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FCC REGULATIONS

The Federal Communications Commission (FCC) of the U.S. government regulates the radio frequency
energy emanated by computing devices through published regulations. These regulations specify the limits
of radio frequency emission to protect radio and television reception. All Domain nodes and peripherals
have been tested and comply with these limits. The FCC regulations also require that computing devices
used in the U.S. display the agency’s label and that the related documentation include the following
statement.

WARNING: This equipment generates, uses, and may emit radio frequency energy and,
if not installed and used in accordance with these instructions, may cause
interference to radio communications. It has been tested and found to
comply with the limits for a Class A computing device pursuant to Subpart
J of Part 15 of FCC Rules, which are designed to provide reasonable
protection against such interference when operated in a commercial
environment. Operation of this equipment in a residential area is likely to

~cause interference, in which case the user at his own expense will be
required to take whatever measures may be required to correct the
interference.
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Preface

This manual contains interface connection and performance specification information for the Domain®
Series 3000™ and Series 4000™ Personal Workstations™. This manual is intended for Series 3000 or
4000 System Builders who require specific interface information for this equipment. Consult the Domain
Series 3000/Series 4000 Hardware Architecture Handbook for additional information.

The Domain System can include a Disk/Floppy or a Disk/Tape storage option configuration. Although
your system may not be equipped with these options, all possible devices are described in this manual.
Use only the material that pertains to your particular configuration.

This manual contains 16 chapters and one appendix arranged as follows:

Chapter 1 provides an overview of the Series 3000/Series 4000 systems, including functional descriptions
of major subassemblies.

Chapter 2 describes the AT-compatible bus operation and interface requirements.

Chapter 3 describes the CPU/Motherboard operation and interface requirements.

Chapter 4 describes the power supply operation and power requirements.

Chapter 5 describes the Winchester/floppy disk controller operation and »interface requirements.
Chapter 6 describes the Winchester disk drive operation and interface requirements.

Chapter 7 describes the floppy disk drive operation and interface requirements.

Chapter 8 describes the tape cartridge controller operation and interface requirements.

Chapter 9 describes the tape cartridge drive operation and interface requirements.

Chapter 10 describes the graphics controllers operation and interface requirements.

Chapter 11 describes the monitors operation and interface requirements.

Chapter 12 describes the Domain low-profile keyboard operation and interface requirements.
Chapter 13 describes the mouse pointing device operation and interface requirements.

Chapter 14 describes the 802.3 network controller board operation and interface requirements.

- Chapter 15 describes the serial/parallel controller board operation and interface requirements.

Chapter 16 describes the PC coprocessor board operation and interface requirements.

Appendix A contains timing diagrams for bus operations.

Related Manuals

For further information on the Series 3000 and Series 4000 systems, refer to Unpacking and Installing
Your DN3000/DN4000 Personal Workstation and the DSP3000/DSP4000 Server (007857), Operating the
DN3000/DN4000 Personal Workstation and DSP3000/DSP4000 Server (007858), and Servicing the
Domain Series 3000/Series 4000 (007859).

For Series 3000 and Series 4000 system architecture information, see the Domain Series 3000/Series
4000 Hardware Architecture Handbook (007861). For information about using the system, see the
manuals Getting Started with Your Domain System (002348) and the Domain System Command
Reference (002547).
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For information about installing network software, creating and maintaining the Domain Network
Registry, and troubleshooting network problems, see Administering Your Domain System (001746).

For Domain system diagnostic information, see Using Domain Diagnostics (009329).

For information about installing peripherals supported by Domain software, see Installing Input/Output
(I/0) Devices for Domain Nodes (008268), Writing Device Drivers with GPIO Calls (000959), and
Installing and Programming the Domain Series 3000 SPE Option (009798).

Naming Conventions

This document supports the Domain Series 3000 (DS3000) and Series 4000 (DS4000) systems. Where
manual contents apply to both models, the words Domain System are used. Where contents apply to a
specific model, the appropriate model name appears.

Problems, Questions, and Suggestions

We appreciate comments from the people who use our system. In order to make it easy for you to
communicate with us, we provide the Reader’s Response form at the back of this manual for
documentation comments. ’

Electrostatic Discharge (ESD) Precautions

When installing a Printed Circuit Board (PCB), observe the following precdutions to prevent electrostatic
damage to Integrated Circuits (ICs).

® Stand on a static—free mat.

® Wear a ground strap to ensure that any accumulated electrostatic charge will be discharged from
your body to ground.

® Ground all equipment together, including the static free mat, ground strap, routing nodes, and
peripheral units.

® Keep uninstalled PCBs in their protective antistatic bags.

e Handle PCBs by their edges, once you have removed them from their antistatic bags.

FCC Compliance

Any third party I/O device installed in the DS3000 or DS4000 must be FCC compliant in accordance with
the requirements set forth on the title page of this manual. In the event that a third-party noncompliant
1/0 device is installed, the customer assumes all responsibility and liability arising therefrom.
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Chapter 1

Theory of Operation

This chapter describes the theory of operation for the Domain Series 3000 and Series 4000 workstations.
The purpose of this chapter is to give you an understanding of the basic system operation to the
subassembly level.

1.1 System-Level Operation

The DS3000 and DS4000 systems are compatible with both the Domain network and the operating
system, as well as with AT bus—-compatible devices. To achieve this goal, the Domain Systems use a dual
bus architecture that combines a system bus with the AT-compatible bus through the AT bus—-compatible
interface. By using this dual bus architecture, the Domain System has the speed and power of the 32-bit
MC68020, along with the flexibility to run AT-compatible devices.

This section presents a general overview of the operating system, and discusses several topics that apply to
the system as a whole, rather than to individual subassemblies. Refer to Section 1.5 for more details about
individual subassemblies.

1.2 System Buses and the Bus Interface

Figures 1-1 and 1-2 show the functional organization of the buses and bus interface on the DS3000 and
DS4000 CPU/Motherboards. The system bus provides the main channel for address and data flow
between the CPU, FPU, MMU and main memory. The AT-compatible bus supports the various device
controllers, system devices, and other options. The bus interface incorporates the DMA controller and
Interrupt controller (described in the following sections), and the logic that converts the data and address
format of the AT-compatible bus to the data and address format of the system bus (and back again).

Series 4000 Address Translation Map

The Series 4000, unlike the Series 3000, incorporates an address translation map in its architecture. The
address translation map allows the Series 4000 to perform DMA to or from noncontiguous physical
memory. The map also provides a 512-KB window through which external AT-compatible bus masters
can access CPU main memory.
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The address translation map contains one entry for each main memory page accessed via DMA controller
or other external AT-compatible bus master. The operating system allocates a map entry each time DMA
is requested. The map provides the interface between DMA controller address space and Series 4000
physical address space.

1.3 Virtual Bus

The MC68020 microprocessor generates a 32-bit virtual address accompanied by a 3-bit function code.
In the Series 3000, the virtual address appears to "wrap” at 26 bits, the five high-order (27:31) bits are
simply ignored. The Series 4000 makes use of all virtual address bits. Once gated onto the virtual bus,
each address can be translated within, or passed directly through, the system memory management unit,
or transferred to the floating-point coprocessor, or transferred to the interrupt vector-generation
circuitry.

In the Series 4000, the virtual address can also be transferred to or from virtual cache. Once transferred
to the virtual cache, address and data are transferred to the write buffer, which writes the data to physical
memory. Refer to Subsections 1.3.1 and 1.3.2 for details on the virtual cache and write buffer.

1.3.1 Virtual Cache

The virtual cache is implemented in the Series 4000. It is an 8-KB, direct-mapped cache that contains
2048 4-byte instruction and/or data entries. The virtual cache uses a write-through with write-allocate
design that causes the cache to be updated (along with main memory) for every memory write placed in
the cache.

1.3.2 Write Buffer

The write buffer is a Series 4000 device (see Figure 1-2) that resides on the virtual bus between the
microprocessor and the PMMU. This buffer allows the CPU to concurrently update the cache and
execute cache read cycles without waiting for write cycles to complete.

1.4 System Interrupts

All of the devices shown on the AT-compatible bus in Figures 1-1 and 1-2 (except for the floppy drive)
use interrupts to gain access to the CPU and memory. When the Interrupt controller receives an interrupt
over one of the Interrupt Request (IRQ) lines on the AT-compatible bus (IRQ0 - IRQ1S5), the controller
signals the CPU that one of the system devices requires attention. On the next available CPU cycle, the
CPU performs an interrupt service routine appropriate for the device. The CPU then resumes normal
operation until it receives another interrupt.
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1.5 Subassembly-Level Operation

This section describes the operation of the major subassemblies in the DS3000/DS4000 system. Refer to
Figures 1-1 and 1-2 as you read the descriptions of these subassemblies.

1.5.1 CPU/Motherboard

The CPU/Motherboard controls the program flow in the system, and is the host for the memory
module(s), device controllers, and other optional boards. The most important elements of the
CPU/Motherboard’s hardware are

The MC68020 microprocessor, the system’s CPU (DS4000 CPU operates at 25 MHz.)
The MC68881 floating-point coprocessor (DS4000 FPU operates at 25 MHz)

The DMA controller

The interrupt controller

The boot PROM

The system timer

The ‘system clock and calendar with battery backup

One full-duplex, programmable port for serial I/O. Three full-duplex, programmable ports for
serial I/0 in the DS4000.

One full-duplex, programmable serial port for the keyboard

Six PCB connectors compatible with PC/AT-type boards (seven AT-compatible slots on newer
DS3000 systems and the DS4000)

Two PCB connectors compatible with PC/XT-type boards (one XT-compatible slot on newer
DS3000 systems and the DS4000)

Four PCB connectors for the memory modules

The system status LEDs

CPU and MMU/PMMU ;

The CPU executes MC68020 instructions in response to the operating system and user programs. The
DS3000 MMU and DS4000 PMMU (MC68851) are coprocessing devices that perform iterative memory
management routines which would otherwise use up valuable CPU processing time. The MMU/PMMU
tracks main memory free space, performs logical-to-physical address translations, and swaps pages in and
out of memory in response to the needs of the CPU (and DMA controller). The MMU/PMMU performs
the following functions: ‘

When enabled, the MMU/PMMU associates every physical address with a virtual address; this
association is called mapping, and the system operates in mapped mode as soon as the
MMU/PMMU is operational.

During online operation, the MMU/PMMU translates the virtual addresses of the pages into the
physical addresses of the free space in main memory. Because of this translation, the mapping
scheme for many locations in main memory changes constantly as the MMU/PMMU reassigns
pages to different physical addresses in main memory. (The MMU/PMMU'’s original mapping
scheme stays the same for pages that stay in main memory all the time and for locations not in
main memory.)
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As part of the interaction between the CPU and MMU/PMMU, the CPU passes virtual addresses from the
operating system to the MMU/PMMU. (These addresses represent pages of memory needed by various
processes.) When the MMU receives the virtual address of a page currently in main memory, an
MMU/PMMU hit occurs because the page is already where it is needed. When the MMU/PMMU
receives a virtual address not currently in memory, an MMU/PMMU miss occurs.

An MMU/PMMU miss generates a page fault condition, and the operating system responds by authorizing
disk or network I/O to move the required page into memory. If there is not enough room in main

memory, the operating system authorizes disk or network I/O to move an inactive page out of main
memory.

FPU .
The MC68881 floating—point coprocessor executes floating-point math routines in the hardware under
the control of microcode. The FPU shares the CPU’s access to the MMU/PMMU and memory. The

FPU is not an active bus master because it never accesses memory directly. The MC68020 CPU fetches
all operands for the FPU.

DMA Controller

The DMA controller contains logic for receiving requests from DMA devices (the floppy disk is the only
DMA device), for querying whether a CPU transfer is enabled, and for opening a DMA channel. The
AT-compatible bus has seven channels for DMA transfers, along with associated request and
acknowledge lines (see Figure 1-1).

Channels 0 through 3 support 8-bit transfers to or from 8-bit devices. Channel 4 controls the cascade of
channels 0 through 3 to the CPU. Channels 5 through 7 support 16-bit transfers to or from 16-bit
devices.

Interrupt Controller
The Interrupt controller provides 16 system interrupt levels for the DS3000. All of the devices on the
AT-compatible bus, with the exception of the floppy disk, use interrupts to request service by the CPU.

Boot PROM

The boot PROM stores a read-only copy of the Mnemonic Debugger (MD) program, and can perform
diagnostics that check the fundamental operation of CPU board hardware. '

Timers and the System Clock

In the DS3000, the system timers provide 4-, 8—, and 16-microsecond clock signals used by the operating
system to schedule processes and time various operations. In the DS4000, system clocking is derived from
a 25-MHz oscillator. The operating system uses the system clock (in conjunction with the system-ID
RAM on the CPU/Motherboard) to provide the proper identification (hour and second) for
object-creation operations such as file creation.

Calendar

The operating system uses the calendar (in conjunction with the system-ID RAM on the
CPU/Motherboard) to provide the proper identification (day, month, and year) for object-creation
operations such as file creation. Problems with object creation can indicate a failure in the calendar
device or the calendar battery, or (less frequently), a failure in reading the system-ID RAM.

- Serial Lines

In the DS3000, the serial I/O control component drives two asynchronous serial lines, SIO0 and SIO1; in
the DS4000, four asynchronous lines are driven, SIO0, SIO1, SIO2, and SIO3. SIOO is the dedicated
serial line for the keyboard. SIO1, 2, and 3 are RS-232, general-purpose lines. All lines are fully
programmable and support full-duplex communications.

External Connectors on the CPU/Motherboard

The AT/XT-compatible bus has eight connectors to accommodate the various system controllers and
other options. All eight slots have a 62-pin connector for PC/XT-type PCBs. Six slots also have a 36-pin
connector, which allows them to accept PC/AT-type PCBs. Newer DS3000 systems and the DS4000 have
seven AT-compatible slots and one XT-compatible slot.

The system bus has four 70-pin connectors for the memory modules.

The SIO lines have a 9-pin DIN connector for the keyboard and a 25-pin, D-shell connector for the
general-purpose lines. In the DS4000, a 3-port cable provides access to the three serial lines at the
D-shell connector.
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System Status LEDs

The nine LEDs (five on the front panel of the cabinet, and four inside on the CPU board) indicate the
progress of the boot PROM through its initialization, and report status codes during normal operation and
in the event of an error. Chapter 3 contains a description of the LEDs.

1.5.2 Memory Module

Early DS3000 systems use a 1-MB memory module. The system can accommodate a maximum of 4 MB
(four 1-MB memory boards). The system’s byte-parity checking logic can detect 1~bit memory errors.
It displays the code Uncorrectable Memory Error Detected if an error occurs.

Memory for the first two memory modules ranges from physical address $1FFFFEF to $2FFFFF. It ranges
to a maximum of $4FFFFF with four modules in place.

Later DS3000 memory boards contain 2 MB of RAM. The system can accommodate a maximum of 8
MB (four boards). DS4000 memory boards contain either 4 or 8 MB of memory, providing up to 32 MB
of memory. The system’s byte-parity checking logic can detect 1-bit memory errors. It displays the code
Uncorrectable Memory Error Detected if an error occurs.

Memory for the first module in the DS3000 ranges from physical address $1FFFFF to $2FFFFF. It
ranges to a maximum of $8FFFFF with four modules in place. In the DS4000, memory ranges from
physical address $1000000 to $17FFFFF with one 8-MB module; $1FFFFFF for two modules;
$27FFFFF with three modules; and an upper address limit of $2FFFFFF with four 8~MB modules in
place.

1.5.3 Display Controllers
The 4-plane color monitor controller produces a 60-Hz, noninterlaced graphics display on a

high-resolution (1024 x 800 pixels) color monitor. The DN3000 4-plane color monitor controller
incorporates:

® 512 KB of image memory arranged in four 128-KB planes

® A memory data path that provides registers, multiplexers, and logic support for bit-block transfers
(BLTs) from the image memory to the display

® Video output logic that drives the monitor with video signals representing the image in the bit map
® A sync generator for the timing signals necessary to create the video output signals

® An interface for communications with the CPU via the AT-compatible bus

® Control logic that regulates the operation of the other functional units

The DN4000 color controller provides the same functions as those just listed, but the display buffer has
eight memory planes, each consists of a 1024 pixel by 1024 line memory, with a resolution of 1024 pixels
x 800 lines. The 8-plane controller also provides the following additional features..

® 256 simultaneous colors selectable from a palette of 16.7 million shades
® Flicker-free, 60-Hz, noninterlaced screen refresh
® Low cost, small physical size, and low power requirements

e Dual port 1-MB image memory using 64K x 4 DRAMs

® High-speed image and main memory BLTs facilitated by specialized gate arrays
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The DN3000 high-resolution monochrome display controller has the following features:

e High-resolution 1280 x 1024 display

Flicker—free, 60-Hz, noninterlaced screen refresh

Low power requirements
® 256-KB image memory using high-density, dynamic, Dual-Ported Video RAMs
e High-speed image and main memory BLTs facilitated by a specialized gate array

The image memory stores a bit map of the images that the controller displays on the monitor. To display
the images, the controller scans the bit map and sends the image to the monitor in a serial bit stream via a
coax cable.

The AT-compatible bus is not involved in controller-to-monitor transfers; the display controller uses the
bus only when it is reading from or writing to main memory via the CPU. '

The DN4000 monochrome display controller provides all the preceding features at an 8-MHz clock speed
to accomodate the higher speed DS4000 AT bus.

1.5.4 Network Controller

The network controller manages the system’s interface to the ring network. In older DS3000s, a
two-board set makes up the network controller. In newer DS3000s and the DS4000, a single-board
controller provides the same functionality. These controllers incorporate:

® A modem for modulation and demodulation of data from the ring

e Input-filtering and amplification hardware that converts data from the ring to a digital bit stream
® Receive logic that converts digital data in serial format into parallel format

® Transmit logic that converts digital data in parallel format into serial format

® A dual-ported RAM buffer

e Control logic that regulates the operation of the other functional units

® Relays that remove the system from the ring during power-off or offline operation

To encode data for transfer to other systems, the Apollo Token Ring network uses a baseband modulation
technique with a biphase signal that contains both clock and data information. For a system to transmit
on the network, the network controller's transmit logic takes parallel-format data from the
AT-compatible bus and serializes it. The modem then adds clock signals to the serial bit stream, creating
the biphase signal.

For a system to receive data from the network, the modem separates the clock signals from the data bits.
Other hardware corrects and stabilizes the clock data. The receive logic then converts the serial data into
parallel format so that it can be sent to the bus interface logic and out over the AT-compatible bus in a
transfer to memory.

The transmit logic also supplies control information that travels with the data; the receive logic decodes
this control information in data received from the network.

Refer to Administering Your Domain System for information about the network. See the Preface for a
complete list of related manuals and order numbers.
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1.5.5 Storage Device Controllers

All DS3000 and DS4000 systems equipped with optional storage devices contain controllers to manage the
Winchester disk drives and floppy disk or tape cartridge drives, and the interface to the DMA controller
and the interrupt controller. The Winchester and floppy disk drives share the same controller board. The
tape cartridge drive uses a separate controller board. The controller boards incorporate:

Control logic for the Winchester disk (read, write, fofmat, seek, etc.)

Control logic for the floppy disk drive

Control logic for the tape cartridge drive (located on a separate tape cartridge controller)
Interface logic for requesting a DMA channel for the tape cartridge drive

Interface logic for requesting a DMA channel for the floppy drive

Interface logic for requesting an interrupt for the Winchester drive

Although the floppy disk controller and the Winchester disk controller share the same PCB, the design
separates the control logic into two independent units, allowing full concurrent operations between the
drives and the rest of the system. That is, the floppy controller could be handling a DMA transfer to the
floppy at the same time the Winchester is making a programmed 1/0 data (interrupt) transfer to the
system. The tape cartridge drive uses a totally separate controller board to manage its functions.
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Chapter 2
AT-Compatible Bus

2.1 Overview

The AT-compatible bus provides a communications medium for processor, memory, and I/O resources
over a parallel set of address, data, and control lines. It supports multiple bus mastership so that
coprocessors can control the bus and normal DMA-to-memory cycles. It provides multiple interrupt
levels to allow devices to transfer program control to the appropriate interrupt service routines.

The AT-compatible bus is backward compatible to the IBM PC/XT* (the IBM PC/AT* 8-bit
predecessor). The DS3000 and DS4000 buses are compatible with both 8-bit and 16-bit devices.

The IBM PC/XT uses a 62-pin PCB edge connector to support 8-bit data transfers, a memory address
space determined by 20 address lines (1 MB), memory and I/O data transfer cycle types, Direct Memory
Access capability (DMA), and interrupts. One slot in the DS3000 and DS4000 supports this capability.

The IBM PC/AT adds a 36-pin PCB edge connector to the remaining board slots on the bus. This
connector provides the additional eight data lines for 16-bit transfers, additional address lines (unlatched
and with different timing characteristics) to support a 16-MB memory address space, more interrupts,

more DMA channels (which support 16-bit data transfers), and the capability for an 1/0 adapter to
obtain bus mastership. '

* Personal Computer XT and Personal Computer AT are registered trademarks of International Business
Machines Corp.
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The AT-compatible bus supports: ‘

e Seven board slots that are IBM PC/AT bus compatible ‘

7N
e One board slot that is IBM PC/XT bus compatible (\_/:
® 64-KB I/O address space (hex 100 to hex OFFFF)
® 24-bit memory addresses (16 MB)
e Selection of data accesses (either 8-bit or 16-bit)
e 11 Interrupt levels
e Seven DMA channels
e I/O wait-state generation
® Arbitration for bus masters
® Refresh of system memory
2.2 Reference Documents e
Consult the following documents for further information related to the AT-compatible bus: N
® Technical Reference, Personal Computer AT, IBM #1502494 (©1984, IBM Corp.)
e APX 286 Hardware Reference Manual, Intel #210760-001 (©1983, Intel Corp.)
e Microsystem Components Handbook, Intel #230843-002 (©1985, Intel Corp.)
2.3 Bus Interface Lines and Signal Definitions ( \

This section contains pin listings for the AT-compatible bus connectors. The signals carried on these
connectors are also defined.

2.3.1 Connector Pin Listing

The AT-compatible bus connectors consist of eight 62-pin (top row) and six 36-pin (bottom row) edge
connector sockets. The left-most connector position (P4/ 14) is the IBM PC/XT-compatible connector.
This connector uses an 8-bit data bus. The remaining seven board positions are IBM PC/AT-compatible. ’\
These connectors use a 16-bit data bus. -

e

~

NOTICE: Older DS3000 systems have six AT-compatible slots and two XT-compatible
slots. Slots P4/14 and P5/15 are used as the XT-compatible slots.

Figure 2-1 shows the location of the AT-compatible bus connectors when there are two XT—-compatible
slots.

AT-Compatible Bus 2-2 \




O

O

O

Rear
of Unit

-

62-pin
Connectors

36-pin
Connectors

QOO

0

DT T e

P

R I.':.'.'.'.'.'.’I.'.'.'.‘.’.'I

P

11| BN I

I [.'I.'.'.'.'.'ZI.'.’.'.'.'.'.'.'.'

P P P
8 10
:—:l
P
18

) IQIIQIIQIIQILQ]LQI&JE@
P

ﬁj
Z

1

N [LIIIIIIIIII

(11 11 1)

e

o1

= o

P12

Front
of Unit

Board Connectors

Figure 2-1. DS3000 Bus Connectors (Older Version)

NOTICE: In two positions on the AT-compatible bus, the 36-pin connector is not
present (connectors P14 and P15). These positions can support only 62-pin
IBM PC/XT-compatible bus adapters, servicing 8-bit data transfers. Newer
DS§3000 systems use P15 with PS5 as a seventh AT-compatible slot. In these
systems, P4 is the only XT-compatible slot (see Figure 2-2).
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Figure 2-2 shows the location of the AT-compatible bus connectors on newer versions of the Domain
System, when there is one XT-compatible slot.
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Table 2-1 lists the signals carried on the 62-pin P4 through P11 bus connectors.

Table 2-1. AT-Compatible Bus Signal List (Connectors P4 - P11)

Domain IBM Domain IBM

System PCI/AT Signal System PC/AT Signal

Pin No. Pin No. 110 Name Pin No. Pin No. 110 Name
1 A1l ! I0_CH_CK.L 2 B1 Ground GND
3 A2 1o SD7 4 B2 0] RESET_DRV
5 A3 110 SD6 6 B3 Power +5 V dc
7 A4 10 SD5 8 B4 | IRQ9
9 A5 110 SD4 10 B5 Power -5V dc
11 A6 170 SD3 12 B6 | DRQ2
13 A7 110 SD2 14 B7 Power | -12 V dc
15 A8 110 SD1 16 B8 | ows.L
17 A9 110 SDO 18 B9 Power | +12 V dc
19 A10 | IO_CH_RDY 20 B10 [ Ground GND
21 A1 0 AEN 22 B11 0] SMEMW.L
23 A12 110 SA19 24 B12 o] SMEMR.L
25 A13 110 SA18 26 B13 o IOW.L
27 A14 110 SA17 28 B14 70 - IOR.L
29 A15 1’0 SA16 30 B15 o) DACK3.L
31 A16 110 SA15 32 B16 1 DRQ3
33 A17 110 SA14 34 B17 o] DACK1.L
35 A18 I{e] SA13 36 B18 I DRQ1
37 A19 /0 SA12 38 B19 110 REFRESH.L
39 A20 110 SA11 40 B20 0] CLK
41 A21 0 SA10 42 B21 | IRQ7
43 A22 170 SA9 44 B22 | IRQ6
45 A23 110 SA8 46 B23 | IRQ5
47 A24 110 SA7 48 B24 | IRQ4
49 A25 /0 SAB 50 B25 I IRQ3
51 A26 - 110 SA5 52 B26 0 DACK2.L
53 A27 110 SA4 54 B27 0 TC
55 A28 10 SA3 56 B28 (o] BALE
57 A29 110 SA2 58 B29 Power +5 V dc
59 A30 10 SA1 60 B30 0 osc
61 A31 110 SA0 62 B31 Ground GND
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Table 2-2 lists the signals carried on the 36-pin connectors (P15 through P21) bus connectors.

Table 2-2. AT-Compatible Bus Signal List (Connectors P15 - P21)

Domain IBM Domain IBM

System | PC/IAT Signal System | PCIAT Signal

Pin No. Pin No. 110 Name Pin No. Pin No. 110 Name
1 C1 10 SBHE.L 2 D1 | MEM_CS16.L
3 C2 110 LA23 4 D2 1 I0_CS16.L
5 Cc3 1/10 LA22 6 D3 | IRQ10
7 C4 110 LA21 8 D4 | IRQ11
9 C5 110 LA20 10 D5 | IRQ12
11 Cc6 I/0 LA19 12 D6 1 IRQ15
13 c7 1710 LA18 14 D7 | IRQ14
15 Cc8 110 LA17 16 D8 (0] DACKO.L
17 C9 iVO MEMR.L 18 D9 1 DRQO
19 C10 110 MEMW.L 20 D10 (0] DACKS.L
21 Cci1 110 SD8 22 D11 | DRQ5
23 Ci12 110 SD9 24 D12 0 DACK®G.L
25 C13 I70 SD10 26 D13 | DRQ6
27 ci14 110 SD11 28 D14 o DACK7.L
29 Ci5 1710 SD12 30 D15 i DRQ7
31 C16 /O SD13 32 D16 | Power +5 V dc
33 Cc17 110 SD14 34 D17 | MASTER.L
35 c18 1710 SD15 36 D18 |Ground GND

2.3.2 AT-Compatible Bus Signal Descriptions

This subsection contains descriptions of the CPU’s AT-compatible bus signals. All signal lines are
TTL-compatible. I/O adapters used with this bus should be designed with a maximum of two Low-power
Schottky (LS) loads per line. Unless otherwise specified, the active (One) state of all signals is a voltage
high (>2.4 volts) and the inactive (Zero) state of all signals is a voltage low (<0.5 volt). Signal names
ending with an “.L” are the logical negation of this state structure (One = low and Zero = high).

After each signal name, the direction of the signal source is specified. An “I” (Input) after the signal
name is an input to the system board or other bus Master, and therefore an output of the I/O adapter
module or bus Slave. An “O” (Output) after the signal name is an outpui of the system board or other bus
Master, and an input to the I/O adapter or bus Slave. Signals marked as (I/0) have bidirectional
capability; either the bus Master or the bus Slave may be the source of the signal.

SAO0 through SA19 (1/0)

Address bits 0 through 19 are used to address memory and I/O devices within the system. These 20
address lines, in addition to LA17 through LA23, are used to access up to 16 MB of memory. SA0
through SA19 gate on the system bus when BALE is high, and latch on the falling edge of BALE. These
signals are generated by the system microprocessor or DMA controller. They also may be driven by other
bus Masters or DMA controllers that reside on the 1/0 channel. Address bits SA0 through SA15 are used,
in conjunction with the IOR.L and IOW.L control signals, to define transfers to the 1/0 address space.
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LA17 through LA23 (1/0)

These signals (unlatched) are used to address memory and I/O devices within the system. When used with
SAO0 through SA19, they allow up to 16 MB of memory to be addressed. These signals are valid when
BALE is high. LA17 through LA23 are not latched during microprocessor cycles, and therefore do not
stay valid for the whole cycle. Their purpose is to generate memory decodes for memory cycles. These
decodes are latched by I/O adapters on the falling edge of BALE. These signals may also be driven by
other bus Masters or DMA controllers that reside on the AT-compatible bus. Note that these signals are
decoded by the 1/O adapter to generate MEM_CS16.L for 16-bit memory cycles.

CLK (0)
This is the 6-MHz (Series 3000) or 8-MHz (Series 4000) system clock. It is a synchronous
microprocessor cycle clock with a cycle time of 167 nanoseconds at 6 MHz or 125 nanoseconds at 8

MHz. The clock has a 50% duty cycle. This signal should only be used for synchronization. It is not
intended for applications that require a fixed frequency.

RESET_DRV (O)

Reset Drive is used to reset or initialize the system logic at power-up or during a low line-voltage outage.
This signal is active high.

SDO through SD15 (I/0)

These signals provide bus bits 0 through 15 for the microprocessor, memory, and I/O devices. SDO is the
least-significant bit and SD15 is the most-significant bit.. All 8-bit devices on the AT-compatible bus use
SDO through SD7 to communicate with the microprocessor. All 16-bit devices use SDO through SD15 to
communicate with the microprocessor. To support 8-bit devices, the data on SD8 through SD15 is gated
to SDO through SD7 during 8-bit transfers to these devices. The 16-bit microprocessor transfers to 8-bit
devices are converted to two 8-bit transfers. (For more information, see Subsection 2.4.1.)

BALE (0)

This signal is used on the system board to latch valid addresses and memory decodes from the
microprocessor. It is available to the AT-compatible bus as an indicator of a valid microprocessor or
DMA address (when used with AEN). CPU address bits SA0 through SA19 latch on the bus Master with
the falling edge of BALE. BALE is forced high during DMA cycles. Note that BALE is used only by the
1/0O adapter to latch the LA17 through LA23 address lines (or to decode LA17 through LA23, indicating
an address match for the 1/O adapter). BALE may not occur on all 8-bit I/O cycles (which use only
address lines SAQ through SA9 for device decoding) or on some 8-bit memory transfers. (For more
information, see Subsection 2.4.1.)

I0_CH_CK.L (1)
I/0 Channel Check provides the system board with parity (error) information about memory or devices on
the AT-compatible bus. When this signal is active, it indicates an uncorrectable system error. In the
DS3000, this signal asynchronously sets a flip-flop that causes a Non-Maskable-Interrupt (NMI) to
occur. This provides an on-board register bit, which can be read and reset by the system software
responsible for handling the device error.

IO_CH_RDY (I)

I/O Channel Ready is pulled low (not ready) by a memory or 1/O device to lengthen bus cycles. Any slow
device using this line should drive it low immediately upon detecting its valid address and a Read (or
Write) command. Machine cycles are extended by ansintegral number of clock cycles (167 nanoseconds).
This signal should be held low for no more than 2.5 microseconds. IO_CH_RDY should be driven by an
open-—collector or tri-state driver capable of sinking 20 mA.
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IRQO through IRQ15 (1)

Interrupt Requests 3 through 7, 9 through 12, 14, and 15 are used to signal the microprocessor that an
1/O device needs attention. Interrupt Requests 8 through 15 are slaved through IRQ2. An interrupt
request is generated when an IRQ line is raised from low to high. The line must be held high until the
microprocessor acknowledges the interrupt request to the device during the Interrupt Service routine.

The priority of IRQ8 through IRQ1S is actually higher than IRQ4 through IRQ7 because IRQ8 through
IRQ15 are in the second PIC, which is slaved to the Master at IRQ2. Note that IRQ13 is not available on
the bus. In the DS3000, it is connected to Output Port Bit 7 of the 2681 SIO chip and is used by
diagnostics to verify the integrity of the interrupt controllers. Table 2-3 lists the interrupt request priorities.

Table 2-3. Interrupt Request Priorities

Interrupt | Interrupt 8- or 16- | Domain System
IRQ No. Priority Controller | Bit Bus Function
IRQO * 1 1 CPU MC6840 Timer
IRQ1 * 2 1 CPU 2681 SIO Port 1
IRQ3 3 1 CPU Network Board or User Device
IRQ2 * - 1 8 Cascaded Slave PIC to Master (IRQ8 - IRQ15)
IRQ8 * 441 2 CPU MC146818 Calendar
IRQ9 442 2 8 802.3 Network Controller-AT #2, SPE Serial
Line 2, or User Device
IRQ10 443 2 16 802.3 Network Controller-AT #1 or User Device
IRQ11 414 2 16 PC Coprocessor or User Device
IRQ12 445 2 16 User Device
IRQ13 * 446 2 CPU Used During Diagnostic Tests
IRQ14 447 2 16 Winchester Drive or User Device
IRQ15 448 2 16 PC Coprocessor Alternate or User Device
IRQ4 5 1 8 SPE Board Serial Line 1 or User Device
IRQ5 6 1 8 Tape Drive or User Device
IRQ6 7 1 8 Floppy Drive or User Device
IRQ7 8 1 8 SPE Board Parallel Port or User Device
* Used on-board CPU. Not available on the Bus.
If an optional device is not present in the Domain System , the Interrupt Request line reserved
for that device may be assigned to another device.

IOR.L (1/0)

I/O Read instructs an 1/O device to drive its data onto the data bus. It may be driven by the system
microprocessor (or DMA controller), or by a bus Master (or DMA controller) that is resident on the
AT-compatible bus. This signal is active low.

IOW.L (1/0)
I/O Write instructs an I/O device to read the data on the data bus. It may be driven by any bus Master or
DMA controller in the system. This signal is active low.

SMEMR.L (0) MEMR.L (1/0)

These signals instruct the memory devices to drive data onto the data bus. SMEMR.L is active only when
the memory decode is within the lower 1 MB of memory space. MEMR.L is active on all memory read
cycles. MEMR.L may be driven by any bus Master or DMA controller in the system. SMEMR.L is
derived from MEMR.L and the decode of the lower 1 MB of memory. When a bus Master on the
AT-compatible bus wishes to drive MEMR.L, it must have the address lines valid on the bus for one
system clock period before driving MEMR.L active. Both signals are active low.
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SMEMW.L (O) MEMW.L (1/0)

These signals instruct the memory devices to store the data present on the data bus. SMEMW.L is active
only when the memory decode is within the lower 1 MB of the memory space. MEMW.L is active on all
memory write cycles. MEMW.L may be driven by any bus Master or DMA controller in the system.
SMEMW.L is derived from MEMW.L and the decode of the lower 1 MB of memory. When a bus Master
on the AT-compatible bus wishes to drive MEMW.L, it must have the address lines valid on the bus for
one system clock period before driving MEMW.L active. Both signals are active low.

DRQO through DRQ7 (I)

DMA Requests 0 through 3 and 5 through 7 are asynchronous channel requests used by peripheral device
controllers or bus Masters to gain DMA service or bus mastership. They are prioritized, with DRQO having
the highest priority and DRQ?7 having the lowest priority. A request is generated by bringing a DRQ line to
an active level. A DRQ line must be held high until the corresponding DMA Request Acknowledge
(DACK) line goes active. DRQO through DRQ3 perform 8-bit DMA transfers; DRQS through DRQ7
perform 16-bit transfers. DRQ4 is used on the system board to cascade Channels 0 through 3 (see Table
2-4) for the DMA Request priorities. It is not available on the AT-compatible bus. Table 2-4 lists the
DMA Request priorities for the bus.

Table 2-4. DMA Request Priorities

DMA 8- or 16-Bit | DMA Domain System
DRQ No. | Priority | Transfer Controller | Function
DRQO 1 8 1 User Device
DRQ1 2 8 1 Tape Drive or User Device
DRQ2 3 8 1 Floppy Drive or User Device
DRQ3 4 8 1 802.3 Network Controller-AT #2
or User Device
DRQ4 * - - 2 Cascade for Channels 0 - 3
DRQ5 5 16 2 PC Coprocessor or User Device
802.3 Network Controller-AT #2
DRQS6 6 16 2 or User Device
DRQ7 7 16 2 Reserved for Winchester
* DMA Channel 4 is used to cascade Channels 0 through 3 and is not
available on the bus.
If an optional device is not present, the DMA channel reserved
for that device may be asssigned to another device.

DACKO.L through DACK3.L and DACKS5.L through DACK?.L (O)

DMA Acknowledge 0 through 3 and 5 through 7 are used to acknowledge DMA requests (DRQO through
DRQ7). They are active low.

AEN (0O)
Address Enable unlatches the microprocessor and other devices from the AT-compatible bus and allows
DMA transfers to take place. When this line is active, the DMA controller has control of the address bus

and the data bus READ and WRITE command lines (memory and 1/0). This line is forced low when a
bus Master assumes control of the bus.

REFRESH.L (1/0)
This signal indicates a refresh cycle and is driven by a bus Master on the I/O channel.
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TC (O)
Terminal Count provides a pulse when the terminal count for any DMA channel is reached.

SBHE.L (1/0) C

Bus High Enable indicates a transfer of data on the upper byte of the data bus, SD8 through SD15. The
Sixteen-bit devices use SBHE.L to condition data bus buffers tied to SD8 through SD15.

SBHE.L and SAQ Encodings (for 16-Bit Devices)

SBHE.L | SAO Function
0 0 Word Transfer
0 1 Byte Transfer on SD8 through SD15
1 0 Byte Transfer on SDO through SDO7
1 1 Reserved

Note that for 8-bit transfers, SA0 is the least-significant address bit that defines whether an odd or even
byte is being transferred on data bits SD0 through SD7. SBHE.L has no meaning for 8-bit devices and N
may be either high or low. (

MASTER.L (1)

This signal is used with a DRQ line to gain control of the system. A bus Master on the AT-compatible bus

issues a DRQ to a DMA channel, which has been programmed into cascade mode, and receives a DACK.

Upon receiving the DACK, an I/0 bus Master may pull MASTER.L low, which allows it to control the

system address, data, and control lines (a condition known as tri-state). After MASTER.L is low, the 1/0

bus Master must wait one system clock period before driving the address and data lines, and two clock

periods before issuing a Read or Write command. If this signal is held low for more than 15 microseconds, (\
the system memory may be lost because no refresh is performed during that time. N

MEM_CS16.L (I)

MEM16 Chip Select signals the system board if the present data transfer is a 16-bit memory cycle. It is

derived from the decode of LA17 through LA23. This requires all 16-bit memory devices to occupy at

least 128 KB of address space on the AT-compatible bus. It also requires that the device does not decode

the SA address lines as a condition to driving MEM_CS16.L because the SA lines are not valid in time to

meet the MEM_CS16.L timing requirements. MEM_CS16.L should be driven with an open-collector or

tri-state driver capable of sinking 20 mA. F h

10_CS16.L (1)

1/0 16-Bit Chip Select signals the system board that the present data transfer is a 16-bit 1/O cycle. It is
derived from an address decode of SAO through SA15. IO_CS16.L is active low and should be driven
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