-bit output data register, a
h-bit input status register is provided on the
I/0-memory board for the printer. Depending on
the status outputs available from the printer
device, the register can indicate when the prin-
ter is selected, when its buffer is full, when it
is busy printing, and when it is out of paper.

Port 50 (80).

Screen Attribute Register (SAR)

The video control board contains a 16-bit con-
trol/status register that is used to set four
global screen attributes (normal/reverse screen,
screen blank, screen half-bright and 80/132
characters per row) and to direct DMA activity
fgr(gg;een refresh and symbol-RAM loading. Port
5 .

Floppy Disk Control (FDC)

The floppy disk control board contains an NEC 765
controller chip that is controlled by the CPU and
an 8-bit Floppy Control Register (FCR), located
on the FDC board. One of the two available ports
for this logic is used for NEC 765 commands,
transfer status and data transfers. The other
port, when read, serves as ‘the NEC 765 main
status register; when written to, it serves as
the Floppy Disk Control Register. Ports 70 (112)
and 72 (114).

Winchester Disk Control (WDC)

The Winchester hard disk control board contains a
firmware-programmed 8085 microprocessor and an 8-
bit Winchester Control Register (WCR) which are
used in a manner analogous to that described
above for floppy disk control. Ports 78 (120)
and TA (122).
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Software Interface

Software interfaces to the above-mentioned I/0
circuit and registers
parts of the Workstation Hardware Manual (WHM)
and Peripherals Hardware Manual (PHM) as follows:

I1/0 Logic
DMA Control

Interrupt Control
Keyboard Control

Interval Timer

I1/0-Man.LEDs/Audio

Comm. Control

IOCR
PER

PSR
SAR
FDC
WwDC
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in other

Manual Chapter Section
WHM 2 DMA Trans-
fers
WHM 2 Interrupts
WHM 2 Keyboard
Interface
WHM 2 Interrupts
WHM 2 Utilities
WHM 2 Comm. Inter-
face
WHM 2 Interrupts
WHM 2 Memory In-
terface
WHM 2 Printer
Interface
WHM 8 Functions &
Interfaces
PHM 2 Functions &
Interfaces
PHM L Functions &
Interfaces



DMA TRANSFERS

General Operating Characteristics

Direct memory access (DMA) transfers are done on
the local bus by a four-channel DMA controller
chip. The 8237-2 DMA chip is standard but the
9517 chip can alternatively be used. The DMA
chip does not service transfers involving the
Multibus, except to help arbitrate access by a
Multibus master to the local bus memory. When
data must be transferred by a local-bus master
outward to the Multibus, only the local CPU can
be used for this purpose. If DMA across the
Multibus interface is desired, it must be handled
by an external DMA controller on the Multibus.

Figure 2-11 shows the configuration of data, ad-
dress~generation and control paths for local DMA
logic. The CPU writes commands and reads status
through the 8-bit data path connected via the low
byte of the MEM bus to the local I/O bus; the
commands include CPU-initiated requests for DMA
service, starting addresses, transfer block
lengths, and enable/disable bits which mask the
ability of individual peripheral-device channels
to request their own DMA service. The control
lines in and out of the DMA chip are used for
local-bus request/acknowledge, I/0 peripheral
request/acknowledge, and ancillary register or
buffer control.

Memory and I/0 read/write commands are generated
by the DMA 1logic and distributed through the
local bus interface. The DMA 1logic then gen-
erates addresses for the RAM memory on the local
address bus and transfers of data occur on the
16-bit local data (MEM) bus. Transfers always
have RAM memory at one end of the path, either at
the source or the destination. Memory-to-memory,
I/0-to-I/0 and ROM accesses are not supported
under DMA control.

The DMA controller chip, either 8237-2 or 9517,
operates at 4 MHz. The chip has 8-bit data and
address paths, although its ability to use both
paths together allows them to generate 16 bits of
address internally. An additional 3 bits of
address are generated by an external register as
described below under "Address Generation."
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Figure 2-11.
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Channel Uses

Maximum transfer rate on the local bus with the
DMA chip is 2.64 Megabytes/second. Since all
transfers are words (the least-significant ad-
dress bit is always forced to zero), this is
equal to 1.32 Mega-transfers/second, the maximum
rated speed of the chip. This rate is achieved
with a "simultaneous" transfer scheme in which
data is read from the source in essentially the
same transfer cycle in which it is written to the
destination. The transfer cycle for an 8237-2
varies between 3 and 6 clock cycles, depending on
the DMA mode, address and I/0 peripheral involved
in the transfer.

Local DMA transfers uses either the single (word-
at-a-time) or the demand transfer mode, depending
on the channel. When demand mode is used, hard-
ware logic causes bursts of multiple-word trans-
fers within a single DMA-request cycle for cer-
tain peripherals. DMA activity that is control-
led by a Multibus DMA controller, however, can
only use the single transfer mode, since there is
no way to communicate a block length across the
Multibus interface. Therefore, all DMA transfers
across the Multibus interface are subject to
interleaving with other local CPU or DMA trans-
fers on the local bus.

The DMA chip has four prioritized channels. Each
channel has its own request/acknowledge pin, 16-
bit starting-address register and 16-bit address-
counting register. I/0 peripherals use one of
the four request/acknowledge signal lines shown
in Figure 2-11 to request service.

The CPU maintains software control over these
priorities by having the ability to write mask
bits to the DMA chip's mask register, thereby
enabling or disabling individual I/0 devices from
requesting DMA service, and by having the ability
to change from fixed to rotating priority. One
further consideration with respect to DMA prior-
ity involves memory refresh: the refresh will
always take priority over a DMA transfer for
access to RAM.

Figure 2-12 and the sections below outline the
nature of activity on the four DMA channels.

2=-37



Multibus Access

While the local DMA chip does not service trans-
fers across the Multibus interface, it 1is in-
volved in arbitrating access to the local bus by
Multibus masters. When a Multibus master puts an
address on the Multibus which corresponds to an
established address window into the 1local bus
(see the "Memory Interface" section above), the
Multibus interface derives a DMA-request signal
from the address. The DMA logic communicates
with the local bus interface to obtain bus con-
trol, which it then turns over to the Multibus
master. Thereafter, all address-generation and
control come from that master and addresses gen-
erated by the DMA chip are ignored.

Multibus access to the local bus is given highest
priority because it is assumed that some Multibus
devices, such as realtime devices, will not have
their own storage buffering and will require very
fast access to local RAM. All local-bus devices,
by contrast, have their own storage buffering and
can wait 1longer for local-bus access if neces-
sary.

Communications

DMA communication transfers can occur only
through Channel A of the Z80A-SIO serial com-
munications controller chip. Channel B of that
chip can only be serviced by the CPU. To obtain
DMA service the SIO requests it through its
Wait/Ready line (the Ready output activates the
request).

Only 16 address bits are available for
communications DMA. This means that memory
buffers constructed in software must be located
in the first 128 kilobytes of memory, since 16
bits address 64K words (128K bytes). Figure 2-13
illustrates this constraint, which also applies
to video buffers. Furthermore, the SIO only
looks at the lower 8 bits of the local data (MEM)
bus via its local I/0 bus interface. Therefore,
only the low byte of every word transfer is used.
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Figure 2-12.
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DMA communication on Channel A is 1limited to
half-duplex operation. While the SIO itself has
full-duplex channels, the arrangement with the
DMA 1logic requires a service-request 1line for
each direction and the SIO can generate only one
service-request signal for each channel.

DMA transfers for the SIO require Wait states.
This is handled by 1logic which is enabled from
the SIO/DMA request/acknowledge handshake and
timed by the DMA chip's Write strobe.

Disk

A common DMA channel is used for both floppy and
hard disk accesses. The control boards for both
types of disk are capable of generating a DMA
request and for this reason it is essential that
operating-system supervision over these requests
on the common signal line be maintained.

The control boards stack bytes into words for the
disk control interface and the MEM bus, making
bus utilization more efficient.

Unlike communications DMA, disk DMA transfers can
access the entire 1-megabyte memory space. The
address bits are added at the high end by the
software-initialized Extended Address Register
(EAR), which is explained below under the section
titled "Address Generation."

Video Refresh

Video DMA is similar to communications DMA in

that only 16 address bits are used, hence the

requirement to store the software screen buf-

fer(s) within the lower 128 kilobytes of mem-
ory. Figure 2-13 shows this. The two methods

differ, however, in that the video control logic

watches the full 16-bit data bus and sends both

bytes of data to the CRT.

Transfers of data from memory to the CRT needn't
require reinitialization by the CPU for each
screen frame. The DMA chip's auto-initialize
function is normally used for this, causing auto-
matic restarts after each screen frame is fully

transferred.
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Bus Exchange

Transfers from the video board to the processor
board are also handled by the DMA logic but they
occur only rarely for status checking. After the
above four DMA functions are satisfied, priority
for the local bus defaults to the CPU.

Upon receipt of a service request from a local
peripheral, the DMA chip first obtains control of
the local bus and then sends the peripheral an
acknowledgement which enables the peripheral to
transmit or receive its data on the data bus.
The peripheral's request line and the DMA chip's
acknowledge line are normally held active for a
maximum transfer duration of 1 to 8 words, as
shown in Figure 2-12. In the case of Winchester
disk and video transfers, the maximum duration
involves multiple words and 1is enforced Dby
special hardware logic that interfaces the
peripheral's request line to the DMA chip.

The DMA chip obtains control of the local bus by
asserting its Hold Request output to the arbitra-
tion logic in the local bus interface and await-
ing a Hold Acknowledge in return. The arbitra-
tion logic uses the CPU's status 1lines to
determine when the 8086 or 8087 is using or
preparing to use the bus. At the earliest
opportunity, the Hold Acknowledge is sent to the
DMA chip, which then takes control of the bus by
holding down the CPU's Ready line. This causes
the CPU to idle for the duration of the DMA

activity.

If a Multibus master is seeking access to the
local bus, it first must gain access to the Mul-
tibus using the conventional Multibus protocol.
Then it places the address on the Multibus. The
Multibus address decode logic determines whether
a valid local-memory window is being addressed.
When this occurs, the same decode logic generates
a Multibus service request (SLAVERQ) to the DMA
logic. The DMA logic then obtains control of the
local bus and returns an acknowledgement to the
Multibus interface, which is thereby enabled to
put read/write commands on the local bus.
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Address Generation

In Multibus accesses to the local bus, addresses
are generated by the Multibus master. In the
other three types of DMA transfers, addresses are
generated by the local DMA logic: communication
and video addresses are generated by one method
and disk addresses are generated by another
method.

Communication and Video Addresses

In these transfers, only 16 address bits are
placed on the 20-bit local address (LA) bus by
the DMA chip. The low-order byte of the address
comes from the DMA-chip's address outputs and the
high-order byte is multiplexed onto the local I/0
bus (IOB) through the DMA chip's data lines. The
high-order 3 bits plus the low-order bit of the
local address bus are forced to zero. This means
that memory buffers constructed in software must
be located in the first 128 kilobytes of memory.

Before loading the DMA chip with a base (start-
ing) address, the actual starting address is
shifted right one bit by the operating system.
This allows the DMA chip to count words instead
of bytes on its 16-bit internal counter and ad-
dress incrementer, but it means that starting
addresses must be word boundaries; i.e., they
must be even addresses. This shifting is trans-
parent to the user and is reversed automatically
by the DMA logic when it puts addresses onto the
local address bus, since the DMA-logic bus lines
are connected in hardware to the next higher
local address bus line.

Figure 2-14 gives a pictorial overview of how DMA
addresses are manipulated in system software and
hardware during this process.

Disk Addresses

Unlike communications and video DMA, disk DMA
transfers can access the entire 1-megabyte ad-
dress space. The low-order address bit is still
zero, allowing the DMA chip to count word trans-
fers in its 16=bit registers instead of byte
transfers. But in disk transfers, three addi-
tional bits on the high end are supplied by the
Extended Address Register (EAR). This gives a
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total of 19 address bits which address words,
hence the equivalent of 20 bits addressing bytes
on word boundaries.

The EAR 1is initialized by the disk-handler por-
tion of the operating system each time a disk
access is started. Once initialized, however, it
is incremented in hardware on 64K-word (128-kilo-
byte) boundaries, when the capacity of the DMA-
chip's counter is reached.

The one-bit address shift in operating-system
software is still required prior to loading the
DMA registers, just as in communiction and video
addresses, and it 1is corrected upon DMA address
output in the same hardware manner. This pro-
cess, like the initializing of the EAR, are gen-
erally transparent to the user.

Figure 2-15 1illustrates the address-generation
technique used for disk accesses. Compare this
with the technique illustrated in Figure 2-14 for
communication and video accesses.
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Software Interface
8237-2 DMA Controller

The 8237-2 DMA chip is standard with the system,
although a 9517 may be used. This section
describes only the 8237-2; the 9517 is identical
in operation.

The DMA logic is initialized and monitored by the
CPU through a set of I/0 ports. These ports,
which address a set of registers described below,
are as follows:

I/0 Write Read

Port Register Register

@ Reserved Reserved

2 Reserved Reserved

y SIO base address SIO current address
6 SIO base count SI0 current count

8 Disk base address Disk current address
A (10) Disk base count Disk current count

cC (12) Video base address Video current address
E (14) Video base count Video current count
10 (16) Command Status

12 (18) Request Not used

14 (20) Set/reset mask Not used

16 (22) Mode Not used

18 (24) Clear flip-flop Not used

14 (26) Master clear Not used

1C (28) Mask Not used

68 (104) EAR#® EAR#

# See separate section
with this title

When the standard operating system is used, all
initialization and control of the DMA logic is done
by the operating system. Under these circumstances,
you should have no need to write to any of the above
ports. The following information will be needed
only when a non-standard operating system is used.

Registers: The 8237 has four channels for I/0
devices, each with its own request and acknow-
ledge lines. All four are enabled by the stan-
dard operating system. Since the Multibus chan-
nel is only used for arbitrating access of a
Multibus master to the local bus, its channel is
not programmed with base addresses and counts as
the other three channels are. The register for-
mats are 1illustrated in Figure 2-16. Their
contents are as follows:
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Current Address Register: Each channel has
a 16-bit Current Address Register. This
register holds the value for the address
used during DMA transfers. The address is
automatically incremented or decremented
after each transfer and the intermediate
values of the address are stored in the
Current Address register during the trans-
fer. This register is written or read by
the CPU in successive 8-bit bytes. It may
also be reinitialized by an Autoinitialize
back to its original value. Autoinitialize
takes place only after an End of Process
(EOP).

Current Word Count Register: Each channel
has a 16-bit Current Word Count register.
This register holds the number of transfers
to be performed. The word count is decre-
mented after each transfer. The interme-
diate value of the word count is stored in
the register during the transfer. When the
value in the register goes to zero, a Ter-
minal Count (TC) will be generated. This
register is loaded or read in successive 8-
bit bytes by the CPU in the Program Condi-
tion. Following the end of a DMA service it
may also be reinitialized by an Autoinitial-
ization back to its original value. Auto-
initialization can occur only when an EOP
occurs.

Base Address and Base Word Count Regis-
ters: Each channel has a pair of Base Ad-
dress and Base Word Count Registers. These
16-bit registers store the original value of
their associated current registers. During
Autoinitialize these values are used to
restore the current registers to their
original values. The base registers are
written simultaneously with their corres-
ponding current register in 8-bit bytes in
the Program Condition by the CPU. These
registers cannot be read by the micropro-
cessor.

Command Register: This 8-bit register con-
trols the operation of the 8237. It is
programmed by the CPU and cleared by Reset.

Mode Registers: Each channel has a 6-bit
Mode register associated with it. When the
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Mode register associated with it. When the
register is being written to by the CPU in
the Program Condition, bits 0 and 1 deter-
mine which channel Mode register is to be
written.

Request Register: This register 1is not
used.

Mask Register: Each channel has associated
with it a mask bit which can be set to dis-
able the incoming DREQ. Each mask bit is
set when its associated channel produces an
EOP if the channel is not programmed for
Autoinitialize. Each bit of the U4-bit Mask
register may also be set or cleared separ-
ately wunder software control. The entire
register is also set by a Reset. This dis-
ables all DMA requests until a clear Mask
register instruction allows them to occur.
The instruction to separately set or clear
the mask bits is similar in form to that
used with the Request register. All four
bits of the Mask register may also be writ-
ten with a single command.

Status Register: The Status register is
available to be read out of the 8237 by the
CPU. It contains information about the
status of the devices at this point. This
information includes which channels have
reached a terminal count and which channels
have pending DMA requests. Bits 0-3 are set
every time a TC is reached by that channel
or an external EOP is applied. These bits
are cleared upon Reset and on each Status
Read. Bits U4-7 are set whenever their cor-
responding channel is requesting service.

Temporary Register: The Temporary register
is not wused in this configuration, since

memory - to memory transfers are not sup-
ported.
Software Commands: These are additional

special software commands which can be exe-
cuted in the Program Condition. These com-
mands are decoded as sets of addresses with
the chip select (CS) and I/0 write (IOW)
lines. The two software commands are:

1. Clear First/Last Flip-Flop: This com-
mand 1is executed prior to writing or
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reading new address or word count infor-
mation to the 8237. This initializes
the flip-flop to a known state so that
subsequent accesses to register contents
by the CPU will address upper and lower
bytes in the correct sequence.

2. Master Clear: This software instruction
has the same effect as the hardware
Reset. The Command, Status, Request,
Temporary, and internal First/Last Flip-
Flop registers are cleared and the Mask
register is set. The 8237 will enter
the idle cycle.

Idle Mode: When no channel is requesting ser-
vice, the 8237 will sample the DREQ lines every
clock cycle to determine if any channel is re-
questing a DMA service. The device will also
sample the chip select (CS) pin looking for an
attempt by the CPU to write or read the internal
registers of the 8237. When CS is low and HRQ 1is
low, the 8237 enters the Program Condition in
which the CPU can read from or write to the in-
ternal registers.

Active Modes: When the 8237 is in the idle mode
and a channel requests DMA service, the device
will output an HRQ and enter an Active cycle in
one of two modes:

Single Transfer Mode: In Single Transfer
mode the device is programmed to make one
transfer only. The word count will be de-
cremented and the address decremented or
incremented following each transfer. When
the word count goes to zero, a Terminal
Count (TC) will cause an Autoinitialize if
the channel has been programmed to do so.

Demand Transfer Mode: In Demand Transfer
mode, which is used for all local I/0 de-
vices by the standard operating system, the
device is programmed to continue making
transfers until a TC or external EOP is
encountered or until DREQ goes inactive.
Thus transfers may continue until the I/0
device has exhausted 1its data capacity.
After the I/0 device has had a chance to
catch up, the DMA service is re-established
by means of a DREQ. During the time between
services when the CPU is allowed to operate,
the intermediate values of address and word
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count are stored in the 8237 Current Address
and Current Word Count registers. Only an
EOP can cause an Autoinitialize at the end
of the service,

Transfer Types: Each of the three active trans-
fer modes can perform two different types of

transfers. These are Read and Write. Write
transfers move data from an I/0 device to the
memory by activating MEMW and IOR. Read

transfers move data from memory to an I/0 device
by activating MEMR and IOW.

Autoinitialize: By programming a bit in the
Mode register, a channel may be set up as an
Autoinitialize channel. During Autoinitial-
ize intialization, the orginal values of the
Current Address and Current Word Count reg-
isters are automatically restored from the
Base Address and Base Word Count registers
of that channel following EOP. The base
registers are loaded simultaneously with the
current registers by the CPU and remain
unchanged throughout the DMA service. The
mask bit is not set when the channel is in
Autoinitialize. Following Autoinitialize
the channel 1is ready to perform another
service without CPU intervention.

Priority: The 8237 has two types of prior-
ity encoding, fixed and rotating, available
as software selectable options. Fixed
Priority is used by the CT operating system,
with the priority order based upon the
descending value of their number. The
channel with the 1lowest priority is 3
followed by 2, 1 and the highest priority
channel, 0. After the recognition of any
one channel for service, the other channels
are prevented from interferring with that
service until it is completed.
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Command Register

7 6.5 4 3 2

0 <¢——BIt Number

' 0 Normal timing

0 Memory-to-memory disable
Memory-to-memory enable

0 Channel 0 address hold disable
Channel 0 address hold enable
Itbit0=0

0 Controller enable

Controller disable

Compressed timing
Ifbito=1

_______{ 0 Fixed priority
1 Rotating priority

0 Late write selection
— 1 Extended write selection
X ibit3=1

0 DREQ sense active high
1 DREQ sense active low

| 0 DACK sense active low

\ 1 DACK sense active high

0 -~ Bit Number

00 Channel 0 select
01 Channel 1 selact
10 Channel 2 select
11 Channel 3 select
00 Verity transfer

01 Write transfer

10 Read transfer

11 illegal

XX If bits 6 and 7= 11

‘ 0 Autoinitialization disable
1 Autoinitialization enable

t 0 Address increment select
1 Address decrement select

00 Demand mode select
01 Single mode select

10 Block mode select
11 Cascade mode select

0 -t——BIt Number

Port10 [ [T T T T1]
(16)
{
\
Mode Register
76 5 4 3 2
port 16 [ [ 11 u
(22) ‘r’
Request Register
7 6 5 4 3 2 1
port12 [T TTTTTI]
( 18) Don't Care

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

Figure 2-16.

Reset request bit
Set request bit

Status Register

Port 10 TCTTTT T
S LIRS

Mask Set/Reset Register

7054321(———

Po(rt v T 1] r:[
20) \—-\P-——’
Don't Care T g(l)
10
1"
_____{0
1
Mask Register
7 6 5 4 3_ 2 1 0
port1c (1 LLTTTL]
(28) Don't Care L“{ ?

s
L

8237-2 Register Formats

0 -s—— Bit Number

Channel 0 has reached TC
Channel 1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC

- - s

Channel 0 request
Channel 1 request
Channel 2 request
Channel 3 request

[N

Bit Number

Select channel 0 mask bit
Selaect channel 1 mask blit
Select channel 2 mask bit
Selact channel 3 mask bit

Clear mask bit
Set mask bit

0 ¢ -- Bit Number

Clear channel 0 mask bit
Set channel 0 mask bit

Clear channel 1 mask bit
Set channel 1 mask bit

Clear channel 2 mask bit
Set channel 2 mask bit

Clear channel 3 mask bit
Set channel 3 mask bit



DMA Extended Address Register (EAR)

The EAR is a 3-bit register which is written and
read from I/0O port 68 (104 decimal). It is used
only for disk transfers and must be used for all
such transfers.

The EAR is loaded by the operating system prior
to a disk transfer. Thereafter, it is incre-
mented by hardware on 128-kilobyte boundaries
that are counted from the 8237's 16-bit word
counter.

A discussion of the DMA address-generation method
is given earlier in this chapter. The format for
writing to the EAR is given in Figure 2-17, be-
low. The EAR is loaded from the three low-order
bits of the local data (MEM) bus.
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D7 D6 D5 D4 D3 D2 D1 DO

PORT 68
(1096)

~

DON'T CARE

BIT 13 (HEX) OF 20-BIT ADDRESS —
BIT 12 (HEX) OF 20-BIT ADDRESS —m0F—
BIT 11 (HEX) OF 20-BIT ADDRESS

Figure 2-17. DMA Extended Address Register (EAR)
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INTERRUPTS

The local bus supports both non-maskable (NMI)
and maskable (INTR) interrupts of the 8086. An
8259A interrupt controller supports up to eight
priority levels for the maskable interrupts. Of
these priority levels, four are reserved for
local-bus use and the other four are available
for Multibus use. Up to 36 maskable-interrupt
priority levels can be supported on Multibus when
additional priority-encoding logic (such as ad-
ditional 8259As) are provided on the Multibus.

While certain features of the way in which in-
terrupt requests are passed to the processor are
unique, the manner in which the interrupts are
processed is standard for the 8086.

Figure 2-18 lists the types of interrupts suppor-
ted, along with their usage on the local bus and
connections through to the Multibus. Figure 2-19
illustrates the general arrangement of control
lines used for passing interrupts to the CPU from
the interrupting devices and logic blocks.

Non-Maskable Interrupts

In conventional usage, a "non-maskable interrupt"
cannot be masked by software. In the usage im-
plemented on the 1local bus, however, it can be
masked although not through the 8086 itself.
This is possible because all inputs to the 8086's
NMI pin pass through the I/0 Control Register
(IOCR), a programmable I/0 port that contains an
enable/disable mask bit for each interrupting
source. In this implementation, the important
distinction between non-maskable and maskable
interrupts 1is that the former type have higher
priority and are able to get the CPU's attention
faster.

Non-maskable interrupts are not part of the Mul-
tibus convention. Therefore, these interrupts go
only to the 1local 8086. They come from four
sources, each of which has a separate line into
the IOCR where the input is latched. Any of the
inputs will cause the IOCR to send an NMI to the
8086, which can then read the IOCR status reg-
ister to determine the cause of the interrupt.
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Priority
(Highest First)

Non-Maskable

Maskable,

"

1]

"

"

9

9

level
level
level
level

level

level
level

level

= W N

Local-Bus

Usage

Power Failure,
Parity Error,
Write Protect,
Bus Timeout.
Undefined
Communications
Undefined
Interval Timer

Printer,
Keyboard,

Realtime Clock,
8087.

Undefined
Undefined

Hard Disk,
Floppy Disk.

Interface
To CPU

IOCR

8259A
8259A
82594
8259A

IOCR
and
82594

8259A
82594
82594

Local=Bus/Multibus
Connection?

No

Yes
No¥
Yes
Yesk#

No ¥

Yes
Yes

No *

* While these interrupt lines are not connected between the local

bus and the Multibus,

boards.

they are connected between all Multibus

¥% If the local interval timer is not used, this interrupt level can
be used by Multibus devices.

Figure 2-18.
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Figure 2-19.
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All interrupt latches in the IOCR are disabled
and cleared upon system Reset. Normally, they
are reenabled by the operating system's initial-
ization routine.

Power Failure

Logic on the I/O-memory board can detect AC power
transitions. At a line frequency of 60 Hz, for
example, the transitions occur at a 120-Hz rate
or every 8.33 milliseconds. Capacitors on the
power supply are guaranteed to keep the CPU run-
ning for at least 12 milliseconds after the AC
power 1is interrupted. Worst-case detection of
power failure would then leave 12 minus 8.33, or
about 3.67 milliseconds after the failure to take
defensive action.

When a missing line transition is detected, a
signal a sent from the power-failure detection
logic to the IOCR, causing a non-maskable in-
terrupt to the CPU. At the same time, the detec-
tion logic disables the disk-control interface so
that disks cannot be corrupted beyond any concur-
rent sector operation.

If the power comes up again before the operator
turns the power switch off, the system will auto-
matically Reset and reboot itself. This function
is called Auto-Restart.

Parity Error

The parity detection logic on the processor board
can detect RAM (not ROM) parity erros and cause
the IOCR to assert NMI. When an error occurs,
the 20-bit address at which it occurred is stored
in the Parity Error Register (PER), from which it
can be read by the CPU. The PER is described
above, in the "Memory Interface" section.

Memory Write-Protection

Logic on the I/O-memory board can generate an NMI
through the IOCR when an attempt is made to write
in the lower 32 kilobytes of RAM, where the oper-
ating system normally resides. In addition to an
interrupt being generated, the write is also
inhibited.



Bus Timeout

Logic on the processor board can be enabled to
monitor bus ecycles, If it finds that none has
occurred within 6 milliseconds after a read/write
command to memory or an I/0 device, it will as-
sert NMI through the IOCR. The timeout will
affect all slave accesses on the local bus,
whether by local-bus or by Multibus masters. It
is designed to protect against non-existent de-
vices and faulty progranms.

Maskable Interrupts

The 8259A handles maskable interrupt requests.
Figure 2-18 shows four of the 8259A's interrupt
inputs (levels 1, 3, 4 and 7) being used by local
I/0 peripherals. These four are as follows:

Communications (Level 1)

Interrupts from the Z80A-SIO go directly to the
level 1 input on the 82594, where they are then
passed to the CPU in their proper priority order,
i.e., after any pending level @ interrupts.

The SIO can generate an interrupt when (a) it is
ready to transmit a message, (b) it has received
a message, or (c) a noteworthy external or in-
ternal status condition has occurred (such as
loss of carrier). These functions are indepen-
dently enabled in software, with Channel A having
higher fixed priority then Channel B.

Interval Timer (Level 3): This 1input to the
82594 is electrically connected to the Multibus,
as well as to counter 0 of 8253 interval timer.
If the timer is not used, the interrupt level can
be used by a Multibus device.

Printer, Keyboard, Realtime Clock, and 8087
(Level 4)

The 1interrupts from these sources are routed
through independent signal 1lines to the IOCR.
They are 1latched in the IOCR until sent on
through a common 1line to the 8259A's level-4
input. The printer and realtime clock interrupts
can be independently enabled or disabled by
setting a mask bit in the IOCR.
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If an interrupt occurs at level Y4, the 8259A will
identify it only as that level, not as the speci-
fic device that caused the interrupt. It is then
up to the CPU to individually poll the possible
sources that the 8259A has multiplexed onto that
level. The following registers are available for
this:

Printer: The printer interface has a status
register port 50 (80 decimal), that can be read
after an interrupt to determine the cause, in
addition to a status bit in the IOCR.

Keyboard: The keyboard interface has an 8251A
status register, port 3A (58 decimal).

Realtime Clock: This clock sets a bit (bit 1) in
the IOCR, port 56 (186 decimal), at a rate of 50
or 60 Hz, which can be read after an interrupt.

8087: The 8087, which interrupts on errors, has
a status register which can be examined after an
interrupt by using its own instruction set.

Disks (Level T)

Both the floppy and Winchester disk controller
boards share this common interrupt line through
the disk interface to the 8259A. Interrupts on
the line normally occur at the completion of a
DMA block transfer or other command to the con-
troller. Interrupts may also occur on error or
abnormal conditions, such as when a diskette is
removed and the drive becomes not ready.
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Software Interface
8259A Interrupt Controller

The 8259A has eight maskable interrupt-request
inputs, as shown in Figure 2-18. When the stand-
ard operating system is used, all initialization
and control for priority levels 1, 3, 4 and 7 are
done by the operating system. Under these cir-
cumstances, users will only have ocecasion to
write command bytes that relate to interrupt
levels accessible from the Multibus (i.e., levels
0, 2, 5 and 6).

Commands: The 8259A accepts two types of command
words generated by the CPU:

1. Initialization Command Words (ICWs): Before
normal operation can begin, each 8259A in the
system must be brought to a starting point -
by a sequence of 2 to U4 bytes timed by WR
pulses.

2. Operating Command Words (OCWs): These are
the command words that are sent to the 82594
for various forms of operation, such as:

Interrupt Masking
End of Interrupt
Priority Rotation
Interrupt Status

O0O0O0

The OCWs can be written into the 8259A anytime
after initialization.

The interrupts at the interrupt-request inputs
are handled by two registers in cascade: the
Interrupt Request Register (IRR) and the In-Ser-
vice Register (ISR). The IRR is used to store
all the interrupt levels which are requesting
service, and the ISR is used to store all the
interrupt levels which are being serviced.

An Interrupt Mask Register (IMR) stores the bits
which mask the interrupt lines. The IMR operates
on the IRR. Masking of a higher-priority input
will not affect lower-priority inputs.

The I/0 ports used for writing and reading the
above commands and status are as follows:
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Port Write Read

20 (32) ICW1 IRR
OoCw2 ISR
OCW3

22 (34) 0Cw1 IMR
ICw2
ICW3
ICWL

Initialization Command Words: Figure 2-20 shows
the sequence of initialization and Figure 2-21
shows the command word formats.

ICW1 and ICW2: T7-T3 are inserted as a
portion of an interrupt vector in ICW2. The
8259A sets the remaining bits according to
the interrupt level. A,,-A. are ignored and
ADI (Address Interval) has ho effect.

ICW3: This word is read only when there is
more than one 8259A in the system and cas-
cading is used, in which case SNGL=0. It
will load the 8-bit slave register. The
functions of this register are:

a. With the 8259A in the master mode, as is
always the case for the CT mainframe,
(in buffered mode when M/S= 1 in ICWU4) a
"1" is set for each slave in the sys-
tem. The master then will enable the
corresponding slave to release byte 2
through the cascade lines.

b. With the 8259A in the slave mode, as may
be wused 1in cascaded 8259As on the
Multibus, (in buffered mode when M/S = O
in ICWH) bits 2-0 identify the slave.
The slave compares its cascade input
with these bits and if they are equal,
byte 2 of the call sequence is released
by it on the Data Bus.

ICW4: The Special Fully Nested mode is not
supported and buffered mode should be
used. Bit D@ should be set to 1.

Operation Command Words: After the Initializa-
tion Command Words (ICWs) are programmed into the
8259A, the chip is ready to accept interrupt
requests at its input lines. However, during the
8259A operation, a selection of algorithms can
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command the 8259A to operate in various modes
through the Operation Command Words (OCWs).

Figure 2-22 shows the operation command word for-
mats.

OCW1: OCW1 sets and clears the mask bits in
the interrupt Mask Register (IMR). M7 -Mo
represent the eight mask bits. M = 1 iAdi-
cates the channel is masked (inhibited), M =
0 indicates the channel is enabled.

OCW2: R, SL, EOI - These three bits control
the Rotate and End if interrupt modes (see
"Modes of Operations", below) and combin-
ations of the two. A chart of these combin-
ations can be found in the Operation Command
Word formats.

L2, L;s Ly - These bits determine the inter-
rupt 1eve9 acted upon when the SEOI bit is

active.

OCW3: ESMM - Enable Special Mask Mode (see
"Modes of Operation", below). When this bit
is set to 1 it enables the SMM bit to set or
reset the Special Mask Mode. When ESMM 0
the SMM bit becomes a "don't care".

SMM - Special Mask Mode (see "Modes of
Operation", below)., If ESMM = 1 and SMM = 1
the 8259A will enter Special Mask Mode. If
ESMM = 1 and SMM = 0 the 8259A will revert
to normal mask mode. When ESMM = 0, SMM has
no effect.

Interrupt Mask: Each Interrupt Request input can
be masked individually by the Interrupt Mask
Register (IMR) programmed through OCW1. Each bit
in the IMR masks one interrupt channel if it is
set (1). Bit 0 masks IRO, Bit 1 masks IR1 and so
forth. Masking an IR channel does not affect the
other channel operation.

Modes of Operation: The 8259A has several modes
of operation. However, the only operating mode
used in the CT system is the fully nested "level
triggered" mode. The priority scheme allowed
within the CT system is "fixed priority",.

Reading Status: The input status of several

internal registers can be read to update the user
information on the system. The following regis-
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ters can be read via OCW3 (IRR and ISR) or OCW1
(IMR).

Interrupt Request Register (IRR): 8-bit
register which contains the levels request-
ing an interrupt to be ackowledged. The
highest request level is reset from the IRR
when an interrupt is acknowledged. (Not
affected by IMR).

In-Service Register (ISR): 8-bit register
which contains the priority levels that are
being serviced. The ISR is updated when an
End of Interrupt command is issued.

Interrupt Mask Register (IMR): 8-bit regis-
ter which contains the interrupt request
lines which are masked. The IRR can be read
when, prior to the RD pulse, a Read Register
Command is issued with OCW3 (RR = 1, RIS =
0). The ISR can be read when, prior to the
RD pulse, a Read Register Command is issued
with OCW3 (RR = 1, RIS = 1). There is no
need to write an OCW3 before every status
read operation, as long as the status read
corresponds with the previous one; i.e., the
8259A "remembers" whether the IRR or ISR has
been previously selected by the OCW3. This
is not true when poll is used. For reading
the IMR, no OCW3 is needed. The output data
bus will contain the IMR whenever RD is
active and A0 = (OCW1). Polling overrides
status read when P = 1, RR = 1 in OCW3.

Figure 2-23 shows the status-register format and
Figure 2-24 summarizes the 8259A instruction set.
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R D7 D6 D5 D4 03 D2 01 DO
fo A7 A6 AS 1 LTIM  ADI SNGL  1c4}icwt
(]
b1 m5/T7 A14/T6 A13/Ts A12/T4  A11/T3 A0 A9 A8 J1cw2
YES
(SNGL=1)
NO (SNGL=0)
b s 6 S5 s4 s3  S2/In2  S1/ID1 SO/1DO}ICW3
T
NO ICW4
(1€4=0)
YES (1C4=1)
[1 0 0 0 SFNM  BUF M/S  AEOT  pM}Icw4
| - ]
— ¢

[gson TO ACCEPT lNTERRUP]S,

Figure 2-20. 8259A Initialization Sequence
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Icwh

5 ©0 0o 0 0 0 0 &
Port 20 lA, ] ay l \] 1 ]L‘lM[ADI SNGLl lCaJ
(32) | 1 iCwa NEEDED
0+ NO ICW4& NEEDED
1 = SINGLE
0 = CASCADE MODE
CALL ADORESS INTERVAL
1= INTERVAL OF &
0= INTERVAL OF 8
1 = LEVEL TRIGGERED MODE
0 = EDGE TRIGGERED MODE
A,-Ag Of INTERRUPT
VE&TOR ADDRESS
(MCS 80785 MODE ONLY)
1cw2
D, 0o ©0 O DO D D 0
As/ A/ [Ara/ [Pz / Ay,
Port 22 I%,] /‘ AE T, %; A | & | 2
l ] l l I ] ] A\g-Ag OF INTERRUPT
VECTOR ADDRESS
(MCSB0/85 MODE)
T,-1, OF INTERRUPT
1CW3 (MASTER DEVICE) VECTOR ADDRESS
(80868088 MODE)
o, 0 o L] o, 0o Oy
Port 22 ‘%]s‘l%lsdlsx]s:]slls]
( ) I [ I I l I l 1+ IR INPUT HAS A SLAVE
0 IR INPUT DOES NOT HAVE
ASLAVE
1CW3 (SLAVE DEVICE)
o, o, © O O L D D0
Port 22 Iololololo]-o,l»o,]-o,J
SLAVE DIV
of1]2]s]e]s]s]?
ojfrjfofjrjojrfoj
ofofr]vfofofrr
ofofolof ]
Icwae
Dy De ©Ds 0Dg O3 02 Dy [+7
Port 22 l ° o] ° smM]sut ws]uou] ,Pﬂ
L 1 = 80868088 MODE
(34) 0 = MCS-80/85 MODE
1 AUTO €O
0+« NORMAL EOI

NON BUF FERED MODE
BUF FERED MODE/SLAVE
BUFFERED MODE/MASTER

1 = SPECIAL FULLY NESTED
MODE

0 = NOT SPECIAL FULLY
NESTED MODE

NOTE 1° SLAVE ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT

Figure 2-21. 8259A Initialization Command Words
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ocwi
DY

O O © 5, 0 0 o
Port 22 .,|w ml m[.,[u,fu.[ml

o LTI ITT

INTERRUPT MaSK
1 MASK SET
0 MASK RESET

Port 20 [“ I s [w'

(32 ) 'RAI(_:E;ZEDL TO BE
. D0 UPON

OJ1j2(3]a}s

o[+]a[vfe]

e o [ [ 7 [0 To

—_ ofofoofr]

0] o} 1] Nonspecitic EOI Command } END OF INTERRUPT
[ ARER “Specilic £0i Command
rlof Rotate On Noa-Specitic EOl Command
‘1ojo Rotate In Automatic EOl Mode (SET) AUTOMATIC RQTATION
0jofo Rotate In Automatic EOl Moda (CLEAR)
AR “Rotate On Specific EQl Command .
V] v]0}  Set Prionty Command } SPECIFIC ROTATION
0]V]9] Nooperation
"LO-L2 are used
ocwi
% 0 O 0, 0 0, D0 g
Port 20 L [twu[suu[ ° I 1 l » [nn ans]
(32) I READ REGISTER COMMAND
OON 1 S S s
CARE [ Al 0 ]
0 ° ' '
“’—;l; READ
RREG  [ISREG
MO AcTiON ONNEXT |ONNEXT
~ RO PuLSE | AD PuL SE

1 = POLL COMMAND
0 = NO POLL COMMAND

SPECIAL MASK MODE

L} 1 0 1
0 L] 1 1
RESET sET
NO ACTION SPECIAL | SPECIAL
MASK MASK

Figure 2-22. 8259A Operation Command Words
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IRR
D7 D6 DS D4 D3 D2 D1 DO

Port 20 }
(32) |
! INTERRUPT REQUEST
: 1=ASSERTED
0=NOT ASSERTER
ISR
D7 D6 D5 D4 D3 D2 D1 DO
Port 20 I
(32)
INTERRUPT SERVICE
1=IN SERVICE
0=NOT IN SERVICE
IMR
D7 D6 D5 D4 D3 D2 D1 DO
Port 22
(34)
INTERRUPT MASK
1=MASK SET
0=MASK RESET

Figure 2-23. B8259A Status Registers



inst. ¢ Mnomonic D7 D8 DS D4 DI 02 DY OO Oporstion Description
1 ICW1 A AT A8 A5 1 0 1 1 0 Format = 4, single, edge triggered
r 2 ICwi 8 Al AB A5 1 1 1 [} Format = 4, single, level triggered
3 Icwy C AT A8 AS 1 0o 1t 0 o L Byte 1 Initialization Format = 4, not single, edge triggered
4 ICwr D A7 A6 AS 1 1 i 0 O Format = 4, not single, level tngeered
L) ICw1 € A7 A8 O it 0 o0 1 o No ICW4 Required  Formal - 8, single. edge triggered
8 iCwi F A7 A6 0 1+ t 0 1 O Format = 8, single, level triggered
7 Icwr G AT A8 O 1 0 0 o0 o ) Format = 8, not single, edge triggered
Port 20 8 Icwt H AT A8 O i 1 o 0 o Format = 8, not single, level triggered
] Icwyr ¢ A7 A6 AS ¥ O 1 1 1 A Format = 4, single, edge lriggered
10 icwr J AT A6 AS 1 t 1 1 1 Format = 4, single, leve! triggered
"ooIcwr K AT A8 A5 1 0 1 0 1 Byt 1 Initialization g5 a1 4 not single, sdge triggered
12 1Icwr L AT A8 A5 1 1 10 4 Format = 4, not single, level triggered
13 ICW1 M A7 A8 O 1 0 0 1 1 ICW4 Required Format = 8, single, edge triggered
14 ICW1 N AT A8 O 1 1 [} 1 1 Format = 8, single, level triggered
15 icwr O A7 A6 0 1 0 0 0 1 / Format = 8, not single, edge Irggered
N~ 18 |cw\| P A7 A8 O 1 1 0o o 1 Format = 8, not single, level tnggerad
r \14 icw2 A1S A14 A13 A12 A1 A0 A9 A8 Byte 2 initialization
18 iICW3 M S7 S8 S5 S4 S3 Ss2 S' SO Byte 3 initialization — master
19 ICW3 S 0 0 0 0 o0 s2 st SO Byte 3 initialization -— slave
20 ICWs A o 0 0 o 0 0o o0 o No action, redundant
2 ICwa 8 o o0 0 0 o6 o0 0 1 Non-bufferad mode, no AEOI, 8086/8088
22 ICws C 0o o ] (] 0 0 1 [} Non-bufterec mode, AEOI, MCS-80/85
23 ICws 0O 0 1) 0 0 o ] 1 1 Non-buffered mode, AEOI, 8086/8088
24 ICws E a 0o o o0 o 1 0o 0 No action, redundant
‘28 ICWs F [} ] o [} 0 1 [} 1 Non-buffered mode, no AEOI, 8086/8088
20 ICwe G [} [} 0 [} 1] 1 1 0 Non-butfered mode, AEOI, MCS-80/85
td ICW4 N o o 0 [} 0 1 1 1 Non-buffered mode, AEOI, 8086/8088
2 ICW4 | 0 0 o 0 1 0o 0 o Suffered mode, slave, no AEOI, MCS-80/85
29 iICwe J 0o 0 o0 o0 1 o o 1 Buftered mode, slave, no AEOI, 8086/8088
30 iICwe K )] ] ] ) 1 0 1 0 Buftered mode, slave, AEOI, MCS-80/85
N ICwe L 0 0 o o 1 ] 1 1 Buffered mode, slave, AEOI, 8086 /8088
32 ICWe M ¢ 0 o o 1 1 0 o Buffered mode, master, no AEOI, MCS-80/85
Port 22 33 ICwe N ‘e 0 0 0 1 1 0 1 Bulfered mode, maater, no AEQI, 8086 /8088
p ] iCwa O 0 o0 o o0 1 1 1 0 Buttered mode, master, AEOI, MCS-80/85
33 ICwW4a P 0 ] 0 0 1 1 1 1 Buttered mode, master AEQI, 8088, 8088
» ICW4  NA o o0 o 1 0o o o0 o Fully nested mode, MCS-80, non buttered, no AEOI
” ICW4 N8 6 o o0 * 0 o0 0 1 ICW4 NB through ICW4 NO are identical to
38 ICW4 NG 0o o0 o 1 0o 0 1 0 ICW4 B through ICW4 D with the addition of
3 ICws ND 6 0 0 1 0 0 1 Fully Nested Mode
40 ICWé NE O 0 o 1 0 1 0 0 Fuylly Nested Mode. MCS-80/85. non-buttered. no AEOI
41 ICW4 NF 0 o 0 1 [} 1 0 1 )
42 ICWs NG 0O 06 o 1+ o0 1 10
43 ICW4 NH [} 0 0 1 0 1 1 1
44 ICwe NI [} ) [} 1 1 0 0 0
45 ICWe  NJ [} [ [} 1 1 0 [} 1
“ ICWe  NK o 0 0 1 1 o 1 o0 ? ICW4 NF through ICW4 NP are 1dentical to
& cwe N 0 0 0 1 1 0 1 1 'Fcu‘l':'; fanrough ICW4 P with the addition of
48 ICW4 NM 0 [} [} 1 1 1 [} 0
49 ICWa NN 0 0 o0 1 1 0
0 ICWe NO o 0 o0 1 ] T 0
K ] ICW4 NP o 0 o0 1 v v 1 1
LY oCw1 MP M8 M35 M4 M3 M2 M1 MO Loed mask register, read mask register
53 ocw?2 € 0o o 1 0 0 0 [} [} Non-specific EOI
4 oCw2 SE [} 1 1 Q 6 L LU w Spacific EOL, LO-L2 code of IS FF to be reset
35 QGw2 RE LI} i 0 O 0 0 O Rotate on Non-Specitic EOI
56 OCW2 RSE 1 1 1 P 0 L2 Ly Rotate on Specitic EOI LO-L2 code of line
Port 20 s7 ocwa R 1 0 0 0 0 0 0 0 Rotate in Auto EOI (et)
’ 58 oCw2 CR o 0 o0 o 0 o0 o0 O Rotate in Auto EOI (clear)
9 OCw2 RS 1 1 4] ] 0 L2 L L Set Priority Command
60 ocw) P o 0 0 [} 1 1 0 0 Poll mode
6 OCW3l RIS o 0 o0 o 1 (] 1 1 Read IS register

Figure 2-24. 8259A Instruction Set Summary
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I/0 Control Register (IOCR)

The IOCR, port 56 (86 decimal), is a 16-bit reg-
ister, used to control and report certain main-
frame events. It ties into several other logic
blocks on the mainframe. Figure 2-25 illustrates
the bit pattern.

The high-order byte consists of readable and
writable system control bits. Writing a zero
into any of these bits disables the logic which
generates the corresponding interrupt.

The low-order byte is read-only status flags.
Interrupt flags persist until the interrupt con-
dition is removed and the corresponding control
bit in the high byte of the IOCR has been set by
software. The bit assignments are:

Bit Type Meaning

F Control Power-Fail Detect Interrupt
Enable. When ore, enables
power fail detect non-maskable
interrupt. When zero, clears
existing power fail 1indica-
tions.

E Control Parity-Error Detect Enable.
When one, enables parity error
detect and parity error inter-
rupts. When zero clears exist-
ing parity error interrupts.
When zero clears existing par-
ity error indications and dis-
ables detection and interrupts.

D Control 0dd Parity Enable. When one,
the parity logic writes odd
parity and checks odd parity.
When zero even parity is used.

C Control Multibus I/0 Enable. Normally
this bit has no effect. If
factory Jjumper 2-3 on the CPU
board is installed, and IOCR
bit C is one, then any 1I/0
instruction with address bit
F=0 refers to a Multibus I/O
device, and if address bit F=1
or IOCR bit C 1is 0, the
instruction refers to a CT I/O
port.
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Control

Normally jumper 2-3 is not
installed and reference to
Multibus I/0 devices is done by
any 1/0 instruction with
address bit F=1 (IOCR bit C has
no effect).

Printer Interrupt Enable. When
one, enables interrupts from
the 1line printer interface.
When zero, clears existing
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WRITE-PROTECT INTERRUPT STATUS

REAL-TIME CLOCK INTERRUPT STATUS
BUS-TIMEQUT INTERRUPT STATUS
PRINTER INTERRUPT STATUS
(RESERVED)
TIMER INTERRUPT STATUS

PARITY-ERROR INTERRUPT STATUS
POWER-FAILURE INTERRUPT STATUS

CONTROL
DF DE DD DC DB DA D9 D8
PORT 56 X
D7 D6 D5 D4 D3 D2 D1 DO
STATUS

—— WRITE PROTECT ENABLE

REAL-TIME CLOCK ENABLE

BUS TIMEOUT ENABLE

PRINTER INTERRUPT ENABLE

MULTIBUS I/0 ENABLE
0DD PARITY ENABLE

PARITY-ERROR DETECT ENABLE
POWER-FAIL DETECT ENABLE

Figure 2-25. I/0 Control Register (IOCR)
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interrupts and disables genera-
ting new interrupts.

Control Bus Timeout (Non-Existent De-
vice Detect) Enable. When one,
a reference to a non-existent
I/0 register or a non-existent
memory location will generate a
non-maskable interrupt. When
zero, the interrupt will be
cleared and the detection will
be disabled.

Control Realtime Clock Enable. When

: one, realtime-clock interrupts
are enabled. When zero, pend-
ing realtime-clock interrupts
are cleared and new ones are
disabled.

Control Write Protect Enable. When
one, the 1lower 32K bytes of
memory cannot be written in-
to. If an attempt is made to
write it will cause a non-mask-
able-interrupt. When =zero
these functions are disabled
and any pending write protect
interrupt 1is cleared. This
does not apply to DMA writes.

Status Power-Fail Interrupts. When
one, indicates that a power-
fail non-maskable interrupt is
pending.

Status Parity-Error Interrupt. When
one, indicates that a parity
error non-maskable interrupt is
pending.

Status Timer Interrupt. When one, in-
dicates that the programmable
timer (counter @) is interrupt-
ing (level 3 maskable inter-

rupt).
Status Reserved.
Status Printer Interrupt. When one,

indicates a line printer inter-
rupt is pending (level 4 mask-
able interrupt).
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2 Status Bus Timeout (Non-existent De-
vice) Interrupt. When one,
indicates a non-existent I/0
device or memory location was
referenced and did not respond

within 6 milliseconds. This
will cause a non-maskable in-
terrupt.

1 Status Realtime Clock Interrupt. When

one, indicates a realtime clock
interrupt is pending (level 4
maskable interrupt).

0 Status Write Protect Interrupt. When
one, indicates a write protect
fault occurred and a non-mask-
able interrupt was caused by
it.

The IOCR control bits are set to zero whenever

the system is reset, either manually or during

power-up. Normally, the operating system sets

one or more of these bits during initializa-
tion. When set, the following functions will

generate interrupts (NMI = non-maskable inter-

rupt, INTRY = level 4 maskable interrupt):

Function Control Status Int.Type
Power Failure F 7 NMI
Parity Error E 6 NMI
Timer - 5 INTR3
Printer B 3 INTRY
Bus Timeout A 2 NMI
Real-Time Clock 9 1 INTRY
Write Protect 8 ) NMI
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8253 Interval Timer

The 8253 timer has three independent channels,
designated @, 1 and 2. Two of these channels (1
and 2) are used for baud-rate generation for the
Z80A-SI0 communications controller. The third
(channel @) is available to the user and can be
Eroggammed to generate a maskable interrupt to
he CPU.

The I/0 ports assigned to the 8253 are as fol-
lows:

Port  Write Read
28 (40) Counter @ divisor Counter @ divisor
2A (42) Counter 1 divisor Counter 1 divisor
2C (44) Counter 2 divisor Counter 2 divisor

2E (46) Mode (all counters) Not used

When the standard operating system is used, all
initialization and control of counters is done by
the operating system.

Note that the Gate input to all counters is per-
manently enabled (high) and cannot be changed.
This limits the use of the channels to certain
modes, as described below.

Write Operations: The systems software must
program each counter of the 8253 with the mode
and hexidecimal count divisor desired. The pro-
grammer must write out to the 8253 a MODE control
word and the programmed number of count register
bytes (1 or 2) prior to actually using the selec-
ted counter.

The actual order of the programming is quite
flexible. Writing out of the MODE control word
can be 1in any sequence of counter selection,
e.g., counter #0 does not have to be first or
counter #2 last. Each counter's MODE control
word register has a separate address so that its
loa?ing is completely sequence independent. (SCO,
SC1

The loading of the Count Register with the actual
hexidecimal count divisor, however, must be done
in exactly the sequence programmed in the MODE
control word (RLO, RL1). This loading of the
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counter's count register is still sequence inde-
pendent like the MODE control word loading, but
when a selected count register is to be loaded it
must be loaded with the number of bytes program-
med in the MODE control word (RLO, RL1). The one
or two bytes to be loaded in the count register
do not have to follow the associated MODE control
word. They can be programmed at any time follow-
ing the MODE control word loading as long as the
correct number of bytes is loaded in order.

All counters are down counters. Thus, the value
loaded into the count register will be decremen-
ted. Loading all zeroes into a count register
will result in the maximum count. In MODE 0 the
new count will not restart until the load has
been completed. It will accept one of two bytes,
depending on how the MODE control words (RLO,
RL1) are programmed, then proceed with the re-
start operation.

Counter 0 has a 19.53KHz clock input.

The baud rate (counters 1 & 2) counters each have
a 1.23=MHz clock input. The 16=bit divisor
number put into the counter is the number by
which 1.23 MHz 1is divided before going to the
SIO. Some common divisors are:

Hex SIO Divide - Baud
Divisor Factor (decimal) Rate
2 1 614,400
4 16 19,200
8 16 9,600
10 16 4,800
20 16 2,400
40 16 1,200
80 16 600
100 16 300
200 16 150
2BA 16 110
Mode Definition: The standard initialization

mode for the two communication channels is Mode 3
(Square Wave Rate Generator). When the standard
operating system is used, channel 0 of the 8253
can be programmed only in Mode 0, since the oper-
ating system initializes the 8259A to expect only
level-triggered interrupts and all other modes of
the 8253 except mode 0 require an edge-triggered
interrupt system.
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Mode 0 (Interrupt on Terminal Count):
Programming the mode of counter 0 causes any
pending interrupt from the counter to be
removed. As soon as the counter bytes are
loaded, the counter begins to decrement at
the 19.53KHz rate. When the counter reaches
0, it will cause a level 4 interrupt.

After the terminal count has been reached,
the counter continues to decrement (0000,
FFFF, FFFE, ...). Therefore, it is possible
to ascertain the software latency time of
the interrupt service process by reading the
counter at the end of the process.

MODE 3 (Square Wave Rate Generator): With
the standard operating system, this mode is
used for counters 1 and 2, those that gener-
ate baud rate for the SIO channels. It is
similar to MODE 2 except that the output
will remain high until one half the count
has been completed (for even numbers) and go
low for the other half of the count. This
is accomplished by decrementing the counter
by two on the falling edge of each clock
pulse. When the counter reaches terminal
count, the state of the output is changed
and the counter 1is reloaded with the full
count and the whole process is repeated. If
the count is odd and the output is high, the
first clock pulse (after the count is load-
ed) decrements the count by 1. Subsequent
clock pulses decrement the clock by 2.
After timeout, the output goes low and the

full count 1is reloaded. The first clock
pulse (following the reload) decrements the
counter by 3. Subsequent clock pulses de-

crement the count by 2 until timeout. Then
the whole process is repeated. In this way,
if the count is odd, the output will be high
for (N + 1)/2 counts and low for (N - 1)/2
counts.

Reading from the 8253: Writing the control byte
0+X (ie., high nibble must be 0 but low nibble
can be anything) to port 2E (46) sets the timer
up for a read operation, in which the least and
most significant bytes of the timer's count reg-
ister are successively placed onto the local I/0
bus in response to successive reads. To convert
this count into the time remaining before the
forthcoming interrupt on the TMRINT+ signal line,
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multiply by 5.12 microseconds. Note that the
count parameter may be in either hex or BCD for-
mat depending on whether the last digit of the
mode control word used for 1loading the count
valve was 1 or 0, respectively.

It is imperative to complete any read operation
which has been started before trying to initiate
any further write operations to the 8253. Note
that the 8253 timer is not affected by ongoing
read operations initiated by control bytes of the
form O+X. Therefore, the 8253 can generate an
interrupt while a read operation is underway, and
the interrupt cannot be cleared until both bytes
have been read out.

The format for writing control information to the
8253 is illustrated in Figure 2-26.
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Control Word Format

Port 2E SC1 | SCO | RL1 | RLO | M2 | M1 | MO | BCD

(47)

SC1 SCo
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 Illegal

RL1 RLO

0 0 Counter Latching operation*

1 0 Read/Load most significant byte only.
0 1 Read/Load least significant byte only.
1 1 Read/Load least significant byte first,

then most significant byte.

* See '"Reading While Counting'.
Bits D@ through D3 are don't care
if this mode is used.

M2 M1 MO
0 0 0 Mode 0
0 0 1 Mode 1
X 1 0 Mode 2
X 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
BCD
0 Binary Counter 16-bits
1 Binary Coded Decimal (BCD) Counter

(4 Decades)

Figure 2-26. 8253 Control Word
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MULTIBUS INTERFACE

The electrical interface between the 1local bus
and the Multibus slots is termed the Multibus
interface, as shown in Figure 2-1. This inter-
face isolates the CT mainframe from the Multi-
bus. The interface is controlled by various
logic blocks, switch settings and jumpers on the
CT mainframe. It provides asynchronous separa-
tiong the mainframe and Multibus clocks are
assumed to have no interaction.

Unlike other implementations of Multibus inter-
faces, this interface allows simultaneous opera-
tion (multiprocessing) of Multibus and local bus
masters whenever there are no transfers across
the interface.

The IEEE 766 "Multibus" Standard (Appendix A)
defines several 1levels of hardware compliance.
The CT version of the Multibus achieves the
highest level of compliance with the exception of

memory address bits. CT provides 20 bits instead
of 24 bits. In terms of the IEEE 796 short hand

notation the CT bus achieves a D16 M20 I16 VD23E
level of compliance

Signal Lines

The mainframe motherboard contains either two or
four slots for Multibus boards, depending on the
hardware configuration. These slots are standard
Multibus slots with all signals required in the
IEEE 796 microcomputer bus standard, as shown in
Figure 2-27.

Form Factor

The physical form requirements for user-supplied
Multibus boards is shown in Figure 2-28. Maximum
height of the Multibus boards, a parameter that
is not specified by the IEEE standard, is 6.75
inches from the base of the edge connector.

Transfers Across The Interface

When transfers across the Multibus interface are
controlled by the 1local bus (i.e., the 1local
CPU), either memory or I/0 slave resources on the
Multibus can be accessed. When a Multibus master
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(e.g., a CPU or DMA on the Multibus) controls the
transfers, the only slave resources on the local
bus that can be accessed is the memory; I/0 on
the local bus cannot be accessed by a Multibus

master.

The memory address space accessible in transfers
across the Multibus Interface is illustrated in

2-81



Table4 Pin Assignment of Bus Signals on Multibus Board Connector (P1)
{COMPONENT SIDE) {CIRCUIT SIDE)
PIN MNEMONIC DESCRIPTION PIN MNEMONIC DESCRIPTION
1 GND Signal GND 2 GND Sig GND
3 +5Y +5vde 4 +5v +5Vdc
POWER 5 +5Y +3Yde 8 +5v +5Vdc
SUPPLIES T | sy +12¥dc 8 | +ia2v +12vde
] RESERVED 10 RESERVED _
11 | GND “Bignal GND i2 | GND Signal GND
13 BCLK/ Bus Clock 14 NIT/ Initialize
135 BPRN/ Busg Pri. in 18 BPRO/ Bus Pri. Out
BUS 17 8usy/ Bus Busy 18 BREQ/ Bus Request
CONTROLS 19 MRDC/ Mem Read Cmd 20 MWTC/ Memm Write Cmd
2 I2RC/ 110 Resd Cmd 2 IOWC/ 110 Write Cmd
3 XACK/ XFER Acknowledge 24 N1/ Inhibit 1 disable RAM
BuUS 3 Reservad 8 INK2/ Inhibit 2 disabis PROM or ROM
CONTROLS 27 BHEN/ Byte High Enable 28 AD10/
AND 2 CBRQ/ Common Bus Requast 0 AD11/ Address
ADDRESS 3 CCLK/ Constant Clk 2 AD12/ Bus
k<] INTA/ intr Acknowledge 34 AD13/
3 INT8/ Paralle! 38 NTZ/ Parailet -
k14 INT4/ Interrupt B INT5/ interrupt
INTERRUPTS » INT2/ Requests 49 INT3/ Requasts
4 INTO/ 42 INT/
4 ADRE/ 44 ADRF/
45 ADRC/ 46 ADRD/
14 ADRA/ Addrass 48 ADRB Address
ADDRESS @ ADR8/ Bug 50 ADRY/ Bus
51 ADRS/ 32 ADR7/
3 ADR4/ 84 ADRS/
85 ADR2/ 88 :| ADR3/
§7 ADRO/ 58 ADR1/
L) DATE/ i) DATF/
61 DATC/ 82 DATD/
63 DATAY Data 64 DATB/ Data
65 DATB/ Bus es DATY/ Bus
DATA (74 DATSE/ 4] DATYI
6 DAT4/ ] DATS—
n DAT2/ T DAT3/
n DATO/ 74 DAT1/
nB GND Signa! GND ] GND Signal GND
” Raserved B Resarved
POWER i ] =13y -12¥de 80 ~12v -12vdc
SUPPLIES 8 +5V ¢+ e 82 +5V +3vdc
4] +5v + §¥de 84 +5v +5Vdc
e GND Signai GND 88 GND Signat GND

Figure 2-27.
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Figure 1-U4 and the "Memory Interface™ section of
this chapter contains a subsection entitled

"Multibus/Local=-Bus Memory Mapping"™ that des-
cribes the transfer windows in more detail. In
addition, the "DMA transfer" section contains a
subsection entitled "Multibus Access" that des-
cribes the method by which Multibus masters ob-
tain access to the local memory.

Modes of Operation

The IEEE specifications specifies that two alter-
native modes of operation (Mode 1 and Mode 2) for
Multibus masters be accommodated, although a
particular system should operate only in one mode
or the other.

The CT system normally operates in the more per-
missive Mode 2 and it will accommodate any Multi-
bus boards which also operate in this mode.

If a Mode 1 Multibus board is used, however, the
entire system will then operate in Mode 1.

In Mode 1, bus masters are limited to single bus
transfers per bus connect and system timing is
rendered deterministic by compliance with the
maximum bus busy period, t max. In Mode 2,
bus masters are not limited 'in their bus control
and compliance with a maximum busy period is not
required.

Bus Priority Resolution

A parallel priority resolution scheme is used for
arbitrating bus access by Multibus masters. Two
sockets on the mainframe motherboard contain a
priority encoder chip and a decoder chip to im-
plement this priority resolution scheme.

The parallel arrangement requires that the BREQ/
lines of each possible Multibus master (the main-
frame plus any user-supplied Multibus boards) be
input to the encoder.

The priority of access is fixed as follows, from
highest to lowest:

BREQO Local Bus
BREQ1 Multibus Slot 1
BREQ?2 Multibus Slot 2
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Note that BPRO lines must be disabled on Multibus
boards using parallel priority.

Serial priority resolution schemes are also sup-
ported. These are implemented by removing the
parallel-priority chips and enabling BPRO lines
on all Multibus boards.

Interrupts

Multibus interrupts adhere to the IEEE stand-
ard. However, since ambiguities of interpreta-
tion can arise, the general rules with respect to
Multibas interrupts can be summarized as follows:

o Non-maskable interrupts (NMI) from the
Multibus to the local bus are not sup-
ported.

o Maskable interrupt requests from the Mul-
tibus to the local bus are supported for
levels 0, 2, 5 and 6.

o Maskable interrupt requests between Mul-
tibus boards are fully supported at all
levels.

The second and third items above imply that mask-
able interrupt levels 0, 2, 5 and 6 can be ser-
viced either by the local 8086 or by a Multibus
master.

The local 8259A can be cascaded with up to three
slave 8259As on the Multibus (level 0 cannot be
cascaded) to service up to 29 prioritized levels
of maskable interrupt within a systen. Each
slave 8259A can multiplex eight interrupt levels
from the Multibus, and there are four available
inputs from the Multibus to the local 82594,
giving 25 interrupt levels. The remaining four
maskable interrupt 1levels are for the 1local
functions mentioned above.

Figure 2-29 1illustrates a possible configura-
tion. The local 8259A master is shown with three
slaves on the Multibus. When an interrupt occurs
at a slave 8259A, it is passed on to the CPU
through the hardware chain of interrupt request-
ing. During the first cycle of the interrupt
acknowledge, the local 8259A addresses the inter-
rupting slave through the three cascade 1lines
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(CAS0-CAS2) which are attached via the processor
bus and local address bus to the Multibus address
bus. This tells the interrupting controller that
it has precedence and that it should enable the
interrupt vector from the interrupting device to
be put on the data bus. The Buffer Enable (EN=-)
line of the local 8259A, which is operated in the
Buffered Mode, then enables the proper buffer to
allow the 8086 to see the incoming interrupt

vector.

This configuration is dealt with in Application
Note 59 of the Intel 8086 Family User's Manual.
One note of caution: the Special Fully Nested
Mode of the 8259A is not supported by CT.

2-86



EXIST;ING ON LOCAL BUS POSSIBLE MULTIBUS ADDITIONS
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Figure 2-29. Maskable Interrupt Expansion on Multibus
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COMMUNICATIONS INTERFACE

Channels

This interface, built around the Z80A-SIO, pro-
vides two independent communication channels,
channel A and B, either of which can be operated
in synchronous or asynchronous protocols. Both
channels are brought to standard 25-pin D-type
female connectors on the back of the mainframe
enclosure. The channels are distinguished as
shown in Figure 2-30.

Channel A has the greatest flexibility. It can
operate either as an RS-232 or an RS-422 inter-
face and can be controlled by either the CPU
(interrupt or polled mode) or the local DMA
logic. If DMA transfers are used, the communica-
tion channel can operate only in half duplex mode
since only one DMA channel is allocated to com-
munication and the SIO has only one Ready line
per channel for use as a DMA request signal.

When the RS-422 interface option is selected by
jumpers on the I/0O-memory board, speeds up to 700
kilobits per second can be used. This balanced-
differential interface allows multidrop hardware
with the ability to transmit clocks on signals
that are separate from the data.

Figure 2-31 1illustrates the RS-232 and RS-422
pinouts. .

Transfer Control

If the SIO is controlled by the CPU, it typically
operates in interrupt-driven mode. 1In this mode,
the SIO interrupts via level-1 maskable inter-
rupts for each receive or transmit character as
well as for other modem-control or anomolous
conditions. As an alternative to the interrupt-
driven mode, the CPU can operate the SIO in a
polled mode. In either mode, CPU transfer con-
trol allows full-duplex channels.

If Channel A is used in the DMA mode, interrupts
to the CPU are programmed in the SIO to occur
only for modem-control and anomolous condi-
tions. The SIO's Ready output controls DMA ser-
vice requests for individual transfers. Since
all DMA transfers are word transfers while the
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Figure 2-30.

protocols

interface type

transfer control

duplex mode

max. speed

channel A

synchronous or
asynchronous

RS-232 or
RS=422#%

CPU or
DMA

full or half#*¥*

19.2 kbaud or
615 kbaud##*#*

¥ Balanced differential

¥%¥ When DMA control is used

#%% When RS-U422 is used
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RS-232-C
Pin Function

1 Protective Ground
2 Transmit Data

3 Receive Data

Yy Request To Send

5 Clear To Send

6 Data Set Ready

7 Signal Ground

8 Carrier Detect

14 Secondary Transmit Data
15 Transmit Clock
16 Secondary Receive Data
17 Receive Clock
20 Data Terminal Ready
22 Ring
RS-U422-A
Pin Function
1 Protective Ground
2 Transmit Data + (from CT)
3 Transmit Clock + (to CT)
y Transmit Data - (from CT)
5 Transmit Clock - (to CT)
6 Clear To Send + (to CT)
7 Signal Ground
8 - Receive Data + (to CT)
14 Request to Send - (from CT)
15 Receive Clock - (to CT)
16 Clear To Send ~ (to CT)
17 Receive Clock + (to CT)
18 Transmit Clock + (from CT)
20 Request To Send + (from CT)
22 Receive Data - (to CT)
25 Transmit Clock - (from CT)

Figure 2-31. RS-232 and RS-422 Pinouts
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communication interface sees only the lower byte
of the 16-bit local data bus, all of the high-
byte locations in the communications buffer of
memory are ignored. Furthermore, when DMA is
used for control of Channel A the communications
buffer must reside in the lower 128-kilobytes of
memory, as illustrated in Figure 2-13.

The "DMA transfers" and "Interrupts" sections of
this chapter contain additional information on
communications control.

Switch-Selectable Clocks

Switches on the I/0-memory board can be used to
select whether internal or external clocking is
to be used on the data receive and transmit
lines. Either channel can have either the re-
ceive or transmit line clocked either internally
or externally.

Extended Control Register

A 16-bit register associated with the SIO is used
to augment the SIO's set of channel control lines
and status information. Among its functions,
which enhance both RS-232 and RS-422 communica-
tion, are:

Channel A ring indicator
Channel A data set ready (DSR)
Channel A secondary Rx data
Channel A secondary Tx data
Channel B ring indicator
Channel B data set ready (DSR)
Channel B secondary Rx data
Channel B secondary Tx data

RS-422 transmit request
RS~-422 transmitter enabled
RS-422 carrier detect enabled
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Software Interface
Z80A Serial I/0 (SIO) Controller

The dual-channel Z80A-SI0/2 controls communi-

cation on the two serial communication chan-
nels. One of the channels, Channel A, can be

operated in a DMA or CPU-driven mode; this chan-

nel can be jumper-selected as either an RS-232-C

or an RS-422-A interface. Channel B can operate

only in a CPU-driven mode as an RS-232-C port.

Due to the SIO's non-8086 bus structure, inter-
rupt acknowledges are sent by the CPU through a
separate logic block called the Interrupt Acknow-
ledge Register (IAR). Also, an Extended Control
Register (ECR) adds some control functions that
are not supported by the SIO. The programming of
these registers is described in the two sections
that follow this one. This section describes
only the SIO itself.

I/0 port assignments for the SIO channels and
other related registers are as follows:

Port Write Read

48 (72) SI0O Ch.A data SIO Ch.A data

ba (74) SI0O Ch.A command SIO Ch.A status
4c (76) SIO Ch.B data SIO Ch.B data

4E (78) SI0O Ch.B command SI0O Ch. B status
30 (48) not used TAR#

60 (96) ECR* ECR#*

¥ See separate sections with these titles.

In addition to the above ports, the following
ports on the 8253 timer are used to program SIO
baud rate divisors, as described in the section
relating to the 8253:

Port Write Read

2A (42) Ch.B divisor Ch.B divisor
2C (44) Ch.A divisor Ch.A divisor
2E (46) 8253 Mode Not used

Initialization Subroutines: The SIO is the only
programmable IC in the mainframe that 1is not
initialized automatically by the standard opera-
ting system. Instead, several preprogrammed
subroutines are provided in the system 1library
for initialization of the SIO to various modes
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and speeds. These subroutines can be bound with
any application programs.

General Procedures: The application program
first issues a series of commands that initialize
the basic mode of operation and then other com-
mands that qualify conditions within the selected
mode. For example, the asynchronous mode, char-
acter length, clock rate, number of stop bits,
even or odd parity might be set first; then the
interrupt mode; and finally, receiver or trans-
mitter enable. Both channels contain registers,
addressed as different I/0 ports, that must be
programmed prior to operation.

Write Registers: The SIO contains eight
write registers for Channel B and seven
write registers for Channel A (WRO-WRT7)
that are programmed separately to configure
the functional personality of the channels;
WR2 contains the interrupt vector for both
channels and is only in the Channel B reg-
ister set. With the exception of WRO, pro-
gramming the write registers requires two
bytes. The first byte is to WRO and con-
tains three bits (D -D5) that point to the
selected register; %he second byte is the
actual control word that is written into
the register to configure the SIO. WRO is
a special case in that all of the basic
commands can be written to it with a single
byte. Reset (internal or external) ini-
tializes the pointer bits DO-D to point to
WRO. This implies that a channel reset
must not be combined with the pointing to
any register. The write registers are
shown in Figure 2-32.

Read Register: The SIO contains three read
registers for Channel B and two read regis-
ters for Channel A (RRO-RR2) that can be
read to obtain the status information; RR2
contains the internally-modifiable inter-
rupt vector and is only in the Channel B
register set. The status information in-
cludes error conditions, interrupt vector
and standard communications-interface sig-
nals. To read the contents of a selected
read register other than RRO, the system
‘program must first write the pointer byte
to WRO in exactly the same way as a write
register operation. Then, by executing a
read instruction, the contents of the ad-
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dressed read register can be read by the
CPU. The status bits of RRO and RR1 are
carefully grouped to simplify status moni-
toring. For example, when the interrupt
vector indicates that a Special Receive
Condition interrupt has occurred, all the
appropriate error bits can be read from a
single register (RR1). The read registers
are shown in Figure 2-33.

DMA Operation: To program channel A of the SIO
for DMA operation, select the READY function on
the SIO's WAIT/READY pin (set bit 6 of WR1) and
enable that function (set bit 7 of WR1).
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WRITE REGISTER 0 WRITE REGISTER 4

[o7 o6 [ 05 [oa | 03 oz [ 01 J00 ] (o7 ] o6 [ o5 Toa [ B3 [ 02 ] 01 | 0o
T 1 PARITY ENA
0 0 0 REGISTER O —— PARITY EVEN
0 0 1 REGISTER 1
§ 1 1 Rdemas 0 0  SYNC MODES ENABLE
1 0 0 REGISTER4 0 1 1STOR BIT/ICHARACTER
10 1 REGISTERS 10 1% STOP BITS/CHARACTER
1 1 0 REGISTER S 1 1 2 STOP BITS/ICHARACTER
11 1 REGISTER7

8 BIT SYNC CHARACTER

16 BIT SYNC CHARACTER
SOLC MODE (01111110 FLAG)
EXTERNAL SYNC MODE

_——oo
—o+o

NULL CODE

SEND ABORT %SDLC)

RESET EXT/ STATUS INTERRUPTS
CHANNEL RESET

ENABLE INT ON NEXT Rx CHARACTER

0
1
0
1
0
1
0
1

dmasocoo
mmooaano

nzszr mur PENDING 0 0 X1CLOCK MODE
RESET 0 1 X165 CLOCK MODE
nnuau FROM INT (CH-A ONLY) 1 0 X32 CLOCK MODE
11 X64 CLOCK MODE
0 0 NULL CODE
0 1 RESET Rx CRC CHECKER
1 0 RESET Tx CRC GENERATOR
11 RESET Tx UNDERRUN/EOM LATCH
WRITE REGISTER 1 WRITE REGISTER 5
[o7Jos Jos Joa]oa]pz] p1]o0] 05 | o4 nalnz
EXT INT ENABLE n cuc ENABLE
Tx INT ENABLE
STATUS AFFECTS VECTOR snﬁcnmc
CH. B ONLY) T1 ENABLE
0 Rx INT DISABLE SEND BREAX
Db RS RAME ary rrsvcrom
X < 17!
1 1 INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT K 3 :.,ém,.‘,féfg’f"‘“‘m"
VECTOR) Tx 6 BITS/CHARACTER
« ORON Tx 8 BITS/CHARACTER
WAIT/READY ON R/T SPECIAL
JREADY FUNCTION CONDITION —DTR
WAIT/READY ENABLE
WRITE REGISTER 6
WRITE REGISTER 2 (CHANNEL B ONLY)
[o7 o6 Jos Jo« Jo3 [p2] 01 [ DO ]
(07T o6 [os[oa]os]0z]oi]00] SYNC BIT 0
————— SYNC BIT 1
vo SYNC BIT 2
Vi L————————swc T3\
vz e SYNC BIT &
V3 | INTERRUPT SYNC BIT 5
V4 VECTOR _— SYNC BIT §
V5 JERRE— SYNC BIT 7
3
V7
*ALSO SDLC ADDRESS FIELD
WRITE REGISTER 3 WRITE REGISTER 7
[[07 T o6 [ 0508 | 03] 02]01]00 [o7 Tos Tos Tos [ 03 [oz]o1]o0]
Re ENABLE [ SYNC BIT 8
' SYNC cm\nécrm LOAD INHIBIT g;:g g:} 30
DOR| R
0 CﬂEcss SEA cn MODE (SOLC) . swear
ENTER num PHASE T SYNC BT 12
AUTO ENABLES SYNC BIT 13
- SYNC BIT 14
0 0 RuS BITSICHARACTER T - - SYNC BIT 15
R
x / *FOR SDLC IT MUST BE PROGRAMMED
11 Rx 8 BITS/CHARACTER T0 01111110 FOR FLAG RECOGNITION

NOTE: A separate set of registers is maintained for
channels A and B. Channel A is port 4A and
channel B is port 4E.

Figure 2-32. SIO Write Registers
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READ REGISTER O

[o7 Tos [os [oa o3 Jo2] o1 ] oo}

Rx CHARACTER AVAILABLE

INT PENDING (CH. A ONLY)
—————————— Tx BUFFER EMPTY

Dco

SYNC/HUNT

!
Tx UNDERRUN/EOM ‘
BREAK/ABORT

.

* USED WITH ""EXTERNAL/STATUS
INTERRUPT" MODE

READ REGISTER 1t

[07 Jos Jos [pa Jo3]oz] o1 ] oo]

ALL SENT
| FIELD BITS | FIELD BITS IN
IN PREVIOUS  SECOND PREVIOUS
BYTE BYTE
10 0 0 3
o 1 0 0 4
1 1 0 0 5 >
0 0 1 0 6
o0 0 7
0 11 0 8
1 1 1 8
0 o 0 2 8
—— PARITY ERROR * RESIDUE DATA FOR EIGHT
Rx OVERRUN ERROR Rx BITS/CHARACTER PROGRAMMED
CRC/FRAMING ERROR
L—————————————END OF FRAME (SDLC)
t USED WITH SPECIAL RECEIVE CONDITION MODE
READ REGISTER 2
[07 Jos [ os[o4a o3 o2]o1]oo]
T T T T
| P L w
! | | | — Vit
l i ! [ — 7
| o e — v3t U INTERRUPT
! l | —-— - ——V& (VECTOR
[ - = ———— V5
- S —-=V6

tVARIABLE IF "STATUS AFFECTS
VECTOR'' IS PROGRAMMED

NOTE: A separate set of registers is maintained
for channels A and B. Channel A is port
4A and channel B is port 4E.

Figure 2-33. SIO Read Registers

2-96



SI0O Extended Control Register (ECR)

The ECR is a 16-bit control/status register which
is written to and read from port 60 (96). It
handles control functions that are not supported
by the SIO but which are useful in RS-232 and RS-
422 environments. Figure 2-34 illustrates the
register.

The 16 bits of the register are allocated as
follows:

Bit Type Function

F Status RS-422 Tx enable. This bit is
the same as bit 2.

E Status Channel A ring indicator, as-
serted when O.

D Status Channel B Data Set Ready, as-
serted when O.

C Status Channel A Secondary BRx data,
asserted when 1.

B - Not used

A Status Channel B ring indicator, as-
serted when 0.

9 Status Channel B Data Set Ready, as-
serted when 0.

8 Status Channel B Secondary Rx data,
asserted when 1.

7 - Not used

6 - Not used

5 - Not used

Yy - Not used

3 Control Clock detect enable. If I1I/0

memory board switch 3 bit 2 is
open and bit 1 is closed,
Carrier Detect for channel A
comes from receive clock detect
circuit. If IOCR bit 3 is one
and the Channel A receive clock
is active then Carrier Detect
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Control

Control

Control

will go active. Setting IOCR
bit 3 to =zero forces Carrier
Detect inactive.

Tx Enable. When set to one ,
the RS-U422 drivers are enabled.

Channel A Secondary Tx data,
asserted when 1.

Channel B Secondary Tx data,
asserted when 1.
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Port 60
(96)

STATUS
(Read)

CONTROL
(Write)

DF DE DD DC DB DA D9 D8 D7 D6 D5 D4 D3 D2 DI DO

my

X | X (X | X (X

Q. s

Don't Care

"Tx Request et
Ch. A Secondary Tx Data -
Ch. B Secondary Tx Data

Secondary Rx Data
Data Set Ready

B

B

B Ring Indicator
t us

. A Secondary Rx Data

. A Data Set Ready

. A Ring Indicator

52997800

-422 Tx Enable

Figure 2-34. SIO Extended Control Register (ECR)




SIO Interrupt Acknowledge Register (IAR)

When the SIO interrupts the CPU, it is acknow-

ledged through a special logic block designed to

interface 8086 signals to the SIO's require-~
ments. Within this arrangement, however, the

only manner in which the SIO's internal inter-

rupt-pending condition can be cleared is to read

the Interrupt Acknowledge Register (IAR), port 30

(48). Figure 2-35 illustrates the register.

While this interrupt-pending disable function is
the primary reason for having the IAR, the reg-
ister also contains a copy of the SIO's Read
Register 2. Reading the IAR for this information
has the advantage of not requiring a prior write,
as does reading the SIO's Read Register 2.
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port 30 | 27| % |Ds|Pa| Ps| D2 | Dy Dy
(48)

— V0

L 1%

V2*

V3* INTERRUPT
L V4 VECTOR
Vs

V6

V7

* Variable if Status Affects
Vector is Programmed.

Figure 2-35. SIO Interrupt Acknowledge Register (IAC)
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KEYBOARD INTERFACE

The keyboard is housed in a separate enclosure
which contains the keys, a firmware-programmed
8048 microcomputer or equivalent with related
logic, a set of eight user-programmable LED's,
and a cable socket for attachment to the main-
frame enclosure.

Keyboard/Mainframe Communication Functions

Data Formats

The 8048 in the keyboard enclosure communicates
with the mainframe local bus via the 82514, which
constitutes the central component of the "key-
board interface" on the mainframe block diagram
shown in Figure 2-1. The communication path is
an asynchronous TTL-level bi-directional serial
link that operates at 1220 baud. The path from
the keyboard (8048) to the mainframe (8251A) is
the one that bears the principal traffic; the
opposite direction is used much less frequently
for a small number of control and diagnostic
commands. Simultaneous bi-directional traffic is
supported.

The 8048 continually polls the keys to look for
depressions. When it sees a new key depressed it
sends 1its 8-bit code, together with the 8-bit
codes of simultaneously-pressed keys, to the
8251A4 on the mainframe. Upon receiving each
byte, the 8251A interrupts the 8086, which calls
the service process that puts the byte into the
memory buffer reserved for the keyboard.

Four types of commands can be sent to the 8048:
a Reset, a request for the checksum of 8048 ROM,
an echo command (followed by data to be echoed),
and bit patterns for turning the 8 LEDs on or
off. When initialized by the operating system to
send commands to the 8048, the 8251A interrupts
the CPU whenever it 1is ready to send a byte
(i.e., whenever its transmit buffer is empty).

Several keys can be depressed simultaneously.
Each key depression contributes a unique 8-bit
non-ASCII byte to the outgoing stream of data, so
that simultaneous key depressions can be used to
obtain a rich variety of commands. Whenever a
key changes from being up to being down, or vice
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versa, a complete code sequence for all keys
which are currently depressed is sent to the
8251A.
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Software Interface
8251A Communication Interface

The 8251A is normally used only for asynchronous
communication between the keyboard and the I/0-
memory board, operating at 1220 baud. It is not
intended as a user-programmable device nor can it
be programmed for synchronous use.

The ports used for control, status and data are
as follows:

Port Write Read
38 (56) Data Data
3A (58) Commands Status

When the standard operating system is used, all
initialization and control of the 8251A is done
by the operating system. Under these circum-
stances, users should never have occasion to
program this device.

Transmit Functions: The 8251A occasionally func-
tions as a transmitter in order to send commands
to the 8048. Commands recognized by the 8048 are
as follows:

COMMAND HEX CODE
Reset 92 (146)
CheckROM 8C (140)
Echo 9E (159)
LEDO3 AX (160+X)
LEDL4T BX (176+X)

"Reset™ cancels the Echo mode (if enabled) turns
off all the LEDs, waits for any bytes in the
keyboard buffer to be sent out and then initiates
a new scan.

"CheckROM" computes a checksum of the 8048 ROM
and sends it to the processor.

"Echo" causes the 8048 to send back the subse-
quent 256 input bytes verbatim unless one of
those bytes is 92 (146) or 80 (128), which are
interpreted as Reset or CheckROM commands.

"LEDO3" and "LEDUT" write the bit pattern speci-

fied by 'X' to LEDs 0-3 and 4-7 respectively.
'X' is the bottom nibble of the command byte.
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To transmit data to the keyboard, the operating
system sets the Tx enable bit in the 8251A. As
soon as the 8251A has finished transmitting a
byte it generates a level-four interrupt and the
CPU sends either more data for transmission or a
new control byte which disables the transmitter
and therefore clears the interrupt.

As a manufacturing option, a jumper (G,H,I) is
provided to bypass this interrupt; however, the
jumper must be in position G-H whenever CT soft-
ware is used.

Generalized Functions: Once programmed, the
8251A performs its communications functions as
follows: The TxRDY output is raised active to
signal the CPU that the 8251A is ready to receive
a data character from the CPU. This output
(TxRDY) 1is reset automatically when the CPU
writes a character into the 8251A. On the other
hand, the 8251A receives serial data from the
keyboard. Upon receiving an entire character,
the RxRDY output is raised active to signal the

CPU that the 8251A has a complete character ready
for the CPU . RxRDY is reset automatically upon

the CPU data read operation. TxRDY and RxRDY
cause keyboard level 4 interrupts.

The 8251A cannot begin transmission until the Tx
Enable bit is set in the Command Instruction and
it has received a Clear To Send input. The TxD
output will be held in the marking state upon
Reset.

Prior to starting data transmission or reception,
the 8251A must be loaded with a set of control
bytes.

The control bytes are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instructions: The following mode is
applicable to the CT system:

Asynchronous Transmission: Whenever a data
character is sent by the CPU, the 8251A
automatically adds a Start bit (low level)
followed by the data bits (least significant
bit first), and a Stop bit to each char-
acter. The character is then transmitted as
a serial data stream on the TxD output. The
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serial data is shifted out on the falling
edge of TxC- at a rate equal to 1/16 that of
the TxC-. When no data characters have been
loaded into the 8251A the TxD output remains
active (marking).

Asynchronous Receive: The RxD line is nor-
mally high. A falling edge on this 1line
triggers the beginning of a START bit. The
validity of this START bit 1is checked by
again strobing this bit at its nominal cen-
ter. If a low is detected again, it is a
valid START bit, and the bit counter will
start counting. The bit counter thus
locates the center of the data bits and the
stop bit. Data is sampled on the RxD pin
with the rising edge of RxC-. If a low
level 1is detected as the STOP bit, the
Framing Error flag will be set. The STOP
bit signals the end of a character. This
character is then loaded into the parallel
I/0 buffer of the 8251A. The RxRDY pin is
raised to signal the CPU that a character is
ready to be fetched. If a previous charac-
ter has not been fetched by the CPU, the
present character replaces it in the 1I/0
buffer, and the OVERRUN Error flag is raised
(thus the previous character is lost). All
of the error flags can be reset by an Error
Reset Instruction. The occurrence of any of
these errors will not affect the operation
of the 8251A.

Commands: Once the functional definition of the
8251A has been programmed by the Mode Instruc-
tion, the device is ready to be used for data
communication. The Command Instruction controls
and actual operation of the selected format.
Functicns such as: Enable Transmit/Receive and
Error Reset are provided by the Command In-
struction.

Once the Mode Instruction has been written into
the 82514, all further control writes (C/D = 1)
will load Command Instructions. A Reset Opera-
tion (internal or external) will return the 8251A
to the Mode Instruction format.

Status Reads: Some of the bits in the Status
Read Format have identical meanings to external
output pins so that the 8251A can be used in a
completely polled environment or in an interrupt
driven environment. TxRDY is an exception.
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Note that status update can have a maximum delay
of 28 clock periods from the actual event affect-
ing the status.

Figure 2-36 illustrates the 8251A control/status
byte formats.

Commands To The Keyboard: The commands sent by
the CPU to the keyboard via the 8251A are des-
cribed in Chapter 9.
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COMMANDS

2} Oy D, D, o, o,

Do

DTR

6
[ X Iars l ER ]sanxl RxE

TxEN

TRANSMIT ENABLE
1 = enable
0 = disable

DATA TERMINAL
READY -
“hugh”’ will force DTR
output to zero

RECEIVE ENABLE
1 = enable
0 = disable

SEND BREAK
CHARACTER
1 = forces TxD “low™
0 = normal operation

ERROR RESET
= reset error flags
PE, OE, FE

REQUEST TO SEND.
“high” will force RTS
output to zero

MODE (ASYNCHRONOUS)

D, Dg Dy D, Dy D, D,

LI TFL-

INTERNAL RESET
“high” returns 8251A to
Mode Instruction Format

BAUD RATE FACTOR

STATUS
o, D¢ Dy D, D, - D, - D 0,
DSR X FE 3 PE | Txempry| RxROY | TxROY

) 1 ] 1

o ) 1 1

SYNC
MODE 0x) | (16X) | (64X}

CHARACTER LENGTH

0 1 [ 1

L] ] 1 1

S 6 7 8
BITS BITS BITS BITS

PARITY ENABLE
1=ENABLE 0= DISABLE

1= EVEN 0 =000
NUMBER OF STOP BITS

EVEN PARITY GENERATION/CHECK

Figure 2-36.

0 1 0 1
0 0 1 1
7 ; 2
INVALID| g7 | giTs | BITS

{ONLY EFFECTS Tx; Rx NEVER

REQUIRES MORE THAN ONE
STOP BIT)
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PARITY ERROR

The PE flag is set wheri a parity
error is detected. It iy reset by
the ER bit of the Command
Instruction. PE does pot inhibit
operation of the 8251A.

OVERRUN ERROR

The OE flag is set when the CPU
does not read a character befdr

the next one becomes available.

1t is reset by the ER bit of the
Command Instruction. OE does
not inhibit operation of the 8251A
however, the previously overrun
character is lost,

FRAMING ERROR {Async only)
The FE flag is set when a valid
Stop bit is not detected at the

end of every character. It is reset
by the ER bit of the Command
Instruction. FE does not inhibit
the operation of the 8251A.

DATA SET READY: lndicates

8251A Control/Status

that the DSR is at a zero level.




PRINTER INTERFACE

An 8-bit parallel Centronics-type printer inter-
face is provided through a 25-pin D-type female
connector on the mainframe enclosure. The inter-
face outputs ASCII data from a memory buffer
using the low byte of the MEM bus and I/0 port 50
(80). It will accommodate both buffered and non-
buffered printers that use the Centronics signal-
ing format. A l4-bit Printer Status Register
(PSR) 1is also available for reading status
through port 50 (80).

The pinout for the 25-pin connector, which car-
ries signals for both the data output, status
input and control signals, is shown in Figure 2-
37.
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Pin Signal
1 Data bit O
2 Data bit 1
3 Data bit 2
4 Data bit 3
5 Data bit U4
6 Data bit 5
7 Data bit 6
8 Data bit 7
9 Ground
10 Ground
11 Ground
12 Ground
14
15 Ground
16
17 Printer Busy (BUSY)
21 No Paper (PE)
22 Select (SLCT)
25 Ground

Strobe (DATA STROBE/)
Acknowledge (ACKNLG/)

Figure 2-37.

Source

Mainframe
Mainframe
Mainframe
Mainframe
Mainframe
Mainframe
Mainframe
Mainframe

Mainframe

Printer
Printer
Printer
Printer

Printer Connector Pinout

2-110

=



Y

Software Interface

Printer Status Register (PSR): Port 50 (80) is
used to indicate four status conditions of the
printer. The bit assignments for the port are:

Bit(s) Function

F-4 Not used

3 No paper in printer. Not all prin-
ters support this. It is merely a
flag and does not generate an in-
terrupt.

2 Buffer busy. A character or other

command was sent to the printer and
has not been acknowledged by the
printer. This is the only printer-
status flag that is generated by the
mainframe logic rather than the
external printer device.

1 Printer select. The printer is
online and ready to print. The
state of this bit is not affected by
any data or control signals which
the mainframe sends to the printer.

] Printer busy. The printer is doing
some mechanical activity, such as
printing a buffered line or doing a
line feed, and will not acknowledge
the character Jjust sent for a long
time. Worst-case BUSY duration for
a Centronics printer is over two
seconds.

When printer interrupts are enabled in the IOCR
and a character reception is acknowledged by the
printer, an interrupt is generated. Typically
printer interrupts should only be enabled when a
character requiring mechanical motion is sent to
the printer. This can be determined by checking
bit 0 of the printer status, by checking the
character codes sent, or by timing out for bit 2
of the status.

Figure 2-38 illustrates this figure.
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DF D8 D7 D3 D2 D1 DO

Port 50 | X |x [x [x |x|x] x]x x [x Ix]x
(80) \

-

Don't Care

No Paper
Buffer Busy
Printer Select
Printer Busy

Figure 2-38. Printer Status Register (PSR)
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UTILITIES

Programmable LEDs and Audio

Hardwired LEDs

Port U4 (68) is used to program the six LEDs at
the top of the I/0-memory board, plus the audio
signal. The bit assignments for this port are:

Bit Function
0 When 0, lights LED # CR6
1 When 0, lights LED # CR5
2 When 0, lights LED # CRY
3 When 0, lights LED # CR3
y When 0, lights LED # CR2
5 When 0, lights LED # CR1

Bits 6 and 7 are used together to operate the
speaker as follows:

Bit 6 Bit 7 Function
0 0 No tone
1 0 625-Hz tone
0 1 Speaker in
1 1 Speaker out

Alternating between speaker in and speaker out at
various rates can generate any audible frequency.

Figure 2-39 illustrates the control byte format.

Several non-programmable LEDs are wired to pro-
vide visible indication of hardware events to
facilitate servicing of the mainframe. Their
functions are described in the "Reference" sec-
tions of the chapters on each mainframe board.
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D7 D6 D5 D4 D3 D2 DI DO

port 44 | cr1] crz2] DC3] CR4] CR5] CR6]
(68)
0 0 No Tone
1 0  1.25 Kdz
0 1 Speaker In
1 1 Speaker Out

Figure 2-39. Programmable LED's and Audio
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POWER

Power Supply

The mainframe power supply services all boards in
the mainframe, plus the Multibus, the external
keyboard and the CRT monitor. It does not ser-
vice the disk drives or their controller boards.

Autorestart Funection

The system has an automatic Restart/Reset func-
tion. This function does two things:

1.

When the power switch is turned on a
system Reset 1is automatically ac-
tivated, thereby causing the CPU to
jump to the boot-ROM routine. At the
end of this routine, the operating
system is loaded either from floppy
drive 0 or Winchester drive 0.

When the power switch is turned on a
bit (the COLD bit) in the Parity
Error Register (PER) is set to in-
dicate an automatic, rather than
manual, Reset. The distinction can
be used by the operating system in
deciding whether to write the con-
tents of RAM off to disk: in a manual
Reset (COLD bit off), the contents of
RAM are considered valid and can be
saved for subsequent use; in an
automatic (power-up) Reset (COLD bit
on), RAM contents are considered
invalid.
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RESET

A system Reset can happen either automatically
during power-up, or manually whenever the opera-
tor presses the Reset switch on the mainframe
console. The distinction between the two is
explained in the prior section entitled "Power."

When either type of Reset occurs, the following
logic blocks are reset:

CPU (8086)

NDP (8087)

DMA (8237-2)

IOCR

Communications (SIO)

Multibus Interface

Keyboard

Printer timing

I/0-memory board LEDs

Video control and CRT blanking

When the IOCR is reset, the interrupt logic for
all non-maskable interrupts and level-U4 maskable
interrupts 1is cleared and disabled until re-

enabled, normally by the operating system.

Multibus resets will always reset the local main-
frame.,

Programmed I/0 is required to reset the disk
subsystem unless the disk subsystem undergoes a
power-on. The CT system attends to this need.
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3. MAINFRAME MOTHERBOARD

The mainframe motherboard has two or four
Multibus slots, some Multibus priority resolution
logic, terminations for Multibus 1lines, plus
slots for the following boards:

0 processor
o I/0 memory
o video

o RAM and/or ROM expansion

It also contains connectors for the peripherals
and the power supply. There is only one gC slot
in the motherboard for expansion boards. If just
a RAM expansion board or just a ROM expansion is
used it may be plugged directly into the
motherboard. If both are used, the ROM expansion
board is plugged 1into the top of the RAM
expansion board.

MULTIBUS PRIORITY RESOLUTION LOGIC

This circuit implements parallel priority resolu-
tion among up to three Multibus masters, one of
which 1is this mainframe. Chip U1 determines
whether or not at least one of the three Multibus
request lines (BREQO...2-) is active and sends
out a binary code which corresponds to the
highest priority request 1line which 1is now
active. Chip U2 is a decoder that asserts the
bus priority in (BPRNO...-) line which
corresponds to the highest priority request

presently active. Prioritization is as follows:

line priority
BREQO- highest
BREQ1~

BREQ2- lowest
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BREQO- is assigned to the mainframe while BREQl-
and BREQ2- are assigned to the nearest and
farthest Multibus slots (MBl1 and MB2,
respectively).

CLUSTER COMMUNICATIONS TERMINATION

The motherboard contains four of the six
connectors located at the rear panel of the
workstation. These support two RS232 interfaces,
a parallel printer interface, and the interface
to the mass storage subsystem.

One of the two RS232 interfaces may be converted
to a RS422 interface for very high speed
communications. If the conversion is made in
order to implement the CT cluster connection, two
additional 9 pin connectors are used in place of
one of the RS232 connectors (J7). The 9 pin
connectors are mounted on the rear panel and
connected to the motherboard through headers J15
and J16. The 9 pin connector system mentioned
above is included in all Integrated Workstations
but is electrically disconnected. To engage this
interface, the following jumper change is
required.

The motherboard also contains socket U3. When
communication channel A is used for a CT cluster,
a jumper plug is inserted in U3. This causes
channel A to Dbe configured for half duplex
communication, and also connects in the surge
protection diodes CR1-CR8.



REFERENCES

Edge-Connector Pin List

Jumpers

The following several pages document the signals
that are brought to the various edge connectors
of the mainframe motherboard, showing the pin
numbers at those connectors.

The connectors, in their order of appearance on
the following pages, are:

Number Board/Cable Pins
J1 RAM Expansion Board®* 80
J2 Processor Board 80
J3 Processor Board 120
Ju I/0-Memory Board 80
J5 I/0-Memory Board 120
Jb6 Video Control Board 80
J7 Comm. Ch. A Cable 25
J8 Comm. Ch. B Cable 25
J9 Disk Control Cable 50
J10 Keyboard Cable g
J11 Printer Cable 2
J12 Power Cable 18
J1 Video Control Board 20
J1 Monitor Cable 20
J15 Cluster Comm. Cable 9
J16 Cluster Comm. Cable 9
J17 External Main. Cable 6
J18 Speaker Cable 2
J19 Reset Cable 2
J20 Power Indicator Cable 2
MB1 Multibus Board#*# 86
MB2 Multibus Board#*# 86
Notes: ¥ ROM expansion board plugs into top

of RAM expansion board or into J1.
##* Slots for optional user-supplied

boards.
Name Function
A-B Not normally used
C-D Not normally used
E-F Not normally used

Note: These jumpers 1link Multibus interrupt
lines 1, 4, and 7 to three non-Multibus interrupt
lines used within the mainframe. The operating
system does not support any Multibus utilization

of these three lines.
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Edge-Connector Pin List

NOCAN| O 9 40 € CLHS 00-€0000-¢¥ -v "ON '9Ma
L9 L% T1 0]
99 9 ¥2adal
) e FEQOl
) (<) +p 20T
79 29 FEIO
& 9 9307
5 o9 FLIOT
6% 69 -SOVIWG
g% TS =TIV WA
X K= FOTISYE
3% 5% FRIITT
Y |75 = B (]
=2 TS FS5a01
2 75 =LIvM
7S I F3TT0
2 o5 FOITIEA
op [ =N F51d
27 EZ “ MW
(K7 Ly =¥IaaR
i + TNIHIT
722 43 —V3d1rAd3
157 154 T +©30\c
A2 7% ) () (@]~
v | & ¥ - DINI
2V | 2P * ay oy -S VLl
CZ 6% % =2 1vi
% [ob _ L8 e =S LT
L& [CE =2 Le = =gV LT
W | L8W | 9LC | Ste | vie | €t | 2te | tie L] 60 8r L 9r 1y e e e ]ote
ol p
kot 1 o ooun wno L3, Fawn sstal oo | o osotn| 4| 19 |y | o | g3 TWNOIS

Figure 3-2.



Y AR

9|

0 ¥ "IHS

00 -¢00Q0-¢V -V

"ON "9Md

{9\ 1334s

EEEREED)
7

S

Y7

+d9s 1D

A

+ VRN

6l4] 6
g

5]

70

+vdod

07

1%

+vald

.v

+9Sld

g
LK &
8| e

Z

el

=vJdXL

vl

3\

-vals

91l

+vQ3as

&

g7

+¥asd

Gl

i

+VOXL

i~
A
8 I~

L1

=1

+VvOoXa

S

¢l

FV<clo

£

i

—<axXA

57

al

I TOL

AN
N

=l

=201

o9

9%

- HNTMW

[=YN

6L

=LN1d3d

Li

%L

—=2ADVAIA

i

LL

LL

-d403

St

9L

- MOl

1

L

—AV1d

vl

ls=21

YA

el

+A1oWIN

24

A

=S 200\d

e

TR

+ 1N

oL

oL

-S00I

=1

69

-©33Q

+93a0l

AL

LW

9L | sle

yLe

el

154

Lie

LI} QI

NIVHI [NIVYHD
ASIVa|ASIvVa

L<[0)S
- INOW

0301IA

“UMd

43
-INIYd

60

8C

Le

ar

s

¥

e

ar

e

‘QaAN

AS1a

‘H)
WWOJ

"H)
WWOD

03a1A

W3W
-0/1

W3W
-0/1

ndd

Ndd

dx3
H3W

TUNIIS

Edge-Connector Pin List

Figure 3-3.



Edge-Connector Pin List
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When configured for cluster control the 9 pin connectors
located on the rear panel are connected to the following
functions:

P15/P16 Channel A Function

vl
e
=}

Signal Name

GND
GND
GND
GND
GND
CLK+
CLK-
DATA+
DATA-

QWO NOUTHEWN

-

Figure 3-13. Edge-Connector Pin List
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The following reference information describes the inter-
connection between motherboard signals and the cluster
headers, J15 and J16, when a one to one jumper plug is
installed in socket U3.

I/0- COMM DAISY DAISY
SIGNAL MEM CH. A CHAIN CHAIN

J5 J7 J15 J16
RXCA+ 13 17 6 6
TCLK- 9 18 6 6
TXCA+ 14 15 7 7
TCLK+ 10 25 7 7
DCDA+ 22 8 8 8
TXDA- 19 2 8 8
RINGA+ 23 22 9 9
RTSA+ 20 4 9 9

Figure 3-14. Edge-Connector Pin List
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4. PROCESSOR BOARD

OVERVIEW

The processor board 1is one of two mandatory

boards which plug into the mainframe motherboard

to implement the minimum-configuration main-
frame. Many of the board's functions are built

around programmable LSI chips which act as peri-

pherals to the 8086. Optionally, the processor

board can be configured with an 8087 numeric data

processor (NDP) in addition to the 8086.

OPERATION BY LOGIC BLOCK

Figure 4-1, shows how the major logic blocks are
defined and how they relate to one another. The
primary reference for 1logic, however, is the
schematics at the end of this chapter. Refer-
ences in the text below contain parenthesized
page numbers, and often zone numbers, for these
schematics; for example, the reference (p1zA3)
means page 1, zone A3 of the schematics.
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The board contains the following blocks.

The dual bus logic

The 8086 microprocessor

The 8087 numeric data processor

Memory control and refresh logic

RAM parity check and generate logic
Interrupt control logic

Direct Memory Access (DMA) control
logic

The Multibus interface

Bootstrap logic and the bootstrap PROMs

WO OWUIEZWN —
~

Each of the above blocks is discussed in detail
below.

The Dual Bus Architecture

The mainframe uses a dual bus architecture. The
CT logic boards reside on the local bus (CT-Bus)
and a second bus, Multibus, is available for user
add-on logic boards. The local bus can be in
three different states as follows:

state meaning
Idle The bus is not being used

CPU active The CPU 1is using the local bus for
an I/0, interrupt acknowledge, or
memory cycle. Addresses come from
the CPU.

DMA active The DMA logic is using the local bus
for communication, disk, or video
DMA transfers. The address comes
from the DMA logic. For slave
Multibus DMA transfers, the address
comes from the Multibus.

In addition, the Multibus to local-bus interface
can be in one of three states as follows:

state meaning

master The local-bus 1is master over the
Multibus and is driving its command
and address signals.

slave The local-~bus is slave to the Multi-
bus and its command and addresses
are driven by the Multibus.

Independent The 1local-bus and Multibus operate
independently.
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Control Of The Loecal Bus Drivers

The local address bus drivers and associated
control logic for DMA transfers are described in
the DMA section, below.

The 8086 address/data bus connects the 8086 to
the 8087 and carries information to the local bus
latches and drivers. The AD bus is multiplexed,
containing address and data. The signal ALE+
from the 8288 indicates when the AD bus carries
address information.

The three latching local address drivers at 11E,
15D, and 15E (p7) latch the contents of AD when
ALE+ is active. As long as the DMA state is not
active (HLDA+ inactive) these three latches drive
the local address bus.

The chips at 14D and 14E (p8) drive data from the
AD bus to the MEM (MEMO+ MEMF+) on to the local
bus latches and drivers. The AD bus is
multiplexed, containing address and data. The
signal ALE+ from the 8288 indicates when the AD
bus carries address information.

The three latching local address drivers at 11E,
15D, and 15E (p7) latch the contents of AD when
ALE+ is active. As long as the DMA state is not
active (HLDA+ inactive) these three latches drive
the local address bus.

The chips at 14D and 14E (p8) drive data from the
AD bus to the MEM (MEMO+ MEMF+)5E (p7) latch the
contents of AD when ALE+ is active. As long as
the DMA state is not active (HLDA+ inactive)
these three latches drive the local address bus.

The chips at 14D and 14E (p8) drive data from the
AD bus to the MEM (MEMO+ MEMF+) {## to the local
bus latches and drivers. The AD bus is
multiplexed, containing address and data. The
signal ALE+ from the 8288 indicates when the AD
bus carries address information.

The three latching local address drivers at 11E,
15D, and 15E (p7) latch the contents of AD when
ALE+ is active. As long as the DMA state is not
active (HLDA+ inactive) these three latches drive
the local address bus.

The chips at 14D and 14E (p8) drive data from the
AD bus to the MEM (MEMO+ MEMF+) bus when the

4y - 4



signal ADTOMEM- is active. ADTOMEM- goes active
at 3B-8 (p5zA5) when HLDA+ is false (no DMA), and
the DEN+ and DT+ signals from the 8288 indicate
that the 8086 is outputting data.

The chips at 13D and 13E (p8) drive data to
the##D bus from the MEM bus when MEMTOAD- is ac-
tive. MEMTOAD- is asserted by 6E-8 (p1zA3) when
DEN+ is asserted by the 8288, indicating that the
8086 is wusing AD for a data transfer, and the
8086 status signal S1- is low, indicating that an
input command is in progress.

The transceiver at 9F (p8) connects the I/0 bus
(I0BO+ = IOB7+) and the MEM bus (MEMO+ -~
MEM7+) . It is disabled with ADSTB+ (address
strobe) during DMA transfers when the 8237 is
using the IOB bus to transfer address information
to its high-order address latch at 5G (p7) as
described in the DMA section. The direction of
the transceiver, 9F (p8), is established by the
signal MEMTOIOB+. When active, MEMTOIOB+ causes
the MEM bus to drive the IOB bus. MEMTOIOB+ is
driven low, causing the IOB bus to drive the MEM
bus, by gate UD-13 (p52B2), when the 8259A is
supplying an interrupt vector on IOB (INTADEN+
active) or when UC=-11 is high. U4C-11 goes high
when an 1/0 read is in progress (IOR- active) and
either communications DMA is in progress (SIOACK-
active) or the 8086 is addressing a device on the
I0B bus (IOBCS+ active).



Processor Ready Logic

Each time the 8086 issues a bus command (IOR-,

I0W-, MR-, MW-, or INTA-) it waits for its READY

input to go active before completing the com-
mand . This facility 1is wused to stretch the

commands for devices that are slower than the

8086 minimum access time and for devices that are

not ready to transfer.

The 8284 (p1) combines two READY sources, Multi-
bus and local bus. For Multibus Master mode, the
LOCMASTER- (loczl master) signal is caused to be
inactive at 5C~13 (p4zAld). This causes the 8284
to ignore LOCRDY+ (local bus ready). Since
MASTER- is active, pin 16C-4 (p1zD7) of the 8284
is the source for READY generation. XACK- comes
from the Multibus directly and is driven by
whatever slave is active.

There are two special cases when XACK- may be
asserted by the CPU board even though it is the
Multibus master: interrupt acknowledge (some-
times) and bus timeout. Gate U4A-8 (p5zB2) as-
serts XACK- in the two special cases. U4A-8 goes
active if MASTER+ is asserted and MASACK+ (master
acknowledge) is asserted. MASACK+ is the OR of
three cases at 7D-12 (p67zC5). 7D-13 goes active
if the cycle timed out, that is, no slave acknow-
ledged in 6 milliseconds. 7D-2 goes active
during the first of the pair of INTA- pulses
issued during interrupt acknowledge and 7D-1 goes
active during the second INTA- pulse if the 8259A
on the processor board is supplying the interrupt
vector (as opposed to one on Multibus). In all
other cases, the addressed Multibus slave res-
ponds by driving XACK- active to terminate the
cycle.

When the 8086 is not Multibus master (MASTER+

inactive) and no DMA transfer is in progress,

5CD-12 (plzAl) asserts LOCMASTER- (local mas-
ter). This causes the 8284 to use LOCRDY+ (at

16C-6) (p1) as the source for READY+. LOCRDY+ is

generated by gate 5C-8 (p5zB4) and is the OR of

several cases. Pins 11 and 10 of 5CV are the RAM

acknowledges.

Pin 11 is used if the cycle will have wait states
and pin 10 is used for no-wait-state access. The
SLOW+/FAST+ flip-flop, 13B-9 (p5zA6), is set to
SLOW+ for conditions when wait states are re-
quired and to FAST+ when they are not. When
FAST+ is active, OCRDY+ is asserted by T7C-8
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(p5zA5) as soon as the memory cycle starts
(ENMCYC+ active). When SLOW+ is active, LOCRDY+
is asserted by 6C-3 (p52zB6) when PRACK+ (predic-
ted RAM acknowledge) is asserted by the RAM
control logic indicating the cycle is about to
complete. The SLOW+/FAST+ flip-flop is set to
FAST+ whenever the signal IDLE+ goes active.
IDLE+ goes active when the 8086 is doing internal
cycles and between cycles. The SLOW+/FAST+ flip-
flop is set SLOW+ at 13B=10 if PWAIT- goes ac-
tive. PWAIT- indicates that the 8086 commands
have been delayed at the 8288 by DMA or while
waiting for Multibus Master status. Also, when a
memory cycle starts (MCYC- goes active), if a
refresh is pending (RFPNDG-) or the memory con-
trol is in the end of a previous cycle (ENDCYC=),
gate 6C-11 (p5zB6) goes high, causing SLOW+ to be
set.

The non-RAM sources for LOCRDY+ are ORed by gate
6A-8 (p5zB5). The key to the operation of 6A is
the shift register at 5A (pb6zD6) which counts
MEMCLK+ pulses since the beginning of the com-

mand. Gate 9C-8 (pb6zD7) goes high when any
command line is asserted. This allows 5A to

shift a 1 (from R3) through its stages, genera-
ting the signals 100nS+, 300NS+, H400NS+, and
500NS+ for the corresponding amount of time since
the command began.

LOCRDY+ for PROM acesses 1is generated when
PROMCS+ and 500NS+ are active, causing 6A-8
(p52zB5) to go active. This allows at least 500
nanoseconds for PROM access.

The signal IOBCS+ (from the I/0 Memory board)
indicates that the I/0 bus (IOBO+ - IOB7+) is
being used for 1I/0. In that case LOCRDY+ is
asserted when UOONS+ goes active, allowing 40O
nanoseconds for access to LSI peripheral chips.
TMO-, ORed with IOBCS+ at 12B-11 (p5zB6), is a
bus timeout signal, used to generate READY if
nothing else responds within 6 milliseconds.

FASTIO+ is asserted by the I/0 Memory board when
a TTL type I/0 device, which does not need wait
states, is addressed. In this case, after 100
nanoseconds, LOCRDY+ is asserted unless DCIRDY+
is false. DCIRDY+ false indicates that an ad-
dressed disk control 1is not present. It 1is
generated in the disk control interface (DCI) on
the I/0 Memory board.



Bus Timeouts

The one-shot at 11D-10 (p6) is used to detect bus
timeouts. A bus timeout occurs if no command has
been started for 6 milliseconds. When that
occurs, TMO- (11D-9) is asserted. This causes
LOCRDY+ to be asserted as described. If a com-
mand is active when the timeout occurs, TO+ will
be asserted. TO+ forces MEMRDY+ true in the DMA
logic. TO+ is also used on the I/0 Memory board
to conditionally cause non-maskable interrupts
(NMI) depending on the setting of the IOCR (port
56 on the I/0 Memory board).

The 8086 Microprocessor

The 8086 and its associated logic are resident on
the processor board and are primarily on page one
of the schematics. The associated logic consists
of instruction decode, reset, and clock genera-
tion logic.

Chip 16D (p1) is the 8086 itself. Because pin 33
is strapped low, the chip is in the maximum
mode. The maximum mode is used so that the 8288
and 8087 can be used with the 8086.

Inverter 15B-10 (p1zB7) and CR5 are a driver and
LED that lights when a Non-Maskable Interrupt is
present.

Pin 22 of the 8086 is connected through jumper B-
C to flip-flop 15C-9, which is used to synch-
ronize the READY+ line to the 8086. If the 8284
clock generator chip is changed to generate a
synchronized READY+, jumper B-C can be removed
and jumper A-C installed to use READY+ directly
from the 8284 (p1).

The 8284 provides clock generation and reset
synchronization logic. Pins 16 and 17 connect to
the 15 MHz or optional 24 MHz crystal. This
clock is divided by three to generate a 33% duty
cycle processor clock (PCLK+). Optionally, for
debug, switch 1 bit 4 (bit 4 is connected by pins
4 and 5 of switech 1) can be opened to use the 10
MHz MEMCLK+ as the time base for the processor
clock. This results in a 3.3 MHz processor
operation that 1is synchronous with the memory
clock. The 8284 also generates and synchronizes
the READY+ line for the 8086. READY+ is formed
by ORing two sources, Multibus and the local
bus. READY+ 1is generated by the 1local bus
(LOCRDY+) when LOCMASTER+ is true and by Multibus
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(XACK-) when MASTER- is active. The logic within
the 8284 is READY+= (LOCMASTER+ &
LOCRDY+)+(MASTER+ * XACK+). The 8284 also synch-
ronizes READY+ to PCLK+ and the flip-flop 15C-9
provides protection from delays produced by a
metastable condition of the 8284 logic. Finally
the 8284 also generates power-up clear (PUPCLR+)
from RC combination R24 and C1i.

Flip-flop 15C-5 (p1zC6) is called the COLD flip-
flop. It is set by the power=-up RC circuit just
described and any other resets will clear it. It
can be sensed by software by reading port 54.

PUPCLR+ is buffered by 15B~4 (p1zD6) which drives
the Multibus INIT- pin. All other sources for
reset drive the INIT- signal low (it 1is open
collector). The INIT- signal is received and
buffered by 11B-13 and 11B-10 to generate the
system RESET+ and RESET- signals.

Latch 10E (p1zB5) contains the status signals
from the 8086 (S0, S1, S2) and the high order
address lines (ADLF+ - ADL13+) latched at ALE+
time. The output of the latch is used by the
Multibus Master decode logic. This 1lateh is
always enabled so that the decode logic can work
even if the DMA logic has the local bus.

The 8288 (p1) is used to decode the 8086 status
into the command lines for the local bus and for
other bus control functions. Primarily it gener-
ates the following important signals:

PMR= Memory Read

MW - Memory Write

IOR- I/0 Read

IOW- I/0 Write

INTA- Interrupt Acknowledge

PMR~ is inverted (15A-6) and driven by an open-
collector driver (15B=2) to make the system
memory read signal, MR-. These five signals are
the five command lines for the local bus. In
addition to these, the 8288 generates ALE+ to
indicate when the 8086 multiplexed address/data
lines (ADO+ - AD13+) contain status and address
information as opposed to data. The DEN+ 1line
from the 8288 indicates that the AD+ bus has data
on it. The DT+ signal indicates that the data is
going from the 8086 to I/0 or memory. The PWAIT-
signal going into the 8288 causes it to tri-state
the system command 1lines (described above).
PWAIT- is activated when the 8086 does not have
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control over the local bus by gate 8B-6. PWAIT-
goes active when HLDA is active (indicating DMA
activity) or when MBPNDG- is active (indicating
that the 8086 is waiting to get on Multibus).

The IDLE+ signal is used to determine when the
8086 is doing internal cycles and not using the
local-bus. The S0- and S1- lines are both high
when the 8086 is halted or doing internal cycles
(passive). 8B-8 (p1zCl4) indicates this con-
dition. The pair of flip-flops at 16B are used
to delay the status at least one PCLK+ to insure
that the last active cycle has completed. The
output of the flip-flop delay 1is the signal
IDLE+. IDLE+ is cleared asynchronously at 16B-13
if the status ever goes to one of the active
combinations. It is also synchronously cleared
at 16B-1 (plus one PCLK+) by the signal PLOCK-
from the 8086. This signal indicates that a Lock
cycle, a non-idle state, is in progress.

Various cycles are also decoded by the logic of
page 1. 8E-3 (p1zC2) is IOCYC-; when active it
indicates that an I/0 cycle is in progress. 8E-8
is active when a Multibus cycle is requested and
during Locked cycles. MBREQ+ at 8E-6 (p1zB2)
includes INTA-~ to combine all reasons for making
Multibus Requests. INTA- uses the Multibus to do
interrupt acknowledges in case there are slave
8259As on the Multibus. LOCK, 8E9 (p1zB2),
acquires the Multibus so that mutually exclusive
access can be made to shared memory.

The timing of the MR- signal is critical because
it determines the speed required of the RAM
chips. Since the 8288 is slow in generating MR-,
the MR optimizer circuit (p1zB3) works in paral-
lel with the 8288 to make MR- as early as pos-
sible. The MR optimizer output and the 8288 MR-
are wire-ORed by open collector inverters 15B-12
and 15B-2 (p1zB2). Flip-flop 8D-5 is set by ALE+
during the second half of 8086 state T1 and the
first half of T2. 7D-8 combines this timing
signal (T1.5+) with the 8086 status line combin-
ation that indicates a memory-read cycle and, at
the next falling PCLK+, flip-flop 8D-8 causes the
signal OPTIM+ to become active. This causes
open~collector driver 15B-12 to assert MR-. At
the next falling PCLK+, OPTIM+ will go inactive
but the 8288 by then has asserted MR- through
driver 15B-2.
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The 8087

The 8087 (p 1) connects almost directly in paral-
lel with the 8086. One difference is that the
interrupt pin is an output on the 8087. It is
asserted when the 8087 wishes to interrupt the
8086 . It is tied, through an inverting open-
collector driver at 15B=6 (pb6zBT7), to the level-4
interrupt input of the 8259A interrupt control-
ler. The other difference 1is that the TEST-
input pin of the 8086 (16D-23) corresponds to the
BUSY- (16F=23) output of the 8087). They are
used to synchronize the two processors. The 8087
uses the other resources of the CPU board in the
same way as the 8086.

The RAM Controller

This logic block generates the control signals
for the RAM chips and some timing signals for the
8086 and DMA chip.

Crystal Y1 and inverters 15A-8 and 15A-10 and R9,
R10, C3, C7, and C8 (p3zD7) constitute a 20 MHz
oscillator. This is the source for the memory
and DMA clocks. Counters 12A and 13A (p3) are
cascaded to give the two memory clocks, MEMCLK-
(10 MHz) and 78KHZ+. T8KHZ+ is used primarily to
start refresh cycles. MEMCLK- 1is inverted at
15A-2 to give MEMCLK+ and buffered at 14C-3
(p3zD2) to give BMEMCLK+. BMEMCLK+ is used on
the video and I/0 boards as a general purpose 10
MHz clock.

Refresh is started when a falling transition of
T8KHZ+ causes flip=flop 14B-5 (p3zC6) to set.
This can be inhibited for test purposes by
grounding test point 4. The refresh request at
13B=-5 is then synchronized to the DMA chip clock
at 13B-5. This generates RFPNDG- which is used
in the DMA logic (to be described later) to cause
wait states if the 8086 uses memory during re-
fresh. The complement of RFPNDG- at 14B-5
(p3zB6) is clocked into 14B-12 at the next
MEMCLK+ to generate RFTIME- ast 14B-8., This is
done to allow RFPNDG- to take effect before
RFTIME- inhibits new memory accesses at 9C-1
(p32C5). When RFTIME- is asserted and no memory
cycle is in progress the signal at 10B-13 goes
high and at the next MEMCLK+ flip=-flop 10A-9
(p3zC2) goes active. At the following MEMCLK+
the RFGO+ (refresh going) flip-flop 11A=9 (p3zB2}
is set. RFGO- is buffered at 1U4C-7 to go to the
memory arrays on the I/0 Memory and RAM Expansion
boards. RFGO- causes ANYCYC+ to go active at 7C-
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11 (p3zA7). This signal propagates through delay
lines 8A and 9A. 40 nanoseconds later (allowing
the memory arrays to use RFGO- to switch the RAM
address lines to the refresh address) the gate at
7B-13 (p3zA2) causes RFRAS+ to go active. Next,
the gate at T7B-1 causes RARAS- to go active.
RARAS- goes to the two RAM arrays and becomes the
RAS- (Row Address Strobe) for the RAM chips. 220
nanoseconds after RARAS- goes active the signal
ENDCYC+ at delay line pin 8A-U4 goes active. This
in turn causes gate 8B-3 to go high. At the next
MEMCLK+ the RFDONE+ flip-flop at 11A-5 (p3zBY4)
becomes set. RFDONE- is buffered at 14C-5 to go
to the RAM arrays to increment the refresh ad-
dress for the next refresh cycle. RFDONE+ causes
the RFGO+ flip-flop to be cleared at the next
MEMCLK+. RFDONE- also clears the three refresh
flip-flops already described (14B1, 14B13, and

13B-15).

Memory Read Cycles

Memory Reads are started by the activation of MR-
, which causes CYCLREQ+ to go active at 7C-3
(p3zC7). When CYCLEREQ+ is active, no refresh is
in progress (RFTIME- inactive), the local bus
address points to present RAM (PRESELECT+
active), and the logic is not in the ending phase
of the previous cycle (ENDCYC- inactive), gate
9C-6 (p3zC5) asserts START-. R20, R21, and C12
guarantee that START- is of sufficient duration
to set Schmitt trigger flip-flop 8C-8 (p3zCh),
ENMCYC+. ENMCYC+ through gate 9B-3 causes
CYCINPROG+ to go active. CYCINPROG+, at 10B-11
(p3zC3) prevents a refresh cycle from starting
when a read or write is in progress. At 1B-8
(p3zC2), CYCINPROG+ is stretched by a signal from
the delay line to make INPROG+. INPROG+ is used
by the DMA logic to determine when its memory
cycles are complete. ENMCYC+ is buffered at 2C-
10 to make BENMCYC+. This signal is used on the
I1/0 Memory board for communications DMA. ENMCYC+
is also used in the DMA wait state logic and in
the READY timing logic. ENMCYC+ also activates
RARAS- at 7B-1 (p3zA3) which goes to the RAM
arrays to make the RAS signals for the RAM
chips. The inverse of ENMCYC+, ENMCYC-, gen-
erates ANYCYC+ at 7C-11. This signal propagates
through the delay lines 8A and 9A to make the
various RAM timing and control signals. 20
nanoseconds after ANYCYC+ the buffer at 145C-9
(p3zA5) activates COLMPX- to switch the RAM chip
address lines from row address to column
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address. 60 nanoseconds later, CASTIME- at 9A-6
causes the decoder at 11G (p7zC3) to generate the
CAS- (Column Address Strobe) for the particular
bank of RAMs selected by the address bus. 80
nanoseconds after CASTIME- comes PRACKTIME-.
PRACKTIME- is ANDed with ENMCYC to make PRACK
(Predicted RAM Acknowledge), which indicates to
the READY timing logic that the RAM cycle is
about to complete. 240 nanoseconds after
ANYCYC+, ENDCYC+ 1is asserted. It is used to
terminate refreshes and normal memory accesses at
11A-2 and 9B-4, respectively. 9B-6 which resets
the ENMCYC+ flip-flop, 8C-8 (p3zCl), is activated
when ENDCYC+ is active and there is no longer a
CYCLEREQ+ from 7C-3. ENDCYC+ is also used at 9B-
1 (p3zC3) to prevent a refresh from starting
while an old cycle is still in progress. Gate
7B-4 (p3zB1) combines ENDCYC- and a signal (NORF-
) that indicates that a refresh cycle is not in
progress to generate ENEND+ (Enabled end).
ENEND+ is used in DMA wait state timing logic.
100 nanoseconds after ENDCYC+, RACK+ becomes
active. It is wused to form XACK- (Transfer
Acknowledge) in the Multibus interface logic.

Memory Write

Memory Write (MW-) operate in the same way as
memory read except for the following differ-
ences: MW- can be inhibited at gate 6D-11
(p3zC8) for memory protection (MWINH+ active) or
delayed at 2B-5 by WRDLY-. WRDLY- comes from the
DMA logic to delay the MW- signal during
communications DMA. The write enable signals
RALOWE- (RAM array low-bank write enable) and
RAHIWE- (high-bank write enable) are generated by
gates 10C-6 and 10C-3 (p7zD6), respectively.
RALOWE- is active for non-read (write) memory
cycles when the low-order address bit (LAO+) is
low. RAHIWE- is active for non-read cycles when
LAO+ is high (pointing to an odd, or high bank)
or during 16-bit accesses, indicated by LBHEN+
active (local bus high enable). Note that the
RAM chip write enable pins are only significant
when CAS- is active.

Column Address Strobe (CAS) Generation

The 8 CAS- lines for the 8 possible RAM banks are
generated by decoder 11G (p7zD3) at CASTIME-, as
described above, during ENMCYC- (Enabled memory
cycles; that is, non-refresh cycles). The selec-
tion of which bank to activate is made by PROM
12G based on the high-order 5 bits of the local
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Parity Logic

address bus and the settings of three switches,
SW4 bits 2, 3, and 4.

Details on the decode PROM and resultant
addressing are given below under "References".

The parity logic is used to constantly check the
reliability of the memory. Each byte in the
memory array has an extra memory bit (the parity
bit) associated with it. Whenever a byte is
written, the ninth bit is written such that the
total number of 1 bits is even. When the byte is
read, if the total number of 1 bits in the 9-bit
"byte" is no longer even, an error is flagged.
This is the normal case. For testing purposes, a
bit in the IOCR (port 56 on the I/0 memory board)
can be set to change the parity system to odd
instead of even. When a parity error is detec-
ted, the error address aund some status informa-
tion is saved in a register for software reading
and a non-maskable interrupt will be generated if
enabled by the IOCR.

Parity Writing, Odd Byte (Even Byte in Brackets)

Because MR- is inactive, 11C=8 (p2zC7) causes
CHECKP- to be inactive. When CHECKP- is inac-
tive, 10C-8 (10C-11) forces 13F-1 (13G-4) to 1.
The other 8 input bits of the parity generator at
13F (13G) are MEM8+ - MEMF+ (MEMO+ - MEMT7+).
Thus the odd sum output, 13F-6 (13G-6), is high
if MEM8+ - MEMF+ (MEMO+ - MEMT7+) have an even
number of 1 bits). The parity bit written in
this case should be a 0 (to maintain an even
number of 1 bits). If the odd parity bit of the
IOCR is set, the ODDP+ line will be active. In
that case, the output of the parity generator
will be complemented by gate 12B-8 (12B-6).
Again, because CHECKP- is inactive, the inverting
tri-state buffer at 12C-16 (12C-18) inverts the
parity information from 12B-8 (12B-6) and drives
HIP+ (LOP+), the signal that connects to the data
pins of all the odd (high) (even, 1low) byte
parity RAM chips. This bit is written into the
parity RAM chips in the same fashion as the 8
data bits are written to the appropriate data
chips.

Parity reading and checking, odd byte (even byte)

When MR+ (Memory Read) is active, PRESELECT+ (RAM
is present and selected) is active, and PROMCS+
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(PROM chip select) 1is inactive, 11C-8, CHECKP-
(Check Parity), goes active. Since it is active,
the HIP+ (LOP+) signal carrying the parity bit
from the selected RAM parity chip and the 8 data
bits being read (on MEM8+ - MEMF+ (MEMO+ -
MEM7+)) are summed by parity generator 13F
(13G). The signal at 13F-6 (13G-6) is low if the
sum is even (normally correct). Again, if the
odd parity bit of the IOCR is set (ODDP+ is
active), the gate at 12B-8 (12B-6) will invert
the sum. At the end of the read, when MR+ goes
inactive, the sum bit from 12B-8 (12B-6) will be
clocked into parity error flip-flop 13C-9 (13C-
5). If the sum bit was 1 (wrong), the parity
error flip-flop will be set.

When either parity error flip-flop is set, 9D-6
(p2zB6) causes PERINT+ to go active. When it
goes active the registers at 12D, 12E, and 11F
(p2) trap the current address on LAO+ - LA13+
(local address bus) and the status of the LBHEN+,
HLDA+, and SLAVE+ signals. These bits and the
status of the high and low parity error flip-
flops can be read through ports 52 and 54.

Interrupt Control Logic

The interrupt control logic is based on the 8259A
programmable interrupt controller (pb). It takes
8 input interrupt signals from devices or other
8259As and with masking provides an interrupt
signal and interrupt vectors to the 8086.

The 8259A is programmed by passing information
between it and the 8086 on the I1I/0 bus, IOBO+ -
IOB7+. The I/0 Memory board decodes the I/0
address of the 8259A and asserts PICCS- (Program-
mable Interrupt Controller Chip Select). It is
used with LA1+ to specify which register within
the 8259A is being referenced. The IOR- (I/0
read) and IOW- (I/0 write) strobes are used to
enable the transfer of information during prog-
ramming.

The eight interrupt signals, INTRO- - INTRT7-,
after buffering, go into the 8259A. When an
active interrupt level is enabled by programming,
the 8259A will assert INTR+ to interrupt the
8086. If the interrupt is enabled within the
8086, the 8086 will go into an Interrupt Acknow-
ledge sequence. In Interrupt Acknowledge, two
INTA- pulses are issued by the 8086/8288. The
first one is used within the 8259A to decide
which is the highest priority interrupt. The
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gecond one is used to send the vector to the
086.

The 8259A on the processor board is called the
"master"™ 8259A. For 1large interrupt systems,
"slave" 8259As can be used in Multibus cards. A
"slave™ 8259A can drive one of the INTR lines on
the Multibus backplane with its INTR pin, and can
thereby expand one of INTR lines of the master
8259A into eight individual interrupt lines.

All 8259As must receive all INTA- pulses for
their internal priority logic to work. Thus, in
case there are slave 8259As, Multibus must always
be acquired. If a slave 8259A has generated an
interrupt to the master 8259A, the interrupt
vector comes from the slave 8259A. The second
INTA- must cause the interrupt vector to come
from the master 8259A if there is not a slave
8259A on the interrupting level, and from the
slave 8259A if there is. When a slave 8259A is
to respond, the master 8259A puts the binary
number that corresponds to its INTRn- that is
causing the interrupt on its cascade lines. This
is used to address the proper slave 8259A. The
slave 8259A is programmed with its cascade number
at initialization and then recognizes its address
when the master 8259A puts it on its cascade
lines. The cascade number is passed from the
master 8259A to slave 8259As on Multibus address
lines ADR8- - ADRA-.

The eight interrupt signals, INTRO- - INTR7-, are
puffered by the inverting buffer at 3F (p6zBT7).
Notice that the 8087 numeric data processor can
interrupt by asserting INTR4-. After buffering,
the eight interrupt signals go into the 8259A at
5F. When that interrupt level is enabled by
programming, the 8259A will assert INTR+ to
interrupt the 8086. If interrupts are enabled
within the 8086, the 8086/8288 (p1) combination
will issue the two INTA- pulses.

In order to get consecutive Multibus cycles, the
8086 asserts PLOCK- (processor lock) Jjust prior
to the first INTA- and makes it inactive just
prior to the second INTA-. This causes the 8289
(p4) to not release the Multibus until the second
INTA- is complete.

In addition, the 8288 1issues an MCE+ (master
cascade enable) just prior to each INTA- pulse.
The second MCE+ pulse indicates the time that the
cascade lines of the master 8259A are valid.
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Gate 6E-3 (pb6zC7) ANDs MCE+ and LOCK+ to isolate
the second MCE+ pulse, giving MCE2-. The AND of
INTA+ and LOCK+ isolate the first INTA- pulse at
6E-11 (pb6zCT).

Through logic described in the Multibus Master
mode section, INTA- causes the 8289 to acquire
control of the Multibus. When it is acquired,
signal MBAEN- is asserted by the 8289. This
causes 6D-8 (pb6zAT7) to go active, issuing and
interrupt acknowledge strobe to the 8259A at pin
5F-26. Next, the 8259A causes its cascade out-
puts (CASO+ -~ CAS2+) to be asserted with the
number corresponding to the slave 8259A, if a
slave 8259A is generating the highest priority
interrupt.

During MCE2-, driver 3E-7, 5, and 3 (pb6zA5)
causes the cascade number from the 8259A to be
driven onto the 8086 AD bus signals, AD8+, ADO+,
and ADA+. Simultaneously, the 8288 generates an
ALE+ into the 8086 address latch/driver, 15D
(p7zB6), and onto the local address bus (LA8+ -
LAA+). The Multibus address driver, TG, drives
the cascade number from the local bus to the
Multibus address bits ADR8-, ADR9-, and ADRA-.
The slave 8259As get the cascade number from
those Multibus lines.

Whenever the 8259A wants to output on the I/0 bus
(I0BO+ =~ IOBT7+), it asserts its DEN59- output,
5F-16. The processor board uses DEN59- to gener-
ate the signal INTADEN+ at UD-10 (pbzAb6) to
indicate that the vector is being sent from the
master 8259A at S5F. As described in the Multibus
Master mode section, DEN59- is used at U4E-11
(p5zB3) to make MBINTA+ (Multibus interrupt
acknowledge) and enable the Multibus drivers to
carry the vector from the Multibus (and slave
8259A) to the local (MEM) bus. INTADEN+ is used
at U4D-13 (p5zB2) to cause the I/0 bus (IOBO+ -
IOB7+) to drive the MEM bus with the vector when
it comes from the master 8259A.

The gate 7D-12 (MASACK+) (p6zC5) generates XACK-
(transfer acknowledge) for the INTA pulses. The
first INTA- pulse causes 6E-11 and 7D-2 (pb6zB5)
to go active, issuing an immediate XACK-. The
second INTA, if it does not pertain to a slave
8259A, causes INTADEN+ at UD-10 (pbzAb6) to go
active. 300 nanoseconds after the INTA starts,
the signal 300NS+ goes active, causing 6C=6 and
7D-1 (pb6zB5) to go active, allowing for a 300
nanosecond access time before generating XACK-.
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Direct Memory Access (DMA)

The DMA logic centers around the 8237 DMA con-
troller chip. The DMA chip has U4 channels to
support 4 different requestors; Multibus Slave
mode, communications, disk, and video. The
channels are assigned as follows:

Channel Priority Device
0 highest Multibus Slave mode
1 2nd highest Communications
2 3rd highest Disk
3 lowest Video

Each channel has a unique request pin and acknow-
ledge pin.

The 8237 is programmed by the 8086 with memory
addresses, transfer length and mode informa-
tion. When the DMA 1logic 1is not transferring
(HLDA+ inactive), the 8237 can be programmed Dby
the 8086. Information is passed between the 8237
and the 8086 on the I/0 bus, IOBO+ - IOB7+. The
register that the 8086 is addressing within the
8237 1is specified on the bidirectional address
lines of the 8237, DMAAO+ - DMAA3+. The DMA chip
select signal from the I/0 Memory board indicates
that the current I/0 address on the local bus
refers to an 8237 register. When DMACS- is
active it causes the IOR- (I/0 read) and IOW-
(I/0 write) signals of the local bus to be driven
to the 8237 pins 1 and 2 by asserting the driver
enable at 8F-19 (p5zCl4).

DMCLK+ is generated from the output of the 20 MHz
oscillator by counter 14A (p32D6). The counter
divides by 4, giving a 5 MHz square wave |if
switeh 1 bit 1 (p3zD5) is open. If the switch is
closed, the counter divdes by 5, giving a 4 MHz
DMCLK+.

When a request pin is asserted and that channel
is programmed in the 8237 to be enabled, a DMA
cycle starts. The 8237 first asserts its hold
request (HRQ+) pin at 6F-10 (p5). This causes
flip-flop 5B-5 to be set after a one-clock delay
(required by the 8237). When 5B-5 is asserted
and BUSAVAIL+ (local bus available) is asserted
by 4B-8 and the bus is not locked (LOCKED- inac-
tive) then 5C-6 goes active setting the Hold
Acknowledge (HLDA+) flip-flop, 8C-3 (p5zAl).
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LOCKED- is active during instructions with LOCK
prefixes and inhibits DMA starting during "lock-
ed" instructions. BUSAVAIL+ 1is active if the
8086 is waiting for Multibus master status
(MBPNDG=) or if the 8086 is not using the bus.
When the 8086 is not using the bus, the signal at
10B-10 goes 1low. This is determined by IDLE+
active, indicating that the 8086 is doing
internal cycles.

The RZ combination R18, R19, and C11 and the
Schmitt trigger inputs of 8C insure that the
HLDA+ flip-flop (p5zA4) will not go temporarily
active (non-bistable operation).

Once HLDA+ is active, gate 8B-6 (p1zA6) causes
8086 commands to be inhibited by driving the 8288
pin at 9E-6 (p1zAl4) high. This holds off the
8086 until the DMA cycle is completed. Further-
more, HLDA+ causes 5C-12 (p5zA4), LOCMASTER-, to
go inactive so that the 8284 won't give the 8086
a READY signal.

HLDA+ is latched if a parity error occurs by the
parity error latch (port 5U4) at 11F=-7 (p2zAb).
This 1is used to determine if the parity error
happened during a DMA transfer.

HLDA+ is used at 3A-6 (plzB5) to inhibit going
into Master mode during a DMA transfer.

PROM access is inhibited during DMA transfers by
gate 7B-10 (pldzB7).

The open-collector gate at U4A-11 (p5zDH) causes
the memory protect circuitry to be overriden by
pulling down MWINH+ (Memory Write inhibit) uncon-
ditionally.

The gate 7C-6 (p5zA3) inhibits 8086 I/0 address
decoding by insuring IOCS- is inactive during DMA
transfers,

At 3B-9 (p5zA5), HLDA- inhibits the 8086 AD bus
from driving the MEM bus during DMA by forcing
ADTOMEM- inactive.

The three tri-state latches at 11E, 15D, and 15E
(p7) that normally drive the local address bus
(LAO+ - LA13+) with the address from the 8086 are
disabled during DMA by HLDA+.

Finally as long as the HLDA+ flip-flop is set and
the delayed hold (DHOLD-) flip-flop is set at 5B-
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5 (p5zBT7), the gate at 3G-13 (p5zD6) gives a Hold
Acknowledge to the 8237 at 6F-7.

When 6F-T7 goes active, the 8237 takes control of
the local bus. First, if the high-order eight
bits of DMA address are different from those of
the preceding cycle, it will drive the new eight
address bits on IOBO+ =~ IOB7+ and pulse its
ADSTB+ (address strobe) output (6F=8). This
causes the address to be latched into chip 5G
(pT72CT). Next it asserts its "address enable"
pin 6F-9. If the DMA cycle is not for Multibus
Slave mode then DMAEN- (Direct Memory address
enable) will go active at 6E=6. DMAEN- also
enables the DMA command drivers at 8F-1 (p5zCl4)
so that the memory read and write and I/0 read
and write commands from the 8237 drive IOR-,
IOW-, MR-, and MW-. If the DMA cycle is for
Multibus Slave mode, then the address and com=-
mands come from Multibus as already described.

The 8237 is designed to generate only 16 bits of
address and the local bus has a 20-bit address
space. The following is done for each channel to
provide the extra U4 bits.

Channel Device LAO+, LA11+ = LA13+
0 Multibus Driven from the Multibus
Interface
1 Communications All 0, driven by 2E-3
(p7ZD7)9 5, T, and 9
2 Disk LAO+ is 0 and LAT1+=-
LA13+ come from the
Extended Address

Register (EAR), driven

3 Video A1l 0, driven by 2E-3,
5, T, and 9.

This means that DMA transfer for communications,
disk, and video must be on even boundaries, and
transfers to and from communications and video
must be in the first 128K of RAM.

The Extended Address Register (EAR) is a 3-bit
counter provided so that the disk can access any
address in the 1-megabyte address space. The
EAR, at 2D (p8zC5), is loaded by an active-low
strobe coming from 6D-6 when software issues an
Output instruction (IOW-) to I/0 address 68
(DMACTCS-). The bit correspondence 1is as
follows:
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Bit from 8086 Local
register AX MEM bus bit EAR bit Address bit

0 0 DMCTO+ LA11+
1 1 DMCT 1+ LA12+
2 2 DMCT2+ LA13+

Hardware causes the EAR to increment when a 128K
boundary is crossed during disk DMA. QBOUND- is
asserted by 98B-8 (p8zB7) if LA1+ - LA10+ are all
1: This enables the EAR to increment when gate
11C-12 (p8zCT7) goes high, indicating that the
read portion (INCMD+) of a disk DMA (DISKACK+)
cycle is completed.

The DISKACK-, VIDACK-, SIOACK-, and SLAVE+ sig-
nals indicate that the 8237 1is acknowledging
disk, video, communications, and Multibus chan-
nels, respectively. These are used to enable
address buffers as just described and they go to
the individual logic blocks for controlling those
devices to indicate DMA is in progress. If the
count register is expired for the channel being
acknowledged, the signal EOP- (End of Process) is
asserted at 6F-36.

Multibus Slave READY Generation

For Multibus Slave operation, the remainder of
DMA cycle is controlled by the Multibus inter-
face. The Slave operation DMA cycle is termin-
ated (as are all DMA cycles ) by the RDY (ready)
input to the 8237 (6F-6) going active. RDY is
generated at U4C-8 (p5zC6) when MEMRDY+ (Memory
ready) and IORDY+ (I/O ready) are both active.
For Slave operation, 3G-8 (p5zC7) 1is active,
forcing MEMRDY+ unconditionally asserted. IORDY+
comes from the shift register at 3C-12 (p5zC1).
Since it 1is not a communications DMA cycle
(SIOASCK- not asserted), gate 3G-12 puts register
3C in the parallel enable mode. As long as
SLAVERQ+ (see the Multibus Slave mode section) is
asserted, 1D=11 will continue to assert SLAVE+.
This causes the D input to 3C to be low at 1C-
10. As soon as SLAVERQ+ terminates, SLAVE+ drops
at 1D=11 causing 3C-7 to go high. At the next
DMCLK+, IORDY+ goes active causing the DMA RDY
signal to go active at 6F-6. This causes the DMA
cycle to terminate.
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Non-Multibus READY Generation

DMA cycles terminate when the DMA ready signal
from gate U4C-8 goes active. U4C-8 ANDs the two
conditions for DMA ready (RDY), IORDY+ and
MEMRDY+. MEMRDY+ goes inactive when a refresh
cycle (RDPNDG-) is pending or in progress and a
non-refresh memory cycle (ENMCYC+) is not already
going, causing 10A-4 (p5zC7) to preset the
MEMRDY- flip-flop. At the end of the DMA memory
cycle, ENEND+ will be asserted by the RAM control
clearing the MEMRDY- flip-flop by causing 3A-1 to
go low. This causes MEMRDY+ to go active. In
case the address programmed into the DMA chip did
not point to present memory, the timeout (TO+)
signal will go active causing gate 3G-10 (p5zCT7)
to force MEMRDY+ active.

IORDY+ is generated by the shift register at 3C
(p5zC1).

The shift register is put in the shift mode by
driving 3C-9 to a high state.

This is done (by gate 3G) only during communica-
tions DMA acknowledges (SIOACK-) that are doing
memory ready and I/0 write (IOW-) commands. In
that case, IORDY+ goes true four DMCLK+ cycles
after ENMCYC+ (non-refresh memory cycle) goes
active, indicating that the memory cycle is in
progress. This is done because the SIO I/O write
can't begin until the data 1is available from

memory.

For all other cases, shift register 3C is in the
parallel enable mode (3C-9 is low). 1C-1 goes
high, causing IORDY+ to go inactive when 1D-8
goes low in a communications DMA cycle (SIOACK-)
or when WAIT- is asserted. WAIT- is used by the
video control board to cause one DMA wait state
for some of its accesses. As soon as the write
part of the DMA cycle starts (MW- or IOW-
active), 3d-11 goes high, causing 1C-1 to go
low. One DMA clock after 1C-1 goes low (causing
3C-7 to go high), IORDY+ is asserted at 3C-12.
This causes the DMA Ready pin to be asserted by
gate U4C-8 (as long as MEMRDY+ is active). Note
that since neither SIOACK- nor WAIT- goes active
during disk cycles, 3C-7 never goes low and
IORDY+ is asserted throughout the cycle.

Gate 2B-8 causes memory write to be delayed when
IORDY- is not active. This is done so that the
data can come from the I/0 device and get to the
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memory before the memory write occurs. 2B-9
inhibits this delay during Multibus slave oper-
ation.

The Hold Acknowledge flip-flop (HLDA+) (p5zAl4) is
reset by by gate 1B when no cycle 1in progress
(INPROG+ inactive) and the Hold Request (HRQ+)
signal from the 8237 is no longer active.

Multibus Interface

The Multibus interface works in three entirely
separate modes; Independent, Master, and Slave.
In the Independent mode, the. interface separates
Multibus from the local bus (CT bus) and the two
operate entirely independently and asychron-
ously. In the Master mode, the local bus con-
trols Multibus, driving its command and address
lines. In the Slave mode, Multibus controls the
local bus and Multibus drives the command and
address lines of the 1local bus. The control
logic for Master and Slave modes are entirely
separate.

Multibus Master Mode

The Multibus Master mode centers around the
Multibus arbiter chip, the 8289. It is respon-
sible for acquiring Multibus when the local logic
requires it. There are two times when the Multi-
bus interface goes into the Master mode: (1) for
explicit accesses by the 8086 to memory or I/0
devices not on the local bus, or (2) for inter-
rupt acknowledge. Interrupt Acknowledge goes to
the Multibus in case there are slave 8259As in
Multibus hardware. Furthermore, for any
instruction with a LOCK prefix, the Multibus is
acquired, although it does not necessarily go
into Master mode. This is done to be sure that
if another Multibus master has 1locked the
Multibus to get consecutive cycles in the local
RAM, the 8086 instruction with the LOCK prefix
won't begin until the other master unlocks
Multibus. This is used for passing semaphores
between different Multibus masters.

8289/Multibus Handshake
The details of Multibus handshakes can be found

in the Multibus specification, IEEE 796. Here is
a brief description of each handshake signal:

4 - 23



Signal Meaning

BREQ- Bus Request, one per Multibus slot
(output). Indicates that a particular
Multibus slot wants Multibus Master
status.

CBRQ- Common Bus Request, one per system
(bidirectional). Indicates that some
Multibus slot that is not Multibus
Master wants to be Master.

BPRN- Bus Priority In, one per Multibus slot
(input). Indicates that the Multibus
slot has priority and can acquire
Master status at the next BCLK-.

BPRO- Bus Priority Out, one per Multibus slot
(output). Indicates that the BPRN-
signal of the Multibus slot is active
and the slot does not want Multibus
Master status.

BUSY - Bus Busy, one per system (bidirec-
tional). Indicates that some board is
Multibus Master and is using the bus.

BCLK- The lock used for bus priority transi-
tions (output on one Multibus slot,
input on all slots).

CCLK- A general purpose clock (output on one
Multibus slot, input on all slots).

The 8289 does the following to get Multibus
Master status:

1) Asserts CBRQ- and BREQ-, and makes BRPO-'
inactive, indicating it wants to be Master.

2) At the next BCLK-, if BUSY- is inactive and
BPRN- is active, the 8289 has acquired Master
status. It asserts BUSY- and inactivates CBREQ-.

3) When the 8289 is done with the bus, it stops
asserting BUSY-, and will no longer force BPRO-
inactive. If BPRN- is active, BPRO- will go

active.
Acquiring Multibus

The SO - S2 (16D-26, 27, 28) signals from the
8086 are monitored by the 8289 (pi4zB3). When
they indicate a bus cycle (Memory, I/O or Inter-
rupt Acknowledge) and pin 3 of the 8289 is ac-
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tive, the 8289 will go through a Multibus arbi-
tration handshake to acquire control of Multibus
(become Multibus master). When it does, it
asserts pin 13, AEN89-.

As just noted, pin 3 of the 8289, the signal
ADORLOCK+ (Multibus addressed or Lock prefix),
must be active for the 8289 to acquire Multi-
bus. It is caused to go active at 1B-11 (plzA5)
by one of two reasons: (1) SLOCK+ at 1B-12
(synchronized Lock) is indicating that a LOCK
prefix or locked Interrupt Acknowledge cycle is
in progress, or (2) MBADR- is active, indicating
that the present address from the 80é6 refers to
Multibus memory or I/0. MBADR- is formed at gate
3D-6 (plzA5) by ANDing the conditions 1local
memory not addressed (LOCMEM-) and local I/0 not
addressed (LOCIO-).

LOCIO- is generated at gate 4D (pldzA6) by ANDing
I0CYC- (I/0 cycle active) and the proper address
range. The proper address range is determined
normally (jumper 1-2 in place) by address bit F
(ADLF+) from the 8086 low. That is, addresses 0-
TFFF refer to LOCAL I/0 devices and addresses
8000~FFFF refer to Multibus I/0 devices.

A factory Jjumper option can be made by removing
jumper 1-2 and installing jumper 3-2 (plzA6).
This causes an I/0 address to be considered local
if the MBIO bit of the IOCR (port 56 bit C on the
I/0 Memory board) is inactive or if address bit F
is high. In other words, with this option, in
order to address Multibus for I/0, it is neces-
sary to set the MBIO bit in the IOCR and to
address in the range 0-TFFF, and when MBIO is set
referring to local I/0 devices requires an add-
ress in the range 8000-FFFF. For instance, the
printer is addressed as port 8050 (hexidecimal)
instead of the normal 50. Note that with this
option set the software can always refer to local
ports as 80xx so that the setting of the MBIO bit
becomes inconsequential for referring to 1local
ports.

LOCMEM- (local memory addressed) is generated at
gate 9D-8 (plzA5) by ANDing the latched S2 status
line from the 8086 (S2L-), indicating a memory
cycle is in progress and the signal MEMWINDO-
indicating that the current address from the 8086
refers to local bus memory. MEMWINDO+ is gener-
ated by ORing several conditions with gate 10D-8
(plizAab).
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Conditions causing MEMWINDO+ active (local bus
access for memory) are:

1) Switch 6 bit 3 (pins 3 and 6) closed (all
memory accesses are to local bus), or

2) ADL13+ low (all memory accesses in the first
512K of the addressing range, 0-7TFFFF, refer
to local memory), or

3) Switch 4 bit 1 closed and ADL12+ low (all
memory accesses in the first 768K of the
addressing range, O0-BFFFF, refer to local
memory, or

u) Switch 6 bit 1 closed and LOCPROM- active
(Bootstrap PROM addressed), or

5) Switch 6 bit 2 closed and address on ADLF+ -
ADL13+ in the top 160K of the address
range. This reserves space for the ROM
expansion board and the Bootstrap PROM.

When ADORLOCK+ 1is active and AEN89- 1is not,

MBPNDG~ (Multibus Pending) is asserted at U4B-11

(p57A7) indicating that the 8289 is in the pro-

cess of acquiring Multibus but has not fin-
ished. This causes the 8288 to disable its

command lines (at 9E-6) and thereby not assert

them until Multibus is acquired.

Multibus Master Mode Operation

The MASTER+ flip-flop indicates that the Multibus
interface is in Master mode. In Master mode, the
local bus address and command lines drive the
Multibus. After Multibus has been acquired, the
signal AEN89- is asserted by the 8289. If the
8086 is addressing Multibus, MBADR- will be
active, causing MBAEN- (Multibus Address Enable)
to go active at 1B-3 (pl4zA3). MBAEN~ will cause
flip-flop 2A-5 (plzB6) to be set at the next
MEMCLK+. If no HLDA- is present (not doing DMA)
then at the next MEMCLK+ the MASTER+ flip-flop,
2A-9 (pl4zB5), will be set. This pair of flip-
flops allows the Multibus address to be driven
from the local bus (by MBAEN-) before the board
goes into Master mode. The gate at 3A-4 insures
that we will not go into Master mode if the DMA
has control of the local bus. Note that if a
LOCK instruction is used that does not address a
Multibus device or memory, MBADR- will not be
active and will inhibit MBAEN-. When MBAEN- goes
inactive, that is if the 8289 loses control of

b - 26



the Multibus, the MASTER+ flip-flop will be
cleared at 2A-13 (plzB5). AEN89- is also used in
the DMA logic to determine when the 8086 is
waiting for the Multibus, and therefore the local
bus is free. MBAEN- is used in the interrupt
logic to determine that the local bus is the
Multibus master and an Interrupt Acknowledge can
complete.

Command, Address and Data bus control during
Master Mode

MASTER+ causes the command transeiver at 2G
(plzCL) to be enabled by gate 3A-10. The direc-
tion of the transfer having already been estab-
lished by the flip-flop at 2A (pizB6). This
allows the commands on the local bus to be driven
onto the Multibus command lines.

MASTER- causes ONBUS- to be asserted by enabling
the tri-state inverter at 2F-16 (pl4zD6). ONBUS-
then enables the Multibus address drivers, 7G,
8G, and 4G (p7). Multibus address lines AD12-
and AD13- are driven by the same tri-state inver-
ter as ONBUS- at 2F. Since the input to the tri-
state inverter for AD13- is grounded at 2F-2, all
Multibus addresses coming from the local bus are
in the low 512K of the Multibus address range.
Note that AD13- is completely independent of
the corresponding local address bus bit LA13=-
o For AD12- there are two switch selectable
choices for Multibus address range. If switch 3
bit 1 is closed then AD12- is driven from LA12+
through the tri-state inverter 2F-12. If switch
3 bit 2 is closed, then all Multibus addresses
coming from the local bus are in the low 256K,
independent of local address bus bit LA12+.

ONBUS-~ causes BUSEN+ to be asserted by gate 1C-13
(p8zC6) (the INHIBIT+ signal is described in the
Multibus Slave Mode section). This causes the
proper data bus drivers to be enabled depending
on whether a byte-swap access has to occur. If
LAO+ is asserted (an odd byte is being addres-
sed), the Multibus slave addressed will place its
data on the low-order 8 bits of the Multibus
(DATO- - DATT7-). The 8086 expects the data to be
placed on its high-order 8 bits (AD8+ - ADF+).
Therefore, a byte swap must occur. If LAO+ is
not asserted then the addressed byte or word must
not be swapped. Furthermore, during Interrupt
Acknowledge, the byte must not be swapped inde-
pendent of what is on the local address bus. The
signal SWAP- is asserted whenever BUSEN+ is
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active and LAO+ is asserted (odd byte addressed)
and INTA- is not active. This causes the inver-
ting transceiver at 10F to be enabled which
connects the Multibus DATO- - DAT7- lines to be
connected to MEM8+ to MEMF+. Whenever BUSEN+ is
active and SWAP- is not, NOSWAP- is asserted at
2B-3 (p8zCL4). This enables transceivers 9G and
10G (p8) to connect the Multibus data bus to the
MEM bus without swapping.

The direction of the data transfer is established
by the signal MEMTOMB+, which, when active,
indicates that the MEM bus will drive the Multi-
bus data bus (DATO- to DATF-). MEMTOMB+ 1is
generated by gate 3B-6 (p5zB2) and is determined
by gate 3B-3 for Slave mode (to be described) and
3B=-11 for Master mode. 3B-11 is asserted 1low,
causing MEMTOMB+ to be asserted, when MASTER+ is
active and MBINTA+ is inactive (not an Interrupt
Acknowledge cycle) and INCMD+ is inactive (the
command on the local bus is not an input com-
mand). INCMD+ is generated by gate 3D-8 (p5zB3)
and is the OR of IOR- asserted or MR- asserted.
MBINTA+ is asserted by 4E-11 (p5zB3) when INTA+
is active (Interrupt Acknowledge) and the signal
DEN59- from the 8259A interrupt controller is
inactive, indicating that it is not generating
the vector and some slave 8259A on Multibus
should.

LOCK access to Multibus

As mentioned under "Multibus Master Mode", for
the use of semaphores in multiprocessing it 1is
necessary for the LOCK prefix in 8086 instruc-
tions to acquire the Multibus. The signal PLOCK-
(processor lock) from 8086 pin 29 is inverted at
7E-2 (pb6zCT7) to make LOCK+. LOCK+ is 1latched
into 11E-9 (p7zC6) by ALE+ to synchronize to the
instruction stream. 11E-9 goes tri-state during
DMA (by enabling 11E-1). The signal at 11E-9 is
called SLOCKHA+ (synchronized Lock or Hold Ack-
nowledge) and will go active during Hold Acknow-
ledge (DMA), since the driver is in tri-state, or
during non-DMA times when a synchronized Lock
signal is present. The fact that SLOCKHA+ goes
tri-state and possibly float high during DMA is
an undesired side effect (hence no pullup) and
that condition 1is gated off at LUE-6 (pldzAl),
making the signal SLOCK+ (synchronized Lock). As
already described, the signal SLOCK+ causes
ADORLOCK+ to go active at 1B-11 (pdzA5) and is
one of the conditions that causes Multibus to be
acquired. When ADORLOCK+ is active and AEN89- is
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not, MBPNDG- (Multibus Pending) is asserted at
4B-11 (p5zA7) indicating that the 8289 is acquir-
ing Multibus but has not done so. This causes
the 8288 to disable its command lines (at 9E-6)
and thereby not assert any command lines until
Multibus is acquired. Once the bus is acquired
and AEN89- causes MBPNDG- (Multibus Pending) to
go 1inactive at U4B-11, the signal LOCKED- is
asserted by gate U4B-3. LOCKED- is used in the
DMA logic (to be described) to determine that the
local bus is locked and DMA cycles into 1local
memory should be inhibited.

Slave Mode

Slave Mode is entered when the Multibus makes use
of RAM on the local bus. It is controlled prim-
arily by the 8237 chip. Although the 8237 is
used for arbitration of Slave Mode, addresses and
commands come from Multibus rather than the DMA
logic. For all other DMA channels the address
and command come from the DMA logic during DMA
transfers.

A slave request (SLAVERQ+) is generated by gate
1C-4 (plzC2) when a Memory Read or Memory Write
Command (MRDC- or MWTC-) is on Multibus at the
same time as an address that refers to the local
bus 1is on Multibus. The Multibus commands are
ORed at 1D-3. The Slave addressing conditions
are ORed at 1D-6. The gate at 1F-8 (plzC3)
causes recognition of a slave address if the
Multibus address is in the range from 32K to 48K-
1 and switeh 2 bit U4 is open. The other
addressing condition at 1D-4 is active if switch
2 bit 1 is closed and the Multibus address is in
the upper 512K (AD13- on Multibus is active).

SLAVERQ+ is connected to the DMA chip request pin
for channel 0 at 6F-19 (p5zD6). If the DMA chip
has heen programmed with channel 0 enabled, then
the channel 0 acknowledge pin (25) will go ac-
tive. As long as the acknowledge pin and
SLAVERQ+ are active, SLAVE+ is asserted by 1D-11,
indicating that the Multibus interface 1is in
Slave mode. Slave Mode affects DMA ready logic
at 1C-9 and 3G-8 as described in the DMA section.

SLAVE-~ enables the tri-state inverter at 2F-19
(pizD6), causing ONBUS- to go active at 2F-5.
ONBUS- causes address transceivers 4G, 7G, and 8G
(p7) to be enabled. The direction of the drivers
are established by MASTER+ béing inactive such
that the Multibus address drives the local bus
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address. The same tri-state inverter that gener-
ates ONBUS~ drives LA12+ and LA13+ at outputs 2F-
7 and 2F-9 (p5zD6). LA12+ goes directly to the
input of the LA12+ driver at 2F-11. The input
for the LA13+ driver is pulled high so that for
all Slave mode operations, LA12+ is always low
(0) and therefore Slave mode memory accesses are
always in the first 512K bytes of RAM, regardless
of the setting of the corresponding Multibus
address bit (AD13-).

BUSEN- is asserted at 1C=13 (p8zC6) when ONBUS-
is active and the local bus Slave mode is not
being inhibited by the Multibus inhibit 1lines
(INH1=- and INH2-). This causes the proper data
bus drivers to be enabled depending on whether a
byte-swap access has to occur. If LAO+ is asser-
ted (that is, an odd byte is being addressed)
then the Multibus slave addressed is required to
place its data on the low=-order 8 bits of the
Multibus (DATO- - DATT-). The RAM data for odd
bytes is always placed on the high-order part of
the bus (MEMB+ - MEMF+). Therefore, a byte swap

must occur. IF LAO+ is not asserted then the
addressed byte or word must not be swapped. The

signal SWAP~ 1is asserted whenever BUSEN+ 1is
active and LAO+ is asserted (odd byte addressed)
and INTA- is not active (INTA- is never active
Slave mode, since the local 8259A cannot be a
slave). This causes the inverting transceiver at
10F to be enabled which connects the Multibus
DATO- - DAT7- lines to be connected to MEM8+ to
MEMF + . Whenever BUSEN+ is active and SWAP- is
not, NOSWAP- is asserted at 2B-3. This enables
transceivers 9G and 10G (p8) to connect the
Multibus *data bus to the MEM bus without swap-

ping.

The direction of the data transfer is established
by the signal MEMTOMB+ which, when active, indi-
cates that the MEM bus will drive the Multibus
data bus (DATO- to DATF-). MEMTOMB+ is generated
by gate 3B-6 (p52zB2) and is determined by gate
3B-11 for Master mode (as described above) and
3B-3 for Slave mode. 3B-3 goes active (low)
causing MEMTOMB+ to go active when JSLAVE+ is
active and INCMD+ is active (the command on the
local bus is an input command). INCMD+ is gener-
ated by gate 3D-8 and is the OR of IOR- asserted
or MR- asserted. For Slave mode it goes active
for memory reads (MR-) only since Slave mode is
not used for 1/0.

4 - 30



Boot PROMs

SLAVE+ is an input to the parity error reporting
latch (port 54) at 11F-13 (p2zA6), so if a parity
error occurs it is possible to detect that it was
on a Slave mode memory read.

The flip-flops at 1A (plzB7) cause at least a 100
nanosecond delay after SLAVE+ goes active before
the gate at 3A-10 causes the command transceiver
at 2G (pl4zClU) to be enabled. The direction of
the transceiver is established by the Master mode
flip-flop at 2A-5 (pl4zB6). This causes the
memory read command (MRDC-) and the memory write
command (MWTC-) to be driven onto the local bus
MR- and MW- lines respectively.

Multibus Slave Transfer Acknowledge (XACK-) Logic

Each command (MRDC-, MWTC-, IORDC-, IOWTC, or
INTA-) on the Multibus is completed by the XACK-
signal going active. It is the responsibility of
the slave device in a Multibus transaction to
assert XACK-. When the local bus RAM is the
slave, the XACK- must be generated by CT logic.
This is done by gate UA-6 (p5zB3). 4A-6 goes
active when SLAVE+ is active, XACKTIME- is active
and INHIBIT+ is inactive. JINHIBIT+ is the OR of
the two signals, INH1- and INH2-, from Multibus,
which indicate that RAM slaves should not respond
to the current cycle. XACKTIME- is the OR of
many conditions, however, for Slave mode opera-
tion, only inputs 1, 11, 12, and 13 of 6A (p5zB5)
are used. SLAVE+ indicates the Multibus inter-
face is in Slave mode. ENMCYC+ indicates that a
RAM cycle is in progress, and XACKWINDOW+ and
RACK+ indicate together that the RAM cycle is
complete.

The NAND gate 12F (p2zB6) decodes 1local bus
Memory Reads in the top 32K of memory and gener-
ates LOCPROM- to select the 2 "boot" PROMS. The
boot PROMS consist of 2 chips, the high (or odd)
byte at 14F and the even (low) byte at 15F. The
sockets at 1U4F and 15F are designed to accomodate
several different PROM types as follows:

chip type organization number of pins ROM/EPROM

2316 2K x 8 24 ROM
2716 2K x 8 24 EPROM
2332 UK x 8 24 ROM
2732 UK x 8 24 EPROM
2364 8K x 8 28 ROM
2764 8K x 8 28 EPROM
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In order to accomodate both size chips the board
has 28-pin sockets. When 2U4-pin devices are
used, they are installed justified toward the
connectors J2 and J3.

Note that the schematic is numbered according to
the sockets (28 pin numberirg). Therefore when
2U-pin devices are installed, the chip pin num-
bers will not match the pin numbers on the sche-
matic. The relationship is as follows:

Schematic 2U-pin chip Schematic 24 pin chip
pin number pin number pin number pin number

1 not used 28 not used

2 not used 27 not used

3 1 26 24

Yy 2 25 23

5 3 24 22

6 y 23 21

7 5 22 20

8 6 21 19

9 7 20 18

10 8 19 17

11 9 18 16

12 10 17 15

13 11 16 14

14 12 15 13

On pin 23 of the socket, the 2316 and 2716
require +5 volts and all other chip types require
address bit C. This selection is made with bits
1 and 2 of switeh 5. Bit 1 is closed to connect
the address bit and bit 2 is closed to connect
+5.
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AC CHARACTERISTICS
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AC-DC CHARACTERISTICS
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AC-DC CHARACTERISTICS
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AC-DC CHARACTERISTICS

PARAMETER CONDITIONS MIN |TYP MAX [UNIT
mQ TOoL InN. o n A
MR zou 2.9 m A
TOR o 20.8 mA
T OR o4 4.9 m A
TOW o 18.0 mA
TOW oy 4.9 mA
MEMCLK <o 2\.6 - A
MEMCLK Tou 2.9 m A
RESET .0 3.3 m A
RESET Ty 2.4 m A
MEM X zo. 5.6 n A
MLE M X zoy 2.4 mA
LAY 1o 1.0 A

LAX zou




REFERENCES

Edge-Connector Pin List

Connector J2

Pin Signal
1 MR-

2 VIDRQ+
3 BDZR AM-
Yy BD 1 RAM-
5 GND

6 COLMPX-
7 RARAS-
8 PROMEXDC-
9 RFGO-
10 RFDONE-
11 RAHIWE=-
12 RALOWE=-
13 T8KHZ+
14 CAST-
15

16 CAS6-
17 CASS-
18 CASY-
19 CAS3-~
20 CAS2-
21 CAS1-
22 CASO-
23 HIP+
24 LOP+
25 :
26 MEMF +
27 MEME+
28 MEMD+
29 MEMC+
30 MEMB+
31 MEMA+
32 ‘ MEMO+
33 MEM8+
34 MEMT +
35
36 MEM6+
37 MEM5 +
38 MEMY +
39 MEM3+
40 MEM2+
41 MEM1+
L2 MEMO+
L3 LA13+
yy LA12+
45

L.



Pin Signal

. LA11+
y7 LA10+
48 LAF+
U9 LAE+
50 LAD+
51 LAC+
52 LAB+
53 LAA+
54 LA+
55
56 LA8+
57 LAT+
58 LA6+
59 LAS+
60 LAL+
61 LA3+
62 LA2+
63 LA+
64 LAO+
65
66
67 +12V
68 +12V
69 +12V
70 +12V
T1
72
73
T4
75
76
77 +5V
78 +5V
79 +5V
80 +5V

Connector J3

Signal
+5V

+5V
+5V
+5V
=12V
-12V
GND

o
[N
=]

BCLK-
INIT-
BPRINO-

Not Used
BUSY-

WN =2 OWO~TOVTLEWN —

— —d el —d
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Signal
BREQO=

MRDC-
MWTC-
IORC-
I0WC~
XACK=-
INH1-
RESERVED
INHZ-
BHEN-

AD10-~
CBRQ~-
AD17=~
CCLK-
AD12~
INTA-
AD13-~
INT7B=
INT6-

INTS -
INT4B-
INT3=-
INTZ-
INT1B-
INTO-
SIOACK =
SICRQ+
RDHIPEA-

LBHEN+
RDLOPEA-
MW~
DISKACK~
DISKRQ+
ODDP+
WAIT--
IOBCS+
IOR-

DCIRDY+
FASTIO+
DMACTICS-
DMACS-
I0OB7+
I0B6+
IOBS5+
TOBY+
I0B3+

T0B2+
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Signal
IOB1+

I0OBO+

I0OCS-
NMI +
PICCS-
MEMCLK+
TEST

IOW-
EOP-
VIDACK-
PERINT+
MWINH-
TO+
MBIO-
RESET-
PAREN+

ADRF-
ADRE-
ADRD-
ADRC-
ADRB-
ADRA-
ADR9-
ADR8-
ADRT7-

ADR6 -
ADR5-
ADR4-
ADR3-
ADR2-~
ADR1-
ADRO-
DATF-
DATE-

DATD-
DATC-
DATB-
DATA-
DAT9-
DAT8-
DATT-
DAT6-
DATS-~

DAT4-
DAT3-
DAT2-
DAT1-
DATO=-
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Jumpers

Switches

Name Function
A-C Asynchronous READY
B-C Synchronous READY
Switch Bit Function
1 1 Close for U4 Megahertz DMA.
1 2 Open for slow memory access
(for debugging only).
1 y Open for synchronous CPU and
memory (for debugging only).
2 1 Close for Multibus slave
region at greater than 512K.
2 Yy Open for 32K to U8K multibus
slave region.
3 1 Close for 512K multibus
master boundary.
3 2 Close for 768K multibus
master boundary.
3 3 Close if mainframe generates
Multibus CCLK.
3 y Close if mainframe generates
Multibus BCLK.
y 1 Close if multibus master
boundary is T68K.
y 2-U Memory configuration (See
below).
5 1 Close for 2364 and 2764 ROM
types.
5 2 Close for 2316 and 2716 ROM
types.
6 1 Close for no ROM expansion.
6 2 Open for no ROM expansion.
6 3 Close for no Multibus master
memory access.
6 y Close to always assert

Multibus CBRQ.

The Memory Addressing Decode PROM

The CPU board has a 256 x 4 PROM on it that
determines what rows of RAMs to enable when, and
that tells the memory controller how much memory
there is. The PROM determines this information
based on the setting of three dipswitches on the
board. This table 1lists the standard set of
addressing and RAM configuration choices. Other
PROMS can be programmed for other than the
standard set.
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Switch setting Configuration Memory I/0O Expansion Total 64K chips
SW 4 bit-2 3 4 number RAM RAM R AM on Expansion
cce ¢ 128K 0K 128K no
coc 1 128K 32K 160K no
cco 2 128K 64K 192K no
c oo 3 128K 96K 22U4K no
oce y 128K 128K 256K no
o0 c 5 128K 256K 384K yes
oco 6 128K 384K 512K yes
00O 7 128K 512K 640K yes
¢ = closed (on)
o = open
LED Indicators
LED Meaning
CR1 Bus inactive
CR2 DMA active
CR3 Multibus active
CR5 Non-maskable interrupt
CR6 Interrupt
Test Points
Point Meaning
TP 1 High during bus timeouts.
TP 2 Low when a DMA cycle is in progress.
TP 3 High a refresh 1is in progress.
Normally oscillates at 12.8 khz.
TP U4 Ground to prevent refresh.
TP 5 High when a non-refresh memory cycle

is in progress.

1/0-Port Address vs. Functions

address logice write reg.

0 DMA reserved

2 DMA reserved

y DMA Comm. address

6 DMA Comm. count

8 DMA Disk address
(low 16 bits)

A DMA Disk count

C DMA Video address

E DMA Video count

10 DMA Command

12 DMA Request

4 - ug

read reg.

reserve
reserve
Comm.

address
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Disk
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Disk co
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address
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14 DMA Set/Reset Mask -

16 DMA Mode -

18 DMA Clear flip-flop -

1A DMA Clear -

1C DMA Mask -

20 8259A ICW1, OCW2, OCW3 IRR, ISR,
INT Level

22 82594 OCW1, ICW2, ICW3 Mask

ICWY

Device Pin Functions

The following several pages describe the pin
functions of the complex ICs on the processor
board.

Device Pin Functions: 8086 HMOS MICROPROCESSOR

The Intel 8086 is a new generation, high perfor-
mance microprocessor implemented 1in N-channel
depletion load, silicon gate technology (HMOS),
and packaged in a U0-pin CerDIP package. The
processor has attributes of both 8- and 16-bit
microprocessors. It addresses memory as a se-
quence of 8-bit bytes, but has a 16-bit wide
physical path to memory for high performance.
8086 features include the following:

o] Direct addressing capability to 1
MByte of memory

o) Assembly language compatible with
8080/8085

o) 14 word, by 16 bit register set with

symmetrical operations

24 operand addressing modes

Bit, byte, word, and block operations

8- and 16-bit signed and unsigned

arithmetic in binary or decimal,

including multiply and divide

o} 5 MHz clock rate (8 MHz for 8086-2
(4UMHz for 8086-4)

o Multibus system compatibility

O OO

Pin functions tabulated below assume that the
8086 has been configured in its MAXIMUM mode,
that is, the MN pin has been strapped to ground.
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Signal

Name

ADO
to
ADF+

AD10+
to
AD13+

BHEN+

Pin
Name

vCC
GND
AD

to

A1gés3
Aq9556

1/0

Funetion

I1/0

0

+5V supply

Ground. Both GND pins must be
strapped together.

These lines constitute the time
multiplexed memory/I0 address (T1)

and data (T2, T,y Tys Ty) bus. A, is
analogous to BH%/ g%r é%e lower gyte
of the data bus, pins D7—D0. It is
LOW during T, when a byte "is to be
transferred on the lower portion of
the bus in memory or I/0 operations.
Eight-bit oriented devices tied to the
lower half would normally use A5 to
condition chip select functions.
These lines are active HIGH and float
to 3 state OFF during interrupt
acknowledge and 1local bus "bold
acknowledge®.

Caution: Intel pin names do not use
hexadecimal numbers.

During T,, these are the four most
significant address lines for memory
operations. During I/0 operations
these lines are LOW. During memory
and I/0 operations, status information
is available on these lines during T,,
T,, Ty, and Ty. The status of tﬁe
1§terrupt enable FLAG bit (S:) is
updated at the beginning of eagh CLK
cycle. A /SM and A16/S indicate
which relocation register ié presently
being used for data accessing. These
lines float to 3-state OFF during
local bus "hold acknowledge".

During T1 the bus high enable signal
(BHE/) should be used to enable data
onto the most significant half of the
data bus, pins D1 -Dg. Eight-bit
oriented devices tf%d to the upper
half of the bus would normally use
(BHE/) to condition chip select func-
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- RD/

READYSYNC+ READY

INTR+ INTR
TEST- TEST/
NMI+ NMI

tions. (BHE/) is LOW during T., for
read, write and interrupt acknowledge
cycles when a byte is to transferred
on the high portion of the bus. The
S status informatlon is available
during T and Ty The signal is
active L6w, énd floats to 3-state OFF
in "hold". It is LOW during T4 for
the first interrupt acknowledge cycle.

Read strobe indicates that the proces-
sor is performing a memory or I/0 red
cycle, depending on the state of the
82 pin. This signal is used to read
devices which reside on the 8086 local
bus. RD/ is active LOW during T,

and Ty; of any read cycle, and is gua;—
anteed to remain HIGH in T5 until the
8086 local bus has floated.

This signal floats to 3-state OFF in
"hold acknowledge"

READY is the acknowledgement from the
addressed memory or I/0 device that it
will complete the data transfer. The
RDY signal from memory/I0 is synchron-
ized by the 8284 Clock Generator to
form READY. This signal 1is active
HIGH.

Interrupt request is a level triggered
input which is sampled during the last
clock cycle of each instruction to
determine if the processor should
enter into an interrupt acknowledge
operation. A subroutine is vectored
to via an interrupt vector lookup
table located in system memory. It
can be internally masked by software
resetting the interrupt enable bit.
INTR is internally synchronized. This
signal is active HIGH.

The TEST/ inuput 1is examined by the
"Wait" instruction. If the TEST/
input is LOW execution continues,
otherwise the processor waits in an
"Idle"™ state. This input is synchron-
ized internally during each clock
cycle on the leading edge of CLK.

Non-maskable interrupt 1is an edge
triggered input which causes a type 2
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RESET+

PCLOCK+

S0-
S1-
S2-

RQ/,

RESET

CLK

SO
S1/

S2/

GT./
G197

I/0

interrupt. A subroutine is vectored
to via an interrupt vector lookup
table located in system memory. NMI
is not maskable internally by soft-
ware. A transition from a LOW to HIGH
initiates the interrupt at the end of
the current instruction. This input
is internally synchronized.

RESET causes the processor to immedi-
ately terminate its present
activity. The signal must be active
HIGH for at least four clock cycles.
It restarts execution, as described in
the Instruction Set description, when
RESET returns LOW. RESET is internal-
ly synchronized.

The clock provides the basic timing
for the processor and bus controller.
It is asymmetric with a 33% duty cycle
to provide optimized internal timing.

These status lines are encoded as
follows:

(0,0,0) Interrupt Acknowledge

(0,0,1 Read I/0 Port

Write I/0 Port

Halt

Code Access

Read Memory

Write Memory

Passive

Notation: (0,0,1) means So/s Sy/ are
LOW and SZ/ is HIGH. Status is active
during Ty, T1, and T, and is returned
to the passive state %1,1,1) during T3
or during Ty when READY is HIGH. This
status is " used by the 8288 Bus
Controller to generate all memory and
I/0 access control signals. Any
change by S,m S1, or SO during Tu is
used to in&%cate the beginning of a
bus cycle, and the return to the
passive state in T, or Tw is used to
indicate the end of a bus cycle.

These signals float to 3-state OFF in
"hold acknowledge".

(
(
(
(
(
(

_ e OO0
- e OO -t

?
9
9
1
9
9

—- O —=20-=-0

9
b
9
9
9
9

The request/grant pins are used by

other processor bus masters to force
the processor to release the processor
bus at the end of the processor's
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LOCK-

LOCK/

Qs,
Qs

0

current bus cycle. Each pin 1is bi-
directional with RQ/, GT,/ having
higher priority than RQ/, 8T1/, RQ/,
GT/ has an internal pull-up resistor
so may be left unconnected. The
request/grant sequence is as follows:
1. A pulse of 1 CLK wide from
another processor bus master
indicates a local bus request
("hold") to the 8086 (pulse 1).
2. During the CPU's next Ty or T, a
pulse 1 CLK wide from the 8086 to
the requesting master (pulse 2),
indicates that the 8086 has
allowed the 1local bus to float
and that it will enter the "hold
acknowledge® state at the next
CLK., The CPU's bus interface
unit is disconnected 1logically
from the processor bus during
"hold acknowledge”.
3. A pulse 1 CLK wide from the re-
questing master indicates to the
8086 (pulse 3) that the "hold"
request is about to end and that
the 8086 can reclaim the proces-
sor bus at the next CLK.

Each master-master exchange of the
processor bus is a sequence of 3
pulses. There must be one dead CLK
cycle after each bus exchange. Pulses
are active LOW.

The LOCK/ output indicates that other
system bus masters are not to gain
control of the system bus while LOCK/
is active LOW. The LOCK/ signal is
activated by the "LOCK" prefix in-
struction and remains active until the
completion of the next instruction.
This signal is active LOW, and floats
to 3-state OFF in "hold acknowledge".

QS, and QSO provide

status to allow external tracking of
the interal 8086 instruction queue.
sy Qs

0 0 No Operation

0 1 First Byte of Op Code from

Queue
1 0 Empty the Queue
1 1 Subsequent Byte from Queue

The queue status is valid during the
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MN

CLK cycle after which the queue opera-
tion is performed.

The purpose of the pin is to allow the
8086 to perform in either of two
modes: MINIMUM or MAXIMUM. Several
pins assume totally different func-
tions when the mode changes. The pin
descriptions given above are valid
only in MAXIMUM mode.
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Device Pin Functions: 8284 CLOCK DRIVER

Signal
Name

MASTER-
LOCKMASTER-

XACK+
LOCRDY+

READYSYNC

The 8284 1is a bipolar clock generator/driver
designed to provide clock signals for the 8086
and peripherals. It also contains READY logiec
for operation with two MULTIBUS systems and
provides the processors required READY
synchronization and timing. Reset 1logic with
hysteresis and synchronization is also provided.

Pin

Name I/0 Function

VCcC +5V supply

GND Ground

AEN1/ I ADDRESS ENABLE. AEN/ 1is an
active

AEN2/ LOW signal. AEN1/ serves to
qualify its respective Bus Ready
Signal (RDY1 or RDY2). AEN1/
validates RDY1 while AEN2/
validates RDY2. Two AEN signal
inputs are useful in system
configurations which permit the
processor to access two Multi-
Master System Busses. In non
Multi-Master configurations the
AEN/ signal inputs are tied true
(LOW).

RDY1 I BUS READY (Transfer Complete).
RDY

RDY2 is an active HIGH signal which is
an indication from a device
located n the system data bus
that data has been received, or
is available. RDY1 is qualified
by AEN1/ while RDY2 is qualified
by AEN2/.

READY 0 READY. READY is an active HIGH

signal which is the synchronized
RDY signal input. Since RDY
occurs asynchronously with
respect to the clock (CLK) it may
be necessary for them to be
synchronized before being
presented to the 8284, READY is
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X1

X2
TNK

cleared after the guaranteed hold
time to the processor has been
met.

CRYSTAL IN. X1 and X2 are the
pins to

which a crystal is attached

TNK (TNK) serving as the overtone
input. The crystal frequency is
3 times the desired processor
clock frequency.

FREQUENCY/CRYSTAL SELECT. F is a
strapping option. When strapped
LOW, F permits the processor's
clock to be generated by the
crystal. When F is strapped
HIGH, CLK is generated from the
EFI input.
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MEMCLK+

PCLOCK+

PUPCLR+

EFI

CLK

PCLK

0SC

RES/

RESET

CSYNC

EXTERNAL FREQUENCY IN. When F is
strapped HIGH, CLK is generated
from the input frequency
appearing on this pin. The input
signal is a square wave 3 times
the frequency of the desired CLK
output.

PROCESSOR CLOCK. CLK 1is the
clock output by the processor and
all devices which directly
connect to the processor's 1local
bus (i.e., the bipolar support
chips and other MOS devices).
CLK has an output fregency which
is 1/3 of the crystal or EFI
input frequency and a 1/3 duty
cycle. An output HIGH of 4.5
volts (V c=5V) is provided on
this pin go drive MOS devices.

PERIPHERAL CLOCK. PCLK is a TTL
level ©peripheral clock signal

whose output frequency 1is 1/2
that of CLK and has a 50% duty

cycle.

OSCILLATOR OUTPUT. O0SC 1is the
TTL level output of the internal
oscillator circuitry. Its
frequency is equal to that of the
crystal.

RESET IN. RES/ is an active LOW
signal which is used to generate
RESET. The 8284 provides a
Schmitt trigger input so that an
RC connection can be used to
establish the power-up reset of
proper duration. :

RESET. Reset 1is an active HIGH
signal which is used to reset the
8086 family processors. Its
timing characteristics are
determined by RES/.

CLOCK SYNCHRONIZATION. CSYNC is
an active HIGH signal which
allows multiple 8284's to be
synchronized to provide clocks
that are in phase. When CSYNC is
HIGH the internal counters are
reset. When CSNYC goes LOW the
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internal counters are allowed to
resume counting. CSYNC needs to
be externally synchronized to
EFI. When using the internal
oscillator CSYNC should be
hardwired to ground.
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Device Pin Functions:

Signal
Name

PCLOCK+

PLOCK-

8289 BUS ARBITER

The 8289 Bus Arbiter, a 20-pin bipolar component

for

use

medium to large 8086

multimaster/multiprocessing systems, provides bus

arbitration as

well as bipolar buffering and

drive capability.

Pin

Name

ce
GND

S0/

S1/
S2/

CLK

LOCK/

CRQLCK/

RESB

1/0

Function

+5V supply = 10%
Ground

STATUS INPUT PINS: These pins

are the
status input pins from an 8086
processor. The 8289 decodes

these pins to initiate bus
request and surrender actions.

CLOCK: This is the clock from
the 8284 clock chip and serves to

establish when bus arbiter
actions are initiated.

LOCK: LOCK/ 1is a processor-
generated signal which when

activated (low) serves to prevent
the arbiter from surrendering the
multi-master system bus to any
other bus arbiter, regardless of
its priority.

COMMON REQUEST LOCK: CRQLCK/ is
an active low signal which serves
to prevent the arbiter from
surrendering the multi-master
system bus to any other bus
arbiter requesting the bus
through the CBRQ/ input pin.

RESIDENT BUS is a strapping
option to configure the arbiter
to operate in systems having both
a multi-master system bus and a
Resident Bus. When it is
strapped high the multi-master
system bus is requested or
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ANYRQST

I0B/

AEN/

SYSB

I

surrendered as a function of the
SYSB input pin. When it 1is
strapped low the SYSB input is
ignored.

ANYRQST is a strapping option
which permits the multi-master
system bus to be surrendered to a
lower priority arbiter as though
it were an arbiter of higher
priority (i.e., when a lower
priority arbiter requests the use
of the multi-master system bus,
the bus is surrendered as soon as
it is possible). Strapping CBRQ/
low and ANYRQST high forces the
8289 arbiter to surrender the
multi-master system bus after
each transfer cycle. Note that
when surrender occurs BREQ is
driven false (high).

I0 BUS: I0B/ 1is a strapping
option which configures the 8289
Arbiter to operate 1in systems
having both an I0 Bus (Peripheral
Bus) and a multi-master system
bus. The arbiter requests and
surrenders the use of the multi-
master system bus as a function
of the status 1line, S2/. The
multi-master system bus is
permitted to be surrendered while
the processor 1is performing 1I0
commands and is requested
whenever the processor performs a
memory command. Interrupt cycles
are assumed as coming from the
peripheral bus and are treated as
would be an IO command.

ADDRESS ENABLE, AEN/ is the
output of the 8289 Arbiter to the
processor's address latches, to
the 8288 Bus Controller and 8284
Clock Generator. AEN/ serves to
instruct the Bus Controller and
address latches when to tri-state
their output drivers.

SYSTEM BUS, NOT RESIDENT BUS.
SYSB is an input signal when the
arbiter is configured in the S.R.
Mode (RESB is strapped high)
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CBRQ-

CBRQ/

I/0

which serves to determine when
the multi-master system bus
surrendering 1is permitted. The
signal is intended to originate
from some form of address mapping
circuitry such as a decoder or
PROM attached to the resident
address bus. Signal transitions
and glitches are permitted on
this pin from @1 of T4 to @1 to
T2 of the processor cycle.
During the period from @1 of T2
to @1 of TY only clean
transitions are permitted on this
pin (no glitches). If a glitch
does occur the arbiter may
capture or miss it and the multi-
master system bus maybe requested
or surrendered, depending upon
the state of the glitch. The
arbiter requests the multi-master
system bus in the S.R. Mode when
the state of the SYSB pin is high
and permits the bus to be surren-
dered when this pin is low.

COMMON BUS REQUEST. CBRQ/ is an
input signal which serves to
instruect the arbiter if there are
any other arbiters of lower
priority requesting the use of
the multi-master system bus. The
CBRQ/ pins (open=collector
output) of all the 8289 Bus
Arbiters which are to surrender
the multi-master system bus upon
request are connected together.
The Bus Arbiter running the
current transfer cycle will not
itself pull the CBRQ/ line low.
Any other arbiter connected to
the CBRQ/ 1line can request the
multi-master system bus. The
arbiter presently running the
current transfer cycle drops its
BREQ/ signal and surrenders the
bus whenever the proper surrender
conditions exist. Strapping
CBRQ/ low and ANYRQST high allows
the multi-master system bus to be
surrendered after each transfer
eycle. See the pin definition of
ANYRQST.
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RESET-~

BCLK~

BREQ-

BPRN-

BPRO-

BUSY -

INIT/

BCLK/

BREQ/

BPRN/

BPRO/

BUSY/

I/0

INITIALIZE: INIT/ is an active
low multi-master system bus input
signal which is used to reset all
the bus arbiters on the multi-
master system bus. After
initialization, no arbiters have
the wuse of the multi-master
system bus.

BUS CLOCK: BCLK/ is the multi-
master system bus clock to which
all multi-master system bus
interface signals are
synchronized.

BUS REQUEST: BREQ/ is an active
low output signal in the parallel
Priority Resolving Scheme which
the arbiter activates to request
the use of the multi-master
system bus.

BUS PRIORITY IN: BRPN/ 1is the
active low signal returned to the
arbiter to instruct it that it
may acquire the multi-master
system bus on the next falling
edge of BCLK. BPRN/ indicates to
the arbiter that it is the
highest priority requesting
arbiter presently on the bus.
The loss of BPRN/ instructs the
arbiter that it has loss priority
to a higher priority arbiter.

BUS PRIORITY OUT: BPRO/ 1is an
active low output signal which is
used in the serial priority
resolving scheme where BPRO/ is
daisy chained to BPRN/ of the
next lower priority arbiter.

BUSY/ 1is an active 1low open
collector multi-master system bus
interface signal which is used to
instruct all the arbiters on the
bus when the multi-master system
bus is available. When the
multi-master system bus is
available the highest requesting
arbiter (determined by  BPRN/
seizes the bus and pulls BUSY/
low to keep other arbiters off of
the bus. When the arbiter is
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done with the bus it releases the
BUSY/ signal permitting it to go
high and thereby allowing another
arbiter to acquire the mulit-

master system bus.
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Device Pin Funct

Signal Pin

ions: 8288 BUS CONTROLLER

The Intel 8288 Bus Controller is a 20-pin bipolar
component for use with medium-to-large 8086
systems. The bus controller provides command and
control timing generation as well as bipolar bus
drive capability while optimizing system perfor-
mance.

Name Name 1/0 Funetion

- VCC
-- GND
SO~ S0/
S1=- S1/
S2- S2/

PCLOCK+ CLK

ALE+ ALE

DEN+ DEN

DT+ DT

+5V supply.
Ground.

I STATUS INPUT PINS: These pins are
the
status input pins from the 8086,
8088
or 8089 processors. The 8288
decodes these inputs to generate
command and control signals at the
appropriate time, When these pins
are not in use (passive) they are
all HIGH.

I CLOCK: This is a clock signal from
the 8284 clock generator and serves
to establish when command and
control signals are generated.

0 ADDRESS LATCH ENABLE: This signal
serves to strobe an address into the
address latches. This signal is ac-
tive HIGH and latching occurs on the
falling (HIGH to LOW) transition.
ALE is intended for use with
transparent D type latches.

0 DATA ENABLE: This signal serves to
enable data transceivers onto either
the local or system data bus. This
signal is active HIGH.

0 DATA TRANSMIT/RECEIVE: This signal
establishes the direction of data
flow through the transceivers. A
HIGH on this line indicates Transmit
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IOW-

IOR-

MW -

MR-

LINTA-

AEN/

CEN

I0B

IOWC/

IORC/

MWTC/

MRDC/

INTA/

(write to I/0 or memory) and a LOW
indicates Receive (Read).

ADDRESS  ENABLE: AEN/  enables
command outputs of the 8288 Bus
Controller at least 105 ns after it
becomes active (LOW). AEN/ going
inactive immediately 3-states the
command output drivers. AEN/ does
not affect the I/0 command lines if
the 8288 is in the I/0 Bus mode (IOB
tied HIGH).

COMMAND ENABLE: When this signal is
LOW all 8288 command outputs and the
DEN and PDEN/ control outputs are
forced to their 1inactive state.
When this signal is HIGH, these same
outputs are enabled.

INPUT/OUTPUT BUS MODE: When the IOB
is strapped HIGH the 8288 functions
in the I/0 Bus mode. When it is
strapped LOW, the 8288 functions in
the System Bus mode.

I/0 WRITE COMMAND: This command
line instructs an I/0 device to read
the data on the data bus. This
signal is active LOW.

I/0 READ COMMAND: This command line
instructs an I/0 device to drive its
data onto the data bus. This signal
is active LOW.

MEMORY WRITE COMMAND: This command
line instructs the memory to record
the data present on the data bus.
This signal is active LOW.

MEMORY READ COMMAND: This command
line instructs the memory to drive
its data onto the data bus. This
signal is active LOW.

INTERRUPT ACKNOWLEDGE: This command
line tells an interrupting device
that its interrupt has been
acknowledged and that it should
drive vectoring information onto the
data bus, This signal 1is active
LOW.
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MCE+

MCE
or
PDEN/

AMWC/

AIOWC/

This is a dual function pin.

MCE (IOB is tied LOW): Master
Cascade Enable occurs during an
interrupt sequence and serves to
read a Cascade Address from a master
PIC (Priority Interrupt Controller)
onto the data bus. The MCE signal
is active HIGH.

PDEN/ (10B is tied HIGH):
Peripheral Data Enable enables the
data bus transceiver for the I/0 bus
during 1/0 instructions. It
performs the same function for the
I/0 bus that DEN performs for the
system bus. PDEN/ is active LOW.

ADVANCED MEMORY WRITE COMMAND: The
AMWC/ issues a memory write command
earlier in the machine cycle to give
memory devices an early indication
of a write instruction. Its timing
is the same as a read command
signal. AMWC/ is active LOW.

ADVANCED I/0 WRITE COMMAND: The
AIOWC/ issues an I/0 Write Command
earlier in the machine cycle to give
I/0 devices an early indication of a
write instruction. Its timing 1is
the same as a read command signal.
AIOWC/ is active LOW.
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Device Pin Functions: 8237-2 DMA CONTROLLER

Signal

Name

DMAC-

The 8237-2 Mulimode Direct Memory Access (DMA)
Controller is a peripheral interface circuit for
microprocessor systems. It is designed to im-
prove system performance by allowing external
devices to directly transfer information to or
from the system memory. The 8237-2 offers a wide
variety of programmable control features to
enhance data throughout and system optimization
and to allow dynamic reconfiguration under
program control.

The 8237-2 is designed to be used in conjunction
with an external 8-bit address register such as
the 8282. It contains four independent channels
and may be expanded to any number of channels by
cascading additional controller chips. The three
basic transfer modes allow programmability of
types of DMA service by the user. Each channel
can be individually programmed to Autoinitiale to
its original condition following an End of Pro-
cess (EOP).

Each channel has a full 16 bit address and word
count capability.

The 8237-2 is a 5 MHz selected version of the
standard 3 MHz 8237.

Pin

Name I/0 Funection

VCC +5 volt supply

GND Ground

CLK I CLOCK controls the internal
operations of the 8237 and its
rate of data transfers. The
input may be driven at up to 3
MHz for the standard 8237 and up
to 5 MHz for the 8237-2.

cS/ I CHIP SELECT 1is an active 1low

input used to select the 8237 as
an I/0 device during the idle
cycle, This allows CPU
communication on the data bus.
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RESET+

SLAVERQ+
SIORQ+

DISKRQ+
VIDRQ+

IOBO+

IOBT7+

RESET

READY

HLDA

DREQO
DREQ1

DREQ2
DREQ3

DBO

DB7

I RESET is an asynchronous active
high input which clears the
Command, Status, Request and
Temporary registers. It also
clears the first/last flip/flop
and sets the Mask register.
Following a Reset the device is
in the Idle cycle.

I READY is an input used to extend

the memory read and write pulses
from the 8237 to accommodate slow
memories or I/0 peripheral
devices.

I HOLD ACKNOWLEDGE indicates that

control of the system buses has
been relinquished.

I DMA REQUEST lines are individual

asynchronous channel request
inputs
used by peripheral circuits to
obtain
DMA service. In Fixed Priority,

DREQO has the highest priority
and DREQ3 has the lowest
priority. A request is generated
by activating the DREQ line of a
channel. DACK will acknowledge
the recognition of DREQ signal.
Polarity of DREQ 1is program-
mable. Reset 1initializes these
lines to active high. DREQ must
be maintained until the
corresponding DACK goes active.

I/0 DATA BUS lines are bidirectional
three-state signals connected to
the
system data bus. The outputs are
enabled in the Program Condition
during the I/0 Read to output the
contents of an Address register,
a Status register, the Temporary
register or a Word Count register
to the CPU, The outputs are
disabled and the inputs are read
during an I/0 Write cycle when
the CPU is programming the 8237
control registers. During DMA
cycles the most significant 8
bits of the address are output
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EOP-

IOR/

I0W/

EOP/

I/0

I/0

I1/0

onto the data bus to be strobed
into an external latch by ADSTB.

I/0 READ is a Dbidirectional
active low three-state line. 1In
the Idle cycle, it is an input
control signal used by the CPU to
read the control registers. In
the Active cycle, it is an output
control signal used by the 8237
to access data from a peripheral
during a DMA Write transfer.

I/0 WRITE is a bidirectional
active low three-state line. 1In
the Idle cycle, it is an input
control signal used by the CPU to
load information into the 8237.
In the Active cycle, it 1is an
output control signal used by the
8237 to load data to the peri-
pheral during a DMA Read
transfer.

END OF PROCESS is an active low
bidirectional signal.
Information concerning the
completion of DMA services is
available at the bidirectional
EOP/ pin. The 8237 allows an
external signal to terminate an
active DMA service. This 1is
accomplished by pulling the EOP/
input low with an external EOP/
signal. the 8237 also generates
a pulse when the terminal count
(TC) for any channel is
reached. This generates an EOP/
signal which 1is output through
the EOP/ Line. The reception of
EOP/, either internal or
external, will cause the 8237 to
terminate the service, reset the
request, and, if Autoinitialize
is enabled, to write the base
registers to the current
registers of that channel. The
mask bit and TC bit in the status
word will be set for the
currently active channel by EOP/
unless the channel is programmed
for Autoinitialize. In that
case, the mask bit remains
clear. EOP/ should be tied high
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DMAAO

DMAA3

DMAAL

DMAAT

SLAVE-

DISKACK~
VIDACK-

ADSTB+

AO

A3

A4

AT

HRQ

DACKO
DACK1
DACK?2
DACK3

AEN

ADSTB

I/0

with a pull-up resistor if it is
not used to prevent erroneous end
of process inputs.

AO-A3, the four LEAST SIGNIFICANT
ADDRESS LINES, are bidirectional
three-state ports. In the Idle
cycle they are inputs and are
used by the 8237 to address the
control register to be loaded or
read. In the Active cycle they
are outputs and provide the lower
4 bits of the output address.

A4-AT7, the four MOST SIGNIFICANT
ADDRESS LINES, are three-state
outputs

and provide 4 bits of address.
These 1lines are enabled only
during the DMA service.

HOLD REQUEST to the CPU is used
to request control of the system
bus. If the corresponding mask
bit is clear, the presence of any
valid DREQ causes the 8237 to
issue the HRQ. After HRQ goes
active at least one clock cycle
(TCY) must occur before HLDA goes
active,

There is one DMA ACKNOWLEDGE out-
put for each of the four indepen-
independent DMA channels. This
signal notifies the peripheral(s)
on a given channel when a DMA
cycle has been granted. The
sense of these lines is program-
mable. Reset initializes them to
active low.

ADDRESS ENABLE: This output
enables the 8-bit latch
containing the upper 8 address
bits onto the system address
bus. AEN can also be used to
disable other system bus drivers
during DMA transfers. AEN 1is
active HIGH.

ADDRESS STROBE facilitates exter-
nally latching the upper address
byte.
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MEMR/

0

MEMORY READ is an active 1low
three-state output used to access

data from the selected memory
location during a DMA Read.
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MEMW/

0

MEMORY WRITE is an active low
three-state output used to write
data to the selected memory
location during a DMA Write.
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Device Pin Functions: 8259A INTERRUPT CONTROLLER

IOW-

IOR-

IOB7+

10BO+

Pin

The 8259A Programmable Interrupt Controller
handles up to eight vectored priority interrupts
for the CPU. It is cascadable for up to 64 vec-
tored priority interrupts without additional
circuitry. It is packaged in a 28-pin DIP, uses
NMOS technology and requires a single +5V
supply. Circuitry is static, requiring no clock
input.

The 8259A is designed to minimize the software
and real time overhead in handling multi-level
priority interrupts. It has several modes, per-
mitting optimization for a variety of system
requirements.

Name I/0 Funection

vCC
GND
CS/

WR/

RD/

D7

DO

+5 volt supply.
Ground.

I CHIP SELECT: A LOW on this input
enables the 8259A. No reading or
writing of the chip will occur
unless the device is selected.

I WRITE: A LOW on this input
enables the CPU to write control
words (ICWs and OCWs) to the
8259A.

I READ; A LOW on this 1input
enables the 8259A to send the
status of the Interrupt Request
Register (IRR), In Service
Register (ISR), the Interrupt
Mask Register (IMR), or the
Interrupt 1level onto the Data
Bus.

I/0 DATA: A 3-state, bidirectional
8-bit buffer is used to interface
the 8259A to the system Data Bus.
Control words and status informa-
tion are transferred through the

Data Bus Buffer.

4 - 79



CAS2+
CAS1+
CASO+

DEN59 -

LAY+

CAS2
CAS1
CASO

Sp/

INT

IR7

IRO

INTA/

I/0

1/0

COLUMN ADDRESS STROBE: These
pins are
outputs when the 8259A is used as

a
master and inputs when the 8259A

is used as a slave. As a master,
the 82594 sends the ID of the
interrupting slave device onto
the CASO-2 lines. The slave thus
selected will send its
preprogrammed subroutine address
onto the Data Bus during the next
one or two consecutive INTA/
pulses.

SLAVE PROGRAM or ENABLE is a dual
function pin. When in the
buffered mode this pin is ENABLE,
which serves as an output
suitable for the control input,
of buffer transceivers. When not
in the buffered mode, this pin
functions as SLAVE PROGRAM an
input used to designate a slave
(LOW) or a master (HIGH).

INTERRUPT goes directly to the
CPU interrupt input. The Vpy
level or this line is designed to
be compatible with the 8086.

The interrupts at the IR input
lines

are handled by two registers in
cascade, the Interrupt Request
Register (IRR) and the In-Service
(ISR). The IRR is used to store
all the interrupt 1levels which
are requesting service, and the
ISR is used to store all the
interrupt levels which are being
serviced.

INTERRUPT ACKNOWLEDGE pulses will
cause the 8259A to release
vectoring information onto the
data bus. The format of this
data depends on the system mode
of the 8259A.

This input signal 1is wused in
conjuction with WR/ and RD/
signals to write commands into
the various command registers, as
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well as reading the various
status registers of the chip.
This line can be tied directly to
one of the address lines.
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5. I/0-MEMORY BOARD

OVERVIEW

The I/0-memory board 1is one of two mandatory
boards which plug into the mainframe motherboard
to implement the minimum-configuration
mainframe. It contains main RAM plus control
circuitry for all the I/0 facilities except for
the video logic and the mass storage subsystem.

OPERATION BY LOGIC BLOCK

Figure 5-1, shows how the major logic blocks
relate to each other and how they participate in
the flow of data on this board. The primary
reference, however, is the schematics at the end
of this chapter. As in the previous chapter,
frequent references are made to schematic page
and zone numbers.
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The RAM Array

The 7 address 1lines of the RAM ICs are
multiplexed, so that 14 address bits can be
represented with 7 pins. The chip is organized
as a square matrix of 128 rows x 128 columns.
Each row/column combination gives the address of
1 bit, or cell of memory.

The RAS- (row address strobe) signal has two
functions: it latches the row address on the 7
address pins and it accesses the specified row of
128 cells. the CAS- (column address strobe)
signal also has two functions: it latches the
column address, and performs the data operation,
read or write, on the one cell specified by the
column address of the 128 cells already accessed
by RAS-. A write cycle is caused if the WE- pin
is asserted at the leading edge of CAS-. The
write data at the data input pin of the chip is
latched by the leading edge of CAS-. A read
cycle is caused if the WE- pin is inactive at the
leading edge of CAS-. The read cycle causes the
data from the selected cell to be driven on the
chip's output pin.

The memory chips used are dynamic RAMs. Data is
stored in parasitic capacitance that must be re-
charged every 2 milliseconds to prevent leakage
from destroying the contents of the memory.

Each time RAS- is asserted the entire 128-cell
row corresponding to the state of the address
pins is accessed. Whenever the cell is accessed
it is re-charged.

In order to insure that all cells of the chip are
refreshed (re-charged) every 2 milliseconds there
is special refresh circuitry on the processor and
I/0 Memory boards. This circuitry works by
issuing a RAS- every 12.8 microseconds and
causing a counter to generate each different row
address. CAS- is not issued during refresh, so
no data is transferred.

64K RAMs work similarly to the 16K RAMs, except
that there are sixteen address bits (one of the
power supply pins of the 16K RAM being used as
the extra address pin required for the 64K part)
and the array is 256 rows of 256 columns.

The RAM array (p1) on the I/0 Memory board is
organized as U4 banks of 18 chips each. Each bank
of 18 chips corresponds to a word. Because the
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memory can be accessed a byte at a time, each
byte has its own parity bit. So one word 1is
represented as two 9-bit "bytes".

All 72 chips in the array have the same RAS-
signal. Bank selection is done by asserting only
one of the CAS- signals (CASO-, CAS1-, CAS2-,
CAS3-,). the data-in and data-out pins of each
chp are tied together, making a bidirectional
data bus (RADO+ - RADF+). Each data bus bit is
connected to 4 chips, consisting of the
corresponding bit of each word in all 4 banks.
The parity bits HIP+ (high-byte parity) and LOP+
(low=byte parity) are connected in the same
fashion. The seven address pins (MAD1+ - MADT+
are connected in parallel to all 72 chips. The
signal MAD8+ is an address bit if 64K RAMS are
used but is conneced to +5 at jumper E-F (p2zB6)
for 16K chips. There are two write enable
signals, RAHIWE- (high or odd byte write enable)
and RALOWE- (low or even byte enable) which cause
writing in either the low byte, the high byte, or
both. Again, for writing, CAS- selects the
particular bank written. Each write enable
signal goes to 36 RAM chips.

The RAS- and CAS- signals for read, write and
refresh are generated in the memory control of
the processor board. When they come on to the
I/0 Memory board they are called RARAS- (RAM
array RAS) (p2zD8) and CASO- to CAS3- (p1z08),
corresponding to banks 0 through 3. At 15H-11
(p2zB5), RARAS- is gated so that only refreshes
and accesses to the I/0 Memory board (as opposed
to the RAM expansion board) generate the signal
BD1RAS-. BD1RAS- connects to the RAS- pins of
the RAM IC's. RFG- indicates a refresh is in
progress and BD1RAM- (from the processor board)
indicates the I/0 Memory board RAM 1is being
addressed.

There are three sources for the address driven on
the RAM chip address pins, the row address (15G
(p2zA7)), the column address (14G (p2zB7)), and
the refresh row (15F (p2zCT7)). The selection of
which address driver is enabled is made by the
high speed decoder consisting of 14E-6, 8, 11,
13H-11 and 14H-4 and 13 (p2zAT). The RFGO-
signal, when active, enables 15F and disables 14G
and 15G. The COLMP- (column multiplex) signal
causes the row driver (15G) to disable and the
column driver (14G) to enable. COLMPX- and RFGO-
come from the RAM controller on the processor
board. RFDONE- from the processor board
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indicates that a refresh cycle has completed and
causes the refresh address counters 13F and 14F
(p2zCT) to increment.

Data to and from the RAM array is bufferred from
the MEM bus (MEMO+ - MEMF+) by the transceivers
at 10E (p2zD4) and 11E (p2zC4). The direction of
the transceivers 1is established by the signal
READ- which is a bufferred MR- (memory read)
signal. The enable for the high (odd) byte
driver is HIEN- and for the low (even) byte is
LOEN-. HIEN- is asserted when the I/0 Memory
board RAM is addressed (BD1RAM- asserted at 13E-3
(p12zA6)) and either a read is in progress (MR-
active) or the high-order byte write enable is
active (RAHIWE- ). LOEN- is asseted when the I/0
Memory board RAM is addressed and either a read
is in progress or the low-order byte write enable
is active (RALOWE-).

Disk Control Interface (DCI)

The disk control interface drives and receives
the signals that interface the mainframe to the
mass storage subsystem.

During I/0 write (IOW-) the latching drivers at
9F and 9H (p3zB4) latch output data. This is
done by the BIOW- (buffered IOW-) signal from 6H-
3, inverted at 5F-12 (p3zC4). After a delay by
R11, C6, and 5F-8, the buffer 6H-16 (p3zB4) makes
WRSTB~ (write strobe) which goes to the disk
controls located in the mass storage subsystem.
After another delay by R10, R32, C5, and 5F-6
(p3zC6), the data is driven to the disk controls
by 9F and 9H (p3zB4) (BUSO+ - BUSF+). The delays
ensure enough data hold and setup time on BUSO+ -
BUSF+ for the MOS floppy disk controller.

IOR- is buffered at 6H-12 (p3zB4) to make BIOR-
(buffered I/0 read). The gate at 10G-6d (p3zB5)
enables the BUS to MEM drivers (8F and 8H
(p32zC4)) and sends a RDSTB- (read strobe) to the
disk controls. 10G-6 is asserted when BIOR- is
present and one of the disk controls is addressed
(DCI1= or DCI2- active) or disk DMA is active
(DISKACK- active). The address decodes, DCI1-
and DCI2-, are ORed at S5H-11 (p3zA7) and then
they are ORed with DISKACK+ at U4E-13. DISKACK-
comes from the DMA logic on the processor board.

The BMR- (buffered memory read) signal at 13H-3
(p3zA3) goes to the disk controls to synchronize
their DMA requests. It is a bufferred copy of



MR"’ °

The CNTRL- signal to the disk controls is used to
address the control and status registers of the
disk controls, rather than the data registers.
It is asserted by gate 5H-8 (p3zA6) when DMA is
not in progress (DISKACK- 1inactive) and local
address bit LA1+ is high.

The DREQ- (DMA request) signal from the disk
controls is buffered at 5F-10 (p3zB5) to make
DISKRQ+ which goes to the DMA logic of the CPU
board.

The INRQ- (interrupt request) signal from the
disk controls causes a level-7 interrupt (INT7-)
when gate 3C-U4 (p3zB6) is asserted.

The signal ACK- is a bidirectional acknowledge
signal between the DCI and the disk controls.
During DMA cycles, DISKACK- from the processor
board causes gate 5H-3 (p3zA6) to assert ACK-.
The disk controls wuse this as their DMA
acknowledge. During non-DMA activity, the disk
controls assert ACK- whenever they are addressed
(DCI1- or DCI2- active). If a disk control does
not assert ACK- when addressed, gate 5H-6 (p3zA6)
will cause DCIRDY+ to go false. This causes a
bus timeout in the ready logic of the processor
board.

The signal EOP- (end of process) from the DMA
logic of the processor board indicates that a DMA
block is complete. This is buffered at 6H=18
(p3zBlY) to generate BEOF- which goes to the disk
controls. '

The two disk control I1I/0 address decodes, DCI1-
and DCI2- are buffered at 6H-5, -7 (p3zB4) to
generate SELW- (select winchester) and SELF-
(select floppy) for the disk controls.

Inputting from port 74, used for diagnostics,
causes the most recent 16 bits of information
outputted (IOW- active) to be echoed. This is
used to check the BU80+ - BUSF+ drivers and
receivers. WRAPDCI+ is asserted at 13H-8 (plzC3)
when port T4 is read (IOR- active, DC12- active,
LA2+ active). At 6H-19 (p3zB4), WRAPDC1+ causes
the SELF- signal to be disabled to prevent the
floppy control from driving BUSO+ - BUSF+ during
the input from 74. In addition, 6H-19 causes 6H-
9 to be disabled, which in turn causes the DCI
drivers 9F and 9H (p3zB4) to be enabled, driving
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BUSO+ - BUSF+. Through the normal mechanism of
reading the disk control ports, gate 10G-6
(p3zB5) causes the data on BUSO+ -~ BUSF+ to be
driven onto MEMO+ - MEMF+.

When the power fail detect circuit has detected
an error, the POWEROK- signal will go inactive.
This causes driver IC-9 (p3zC2) to make the ENBL=-
signal to the disk controls inactive, disabling
the disk controls.

I/0 Address Decode

The I/0 Control

The 1I/0 address decode 1logic generates the
signals shown in Figure 5-2. 12E-8 (pl4zBU4) ORs
several of the decodes to generate FASTIO+.
FASTIO+ is wused on the processor board to
indicate that the addressed I/0 device does not
require wait states. For all other I/0 device
addresses, IOBCS+ goes active at 13G-6 (plzB3).
This does two things on the processor board. It
causes wait states for the I/0 instructions that
refer to those devices, and for input
instructions it causes the data to come from the
I/0 bus (IOBO+ - IOB7+) instead of directly from
the MEM bus.

Register (IOCR)

The IOCR and 1its associated 1logic control the
several reasons for generating level-4 interrupts
and non-maskable interrupts. The IOCR is also
used to control parity, memory write protect, and
Multibus I/0 addressing. The IOCR consists of
drivers 11F and 11H, latch 10H, and flip-flops
9G-9, 9G-5, 8G-9, 7G-9 and 6F-9 (p5). The high-
order 8 bits of IOCR, corresponding to MEM8+ -
MEMF+ are control bits, and the low-order 8 bits
corresponding to MEMO+ - MEM7+ are status bits.
The control bits are loaded into register 10H
from MEM8+ - MEMF+ when there is an output (IOW-)
to the IOCR I/0O address as described in the I/0
address decode section. The register can be read
back when ICTLRDC- goes active (IOR- and IOCR
address) causing the driver at 11H to drive the
TOCR contents onto MEM8+ - MEMF+. Simultaneously
ICTLRDC- causes the IOCR status bits to be driven
onto MEMO+ - MEM7+ through 11F.



Signal name Address Strobe Source Device Addressed

PCICS 38-3F none 12G-T7 (phzB5) 8251A USART

COMMIA- 30-~37 none 12G-9 (plzB5) SI0 Interrupt
Acknowledge

TIMERCS-~ 28-2F none 12G-10 (pld4zB5) 8253 Programmable
Timer

PICCS- 20=-27 none 12G-11 (plzB5) 8259A Interrupt
Controller

DCI1 78-TF none 12F-7 (pl4zA5) Hard disk control

DCI2-~ T70-77 none 12F-9 (pldzA5) Floppy disk control

DMACTCS- 68-6F none 12F-10 (plzA5) DMA Extended Address
Register

COMMF - 60-67 none 12F=11 (plzA5) Comm Extended Control
Register

GACCS- 58-~5F none 12F-12 (plzAs) Video Global
Attribute Register

COMMS- 48-Uf none 12F-14 (plzA5) SIO communication
chip

PPICS- Uo-47 none 12F-15 (plzA5) The LEDs/Speaker/and
switches

LPTRDC 50-51 I0R- 11G-4 (pldzB3) Line printer status

RDLOPEA- 52-53 IOR- 11G-5 (pl4zB3) Low order parity
error address

RDHIPEA- 54-55 I0R- 11G-6 (pld4zB3) High order parity
error address

ICTLRDC- 56-57 IOR- 11G-7 (pl4zB3) IOCR reading

DMACS- 00=1F none 6E-8 (plzB3) 8237 DMA controller

LPTWDC- 50=-51 IOW- 11G-12 (p5zBT7) Line printer output

ICTLWDC= 56~57 IOW- 11G-9 (p5zB7) IOCR writing

WRAPDCI+ TU=T7 I0R~ 13H-8 (pl4zC3) DCI wraparound
(diagnostics)

Figure 5-2. 1I/0 Address Decode Signals



Control Bits Of The IOCR (read/write at port 56)

Bit Fe
Bit E:
Bit D:
Bit C:
Bit B:
Bit A:

PFEN+ - Power failure interrupt
enable. This bit when 1 causes PFEN+
to be asserted. When PFEN+ 1is high,
6F-13 (p5zA6) goes high, enabling flop-
flop 6F-9. If the power fail one-shot
times out, it will clock 6F-11 setting
6F-9 and causing PFINT- (6F-8) to go
active. PFINT- then causes 8E-8 (NMI+)
to be asserted, making a non-maskable
interrupt. The power fail interrupt is
removed by setting this bit to zero,
thereby clearing 6F-9.

PAREN+ - Parity interrupt enable. This
bit, when 1, enables the parity
checking circuitry on the processor
board (see its description). If the
parity checking circuitry detects an
error, it will assert PERINT+. PERINT+
will then cause a non-maskable
interrupt through inverter T7E-12 and
gate 8E-8. PERINT+ 1is cleared by
setting this bit (and PAREN+) to O.
Note that parity generation is always
enabled.

ODDP+ - 0dd ©parity generate and
check. This inverts the parity
generated and checked by the processor
board from the normal, even parity.

MBIO+ - Multibus I/0 enable. Normally
this does nothing. If a special jumper
configuration is used, it enables
Multibus I/0 addressing. See the
processor board Multibus Master mode
description.

PRINTEN+ - Printer interrupt enable.
This bit, when 1 allows the printer
interrupt flip-flop LPTINT+ (9G-9) to
be set when the BUFBUSY+ flip-flop in
the printer interface is cleared by an
acknowledge from the 1line printer.
Setting LPTINT+ causes gate 8E-6 to
assert INTUB-, making a 1level Ui
interrupt. The LPTINT+ flip-flop is
cleared by setting this bit to O.

TIMEN+ - Bus timeout interrupt
enable, This bit when 1 allows the
TIMINT+ flip-flop (g-5) to set if the
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Bit O:

Bit 8:

bus timeout logic of the processor
board detects a timeout. Setting
TIMINT+ causes 8E-8 to generate a non-
maskable interrupt (NMI+). The timeout
interrupt is cleared by setting this
bit to zero.

RTCEN+ - Real time clock interrupt
enable. This bit, when 1, allows the
RTCINT+ flip-flop (8G-9) to set at the
next RTC+ strobe (see RTC
description). Setting RTCINT+ causes
gate B8E-6 to generate a level 4
interrupt (INT4B-). Setting this bit
to 0 clears RTCINT+, clearing the Real
Time Clock interrupt.

WPEN+ - Write protect enable. This bit
enables the memory write protection
logic (see 1its description). If a
memory write protection violation
occurs, flip-flop 76-9, WPINT+ will be
set. This causes a non-maskable
interrupt (NMI+ at 8E-8). When this
bit is =zero it disables the write
protection circuitry and clears the
WPINT+ flip-flop.

Status Bits Of The IOCR (read only at port 56)

Bit
Bit
Bit 5
Bit &
Bit

7

PFINT+ (p5zAlL) - Power fail
Interrupt. This bit indicates the
status of the parity error detect line
from the processor board, see bit F
description.

PERINT+ (p52zD8) - Parity error
interrupt. This bit indicates the
status of the parity error detect line
from the processor board, see bit E
description.

TMRINT+ (p5zC3) - Programmable timer
interrupt. This bit, when one,
indicates that the programmable timer
(8253 timer 0) is causing a level U
interrupt.

MBIO+ (p5zB2) - Multibus I/0 enable.
This bit just reflects the setting of
bit C.

LPTINT+ (p5zD4) - Line printer
interrupt. This bit indicates the
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status of the 1line printer interrupt
flip-flop 9G-9. See bit B description.

Bit 2: TIMINT+ (p5zDY) - Bus timeout
interrupt. This bit indicates the
status of the Bus timeout interrupt
flip-flop 9G-5, see bit A description.

Bit 1: RTCINT+ (p5zD4) -~ Real time clock
interrupt. This bit 1indicates the
status of the Real time clock interrupt
flip-flop 8G=9. See bit 9 description.

Bit 0: WPINT+ (p52zD4) -~ Write protection
interrupt. This bit indicates the
status of the write protect interrupt
flip-flop 7G-9. See bit 8 description.

Speaker, LEDs and Switches

The resister at T7F (plzB7) is loaded with the
contents of MEMO+ - MEM7+ when an output (IOW-
active) is addressed to it (PPICS- active). The
bits in the register corresponding to MEMO+ -
MEM5+, when 0 cause LEDs CR6 -~ CR1 to light.
Bits 6 and 7 of the register affect the speaker
as follows:

Bit 7 Bit 6 Effect
0 0 Speaker not energized
0 1 Speaker oscillates at 625
Hertz
1 0 Speaker not energized
1 1 Speaker energized

The speaker is controlled by gates 10G-8 and 15H-
6 (plUzA6). Q1 is used to amplify the output of
15H-6. The driver at 1A (pl4zD2) is enabled when
an input is done (IOR- active) and it |is

addressed (PPICS- asserted). It causes the
setting of the 8 bit dip switch at 2A (pldzCT7) to
be read.

Programmable Timer

The chip at 2D (pl4zC5) is an 8253 programmable
timer chip. It is programmed, via the I/0 bus
(I0BO+ - IOB7+) when its chip select pin is
active (2D-21) and IOR- or IOW- is active. The
local address bits LA1+ and LA2+ select the
internal register to be read (IOR-) or written
(IOW-). Counter 1 and 2 of the 8253 are used as
programmable baud rate timers to divide the
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1.23MHZ+ output of the communications oscillator
and make C1CLK+ (counter one clock) for comm
channel B and C2CLK+ (counter two clock) for comm
channel A. The other counter, counter 0, is used
to generate interrupts on interrupt level 3 at a
programmable rate. The input clock frequency for
counter 0 is a 19.53 KHz+ clock. It is generated
by dividing the T8KHz+ clock (from the processor
board) by 4. The output of counter 0 also goes
to the IOCR (see its description) to be read by
software.

The communications oscillator consists of 2.4576
MHz crystal Y1, R22, C7, C19, C20, and gates 3A-
8, 6D-12, and 6E-2 (plzD4). It is divided in 2
by flip-flop 7G-5 to make the inputb clock for the
baud rate generator counters in the 8253 (2D-18
and 2D-25).

Keyboard Interface

The 8251A USART (Universal Synchronous
Asynchronous Transmitter) at 1D (plzD5) is used
for communications with the keyboard
microprocessor. It is programmed using the I/0
bus (IOBO - IOBT+) when its chip select is active
at 1D-11 and IOR- or IOW- is active. Local
address bit LA1+ is used to select among the
registers within the chip. The baud rate source
for both transmitting to and receiving from the
keyboard is the 19.53KHz+ clock from counter 3D
(plzCl). The gate UE-1 asserts KBDINT- (keyboard
interrupt) when the 82514 is ready to transmit
(1D-15 high) or has received a character (1D-14
high). The jumper G-H can be cut and H-I
installed to prevent transmit interrupts.
KBDINT- 1is used in the IOCR 1logic (see its
description) to cause level 4 interrupts. Serial
data to the keyboard is driven by 1C-7 and the
data from the keyboard is received at 1C-15
(plzDl).

Line Printer Interface

As described in the address decode section, the
signal LPTWDC- goes active when an output (I0W-)
is done to the line printer I/0 address. LPTWDC-
causes the line printer data to be loaded into
the latch at 10F (p5zD5) from the MEM bus (MEMO+
- MEMT+). This drives the data lines to the
printer. LPTWDC- also clears the counter at 5E
(p5zA6), starting the "STROBE- sequence". At
least 800 nanoseconds after LPTWDC- ends, 5E-13
goes active to assert the STROBE- signal to the
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printer, causing it to accept the data from latch
10F., STROBE- then stays active for 1.6
microseconds before returning to the inactive
state. The inverter 6E-6 holds it inactive until
the next LPTWDC-. Besides strobing the printer,
STROBE- causes the BUFBUSY+ (buffer busy) flip-
flop to set at 8G-5 (p5zA6). This indicates that
data has been sent to the printer but has not
been acknowledged. The line printer acknowledges
receipt of the character by asserting LPTACK-.
LPTACK- clears the BUFBUSY+ flip-flop at 8G-1.
LPTRDC- goes active when an input (IOR-) is done
from the line printer I1I/0 address as described in
the I/0 address decode section. LPTRDC- causes
status information to be driven on MEM bus bits
MEMO+ - MEM3+. The status includes BUFBUSY+, and
three signals from the 1line printer, NOPAPER+,
LPTSELECT+, and LPTBUSY+. NOPAPER+, although not
supported on many printers, indicates that there
is no paper in the printer. LPTSELECT+ indicates
that the printer is online, and LPTBUSY+ when
asserted means that the printer is doing
something mechanical that will take several
milliseconds. The complement of BUFBUSY+ is used
in the IOCR 1logic (see 1its description) to
generate level-U4 interrupts.

Real Time Clocks

60HZ+ is a signal from the power supply that
oscillates at the line frequency. C1, C2, R6,
and gate TE-8 (p52C5) filter 60HZ+ to make RTC+
(real time clock). RTC+ goes to the IOCR logic
(see its description) at 8G-11 to generate level
4 interrupts and is also used in the power fail
detect logic.

Power Fail Detect

The one-shot at 6G-9 (p5zA6) is triggered on each
positive or negative transition of RTC+, 120 Hz
or 100 Hz depending on line frequency. If the
one-shot times out it signals the IOCR logic (see
its description) at 6F-11 (p5zA6) to cause a non-
maskable interrupt. Also the signal POWERLOK+ at
6G-10 goes to the DCI to disable the disk
controls.

Write Protection

The memory write protection logic allows the
first 32K bytes of RAM memory to be read-only.
This is used to protect the operating system from
being accidently written on. If bit 8 of the
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Communications

IOCR is one, and local address bits LAF+ - LA13+
are 0 (indicating an address in the first 32K of
RAM) the signal MWINH+ (memory write exhibit)
will go active at 12H-2 (p5zB4). The processor
board pulls down MWINH+ (it is an open collector
signal) during DMA (see the processor board DMA
description), allowing DMA writes into the first
32K. The MWINH+ signal when active prevents the
memory control on the processor board from
responding to memory write (MW-) commands. In
addition to this, if MWINH+ is active and a
memory write is attempted (MW- goes active),
flip-flop 7G-9 (WPINT+) (p5zD4) in the IOCR will
be set causing a non-maskable interrupt.

The communications logic is based on the Z80A-

S10/2. The "SIO" provides synchronous or
asynchronous serial communications channels,
channel A and channel B. In addition to the

provision of the SIO, there is a register in the
comm logic (the ECR, port 60) which is used to
augment the SIO. Channel A can operate in DMA or
programmed data transfer mode, channel B operates
in programmed data transfer mode only.

The details of the synchronous and asynchronous
protocols and signals is discussed in the
Software Interface sections of Chapter 2. The
RS232 and RS422 standards and especially the
technical manual for the Z80A-SIO0O may be
consulted for information about the protocols.

The flip-flop 2C-5 and 2C-9 and gates UD-11 and
4D-3 (p6zB6) generate a square 3.33 Megahertz
clock by dividing MEMCLK+ from the processor
board by 3. This is used as a general purpose
clock by the SIO (UF-20) (pb6zC6).

The SIO transfers its data and control
information to memory and CPU via the I/0 bus
(I0BO+ - IOBT=+).

Non-DMA Transfers Between The 8086 And The SIO

When the SIO is not doing DMA, SIOACK- (p6zC8)
will be inactive. This allows local address bits
LA1+ and LA2+ and chip select COMMS- to go
directly to the SIO pins 33, 34, and 35
respectively (pb6zD6). Pin U4F-35 selects the SI0
to communicate over IOB and pins 33 and 34,
corresponding to LA1+ and LA2+ select the

register and channel to transfer within the
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chip. Registers are read and written within the
IOR- and IOW- strobes. If either IOR- or IOW- is
active gate UC-8 will cause the IORQ- (I/0
request) pin UF=36 to go active. UA-10 is always
active when not doing DMA (SIOACK- inactive)
passing IOW- through to 4C-9.

A special case occurs when a program wishes to
issue an M1- pulse (ZB0OA interrupt acknowledge)
to the SIO0O. In that case, although the program
does an input from port 30 causing the chip
select COMMIA- (pb6zC8) to go active, the gate UD-
8 (pbzCT7) gates off the IOR- pulse.

When the SIO wishes to interrupt the 8086, it
does so by asserting its INT- pin UF-5 (p6zC6),
asserting INT1B- and causing a level 1 interrupt.

DMA Transfers Between Memory And The SIO

The SIO requests a DMA cycle by pulling down 1its
wait/ready pin UF-10. This causes inverter 3E-10
to make a DMA request (SIORQ+) to the DMA logic
of the processor board for the SIO DMA channel.
When the processor board asserts SIOACK- (SIO DMA
Acknowledge) an SIO DMA cycle starts. Gates U4C-
3, 6, and 11 (pb6zD6) cause the chip select and
addressing pins of the SIO to address the channel
A data register. The DMA logic then pulses IOR-
to read data from the SIO onto IOBO+ - IOB7+, or
pulses IOW- to write data from the bus into the
S10. The gate UA-11 causes the IOW- to be
delayed until the memory read cycle 1is going
(ENMYCYC- from the memory control on the CPU
asserted) so that the data will be on IOB when
the SIO latches it.

Programming The Extended Control Register (ECR)

The Extended Control Register (ECR), 5G and UH
(p6zA6) is read and written at port 60 (96
decimal). The low order 4 bits, corresponding to
MEMO+ - MEM3+, are read/write control bits. The
high order 8 bits are read only status bits.

The low order 4 bits are set when an output
(bufferred I/0 write, BIOW-, active) is done to
port 60 (96 decimal) (COMMF- active) causing gate
JE-4 and inverter 1C-3 to load register UH
(pbzAb). These bits are readable by inputting
(BIOR- active) from port 60 (96 decimal) (COMMF-
active) causing gate U4D-6 to enable driver TH at
pin 1 (pbzA5). At the same time the signal from
4D-6 causes the high order 8 bits of MEM (MEM8+ -

5 -~ 15



MEMF+) to be driven with the status bits from the
interface by driver 5G (p6zB6). The Extended
Control Register bits are illustrated 1in Figure

5"3 °
Multidrop Driver Control

Bit 2 of the ECR is used to control RSY422 drivers
in a multidrop environment, such as the CT
cluster. When it is 1, the XMIT+ signal goes
active. The setting of XMIT+ causes the RS422
drivers to be enabled at 1G-4. The XMIT+ signal
can also be read through bit F.

Multidrop Receive Clock Detect

For channel A, the dip switches S3 bits 1 and 2
(p6zB5) determine the source for Carrier
Detect. If switch 2 is closed Carrier Detect
comes from the RS232 receiver at 3F-8 (p6zB2).

If switch 2 1is open and switch 1 1is closed it
comes from the receiver clock detect circuit.
The receive clock detect circuit is enabled when
bit 3 of the ECR is 1. This allows the one-shot
at 6G-7 (pbzB5) to trigger as long as a receive
clock (RXCA-) is active. The output of the one-
shot goes through switch 3 to become Data Carrier
Detect for channel A (DCDA-). This feature is
used in multidrop software to rapidly determine
that the line is unused.

Baud Rate Clock Source Selection

There are four different communication clocks
used, a receive clock and transmit clock for each
channel A and channel B. Each one of these
clocks can be generated on-board, by the 8253
(see the programmable timer description), or
externally. The choice 1is made with 8 bit
dipswitch S1 (p6zD5) as follows:

5 - 16

Switch 1 bit # closed Causes

1 (pins 1 and 16) Channel A external transmit clock
2 (pins 2 and 15) Channel A external receive clock
3 (pins 3 and 14) Channel A internal transmit clock
4 (pins 4 and 13) Channel A internal receive clock
5 (pins 5 and 12) Channel B external transmit clock
6 (pins 6 and 11) Channel B external receive clock
7 (pins 7 and 10) Channel B internal transmit clock
8 (pins 8 and 9) Channel B internal receive clock



Bit Input/Output Signal Location Meaning

0 Input/Output STDB+ 4H-12 Secondary transmit data
channel B

1 Input/Output STDA+ U4H-15 Secondary transmit data
channel A

2 Input/Output U4H-16 RSU22 driver enable

3 Input/Output 4H-19 Clock detect enable

8 Input SRDB+ 5G-13 Secondary  Receive Data
channel B

9 Input DSRB- 5G-15 Data Set Ready channel B

A Input RINGB- 5G-17 Ring indicator channel B

B not used

C Input SRD A+ 5G-8 Secondary Receive Data
channel A

D Input DSRA- 5G-6 Data Set Ready channel A

E Input RINGA- 5G-11 Ring indicator channel A

F Input XMIT+ 5G-2 RSU422 driver enabled

Figure 5-3.

The Extended Control Register Bits
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See the section about the 8253 concerning the
generation of internal baud rate clocks.

Channel B Level Changers (Electrical interface)

Channel B has an RS232 interface only. The
receivers at 1H and 2H (pb6zCl4) convert RS232
signals to TTL signals. RS232 uses a negative
voltage to represent a 1 and a positive voltage
to represent a 0. The driver at 3H (pb6zD5)
converts TTL levels to RS232 levels.

Channel A Level Changers

Channel A has an RS232 or an RS422 interface.
When Jjumper plugs JP1 and JP3 (p6zB3) are
installed, the RSW22 drivers (1G) and the
receivers (1F) are used. When jumper plugs JP2
and JP4 (pbzB2) are installed, the RS232 drivers
(3G) and the RS232 receivers (2E and 3F) are
used.
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REFERENCES

Edge-Connector Pin List

Connector Ji

Pin Signal

1 MR-

2 NO PAPER+

3 LPTBUSY+

y BD1RAM-

5 GND

6 COLMPX-

7 RARAS-

8 BEOP-

9 RFGO-
10 RFDONE-
11 RAHIWE-
12 RALOWE-~
13 T8KHZ+
14 60HZ+
15
16 LPT SELECT+
17 AUDIO+
19 CAS3~
20 CAS2-
21 CAS1-
22 CASO
23 HIP+
24 LOP+
25
26 MEMF +
27 MEME+
28 MEMD +
29 MEMC+
30 MEMB+
31 MEMA+
32 MEM9 +
33 MEMS8 +
34 MEMT +
35
36 MEM6+
37 MEM5+
38 MEMUY +
39 MEM3+
Lo MEM2 +
41 MEM1+
L2 MEMO+
Lu3 LA13+
ny LAT2+
Y
46 LAT1+
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LA10+
LAF+
LAE+
LAD+
LAC+
LAB+
LAA+
LAQ+

LA8+
LAT7+
LAG+
LAS+
LAY+
LA3+
LA2+
LA+
LAO+

+12V
+12V
+12V
+12V

-12V
=12V

BMR-
+5V
+5V
+5V
+5V

Connector J5

U
[
n}

O OOIOUTEWN — |

10

Signal

+5V
+5V
+5V
+5V
=12V
-12V
GND

TCLK=~
TCLK+
RXDA-
CTSA+
RXCA+
TXCA+
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DSRA+
SRDA-
STDA-
TYXDA-
RTSA+
DTRA+
DCDA+
RINGA+
CTSB+

RXDB-
TXCB+
RXCB+
DSRB+
SRDB-
DCDB+
RINGB+
DTRB+
INTTB-

RTSB+
INT4B-
STDB-
TXDB-
INT1B-
KBD1-
SIOACK=-
SIORQ+
RDHIPEA-

KBDO-
RDLOPEA-
MW~
DISKACK-
DISKRQ+
ODDP+
ENBL-~
IOBCS+
IOR-

DCIRDY+
FASTIO+
DMACTCS-
DMACS-
IOB7+
I0B6+
I0B5+
TOBU+
TOB3+

I0B2+
IOB1+
I0BO+
DREQ-
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I0CS-
NMI+
PICCS-
MEMCLK+
LPTACK-

IOW-
EOP-
STROBE-
PERINT+
MWINH+
TO+
MBIO-
RESET-
PAREN+

ACK-
CNTRL-
SELF-
SELW-
WRSTB-
INRQ-
RDSTB-
BUSO+

BUS2+
BUSY+
BUS6+
BUS1+
BUS3+
BUS5+
BUST+
BUSE+
BUSC+

BUSA+
BUS8+
BUSF+
BUSD+
BUSB+
BUS9+
LPT1+
LPT3+
LPT5+

LPTT+
LPTO+
LPT2+
LPT6+
LPTY+
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Jumpers

Switches

Name Function

D-E 64K memory chips

E-F 16K memory chips

G-I 8251A Tx-buffer-empty
rupt enabled

G-H 8251A Tx-buffer-empty

rupt disabled

JP1 (DIP 1-8)Channel A is RS-422

JP3 (DIP 9-16) "

" "

JP2 (DIP 1-8)Channel A is RS- 232

JP4 (DIP 9-16) "

Switch 1 bit #

"

Option when closed

1 Channel A external
2 Channel A external
3 Channel A internal
Yy Channel A internal
5 Channel B external
6 Channel B external
T Channel B internal
8 Channel B internal

Programmable LED and Audio Outputs (I/0 Port

Bit Function

0 When 0 lights LED
1 When 0 lights LED
2 When 0 lights LED
3 When O lights LED
y When 0 lights LED
5 When 0 lights LED
6 & 7

