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PREFACE

INTRODUCTION

This manual supports the service, installation, and verifica-
tion of the TEKTRONIX 8560 Series Multi-User Software
Development Units (MUSDUs). Since this manual is a Ser-
vice Manual and not a User’s Manual, it contains only those
operating instructions necessary to perform system verifica-
tion procedures. The manual is sufficiently detailed to permit
service technicians to perform on-site board-level repairs.

Relationship to Other Equipment

The 8560 MUSDU is used primarily in conjunction with the
8540 Integration Unit. These two units constitute a com-
plete microcomputer development lab. Uses of this lab are
described in separate user manuals.

Products Supported

This manual supports the 8560 (SN B100000 and above),
the 8561 (SN B100000 and above), and the 8562 Multi-User
Software Development Units. The following table summa-
rizes the basic differences between these products.

8561 SN 8560 SN
System B100000 B100000
Components and up and up 8562
Microprocessor |LSI-11/23 | LSI-11/23 | LSI-11/73
(LSI-11/73 | (LSI-11/73
optional optional
upgrade) upgrade)
Internal disk 15M bytes | 40M bytes | 40M bytes
mass storage (55M bytes | (80M bytes| (80M bytes
capacity with with with optional
optional optional upgrade
upgrade upgrade 40M-byte
40M-byte | 40M-byte | disk)
disk) disk)
External disk(s) |Up to 2 Up to 2 Up to 2
mass storage external external external
capacity disks disks disks
System memory |256K bytes| 256K bytes| 1M bytes
(upto 1M | (upto 1M
bytes bytes
optional optional
upgrade) upgrade)
Disk Controller MSC MSC MSC
Number of users |2 (4 or 8 4 (8 8
supported optional) optional)
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Definition of Terms

In this manual, any references to the 8560 apply equally to
the 8561 and the 8562, with the following exceptions:

® The standard 8561 has a hard disk storage capacity of
15M bytes, while the standard 8560 and 8562 have a
hard disk storage capacity of 40M bytes.

® The standard version of the 8561 supports two users.
The standard version of the 8560 supports four users,
while the standard version of the 8562 supports eight
users.

- ® Any reference to a second IOP Board applies to the
8562, and to all 8560 and 8561 units that include the
Eight-User Upgrade Option.

ABOUT THIS MANUAL

This manual introduces you to the 8560 Series MUSDUs
and describes their hardware operation at a block diagram
level. This manual is divided into 22 sections providing the
following information:

Section 1 An introduction to the 8560 Series MUSDU
and information of general interest.

Section 2  The electrical specifications, physical charac-
teristics and environmental characteristics.

Section 3 A brief description of front and rear panel con-
trols, connectors and indicators. This section
also provides locations and functions of all
8560 Series MUSDU straps and jumpers and
their default positions.

Section 4 A description of the LSI-11 Processor.

Section 5 A description of the Utility Board.

Section 6 A description of the system memory boards.

Section 7 A description of the I/0 Processor Board.

Section 8 A description of the I/O Adapter Board and I/O
Connector Board.

Section 9 A description of the MSC Board.

Section 10 A description of the Xebec S1410 Disk
Controller.

Section 11 A general description of the hard disk and flex-

ible disk drive units.

Section 12 A description of the power supply. This sec-

tion also contains procedures for bringing up
and adjusting the supply.

Section 13 Descriptions of power-up diagnostic test
routines.

Section 14  Adjustment procedures.

Section 15 General preventive maintenance procedures
to improve equipment reliability.

Section 16 Descriptions of disk-based diagnostic test
routines and their use in isolating problems.

Section 17 A list of 8560 Series MUSDU accessories.

Section 18 Instructions for installing the 8560 Series
MUSDUSs.

Section 19 Reference material, including bus signal mne-
monic descriptions, and Main Interconnect
Board connector-pin assignments.

Section 20 Electrical Parts list.

Section 21  Diagrams.

Section 22 Mechanical Parts list.

Notational Conventions
Nomenclature

Throughout this manual, the following terminology is used:

® All references to an 8560, 8560 Series MUSDU or
MUSDU include the 8560 (SN B100000 and above),
the 8561 (SN B100000 and above) and the 8562
Multi-User Software Development Unit(s).

® All references to an 8540 refer to the 8540 Integration
Unit.

® All references to a terminal or system terminal refer to
any terminal used for command entry which is con-
nected to the 8540 Integration Unit or to the 8560 Se-
ries MUSDU.

The term LSI-11, as used in this manual, includes the
LSI-11/23 and the LSI-11/73, unless otherwise specified.
The terms LSI-11/23, LSI-11/73 and DEC are registered
trademarks of the Digital Equipment Corporation, Maynard,
Massachusetts.

Signal Line Conventions

The schematic drawings in this manual use a high/low con-
vention to describe the asserted state of all signal lines. The
asserted (true) state of each signal line is shown as (L) for
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low or (H) for high, immediately following the signal line
name, as follows:

e SLVOPREQ(L)
* CMEM(H)
* M(L)IO(H)

Schematics

Schematics in this manual have been drawn with grey over-
lays to highlight functional blocks of circuitry. The text is
coordinated with these block overlays. Text headings indi-
cate the schematics that depict the circuit under discussion.
The following example illustrates a text heading:

- TRANSMIT DATA REGISTER B
Schematic # j

Text Subject

3900-11

The example shows that:
® The subject of the text is the Transmit Data Register.
® The register appears on schematic 42.

CHANGE INFORMATION

Change notices are issued by Tektronix, Inc., to document
changes to the manual after it has been published. Change
information is located at the back of this manual, following
the yellow tab marked, “CHANGE INFORMATION". When
you receive the manual, you should enter any change in-
formation into the body of the manual, according to instruc-
tions on the change notice.

Revision History

As this manual is revised and reprinted, revision history in-
formation is included on the text and diagram pages. Re-
vised pages of manuals are indicated by REV and the date
(REV OCT 1984) at the bottom inside corner of the page.
New pages added to an existing section, whether they con-
tain old, new or revised information, contain the word
“ADD” and the revision date (ADD OCT 1984).

DOCUMENTATION OVERVIEW

Support documentation for TEKTRONIX microcomputer
development systems consists of service manuals, installa-
tion manuals, and users manuals.

Service Manuals

Service manuals provide the information necessary to per-
form system testing, to isolate hardware problems, and to
repair system components. Service manuals may be pur-
chased from Tektronix, Inc. as optional accessories. The
following manuals provide service information for the 8560
Series Multi-User Software Development Units:

® 8560/8561/8562 Multi-User Software Development
Unit Service Manual

® QumeTrak 242 Maintenance Manual

® Micropolis 1300 Series Rigid Disk Drive Maintenance
Manual

® Seagate ST406/412/419 Microwinchester Service
Manual

Installation Manuals

Installation manuals explain how to unpack and install the
equipment and how to verify that it operates properly. In-
stallation manuals are provided as standard accessories.

Users Manuals

Users manuals describe how to operate the development
system and its peripheral devices. They are provided as
standard accessories in the system package.

The following manuals provide an overview of your develop-
ment system, including information about system software
and the TNIX operating system.

® 8560 Series Muiti-User Software Development Unit
System Users Manual TNIX Version 2.1

® 8560 Series Multi-User Software Development Unit
System Reference Manual

® 8560 Series Multi-User Software Development Unit In-
struction Sheet

Options

8560 Series MUSDU options are documented by individual
manuals. See the Tektronix Products Catalog or contact
your local Tektronix field office or representative for a list of
available options.
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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is
for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the manual
where they apply, but may not appear in this summary.

TERMS

In This Manual

CAUTION statements identify conditions or practices that
could result in damage to the equipment or other property.

WARNING statements identify conditions or practices that

could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not immedi-
ately accessible as you read the marking, or a hazard to
property including the equipment itself.

DANGER indicates a personal injury hazard immediately
accessible as you read the marking.

SYMBOLS
As Marked on Equipment

é DANGER high voltage.
@ Protective ground (earth) terminal.

A ATTENTION - Refer to manual.

SAFETY PRECAUTIONS

Grounding the Product

This product is grounded through the grounding conductor
in the power cord. To avoid electrical shock, plug the power
cord into a properly wired receptacle before connecting to
the equipment’s power input terminals. A protective ground
connection by way of the grounding conductor in the power
cord is essential for safe operation.

Use the Proper Power Cord

® Use only the power cord and connector specified for
your product.

® Use only a power cord that is in good condition.

® Refer cord and connector changes to qualified service
personnel.

Use the Proper Fuse

To avoid fire hazard, use only the fuse specified in the parts
list for your product. Be sure the fuse is identical in type,
voltage rating, and current rating.

Refer fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an atmo-
sphere of explosive gases unless it has been specifically
certified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product covers
or panels. Do not operate the product without the covers
and panels properly installed.

SERVICING SAFETY SUMMARY

FOR QUALIFIED SERVICE PERSONNEL ONLY
(Refer also to the preceding Operators Safety Summary)

Do Not Service Alone

Do not perform internal service or adjustment of this prod-
uct unless another person capable of rendering first aid and
resuscitation is present.

Use Care When Servicing
With Power On

Dangerous voltages exist at several points in this product.
To avoid personal injury, do not touch exposed connections
and components while power is on.

Disconnect power before removing protective panels, sol-
dering, or replacing components.

Power Source

The product is designed to operate from a power source
that will not apply more than 250 volts rms between the
supply conductors or between either supply conductor and
ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for safe
operation.

Vii
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Section 1

GENERAL INFORMATION

INTRODUCTION

This section provides general information about the 8560
Series MUSDU, introducing individual hardware system
building blocks, separately and in relation to each other. It
also provides a general overview of the system’s operating
software and the diagnostic firmware/software.

The 8560 MUSDU is a 16-bit bus-oriented computer with
mass storage. The 8560 MUSDU’s main purpose is to serve
as a program development tool and system file manage-
ment system for 8540 Integration Units. (The 8540 Integra-
tion Unit is described in a separate service manual.)

Data storage is provided on two disk drives.
Winchester-technology hard disk drive units store up to
80M bytes of data. A second disk drive unit provides 1M
bytes of storage on double-sided, double-density flexible
disks. The 8560 MUSDU consists of the following major
components:

® System hardware

® Mechanical package

® Operating firmware

® Diagnostic firmware

® Diagnostic software

® Operating software

8560 system software, the TNIX operating system and its

components are described in a separate 8560 Users
Manual.

SYSTEM HARDWARE

The 8560 MUSDU is a single-enclosure mainframe. It con-
tains power supplies, disk drives, and all control circuits in a
bus-oriented system architecture.

The 8560 main controller is a Digital Equipment Corporation
LSI-11 processor. Additional processor-controlled boards
(IOP Board(s) and the MSC Controller) work in conjunction
with the LSI-11. Figure 1-1 shows a simplified 8560 block
diagram.

The 8560 MUSDU employs the back-plane concept, in
which major system boards plug into a horizontally located
Main Interconnect Board. It provides the vehicle for the
100-line-wide 8560 bus. The Main Interconnect Board pro-
vides direct system bus access for the following boards:

® The LSI-11 Processor
® The MSC Controller

® System memory boards
® |/O Processor Boards

® The Utility Board

The 8560 Bus

The 8560 bus is the main system bus. The 100-line-wide
bus is based on the DEC Qbus but with increased flexibility.
The DEC interrupt structure is retained, as is most of the
DEC signal protocol. Each 8560 circuit board interfaces di-
rectly with the 8560 bus. The 8560 bus provides 22 data
lines. For additional 8560 bus information, refer to Section
19 of this manual.

1-1
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Fig. 1-1. The 8560 system block diagram.

The Main Interconnect Board

The Main Interconnect Board is a horizontally mounted cir-
cuit board located near the cabinet bottom, adjacent to the
drive units. It provides a vehicle for the 100-line-wide 8560
system bus. Seventy-two of those lines serve the LSI-11.
The remaining 28 lines provide specific functions for the sys-
tem boards shown in Fig. 1-2.

The Main Interconnect Board contains one 72-pin connector

and eight 100-pin connectors. The 72-pin connector ser-
vices the LSI-11. All other 8560 system boards, except the

1-2

power supply and two 1/O Boards, plug into the Main Inter-
connect Board’s 100-pin connectors. Because of the 8560
bus structure, each circuit board is assigned a specific con-
nector. Figure 1-2 shows the system bus and a typical sys-
tem configuration.

The Main Interconnect Board also contains seven bus grant
jumpers that pass the system bus grant to the next installed
board when a connector is empty. Section 19 of this manual
provides connector wiring charts, and Section 3 identifies
the bus grant jumpers.
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Fig. 1-2. A typical 8560 configuration.

The LSI-11/23 Processor

The Digital Equipment Corporation LSI-11/23 is a 16-bit mi-
crocomputer which contains the LSI-11/23 chip set, consist-
ing of a data control unit, a memory management unit, and
an optional floating point arithmetic unit.

The LSI-11/73 Processor

The Digital Equipment Corporation LSI-11/73 is a 16-bit mi-
crocomputer which contains the LSI-11/73 chip set, consist-
ing of of a data control unit, a memory management unit,
and a floating point arithmetic unit.

The Utility Board
The Utility Board contains miscellaneous logic that provides
the following features:

® Two RS-232-C interfaces

® A Line-Time Clock control circuit (LTC)

® System bootstrap firmware

® RAM Board service routine firmware

® Power-up diagnostic firmware

The Utility Board plugs into connector J13 on the Main In-
terconnect Board.

The System Memory Board

The 8560 Series system memory consists of up to 1M bytes
of RAM on a total of two circuit boards which plug into
connnectors J8 and J9 on the Main Interconnect Board.

The 1/O Processor (IOP) Board

The 1/O Processor (IOP) Board is a communications board
controlled by an 8088 microprocessor. The IOP controls
data flow to and from external 8560 peripherals. The I0P
relieves the LSI-11 of most I/O processing chores associ-
ated with external 8560 peripheral communications.

IOP Boards plug into connectors J11 and J12 of the Main
Interconnect Board and process data for up to eight High
Speed Interface (HSI) channels.

The 1/O Adapter (IOA) Board

The 1/O Adapter (IOA) Board is a small circuit board
mounted to the side rail toward the rear of the 8560 cabinet.
The I0A Board services up to eight HSI ports and two
RS-232-C compatible printer ports.

HSI Ports 0 through 7 operate under either High Speed In-
terface protocol (electrically compatible with RS-422) or
RS-232-C protocol. HSI Port 0 is factory-jumpered for
RS-232-C protocol for use with a system terminal. Printer
Ports LP1 and LP2 operate only under RS-232-C protocol.

1-3
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The 1/O Connector (I0C) Board

The 1/0 Connector (I0OC) Board is a small circuit board with-
out active devices that contains up to ten 25-pin D-type con-
nectors. The board is mounted on the rear panel with the
connectors protruding through the rear panel. These con-
nectors are accessible from outside the cabinet and serve
Printer Ports LP1 and LP2, and HSI Ports 0 through 7. The
standard 8561 contains connectors for HSI Ports 0 and 1.
The standard 8560 contains connectors for HSI Ports 0
“through 3. The 8562 standard configuration includes HSI
Ports 0 through 7. HSI Ports 4 through 7 require the addi-
tion of a second IOP Board and four additional HSI connec-
tors on the IOA Board.

The Mass Storage Controller (MSC)
Board

The MSC Board provides control and interface functions for
the flexible disk and control functions for the hard disk drive.
The MSC Board is 80I186-based and can assume 8560 bus
mastership whenever required. It controls all interfacing be-
tween the flexible hard disk drives and the 8560 system.
The MSC Board plugs into connector J6 on the Main Inter-
connect Board.

The Xebec S1410 Disk Controller

The Xebec S1410 Disk Controller provides interfacing logic
for the Winchester-type hard disk drive(s). It provides inter-
locked data transfer through the Shugart Associates Sys-
tem Interface (SASI).

The Power Supply

The 8560 power supply is located in an enclosed assembly
occupying the left rear corner of the 8560 MUSDU cabinet.
It provides four DC voltages.

The Flexible Disk Drive

The 8560 flexible disk drive is a QumeTrak 242. The flexible
disk drive stores data on standard, removable double-sided,
single-density disks (0.5M bytes of storage), or on
double-sided, double-density disks (1M bytes of storage).

The Winchester-Technology Hard
Disk Drive

The 8560 Series hard disk drives are Winchester-technology
type drive units. The disks are in a sealed chamber in the
drive unit. To service the disks, the entire drive unit must be
completely removed and returned to your Tektronix service
center. For more service information and instructions for re-
moving the hard disk drive, refer to Section 15 of this
manual.

The Front Control Panel

The front control panel contains the Front Panel Board, the
DC ON, RUN/HALT, and RESTART switches, and three
LED status indicators. "

The Front Panel Board is located to the right of the two disk
drives, directly behind the front panel. The RESTART, DC,
and RUN/HALT switches are mounted on the Front Panel
Board and extend through the front control panel. The DC
ON power switch, however, is mounted directly on the front
control panel.

The Rear Panel

The 8560 rear panel contains up to eight HSI ports, two
auxiliary RS-232-C compatible ports, a primary power
switch, a line fuse, a primary line-voltage indicator, a
power-supply fan assembly, and an optional Mass Storage
Interface Bus Port. Attached to the rear of the 8560 is a fan
enclosure. The fan provides cooling for the disk drives,
power supply assembly and circuit boards.

OPERATING FIRMWARE

The 8560 operating firmware provides instructions for the
microprocessor-controlled system boards. Operating
firmware is located in the Utility Board, the MSC Board, the
/0 Processor Board and Xebec S1410 Disk Controller
Board. 8560 operating firmware falls into two categories:

® System boot-up firmware

® Firmware containing instructions for the Mass Storage
Controller and the 1/0 Processor
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Operating Software

Boot-up Firmware

The boot-up firmware initializes the system and turns con-
trol over to the power-up diagnostics. The 8560 boot-up
firmware, located on the Utility Board, is the initial firmware
executed when the 8560 is turned on or restarted. The
boot-up firmware is located on the Utility Board. Once the
power-up diagnostics have checked system operation, con-
trol returns to the boot-up firmware, moving the 8560 op-
erating system from disk into memory. At that point, system
control is turned over to the operating system. The boot-up
and power-up diagnostics are executed by the LSI-11
processor.

Controller Firmware

The MSC and 1/O Processor (IOP) are both
microprocessor-based boards, with controlling firmware
contained in PROMS.

DIAGNOSTIC FIRMWARE

The 8560 diagnostic firmware informs you of overall system
conditions and provides you with specific system status in-
formation. It also provides power-up tests for the user and
service routines for the service technician.

The 8560 diagnostic firmware consists of power-up di-
agnostic tests, including disk drive service routines for the
system memory boards.

The power-up tests and the system memory board firmware
are located on the Utility Board. They share ROM with the
boot-up routines. Power-up tests are described in Section
13 of this manual.

1 TNIX is a registered trademark of Tektronix, Inc.

2 UNIX is a registered trademark of Bell Laboratories.

The Octal Debugging Technique (ODT) package is also part
of the diagnostic firmware. ODT is located in unchangeable
microcode and is part of the LSI-11 chip set. Section 13
describes ODT usage. The ODT firmware allows you to look
at memory and 1/O port locations and check the status of
the LSI-11.

Power-up Diagnostics Firmware

The 8560 power-up diagnostics perform a general system
check, verifying that all standard circuit boards are installed
and are in working condition. If a failure occurs, the
power-up diagnostics display a message on the system ter-
minal. Power-up diagnostics are further described in Section
13 of this manual.

DIAGNOSTIC SOFTWARE

The 8560 also offers you disk-based diagnostics providing
individual board test programs that you can invoke from a
terminal. These programs locate problem areas to the block
diagram level. The disk-based diagnostics are stored on a
separate flexible disk. Section 16 provides detailed descrip-
tions of the tests and their functions.

OPERATING SOFTWARE

The 8560 TNIX! operating system is an enhanced version of
the popular UNIX2 operating system. The TNIX operating
system is stored on a Winchester-technology hard disk and
is described in the 8560 Series System Users Manual.

1-5
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Section 2

SPECIFICATIONS

INTRODUCTION

This section contains the 8560 system specifications. Table 2-1 lists the electrical specifications, Table 2-2 lists the environ-
mental specifications, and Table 2-3 lists the physical specifications. Power supply internal specifications are given with the
supply description in Section 12.

Table 2-1

Electrical Characteristics

Characteristic

Performance Requirement

Supplemental Information

Primary Power
Input Voltages

90 to 132 Vac
180 to 250 Vac

Frequency 48 to 66 Hz
Line Fuses
115 Vac 3AG, 8 Amps, 250 Volt, fast-blow
230 Vac 3AG, 4 Amps, 250 Volt, fast-blow
Power Consumption 410 Watts
(maximum)
Power Supply +5.0 Vdc +/-3% 33A
+12.0 Vdc +/-5% 6.5A
-12.0 Vdc +/-5% 260mA
+15.0 Vdc +/-10% 20mA
+24.0 Vdc +/-10% I.0A

Static Discharge

Operating 12.5 kV and below with no effect on operation of unit
Table 2-2
Environmental Characteristics

Characteristic Description
Temperature

Operating +10°C to +35°C (+50°F to +95°F)

Storage -10°C to +45°C (+14°F to 113°F)
Humidity

Operating 20% to 80% noncondensing

26°C (79°F) maximum wet bulb

Altitude

Operating To 2 500 m (8,000 feet)

Storage To 9 140 m (30,000 feet)
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Table 2-3
Physical Characteristics

Characteristic Description
Net Weight 22.4 kg (49.2 1b.)
Overall Dimensions

Height 267 mm (10.5 in.)

Width 432 mm (17 in.)

Length 646 mm (25.4 in.)

2-2
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3

OPERATING INFORMATION

INTRODUCTION CONTROLS, CONNECTORS, AND
INDICATORS

This section briefly describes all 8560 controls, connectors,
and indicators. It also describes all circuit board straps and
jumpers and shows how the 8560 communicates with other
peripherals.

Detailed 8560 operating information can be found in the

The following paragraphs discuss the 8560 controls, con-
nectors, and indicators. The pin configurations for all rear
panel connectors are also included. Figure 3-1 shows the
8560 front panel layout, and Fig. 3-2 shows the 8560 rear

8560 System Users Manual. Refer to that manual for ex- panel.
planations about software.
DC ON/OFF RESTART
Switch Switch
DC ON AC ON — RUN/HALT
Indicator \ Indicator / Switch
\N T 1
1 - - W _ 7{’ T
1 & | T
g@ - | lé
= b;g? L T
| Tektronix 8561 Doveiopmon ot
T W
/

ACCESS LIGHT

PROCESSOR
BUSY

Indicator

(3899-13)5049-25

Fig. 3-1. The 8560 front panel controls and connectors.
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Front Panel Switches

The 8560 front panel has three switches: DC ON/OFF, RE-
START, and RUN/HALT. They are described as follows:

DC ON/OFF

The DC ON/OFF switch supplies DC voltage to the system.
When this switch is in the OFF position, the system is in the
standby mode. In this mode, the DC voltages are available
on the power supply, but are not supplied to the individual
circuits.

RESTART

Toggling this momentary-contact switch resets the entire
system to its initial state and executes the power-up tests.

RUN/HALT

Toggling the RUN/HALT switch halts the processor, regard-
less of what task it is performing at the time.

Front Panel Indicators

The front panel has three indicator lights: DC ON, PROCES-
SOR BUSY, and AC ON.

DC ON

The DC ON indicator is lit when the DC ON/OFF switch is in
the ON position and DC power is applied to the system.

AC ON

The AC ON indicator is lit whenever the rear panel POWER
ON/OFF switch is in the ON position.

3-2

PROCESSOR BUSY

The PROCESSOR BUSY indicator is lit when the LSI-11 is
performing a task.

Rear Panel Controls

The following paragraphs describe the 8560 rear panel
controls.

POWER ON/OFF

The POWER ON/OFF switch is the main system power
‘switch, providing line voltage to the power supply. When
this switch is on, the front panel AC ON indicator is lit. Fig-
ure 3-2 shows the 8560 rear panel layout.

LINE FUSE

This is the line fuse for the 8560. If the system is configured
for 115 Vac, use a 3AG, 8 Amp, 250 Volt, fast-blow fuse. If
the 8560 is configured for 230 Vac, use a 3AG, 4 Amp, 250
Volt, fast-blow fuse.

PRIMARY POWER PLUG

This is the primary power supply plug for the 8560. Only the
line voltage indicated by the source voltage cover plate
should be connected.

PRIMARY VOLTAGE SOURCE

The primary voltage source for an 8560 is selected at the
factory. A cover plate on the rear panel of the instrument
indicates two possible voltage source selections. To change
the voltage source, remove this cover plate, change the
two-position switch to the new setting, and replace the
cover plate.

If you change the voltage source, be certain that your 8560
has the proper fuse for the new configuration.
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Fig. 3-2. The 8560 rear panel control and connectors.

Rear Panel Connectors Table 3-1
HSI Port Configurations

The following paragraphs describe the 8560 rear panel

connectors. Pin Name Function
1 Shield
HSI Ports O through 7 7 GRD Signal Ground
J801 through J804 and J806 through J809 are the HSI 2 R DATA Receive Data
ports. HSI Port 0 is factory-jumpered for RS-232-C protocol 1 R DATA’ Receive Data
for use with a system terminal. HSI Ports 1 through 7 are 3 T DATA Transmit Data
factory-jumpered for RS-422 protocol to communicate with 12 T DATA’ Transmit Data
a workstation such as the TEKTRONIX 8540 Integration 20 DTR Data Terminal Ready
Unit. 13 DTR’ Data Terminal Ready
5 CTS Clear To Send
The HSI ports transmit and receive at 153.6K baud. Any 25 CcTs’ Clear To Send
HSI port, however, may be reconfigured to operate under 6 DSR Data Set Ready
RS-232-C protocol by moving the appropriate jumper block 18 DSR’ Data Set Ready
on the I0A Board. You can then connect a terminal directly 8 CAR DET | Carrier Detect
to the 8560. Instructions to configure an HSI port and an 9 CAR DET’ | Carrier Detect

RS-232-C port are provided in Section 8 of this manual.
Table 3-1 shows HSI port pin assignments.

3-3
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Printer Ports LP1 and LP2

Ports J8051 and J8101 provide communications with auxil-
iary equipment, such as line printers and terminals. These
ports are RS-232-C compatible and have selectable baud
rates. Table 3-2 shows the pin configurations for the printer
ports.

Table 3-2
Line Printer Port Configuration
Pin Name Function
1 Shield
7 GRD Ground
2 R DATA Receive Data
3 T DATA Transmitted Data
20 DTR Data Terminal Ready
5 CTS Clear to Send
6 DSR Data Set Ready
8 CAR DET Carrier Detect
15 T CLK Internal Clock These two pins
are tied together
17 R CLK External Clock | internally to
R CLK
4 RTS Request to Send

3-4

COMMUNICATIONS

The following paragraphs describe how to connect various
peripherals to the 8560. In its standard configuration, the
8560 Series MUSDU supports up to eight HSI ports and
two printer ports.

Each 1/0O Processor (IOP). Board controls up to four HSI
ports. Refer to Section 7 of this manual for a detailed de-
scription of the 1/0 Processor Board. Refer to Section 8 for
information on the /O Adapter Board and I/O Connector
Board.

HSI Ports 1 through 7 typically operate under modified
RS-422 protocol and communicate with the Tektronix 8540
Integration Unit. You can, however, reconfigure the 1/O
ports for use as terminal ports, operating under RS-232-C
protocol.

Refer to Fig. 3-3 for /O port connections to the I/O
processor.
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Fig. 3-3. 1/0 port connections to the 1/O processor.
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Interfacing to an 8540

The 8560 and the 8540 communicate through interconnect-
ing cables. Figure 3-4 identifies the interconnecting signal
lines for an HSI interface between the 8560 and the 8540.
For additional interfacing information, refer to the 8560 Se-
ries Installation Guide. Baud rate selection is also described
later in this section.

Interfacing to a Terminal
via an HSI Port

If a terminal is connected directly to an 8560 HSI port, the
appropriate I0A Board jumper block must be repositioned
to provide the RS-232-C interface protocol. Figure 3-5
shows the interconnecting signal lines between a typical
system terminal and the 8560.

(DATA SET) (DATA TERMINAL)
8560 HSI 170 8540 HSI (J100)
- 2 Tx 2
11 ™ 11 Q
3 Rx 3
12 Rx’ 12 %D
»
- 20 DTR 20
13 DTR’ 13 <]
5 cTS 5
25 cTSs’ 25 % j :
N] 1 SHIELD 1 \ ~
) m °
6 4
+ O AAN— DSR RTS M —O +
ir-ﬁ_ DSR’ RTS’ i__§|7
8
+ O —AAN bco
9
?—‘ DCD’
7
Kr——- SIGNAL GROUND
(3899-26)4759-6

Fig. 3-4. High-Speed Interface (HSI) lines.
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(DATA TERMINAL)

SYSTEM TERMINAL
(Typical)

AVAVAV/ VA

(DATA SET)
8560 HS! 1/0
(configured for RS-232-C)
N 1 SHIELD 1
N
<F 2 Tx 2
> 3 Rx 3
> 5 CcTS 5
6 DSR 6
+O— %%
8 DCD 8
+0O AAA
20 DTR 20
7 SIGNAL GROUND 7
9 4
3 DCD’ RTS ——
18
DSR’
11
-O0—0O- Tx’
12
—0 o0— Rx’
13
—O0—0 DTR’
25
—0 O———F—cT8’

(3899.27)4759-7

Fig. 3-5. A typical RS-232-C system terminal interface.
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Interfacing to a Line Printer

Line printers may be connected directly to the 8560 line
printer connectors J805 or J810. Figure 3-6 shows the inter-
connecting signal lines between an 8560 and a typical line
printer.

8540 Remote Interfacing

The 8560 can also communicate with an 8540 via the 8540
remote port J101 (an RS-232-C compatible interface with a
maximum baud rate of 9600 baud.) Interconnecting signal
lines for this interface configuration are shown in Fig. 3-7.

Communications over this interface are established and
maintained by the COMM commands as described in the
8540 Integration Unit System Users Manual.

(DATA SET) (DATA TERMINAL)
8560 LINE PRINTER 1/0 LINE PRINTER
(RS-232-C) (Typical)
3 1 SHIELD 1 T~
Q
O< 2 Tx 2 /
\ 3 Rx 3 >
O< 4 RTS 4 /
\ 5 CTS 5 >
D
N AMA- 6 SR 6 >
DCD 8
+ ANV 8 >
20 DTR 20 q
15
T CLOCK
! -
R CLOCK
7  SIGNALGROUND 7
(3899-28)3900-8

Fig. 3-6. A typical line printer interface with the 8560.
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(DATA SET) (DATA TERMINAL)
8560 HSI 1/0 8540 REMOTE PORT
(configured for RS-232-C) (J101)
N 1 SHIELD 1 ~
N
e s R
3 R 3
> 5 cTs 5 >o
6 DSR 6
+O A >o
8 DCD 8
+0 AAA- >O
20 DTR 20
NV O +

7 SIGNAL GROUND 7

9 4
- DCD’ RTS ——
v 1
DSR’
11
O0—O ™
12
—0 O0— Rx’
13
—0—o0 DTR’
v .

—0 O—f—cTs’

(3899-27)3900-9

Fig. 3-7. RS-232-C interface lines between the 8560 and the 8540.
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L ]

- Port Characteristics
Introduction

This section summarizes the RS-232-C and RS-422 proto-
cols used with the 8560. The 8560 provides up to 10 ports
to communicate with external peripherals. Eight ports are
defined as HSI ports and the remaining two are printer
ports.

1/0 Processor boards serve up to eight ports. Typically,
these ports are defined as High Speed Interface (HSI) ports
because they transmit and receive at a rate of 153.6K baud,
with the exception of HSI Port 0, which is factory-jumpered
for RS-232-C protocol for use with a system terminal. You
can, however, configure any HSI port to operate under the
RS-232-C protocol and set its baud rate to any value per-
mitted by this protocol. HSI ports are accessible at the rear
panel.

Two additional ports are defined as Printer Ports LP1 and
LP2. These ports always operate under RS-232-C protocol.
Their baud rates, however, are variable and can be set to
any speed allowed under the RS-232-C protocol. Printer
ports are usually dedicated for line printer or terminal
operations.

Note that a printer port vector-interrupt can be selected
from the Utility Board. (See “Circuit Board Configurations,”
later in this section.) Printer Port LP 1 uses a default ad-
dress of 17777510 and an interrupt vector address of 200.
Printer Port LP2 uses default address 17777560 and an in-
terrupt vector address of 60. Both printer ports are identical
in their wiring and communication methods.

RS-232-C Protocol

In RS-232-C protocol, data is sent from the 8560 on the
TDATA line and received by the peripheral on the RDATA
line. All data byte communications are preceded by one
start bit and terminated by one or more stop bits. The
firmware checks if the start/stop bits are present. If they are
not, a framing error is generated. Parity is also checked by
the 8560 unless the Utility Board is strapped for the NO
PARITY option. See “Circuit Board Configurations,” later in
this section, for Utility Board strapping/jumpering options.

The Clear-to-Send (CTS) signal is asserted by the 8560
when the 8560 is free to receive data. The Request-to-Send
(RTS) signal is asserted when the peripheral wants to re-
ceive data, placing the 8560 in transmit mode. The
Data-Terminal-Ready (DTR) signal is activated by the pe-
ripheral when it is ready to transmit or receive data. All sig-
nals, including data signals, are active low.

The Transmit/Receive (T/R) Clock line is an optional facility
for setting communication rates by means of an external
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clock. This must be an even baud rate, including stop bits
and is determined by dividing the bit rate frequency by 16.

The 8560 conforms to the Electronic Industries Association
(EIA) standard. For time durations of all signals mentioned,
refer to the relevant EIA documents.

HSI/RS-422 Protocol

The RS-422 communication standard is similar to RS-232-C
in terms of signals but differs in the method of transmission.
All four principal communication lines (RDATA, TDATA,
RTS and CTS) use two lines to communicate instead of
one. For example, TDATA uses pins 3 and 12 instead of just
pin 3 as is used in RS-232-C protocol. In the case of
RS-422, each pair is a set of balanced lines.

Baud Rate Selection

The following paragraphs describe baud rate selection for
the 8560 line printer ports and HSI ports.

Printer Ports LP1 and LP2

Printer Ports LP1 and LP2 are factory-jumpered to transmit
and receive at 2400 baud. You can change this baud rate by
moving the appropriate jumper on the Utility Board. Table
3-8, later in this section, identifies these jumpers and pro-
vides information for selecting other available baud rates.

HSI Ports

When an HSI port is configured for RS-422 protocol, the
baud rate is fixed at 153.6K baud. When an HSI port is
configured (with jumpers on the I0A Board) as a RS-232-C
port, the baud rate defaults on power-up to 2400 baud.
Firmware on the |OP Board permits selection from the ter-
minal for the baud rate that matches the attached terminal
by depressing the BREAK key. An intelligible message ap-
pears on the terminal screen when you have obtained the
correct baud rate.

JUMPERS AND STRAPS

The 8560 provides circuit board jumpers and straps that
change a board’s operating configuration. Most 8560 circuit
boards contain straps that are used to tailor the board for a
specific function or are used for troubleshooting. Configura-
tion tables are provided in this section for the default strap-
ping and jumpering of all boards. A strap or jumper is either
in, out or connected to a specific position.
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Jumpers and Straps

Jumpers

In this manual, the term “jumper” refers to a small connector
designed to fit across a jumper position, consisting of two
square pins that can accommodate the placement of the
jumper. Jumper positions are arranged on the circuit boards
as one-position or two-position jumpers. One-position
jumpers have only two square pins, and the jumper is either
installed or removed. Two-position jumpers have three
square pins arranged in a straight line or in an “L” pattern.
The jumpers may be installed on pins 1 and 2, or 2 and 3, or
removed. Table 3-3 shows the symbols used for jumpers on
the circuit board configuration drawings that appear later in
this section. Jumper numbers are designated with a
“Pxxxx” or a “Jxxxx”, unless otherwise noted.

Jumpers are also used in clusters, in which case all jumpers
in the cluster are changed at once with a jumper block. A
jumper block consists of two or more jumpers in one physi-
cal unit. These blocks are usually used where a number of
jumpers change the same function on different signal lines.

Straps

In this manual, the term “strap” refers to an ECB
through-hole that may be bridged with a soldered wire to
select an alternate function. A strap may also be a cuttable
run, which is an ECB run between two through-holes. The
run must be cut before one of the through-holes can be
strapped to a third through-hole. If there is a cuttable run at
the location, it must be cut before the strap is bridged to
prevent system errors. Table 3-3 shows the symbols used
for straps on the circuit board configuration drawings that
appear later in this section. Straps are designated with a
“Wxxxx.”

Table 3-3
Symbols for Jumpers and Straps

Jumper/Strap Symbols

Usage

=B 0@ - ~EE 9
EER =

These two-position
jumpers show the jumper
across pins 1 and 2 or
across pins 2 and 3.

@39 « @@

This single-position jumper
shows the jumper across
the single jumper position
or the jumper removed.

These two-position straps
show the cuttable runs be-
tween pins 1 and 2. The

CleHe ,, — runs may be cut and the
\ C! straps bridged across pins
2 and 3.
These single-position
straps show the
o [O][0) through-holes with or with-
out a cuttable run. The cut-
O}O] o [oHe] table run may be cut or the

through-holes may be
bridged with a strap.

a
Da or=[@ 0 o
A

o

o [0 Q]

or

The 3-position jumpers
show the jumper across
pins 1 and 3, or across
pins 2 and 3 or across pins
3 and 4

a Arrow = pin 1
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CIRCUIT BOARD CONFIGURATIONS

This section describes the default configurations of jumpers
and straps for all 8560 system circuit boards.

Main Interconnect Board
Configuration

The Main Interconnect Board provides seven pairs of bus
grant jumpers (J19 through J32). Each board that plugs into
the Main Interconnect Board, except the LSI-11 Board and
the Utility Board, has an associated pair of bus grant
jumpers.

Jumper pairs are either set to the PASS or the NO PASS
position. In the PASS position, the bus grant is passed to
the next inline board. In the NO PASS position, the grant is
passed or intercepted by the board. For example, if the
jumper pair J23/30 is strapped to PASS, the bus grant is
passed or intercepted by IOP Board 2.

Figure 3-8 shows the location of the bus grant jumpers. All
empty slots and the system memory boards are strapped to
PASS. All other slots are strapped to the NO PASS condi-
tion. When changing the jumpers, remove the adjacent
board, and use needle-nose pliers to reposition the jumper.

Table 3-4 shows the default strapping of the bus grant
jumpers. These jumpers pass the bus grant to the next card
if the next inline slot is empty.

Table 3-4

Bus Grant Jumpers
Jumper Default
J19/26 NO PASS
J20/27 PASS
J21/28 PASS
J22/29 PASS
J23/30 PASS
J24/31 PASS
J25/32 NO PASS
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J2S NS RER J32

J24 HEE BER J31

=
L

J23 HEE mEN J30

_‘

J22 IEE MmN J28

J2) HEE BEN J28

J2¢ HEE HEE J27

-

Jig HENA BEN J26

£ e ]

N

(PASS)
——

(PASS)
——

AEE EEN
(NO PASS) (NO PASS)

\ /

\_/ Representative Jumper

3900-10

Fig. 3-8. Main Interconnect Board jumper locations.

LSI-11 Configuration

Table 3-5A shows the default jumper configuration for the
LSI-11/23. Figure 3-9a shows the jumper locations on the
board.

Table 3-5B shows the default jumper configuration for the
LSI-11/73. Figure 3-9b shows the jumper locations on the
board.
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Circuit Board Configurations

Table 3-5A Table 3-5B
Default LSI-11/23 Jumper Configuration Default LSI-11/73 Jumper Configuration

Jumper Default Jumper Default Jumper Default
Wia In W10 In W1a In

W2 In W11 In w2 In

w3 In W12 In W3 Out
W4 Out W13 In w4 In

W5 Out W14 In W5 In

W6 In W15 In W6 In

w7 Out W16 In W7 In

ws8 In w17 In w8 In

W9 In w18 In W9 Out

2 Jumper numbers are referred to in this instance with “W” ref-

erences consistent with DEC nomenclature.

2 Jumper numbers are referred to in this instance with “W” ref-
erences consistent with DEC nomenclature.

=T

wis
Red Wire

— W16
w17

Data Control

(a)

—_ W1

Microprocessor

11

Cache Control

11111,

°
°
s
w

State Sequencer

[

I('E’)I

(3900-11)4759-8

Fig. 3-9. LSI-11 jumper locations.
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Utility Board Configuration

This section provides default configuration information for

miscellaneous jumpers and straps that control the following
functions:

® Diagnostics control

Operating Information—8560/8561/8562 Service

® Parity and bits/character
® RS-232-C port baud rates
® | AV-11 mode selection

Figure 3-10 illustrates the Utility Board. Table 3-6 shows the
jumpers and straps in their default positions.

P1036 =mm

Maintenance
Jumper

LAV-11 Mode

o—=0
° B—O} wW4016/17

._"B"_:} W4018/19

Line
Printer
Mode

A9l w7011/12

o[Rle
oA-e
’_B_"l W7013/14
&-A-® ! w7015/16
S o s w7017/18

o(RJ®

[ X J
w1071 W1072
[ X ]
o0

w1073

} W1074
[ X J
Parity

and Bits/
Char.

W3071 { } W3073

[ X J
[ X J
W3072 { w3074

P2091 m m
P2092 m =
P2093 m W
P2094 B

Printer 2

mmm P2095
mm P2096
mE P2097
EmE P2098

Printer 1

Port Baud Rate Port
Selection

AN

il

(2975-17)4759-9

Fig. 3-10. Utility Board strap and jumper locations.




Operating Information—8560/8561/8562 Service

Circuit Board Configurations

Table 3-6

Utility Board Default Jumper/Strap Positions

Table 3-6 (Cont.)
Utility Board Default Jumper/Strap Positions

Strap or Default Strap or Default
Jumper Function Position Jumper Function Position
w3071 Printer Port 1 ouT W7015/16 Printer Port 1 B
8 Bits/Char. Non-LAV-11
w3072 Printer Port 1 ouT W7017/18 Printer Port 1 A
No Parity Non-LAV-11
W3073 Printer Port 1 ouT W4018/19 Printer Port 2 A
No Parity LAV-11
W3074 Printer Port 1 ouT
8 Bits/Char.
w1071 Printer Port 2 out The Maintenance Jumper
8 Bits/Char.
- When jumper P1036 is installed, the 8560 runs through its
w1072 Printer Port 2 ouTt normal power-up sequence. When P1036 is removed, the
No Parity 8560 enters the ROM-based debugging mode, and all com-
W1073 Printer Port 2 ouT munication with the 8560 occurs through a printer port. In
No Parity normal operation, the jumper is always instalied.
w1074 Printer Port 2 ouT
8 Bits/Char.
P2095 Printer Port 1 IN Parity and Bits/Character
2400 Baud Wire straps allow you to configure the parity and
P2096 Printer Port 1 ouT bits/character feature of each printer port. The Utility Board
2400 Baud default strapping is set to 8 bits/character and NO PARITY.
- Table 3-7 shows available port combinations.
P2097 Printer Port 1 ouT .
2400 Baud
P2098 Printer Port 1 ouT
2400 Baud Table 3-7 -
P2091 Printer Port 2 ouT Parity and Bits/Character Straps
2400 Baud
P2092 Printer Port 2 ouT Printer 1 W3071| W3072| W3073| W3074
2400 Baud Printer 2 W1071( W1072| W1073| W1074
P2093 Printer Port 2 ouT ;
8 Bits/Charact T Xa
2400 Baud its/Character ou X ouT
7 Bits/Charact IN X X T
P2094 Printer Port 2 IN fts/Character ou
2400 Baud 6 Bits/Character ouT X IN
W7011/12 Printer Port 1 B 5 Bits/Character IN X X IN
Non-LAV-11 Even Parity X OouT |IN X
W7013/14 Printer Port 1 A .
Non-LAV-11 Odd Parity X IN IN
W4016/17 Printer Port 1 A No Parity X _|X our | X
Non-LAV-11

2 X = don’t care
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[F e e e e

Baud Rate Selection

Printer port baud rates are factory set to 2400 baud. How-
ever, you can change these baud rates using the jumpers on
the Utility Board. Table 3-8 lists the settings for each port.

the interrupt vector to a zero.) You can also set the ports to
a non-LAV-11 mode. Table 3-9 lists the modes and straps
for each port.

Table 3-9
Port Mode Straps

Table 3-8
Baud Rate Selection Jumpers Printer W4016/ | W7011/ | W7013/
Port 1 4017 7012 7014
Printer Port 1 P2095 | P2096 | P2097 | P2098 Printer wa018/ | w7015/ | w7017
Printer Port 2 P2094 | P2093 | P2092 | P2091 Port 2 4019 7016 7018
External Clock IN IN IN IN LAV-11 Mode: no A A A
External Clock N |IN |IN |ouT hold-off
LAV-11 Mode: hold-off A B A
50 Baud IN IN out | IN while RTS is false
75 Baud IN IN out our Default Strapping A A B
110 Baud ouT ouT ouT ouT LAV-11 Mode:
hold-off while
134.5 Baud IN ouT IN IN DTSR is false
200 Baud IN ouT IN ouT Non-LAV-11 Mode B Xa X
300 Baud ouT ouT IN ouT
2 X = don’t care
600 Baud IN ouT ouT IN ,
1200 Baud ouT IN ouT ouT
1800 Baud ouT | IN ouT |IN The System Memory Board
2400 Baud IN ouT |ouT |out Configuration
4800 Baud ouT IN IN ouT The memory board jumper straps fall into three basic
9600 Baud ouT |IN [N [N categories:

Port Mode Selection

Both printer ports can operate in Digital Equipment Cor-
poration’s four LAV-11 modes. (LAV-11 modes force bit 2 of

3-16

® Miscellaneous straps
® Bank interchange straps
® Data/parity interchange test straps

Figure 3-11 shows the jumper/strap locations of the 256K
Memory Board. Figure 3-12 shows the jumper/strap loca-
tions of the 512K Memory Board.
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P5173
P7161
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W7067o -
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Fig. 3-11. 256K Memory Board jumper/strap locations.
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Fig. 3-12. 512K Memory Board jumper/strap locations.
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Miscellaneous Straps

Table 3-10 lists the memory board miscellaneous jumpers.
P7072 selects the size of the I/O space, and P5173 config-
ures the board either as the upper or the lower memory
bank. All other memory board jumpers are used for trouble-
shooting, to disable signals such as the input data, clock,
refresh and others.

Table 3-10
Memory Board Miscellaneous Jumpers
Number Function
P7072 Sets 1/O space
P5173 Configures the board as either the up-
per or lower 256K-word bank
P7111 Parity enable
P7073 Read enable
P7171 Disables clock signal
P7161 Refresh enable
P5081, P5091, Parity/RAM exchange
P5101, P5111

Address Decoding for Memory Select
Upgrades

Table 3-11 shows the positions of the various jumpers and
straps involved in address decoding (address lines A19, A20
and A21) for the possible memory-select optional upgrades.

Table 3-11
Memory Address Selection Jumpers/Straps

Straps
= o
T r828358 8
3 SRR RS Address Lines
a a3 3 33 3 3 A21 A20 A19
i@ 0 0 0 0 0O O O 0 0 0
0 1.0 0 0 0 O O 0 0 1
0 01t 0 0 0 0 O 0 1 0
0 0 01 0 0 O0 O 0 1 1
0O 0 0 0 1 0 0 O 1 0 0
0 0 0 0O O1 0 O 1 0 1
0 0 0 0 0 0 1 O 1 1 0
0O 0 0 0 0 0 O 1 1 1 1

2 a “1” denotes a strap in the lower position.

b a “0” denotes a strap in the upper position.
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Data and Parity Swapping

Table 3-12 lists the straps by which the low-byte parity-bit
memory may be swapped with bit 0 memory, and the
high-byte parity-bit memory may be swapped with bit 8
memory. Parity may therefore be read as data, allowing all
memory chips on the board to be tested.

Table 3-12
Data and Parity Interchange Test Jumpers
Jumper
No. Name Signal | Function Default
P5081 AM-Al | DNO(H) | Swaps DTOH IN
AO-AK | DNLP(H) | and DNLPH ouT
AN-AJ | DNO(H) |signals J6078 | OUT
AP-AL | DNLP(H) IN
P5091 AE-AA | DTO(H) |Swaps DTOH IN
AG-AC | DTLP(H) | and DTLPH ouT
AF-AB | DTO(H) |signals J5077 | OUT
AH-AD | DTLP(H) IN
P5101 AU-AQ | DN8(H) | Swaps DN8H IN
AW-AS | DNHP(H)| and DNHPH ouT
AV-AR | DN8(H) | signals J5091 ouT
AX-AT | DNHP(H) IN
P5111 BE-BA | DT8(H) |Swaps DT8H IN
BG-BC | DTHP(H) | and DTHPH ouTt
BF-BB | DT8(H) |signals J5108 | OUT
BH-BD | DTHP(H) ouT

The system memory in the 8560 MUSDU consists of one or
two dynamic RAM boards. Any one, or combination of any
two, of the 256K-byte and 512K-byte Memory Board(s) may
be used.

Memory Bank Selection

If only one memory board is installed, the board must be
assigned to control the low bank of memory addresses.
Jumper P7071(1) must be in the A-B position, jumper
P7071(2) must be in the D-F position, and jumper P5073
(256K memory board only) must be in the W-X position.
Refer to Fig. 3-13 for low-bank configuration of the 256K
Memory Board. Refer to Fig. 3-14 for low-bank configura-
tion of the 512K Memory Board (one or two 512K Memory
Boards installed). Refer to Fig. 3-15 for low-bank configura-
tion of the 512K Memory Board (256K Memory Board and
512K Memory Board installed.)

If two memory boards are used, one board must be config-
ured as the low bank board. The second board must be
configured as the high bank board. Refer to Fig. 3-13 for
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high-bank configuration of the 256K Memory Board (two NOTE

256K Memory Boards installed). Refer to Fig. 3-15 for
; ! ! When the 256K and 512K Memory Boards are used
high-bank configuration of the 256K Memory Board (256K together for a 768K-byte memo r;ys ystem, the 512K
Memory Board and 512K Memory Board installed). Refer to Memory Board must be configured as thé low bank
g'g' 31: for51h égKh-'aank corgugurdatpn t°:| tge 512K Memory and the 256K Memory Board must be configured as
oard (two emory Boards installed). the high bank. Refer to Fig. 3-15 for jumper locations.

N

E
Q P72

B
P7071(1)
a@/
A C

D F

" Bgo

High bank configuration
(second board in a two-
board system only)

P7071(1) =l=. P7071(2)

P7072 s

E
P7071(2)
P7071(1) B 8] Ps173

[}
|
oEa” 1 Ygw
ACODF :
[}
|
]
[}
|

P7072 ==1

..l 0O
Oneboard | g
in system

Two boards
in system

Low bank configuration (one
or two boards in system)

(4627-15)5049-10

Fig. 3-13. Jumper locations for one or two 256K Memory Boards installed.
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1/O Memory Selection

If only one memory board is installed (low-bank operation),
jumper P7072 must be in the |-G position. This enables the
lower half of the highest 8K of memory for I/O operations.
Refer to Fig. 3-13 and Fig. 3-14 for low-bank configurations.

If two memory boards are installed, I/O memory must be
enabled on the high-bank board and disabled on the
low-bank board. On the low-bank board, jumper P7072

must be in the position G-H; on the high-bank board, jumper
P7072 must be in position I-G. Refer to Fig. 3-13, Fig. 3-14
and Fig. 3-15 for jumper configurations.

For the 8560’s TNIX operating system to function
properly, jumper P7072 must be properly installed.

g P
P7071(1)
=

A CDF
="

=N

Two boards
in system

P7072

a

One board |
in system

Low bank configuration (one
or two boards in system)

P7071(1) 8 _8

P7072 an@

T

GRS P7071(2)

8 E  P7071(2)
pro71(1) O E
D F

A C

P7072
O
I G H

High bank configuration
(second board in a two-
board system only)

r

(4627-16)5049-11

Fig. 3-14. Jumper locations for one or two 512K Memory Boards installed.
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RAM Test Jumpers

With the exception of P7071(1), P7071(2), P7072, and
P5173 (256K Memory Board only), all jumpers on the mem-
ory boards are preset at the factory for normal operation

and should not be changed. These jumpers are for test pur-
poses only. Figures 3-13, 3-14, and 3-15 may be used to
verify proper placement of the test jumpers.

E
P7071(1) Q_ Pron@
] =Xul g

Low bank configuration
(512K Memory board)

P7072 am8

[
P7071(1) Qum pro71(2)

B E PIOT1(2)
P5173
pro71(1) O E
O giojo
ACDF

P7072

~0og

=0

[2]

____é___

High bank configuration
(256K Memory board)

r

(4627-17)5049-12

Fig. 3-15. Jumper locations for a 256K and a 512K Memory Board installed.
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IOP Board Configuration
Vector 0
The IOP Board provides jumpers and straps for the follow- ector
ing functions: a
® Priority levels
y _ 7210 O O
® Vector strap functions
® Miscellaneous functions J77i22 O 0O O
. .
Board selection 7123 0 O DO
J7i2¢ O 0O O
See Fig. 3-19 for proper placement of test jumpers on the
IOP Board.
Vector 1
(B
Interrupt Vectors J712s O O DO
Each IOP Board generates an interrupt vector to the LSI-11
Processor Board. The two interrupt vector circuits can be 712 O 0O 0O
independently jumpered to select a level of interrupt priority.
One set of jumpers determines which interrupt lines are as- J7127. 0O 0O 0O
serted. The other set of jumpers selects which lines are O
monitored when intercepting a grant from the LSI-11 pro- J7i2e O O
cessor. Table 3-13 describes the priority levels. Figure 3-16 (3899-23)4759-12
shows the jumpers for Vectors 0 and 1. Figure 3-17 illus-
trates jumper configurations for both vectors at priority lev- Fig. 3-16. Interrupt priority jumpers.
els 4, 5, and 6.
Priority level 7 is assigned for LSI-11 use only and is not 0
user-selectable.
J7121/J7125
Table 3-13 J7122/J7126
Interrupt Priority Assignments
J7123/J7127
Interrupt Interrupt
Priority Lines Lines J7124/J7128
Level Asserted Monitored
4 BIRQ 4 BIRQ 5, 6
5 BIRQ 4, 5 BIRQ 6
6 BIRQ 4, 6 BIRQ 7
7 BIRQ 4, 6,7 —
J7121,.d7128 0O 0
J7122/J7126
J7123/J7127
J7124/J7128
(b)
Level 5
(3899-24)3900-15

Fig. 3-17. Jumper configurations for interrupt priority levels.
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Miscellaneous Diagnostic Jumpers

Table 3-14 shows miscellaneous diagnostic jumpers used
by the Tektronix service center for diagnostic purposes.

Table 3-14

Miscellaneous Diagnostic Jumpers
Jumper | Function Default
J2171 Forced NOP 0 0-0
J2172 Processor testing 0 0-0
J2173 Testing system bus 0 0-0
J2174 Testing SIO DMA 0 0-0
J7011 Disable bus driver IN
J3162 Clock normal/siow 0 0-0
J2061 Disable HRQ between 8088 and | o o0-0

8237
J2041 1/0 read 00 or NOP ouT
J5161 Normal or forced OP codes 0 0-0
J6171 Slow clock 0 0-0
J6091 Disable DC010 0 0-0

Board Selection Jumpers

Device Register jumper configurations define IOP Boards as
either IOP 1 or IOP 2. If your system uses only one IOP
Board, it must be configured as IOP 1 and installed in the
IOP 1 slot in the 8560 Main Interconnect Board. Figure
3-18a illustrates the jumper configuration for IOP 1.

If your 8560 utilizes two IOP Boards, one of these boards
must be configured as IOP 1 and installed in the IOP 1 slot.
The second board must be configured as IOP 2 and installed
in the IOP 2 slot in the card cage. See Fig. 3-18b.

Memory Jumpering

Table 3-15 shows the memory jumpers. These jumpers are
preset at the factory and are not normally moved. They are
used by Tektronix to define the board configuration.

A5

A4

A2

A1

A5

A4

A2

A1 O Jaos4
10P él:))ard 2

(Device Register Address 01)

J4051

J4052

J4053

J4054

J4051

J4052

J4053

(3899-22)3900-16

Fig. 3-18. Device Register jumper positions.

Table 3-15
Memory Jumpers

Jumper | Function Default
J1081 Changes U1080 from RAM to ROM
J1082 ROM

J1091 Changes U1090 from RAM to RAM
J1092 ROM

J1101 Changes U1100 from RAM to RAM
J1102 ROM

J1121 Changes U1120 from RAM to RAM
J1122 ROM

J1131 Changes U1130 from RAM to RAM
J1132 ROM
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ROM —-a = RAM

4 D 00 00 00 00 00 00 000 00 00 \
[l
ol
ROM ROM ROM ROM ROM
Diagnostics ROM ROM OR OR OR OR OR RAM RAM RAM
Display RAM RAM RAM RAM RAM
=]
B J2061 J2171 OOI1T
Signature J2172 (I1110
J2041 Analysis J2173 (OI1110
J2174 (OI1113
Device *
Registers
10 J3161

A5 [l J4051

A4 (W J4052 L iA

A2 (lE J4053 J3162
A1 CHM J5054 (Refer to text)
J5161

J6091 J6171

Interrupt Vectors
(Refer to Text)

i i ! !3 Vector 1
i i ! !j Vector O

J7011
[
(3899-21)3900-17
Fig. 3-19. IOP Board jumper/strap locations.
| /O Adapter (|0A) Board of pins, you can change the port configuration from HSI
. . rotocol to RS-232-C protocol.
Configuration P P
The IOA Board contains eight jumpers for configuring up to NOTE

eight HSI ports. J1011 through J4011 service Ports 0
through 3, and J5011 through J8011 service Ports 4
through 7. By moving the jumper either up or down one set

HSI Port 0 is factory-jumpered for RS-232-C protocol
for use with a system terminal.

Figure 3-20 shows the jumper locations and how to config-
ure them for RS-232-C or RS-422 protocol.
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Jumper in RS-422(HSI) Position

Jumper in RS-232-C (SI0) Position

Jumper Connector HSI I/0 Port | Configuration
J1011 J8o1 0 Terminal
J2011 J802 1 HSI
J3011 J8o3 2 HSI
J4011 J8os 3 HSI
J5011 J806 4 HSI
J6011 J8o7 5 HSI
S J7011 J808 6 Hsl
I J8o11 J809 7 HSI
(3899-15)4759-13
Fig. 3-20. IOA Board jumper locations.
1/O Connector Board Configuration
Figure 3-21 shows the 10C Board strap locations, and Table O——O0 wso2 ws07 0—O
3-16 relates the straps to the port connectors. Straps W802 weos weos
through W811 are associated with the communications
ports. There is one strap for every port connector. You can O——O w804 wsos O—O
install a resistor or capacitor between the shield (of the
transmission line) and ground by first removing the strap. All
straps on this board are installed when the board is shipped weee e
from the factory .
Table 3-16 0——0 wso6 ws11 0—O
10C Board Straps
Port Stra Port Stra | I
P P 3900-19
J801 W8011 J805 W8051
J802 w8021 J8o7 w8071 Fig. 3-21. I0OC Board strap locations.
J8o3 w8031 J8os w8081
J8o4 w8041 J809 w8091
J805 W8051 J810 w8101
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MSC Board Configuration

Figure 3-22 shows the MSC Board jumper locations. Table
3-17 lists the jumper functions and their default positions.
Schematics show all jumpers in the default position.

Table 3-17
MSC Board Configuration

Xebec S$S1410 Disk Controller Board
Configuration

The Xebec S1410 Disk Controller Board provides jumpers
and straps which are preset at the factory. Jumper W3, to-
gether with the connection of various feed-throughs, deter-
mines the sector size and number of sectors per track.
These feed-throughs are located on the board above the
50-pin connector and to the right of the termination resistor

pack. Figure 3-23 shows the location of Jumper W3 and the
Defauit feed-throughs.
Jumper | Strapping Function
P3021 | o-00 Device address = 777150 Flexible Disk Drive QumeTrak 242
P3111 IN P3111 and P2063 are used for There are several jumpers and straps on the QumeTrak 242
P2063 00-0 NOP testing when both are not Flexible Disk Drive. Default jumpering and strapping con-
in their normal positions sists of cutting trace B and Z of the programmable shunt
P2061 ouT Used for diagnostic pushbutton and adding optional jumpers C, DC, 2S and Y.
P2163 0-00 MSC SCSIID =7 NOTE
P2161 0-00 Unused Refer to the QumeTrak 242 Maintenance Manual for
. tion of y ons.
P614 o Used for phase locked loop a detailed description of programmable shunt options
0 calibration Figure 3-24 shows default strapping and jumpering of the
° QumeTrak 242 main PCB Board.
P2161 NS B
@R P2061 P2163 NS @
D G P2063
P3111 N
P3021 N @B

P6141

UNNNNN NN NN NN NN NN NN AN

5049-13

Fig. 3-22. MSC Board jumper locations.
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(5)
(5)

0]

w3 0e oS
10 o5s
20 os
30 o5
40 oS
5 =9 S
60 oS
70 oS

| 2

5049-14

Fig. 3-23. Jumper location on the Xebec Disk Controller.

Seagate ST419 HARD DISK DRIVE

The programming shunt for the Seagate ST419 Hard Disk
Drive is a 14-pin shunt in a 16-pin socket located on Main
Control PCB 20096 of the Seagate ST419 Hard Disk Drive.
Pins 1 and 16 of the socket are not used; the shunts are cut
between pins 7 and 10, 6 and 11, and 5 and 12. Refer to the
Seagate ST406/412/419 Microwinchester Service Manual
for a detailed description of the programmable shunt op-
tions. The shunt is factory-installed to select the drive as
Drive 1. Figure 3-25 shows the programmable shunt for the
Seagate ST419 Hard Disk Drive.

Programmable Shunt

5049-15

Fig. 3-24. Jumper/strap locations on the QumeTrak 242 Flexible
Disk Drive.

(] 7-Res
l}=— Programmable Shunt

-

5049-16

Fig. 3-25. Seagate Hard Disk Drive programmable shunt.
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Micropolis 1304 Hard Disk Drive

The drive select for the Micropolis 1304 Hard Disk Drive is a
movable jumper on the drive’s Device Electronics Board.
The jumper is factory-installed to select the drive as Drive 1
or Drive 2. Refer to the Micropolis 1300 Series Rigid Disk
Drive Maintenance Manual for more information about the
selection of drives. Figure 3-26 shows the default jumpering
of the Micropolis 1304 Hard Disk Drive.

—— u

(T

(T

2N WwEO

8560/8562 8560/8561/8562
For one drive For a second drive 5049.17

Fig. 3-26. Micropolis 1304 Hard Disk Drive jumper locations.

3-28

Power Supply Board Configurations

The Secondary Board and the Regulator Board are the only
power supply boards which have jumpers. Tables 3-18 and
3-19 show the jumpers and their functions. Figures 3-27 and
3-28 show the jumper locations.

Most power supply jumpers are used for troubleshooting.
Except for P7017 and P7075, all jumpers are normally
installed.

Table 3-18
Secondary Board Jumpers
Jumper Function Default
P4114 overvoltage protection IN
P4102 overcurrent protection IN
for -12 V output
P4112 overcurrent protection IN
for +24 V output
P4097 overcurrent protection IN
for +5 V output
P4116 overcurrent protection IN
for +12 V output

Table 3-19
Regulator Board Jumpers

Jumper | Function Default
P7017 Fan connection No jumper
P7047 Low line voltage shutdown IN

P7048 Thermal shutdown IN

P7075 External power supply No jumper

connection
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Fig. 3-27. Secondary Board jumper locations.
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Fig. 3-28. Regulator Board jumper locations.
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Section 4

LSI-11 PROCESSOR

INTRODUCTION

The 8560 uses the Digital Equipment Corporation (DEC)
LSI-11 16-bit microcomputer as its main control unit. The
LSI-11 is a standard DEC dual height circuit board that is
compatible with the DEC LSI-11 bus. The heart of the
LSI-11 microcomputer is the LSI-11 chip set. The LSI-11
has the following features and capabilities:

® 128K word address space

® Four levels of vectored interrupts
* DMA

® Memory management

® Qctal Debugging Technique (ODT)

® Floating-point arithmetic processor (standard on 8562
MUSDU)

The LSI-11/23 chip set consists of three LSI devices: a
data/control unit, a memory management unit, and a float-
ing point unit.

The LSI-11/73 chip set consists of three LS| devices: a
data/control unit, an 8K-byte cache memory, and a state
sequencer.

The data/control device contains a separate data chip and
control chip. The data chip contains the ALU, registers, and
interface circuits for the data and address lines. The control
chip contains the instruction decoder and instruction ROM.

OCTAL DEBUGGING TECHNIQUE

The Octal Debugging Technique (ODT) is a built-in feature of
the LSI-11 which allows you to examine and change register
contents and memory locations. ODT also permits
single-stepping and restarting of a user program. ODT
works through the ODT terminal and responds to single
character commands and octal numbers. Table 4-1 contains
a summary of ODT commands.

The ODT Terminal

The 8560 treats any device connected to Printer Port LP2
as the ODT terminal. If a line printer is connected to this port
when the processor enters ODT, it will print the address of
the next instruction to be executed.

Entering ODT

ODT instructions execute only when the processor is in the
HALT mode. The HALT mode is entered in any of the follow-
ing ways:

® The processor executes a HALT instruction

® The 8560 front panel HALT switch is toggled, asserting
the BHALT(L) bus signal

® A double bus error occurs because the stack pointer
points to a non-existent memory location when the
stack is used after an error condition

® A bus error occurs when the processor is attempting to
input a vector from an interrupting device.

Table 4-1
ODT Command Summary

Command ASCII Function

x/ (Slash) 057 Prints contents of location
specified by x, and leaves
that location open.

<CR> 015 Closes an open location

(Return) and accepts next
command.

<LF> (Line 021 Closes current location

Feed) and opens the next
sequential location.

Rx/ (Register) 122 Opens a specific pro-

or $x/ 044 cessor register x.

S (Processor 123 Opens the Processor

Status) Status Register (PS). This
command must follow a
“$” or “R” command.

xG (Go) 107 Goes to location x and
starts program execution.

P (Proceed) 120 Resumes execution of a
program.

JUMPERS

Refer to Section 3 of this manual for the default jumper
configurations of the LSI-11.
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Section 5

UTILITY BOARD

INTRODUCTION

The Utility Board is a system board that plugs into the Main
Interconnect Board. It provides several unrelated system
functions. Figure 5-1 is a block diagram of the Utility Board
hardware.

The Utility Board contains the following logic circuits:

® A two-port RS-232-C compatible communications
interface

® 8560 bus driver/receiver logic

® Data Selection logic

® A Line-Time Clock (LTC)

® Power control logic

® Front panel control logic

® Bootstrap and diagnostic ROMs

The communications interface provides two RS-232-C
ports for communications between the two line printer ports
and the 8560 bus.

The bus driver/receiver logic interfaces the Utility Board
with the 8560 bus. The bus driver/receiver consists of
data/address transceiver logic and a control line transceiver.

The data selection logic makes Utility Board register data
and status information available to the 8560 bus.

The Line-Time Clock (LTC) generates LSI-11 event inter-
rupts. LTC logic consists of a clock circuit, LTC Status Reg-
ister address logic and supporting logic that controls the
bootstrap/diagnostic ROM access.

The power control circuit provides a power supply voltage
level check and controls the system power-up/power-down
sequence.

The front panel control logic directs the 8560 HALT and
RESTART operations.

The Diagnostic/Bootstrap ROM provides storage for
boot-up instructions and 8560 power-up diagnostics. The
two ROM devices together contain two 4K words of di-
agnostic and bootstrap memory.

5-1



Introduction Utility Board—8560/8561/8562 Service
[

| e -
I Interface Port 1 1
1 1
! Serial/Parallel Logic — Error
I 1 Summation
[ [ | '
1 \ '
1 1 .
Register Interrupt f———— ] Pm'::):ilgde
1 Control Control |
| \ 1
o : Programmable :
. § | Baud Rate <———== |0A board
9 S Gen.
® c 1 |
Q ° e e e r e e — = —— ——e—-—- -
« 5
N % - - s - - -— -
o
2 « ! Interface Port 2 |
a 8 | 1
a ' Serial/Parallel Logic S —— Error
1 9 | Summation
1 | 3 1
] | | !
| 1 .
\ Register Interrupt | P""Et Mode
| Control Control . ogic
1 1
: Programmable :
. Baud Rate r=———= 10A board
[} 1
_________________ -
Address Select
Comparators
2y
Front Panel o 3>
Control % © 8 a
® o - g3
2 o_ s
[ T ® -
g s «
[+ 4 ==
N )
5 2 2
2 =S o
< b1
[a] E ©
Power-up - 5 }
Control 82
0 g
)
o
3900-24

Fig. 5-1. The Utility Board hardware block diagram.
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The Communications Interface

THE COMMUNICATIONS
INTERFACE

The communications interface serves two line printer ports
compatible with RS-232-C protocol located on the rear
panel of the 8560. This interface controls communications
between two external line printers and the 8560 bus. Figure
5-2 is a block diagram of the communications interface. The
communications interface consists of the following major
parts:

® Serial/parallel 1/O logic

® Register control logic

® Interrupt control logic

® Error summation logic

® Printer mode control logic
® Data selection logic

® Address select comparators

® Programmable baud rate generator
® |nternal data bus

® Bus termination resistors

Serial/Parallel 1/0 Logic

The serial/parallel I/O logic consists of two identical circuits,
one for each line printer port. Each circuit contains a Univer-
sal Asynchronous Receiver/Transmitter (UART) device and
the Ready-To-Send (RTS) logic. The UART performs the
serial/parallel conversions required to interface line printer
ports with the 8560 bus. Since both circuits are identical,
only the logic serving Printer Port LP1 is described here.

[l s =
1 Interface Port 1 1
1 1
1 : : 1 Error
\ Serial/Parallel Logic .<——. Summation
1 \ l I
| " |
] .
Register Interrupt [ —— PmI::,NiIgde
Control Control 9
\

1

1

! Programmable
: Baud Rate
1

L
b [-———
8 Gen. ! I0A board
8 e e e m e m e m a
-
3
< - mmm - — - - - - -
@ ! Interface Port 2 1
L] 1 1
a ! Serial/Parallel Logic o Error
I erial/Fa 9 \ Summation
! ) | 1
! | Y !
] .
Register Interrupt t——ae| Print Mode
Control Control Logic
|

Programmable
Baud Rate
Gen.

~+— |OA board

Address Select
Comparators

(3900-24)3900-25

Fig. 5-2. Communications interface block diagram.
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The UART accepts serial data into its port and converts it
into 8-bit parallel data for the 8560 bus. When the LSI-11
returns data to the connected peripherals, the UART ac-
cepts parallel data from the 8560 bus and outputs it to the
1/0 Adapter Board.

The serial/parallel logic provides two line printer port
inputs/outputs that connect to the 1/0 Adapter Board. The
I/O Adapter Board provides the translation between Utility
Board TTL levels and standard RS-232-C voltage levels.

Ready-To-Send (RTS) Logic

The RTS logic receives RTS(L) and RDY1(L) signals and
generates the RTS(H) or RDY1(H) signal from them. RTS
logic consists of gates U4010C, U6010, and U6020. When
RTS(H) is asserted, transmit-enable interrupts are enabled
and UART pin 22 goes high. These interrupts inform the
LSI-11 that the UART is ready to send more data.

Register Control Logic

Figure 5-3 shows the four principal registers used by each
port when data is transferred to and from the LSI-11 pro-
cessor. Each UART contains a transmit buffer (XBUF) and a
receive buffer (RBUF). These buffers coritrol the parallel
data transmitted to and from the 8560 bus via the data se-
lector multiplexers. In addition, the Receive Control/Status
Register (RCSR) and the Transmit Control/Status Register
(XCSR) are used in the serial/parallel data transfer. These
two registers are located outside the UART. Table 5-1 lists
the serial/parallel interface registers and their addresses.
The following paragraphs describe the register control logic
and register formats.

Register addresses for the four serial/parallel 1/0 logic regis-
ters (XBUF, RBUF, XCS, and RCS) are located in the 8560

Table 5-1
Serial/Parallel Interface Register Addresses
Register Function Address (octal)
RCS-1 read/write 17777560
RBUF-1 read-only 17777562
XCS-1 read/write 17777564
XBUF-1 write-only 17777566
RCS-2 read/write 17777510
RBUF-2 read-only 17777512
XCS-2 read/write 17777514
XBUF-2 write-only 17777516

I/O space. The register control logic described here controls
the RCS and XCS Registers described later in this section.

Because the register control logic circuits are identical for
both ports, only the logic for Printer Port LP1 is described
here. Except for different signal names and device identifi-
ers, this description applies to both ports.

For Printer Port LP1, the register control logic consists of
decoder/multiplexer U3120, flip-flops U4020A and U5020A,
and part of U1080.

The main register control signals and their basic operations
are as follows: Pins 3 and 13 of U3120 (a dual one-of-four
decoder) receive signals LA1(H) and LA2(H), respectively.
These signals are address bits 1 and 2 of the register ad-
dress. U3120 generates four signals that select one of four
registers for a particular port. The four signals are
RD-RBUF-1(L), LD-XBUF-1(L), LD-XCSR-1(L), and
LD-RCSR-1(L).

When LD-RCSR-1(L) is asserted, the data on lines DALO(L)
and DAL7Y(L) is clocked into flip-flops U4020A and U5020A.
This asserts flip-flop outputs RDAVI1-EN, CTS-1(H) and
NCTS-1(H). RDAVI1-EN informs the LSI-11 that eight bits
of read data are available on the 8560 bus. CTS-1(H) in-
forms the peripheral that it can send data. When NCTS-1(H)
is asserted, the peripheral stops sending data.
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Register Control Signals

Table 5-2 identifies the most important signals that control
the serial/parallel I/O registers for each line printer port.

Table 5-2
Register Control Signals

Table 5-2 (Cont.)
Register Control Signals

Signal Description

LD-XCSR-1(L) Is inverted and connected to the clock

input of U3080. Output pins 5 and 9 of

Signal Description U3080 then provide two additional reg-

ister control signals: TBMTI-EN(H)

TCP The transmit clock input which controls (Transmit  Interrupt Enable), and
the transmit baud rate. XBREAK(H) (Transmit Break).

RCP The receive clock input which controls TBMT1-EN(H) Enables the Utility Board to send an
the receive baud rate. Since transmit interrupt to the LSI-11, informing it that
and receive baud rates are identical, the transmit buffer (XBUF) is ready to
TCP and RCP pins are connected. accept new data.

DIN(L) Controls the movement of data from XBREAK1(H) Is asserted when a break in data trans-
the register addressed by LA1(H) and mission occurs. XBREAK1(H) is
LA2(H). latched into Transmit Control/Status

Regi it 0. i

SER1(L) Enables U3120. With either DIN(L) or egister bit 0. XBREAK1(H) is cleared

DOUT(L) asserted, SER1(L) enables
the address decoder.

Connects to flip-flops U4020A and
U5020A to generate CTS-1(H) (Clear-
to-Send) and NCTS-1(H) (Not-Clear-
to-Send) for port 1. When LD-
XBUF-1(L) is asserted, data on ad-
dress lines DALO through DALY is read
by the UART and strobed into its
transmit buffer (XBUF).

Connects to flip-flops U4020A and
U5020A to generate the CTS-1(H)
(Clear-to-Send) and NCTS-1(H) (Not-
Clear-to-Send) for port 1. The output
of flip-flop U4020A connects to gate
U4060C to be ANDed with the DAV
signal from the UART (U3070). The
output of gate U4060C generates
RDAVI-INT(H) (Read-Data-Available
Interrupt). The RD-BUF-1(L) signal
strobes the RDAV input (Read-
Data-Available) on pin 18. When
RD-BUF-1(L) is asserted, the UART
makes data available to the 8560 bus.

LD-XBUF-1(L)

LD-RCSR-1(L)

5-6

by INIT(L) or when the software writes
a zero to bit 0 of the XCS Register.

Register Data Flow

The following paragraphs show the data flow for the four
previously mentioned serial/parallel interface registers dur-
ing read and write operations. In this discussion, the terms
“read” and “write” refer to reading from and writing to a
register, respectively. The terms “transmit” and “receive”
are used with respect to the LSI-11.

In a receive/write operation data arrives from the I0A
Board serially and is transferred to the internal UART RBUF
Register. The LSI-11 then writes receive control/status in-
formation into the RCS Register. Figure 5-4 illustrates the
receive/write operation.

In a receive/read operation the LSI-11 reads the RCS
Register to determine when to put the data on the 8560 bus.
Receive control/status information was written into the RCS
Register during the previously explained receive/write oper-
ation. Figure 5-5 illustrates the receive/read operation.
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Fig. 5-5. A receive/read operation.

In a transmit/write operation data arrives from the 8560
bus in parallel format at the internal UART XBUF Register.
The LSI-11 then writes transmit control/status information
into the XCS Register. Figure 5-6 illustrates the
transmit/write operation.

In a transmit/read operation the LSI-11 reads the XCS
Register contents (which were written into the XCS Register
in the transmit/write operation). If the LSI-11 finds the
proper status information in the XGS Register, data in the
transmit buffer is then output serially to the IOA Board. Fig-
ure 5-7 illustrates the transmit/read operation.
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Register Formats Since register formats are identical for both ports, only reg-

ister formats for port 1 are given here.
Following are the four serial/parallel 1/O registers:

® Receive Control/Status Register 1 (RCSR1)
® Receive Data Buffer 1 (RBUF1)
® Transmit Control/Status Register 1 (XCSR1)
® Transmit Data Buffer 1 (XBUF1)

Receive Control/Status Register (RCSR) @

The Receive Control/Status Register (RCSR) acknowledges
receipt of characters from the serial input (RS-232-C) lines,
and informs the transmitting peripheral to begin sending
new data over the serial lines. As shown in Fig. 5-8, the
RCS Register uses only six of its bits. Table 5-3 shows
individual register bits and their functions.
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Fig. 5-8. The Receive Control/Status Register (RCSR).

Table 5-3

The Receive Control/Status Register (RCSR)

Bit
No.

Function

Description

read/write

Bit 0 drives the Clear-To-Send
(CTS(H)) signal. If bit 0 is set,
CTS(H) is not asserted. If bit 0 is
cleared, CTS(H) goes high, and
data is sent to the line printer. (This
is a read/write bit that is cleared by
INIT(H) during initialization).

These bits are not used.

read/write

Bit 6 is set to generate an interrupt
request when a character is ready
for input to the LSI-11.

read-only

Bit 7 is set when a character has
been received and is ready to be
read from RBUF. This bit is cleared
automatically every time the con-
tents of RBUF are read or when
DCOK(L) goes high. A receiver in-
terrupt is sent when this bit is set
and the receiver is enabled (bit 6 is
also set). Bit 7 is cleared either un-
der program control or when
INIT(H) is asserted.

8-12

read-only

These bits are read as zero.

13

read-only

This bit is set when RTS is

asserted.

14

read-only

This bit
asserted.

is set when DTR is

15

read-only

This bit is set when DTR and RTS
are asserted.

Receive Data Buffer (RBUF) @

The receive data buffer (Fig. 5-9) is an internal UART buffer.
RBUF receives data from the IOA Board in serial format.
Table 5-4 describes individual buffer bits and their functions.

Table 5-4

The Receive Data Buffer (RBUF)

Bit
No.

Function

Description

0-7

read-only

Bits 0-7 hold the data received from
the I0A Board before it is trans-
ferred from the UART to the 8560
bus and the LSI-11. Data is right
justified and the UART is strapped
to 8 bits.

8-11

These bits are not used.

12

read-only

Bit 12 is set when the parity of the
received character does not match
the expected parity. If parity was
not selected, this bit is always 0. Bit
12 is cleared when DCOK(L) is high
or a new valid character is received.

read-only

Bit 13 is set when the incoming data
is transmitted at the incorrect baud
rate. Bit 13 is cleared when
DCOK(L) is high or a new valid
character is received.

14

read-only

Bit 14 indicates that the previously
received character was not read
prior to receiving a new character.
Bit 14 is cleared when DCOK(L) is
high or after receipt of a valid char-
acter that overruns the buffer.

15

read-only

Bit 15 is set when either a parity or
an overrun error occurs.
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Fig. 5-9. The Receive Data Buffer (RBUF).
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Fig. 5-10. The Transmit Control/Status Register (XCSR).

Transmit Control/Status Register (XCSR) <1>
The Transmit Control/Status Register (XCSR) controls data

Table 5-5 (Cont.)
The Transmit Control/Status Register (XCSR)

transmit rate and time. This register is directly accessible by Bit . o
the LSI-11 processor. The Transmit Control/Status Register No. Function Description
format is similar to the Receive Control/Status Register. Fig- - - -
ure 5-10 shows the Transmit Control/Status Register for- 5 read/write | Bit 5 allows bits 12 through 15 to
mat, and Table 5-5 describes individual bit functions. select the baud rate. Bit 5 must be
set before bits 12 through 15 are
enabled. Bit 5 is cleared by INIT(H).
Table 5-5 . .
. . 6 read/write Bits 6 and 7 control the start of an
The Transmit Control/Status Register (XCSR) interrupt sequence.
Bit 7 read-only Bit 7 is set when the transmit buffer
No. Function Description (XBUF) can accept another charac-
ter. When both bit 7 and bit 6 are
0 read/write When bit 0 is set, a continuous set, an interrupt sequence is initi-
space is transmitted across the ated. The INIT(H) signal clears bit 7.
RS-232-C interface, giving the re- 8-11 These bits are not used (set to
ceiver a framing error. Bit 0 is z6r0)
cleared by the INIT(H) signal. - :
1-4 These bits are not used (set to 12-15 | read-write Bits 12 through 15 program the

zero).

5-10

baud rate generator for baud rates
between 50 and 9600 baud or ex-
ternal clock input. Before bits 12
through 15 can be enabled, XCS
Register bit 5 must be set.
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Transmit Data Buffer (XBUF)<I>

The Transmit Data Buffer is an internal UART buffer that
stores the data as it is received from the 8560 bus through
the bus driver/receiver. (The bus driver/receiver logic is de-
scribed later in this section). The data is transferred from the
buffer to an internal UART shift register and serially output
to the /O Adapter Board. Figure 5-11 shows the Transmit
Data Buffer, and Table 5-6 describes the individual bits.

Table 5-6
The Transmit Data Buffer (XBUF)

Bit

No. Function Description

0-7 write-only Bits 0 through 7 hold the data be-
fore it is transferred to the internal
UART shift register and serially out-

put to the IOA Board.

8-15 | read-only These bits are not used (set to

zero).

Interrupt Control Logic@

The Utility Board interrupt control logic allows the
serial/parallel logic to interrupt the LSI-11 processor. The
Utility Board interrupts the LSI-11 when either one of the
receiver buffers is full or when either one of the transmit
buffers is empty.

The interrupt control logic consists of flip-flops U2020 and
U2030, decoder U3020, various gates and interrupt vector
strapping jumpers. There is a set of interrupt logic input
circuits for each port. Flip-flops U2030A and U2030B pro-
vide interrupts for receive and transmit operations on port 1,
respectively. Similarly, flip-flops U2020A and U2020B pro-
vide receive and transmit interrupts for port 2.

For port 1, U2030 Q(L) outputs are ANDed with
RDAVI-INT(H) and TBMT-EN(H). Port 1 interrupt signals are

ORed with port 2 interrupt signals through U3040, generat-
ing the interrupt request signal IRQ(H). IRQ(H) is asserted
any time a UART has data available for the 8560 bus or is
ready to read data from the bus.

The outputs of the four gates (U2040) also connect to
U3030 and U3020, generating a set of interrupt vectors for
each port. Output pins 14 and 15 of U3020 are ANDed with
the IAKI(H) signal to generate VECTOR(L) and the bus grant
acknowledge signal, BIAKO(L).

Interrupt Vector Addresses

The interrupt vector address logic references two starting
locations in memory for each interface port:

® Port 1 vector address 1 200
® Port 1 vector address 2 204
® Port 2 vector address 1 60
® Port 2 vector address 2 64

Error Summation Logic

The error summation logic consists of a 4-input OR gate
(U4050B) and an inverter (U3050C). This logic ORs three
UART error detection lines: OR (Over-run Error), FE (Fram-
ing Error), and PE (Parity Error).

An Overrun Error occurs when data arrives too fast to be
read by the LSI-11. This data is lost.

A Framing Error is generated by the UART logic when the
first stop bit in an RS-232-C character transmission was
either not received or was invalid. (Refer to EIA RS-232-C
standards for details and parameters of stop bits).

A Parity Error occurs when the parity detected does not
match the parity programmed by the UART parity straps.
These strapping options are described in Section 3.

Data Bits D7 —= D@

N

XXX X]X]| X]| X

15 14 13 12

X=don’t care

11 10 9

8

7 6 5 4 3 2 1 0

3900-35

Fig. 5-11. The Transmit Data Buffer (XBUF).
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Printer Mode Control Logic

The printer mode control logic for Printer Port LP1 consists
of gates U6010C, U6020E, U4010C, inverter U6020F, and
straps W7012/W7011 and W4017/W4016. For Printer Port
LP2, the corresponding components are gates U6010B,
U6020A, U4010B, inverter U6020B, and straps
W7015/W7016 and W4019/W4018.

Printer mode control logic responds to the printer by assert-
ing the RDY1(L) and RTS1(L) signals. Asserting RDY1(H)
sets bit 14 of the RCS Register. Asserting RTS1 sets bit 13
in the RCS Register.

The printer type affects the time the transmit buffer XBUF is
empty. For additional information on line printer mode strap-
ping, refer to Section 3 of this manual.

Address Select Comparators<6>

The 8560 address comparator logic consists of four 8136
comparator devices. The address comparator for Printer
Port LP1 consists of U6110 and U7110. The address com-
parator for Printer Port LP2 consists of U6130 and U7130.
Since both address comparators are functionally identical,
only the address comparator for Printer Port LP1 is de-
scribed here.

When SYNC(H) is asserted, the data present on data lines
DAL3(H)-DAL12(H) is latched into the address comparator
(U6110, U7110). If the latched address is valid, pin 9, an
open collector output, goes high. U5110D inverts this signal
and asserts SER-1(L). SER-1(L) selects the appropriate reg-
ister and puts its data on the 8560 bus.

Programmable Baud Rate
Generation Logic

The Utility Board provides a crystal-controlled baud rate
generator that permits independent baud rate programming
for each port (Fig. 5-12). Baud rates are programmable from
50 to 9600 baud and are selected for both RS-232-C ports
with Utility Board jumpers. For additional information on
baud rate selection, refer to Section 3 of this manual.

Baud rate generation for both RS-232-C ports is identical,
except that Printer Port LP2 receives the 2.4576 MHz fre-
quency on pin 5 of U1100. The following description covers
only the logic for Printer Port LP1.
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The programmable baud rate generation logic consists of
U3080, U3100 and part of U3080. Data lines DAL12(H)
through DAL15(H) provide programmable baud rate control.
These four signals are latched into register U3080. DAL5(H)
selects the register output. If pin 6 of U3090 is not asserted,
U3090 selects its inputs from jumpers P2095 through
P2098 and assumes the baud rate specified.

U3100 is a programmable generator device that produces a
master oscillator frequency of 2.4576 MHz. Four data lines
from the multiplexer U3090 arrive on inputs SO through S3
of U3100. These inputs are BCD decoded and determine
the baud rate output on pin 10.

The four outputs of multiplexer U3090 are ANDed by
U2100B. The output of U2100B drives the TSB input to
U3070. When TSB is asserted, it informs the UART that
two stop bits are needed.

Pin 8 of U3080 is driven by the DALO(H) signal, and asserts
the XBREAK1(H) signal and the SEROUT1(H) signal.
XBREAKT1(H) sets bit 0 of the Transmit Control/Status Reg-
ister (XCSR). SEROUT1(H) is the serial data output line to
the 10A Board.

Pin 4 of U3080, driven by DAL6(H), asserts TBMIT-EN(H).

Internal Data/Address Bus

The Utility Board uses a 16-bit data bus to transfer data
onto the 8560 bus through the data selection logic. The Util-
ity Board’s internal data/address bus is accessed by the
data selection logic, the two RS-232-C compatible inter-
faces, and the address select comparators.

Data Selection Logic<5>

The data selection multiplexer reads data and status in-
formation from the Utility Board registers and makes it avail-
able to the 8560 bus through the bus driver/receiver. The
data selection logic consists of the data selection muilti-
plexer and the data selection line encoder.

The Data Selection Multiplexer

The Utility Board data selection multiplexer consists of eight
8:4 multiplex devices (U1050, U1060, U1110, U2050,
U2080, U2110, U4080, U4090), and two 4:1 multiplex de-
vices (U2060 and U3060).. Data select lines SELA(L),
SELB(L), and SELC(L) are encoded to control the multiplex-
ing logic.
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Bus Driver/Receiver Logic
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Fig. 5-12. Baud rate generation logic.

The data selection multiplexer design combines the output
of the eight 8:4 multiplexer devices to form one register
word. To select a Utility Board register, the address of the
register appears on the multiplexer output and is asserted
on the 8560 bus through the bus drivers/receivers. Register
“don’t-care” bits are not multiplexed and arrive on the bus
as zero.

U2060 and U3060 are two 4:1 multiplexers that multiplex
Line-Time Clock Register data.

Data Selection Line Encoder

Line encoder U2120 generates three data select signals that
select the output of the data selection multiplexer. The three
signals, SELA(L), SELB(L), and SELC(L), appear at multi-
plexer inputs pins 11, 10, and 9, respectively. At the appro-
priate time, the bus driver/receiver logic asserts the
multiplexer output data onto the 8560 bus.

BUS DRIVER/RECEIVER

LoGIC<7>

The bus driver/receiver logic interfaces the Utility Board with
the 8560 bus. For this discussion, the bus driver/receiver is
divided into the data/address transceiver and the control line
transceiver.

Data/Address Transceiver@

The data/address transceiver consists of four 8838 quad
bus transceiver devices (U6080, U6090, U7070, and
U7090). These devices are bidirectional. Data and address
information can be written to or read from the 8560 data bus
providing transmit and receive capability for four signal lines.
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Control Line Transceiver

The control line transceiver logic provides correct load im-
pedance and drive levels to signals coming from or going to
the 8560 bus. The control transceiver is similar in operation
to the data address transceiver logic. However, it operates
on control signals rather than on data and address signals.
The control line transceiver consists of three 8838 quad bus
transceiver devices (U6070, U7040, and U7050).

Bus Termination Resistors

Since the Utility Board is the last board on the 8560 bus, all
bus signals are terminated here with a resistive divider net-
work. This consists of 180 ohms to +5 Vdc and 390 ohms
to ground. DMA grant (DMGI(L)) and interrupt acknowledge
(IAKI(H)) signals are terminated with a resistive divider net-
work consisting of 330 ohms to +5 Vdc and 680 ohms to
ground.

LINE-TIME CLOCK (LTC) LOGIC<&>

The Line-Time Clock logic consists of the clock circuit, LTC
Status Register address logic and supporting logic.

Line-Time Clock (LTC) Circuit

The Line-Time clock (LTC) is used by the LSI-11 for
real-time functions. The LTC is also used by the power-up
test that checks if the unit is connected to the correct line
voltage frequency and by the 8560 disk-based diagnostics.
The LTC circuit consists of flip-flops U1030B and gates
U1010D and U4010D. The line-time clock circuit is driven by
FR(H), a 5 V p-p 60 Hz or 50 Hz square wave originating at
the 8560 power supply.

LTC Status Register Address Logic

U7100 and U5110 form the LTC Status Register address.
Data address lines DAL3(H) and DAL6(H) through DAL12(H)
are ANDed with BS7(H). BS7(H), an LSI-11 signal, is as-
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serted any time the top 8K bytes of addressable memory
space are accessed. When the 8560 bus contains an ad-
dress, pin 9 of U7100 goes low and is ANDed with pins 9
and 10 of U7121. The output of NAND gate U5100 is then
latched into U5070 by an asserted SYNC(H) signal. LTC(H)
generates LTC read and write signals, RD-LTCR(L) and
LD-LTCR(L), which enable the LTC Status Register during
the read and write cycle, respectively. An LTC handshake
signal (LTC(L)) is asserted after any read or write cycle.

Figure 5-13 shows the LTC Status Register, and Table 5-7
describes individual register bits and their functions. The
LTC address is 17777546 or 17777520.

Table 5-7
The LTC Status Register

Bit
No. Function Description
0 read/write Bit 0 identifies a strap-selected logic

level for diagnostic steering. The
condition of this bit depends on the
Maintenance Jumper (P1036).

1-4 read-only These bits are not used (set to

zero).

6 read/write When bit 6 is a 1, the line frequency
clock signal asserts the EVENT(H)

signal. Bit 6 is cleared by INIT(H).

Bits 5 and 7 are set by INIT(H) and
determine which bank of the
diagnostic/bootstrap ROMs is
accessed.

57 read/write

8-10 | read-only These bits are not used (set to

Zero).

11 read/write This bit performs two functions. Bit
11 is the LSB of the diagnostic
LEDs and also determines which
bank of the diagnostic/bootstrap

ROMs is accessed.

11-15 | write-only Bits 11-15 are used by the
power-up test to indicate error con-
ditions. Writing a 0 to a bit turns on
its associated LED. Writing a 1
turns the LED off. The initialize con-

dition sets all LEDs.
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Fig. 5-13. The LTC Status Register.

Supporting Logic

Latch U1020, a hex flip-flop device, is the supporting logic
for bank selection and diagnostic LEDs. U1020 uses five of
its outputs to drive LEDs DS1021 through DS1032. The
remaining output, 6Q, selects the proper bank of the di-
agnostic ROM. Latch U1020 is loaded any time the LTC
Status Register is addressed.

POWER CONTROL ClRCUIT

The Power Control Circuit consists of voltage level compar-
ator logic, and power-up/power-down logic. The following
paragraphs explain these circuits and describe the 8560
power-up sequence.

Voltage Level Comparator Logic

Voltage comparator U5030 consists of three comparators in
one package. These comparators monitor the +12 V,

-12V, and +5 V voltages, ensuring that they maintain their
proper level.

When the power supply asserts ACOK(H) and the three
voltages are within operating range, pin 11 of U6040E goes
high. This permits DCOK(L) and TPOK(L) to be asserted,
and the LSI-11 starts to run.

Power-Up/Power-Down Circuit

The power-up/power-down circuit consists of U4030 and
U5030 and associated logic. The power-down sequence en-
sures that proper shut-down procedures are followed during
a power failure.

Figure 5-14 shows a timing diagram of the power-up timing
sequence. Figure 5-15 identifies the test point locations
used in Figure 5-14. Figure 5-16 provides minimum 8560
bus execution times.
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Fig. 5-15. Power-up/power-down logic.
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Fig. 5-16. 8560 bus timing limits.

Power-Up Sequence

When the front panel DC ON/OFF switch is turned on, the
following power-up sequence occurs:

1. Initially, both the DCOK(L) (dc voltage OK) and
ACOC(L) (Power OK) signals are high.

2. When the LSI-11 processor dc voltages are normal, the
LSI-11 initializes the bus by asserting INIT(H). This also
clears every device in the system.

3. Approximately 40 ms after the +5 V reference voltage,
the +12 V and -12 V supplies have been received by
the Utility Board and are stable. The Utility Board then
asserts DCOK(L).

4. The processor responds by negating INIT(H).

5. Approximately 220 ms after asserting DCOK(L), the
Utility Board asserts ACOK(L).

6. The processor responds by executing the user-selected
power-up diagnostics, followed by the bootstrap
routine.

FRONT PANEL comnon.’

The Utility Board front panel control logic provides the 8560
with HALT and RESTART capability. The front panel control
logic consists of flip-flops U5050 and U5060 and associated
logic.

The Utility Board controls the 8560 system restart opera-
tion. When the front panel RESTART switch is toggled, the
BDCOK(H) signal goes low and the processor starts execu-
tion at octal address 17777300.

When the front panel RUN/HALT switch is in the HALT posi-

| tion, pin 10 of U3040B goes high, asserting the bus HALT(L)
signal. The LSI-11 halts after the current instruction is
executed.

Front panel controls and indicators connect to the Utility
Board. The Utility Board generates a DMA request on re-
ceipt of a restart signal. On receipt of a bus grant, or after
150 ms have elapsed, DCOK(L) is asserted. The Utility
Board also generates a processor-busy (PROC-BUSY(L))
signal from the RUN line and connects the BRUN(L) signal
to front panel LEDs.

DIAGNOSTIC/BOOTSTRAP ROM <>

U5080 and U5090 provide read-only memory storage for
boot instructions and power-up diagnostics. These devices -
contain 4K words of diagnostic and bootstrap memory at
octal addresses 17773000 through 17774776. The ROM is
divided into four banks. Figure 5-17 shows the memory
bank division. Bits 5 and 11 of the LTC Status Register
determine which bank is addressed. ROM is addressed us-
ing address lines AO(H) and A8(H).

When the 8560 is powered-up or reset, the power-up tests
in bank zero are executed, followed by the bootstrap
routines in bank three. The 8560 initially tries to boot from
the flexible disk drive. If it cannot do so, it tries to boot from
a hard disk. If the 8560 cannot boot, it repeats the power-up
test sequence. Power-up tests are described in Section 13
of this manual.

ROM Bank 0 contains power-up tests for RAM, ROM, and
MMU.

ROM Bank 1 contains flexible disk drive alignment service
routines, RAM tests, and IOP Board drivers.

ROM Bank 2 contains a command interpreter. This inter-
preter is executed after the power-up tests if jumper P1036
is open or an error is encountered.
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Fig. 5-17. Diagnostic and Bootstrap ROM functions.

ROM Bank 3 contains the bootstrap routine and power-up
tests for the MSC.

ROM Bank 4 and ROM Bank 5 contain power-up tests for
the CPU.

ROM Bank 6 is not used.

ROM Bank 7 contains power-up tests for the LTC, IOP
Boards and printer boards.

Addressing

Bootstrap and diagnostic ROM addresses occupy approxi-
mately 512 words of memory between octal locations
17773000 and 17774776.

LTC Status Register bits 5, 7, and 11 enable one 512-word
bank and disable all others, thus allocating the specified ad-
dress space to only one bank at a time.

Each bank requires a total address space of 512 words.
Therefore, individual banks share the same address space.
Banks are selected by LTC Status Register bits 5, 7, and
11, which control address lines A9, A10, and A11, respec-
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tively. These bits are cleared automatically at power-up or
restart. Execution of the 8560 power-up tests begins in
Bank 0.

Diagnostic Error Indicators (LEDs)

Table 5-8 shows the diagnostic error indicator sequence.
The LEDs are visible (from the side opposite the drives)
when the 8560 top cover is removed. The LED closest to
the front is the most significant bit.

If the 8560 is powered up, the sequence is completed in
approximately 30 seconds. If the 8560 is reset, the se-
quence is completed in less than 20 seconds.

Table 5-8
LED Error Codes
Octal

LEDs Value Definition
¥rexra 37 Unable to execute firmware
- 00 LTC error
-t 01 Initialization error
—--*e 02 Printer Port 2 error
-t 03 LSI-11 MMU error
-Fen 04 Printer Port 1 error
- 05 ROM error (low byte)
- 06 MSC error
- 07 ROM error (high byte)
Femn 10 Page 0 RAM error
S 11 Page 0 RAM error
B 12 Page 1 RAM error
S 13 Page 1 RAM error
Bl 14 Page 2 RAM error
S 15 Page 2 RAM error
B 16 Page 3 RAM error
Bl 17 Page 3 RAM error
*oee 20 Page 0 RAM parity fault
ot 21 Page 0 RAM parity fault
-t 22 Page 1 RAM parity fault
o 23 Page 1 RAM parity fault
*re. 24 Page 2 RAM parity fault
ox 25 Page 2 RAM parity fault
*r 26 Page 3 RAM parity fault
o 27 Page 3 RAM parity fault
e 30 IOP error
bt 31 LSI-11 CPU error
*rxS 32 Trying to boot from a flexible disk
e 33 Not used
. 34 Debugging mode
e 35 Debugging mode
L 36 Executing secondary boot from disk
b 37 TNIX running

a The dash represents an unlit LED. The asterisk represents a
lit LED.



8560/8561/8562 Service

Section 6
SYSTEM MEMORY

Page ILLUSTRATIONS
Introduction . ........ ... ... ... . .. ... 6-1 Fig.
No. Page
256K MemoryBoard . ... ....................... 6-2 i
BUS Protocol ... .....oouuiiiiii 6-2 6-1  256K/512K Memory Board block diagram . ... 6-1
Memory Timing . ........... ... . . . 6-2
O SPaCE. .. oot e 6-2
Address Selection . ... ... ... Lo L. 6-2
Refresh . ... .. . .. . . 6-3
Jumpersand Straps ... ... ... 6-3 TABLES
. Table
512K MemoryBoard ............... ... ... ...... 6-3 No. Page
Bus Protogo! ................................ 6-3 6-1 State Diagrams for 256K and 512K
Memory Timing . ........... ... ... .. 6-3 Memory Boards 6.4
O SPACE. .+ v v o oo e 6-3 y BOAIMS. e -
Address Selection .. ........ ... ... ... L. 6-4
Refresh .. ... .. . 6-4
Jumpersand Straps ... ... .. 6-4



8560/8561/8562 Service

Section 6

SYSTEM MEMORY

INTRODUCTION

This section describes the system memory board(s) used in
the 8560 Series MUSDUs.

A 256K Memory Board is the standard memory circuit

the 8562. Both the 8560 and 8561 can be upgraded from
their standard 256K-byte configuration to 512K bytes, 768K
bytes or 1M bytes of system memory.

Figure 6-1 provides a block diagram of the system memory
boards. Refer to this diagram as you read the following

board for both the 8560 and 8561. Two 512K Memory paragraphs.
Boards provide the standard 1M byte of system memory for
MEMRQ
SYNC
piheehehud—
BBS7 Y W—
- Memci:)ygilzccess ) RAS
BDAL 16-21 Timer ]
— = 42/46 ] 43/47
i r REFRQ * © 128K/256K x 16
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(3900-41)4759-18

Fig. 6-1. 256K/512K Memory Board block diagram.
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256K MEMORY BOARD

The 256K Memory Board provides the standard memory
configuration for the 8560 and 8561 MUSDUs. The follow-
ing paragraphs describe some of the features of this board.

Bus Protocol ‘

The entire 256K Memory Board is logically structured in two
banks of 64K, 16-bit words, plus byte parity. The two banks
of memory on a board are differentiated by address bit 17.
This bit is used to gate CAS to one of the two banks
through a decoder chip (74F139) in the timing circuitry. RAS
is transmitted to the two banks with every access, and the
write enable signal is sent to all chips if a word-write is in
progress.

The interface between memory and the LSI-11 bus is
achieved through four AM2908 quad bus transceivers.
These chips also generate 4-bit parity. The entire parity gen-
erator check for two bytes of data is accomplished by the
four transceivers and one 74LS266 exclusive-NOR chip.

The received data lines at BSYNC time contain the lower-
order 16 bits of the word address. These lines, as well as
address lines BDAL 16 and 17 and BDAL 19 through 21 are
sampled at the falling edge of BSYNC. Lines BDAL 1
through 16 are latched in the dynamic-RAM controller chip
to form the RAS/CAS address for the memory chips.
BVDAL 0 and 17 are latched in a holding register. BDAL 19
through 21 determine which board is to be accessed during
the current memory cycle.

The BDAL 18 input to the holding register is grounded, and
the BDAL 18 true input inhibits the board address recogni-
tion circuitry. The 256K Memory Board responds to ad-
dresses from 0 to 256K if it is configured for low-address
space and, correspondingly, responds to 512K to 768K ad-
dresses if it is configured for high-address space.

Memory Timing

A 25.00 MHz clock (with a period of 40 nsec) is located on
the memory board and provides memory timing. A shift reg-
ister generates the RAS, Address Select, and CAS signals
to the memory.

Bus signal BDOUT generates the WRITE ENABLE, and

both BDOUT and BDIN generate BRPLY to the processor.
BDIN also configures the bus transceiver chips to allow data
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from the memory (read) to be placed on the bus by signal
ENOUT. The shift register halts at State 6, T5(H) through
T6(L), until the fall of BDOUT or BDIN from the processor.
T6 is set by this event, and the timing returns to a quiescent
state (after a sufficient length of time for RAS to recharge)
before another cycle can be initiated.

1/O Space

Each board is a complete stand-alone memory and can be
configured to occupy the lower 256K-byte bank or to oc-
cupy memory space of 512K bytes, 768K bytes or 1M bytes
of the LSI-11 processor memory.

A read, write, or read-modify-write memory cycle is initiated
at BSYNC time unless BBS7 is set to access peripheral
units, or bits BDAL 19 through 21 are jumpered to access
the optional 512K Memory Board. The board containing the
highest addressable portion of memory will be jumpered to
respond to the bottom 4K bytes of 1/O space. This I/O space
will overlay the lower half of the highest 8K bytes of ad-
dressable space available.

Only the upper 4K bytes of I/O space will be used to ad-
dress peripheral units. The response to the bottom 4K-byte
space of the system 1/O must always be enabled on this
board whether it occupies the memory space from 0 to
256K or from 512K to 768K. This board must always oc-
cupy the top addressable memory position in the system
when it is installed in the 8560 or the 8561.

Address Selection

The RAS/CAS address select is performed by an AM2964B
dynamic memory controller chip. This chip also contains a
refresh address counter and logic to gate this counter on the
memory address lines during refresh.

Bus lines BWTBT and BDALO determine a high/low
byte-write sequence at BSYNC time. There is no byte-read
from main memory. The read sequence always addresses a
full 16-bit word from memory, placing it on the bus. The
processor must arbitrate a read-byte access. Byte parity
allows the write of one byte per access in memory.

The read-modify-write sequence consists of two full memory
cycles. The first cycle is a normal read, but the write cycle is
triggered by bus signal BDOUT. BWTBT is low at BSYNC
time and MERQ remains high.
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512K Memory Board

Refresh ‘

The 128 RAS-only refresh cycles are generated by the
countdown of the 25.00 MHz clock generating 128 refresh
cycles every 1.6 ms. A memory access is prohibited during a
refresh cycle and is delayed until the completion of that re-
fresh. A refresh is prohibited during a memory access and
will be delayed until the completion of that memory access.
The refresh cycle/memory access cycle requests are sam-
pled by different edges of the memory clock and will not
enter a race condition for grant. The time between counter
resets is always 13 us, because within this time, a refresh
cycle is always allowed by the falling edge of MERQ. A
counter in the address mux chip provides the refresh ad-
dress count and multiplexing every 13 us (the refresh cycle).

Jumpers and Straps

The 256K Memory Board provides various jumpers. The
low-byte parity-bit memory may be completely swapped
with bit-O0 memory, and the high-byte parity-bit memory may
be completely swapped with bit-8 memory. This memory
swapping allows you to test all memory chips (including par-
ity) on the board. Jumpers are provided which disable clock,
parity, and refresh operations during diagnostic execution.
See Section 3 for default jumpering of the 256K Memory
Board.

512K MEMORY BOARD

The 512K Memory Board provides the standard 1M bytes
of system memory for the 8562, as well as an optional up-
grade for the 8560 and 8561. The following paragraphs pro-
vide some of the features of the board.

Bus Protocol ‘

The entire 512K Memory Board is logically structured in four
banks of 64K, 16-bit words, plus byte parity. The four banks
of memory on a board are differentiated by address bits 17
and 18. These address bits are used to gate CAS to one of
the four banks through a decoder chip (74F139) in the timing
circuitry. RAS is transmitted to the four banks with every
access, and the write enable signal is sent to all chips if a
word-write cycle is in progress.

The memory interfaces to the LSI-11 bus through four
AM2908 quad bus transceivers. These chips also generate
4-bit parity. The entire parity generator check for two bytes
of data is accomplished by the four transceivers and one
74L.S266 exclusive-NOR chip.

The received data lines at BSYNC time contain the lower
order 16 bits of the word address. These lines, as well as
address lines BDAL 16 through 21, are sampled at the fall-
ing edge of BSYNC. Lines BDAL 1 through 16 are latched in
the dynamic RAM controller chip to form the RAS/CAS ad-
dress for the memory chips. BDAL lines 0, 17 and 18, are
latched in a holding register. BDAL, lines 19 through 21,
determine which board is to be accessed during the current
memory cycle.

Memory Timing

A 25.00 MHz clock (with a period of 40 nsec), located on the
memory board, provides memory timing. A shift register
generates the RAS, Address Select, and CAS signals to the
memory.

Bus signal BDOUT generates the WRITE ENABLE, and
both BDOUT and BDIN generate BRPLY to the processor.
BDIN also configures the AM2908 bus transceiver chips to
allow data from the memory (read) to be placed on the bus
by signal ENOUT. The shift register halts at State 6, T5(H)
through T6(L), until the fall of BDOUT or BDIN from the
processor. T6 is set by this event. The timing returns to a
quiescent state (after a sufficient length of time for RAS to
recharge) before another cycle can be initiated.

I/O Space

Each board is a complete stand-alone memory. Each board
contains the requisite jumper option to configure it as either
the upper or lower 512K-byte bank of the LSI-11 processor
memory in the 8560 Series system.

A read, write, or read-modify-write memory cycle is initiated
at BSYNC time unless BBS7 is set to access peripheral
units, or bits BDAL 19 through 21 are jumpered to access
the 512K Memory Board. The board containing the highest
addressable portion of memory is jumpered to respond to
the bottom 4K bytes of I/O space. This 1/O space overlays
the lower half of the highest 8K bytes of addressable space
available. Only the upper 4K bytes of I/O space is used to
address peripheral units.
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Address Selection

The RAS/CAS address select is performed by an AM2964B
dynamic memory controller chip. This chip also contains a
refresh address counter and logic to gate this counter on the
memory address lines during refresh.

Bus lines BWTBT and BDALO determine a high/low
byte-write sequence at BSYNC time. There is no byte-read
from main memory. The read sequence always addresses a
full 16-bit word from memory, placing it on the bus. The
processor must arbitrate a byte-read access. Byte parity
allows the write of one byte per access in memory.

The read-modify-write sequence consists of two full memory
cycles. The first cycle is a normal read. However, the write
cycle is triggered by bus signal BDOUT, BWTBT having
been low at BSYNC time and MERQ remaining high.

Refresh ‘

The 128 RAS-only refresh cycles are generated by the
countdown of the 25.00 MHz clock generating 128 refresh
cycles every 1.6 ms. A memory access is prohibited during a
refresh cycle and is delayed until the completion of that re-

fresh. A refresh is prohibited during a memory access and
will be delayed until the completion of that memory access.
The refresh cycle/memory access cycle requests are sam-
pled by different edges of the memory clock and will not
enter a race condition for grant. The time between counter
resets is always 13 us because within this time, a refresh
cycle will always be allowed by the falling edge of MERQ. A
counter in the address mux chip provides the refresh ad-
dress count and multiplexing every 13 us (the refresh cycle).

Jumpers and Straps

The 512K Memory Board provides various jumpers. The
low-byte parity-bit memory may be completely swapped
with bit-0 memory and the high-byte parity-bit memory may
be swapped with bit-8 memory. This allows the testing of all
memory chips (including parity) on the board. Jumpers are
provided which disable clock, parity, and refresh operations
during diagnostic execution.

The state diagrams in Table 6-1 define the system
RAS/CAS generation for 256K and 512K Memory Boards.

See Section 3 of this manual for default jumpering of the
512K Memory Board.

Table 6-1
State Diagrams for 256K and 512K Memory Boards
T T T T T T T

STATE 0 1 2 3 4 5 6 EVENT SIGNAL
0 0 0 0 0 0 0 0 MERQ(H). GO(L) RAS Address Enabled
1 1 0 0 0 0 0 0 TO(H) RAS(L)
2 1 1 0 0 0 0 0 T1(H) —
3 1 1 1 0 0 0 0 T2(H) CAS Address Enabled
4 1 1 1 1 0 0 0 T3(H) CAS(L)
5 1 1 1 1 1 0 0 T4(H) ENOUT(L) if RDIN(H)
6 1 1 1 1 1 1 0 T5(H) (Wait state)
7 1 1 1 1 1 1 1 TRPLY(L) (End of cycle), T6(H)
8 0 1 1 1 1 1 1 TO(L) —
9 0 0 1 1 1 1 0 T1(L) T6(L)
10 0 0 0 1 1 1 0 T2(L) RAS(H)
11 0 0 0 0 1 1 0 T3(L) CAS(H) . ENOUT(H)
12 0 0 0 0 0 1 0 T4(L) GO(L) . MERQ(L)
0 0 0 0 0 0 0 0 T5(L) —
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Section 7

THE 1/O PROCESSOR

INTRODUCTION

This section describes the 1/0 Processor (IOP) Board hard-
ware and its functions. Section 3 of this manual provides
information for the default jumpering/strapping of the 10P
Board. IOP diagnostics are described in Sections 13 and 16.

The IOP Board is a microprocessor-controlled communica-
tions board that controls the information flow to and from
8560 external peripherals. The |IOP Board relieves the
LSI-11 of most I/O processing chores associated with exter-

nal 8560 peripheral communications. Figure 7-1 is a block
diagram of the IOP Board.

IOP Board logic is composed of the following parts:
® The kernel
® System memory access logic
® |/O logic
® Interrupt vector logic

® Diagnostic registers

Interrupt
Vectors

: 8284 :
Bus Wait - 15 MHz SI0 Wait
Clock
14
DC010 } 5 MHz
DMA ‘ ‘
Access of
8560 Bus HLDA
P 8088 HRQ. 8337-2 -
rocessor MA
- SIO/RAM [™®
el

Device
Registers

12

17

SIo
Interfaces

19

SI0
Interfaces

h

1

Baud Rate

Control

18

el
)
9

(3900-45)4759-19

Fig. 7-1. 1/O Processor block diagram.
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The IOP kernel consists of an 8088 microprocessor
(U3050), a clock circuit, 10K bytes of RAM and 20K bytes of
ROM.

The system memory access logic provides memory map-
ping and direct memory access functions. The 8088 ac-
cesses the 8560 bus by treating it as a subset of its address
bus.

The 1/O logic provides up to eight full-duplex serial data
channels, 1/O registers, SIO wait logic and a baud rate gen-
erator, contained on up to two IOP Boards.

Interrupt vector logic provides two vector ports that inter-
face with the LSI-11 through interrupt vector registers. The
8088 sets 8560 bus interrupts under firmware control.

The I0P provides two diagnostic registers: a write-only
register, and a read-only register. The output of the
write-only register drives a seven-segment LED display.

THE KERNEL

The kernel is defined as the part of the IOP Board that must
be operational before any firmware or software diagnostics
can be executed. The kernel includes the 8088 processor
(U3050), the clock, and the ROM and RAM memories.

The Processor

The heart of the IOP Board is an Intel 8088 microprocessor
strapped for min mode and capable of addressing one
megabytes of memory.

The 8088 has an 8-bit external data path to memory and 1/0
space and a 16-bit wide internal data bus. The 8088 con-
tains an Execution Unit (EU) and a Bus Interface Unit (BIU).
The EU executes instructions, and the BIU fetches instruc-
tions, reads operands and writes results. The EU and BIU
operate independently, and generally, instruction-fetch oper-
ations can overlap with instruction executions. Because the
processor does not need to stop while an instruction is
fetched, the overall fetch-execution time is reduced. Instruc-
tions for the 8088 processor are stored in on-board RAMs.
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The Clock Circuit

An 8284A clock generator/driver device (U3160) supplies
the master clock signal for the 8088. In addition to supplying
the primary CPU clock signal, the 8284A provides a hard-
ware reset function and a mechanism to insert bus cycle
wait states.

The 8284A Clock Generator device uses an external crystal
oscillating at 15 MHz. From this frequency, U3160 gener-
ates a 15 MHz, 5 MHz and 2.5 MHz output. The 2.5 MHz
output is not used. The 7.5 MHz clock drives the DEC
DCO010 8560 bus DMA device (U6080). The 3.75 MHz clock
output drives the SIO devices.

The clock logic also has an internal Schmitt trigger circuit
that provides a hardware reset function. This circuit is as-
serted from the 8284A’s RESET input. When the RESET
input is high, the RESET output is asserted synchronously
with the CLK signal for four clock cycles. This causes the
CPU to fetch and execute the instruction at location FFFF.

IOP Memory Allocation and
Assighments

The IOP Board provides 10K bytes of RAM. In addition, the
8088 can access the 8560 system memory. The 20K bytes
of ROM on the IOP Board contain the 8088 operating
firmware and various IOP service routines. Figure 7-2
shows the 8088 address space, which is divided into four
quarters.

The bottom quarter (address 00000 to 3FFFF) is reserved
for on-board RAM and control/status registers.

The next quarter (addresses 40000 to 7FFFF) maps the
8560 bus 1/0 space for direct use by the 8088.

The next highest quarter (addresses 80000 to BFFFF) is
used to map the 8560 system memory into the 8088 mem-
ory space.

The top quarter (addresses C0000 to FFFFF) is designated
for on-board PROM and ROM memory.
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Fig. 7-2. 8088 memory map.
Figure 7-3 shows the 8088 memory space hardware decod- cept for the DMA controller (U3060), all least significant bits
ing. All I/O registers are located in the 8088 memory space. are “don’t-care” bits.

The diagnostic registers, however, reside in /0O space. Ex-
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Fig. 7-3. 8088 memory hardware decoding.
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System Memory Access Logic

SYSTEM MEMORY ACCESS LOGIC

The system memory access logic consists of DMA control
circuits and various registers and buffers.

Memory Mapping

Memory mapping is a technique by which a processor can
access memory space with a given number of address lines.
The 8088 has 20 address lines which allow direct address-
ing of 1M bytes of RAM.

The 8560 bus, however, provides 22 address lines. Because
the 8088 has only 20 address lines, the 8088 can only map
a subset of the 8560 system memory. However, a 6-bit ad-
dress extension register allows the 8088 to address up to
4M bytes of system memory. A memory extension register
acts as a bank switch for a 64K-byte memory partition. This
register is called the Extended Memory Address Register.

DMA Control Circuit @

The 8560 bus DMA logic allows the 8088 to access address
locations that are normally accessed by the LSI-11. The
8560 bus DMA logic consists of a DEC DCO10 device

(U6080) and its associated logic. The 8560 bus DMA con-
troller is managed by the 8088 and provides direct access to
the system memory.

Bit 7 of the Miscellaneous Register determines whether a
system memory data transfer is in word mode or in byte
mode. With bit 7 set, all data transfers through the 8560 bus
are in byte mode. If bit 7 is cleared, all data transfers
through the 8560 bus are in word mode.

Figure 7-4 shows the timing relationship between the 8560
bus and the 8088. When the 8088 accesses the 8560 bus,
the DMA circuit signals the 8284 baud rate generator to
extend the 8088's read or write cycle. The 8088 clock logic
receives a signal instructing it to wait, and the 8560 bus
receives a request for bus mastership. When the request is
granted, the timing progresses until either the DIN(L) or
DOUT(L) signal goes low. The DMA logic then waits for the
accessed device to return a reply. When the reply is re-
ceived, the DMA logic completes its timing and negates the
WAIT signal allowing the 8088 to complete its read or write
cycle. If a reply is not detected before the one-shot U6170
times out, bit 6 in the Miscellaneous Register is set to indi-
cate an error condition, and U6080 is allowed to terminate
the DIN or DOUT cycle.
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System Memory Access Logic

Registers

The system memory access registers include the Extended
Memory Addressing Register, device registers for HSI ter-
minal functions, 8560 bus registers and buffers, and a regis-
ter that performs miscellaneous functions.

Extended Memory Address Register @

The Extended Memory Address Register is a 6-bit register
that is used to extend the 16-bit portion of the 8088 bus to
address the 22-bit 8560 bus. The contents of this register
determine which 64K-byte bank the 8088 can access. Fig.
7-5 shows the Extended Memory Address Register format.

Device Registers @

The IOP has two 16-bit device registers. Device Register 1
(U6020 and U6040) is designated for HSI functions. Device
Register 0 (U6010 and U6030) is designated for terminal
functions.

soes [ X[ X[Az[Azg[A1a]A18 | A7 |6

EXTENDED ADDRESSING

3900-49

Fig. 7-5. Extended Memory Address Register format.

Any device on the 8560 bus, such as the LSI-11 or the IOP,
can access (read and write) these registers. Data is normally
written into the registers by the LSI-11, and read back by
the 8088 on the IOP Board using its memory-mapped 8560
bus access. Figure 7-6 shows the format of the device
registers.

System Bus Registers and Buffers @

Four groups of hardware registers and buffers are used to
transfer data to and from the 8560 bus. These registers are
described in the following paragraphs:

8060 R [As|AqlAo[M [M5[HalH: [Hyl
: ONE BIT FOR EACH CHANNEL. WHEN
Y I I [ ASSERTED LOW 1T SIGNALS MSI
slalmpl s MODE AND 153.6K BAUD. IF
888 s NOT ASSERTEQ, THEN OTHER
SI338 BAUD RATES ARE ALLOWED AND
THERE WILL BE NO HSI DATA.
RV I HIGH BYTE
| oEvicE
REGISTER 1 G111 1111 1118 11AGA,  XA,AX
R/wl LOW BYTE ] A Vel Vel Ve
\
TFEXX < 7 F E £
R/W [ HIGH BYTE I ] 0
| oevice
REGCISTER B DEVICE REGISTER 1/8
R/W [ LOW BYTE |
) BOARD NUMBER 8,1 ,2,3
HICH BYTE/LOW BYTE
3900-50

Fig. 7-6. Device Register format.
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Registers U7080 and U7090 are the 8560 bus protocol buff-
ers. These two registers work in conjunction with the DEC
DCO010 8560 bus DMA controller.

The 8560 bus address/data I/O buffers consist of U7010,
U7020, U7030, and U7040. These devices are
open-collector driven to assert data on the system bus.
They also contain a Schmitt bus receiver to receive data
from the 8560 bus.

Registers U4020 and U4040 provide addresses for the 8560
bus.

Registers U5010, U5020, U5030, and U5040 are SIO regis-
ters that provide data-in and data-out functions. Registers
U5020 and U5040 latch the data from the 8088 bus and
transfer it to the 8560 bus through buffers U7010, U7020,
U7030, and U7040. Registers U5010 and U5030 receive the
data from the 8560 bus buffers and latch it before it is trans-
mitted onto the 8088 bus.

Miscellaneous Register

The Miscellaneous Register (U6060) located at address
8040H provides various control and status functions. Figure
7-7 shows the register format.

The following paragraphs describe the functions of each bit.

Bit 0—Device Register 0 Loaded. When an 8560 bus mas-
ter, such as the LSI-11, writes to Device Register 0, this bit
is set. When the 8088 finds this bit set, it takes appropriate
action and then clears the bit.

Bit 1—Device Register 1 Loaded. This bit is set when an
8560 bus master writes to Device Register 1. When the
8088 finds this bit set, the processor takes the appropriate
action and then clears the bit.

Bit 2—Vector 0 Busy. This bit is set when the 8088 writes
to the 8560 bus Vector 0 Register. When the LSI-11 re-
sponds with the proper interrupt grant, and the IOP inter-
cepts the grant, bit 2 is cleared. As long as the interrupt is
pending, bit D2 is read as a 1.

Bit 3—Vector 1 Busy. This bit is set when the 8088 writes
to the 8560 bus Vector 1 Register. When the LSI-11 re-
sponds with the proper interrupt grant, and the IOP inter-
cepts the interrupt, this bit is cleared. As long as the
interrupt is pending, the D3 bit is read as a 1.

Bit 4—Line Frequency. The information in this bit is a
square wave of the ac line frequency and has a TTL-level
amplitude. A firmware timing loop samples this bit to deter-
mine whether the 8560 is connected to a 50 Hz or 60 Hz
power line.

Bit 5—This bit is not used.

Bit 6—8560 Bus Timeout Error R/W. Normally this bit is
cleared. However, when the 8088 accesses the 8560 bus at
an invalid address, a timeout occurs, this error bit is set and
the 8560 bus cycle is completed. The 8088 then polls this
bit, takes appropriate action, and clears the bit.

Bit 7—8560 Bus Word/Byte Mode. If bit D7 is set, a byte
mode bus cycle is generated and the 8560 bus is accessed.
A write cycle exercises the 8560 bus BWTBT signal.

D7 05 Ds D4 D3 DZ D1

Do

Miscellaneous

Device Register O

Device Register 1

Vector 0 Busy

Vector 1 Busy

Line Frequency (60 Hz or 50 Hz)

Unused

Bus Timeout Error

ERRER r

Bus Byte Mode

3900-51

Fig. 7-7. Miscellaneous Register.
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1/O Logic

If bit D7 is cleared, the 8088 assumes word mode. The in-
formation contained in the even-numbered address (low
byte) is temporarily stored in a latch. No bus cycle is gener-
ated. Writing an odd-numbered address (high byte) then
causes both high and low bytes to be transmitted to the
8560 bus as a 16-bit word.

Word mode requires an even 8560 bus address. Therefore,
it takes two steps to read a 16-bit word in word mode from
the 8560 bus. The first step reads the addressed word from
8560 memory and stores it in a 16-bit latch. The 8088 imme-
diately reads the low byte of the stored word. The next 8560
bus address is odd. This time the LSI-11 does not generate
a bus cycle, there is no read operation from 8560 memory,
and the temporary latch remains unchanged. The 8088 then
reads the high byte stored in the latch from the previous
memory read operation.

1/0 LOGIC

The 1/O logic consists of the SIO-DMA controller with its
associated registers, SIO interfacing logic, SIO registers,
SIO wait logic, and a baud rate generator.

SIO-DMA Controller

The SIO-DMA Controller consists of the 8237 four-channel
DMA controller device (U3060), latches (U3010) and associ-
ated logic. The 8237 performs queuing tasks between the
data coming from the SIO device and from IOP RAM. The
DMA controller is programmed by the 8088 and provides
direct memory access between the IOP memory and the
SIO channels.

For each SIO channel, the 8237 automatically stores incom-
ing data in IOP memory. The 8237 reads the data from the
SIO device and sends a write pulse to the memory.

The 8088 monitors the status of each channel queue. If the
peripheral sending data is an 8540, the queue stops the
8540 from sending data until the queue can accept it. If,
however, the peripheral sending data is a terminal, the CTS
signal cannot stop the incoming data flow. If the limit of the
8237 queue size is reached, incoming data overruns the
queue until the terminal stops transmitting data.

SIO-DMA Control/Status Registers

The 8237 uses seven DMA control/status registers. These
software registers are accessed at memory locations 8088H
through 808FH. Figure 7-8 shows the registers and their bit
assignment.

SIO Interfacing Logic

The SIO interfacing logic controls serial data interfacing be-
tween the IOP and the 8560 on one hand, and the external
workstations, such as the 8540, on the other. The SIO inter-
facing logic consists of U4080, U4100 and associated logic.
Each SIO device provides two I/O channels, giving each IOP
four-channel capability. Both SIO devices are configured for
asynchronous operation.

When interfacing the 8560 to an 8540, the I/O Adapter
Board is configured for RS-422 protocol and asserts the
HSI mode for the specified channel. When the HSI mode is
asserted, the baud rate generator and the SIO channel as-
sume a baud rate of 153.6K baud. Refer to Section 8 for
information on the 1/0 Adapter Board.
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BIT 7 BIT 6 BIT S BIT 4 BIT 3 BIT 2 BIT 1 BIT @

808F ? MASK 3 | MASK 2 | MASK 1 | MASK @
Vol ooeE 2 2 2 AS
8080 _
W DMAMC MASTER CLEAR FOR 8237-2
8o8c
Vol peoec SET FOR LOW BYTE
P0 = SELECT CHP
8088 (] 1 ] AUTO ) 1 @1 = SELECT CH1
¥ | omMaMoD REPEAT 18 = SELECT CH2
11 = SELECT CH3
@ = CLR | @9 =~ SELECT CHE
808A MASK | @1 = SELECT CH1
W 2 ? 2 2 ]
DMASMB | = SET | 10 = SELECT cH2

MASK 11 = SELECT CH3
@ = CLR 09 = SELECT CH®

v 8089 g o a 2 o REQUEST @1 = SELECT CH1

OMAREQ | = SET | 18 = SELECT CH2

REQUEST 11 = SELECT CH3

8088 MASTER
W OMACMD 1 1 1 1 0 MASK 2 0
3900-52
Fig. 7-8. SIO-DMA control/status registers.

Figure 7-9 shows how the IOP Board connects to the 1/O The upper channel in Fig. 7-9 is configured for a terminal,
Connector (IOC) Board. An SIO treats the data paths as and all signal levels are compatible with RS-232-C protocol.
data terminal devices. The IOP channels, however, are con- In Fig.7-9, the lower channel illustrates HSI operation. The
figured as data sets. Therefore, signal names must change HSI signal is asserted low, and the RS-422 differential sig-
before they will match the names in the SIO literature. nals (CTS, RDATA, DTR, TDATA) are used for data

transfer.
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3900-53

Fig. 7-9. Serial interfacing connections.
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SIO Registers

registers and three read registers used by the 8088 for sta-
tus information.

The IOP uses two SIO devices, each providing two duplex

channels. Each channel has one data input/output register The Control Register is a single read/write address that mul-
and one control register. The SIO multiplexes the control tiplexes eleven registers: write registers W0 through W7
registers internally. As a result, the SIO provides eight write and read registers RO through R2. Figure 7-10 defines these

write and read registers.

BIT 7 BIT 6 BIT S BIT4 | BIT3 BIT 2 BIT 1 BIT @
908 = NULL CODE @00 = REGISTER @
@01 = NOT USED @01 = REGISTER 1
P18 = UPDATE STATUS INPUTS| @10 = REGISTER 2
Ve @ e @11 = CHANNEL RESET @11 = REGISTER 3
100 = NOT USED 100 = REGISTER 4
101 = NOT USED 181 = REGISTER 5
118 = ERROR RESET 116 = RECISTER 6
111 = NOT USED 111 = REGISTER 7
@=NORMAL
Wi
1=DMA 1 1 2 2 2 2 2
W2 2 2 ] ] 2 ) 2
80 =~ Ry S BITS
@1 = Ry 7 BITS
v 16 = Ry 6 BITS ! e e 4 e !
11 =Ry 8 BITS
@2 = NOT USED @8 = NOT USED @2 = NO PARITY
Va @1 = X16 CLK " 2 g1 =1 STOP BIT B0 = ODD PARITY
10 = X32 CLK 180 = 1%STOP BITS | 18 = NO PARITY
11 = X64 CLK 11 =2 STOP BITS | 11 = EVEN PARITY
@8 = Ty S BITS
@1 = Tx 7 BITS TRANSMIT
LS (4 BREAK ] 2 2
18 = Tx 6 BITS ENABLE
11 = Tx 8 BITS
W6 2 ] 2 2 2 ) 2 2
W7 2 2 )] ] ? 2 2 ]
R @ BREAK X DTR X X Tx BUFF X RX CHAR
(LATCHED) (CTS) AVAILABLE AVAILABLE
FRAME
ERROR | OVERRUN | PARITY ALL
R1 X (NOT ERROR ERROR X X X SENT
LATCHED)
R 2 X X X X X X X X
12807-01
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Fig. 7-10. SIO Data/Control Register definitions.
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System Memory Access Logic

When an output register is ready to accept data, the 8088
simply writes the data into the register. When input data
becomes available, it is read from the same address as the
output register.

Write Register 0 contains a three-bit pointer that indicates
the register to be accessed next. After the register has been
accessed, the pointer returns to zero and is ready to be set
for another reaister.

SIO Wait Logic

The SIO wait logic consists of binary counter U5160 and
associated logic. Because the 8088 clock rate is 5 MHz and
the SIO clock is 3.75 MHz, the 8088 must wait for the SIO
devices. The SIO wait logic generates the wait states for the
8088. The SIO wait logic provides a wait time of approxi-
mately 600 ns. This increases the read or write cycle and
allows the SIO to catch up.

The SIO wait logic responds when an address space is
accessed. If the address is in the form CXXX, the wait circuit
is inhibited. For example, if SIO channel 0 is accessed at
location 8000H, the wait logic does not respond. If, how-
ever, the same channel is accessed at address CO00H, the
wait logic is initialized and the 8088’s read or write cycle is
extended for the required time interval.

Wait logic is also asserted during an 8237 DMA cycle, which
moves data between the SIOs and the on-board RAM. The
SIO wait logic checks bus address bits 14 and 15 to deter-
mine whether or not the SIO wait logic is turned on. The
wait logic is asserted when signal lines A14 and A15 are
asserted.

Baud Rate Generator

The IOP baud rate generator consists of clock generator
U2100, latch U2090, and multiplexers U5080, U5090,
U5100, and U5110. U2100 generates a crystal-controlied
clock frequency of 2.4576 MHz and divides it into several
frequencies. Of these, only the 153.6 KHz and 19.2 KHz
frequencies are used.

For HSI operation, the SIO receives the 2.4576 MHz fre-
quency. The IOP operating firmware then programs the SIO
for a X16 clock, effectively dividing the 2.4576 MHz fre-
quency by 16 and generating a baud rate of 153.6K baud.

For RS-232-C operation, the SIO receives either the 153.6
KHz or the 19.2 KHz frequency as shown in Fig. 7-11. The
IOP operating firmware then programs the SIO for a X16,
X382, or X64 clock, generating baud rates ranging from 300
to 9600.

Jumpérs on the I0A Board determine whether a port com-
municates as an HSI port or an RS-232-C port. When

o e o] e [ e

YES | DON'T CARE | X16 | 2.4587 MHz | 153600
NO 1 X16 | 153.6 KHz 8600
NO 1 X32 153.6 KHz 4800
NO 1 X64 153.6 KHz 2400
NO "] X16 | 19.2 KHz 1200
NO g X32 | 18.2 KHz 608
NO ] X64 | 19.2 KHz 300

S S
[93]82|B1|90TC3]‘:2[°1]&| 8060
[R[A o[ A2 [T P21 [Fg| s0em

(HS1 ASSERTED LOV) |

3900-55

Fig. 7-11. Baud rate control.

strapped for RS-232-C protocol, the port can transmit and
receive data at rates varying from 300 baud through 9600
baud. When strapped as an HSI port, the data transmit and
receive rate is 153.6K baud.

You can change baud rates on HSI ports by pressing the
BREAK key on the terminal keyboard after a port is
strapped for RS-232-C. The IOP operating firmware then
steps through the available baud rates. At power-up, the
default baud rate is 2400.

INTERRUPT VECTOR LOGIC

The vector generator logic provides vector ports for Vector
0 and Vector 1. There are two independent vector circuits
that interface with the LSI-11 through vector registers. Vec-
tor 1 is loaded at location 808F, and Vector 0 is loaded at
location 80FO.

Vector 0 @

The logic for Vector 0 consists of flip-flop U6110A, jumpers,
a write-only vector register (U4010), and other associated
logic. The priority of Vector Port 0 is selected by jumpers
J7121, J7122, J7123, and J7124. Jumpers J7123 and
J7124 determine the transmit priority, and J7121 and J7122
determine the receive priority. In addition, bit 2 of the Miscel-
laneous Register controls when the vector register can be
rewritten. If bit 2 is a 1, Vector 0 is still pending. If bit 2 is a
0, the data from the register has been transmitted, and the
register is ready to accept new data.
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Vector 1 @

The logic for Vector 1 consists of flip-flop U6110B, jumpers,
a write-only vector register (U4030), and other associated
logic. Vector 1 priority is selected by jumpers J7125, J7126,
J7127, and J7128. Jumpers J7127 and J7128 determine the
transmit priority, and J7125 and J7126 determine the re-
ceive priority. In addition, bit 3 of the Miscellaneous Register
controls when the vector register can be rewritten. If bit 3 is
a1, Vector 1 is still pending. If bit 3 is a 0, the data from the
register has been transmitted, and the register is ready to
accept new data.

Vector Register Content
Transmission

When the contents of the 8-bit vector register are transmit-
ted to the LSI-11, two zeros are added to the LSB to pro-
duce a 10-bit vector. This vector points to the system
memory location from which the LSI-11 fetches a processor
status word. The next memory location contains the starting
address of the LSI-11 interrupt routine.

Interrupt Priority Levels

Each vector circuit can be independently jumpered for a se-
lected priority level. Priority levels are shown in Table 7-1.

Table 7-1
Priority Levels

be monitored on request from the LSI-11. Jumpers and their
functions are shown in Table 7-2. For additional information
on board configuration and default jumpering, refer to Sec-
tion 3 of this manual.

DIAGNOSTIC REGISTERS

The IOP Board contains hardware diagnostic registers
U2020 (write-only) and U3030 (read-only). The 8088 ac-
cesses both registers with 1/O instructions.

Write-Only Register @

The contents of the write-only register are visually displayed
on a seven-segment readout (DS1031) plus decimal point.
For each register bit, a zero turns the segment on and a 1
turns it off. Figure 7-12 shows the element selection.

Read-only Register @

The positions of jumpers J2041 and J5161 control the con-
tents of the read-only register. If J2041 is open and J5161 is
in the default position, a read cycle moves the register con-
tents into the 8088. The read-only register drives the 8088
with NOP instructions. The register is filled with NOP in-
structions when the pins of J2041 are shorted.

Typically, the read-only register is read at I/O location 0. The
read-only register can be strapped to address 90 or 00. If
you install a switch on J2041, you can use the read-only
register for single stepping through diagnostics. Refer to
Section 3 of this manual for the default strap positions.

Level | Lines Asserted Lines Monitored
4 BIRQ 4 BIRQ 5, 6
5 BIRQ 4, 5 BIRQ 6
6 BIRQ 4, 6 BIRQ7
7 BIRQ 4, 6,7
Table 7-2

Vector Jumper Functions
Vector 0 Vector 1
Jumper Jumper Function
J7121 J7125 IN-IRQ5, NULL, IRQ7
J7122 J7126 IN-NULL, IRQ6
J7123 J7127 OUT-NULL, IRQ5
J7124 J7128 OUT-NULL, IRQ6

Each vector has two sets of jumpers. One set selects the
signal lines to be asserted, and the other selects the lines to

7-14
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Section 8

1/O ADAPTER AND I/O CONNECTOR BOARDS

INTRODUCTION

This section describes the 1/O Adapter (IOA) Board and 1/O
Connector (I0C) Board. The IOA Board, in conjunction with
the 1/0 Processor and the Utility Board, services the 10C
Board’s rear panel connectors. These four boards operate
together to provide up to ten 8560 serial 1/O ports. Figure
8-1 is a block diagram that illustrates the 8560’s serial
interfacing.

Two ports are line printer ports and operate only under
RS-232-C protocol. They are designated LP1 and LP2. The
remaining eight ports are typically defined as High Speed
Interface (HSI) ports and are designated HSI 0 through HSI
7. HSI ports operate under either RS-422 protocol or
RS-232-C protocol.

The IOA Board is a signal conversion board mounted on the
8560 side rail toward the rear of the cabinet. The IOA Board
converts signals from TTL levels to RS-232-C or RS-422
levels.

The |IOC Board is a small circuit board that contains up to
ten 25-pin D-type connectors, depending on your system
configuration. The I0OC Board contains no active devices. It

is mounted on the rear panel with the connectors protruding
through the rear panel, making them accessible from out-
side the cabinet. The connectors serve Printer Ports LP1
and LP2, and up to eight HSI ports.

THE I0A BOARD

The I0A Board contains two identical line printer port cir-
cuits, and eight identical circuits that serve the HSI ports.

Line Printer Ports

The following text describes the driver/receiver circuits for
Printer Port LP1.

Line receivers U6060C, U6060B, and U8060C operate in
the unbalanced mode. They receive the RDATA 1(L), RTS
1(L) and DTR 1(L) lines, respectively. Line drivers U7060D
and U7060C operate as single-ended drivers. They drive the
TDATA 1(L) and CTS 1(L) signals, respectively.

170
Processor

Utility
Board

——-\ To 8
L ( 8540s

} To
— LP1/LP2

3900-57

Fig. 8-1. 8560 serial interfacing.
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The HS Ports 20> D>

Although the following discussion pertains specifically to
HSI Port 0, it applies equally to HSI ports 1 through 7.

The position of jumper J1011 determines whether the port is
configured for HSI operation or for RS-232-C operation. The
upper position selects RS-422 and the lower position se-
lects RS-232-C. Figure 8-2 shows all jumper locations. Re-
fer to Section 3 for the default jumper positions.

NOTE

HSI Port 0 is factory-jumpered for RS-232-C protocol
for use with a system terminal.

When a port operates as a High Speed Interface, U1040D
and U1040C are differential input receivers for the DTR O(L)
and RDATA 0(L) lines, respectively. During RS-232-C oper-
ation, U1040D and U1040C are connected as unbalanced
line receivers for these lines. Positive inputs are grounded,
and the signals are applied to the negative inputs.

The TDATA 0(L) and CTS 0(L) lines are driven by U1030,
which is configured as a dual differential driver. During High
Speed Interface operation, both lines are balanced. During
RS-232-C operation, only the inverting outputs of U1030
are used, and outputs are unbalanced.

The HSIO0 signal connects J1011 to the I/O Processor. When
the jumper is in the High Speed Interface position, HSIO is
grounded, indicating to the 1/0 Processor that High Speed
Interface operation has been selected. When the jumper is
in the RS-232-C position, HSIO is not grounded and the I/O
Processor selects one of six baud rates compatible with
RS-232-C protocol.

Power Supply

The IOA Board receives +5 V, -12 V, and +12 V supplies
from the 8560 backplane. A -5 V supply is derived from the
-12 V supply by U1050.

THE 10C BOARD @

The 10C Board contains up to ten 25-pin D-connectors for
Printer Ports LP1, LP2, and up to eight HSI ports. The con-
nector assignment for each port is shown in Table 8-1. The
connector pin assignments are shown in Tables 8-2 and 8-3.

Jumper in RS-422(HSI) Position
[ |
- - - - = - Jumper in RS-232-C (SIO) Position
© o oo oo
® N © b F O™
b B B M B B
Jumper Connector HSI 1/0 Port | Configuration
J1011 J8o1 0 Terminal
J2011 J802 1 HSI
J3011 J803 2 HSI
J4011 J8o4 3 HSI
J5011 J806 4 HSI
J6011 J8o7 5 HSI
C—— J7011 J8os 6 HSI
J8o11 J8o9 7 HSI
|
4759-21

Fig. 8-2. IOA Board jumper locations.
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The 10C Board

If your system has one IOP Board, the installed |IOC Board
contains four connectors, serving two to four ports (HSI
ports 0 through 3). If, however, your system contains two
IOP Boards, the IOC Board contains eight connectors, serv-
ing HSI ports 0 through 7.

The I0C Board connects to the IOA Board with 20-pin con-
nector J8102 and 72-pin connector P2.

1. The DSR and CAR DET signals are always transmitted

ON.

2. During RS-232-C operation, only the positive (+) side
of the balanced signals is used.

Table 8-3
Line Printer Ports 1 and 2 Pin Assignments

Pin Name Function

1 Shield

7 Signal Ground

2 R DATA Receive Data

3 T DATA Transmitted Data
20 DTR Data Terminal Ready

5 CTS Clear to Send

6 DSR Data Set Ready

8 CAR DET Carrier Detect
15 T CLK External Clock
17 R CLK External Clock

4 RTS Request to Send

1. The DSR and CAR DET signals are always asserted.

Table 8-1
Port Connector Assignments
Port Connector
LP 1 J8051
LP 2 J8101
HSI 0 J8o11
HSI 1 J8021
HSI 2 J8031
HSI 3 J8041
HSI 4 J8061
HSI 5 J8071
HSI 6 J8081
HSI 7 J8091
Table 8-2

HSI Port Connector Pin Assignments

Pin Name

Function

Shield

R DATA’

1
7
2 R DATA
1
3

T DATA
T DATA’
DTR
DTR’
CTS
cTs’
DSR
DSR’
CAR DET
CAR DET’

Signal Ground
Receive Data

Transmit Data

Data Terminal Ready
Clear To Send

Data Set Ready

Carrier Detect

2. The external clock input (T CLK and R CLK) is routed
directly to the Utility Board.

Shield Straps

All output connector shields are grounded through a strap.
To deal with unusual static discharge problems, you can cut
these straps and bridge the gaps with passive components.
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